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Abstract

Health Examination Surveys Conducted among Japanese Americans
Living in Seattle and Japanese Living in Japan: Results of Study to
answer the question “Are Japanese in Japan healthier than Japanese
Americans in Seattle?”

The people of Japan are often considered to be a healthier population than are Americans.
Japanese women on average live to 87 and Japanese men to 80, as compared to 81 years
for American women and 76 for American men (OECD data). However, a comparison of
cause-specific death rates indicates that the relative health status of the two populations is
a more complicated matter. Mortality of coronary heart disease (CHD) in the US is two times
higher than in Japan, while mortality of stroke in Japan is two times higher than in the US.
Another extreme example is that mortality of stomach cancer in Japan is 11 times among
men and 8 times among women higher than in the US. Why do such differences in mortality
of these diseases exist between the two nations? Are the differences due to race (genetics)
or due to the environment?

A strategic method for researching these intriguing questions suggested itself with the
accessibility of Japanese Americans in the Seattle area as research subjects. This
population is considered genetically very similar to the people of Japan, but as being
substantially American in their nutritional and lifestyle background. Therefore, in 1989 we
initiated the Seattle Nikkei Health Study to examine the health status of Japanese Americans
in comparison to Japanese living in Japan (called native Japanese). First, we focused on
cardiovascular disease and its risk factors, since CHD and stroke have been major
contributors to mortality both in the U.S. and in Japan. We compared atherosclerotic indices
and risk factors between Japanese Americans and native Japanese to detect effects due to
the environment (changes in lifestyle and diet) and ultimately utilize our study outcomes for
future prevention. Please see our research papers 1-4.

Then, we examined major risk factors of stomach cancer, helicobacter pylori infection and
chronic atrophic gastritis, among Asian immigrants from Japan, China, South Korea, The
Philippines and Vietnam. Please see our research papers 9 and 10 listed.

In our project, we used the measurement device of aortic pulse wave velocity (PWV) to
estimate stiffness of aortic artery reflecting the extent of arteriosclerosis or atherosclerosis
(see No. 3 on the list). Recently, with cooperation with Dr. Kohji Shirai at Toho University,
Fukuda Denshi Company improved the original PWV measurement device and created a
new device, VaSera VS-1000, to measure cardio-ankle vascular index (CAVI) expressing a
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stiffness and arteriosclerosis indicator of thorax, abdomen, common iliac, femoral and tibial
arteries. We made some research contributions to strengthening the justification for the use
of CAVI in cardiovascular disease screening (see 5-8 on the list).

As a basic data-gathering mechanism, we adopted the cardiovascular screening program
developed by the Epidemiological Arteriosclerosis Research Institute (EARI) in Japan Health
Promotion Foundation which has been conducting cardiovascular disease prevention
screening for company employees and their families throughout Japan. By doing so, EARI
became a partner in our research providing us with data of native Japanese which we used
in direct comparisons against our Seattle data. We began screening Japanese Americans
in the Seattle Metropolitan Area in the fall of 1989 and continued to the fall of 1994. About
1,500 adults completed screening tests and questionnaires. The generational composition
of our sample showed the following distribution: 12.3% Issei (first generation), 49.4% Nisei
(second generation), 37.0% Sansei (third generation), and 1.3% Yonsei (fourth generation).
This distribution is significant for our study, for 88% of the subjects were American-born
persons who are quite Americanized in their habits, and therefore are largely Americans in
their nurturance.

The study subjects in Japan consisted of 4,134 native Japanese males and females
randomly selected from 31,068 people who underwent the disease prevention screening at
the EARI. They were from prefectures of Tokyo, Kanagawa, Saitama, Chiba, Gunma, Ibaraki
and Tochigi. More male workers underwent the screening than female workers, reflecting

the current labor situation in which male workers greatly outnumber female workers in Japan.

Overall scope of our studies is presented in PowerPoint format in No. 11 on the list.

Lastly, | would like to express my sincere appreciation to Mr. Kenji Suzuki as a research
partner for providing many suggestions and resources to conduct cardiovascular disease
prevention screening in Seattle and for sharing the screening data from Japan Health
Promotion Foundation enabling us to conduct comparative analyses between Seattle and
Japan. Also, | thank many colleagues, Nikkei community and other Asian organizations, and
many Japanese Americans for their wonderful support and collaboration. With much
appreciation, | acknowledged the permissions to copy our research papers which were given
by Journal of Atherosclerosis and Thrombosis, International Journal of Epidemiology,
American Journal of Epidemiology, and Japanese Journal of Public Health (including
permission of translation).

Tsukasa Namekata, Ph.D., Dr.H.Sc., F.A.C.E.
Project Director
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Selected English publications and presentations related to
Seattle Nikkei Health Study
conducted by Tsukasa Namekata and co-investigators

1. Cholesterol levels among Japanese Americans and other populations: Seattle Nikkei
Health Study.

2. Biological and lifestyle factors, and lipid, and lipoprotein levels among Japanese
Americans in Seattle and Japanese men in Japan.

3. A study of the association between the aortic pulse wave velocity and atherosclerotic
risk factors among Japanese Americans in Seattle, U.S.A.

4. Association between Arteriolar Sclerotic and Hypertensive Changes in Retina and
Cardiovascular Disease Risk Factors among Japanese Urban Workers and Their

Families.

5. Establishing baseline criteria of cardio-ankle vascular index as a new indicator of
arteriosclerosis: a cross-sectional study.

6. Association of cardio-ankle vascular index with cardiovascular disease risk factors and
coronary heart disease among Japanese urban workers and their families.

7. Association of prediabetes and diabetes mellitus with cardiovascular disease risk factors
among Japanese urban workers and their families: A cross- sectional study.

8. Estimating the extent of subclinical arteriosclerosis of persons with prediabetes and
diabetes mellitus among Japanese urban workers and their families: a cross-sectional

study.

9. Chronic atrophic gastritis and Helicobacter pylori infection among Japanese Americans
in Seattle.

10. Helicobacter Pylori Infection and Chronic Atrophic Gastritis among Asian Immigrants in
the Seattle Area, U.S.A.

11. Seattle Nikkei Health Study: Cross Cultural Surveys between Seattle and Japan.

12. Profile of Tsukasa Namekata

Also, you can read the Japanese summary [30 fFRicb7- 2 HR AL BERANOBEHRHENE
¥R ¥ L ® | and these publications and presentations from www.SeaNikkeiHIth.com.
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Cholesterol Levels among Japanese Americans and Other

Populations : Seattle Nikkei Health Study
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The purpose of this study was to compare average cholesterol levels between Seattle based
Japanese Americans and three other populations : U.S. population, native Japanese popula-
tion and native Japanese urban workers. A total of 1,466 Japanese Americans (724 men
and 742 women) participated in cardiovascular disease screening in the Seattle area during
1989-94. Data sources for comparisons are from the Third National Health and Nutrition
Examination Survey for 1988-91, the results of the National Cardiovascular Disease Exami-
nation Survey in Japan for 1990, and cardiovascular disease screening conducted by the
Epidemiological Arteriosclerosis Research Institute in Japan for 1989. Total cholesterol and
triglyceride levels of Seattle Japanese American men and women were highest among the
four populations. Among men, high density lipoprotein cholesterol (HDL-C) levels for
Seattle Japanese Americans and native Japanese were similar and fell between those of
urban Japanese workers and the U.S. population. In women, the average HDL-C levels
were highest in the Japanese urban workers, second highest in Seattle Japanese Americans,
and lowest in both the U.S. population and native Japanese population. These differences
in lipid levels may be caused by both genetic and environmental factors, which are now

under investigation.

J Atheroscler Thromb, 1996 ; 3 : 105-113.

Key words : Lipid, Lipoprotein, Triglycerides, Cross-cultural comparison

It is well known that Japan’s coronary heart disease
(CHD) (ICD 410-414) mortality rate is the lowest among the
industrialized nations (41.4 per 100,000 persons in 1992) (1),
while that of the U.S.A. remains high (188.2 per 100,000
persons in 1992) (2). To examine the causes of such a
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difference in CHD mortality between the two nations, the
Ni-Hon-San (Nippon-Honolulu-San Francisco Japanese)
study was initiated in 1965 and CHD prevalence was
found to be lowest in native Japanese, intermediate in
Japanese Americans in Honolulu and highest in Japanese
Americans in San Francisco (SF) (3). The investigators

also reported lowest total cholesterol levels in native

Japanese, intermediate in Honolulu Japanese and highest
in SF Japanese (4), although differences in CHD among
the three populations could be caused by other multiple
factors as well.
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Because major changes in nutrition and other risk
factors (e.g., cigarette smoking, blood pressure) have
occurred both in Japan and in the United States over the
past three decades, it is important to examine the current
status of CHD risk factors in both countries. We con-
ducted cardiovascular disease prevention screening
which included a survey among Japanese Americans in
Seattle. Our paper compares cholesterol levels between
our study sample and others from the U.S. population and
Japanese populations in Japan.

Study Populations and Methods

Cardiovascular disease prevention screening was con-
ducted among Japanese Americans in the Seattle area
(King County) from the fall of 1989 to the fall of 1994.
Participants were recruited through a media campaign,
flyers and household contacts. A total of 1,466 persons
aged 30 years or older participated in the program with
completion of screening tests and questionnaires.
Japanese Americans on the West coast originated from
Southern prefectures in Japan including Hiroshima,
Okayama, and Yamaguchi. Immigration began more
than one century ago ; it was abruptly halted in 1924 with
the passage of the Immigration Act and resumed in 1965
when the act was repealed. The term Nikkei refers to
persons of Japanese ancestry, so that the study in Seattle
was named the Seattle Nikkei Health Study. The com-
position of our study sample according to generation was
as follows: 12.3% Issei (first generation), 49.4% Nisei
(second generation), 37.0% Sansei (third generation) and
1.3% Yonsei (fourth generation).

A comparison between the study sample and the
Japanese American population in King County from the
1990 U.S. census is presented in Table 1 (5). Our sample
represented 12.7% of the Japanese American men and
10.3% of Japanese American women in the Seattle area.
To better define the characteristics of our study sample,
we conducted an additional survey on household income
levels among the participants in 1994 and compared their
income distribution with that of Japanese American
households in the 1990 census (Fig.1) (6). The distribu-
tion of our screening participants is slightly shifted to
higher-income categories. We will discuss the possible
impact of such income differences on lipid levels later.

Table 1.
tion in King County, Washington, U.S.A.

Namekata et al.

Our results were compared with those from three popu-
lations : the U.S. population, the native Japanese popula-
tion and Japanese urban workers in Japan. U.S. results
were from phase1 of the Third National Health and
Nutrition Examination Survey (NHANES lll) conducted in
1988-1991 (7). The data consists of a representative
sample of the civilian noninstitutionalized population and
thus reflects the racial composition of the U.S. which is
comprised of 74.8% white, 11.9% black, 9.5% Hispanic,
3.1% Asian and Pacific Islanders, and 0.7% American
Indian, Eskimo and Aleut (8). The native Japanese popu-
lation data used was based on the National Cardiovas-
cular Disease Examination Survey (NCDES) performed in
1990 and its samples were drawn randomly from the entire
Japanese population (9). The samples from the
Japanese urban workers were based on cardiovascular
disease prevention screening conducted by the
Epidemiological Arteriosclerosis Research Institute (EARI)
in major cities throughout Japan including Tokyo, Chiba,
Osaka, Sapporo, and Kitakyushu in 1989. The sample
size, survey period, and whether lipid evaluation was
conducted according to CDC quality control standards is
shown in Table 2. Because of differences in age-break-
downs between the U.S. and Japan data, we used two
sets of age-breakdowns for the Seattle sample: (A) and

<5,000
5,000-9,999
10,000-14,999
15,000-24,999
25,000-34,999
35,000-49,999
50,000-74,999
75,000-99,999
>99,999

Income Levelsin US. $

0 5 10 15 20 25 30
Percent

|-1994 Study Households 11990 Census in King Co.

Fig.1. Comparison of the distribution of annual house-
hold incomes of 636 study participants and that of
Japanese Americans in King County as reported by the
U.S. Department of Commerce, the Bureau of Census.

Age and sex-specific distribution of screening participants in Seattle and the total Japanese American popula-

Japanese Americans

Japanese Americans

Age Male Participants 1990 Census Female Participants 1990 Census
30-49 238 ( 7.0%) 3405 248 ( 6.6%) 3785
50-69 355 (21.3%) 1667 380 (14.8%) 2562
70+ 131 (20.1%) 651 114 (13.5%) 842
Total 724 (12.7%) 5723 742 (10.3%) 7189
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Table 2. The four populations used for comparison of lipoprotein and lipid levels.

Cholesterol Levels among four Populations 107

The table shows the survey periods

under which the analysis was conducted, sample size of each population and whether the blood analysis was conducted
under the Centers for Disease Control and Prevention (CDC) and the National Heart, Lung, and Blood Institute’s (NHBLI)

lipid standardization program.

Population Survey Period (Szaégplyer SS(')ZIS) Lipid Quality Control
Seattle Japanese Americans 1989-1994 1466 Yes, CDC/NHLBI Program
U.S. Population 1988-1991 5475* Yes, CDC/NHLBI Program
Native Japanese 1990 7906 Yes, CDC/NHLBI Program
Japanese Urban Workers 1989 146782 Yes, before screening, quality control exami-

nation was conducted

Note : *Persons 35 years old or over.

Table 3. The sample size of four populations used for lipoprotein and lipid comparisons.

Seattle Japanese

Japanese Urban

Age Americans U.S. Population? Native Japanese® Workers®
(A) (B)
Males
2039 99 620 27,681
35-44 128 303
40-49 139 788 45,727
45-54 151 251
50 59 149 758 24,608
55-64 163 253
60-66 206 674 6,724
65-74 184 283
70+ 131 456 651
75+ 61 229
Females
30-39 109 992 9627
35-44 128 335
40-49 139 1,124 15,150
45-54 138 229
50-59 159 995 7,944
55-64 184 233
60-69 221 870 nro
65-74 195 219
70+ 114 629 7z
75+ 44 233

Data sources used for comparison are from the following sources :
1) Seattle Japanese Americans from the surveys conducted by Nikkei Disease Prevention Center for 1989-1994
2) The representative sample of the U.S. population from the NHANES IIl (1989-1991)
3) The representative sample of the native Japanese population from the National Cardiovascular Disease Survey in
Japan for 1990
4) Japanese urban workers from the 1989 screening data collected by the Epidemiological Arteriosclerosis Research

Institute.

(B) as shown in Table 3.
At the screening conducted in Seattle, venous blood

samples were obtained after a 12 hour fast. Analysis was
conducted at the University of Washington Northwest
Lipid Research Laboratory, which participates in the
Centers for Disease Control and Prevention/National
Heart Lung and Blood Institute’s lipid standardization
program. Total cholesterol (TC) and triglyceride (TG)

levels were measured enzymatically by Abbott Spectrum
analyzer, and high density lipoprotein cholesterol (HDL-C)
levels were measured by the dextran sulfate magnesium
precipitation method (10). Regarding quality control in
lipid measurements, the other three surveys adopted the
CDC/NHLBI program guidelines to some extent. Accord-
ing to the description of the study, NCDES did not require
fasting prior to taking blood samples which may have had
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some impact on the accuracy of certain lipid measure-
ments, particularly TG. This is also true for the data from
EARI. We conducted quality control examinations at
EARI's lab by shipping frozen serum samples twice from
Seattle to EARI prior to the screening. After adjustment
was made at EARI's lab based on the measurement
values from the first serum samples, all measurement

< Seattle Japn-Amer

3 & Native Japn
g L *U.S. Popitn
#Urban Japn
18—
30 35 40 45 50 55 60 65 70 75+

Age in years

Fig. 2. Comparison of total cholesterol levels by age
among four male populations : Seattle Japanese Amer-
icans, native Japanese population, Japanese urban
workers and the U.S. population.

Namekata et al.

values except a few from the second samples were within
the acceptable ranges.

The data from NHANES Il were weighted to produce
nationally representative results and the standard errors
were computed using SUDAAN to account for the com-
plex sample survey design (11). A t-test was conducted
to examine the difference in means of TC, HDL-C and TG

y

A
.| @~ Seattle Japn-Amer
# U.S. Popltn
& Native Japn
®Urban Japn

1703535 20 45 50 55 60 65 70 75+

Age in years

Fig. 3. Comparison of total cholesterol averages by
age among four female populations : Seattle Japanese
Americans, native Japanese population, Japanese
urban workers and the U.S. population.

Table 4. The age-specific averages of total cholesterol levels in Seattle Japanese Americans, U.S. Population, native

Japanese and Japanese urban workers.

Seattle Japanese

U.S. Population

Native Japanese Japanese Urban Workers

Age Americans
Mean SD Mean SE Mean SD Mean SD
Male
30-39 209.0 33.9 196.4*** 35.1 190.9*** 33.0
35-44 213.2 33.8 206.7* 2.3
40-49 224.8 37.9 204.2**x* 36.5 198.7 *** 34.8
45-54 223.9 38.8 218.1* 2.4
50-59 220.7 36.3 200.0*** 36.5 197.2%** 33.3
55-64 227.5 37.4 221.3* 2.5
60-69 230.9 40.2 197 .4%** 37.7 201.3%** 31.6
65-74 230.1 39.7 217.7 %+ 1.6
70+ 229.5 37.0 191.2%#* 36.6 202.6*** 35.6
75+ 229.6 39.2 205.4**x* 2.8
Females
30-39 194.4 31.4 185.9%** 31.7 179.6%** 28.4
35-44 195.4 29.8 194.7 14
40-49 207.3 36.0 200.0%*x* 34.5 193.4*** 32.0
45-54 226.6 38.4 216.8*** 2.8
50-59 236.3 37.5 218.0*** 36.8 217.3*** 37.2
55-64 238.7 34.4 236.7 2.7
60-69 241.2 37.9 222 .6*** 37.9 227.7*** 35.2
65-74 244.5 41.2 234.3*** 2.5
70+ 2442 42.6 214.9*** 419 222.2%*x 451
75+ 240.6 44.0 230.5 3.2

Note : SD=standard deviation, SE =standard error

The t-test was conducted between Seattle Japanese Americans and other populations.
Levels of significance are: *p<.10, **p<.05 and ***p <01
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between Seattle Japanese Americans and other popula-
tions by SPSS-PC 3.0 (12).

Results

A comparison of the average TC levels for men accord-
ing to age-group was conducted among the four popula-
tions as shown in Fig.2. TC levels were highest in
Seattle Japanese Americans, second highest in the U.S.
population and lowest in native Japanese and in
Japanese urban workers. Average TC levels increased
with age in all study populations except for native
Japanese. As shown in Fig.3, average TC levels for
women indicate a similar trend regarding the order of TC
levels among the populations. However, an increasing
trend in TC levels with age was more pronounced in
women than in men. Age-specific mean values of TC in
the four populations are presented in Table 4.  Significant
differences in mean TC values between Seattle Japanese
American and other populations are evident with the
exception of U.S. women in the age groups 35-44, 55-64
and 75+ years old.

A comparison of HDL-C levels is shown in Fig. 4 for
men and Fig. 5 for women. Age-specific mean values of
HDL-C for both sexes and t-test results are shown in
Table 5. Unlike TC levels, no consistent patterns in
HDL-C levels with age were observed in the four popula-
tions in either sex. For men, the highest average HDL-C
levels were observed in the urban Japanese workers and
the lowest in the U.S. population. Both Seattle Japanese
Americans and native Japanese came between the
Japanese urban workers and the U.S. population. For
women, the average HDL-C levels were highest in the
Japanese urban workers, second highest in Seattle
Japanese Americans and lowest in both the U.S. and
native Japanese populations.

) #Seattle Japn-Amer
& Native Japn
#U.S. Popltn

A ®Urban Japn

404635 40 45 50 55 60 65 70 75+
Age in years

Fig. 4. Comparison of HDL-cholesterol averages by
age among four male populations : Seattle Japanese
Americans, native Japanese population, Japanese
urban workers and the U.S. population.

TG levels among the four populations are shown in Fig.
6 for males and in Fig.7 for females. There is little
difference between TG levels for men aged 30-39 and
35-44 years old. However, at the age of 40-49 years, TG
levels are highest in Seattle Japanese Americans, second
highest in the U.S. population, third in native Japanese,
and lowest in Japanese urban workers, with the exception
of the appearance of the highest peak in the 45-54 year
age-group of the U.S. population. After 40-49 or 45-54
years of age, TG levels for men tend to decline as age
advances, while TG levels for women increase with aging
in all four populations. Both TG levels of the Seattle
Japanese Americans and the U.S. population are highest,
those of the native Japanese were higher than those of
urban Japanese workers who were lowest in both sexes.
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Fig. 5. Comparison of HDL-cholesterol averages by
age among four female populations : Seattle Japanese
Americans, native Japanese population, Japanese
urban workers and the U.S. population.
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Fig. 6. Comparison of triglyceride averages by age
among four male populations : Seattle Japanese Amer-
icans, native Japanese population, Japanese urban
workers and the U.S. population.
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Discussion

With regard to the representativeness of the Japanese
American population in King county (the Seattle area), we
compared the household income levels between the
population in the 1990 Census (6) and our 1994 samples

@ Seattle Japn-Amer
4 Native Japn
#+U.S. popltn
#*Urban Japn

6 L s
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Fig. 7. Comparison of triglyceride averages by age
among four female populations: Seattle Japanese
Americans, native Japanese population, Japanese
urban workers and the U.S. population.

Namekata et al.

for which we conducted a follow-up survey. Out of 673
households of the study participants, 511 households
(76%) have responded so far. As shown in Fig. 4, the
distribution of our study sample, (annual median income :
$46,000) is shifted towards a higher income level than the
total population (annual median income : $37,244). The
four-year gap between our survey and the census survey
possibly contributed to slightly higher observed income
levels in our study sample due to the time-related effects
of inflation.

Regarding differences in sample characteristics
according to the year of participation, such differences
might exist but are considered to be insignificant: the
proportion of current drinkers was 63% for men and 42%
for women among the participants screened between
1989-1992 vs. 65% for men and 46% for women among
the 1989-1994 participants ; and the proportion of current
smokers was 15% for men and 10% for women among the
1989-1992 participants vs. 15% for men and 10% for
women among the 1989-1994 participants.

Because the Seattle study participants were volunteers,
we are concerned about response bias. At present we
have no definitive method to ascertain whether our sam-
ple is biased, with the exception of comparing household
incomes as described above. The Honolulu Heart Study

Table 5. The age-specific averages of HDL-cholesterol levels in Seattle Japanese Americans, U.S. population, native

Japanese, and Japanese urban workers.

Seattle Japanese

U.S. Population

Native Japanese Japanese Urban Workers

Age Americans
Mean SD Mean SE Mean SD Mean SD
Male
30-39 50.0 12.6 50.2 15.1 56.8**x* 13.4
35-44 50.9 13.0 46.3*** 1.0
40-49 49.7 141 49.8 14.2 58.9*** 154
45-54 49.3 14.4 46.6* 0.8
50-59 50.0 14.0 51.0 14.6 57.9*** 14.5
55-64 50.6 13.3 45.6%** 0.8
60-69 51.5 13.2 50.2 16.0 57.0%** 15.0
65-74 52.3 14.8 45 3*** 0.8
70+ 52.8 15.8 50.1* 15.5 59.0*** 16.1
75+ 52.4 15.7 47 2** 0.8
Females
30-39 62.8 15.3 59.9** 141 68.7 *** 14.6
35-44 63.4 15.8 54, 3%x* 0.9
40-49 64.9 171 59.0**x* 15.0 67.0* 1541
45-54 64.3 17.3 56.8*** 0.8
50-59 63.0 16.1 56.8*** 15.5 65.8** 15.4
55-64 62.4 15.9 56.1*** 0.9
60-69 62.6 16.6 54,1 x#* 14.3 64.0 16.2
65-74 62.7 17.7 B55.7*x* 0.8
70+ 63.0 18.7 52.6%** 15.2 69.7 *** 13.8
75+ 65.3 19.5 57.1 %%+ 1.1

Note : SD=standard deviation, SE=standard error

The t-test was conducted between Seattle Japanese Americans and other populations.
Levels of significance are: *p<.10, **p<.05 and ***p<.01
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Table 6. The age-specific averages of triglycerides in Seattle Japanese Americans, U.S. population, native Japanese and

Japanese urban workers

Seattle Japanese

U.S. Population

Native Japanese Japanese Urban Workers

Age Americans
Mean SD Mean SE Mean SD Mean SD
Male
30-39 1431 107.1 151.2 97.9 131.1 106.3
35-44 158.1 141.6 142.7*** 7.3
40-49 192.8 218.3 162.8** 122.3 141.6%** 124.4
45-54 186.5 196.2 204.7 33.8
50-59 180.7 138.6 147 .2%** 105.5 139.5*** 93.0
55-64 183.7 136.2 165.0 8.9
60-69 183.6 209.9 143.9*** 98.4 132.9*** 111.0
65-74 177.4 265.9 158.8* 8.4
70+ 162.7 2141 123.6*** 73.2 113.9*** 81.6
75+ 160.7 97.7 137.9 6.1
Females
30-39 88.2 49.3 92.5 56.0 68.2*** 41.2
35-44 90.2 51.6 113.4 8.0
40-49 108.8 122.2 108.2 781 75.8%** 38.6
45-54 144.6 1571 127.3 6.4
50-59 162.4 145.9 133.8*** 84.5 105.9*** 64.3
55-64 166.0 131.9 170.3* 10.5
60-69 168.1 115.9 . 142.2*** 85.6 121.1%%* 79.9
65-74 171.8 114.4 156.9* 9.2
70+ 168.7 104.4 135.0*** 78.5 104.8*** 36.1
75+ 158.3 77.5 164.2* 13.7

Note : SD=standard deviation, SE=standard error

The t-test was conducted between Seattle Japanese Americans and other populations.
Levels of significance are: *p<.10, **p<.05 and ***p<.01

stated that the men who participated smoked less, had a
slightly higher body mass index (BMI), a higher level of
education, a lower percentage of non-married status and
a lower coronary heart disease incidence rate than non-
participants (13). Jones et al. reported that the partici-
pants in their screening program had a lower BMI, lower
mean cholesterol level, lower mean systolic and diastolic
blood pressure level and a higher education level than
non-participants (14). If the findings from these studies
are applied to our study, it is likely that non-participants of
Seattle Japanese Americans would be less healthy in
terms of cardiovascular health than our study participants.
Thus, true values for mean lipid and lipoprotein levels
among the Seattle Japanese American population may
possibly be even less favorable than the observed values
in our study.

Fasting requirements were different between the four
populations used in our comparison. For native
Japanese and native Japanese urban workers, fasting
prior to blood collection was not required, whereas among
Japanese Americans and the general U.S. populations, a
12 hour fasting requirement was imposed. Non-fasting
status has been shown to influence TG levels. The
NCDES report shows an inverse relationship between
average TG levels and the number of fasting hours before

blood sample collection : 141.0 mg/dl among those with
less than 3-hours of fasting, 132.0 mg/dl among those
with 3 to 6 hours of fasting and 116.2 mg/dl among those
with more than 6 hours of fasting. The average TG of the
entire sample was 132.1 mg/dl which is much higher than
that for 6 or more hours of fasting (9). Thus, the age-
specific average TG values of the native Japanese and
Japanese urban workers used in our analysis are most
likely to be overestimated as compared to fasting TG
levels of Japanese Americans and the general U.S. popu-
lation. In the United States, there has been a 15 mg/dl
decline in total serum cholesterol for U.S. adults in the
thirty years between the First National Health Examination
Survey for 1960-1962 and the Third National Health
Examination Survey for 1988-1991 (7). Possible factors
that may have contributed to this decline are an extensive
nutrition education (15), health promotion and disease
prevention activities (16), decreased consumption of cer-
tain high-fat foods (17), increased use of lipid lowering
diets and drugs (18), increased use of post-menopausal
estrogen replacement therapy (19) and the development of
lower-dose oral contraceptives (19), in addition to the
extensive efforts of the National Cholesterol Education
Program (NCEP) (20, 21).

In Japan, on the other hand, an increase in average
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total cholesterol levels for both Japanese men and women
was observed from 1980 to 1990 according to the National
Survey : 12.2 mg/dl for men and 16.0 mg/dl for women 30
years old and over (9). This increase may be due to the
westernization of the Japanese diet which includes higher
amounts of animal fat and protein. Between 1980 and
1990, the consumption of animal protein in Japan rose
from 39.2 grams per capita to 41.4 grams and the con-
sumption of animal fat rose from 26.9 grams to 27.5 grams
per capita (1).

Kitamura et al. conducted cardiovascular risk surveys
among Japanese urban male workers in Osaka (22),
showing similar trends in TC and HDL-C to those of the
urban workers from EARI. Mean TC levels were 194.7
mg/dl for 40-44 years old, 199.7 mg/dl for 45-49 years
old, 199.7 mg/dl for 50-54 years old and 205.1 mg/dl for
55-59 years old among Osaka male workers, compared
with 198.7 mg/dl for 40-49 years old and 197.2 mg/dl for
50-59 years old among urban male workers fm EARI.
Mean HDL-C levels were 56.5 mg/dl for 40-44 years old,
56.1 mg/dl for 45-49 years old, 58.1 mg/d| for 50-54 and
55.7mg/dl for 55-59years old among Osaka male
workers, compared with 58.9 mg/dl for 40-49 years old
and 57.9 mg/dl for 50-59 years old among urban male
workers from EARI. Based on results from EARI and
Kitamura et al., both male and female Japanese urban
workers have lower mean TC levels and higher HDL-C
levels than the average Japanese population, partly
because company workers in Japan are a selected
healthy group and partly because they might have a
lifestyle which is more favorable concerning cardiovas-
cular health.

There are striking differences between TC levels report-
ed from the Ni-Hon-San study which examined three
Japanese male populations between 1965-70 (4) and our
findings. The average TC level of Hiroshima based
Japanese men was less than 180 mg/dI twenty-five years
ago, whereas the average TC level of native Japanese
rose to between 191 and 204 mg/dl in 1990. It is also
surprising that current TC levels of Seattle Japanese
Americans are quite similar to that of San Francisco
Japanese Americans 25years ago; both populations
showed average cholesterol levels ranging from 220-230
mg/dl depending on age. This suggests that as the
Japanese lifestyle and diet become increasingly western-
ized, the low risk status for CHD may be lost. We
previously reported that Seattle Japanese Americans have
a higher average BMI than native urban Japanese (23).
Fujimoto et al. reported a higher prevalence of diabetes
among Seattle Japanese Americans than U.S. whites or
native urban Japanese (24). These factors may partly
account for the observed differences in cholesterol levels.
The association between environmental factors and lipid
and lipoprotein levels in Japanese Americans and native
Japanese are currently under our investigation.

It is interesting to note that consistent trends in choles-

terol levels between the sexes were observed in all four
study groups. TC and TG levels in women rose dramati-
cally after ages 45-50 years at which time menopause
typically begins. Average TC levels in premenopausal
women were lower than in men, whereas postmenopausal
women had higher average TC levels than men. Average
TG levels for women remained lower than those of men for
all age groups. Estrogen is considered to confer a
protective benefit against cardiovascular disease which is
mediated in part by its effects on lipoprotein metabolism
(25). After menopause, risk factors have been shown to
increase, Mathews et al. found HDL-C and LDL-C under-
went greater menopause-related changes than those
associated with aging in the absence of menopause (26).

It is impossible to predict if the incidence and mortality
of CHD among Japanese would reach the rate of Amer-
icans as TC levels of native Japanese approach that of
Americans. Such a question would be answered by
future studies because the impact of cholesterol changes
on CHD incidence or mortality in a population may take
many years before any significant change is observed.
Furthermore, there are multiple factors contributing to
CHD which need to be examined as well.

As far as CHD mortality is concerned, there still exists
a large gap between Japan and the United States (41.4 per
100,000 persons and 188.2 per 100,000 persons, respec-
tively) (1, 2). Therefore, the risks for CHD in the United
States need to be reduced. Despite the national cam-
paign to lower cholesterol levels in the United States (20),
Seattle Japanese Americans’ TC levels were higher than
those of the U.S. population. Thus, an investigation is
needed to examine the cause of elevated TC levels
among Seattle Japanese Americans, and further health
promotion and education is essential to lower cardiovas-
cular disease risks for this minority population.
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Background. 1t has been previously shown that Japanese Americans in Seattle have significantly higher cholesterol
levels than native Japanese. The present study examines the association of biological and lifestyle factors with plasma
lipid and lipoprotein levels among Japanese Americans (JA) and native Japanese (NJ) to determine if these associations
are consistent between these high and low cholesterol populations.

Methods. Study samples consisted of 710 JA male and 728 JA female volunteers living in the Seattle area and a random
sample of 3833 NJ male urban workers who participated in parallel cardiovascular disease screening and lifestyle sur-
veys for 1989-1994. Multiple regression analysis was conducted to examine the association of lifestyle and biological factors
with lipid and lipoprotein levels.

Results. Alcohol consumption was positively and linearly associated with high density lipoprotein cholesterol (HDL-C)
levels and negatively associated with both low density lipoprotein cholesterol (LDL-C) levels and the ratio of total
cholesterol (TC)/HDL-C (P < 0.05 to P <0.001) among JA males and JA females and NJ males. Current smoking habit
was observed to be negatively associated with HDL-C levels and positively with TC/HDL-C ratio and log TG levels (logarith-
mic transformation of triglyceride values) (P < 0.05 to P < 0.001) among all three groups. Body mass index (BMI) was
negatively associated with HDL-C levels and positively associated with log TG and TC/HDL-C ratio among all three
groups (P < 0.05 to P < 0.001). Moderate alcohol consumption was negatively associated with log TG levels among JA
males and females (P < 0.05), whereas heavy alcohol consumption was positively associated with log TG levels in NJ
males (P < 0.001). Smoking was positively associated with TC and LDL-C levels (P < 0.05) among JA males, whereas
a negative association (P < 0.05) was observed in NJ males.

Conclusion. Overall, the fitted models were consistent between JA males and females and NJ males with the exception
of smoking on TC and LDL-C. The results suggest that moderate alcohol consumption favourably influences lipid profiles
in both high and low cholesterol populations. The results also indicate that light alcohol consumption is associated with
decreased triglyceride levels, whereas heavy alcohol consumption is associated with increased triglyceride levels.
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It is well known that high serum total cholesterol
(TC) and low density lipoprotein cholesterol (LDL-C)
levels are primary risk factors for coronary heart dis-
ease (CHD), and high serum levels of high density lipo-
protein cholesterol (HDL-C) confer a protective benefit
against its development.’ Reducing TC levels has been
shown to decrease the risk of CHD*® and the National
Cholesterol Education Program (NCEP) has identified
LDL-C as the major atherogenic lipoprotein and the
primary target of cholesterol lowering therapy.” Elevated
triglyceride (TG) levels are also considered to increase
the risk for CHD, partly because high TG levels are
correlated with high levels of LDL-C8 and low levels of
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HDL-C.° In addition to constitutional determinants
such as age, sex, ethnicity and genetic factors, other vari-
ables such as dietary fat and lifestyle factors including
physical activity, alcohol consumption and smoking
habit are known to affect serum lipid and lipoprotein
levels. 101t

Compared with other industrialized nations, Japanese
are known to be at alower risk for CHD.*2 Annual CHD
mortality rates per 100 000 population were 41.8 in
Japan (1991),*® 86.9 in France (1990),24 192.5in the US
(1991)," and 294.6 in England and Wales.'* Cross-
cultural epidemiological studies conducted more than
two decades ago have shown that lipid levels and the
prevalence of CHD was lowest among native Japanese
in Japan, higher in Japanese Americans living in
Hawaii and highest in Japanese Americans living in
California.'

Over the past 25 years since the initiation of the Ni-
Hon-San Study?® there have been dramatic changes in
health behaviours among Americans, including a de-
crease in the number of smokers, a decrease in the level
of alcohol consumption and an increase in physical ac-
tivity level.Y'® Among native Japanese, there has been
an increase in fat intake and alcohol consumption and
a decline in smoking.?’ Despite these changes, current
studies have shown that Seattle Japanese Americans
have significantly higher TC levels and TG levels
and lower HDL-C levels than native Japanese urban
workers.?! The present study examines the association
between biological and lifestyle factors among Japan-
ese Americans (JA) in Seattle and native Japanese (NJ)
in Japan to examine if the associations are consistent
between these low and high cholesterol groups. Such
cross-cultural comparisons allow for minimization of
the genetic components influencing lipid levels, and
thus provide a better understanding of the impact of en-
vironmental factors including changes in lifestyle and
constitutional factors on lipid and lipoprotein levels.

MATERIALS AND METHODS

Parallel cardiovascular disease screening was conducted
by the Nikkei Disease Prevention Center in Seattle,
Washington from 1989 to 1994 and the Epidemiolog-
ical Arteriosclerosis Research Institute (EARI) in major
cities in Japan in 1994. The study sample consisted of
male and female JA residing in the greater Seattle area
(King County) and NJ males from major metropolitan
areas in Japan who participated in screening at EARI.
Japanese American screening participants were re-
spondents from a media and family registration cam-
paign conducted by mail. A total of 1438 individuals
(710 men and 728 females) who are of full Japanese
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Ficure 1 Income distribution of 1175 study participants’
households and the Japanese American households of the 1990
US census in King County

ancestry aged 30-79 years participated in the study with
complete clinical and lifestyle information. The com-
position of the study sample with respect to generation
was as follows: 12.3% Issei (first generation), 49.4%
Nisei (second generation), 37.0% Sansei (third genera-
tion) and 1.3% Yonsei (fourth generation). The study
sample represented 12.7% of the JA men and 10.3% of
JA women in the Seattle area according to an estimation
of the JA population based on the 1990 US Census.?

Due to the fact that the study subjects in Seattle were
voluntary participants, we conducted an additional sur-
vey on 1994 household income levels to better define
our study sample characteristics and examine whether
they were representative of the JA population in Seattle.
We compared the household incomes from study par-
ticipants with that of JA households in the 1990 census
for King County.? Figure 1 shows that the income dis-
tribution of the screening participants is slightly higher
than that reported for the JA population in King County
for the 1990 census. We will later discuss possible re-
sponse hias observed in the study results.

Native Japanese study subjects consisted of mostly
urban white collar employees from mgjor citiesin Japan,
including Tokyo, Chiba, Osaka, Sapporo, and Kitakyushu.
A total of 3833 study subjects were randomly drawn
from a pool of 28 635 male employees of various com-
panies in Japan who had participated in cardiovascular
disease screening conducted by EARI in 1994. Their
occupations were classified as follows: 50.8% profes-
sionals, researchers, engineers and highly trained tech-
nicians, 35.7% administrators, accountants, salesmen
and survey staff, and 13.5% others. In general, annual
health screening is offered by the respective company
as part of the employee’s health benefits and participa-
tion is almost mandatory.
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Venous blood samples were obtained after a 12-hour
fast from JA study participants. Lipid analyses were
conducted at the University of Washington Northwest
Lipid Research Laboratories which participates in the
Centers for Disease Control and Prevention/National
Heart, Lung and Blood Institute’s lipid standardization
programme. Total cholesterol and TG levels were meas-
ured enzymatically on the Abbott Spectrum analyser
using methods standardized to in-house reference
methods and to the CDC's reference methods and
in-house prepared reagent.?* The HDL-C levels were
measured by dextran sulphate magnesium precipitation
method.?® The LDL cholesterol was determined by the
Friedewald algorithm: LDL-C = TC minus HDL-C
minus TG/5.%® Because LDL-C estimation becomes
less accurate if the TG value >400 mg/dl, we excluded
these few cases from statistical analysis involving
LDL-C.#

Among the NJ screening participants, non-fasting
venous blood samples were analysed by EARI’s labor-
atory in Japan. Total cholesterol was measured by
an enzymatic method which was described by Allain
et al.? Serum TG levels were determined by a colori-
metric method with lipoprotein lipase and glycerol de-
hydrogenase.?® The HDL-C measurement was done by
using the dextran sulphate magnesium method.*® The
LDL-C was determined by the Friedewald algorithm.?

Quality control (QC) examinations for EARI’ s |abor-
atory were conducted by shipping frozen serum sam-
ples twice from Seattle to EARI prior to the screening.
For each QC examination, nine standardized samples
were used for TC measurements and six standardized
samples were used for TG, LDL-C and HDL-C. After
adjustments were made at EARI’s laboratory based on
the values obtained from the first measurements, all
measured values in the second QC examination fell
within 5% of the true value (10% range criteria was
established for HDL-C), with the exception of a few
samples. High correlation coefficients were obtained
between true values and the second measurement val ues:
r=0.999 (P < 0.01) for TC, r = 0.969 (P < 0.01) for
HDL-C, r = 0.910 (P < 0.05) for LDL-C and r = 0.999
(P < 0.01) for triglycerides.

Height and weight were measured with participants
clothed in ahospital gown. Body massindex (BMI) was
obtained by dividing weight in kilograms by the square
of height in metres. Similar questionnaires were self-
administered at the time of screening, which contained
questions on personal and demographic background,
disease history and lifestyle factors; one written in Jap-
anese for NJ participants, and one in English for JA.
Only those questions which could be considered compar-
able were used in our analysis. Average daily alcohol
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consumption was estimated based on responses to
specific questions regarding frequency of drinking, size
of serving and type of alcoholic beverage consumed. The
estimated average amount of alcohol consumed was
converted to pure alcohol equivalents. Then, one drink
was defined as an equivalence of 10 g of pure alcohol.
The study samples were stratified into six groups: non-
drinkers, <1 drink/week, 1-6 drinks/week, 1-2 drinks/
day, 3-5 drinks/day and >5 drinks/day and treated
as dummy variables. Participants who had quit drinking
less than one year ago were considered to be current
drinkers.

Multiple regression models were constructed to ex-
plain differences in levels of lipids and lipoproteins by
age, BMI, hypertensive medication, alcohol consumption
and smoking status. Because TG values were highly
skewed, logarithmic transformation of TG values was
performed for normalization for regression analysis. All
analyses were conducted separately by sex using I1BM
AT with SPSSPC + v3.0.3!

RESULTS

Characteristics of the JA and NJ study samples are
presented in Table 1. The average age for each of the
three groups fell between 55 and 56 years. Higher
averages of BMI, TC, LDL-C, TG and TC/HDL ratio
were observed in JA males and females as compared to
NJ males. The HDL-C average values were highest in
JA females (63.2 mg/dl), lowest in JA males (51.0
mg/dl) and the average value for NJ males fell in the
middle (55.4 mg/dl). There was a great differencein the
amount of alcohol consumed between JA males and NJ
males: NJ men consumed more than four times the
amount consumed by JA men (27.3 versus 5.8 g/day).
The percentage of current smokers was three times
higher in NJ males than in JA males (46.0% versus
15.4%), while only 9% of JA women smoked. Current
use of anti-hypertensive medication was more prevalent
in both JA men and women than in NJ men. Overall, the
lipid profiles of JA men and perhaps JA women (with
the exception of high HDL-C averages) were worse
than in NJ men despite less smoking and alcohol con-
sumption among JA participants.

Table 2 summarizes the results of multiple regres-
sion analysis to explain differences in lipoprotein and
lipid levels in JA and NJ male participants and JA
femal e participants with age, BMI, level of alcohol con-
sumption, smoking status and hypertensive medication
as explanatory variables. The strength of the associa-
tion, indicated by R? of lipids and lipoproteins with
lifestyle and biological factors varied from 4.6% in the
TC model to 19.7% in the HDL-C model among JA

37



1206

INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

TaBLE 1 Characteristics of Japanese Americans in Seattle, Washington, USA and native urban Japanese in Japan who participated in

screening
Japanese American males Japanese American females Native Japanese males
n=710 n=728 n = 3833
Mean SD? Mean SD Mean SD
Age 56.4 137 55.9 13.6 55.6 7.7
BMI 25.7 3.2 24.0 3.8 23.8 2.7
TCP (mg/dl) 224.1 37.8 227.3 41.6 191.1 324
LDL-C® (mg/dl) 139.1 35.3 135.0 38.0 108.6 311
HDL-CY (mg/dl) 51.0 14.0 63.2 16.7 55.4 14.3
Triglycerides (mg/dl) 169.8 158.6 1439 1205 135.6 101.3
Log TG® 4.9 0.6 4.8 0.6 4.7 0.6
TC/HDL ratio 4.7 1.4 3.9 13 3.7 11
Alcohol (g/day) 5.8 11.9 13 4.6 27.3 22.2
No. % No. % No. %

Drinking habit

Nondrinkers 257 36.2 389 53.4 686 17.9

<1 drink/week 157 22.1 212 29.1 378 9.9

1-6 drinks/week 157 22.1 98 135 621 16.2

1-2 drinks/day 89 125 24 33 516 135

3-5 drinks/day 44 6.2 4 0.5 1015 26.5

>5 drinks/day 6 0.8 1 0.1 617 16.1
Smoking

Nonsmokers 265 37.3 512 70.3 1355 354

Current smokers 109 15.4 66 9.1 1762 46.0

Ex-smokers 336 47.3 150 20.6 716 18.7
Hypertensive medication 102 14.4 112 15.4 413 10.3

#8D = standard deviation.

b Total cholesteral.

¢ Low density lipoprotein cholesterol.
4 High density lipoprotein cholesterol.
€ Triglycerides.

males with the strongest association found in HDL-C.
Among NJ males the strength of the association, R?,
varied from 4.2 in the TC model to 16.4 in the TC/HDL
model. The R? in the regression models for JA females
were high overall: from 15.4% in the HDL-C model to
26.9% in the log TG model. The appearance of signific-
ant regression coefficients varied somewhat between
the three groups and between models. In the models
predicting TC levels, there was a positive association
with age in all three groups (P < 0.001) and BMI ap-
peared positively significant in both JA females and NJ
males (P < 0.001). Current smoking habit was observed
to be positively associated with TC levelsin JA males
(P < 0.05), whereas in NJ males, a negative association
was observed (P < 0.05).

Similar relationships were found for LDL-C levels as
well; age was positively associated with LDL-C levels
among all three groups (P < 0.001), and BMI was posit-
ively associated among NJ males and JA females

(P < 0.001). Hypertensive medication was negatively
associated with LDL-C in JA females (P < 0.05) and
NJ males (P < 0.01). Among NJ males, LDL-C levels
showed a negative association to levels of alcohol
consumption in a dose dependant manner (P < 0.01 to
P < 0.001). Alcohol consumption significantly reduced
levels of LDL-C in JA males and females at one to two
drinks per day (P < 0.05). Opposite associations were
seen with current smoking status; a positive association
was observed among JA males (P < 0.05), whereas
in NJ males, smoking was negatively associated with
LDL-C levels (P < 0.05).

The relationships observed between HDL-C and the
explanatory variables were consistent between all three
study groups. Overall, HDL-C was positively associated
with alcohol consumption in a dose dependant manner
(P < 0.001) and negatively associated with BMI
(P < 0.001) and smoking (P < 0.05to P < 0.001) in all
three groups.
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TaBLE 2 Multiple regression coefficients for examining the association between lipid and lipoprotein levels and biological and lifestyle

factors
Explanatory Total cholesterol (mg/dl) Low density lipoprotein High density lipoprotein
variables cholesterol (mg/dl) cholesterol (mg/dl)
JA?males JA females NXP males JA males JA females NJmaes JA males JA females NJmales
Age 0.419*** 1.372%** 0.243*** 0.342** 0.956*** 0.186** 0.029 0.048 0.057*
(0.117)° (0.112) (0.069) (0.104) (0.104) (0.065) (0.040) (0.047) (0.028)
BMI 0.629 1.279*** 2.166*** 0.693 1.565*** 1.966*** —1.203***  -1.387***  _1567***
(0.443) (0.368) (0.195) (0.395) (0.347) (0.184) (0.151) (0.157) (0.081)
Hypertensive 5.730 —4.355 —1.997 2.882 —8.536* —4.476** 1.637 -0.314 0.099
medication (4.120) (4.045) (1.709) (3.797) (3.813) (1.616) (1.428) (1.677) (0.705)
Drinking habit
Nondrinkers (ref)
<1 drink/week -0.096 1.020 2.142 1.647 0.796 -0.097 -1.162 1.551 2.730**
(3.860) (3.291) (2.048) (3.432) (3.078) (1.936) (1.311) (1.364) (0.845)
1-6 drinks/week 2.348 -1.498 0.227 2.946 -6.844 —4.713** 1.103 6.600*** 4.632***
(3.830) (4.483) (1.773) (3.436) (4.183) (1.676) (1.302) (1.858) (0.731)
1-2 drinks/day -7.710 -3.902 -1.622 -10.179* -16.367* —-5.568** 7.927***  12.682*** 4.858***
(4.650) (7.922) (1.858) (4.109) (7.287) (1.757) (1.581) (3.284) (0.767)
3-5 drinks/day 10.307 —-3.859 0.494 —7.895 —20.436 —8.518*** 15.348***  26.940*** 9.565***
(6.120) (18.910) (1.584) (5.570) (17.377) (1.497) (2.081) (7.839) (0.653)
>5 drinks/dayd 6.333 1.451 -9.744 —16.244*** 15.988** 11.051***
(15.402) (1.797) (13.434) (1.699) (5.237) (0.741)
Smoking habit
Nonsmokers (ref)
Smokers 8.648* 2.879 —2.495* 8.048* 6.615 —2.393* —2.951* —6.411** —5.406***
(4.358) (5.104) (1.173) (3.957) (4.650) (1.109) (1.482) (2.079) (0.484)
Ex-smokers -1.571 -2.812 2.951 -0.586 0.550 1.476 —1.433 —2.226 -1.171
(3.398) (3.502) (1.478) (3.044) (3.258) (1.397) (1.155) (1.452) (0.609)
Intercept 182.8 120.8 127.7 103.9 47.3 60.1 79.1 93.0 86.6
RZ(%) 4.6 21.1 4.2 4.7 16.3 6.5 19.7 15.4 16.0
F value 3.35%** 19.15*** 16.61*** 3.30*** 13.58*** 26.53*** 17.20*** 13.10*** 72.91***

continued overleaf

For TC/HDL-C ratio, consistent relationships were
observed among all three groups as well; TC/HDL-C
ratio was negatively associated with alcohol consump-
tion in adose-dependant manner (P < 0.05to P < 0.001)
and positively associated with BMI (P < 0.001) and
current smoking habit (P < 0.05 to P < 0.001).

Triglyceride levels (log TG) appeared to be more
strongly correlated with lifestyle and biological factors
in JA females than in JA males. For JA females, all
explanatory variables with the exception of two cat-
egories (ex-smokers and >5 drinks/day) showed a
significant relationship to log TG; age (P < 0.001),
BMI (P < 0.001) and medication for hypertension
(P < 0.05) were positively associated and alcohol con-
sumption was negatively associated (P < 0.05). Among
JA males, log TG was positively associated with BMI
(P < 0.001) and smoking status (P < 0.05) and negat-
ively associated with alevel of alcohol consumption of
1-2 drinks/day (P < 0.05). Among NJ males, log TG

levels were positively associated with BMI (P < 0.001),
hypertensive medication (P < 0.05), a level of alcohol
consumption of =5 drinks/day (P < 0.001), current
smoking habit and ex-smoking habit (P < 0.001).

DISCUSSION

The observed relationships in the present study were
fairly consistent between JA and NJ study participants
for models predicting TC and HDL-C levels. Some
differences were observed in the models predicting
LDL-C and log TG levels. The analysis for each lipid
component examined will be discussed separately.

Age and BMI were associated with a significant
increase in TC levels among JA females and NJ males.
Among JA males, age but not BMI was a significant
predictor of TC levels. Other studies have shown that
the association between TC and lifestyle factors was
not strong.3 The Honolulu Heart Study®' showed no
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TaBLE 2 Continued
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Explanatory log Triglycerides (mg/dl) Total cholesterol/High density
variables lipoprotein cholesterol
JA males JA females NJ males JA males JA females NJ males
Age 0.002 0.016*** 0.001 0.006 0.020*** 0.002
(0.002) (0.002) (0.001) (0.004) (0.004) (0.002)
BMI 0.050*** 0.048*** 0.068*** 0.122*** 0.104*** 0.138***
(0.007) (0.005) (0.003) (0.016) (0.012) (0.006)
Hypertensive 0.054 0.120* 0.064* 0.022 0.012 -0.043
medication (0.066) (0.059) (0.028) (0.149) (0.129) (0.054)
Drinking habit
Nondrinkers (ref)
<1 drink/week —0.008 -0.102* -0.041 0.091 -0.128 —0.171**
(0.061) (0.048) (0.038) (0.137) (0.104) (0.065)
1-6 drinks/week —0.042 —0.145* 0.008 —0.050 —0.382** —0.353***
(0.061) (0.065) (0.029) (0.136) (0.143) (0.056)
1-2 drinks/day -0.172* —0.059* —0.052 —0.837*** —0.721** —0.397***
(0.074) (0.115) (0.031) (0.165) (0.253) (0.059)
3-5 drinks/day 0.099 -0.611* —0.036 —0.986*** —1.356* —0.645***
(0.097) (0.275) (0.026) (0.218) (0.603) (0.050)
>5 drinks/day* 0.048 0.137*** —1.089* —0.677***
(0.244) (0.030) (0.548) (0.057)
Smoking habit
Nonsmokers (ref)
Smokers 0.136* 0.168* 0.173*** 0.512** 0.397* 0.341***
(0.069) (0.073) (0.019) (0.155) (0.160) (0.037)
Ex-smokers -0.007 -0.043 0.096*** 0.057 0.131 0.140***
(0.054) (0.051) (0.024) (0.121) (0.112) (0.047)
Intercept 35 2.8 3.0 15 0.3 0.5
R%(%) 8.5 26.9 14.0 14.5 18.5 16.4
F value 6.49%** 26.33*** 62.20*** 11.86*** 16.32*** T4.71***

* P <0.05 ** P<0.01, *** P < 0.001.
a Japanese American.

b Native Japanese.

¢ Standard error.

4 No meaningful result for JA females could be obtained because only one person fell in this category.

strong association between lifestyle factors and TC in
Japanese American men. Similarly, in the study exam-
ining Japanese white collar male workers,®® age and BMI|
were significantly related to TC, but alcohol consump-
tion was not. Total cholesterol is considered a crude
indicator of lipid profile status, and factors such as
alcohol may have opposite effects on TC components,
LDL-C (negative) and HDL-C (positive), resulting in
nonsignificant or spurious associations between
lifestyle factors and TC.

Low density lipoprotein cholesterol has been |abelled
as the major atherogenic lipoprotein and has become
the primary focus for cholesterol lowering therapy.” As
observed in the model for TC, BMI was a significant
predictor of LDL-C in JA females and for NJ males,
but not among JA males. Similar to the Honolulu Heart

Study™* and other studies with native Japanese males®
and American females,®* alcohol consumption was sig-
nificantly associated with reduced LDL-C levelsin all
three groups of our study. This effect was significant
only at a consumption level of 1-2 drinks/day among
JA subjects whereas among NJ it was significant for
all levels of regular alcohol consumption. Sample size be-
tween study populations may account for such observed
differences, in that the majority of JA study subjects
were found to be non- or light to moderate drinkers with
only asmall percentage consuming =3 drinks/day.

In accordance with numerous other epidemiological
studies,'011:333536 HD| -C levels were positively asso-
ciated with alcohol consumption and inversely associated
with BMI and smoking in both JA and NJ screening
participants. Table 3 presents regression models for
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TaBLE 3 Comparison of regression models for high density lipoprotein cholesterol among epidemiological studies

Explanatory variables

Seattle Japanese Native Japanese Hawaiian Japanese US & Japan telephone

Native Japanese

Americans urban workers Americans company executives white collar employees
Seattle Nikkei  Seattle Nikkei Yano et al.** Oharaet al.* Choudhury et al.*
Health Study Health Study
Females Males Males Males Males Males

Race (American versus

Japanese) —4.157%**
Age NS? NS 0.057% NS NS 0.132*
BMI —1.387***  _1.203*** _1.567*** —1.351*** —0.726*** —1.408***
Medication for hypertension NS NS NS —1.589*
Drinking habit
Nondrinkers versus

current drinker 0.544***

<1 drink/week NS NS 2.730**

1-6 drinks/week 6.600*** NS 4.632%**

1-2 drinks/day 12.682%**  7.927***  4,.858***

3-5 drinks/day 26.940***  15.348*** 9.565%**

>5 drinks/day 15.988***  11.051***

<once/day 5.257%**

<30 cc/day 6.457***

>30 cc/day 9.104***
Alcohol (ml/day) 0.102***
Smoking habit
Nonsmokers versus

current smokers —6.411** —2.951* —5.406* ** NS —4.004* **

ex-Smokers NS NS NS

no. of cigarettes/day —0.164***
Physical activity 0.209* 1.806**
Walking NS
Diastolic blood pressure NS
Haematocrit (%) NS
Serum uric acid (mg/dl) —1.633***
Intercept 92.97 79.11 86.6 65.10 73.60 not available
R? (%) 15.4 19.7 16.0 175 11.2 21.1
Sample size 728 710 3833 1363 1499 1010
Average age 56 56 56 68 46 47

*P < 0.05 ** P <0.01, *** P < 0.001.
aNot significant.

HDL-C obtained from the present study and other sim-
ilar studies as follows JA males in the Honolulu Heart
Study,* Japanese and American caucasian male tele-
phone executives,*® and NJ white collar workers in
Japan.*® The HDL-C levels were positively associated
with alcohol and negatively with BMI in all four studies.
A significant positive association between HDL-C
levels and age was observed in NJ male subjects and in
NJ white collar employees.®® Smoking was consistently
inversely associated with HDL-C levels with the excep-
tion of the Honolulu Heart Study. Many other studies
have noted an inverse relationship between smoking
and HDL-C levels,®3™#2 which in conjunction to altera-
tion of HDL-C's antiatherogenic properties,*® is one

mechanism proposed whereby smoking increases the
risk of coronary atherosclerosis.

Similar to the LRC study** and others,**3® BM| was
found to be positively associated with TG levelsin all
three groups. Alcohol consumption has also been re-
ported to be positively associated with TG levels. 114445
Among the NJ male study subjects, heavy alcohol
consumption (>5 drinks/ day) was associated with a
significant increase in TG levels, whereas alcohol
consumption was negatively associated with TG levels
in JA males who consumed 1-2 drinks/day and in JA
women who consumed any amount. The difference in
the fitted models for TG between JA males and NJ
males might have been influenced by the difference in
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alcohol consumption levels: JA male drinkers were
predominantly light to moderate drinkers, whereas NJ
male drinkers were predominantly moderate to heavy
drinkers. A similar relationship was shown in NJ male
subjects by Choudhury et al.;* light drinkers had signi-
ficantly lower TG levelsthan heavy drinkers. Similarly,
in British men*® heavy drinking habit has a tendency to
raise TG levels. However, log TG levels were signi-
ficantly and negatively associated with more drinking
levels in females than in either JA or NJ males despite
the fact that JA females drink much less than JA and
NJmales. Thisimpliesthat even slight intake of alcohol
might lower TG levels among females but not among
males. In the future, this issue should be investigated in
other female populations as well.

Anti-hypertensive medications, e.g. diuretics and sel-
ective and non-sel ective beta-blockers, have been shown
to adversely affect blood lipids.*” In our study, anti-
hypertensive medication showed a negative association
with LDL-C and a positive association with log TG in
JA females and NJ males. The majority of study parti-
cipants using anti-hypertensive medications were taking
either diuretics, calcium channel blockers or adrenergic
blockers, and afew of them were taking angiotensin con-
verting enzyme inhibitors and vasodilators. Yano et al.**
reported that anti-hypertensive medication (mainly
thiazide diuretics) was associated with reduced HDL-C
levels and increased TG levels independent of diastolic
blood pressure, BMI and other confounding factors. In
our study the sample size was too small to analyse the
data by types of hypertensive medication.

Another observed difference between study groups
was the effect of smoking on TC and LDL-C levels
between JA and NJ males. Among JA males, a positive
association between current smoking habit and TC or
LDL-C levels was observed. This is consistent with
other studies as reviewed by Craig et al.*® In order to
determine if the significant effects of smoking on lipid
levels (TC, TC/HDL-C, HDL-C, LDL-C and log TG)
depend on drinking habits, an effect for the interaction
between smoking and drinking was estimated for each
regression equation in the samples of Seattle JA. No
significant interaction effects were found except for
LDL-C among JA males (F, g5 = 2.72, P < 0.05). The
results suggest that the effect of smoking on LDL-C is
substantially greater for drinkers than for ex-drinkers
and nondrinkers among JA males but not among JA
females. Among NJ males the association of smoking
with TC and LDL-C was found to be significant but
negative. Choudhury et al. reported negative non-
significant associations between the number of cigar-
ettes smoked and TC or LDL-C levels among NJ male
white collar male employees.® It is quite possible that
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other factors such as dietary intake might act as a con-
founding variable or interact with smoking to influence
serum lipid levels among NJ men. Interactions between
smoking and alcohol consumption with diet are cur-
rently under investigation in our study population.

The results of the present study need to be interpreted
within the context of some limitations. One potential bias
is that the sample was not randomly drawn from the JA
population in the Seattle area and nonparticipants may
have different characteristics and health status than
participants. Other surveys have shown that non-
participants have poorer health than participants,®%0
and if this were the case in our survey, it would be
possible that we might have observed a higher per-
centage of current smokers and drinkers among non-
participants. In order to examine this issue further, we
conducted an additional survey to determine the 1994
annual household income levels of our study sample
and compared their income distribution with that of JA
households in King County from the 1990 US census
(which includes Seattle and the surrounding metropolitan
area) (Figure 1).2% Although our sample distribution is
slightly shifted to higher income levels as compared to
the census distribution, it is remarkably similar to that
of JA in King County. The 4-year gap between our sam-
ple and the census population might have contributed to
the slightly higher income levels observed in our study
sample because of the rate of inflation in household
income. Additionally, lipid levels were compared among
JA men and women according to household income
levels. No differences were found except for average
HDL-C levels: 56.6 mg/dl for < $25 000, 57.6 mg/dl
for $25 000—$49 999 and 52.9 mg/dI for >$49 999; and
thus, it may be considered that our Seattle JA sample
reasonably represents the JA population in the area,
although we must be cautious about possible selection
bias in a comparison of health outcomes between
populations.

Native Japanese screening participants represent
urban white collar office workers from several major
metropolitan areas in Japan. Overall, workers are
considered to be healthier than the general population.
In fact, comparison in TC and LDL-C between the two
populations shows that urban workers had significantly
lower averages than the general Japanese population.?*

Fasting requirements were not imposed on NJ urban
workers, whereas JA were required to fast 12 hours prior
to blood drawing. Nonfasting status has been shown
to influence TG levels. The National Cardiovascular
Disease Examination Survey Report®! shows an inverse
relationship between average TG levels and the number
of fasting hours before blood drawing: 141.0 mg/dl among
those with <3 hours of fasting, 132.1 mg/dl among those
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with 3-6 h of fasting and 116.2 mg.dl among those with
>6 h of fasting. Despite the nonfasting requirements,
NJ men had considerably lower TG values as compared
with JA males: 135.6 mg/dl and 169.8 mg/dI, respect-
ively. Also, nonfasting requirements might have in-
fluenced LDL-C values among native Japanese because
LDL-C values were estimated based on the Friedewald
equation, which includes TG. However, if any system-
atic bias were introduced due to nonfasting status, the
deviation from true values of LDL-C would be quite
small and almost negligible because TG values are di-
vided by afactor of fivein the estimation. Furthermore,
the average LDL-C level of NJ males was much lower
than that of JA males (108.6 mg/dl versus 139.1 mg/dl).

Nutrient intake was not included in the present ana-
lysis and may enhance predictive value of the current
models or act as potential confounding factors to BMI,
smoking and alcohol consumption. Some investigators
have reported that calories from alcohol supplements
normal energy intake,5%* whereas others have found
that calories from alcohol replaces energy intake from
other sources, especially in heavy drinkers.%® Physical
activity was also not included in the present analysis
which has been shown to increase HDL-C levels.*'3¢ In
our previous investigation with Seattle JA males,>® we
observed no significant relationship between physical
activity and HDL-C levels. This may have been due to
the fact that the mgjority of Seattle JA males were
found to be fairly sedentary, thus any associations may
not be apparent in this group. We suspect that NJ urban
workers are more physically active due to various factors
such as limited use of automobiles, more commuting
by public transportation, and thus more walking in
metropolitan areas in Japan. Effects of dietary habits
and physical activity on lipid levels are currently under
investigation.

In conclusion, the observed associations between
plasma lipid and lipoprotein levels and biological and
lifestyle factors among the three study groups (Seattle
JA males and females and NJ males) are consistent with
findings from other studies. Recently, we have reported
that Seattle JA males and females have significantly
higher total serum cholesterol levels?* and others have
reported higher prevalence of diabetes® among Seattle
JA than among NJ or the general American population.
Thus, it is apparent that the current campaign by CDC
for ‘Healthy People 2000°%® which includes lowering
total cholesterol levels to an average of <200 mg/dl
before year 2000 and changing lifestyle to promote
cardiovascular health is quite relevant to Seattle JA.
Although such general guidelines are quite useful, there
is a growing appreciation for the interaction between
environmental and genetic factors to the contribution of
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cardiovascular disease, and thus sensitivity to changes
in environment and diet may vary significantly between
ethnic groups. Current studies conducted with Seattle
JA suggest that a westernized lifestyle may be more
harmful to people of Japanese ancestry who may have a
greater propensity for the development of various
metabolic abnormalities such as diabetes®” and hyper-
lipidaemia®* Further cross-cultural investigations of
this nature which reduce the genetic variation between
cohorts are important for providing a clearer picture of
the mechanismsinvolved in these complex rel ationships.
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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.

l. Introduction

Some researchers have pointed out for a long time that pulse wave velocity (PWV) is
closely related to modulus of elasticity of arterial wall'?). Hasegawa and Otsuka established
the experimental and theoretical rationale for aortic pulse wave velocity as a non-invasive and
quantitative index reflecting atherosclerosis®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 not®). 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 controls®-®). 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.

Il. 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 Il 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 subjects®.
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
2
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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
disease'?.

Body Mass Index (BMI) (>27:1, <27:0): BMI=body weight (kg)/height(m)? 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 analysis'"). 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 PWYV findings. All statistical
analysis was conducted by using IBM/AT, SPSSPC+V3.0'2).

Il 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 county'®. 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)'4, 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 participants). 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 women'®), 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 women'”). In this study, obesity was dichotomized as above or below 27'®) 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/d|
for men and 226.0 mg/dl for women as compared to the averages of 202 mg/dl for American
men and 200 mg/dI for American women'®, 198.6 mg/dl for Japanese men and 207.1 mg/dI for
Japanese women'). 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 group®. 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 factor?®2") 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-diabetics?23).

Smoking is another known atherosclerotic risk factor?42% 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. Itis
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 women?®)) and in native Japanese (59.8% for men
and 13.8% for women?”)), 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 reports?”2®) 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 studies®®. Barboriak3?),
Gruchow?") and Pearson®? 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 studies?® 3337 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 men®). 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 0.673%, lower than that of native Japanese
of the same age group, 0.8%"). 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 arteries*°~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 readings*?.

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 50s*Y. 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 populations*®); 2) age-adjusted prevalence of high PWV abnormalities in Japanese
American men is significantly higher than male urban workers in Japan*®); 3) age-adjusted
prevalence of abnormal changes in retinal arteries in Japanese American men was
significantly lower than that in male urban workers in Japan*”); 4) prevalence of coronary heart
disease in Japanese American men and women was significantly higher than that in male
urban workers in Japan*®. 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.
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Figure 1 Method for measuring the aortic pulse wave

velocity (PWV)
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Figure 2 Comparison between 1994 household income of

Japanese American (JA) screening participants and
1989 household income of JA population in King Coun-
ty, Washington, U.S.A.
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Table 1 Characteristics of study participants in Seattle, U.S.A.

i Total Males Females
(n=1,389) (n=681) (n=708)
Mean SD Mean SD Mean SD
Age 56.0 13.7 56.1 13.7 55.9 13.7
PWV (m/sec) 8.0 1.5 8.0 1.5 8.1 1.5
Body mass index 24.8 3.6 25.6 3.3 23.9 3.7
Systolic BP (mmHg) 130.5 18.5 133.1 17.5 128.0 19.1
Total cholesterol (mg/dl) 225.6 40.0 2243 38.0 226.0 41.8
HDL cholesterol (mg/d!) 57.4 16.6 51.2 14.0 63.4 16.7
TC/HDL ratio 4.2 1.4 4.7 1.5 3.8 1.3
Daily alcohol consumption (grams) 3.7 10.1 6.0 12.7 1.4 6.0
Number Percent Number Percent Number Percent
Current drinkers 767 552 441 64.8 326 46.0
Ex drinkers 189 13.6 115 16.9 74 10.5
Non—drinkers 433 31.2 125 18.3 308 43.5
Current smokers 167 12.0 104 15.3 63 8.9
Ex—smokers 468 33.7 319 46.8 149 21.0
Non—smokers 754 54.3 258 37.9 496 70.1

Table 2 Distribution of persons by age and aocrtic pulse wave velocity among Japanese Americans in Seattle, U.S.A.

males and females combined

Age in Years

PWV (m/sec)

<40 4049 50-59 6069 =70 all ages
<6.0 48(22.9%) 15( 5.7%) 4( 1.4%) 67( 4.8%)
6.0- 6.9 116(55.2%) 121(46.4%) 50(17.4%) 17( 4.2%) 1( 0.4%) 305(22.0%)
7.0- 7.9 40(19.0%) 106(40.6%) 129(44.8%) 84(20.8%) 14( 6.2%) 373(26.9%)
8.0 8.9 6( 2.9%) 19¢ 7.3%) 77(26.7%) 142(35.2%) 45(19.8%) 289(20.8%)
9.0- 9.9 26( 9.0%) 96(23.8%) 80(35.2%)  202(14.5%)
10.0-10.9 2( 0.7%) 41(10.2%) 54(23.8%) 97( 7.0%)
11.0-11.9 18( 4.5%) 19( 8.4%) 370 2.7%)
>12.0 5( 1.2%) 14( 6.2%) 19( 1.3%)
total 210( 100%) 261( 100%) 288( 100%)  403( 100%)  227( 100%) 1,389( 100%)
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Table 3 Adjusted odds ratio for presence of abnormally high PWV values among Japanese Americans in Seattle,
U.S.A.: males and females combined

Adjusted odds ratio’

Variable Persons at risk Significance
Sex: females 708 1.00

males 681 0.65 <0.01
Age: <60 years 759 1.00

> 60 years 630 3.60 <0.001
Hypertension: no 1,093 1.00

yes 296 2.01 <0.001
Diabetes: no 1,311 1.00

yes 78 3.66 < 0.001
TG/HDL-C: <4.5 857 1.00

=4.5 532 1.61 < 0.001
BMI: <27 1,053 1.00

>27 336 1.08 Ns#
Alcohol: non—drinkers 433 1.00

current drinkers 767 0.45 <0.001

ex—drinkers 189 0.47 <0.001
Smoking: non—smokers 754 1.00

current smokers 167 1.47 <0.10

ex—smokers 468 1.65 <0.01

T Odds ratios were simultaneously adjusted for all variables included in the model.

* NS=not significant

Table 4 Adjusted odds ratio for presence of abnormally high PWV values among Japanesc Americans in Seattle,

U.S.A.: males
Variable Persons at risk Adjusted odds ratio” Significance
Age: <60 years 369 1.00

=60 years 312 4.31 <£0.001
Hypertension: no 524 1.00

yes 157 2.00 <0.001
Diabetes: no 639 1.00

ves 42 5.65 <0.001
TC/HDL-C: <4.5 329 1.00

=>4.5 352 1.32 NS#
BMI: <27 474 1.00

>27 207 0.93 NS#
Alcohol: non—drinkers 125 1.00

current drinkers 441 0.44 <0.001

ex—drinkers 115 0.49 <0.05
Smoking: non—smokers 258 1.00

current smokers 104 1.56 NS§*

ex—smokers 319 1.82 <0.01

t Odds ratios were simultaneously adjusted for all variables included in the model.

* NS=not significant
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Table 5 Adjusted odds ratio for presence of abnormally high PWV values among Japanese Americans in Secattle,
U.S.A.: females

Variable Persons at risk Adjusted odds ratio® Significance
Age: < 60 years 390 1.00

=60 years 318 3.03 <C0.001
Hypertension: no 563 1.00

yes 139 1.94 <0.01
Diabetes: no 672 1.00

yes 36 2.47 <0.05
TC/HDL-C: <45 528 1.00

=45 180 1.98 <0.001
BMI: <27 579 1.00

>27 129 1.28 NS?
Alcohol: non drinkers 308 1.00

current drinkers 326 0.47 <0.001

ex—drinkers 74 0.45 <0.05
Smoking: non—smokers 496 1.00

current smokers 63 1.32 NSt

ex—smokers 149 1.38 NSt

T (dds ratios were simultaneously adjusted for all variables included in the model.

t NS=not significant
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BACKGROUND

Having a high mortality of stroke, Japanese citizens has been
encouraged to take annual cardiovascular medical checkup
iIncluding ophthalmoscopy since 1960s.

Fig1. Mortality of Stroke Among Countries
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OBIJECTIVE

The purpose of the study is to examine
the association of arteriolar sclerotic
and hypertensive (ASH) changes in
retinal arteries with cardiovascular
disease (CVD) risk factors.



METHODS(1)

Subjects

Subjects were 7,272 employees and families
(4,431 men and 2,841 women) recruited
from those who participated in CVD
screening in major cities in Japan for
2006-2007.
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METHODS(2)

Measurements of CAVI

 Measurement of CAVI, a stiffness indicator of
arteries is measured by VaSera VS-1000
manufactured by Fukuda-Denshi Company (Tokyo,
Japan).

 The average CAVI score of healthy people was used
as threshold, and abnormally high CAVI scores were
determined as those exceeding (mean score +
standard deviation) of the age-specific healthy group.
All CAVI scores were converted to the binary
variable.
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METHODS(3)

Blood was drawn from the subjects after 12 hour-
fasting.
The criterion for defining diabetes;

>126mg/dl| of fasting plasma glucose concentration

The criterion for hypertension:
SBP > 160mmHg and/or DBP > 100mmHg.

Self-administered questionnaires on lifestyle were
filled out by subjects at the time of screening.
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METHODS(4)

* Retinal photographs of the right eye were taken
by non-mydriatic retinal camera (Canon Co.,
Tokyo, Japan) to identify subjects with abnormal
changes in retinal arteries by using Scheie’s
classification method.

* ASH changes in retinal arteries were transformed
to the binary table: O for score 0 as normal and 1
for scores | —IV as abnormal.

68



Fig 2 Example of ASH changes using Scheie’s classification method

Hemorrhage (bleeding) in The Retina

Arterial Crossing in
Gradell

Arterial Reflex in
Gradell

Hemorrhage or Bleeding
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METHODS(5)

Statistical Method

Multiple logistic regression analysis was
conducted using ASH changes in retinal
arteries as a dependent variable and CVD risk

factors as covariates.
SPSS vs.16 was used for statistical analysis.

70



**p<0.01
“**p<0.001

RESULTS(1) o

Ag

Risk % in all ORs - % inall ORs p-
factors  subjects (95%CI)  Val'®  subjects (95%Cl) ~ value
20-39 33 1.00 39 1.00

(reference)
2.30 ek 10.09 e
Rk A (1.61-3.29) 22 (2.80-36.31)
49.41
7'70 *%k% - *%%
>60 11 (5.07-11.69) 6 (12.43

194.27)
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RESULTS(2) oo

**p<0.01
5 <0001
Risk % in all ORs p- % in all ORs p-
factors  subjects (95%CI)  Val'®  subjects (95%Cl) ~ value
1.03 0.58
199 10 0.62-1.73) 38 (0.24-1.44)
0.82 0.98
20229 33 4 58-1.14) 38 (0.46-2.09)
23-24.9 9 1.00 13 1.00
(reference)
1.30 1.34
25269 17 0.91-1.84) ©  (0.50-3.62)
- " 1.53 N 1.39

(1.05-2.23) (0.51-3.78)
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RESULTS(3) s

**p<0.01
“**n<0.001

Hypertension

Risk % in all ORs P- % in all ORs p-
factors  subjects (95%Cl) Vae'” subjects (95%Cl) value

No g4 1.00 98 1.00
(reference)
17.10 28.52
Yes 6 (12.97- = 2 (15.02-  ***

22.54) 54.17)
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RESULTS(4)  on

**p<0.01
“**n<0.001

Hyperglycemia

Risk % in all ORs P- % in all ORs p-
factors  subjects (95%Cl) Vae'” subjects (95%Cl) value

No g6 1.00 99 1.00
(reference)
33.95
6.59 .

90.15)
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RESULTS(5)  eoos

**p<0.01
H ***0<0.001

Risk % in all ORs P- % in all ORs p-
factors subjects  (95%Cl)  “@® subjects (95%Cl) ~ value
il 7 1.00 1 1.00
(reference)
0.38 ek 0.29
40-59 47 0.25-0.56) 17 (0.07-1.26)
>60 46 0.40 s 82 0.30

(0.26-0.61) (0.08-1.20)

75



RESULTS(6)

**p<0.01
CAVI ***n<0.001

Risk % in all ORs P- % in all ORs p-
factors  subjects (95%Cl) Vae'” subjects (95%Cl) value

emiel | gy 1.00 80 1.00
(reference)
High 19 1.88 e 2.49 »

(1.44-2.47) (1.42-4.39)
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RESULTS(7) e

**p<0.01
Drinking ***n<0.001

Risk % in all ORs p- % in all ORs p-
factors  subjects (95%Cl)  “ale gupjects (95%Cl) ~ value

none 23 1.00 57 1.00
(reference)
Current 0.95 0.89

drinkers [y (0.71-1.27) A (0.50-1.59)
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RESULTS(8)

**p<0.01
Smoking ***n<0.001
Risk % in all ORs P- % in all ORs p-
factors  subject  (95%Cl)  V@'® subjects (95%Cl) ~ value
S
none 29 1.00 75 1.00
(reference)
ex- 26 1.15 9 1.04
smokers (0.85-1.56) (0.32-3.38)
smokers 45 DI * 16 S .

(0.50-0.92) (1.13-4.81)
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DISCUSSION(1)

Our study shows the strong
association between ASH changes in
retinal arteries and some
cardiovascular risk factors such as
hypertension, hyperglycemia and
arterial stiffness in major arteries

predicted by Cardio Ankle Vascular
Index (CAVI).
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DISCUSSION(2)

- There was a strong association

between age (40years and older)
and ASH changes in retinal
arteries.



DISCUSSION(3)

As for dyslipidemia, we saw the negative
associations between HDL-cholesterol
and ASH changes in retinal arteries in
males. Although we could not reach the
statistically significance in females, this
is probably due to the small number of
female dyslipidemia subjects (24people).
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DISCUSSION(4)

- There was a positive association

for obese (BMI>27) and ASH
changes in retinal arteries

independent of hypertension in
males.



DISCUSSION(5)

Regarding to the association between smoking
and ASH changes in retinal arteries, we saw
the different pattern between genders.
Compared to the male current smokers who
had negative association between ASH
changes in retinal arteries, female current
smokers had statistically significant high odds
ratios. We can at least say that this might
imply the characteristic difference between
gender among Japanese smoking population.
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DISCUSSION(6)

. We saw no statistically
significant association
between drinking and ASH
changes in retinal arteries.



Thank you.

Mt. Fuji in Japan
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Establishing baseline criteria of cardio-ankle
vascular index as a new indicator of
arteriosclerosis: a cross-sectional study
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Abstract

Background: A cardio-ankle vascular index (CAVI) has been developed to represent the extent of arteriosclerosis
throughout the aorta, femoral artery and tibial artery independent of blood pressure. To practically use CAVI as a
diagnostic tool for determining the extent of arteriosclerosis, our study objectives were (1) to establish the baseline
CAVI scores by age and gender among cardiovascular disease (CVD) risk-free persons, (2) to compare CAVI scores
between genders to test the hypothesis that the extent of arteriosclerosis in men is greater than in women, and
(3) to compare CAVI scores between the CVD risk-free group and the CVD high-risk group in order to test the
hypothesis that the extent of arteriosclerosis in the CVD high-risk group is greater than in the CVD risk-free group.

Methods: Study subjects were 32,627 urban residents 20-74 years of age who participated in CVD screening in
Japan during 2004-2006. A new device (model VaSera VS-1000) was used to measure CAVI scores. At the time of
screening, CVD high-risk persons were defined as those having any clinical abnormalities of CVD, and CVD risk-free
persons were defined as those without any clinical abnormalities of CVD. Age-specific average CAVI scores were
compared between genders and between the CVD risk-free group and the CVD high-risk group. Student’s t-test
using two independent samples was applied to a comparison of means between two groups.

Results: Average age-specific baseline scores of CAVI in the CVD risk-free group linearly increased in both genders
as their age increased. Average age-specific baseline scores of CAVI in the CVD risk-free group were significantly
greater among men than among women. Average age-specific baseline scores of CAVI in the CVD risk-free group
were significantly smaller than those in the CVD high-risk group in both genders after 40 years of age.

Conclusions: The baseline CAVI scores from the CVD risk-free group are useful for future studies as control values.
The CAVI method is a useful tool to screen persons with moderate to advanced levels of arteriosclerosis.

Background

One leading cause of premature deaths in industrialized
nations is cardiovascular disease including coronary
heart disease (CHD), an atherosclerosis-related disease.
In 2005, the CHD death rates (per 100,000 persons)
were 159.0 for US males, which was 2.3 times higher
than for Japanese males (68.1), and 142.0 for US
females, which was 2.7 times higher than for Japanese
females (53.5) [1,2]. Thus, there is a great need to pre-
vent CHD incidence as well as mortality in the US. One

* Correspondence: namekata@comcast.net
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2344, USA
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( BioMVed Central

approach is to identify persons with moderately
advanced state of arteriosclerosis and provide recom-
mendations for improving their lifestyle and diet. Japan
has been taking such an approach for the past few dec-
ades and successfully kept CHD mortality low [2].

One method to quantitatively estimate the extent of
arteriosclerosis is the use of the pulse wave velocity
(PWV). The idea on the association of PWV with arter-
iosclerosis is traced back to an experiment using artifi-
cial blood vessels conducted by Moens in 1878 [3].
Then, Bramwell and colleagues showed that PWV
depends on the modulus of arterial volume elasticity by
experiments in 1922-23 [3-7]. Their experimental results
have been a basis for the development of the measure-
ment device PWV-200 (Fukuda-Denshi Co., Tokyo)

© 2011 Namekata et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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which measures PWV propagating through the aorta
(thorax, abdomen, and part of common iliac artery)
from the aortic valve to the femoral pulsation point, as
described by Hasegawa in 1970 [8]. Because PWYV is
highly correlated with diastolic blood pressure, Hase-
gawa developed a nomogram showing the association
between diastolic blood pressure and PWV. He pro-
posed an adjustment to any measured PWYV values at 80
mmHg. As a result, such an adjustment was built into
the PWV-200 machine. This is an important step allow-
ing clinicians and researchers to compare PWV values
between individuals and between populations. Namekata
et al. conducted cardiovascular disease prevention
screening in Seattle and found that PWV was positively
and significantly associated with aging (= 60 years of
age), hypertension, diabetes, the ratio of total cholesterol
to high density lipoprotein cholesterol, ex-smokers and
negatively and significantly with alcohol consumption
among Japanese Americans [9]. In addition, they had
similar findings among Japanese urban workers [10].

To overcome some problems associated with PWV-
200 (i.e., technical difficulty in the method for measur-
ing PWYV), the cardio-ankle vascular index (CAVI) was
developed as a new indicator of arteriosclerosis in
2004 [11]. CAVI quantitatively reflects arteriosclerosis
of the aorta, femoral and tibial arteries based on Bram-
well-Hill’s equation [3] and stiffness parameter [12]
which is allowed to be converted from PWYV propagat-
ing from the aortic valve to ankle. Some researchers
proposed to use CAVI scores as an indicator of athero-
sclerosis. Nakamura et al. found a strong association of
CAVI with the presence of severity of coronary athero-
sclerosis based on their ordinal logistic regression ana-
lysis [13]. Kadota et al. suggested the use of CAVI as a
screening tool for atherosclerosis based on their find-
ings from the general population study of 1,014 adults
showing strong significant associations of CAVI scores
with carotid intima-media thickness and with homo-
cysteine after adjustment for age and sex [14]. Thus, it
is considered that CAVI scores reflect arterial stiffness,
atherosclerosis and arteriosclerosis of which conditions
are overlapping and inseparable. We use CAVI
to represent the extent of arteriosclerosis in this paper
but it is inclusive of arterial stiffness and
atherosclerosis.

To practically use CAVI as a diagnostic tool for deter-
mining the extent of arteriosclerosis, our study objec-
tives are (1) to establish the baseline CAVI scores by
age and gender among cardiovascular disease (CVD)
risk-free persons, (2) to compare CAVI scores between
genders to test the hypothesis that the extent of arterio-
sclerosis in men is greater than in women, and (3) to
compare CAVI scores between the CVD risk-free group
and the CVD high-risk group to test the hypothesis that
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the extent of arteriosclerosis in the CVD high-risk
group is greater than in the CVD risk-free group.

Methods
Study Subjects
Subjects for the study were recruited through the
screening program at Japan Health Promotion Founda-
tion which has been conducting cardiovascular disease
and cancer screening throughout major cities of Japan.
Subjects were company employees and their family
members: 16,661 men and 15,966 women between 20
and 74 years of age (see Table 1) after excluding persons
with history of heart disease, hypertension, stroke, dia-
betes, nephritis, and gout. The proportion of CVD risk-
free subjects to all subjects decreases as age advances
(both genders combined): 45.4% for 20-29 years of age,
30.1% for 30-39 years of age, 18.7% for 40-49 years of
age, 9.7% for 50-59 years of age, 6.9% for 60-69 years of
age, and 3.7% (or only 36 CVD risk-free subjects out of
979 subjects) for 70-74 years of age.

The study was approved by the Institutional Review
Board and all subjects gave their consent to participate
in the study.

Measuring Cardio-Ankle Vascular Index
CAVI, a stiffness and arteriosclerosis indicator of thorax,
abdomen, common iliac, femoral and tibial arteries, is
measured by VaSera VS-1000 manufactured by Fukuda-
Denshi Company, LTD (Tokyo, Japan), as shown in Figure
1. This device is a new version of PWV-200. It is signifi-
cantly improved as it achieved 3.8% of the average coeffi-
cient of variation among five repeated measurements of
CAVI for each of the 22 subjects [11] showing that its
operation is less dependent on a technician’s skill. Further-
more, CAVI scores were not changed but brachial-ankle
PWV values were significantly changed when both systolic
and diastolic blood pressure of 12 healthy volunteer men
was significantly changed after metoprolol (80 mg) was
administered [15]. This suggests that CAVI is not affected
by blood pressure at the time of measuring.

The method to measure CAVI is illustrated in Figure
2. A subject is placed in supine position and

Table 1 Subjects by age and sex

All subjects CVD risk-free subjects
Age Males Females Males Females
20-29 1214 949 455 526
30-39 4008 3243 877 1307
40-49 3880 4111 421 1077
50-59 4619 5653 306 690
60-69 2319 1654 155 119
70-74 623 356 25 11
Total 16661 15966 2239 3730

87



Namekata et al. BMC Cardiovascular Disorders 2011, 11:51
http://www.biomedcentral.com/1471-2261/11/51

Page 3 of 10

Figure 1 Demonstration of CAVI measurement by VaSera VS-1000.
.

electrocardiogram and heart sound are monitored. PWV
between heart and ankle is obtained by L/T where L is
the distance from the aortic valve to the ankle, and T is
the time during which PWV propagates from the aortic
valve to the ankle (or the sum of tb and tba in place of
t'b and tba, because t'b and tb are theoretically equal:
tba is the time between the rise of the brachial pulse
wave and the rise of the ankle pulse wave, tb is the time
between the aortic valve’s closing sound and the notch
of the brachial pulse wave, and t’b is the time between
the aortic valve’s opening sound and the rise of the bra-
chial pulse wave) [11].

The scale conversion from PWV to CAVI is per-
formed by the following formula:

CAVI = a{(2p/AP) x In(Ps/Pq) PWV?} + b

where P; and Py are systolic and diastolic blood pres-
sure values, respectively, PWYV is the pulse wave velocity
between heart and ankle, AP is Ps-Pg, p is blood density,
and a and b are constants. This equation was derived
from Bramwell-Hill’s equation [3] and stiffness para-
meter [12]. Scale conversion constants are determined
so as to match CAVI with PWV by Hasegawa’s method
[8]. All these measurements and calculations are auto-
matically made in VaSera VS-1000. More theoretical
details of CAVI method are available elsewhere [11].

Clinical Criteria for Selecting CVD Risk-Free Persons and
CVD High-Risk Persons

Blood was drawn from the subjects after a 12 hour-fast.
The following measurements were made: total cholesterol
(TCQ), triglycerides (TG), creatinine (Cre) by enzymatic
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Figure 2 lllustration of CAVI measurement.

.

assay; high density lipoprotein cholesterol (HDL-C) by
modified enzymatic method; uric acid by uricase peroxides
method, glucose by hexokinase glucose-6-phosphate dehy-
drogenate assay, glyco-hemoglobin Alc (HbAlc) by latex
agglutination, and white blood cells (WBC) by direct cur-
rent detection method. To identify subjects with ischemic
changes, outputs from electrocardiogram were classified
by Minnesota code [16] which has been internationally
and uniformly used in the epidemiology setting. Retinal
photographs of the right eye were taken by non-mydriatic
retinal camera (Canon Co., Tokyo, Japan) to identify sub-
jects with abnormal changes in retinal arteries by using
Scheie’s classification method [17].

The criteria to select subjects for the CVD risk-free
group and for the CVD high-risk group were based on
the guidelines established by Japan Atherosclerosis
Society and Japan Society of Hypertension [18-21]. The
CVD risk-free persons were defined as those meeting
the following clinical criteria at the time of screening:

« blood pressure: systolic blood pressure(SBP) < 139
mmHg and diastolic blood pressure (DBP) < 89
mmHg;

« serum lipids: TC < 219 mg/dL, HDL-C = 40-99
mg/dL and TG < 149 mg/dL;

« serum glucose: glucose < 109 mg/dL and HbAlc <
5.8%;

« renal function: creatinine: male < 1.10 mg/dL,
female < 0.80 mg/dL and uric-acid < 7.0 mg/dL for
both genders;

« white blood cells: 3.2-8.5 x 103/pL;

+ electrocardiogram: excluding persons with 1-1-1 tol-
3-6, 3-1 to 3-3, 4-1 to 4-4, 5-1 to 5-5, and 9-2; and

« retinal artery changes: no arteriolar sclerotic
change and no hypertensive change.

The CVD high-risk persons were defined as those who
fall in one or more following groups of clinical abnorm-
alities at the time of screening:

+ borderline hypertension group: SBP:140-159
mmHg, and/or DBP:90-99 mmHg;

« hypertension group: SBP > 160 mmHg, and/or
DBP = 100 mmHg;

+ abnormal lipid metabolism group: TC > 240 mg/
dL, TG = 250 mg/dL, and/or HDL-C < 34 mg/dL;

&9



Namekata et al. BMC Cardiovascular Disorders 2011, 11:51
http://www.biomedcentral.com/1471-2261/11/51

« borderline high-glucose group: serum glucose 110-
125 mg/dL and/or HbAlc 5.9-6.1%;

+ hyperglycemia group: serum glucose > 126 mg/dL
and/or HbAlc > 6.2%;

« ischemic change group: 1-1-1 to 1-1-3 (abnormal
Q wave), and/or 4-1 to 4-3 (ischemic change); and

« arteriolar sclerotic change group: sclerotic change
> II in Scheie’s method.

Statistics Methods

In addition to the use of descriptive statistics, Student’s
t-test using two independent samples was applied to a
comparison of means between two groups and p < 0.05
was considered statistically significant. Statistical
Packages for Social Sciences version 16 was used for
data analysis.

Results

As shown in Table 1, there were 2,239 men and 3,730
women who were free from clinical CVD abnormalities.
Table 2 represents age-specific means and standard
deviations of the baseline CAVI scores from the CVD
risk-free group by age and gender. Age-specific average
CAVI scores became higher in both genders as their age
advanced and 0.22-0.66 of increment was added to the
average CAVI score as the age increased to every 10
years.

Figure 3 shows a comparison of age-specific average
CAVI scores between genders. It is observed that aver-
age CAVI scores at each age-interval were significantly
greater for men than for women with a borderline sig-
nificance for 70-74 years of age (p = 0.071), and that
men’s CAVI scores were about 5 years ahead of
women’s between 30 and 60 years of age and even 10
years ahead of women’s after 60 years of age.

Tables 3 and 4 show a comparison of average CAVI
scores between the CVD risk-free group and each CVD
high-risk group by age among men and among women,
respectively. There were not enough cases of all CVD

Table 2 Comparison of average cardio-ankle vascular
index (CAVI) scores of CVD risk-free subjects by age and
gender

Males Females t-value p-value
Age Mean SD Mean SD
20-29 6.69 0.70 6.57 0.66 2.89 p = 0.005
30-39 7.12 068 6.79 0.63 523 p < 0001
40-49 7.59 0.70 7.29 0.66 7.82 p < 0.001
50-59 8.07 0.76 7.82 0.70 497 p < 0.001
60-69 873 0.81 826 0.72 495 p < 0.001
70-74 935 1.00 8.71 0.75 1.88 p = 0.071

Note: SD indicates standard deviation.
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high-risk groups under 30 years of age for comparisons
and of some CVD high-risk groups 30-39 years of age.
Most average CAVI scores from each of the CVD high-
risk groups were significantly higher than those from
the CVD risk-free groups with one exception: the aver-
age CAVI score (6.95) of the hypercholesterolemia and
hypertriglyceridemia group for men 30-39 years of age
was significantly smaller than that (7.12) of the CVD
risk-free group for the same gender and age-bracket (p
= 0.021). On one hand, age-specific average CAVI
scores of the hypertension group were significantly
greater than those of the CVD risk-free group after 30
years of age among men but after 40 years of age
among women. On the other hand, age-specific average
CAVI scores of the hypercholesterolemia and hypertri-
glyceridemia group, the hyperglycemia group, the
ischemic changes group, and the retinal artery changes
group were significantly greater for both men and
women after 40 years of age compared to those of the
CVD risk-free group with exceptions of non-significance
in the hypercholesterolemia and hypertriglyceridemia
group of men 70-74 years of age (p = 0.106), in the
hyperglycemia group of women 40-49 years of age (p =
0.093), and in the ischemic changes group and the ret-
inal artery changes group of women 70-74 years of age
(p = 0.052 and p = 0.071, respectively).

Figures 4 and 5 show differences in average CAVI
scores by age between the CVD risk-free group and all
CVD high-risk groups combined for men and for
women, respectively. After 40 years of age, the differ-
ence in age-specific average CAVI scores became statis-
tically significant between the two groups, with
borderline significance in men 70-74 years of age (p =
0.054), and also became wider as age advanced both for
men and for women.

Discussion

As shown in Table 2, we have established the baseline
CAVI scores based on 5,969 CVD risk-free persons
selected out of 32,627 persons 20-74 years of age. It is
shown that there exists a linear association between
CAVI scores and age in both genders confirming that
aging is an independent risk factor of atherosclerosis
and cardiovascular disease as described in western
[22,23] and Japanese studies [24]. Table 2 and Figure 3
show a biological aging of major arteries among CVD
risk-free persons. We found that age-specific average
CAVI scores among men were significantly greater than
among women. Such a finding is consistent with the
fact that men have a higher risk for coronary heart dis-
ease (of which one major risk factor is arteriosclerosis)
than women [1,2]. Based on these findings, we need to
evaluate an individual’s CAVI scores according to his/
her age and gender when we conduct screening.
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Figure 3 Differences in average CAVI scores by age between males (blue line) and females (green line) among CVD risk-free
individuals based on results shown in Table 2 (Vertical bars indicate standard deviation.).
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As established by Framingham studies and others
[25-27], hypertension is a risk factor of cardiovascular
disease. Hypertension is also significantly associated
with PWV [9,10,28]. High PWV values are found to be
an independent predictive factor of cardiovascular dis-
ease [29]. Since our results indicate that age-specific
average CAVI scores in the hypertension group were
significantly higher than those from the CVD risk-free
group (Tables 3, 4), it is implied that hypertension is a
risk factor of arteriosclerosis.

The association between serum lipid levels and ather-
osclerotic disease, namely coronary heart disease, has
been established through the findings from several epi-
demiological studies such as the Seven Countries Study
[30], the Multiple Risk Factor Intervention Trial Study
[31], and Klag et al’s follow-up study [32]. Namekata et
al. reported that abnormally high PWV was significantly
associated with 4.5 or greater value of the ratio of total
cholesterol to high density lipoprotein (HDL) choles-
terol implying that abnormal lipid imbalance is a risk
factor of arterial stiffness and arteriosclerosis [9]. Our
results support such an association by showing that
age-specific average CAVI scores among persons with

hypercholesterolemia and hypertriglyceridemia of ages
40 and over were significantly greater than those among
CVD risk-free persons for the same age-specific groups
(Tables 3, 4).

Diabetes mellitus is proven to be a risk factor for car-
diovascular disease [33,34]. It is reported that CVD risk
among diabetics was 2-6 times higher than among non-
diabetics and PWV values were associated with fasting
glucose levels among diabetics [35,36]. An odds ratio for
having abnormally high PWV among diabetics is also
reported to be 3.66 (p < 0.001) as compared to non-dia-
betics [9]. Our results are consistent with these findings
by showing significantly higher average age-specific
CAVI scores among persons with hyperglycemia after
40 years of age than those among CVD risk-free persons
(Tables 3, 4).

Ischemic changes in ECG and arteriolar changes in
retina are considered as surrogate markers of arterial
stiffness and arteriosclerosis in the coronary arteries and
retinal arteries, respectively. It is also shown that athero-
sclerotic lesions in the aorta proceeds onset of CVD
[37-39], as an increase in PWYV values proceeds ischemic
changes in ECG and arterial changes in retina appear
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Table 3 Comparison of average CAVI scores between
CVD risk-free group and CVD high-risk groups for males

Age 20-29 30-39 40-49 50-59 60-69 70-75
CVD risk-free group
Mean 6.69 7.12 759 8.06 8.73 9.35
SD 0.70 0.68 0.70 0.76 0.81 1.00
Hypertension group
Mean - 743 7.86 847 9.12 9.84
SD 0.86 0.87 1.01 1.12 1.15
t-value 4.24 4.75 6.51 4.06 2.07
p-value p <0001 p <0001 p<0001 p<0001 p=0041
Hypercholesterolemia & Hypertriglyceridemia group
Mean - 6.95 7.74 842 897 9.71
SD 0.84 0.86 0.95 091 0.82
t-value -2.39 2.33 505 2.34 1.62
p-value p=0021 p=0023 p<0001 p=0022 P=0.106
Hyperglycemia group
Mean - 7.25 7.76 8.68 941 10.01
SD 0.88 0.82 098 1.65 140
t-value 1.14 231 8.80 6.94 2.19
p-value p=0123 p=0034 p<0001 p<0001 p=0042
Ischemic changes group
Mean - - 781 8.79 9.29 9.97
SD 0.70 1.12 0.87 1.31
t-value 229 836 543 2.14
p-value p=0033 p<0001 p<0001 p=0043
Retinal artery changes group
Mean - - 8.09 8.77 9.16 9.97
SD 0.77 1.25 1.10 1.14
t-value 260 6.69 3.77 2.38
p-value p=0014 p<0001 p<0001 p=0022
All high-risk groups combined
Mean 6.39 7.18 7.79 849 9.12 9.80
SD 0.69 0.85 0.85 0.98 1.05 1.14
t-value  -1.87 1.26 3.96 7.20 448 193
p-value p= p=0209 p<0001 p<000T p<000T p=0054
0.061

Note: SD is standard deviation and - indicates that the number of cases was
too small to obtain any meaningful results.

[40]. We have shown that the age-specific average CAVI
scores of the ischemic changes group and of the retinal
artery changes group were significantly greater than
those of the CVD risk-free group (Tables 3, 4). This
implies that CAVI scores reflect the extent of arterio-
sclerotic changes not only in medium-size and large-size
arteries but also in small-size arteries.

We have shown that age-specific average CAVI scores
of all CVD high-risk persons combined were signifi-
cantly higher than those of the CVD risk-free group
after 40 years of age (Tables 3, 4), indicating that the
overall arteriosclerosis status of the CVD high-risk
group was significantly worse than that of the CVD
risk-free group. Because no difference in average CAVI
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Table 4 Comparison of average CAVI scores between
CVD risk-free group and CVD high-risk groups for
females

Age 20-29 30-39 40-49 50-59 60-69 70-75
CVD risk-free group
Mean 6.57 6.97 7.29 7.82 8.26 8.71
SD 0.66 0.63 0.66 0.70 0.72 0.74
Hypertension group
Mean - 7.02 773 8.16 8.89 946
SD 0.74 1.02 0.84 0.96 1.02
t-value 040 6.85 8.22 6.44 2.38
p-value p=0346 p <0001 p<0001 p<0001 p=0023
Hypercholesterolemia & Hypertriglyceridemia group
Mean - 6.97 7.68 8.00 877 9.26
SD 0.78 1.21 0.78 0.90 0.74
t-value -0.03 412 3.82 5.06 2.28
p-value p=0914 p <0001 p<0001 p<0001 p=0034
Hyperglycemia group
Mean - - 747 8.16 9.09 9.77
SD 0.86 0.74 1.04 0.79
t-value 1.74 523 6.57 3.69
p-value p=0093 p <0001 p<0001 p<0001
Ischemic changes group
Mean - - 749 8.10 8.75 9.39
SD 0.82 0.82 0.88 1.02
t-value 295 571 4.69 207
p-value p=0004 p <0001 p<0001 p=0052
Retinal artery changes group
Mean - - 803 8.34 9.36 932
SD 0.89 0.86 1.1 087
t-value 397 5.24 7.37 1.92
p-value p <0001 p <0001 p<0001 p=0071
All high-risk groups combined
Mean 6.88 6.93 7.58 8.12 8.81 9.34
SD 042 0.76 091 0.81 0.96 0.99
t-value 148 -0.56 6.25 8.05 5.96 2.09
p-value p= p=0578 p<0001 p<0001 p<0001 p=0038

0.138

Note: SD is standard deviation and - indicates that the number of cases was
too small to obtain any meaningful results.

scores between the two groups was detected before 40
years of age, effective CAVI screening might be recom-
mended for people age 40 and over.

With regard to the validity to use CAVI scores as an
indicator of arteriosclerosis, Otsuka examined 72
deceased patients’ ante-mortem PWYV (which is a basis
for deriving CAVI scores) and pathological changes
measured by the diffuse fibrotic thickening, formation of
atheroma and calcification in the wall of their aorta. He
reported multiple regression coefficient R = 0.810
between PWYV and scores of those pathological changes
[41]. In addition, other researchers reported that CAVI
scores were significantly associated with coronary
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Figure 4 Differences in average CAVI scores by age between the CVD risk-free group (blue line) and the CVD high-risk group (green
line) for males based on results shown in Table 3 (Vertical bars indicate standard deviation.
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atherosclerosis [13], with carotid intima-media thickness
and with homocysteine [14]. Thus, the use of CAVI
scores derived from PWV values is valid to estimate the
extent of arteriosclerosis.

VaSera VS-1000, which was used in our study, was
designed to measure CAVI scores independent of blood
pressure and CAVI scores represent the extent of arter-
iosclerosis between the aortic valve and the ankle. We
have shown biological aging of the major artery by mea-
suring CAVI scores in the CVD risk-free group and dis-
ease-related pathological aging of the major artery in the
CVD high-risk group. CAVI scores allow us to evaluate
the extent of arteriosclerosis in the major arteries
between the aortic valve and the ankle, to screen per-
sons with subclinical stage of CVD, and provide an
opportunity to modify diet and lifestyle to improve
CAVI scores as reported by Satoh et al [42]. Thus, the

use of CAVI scores potentially leads to savings on high
treatment costs and to prolonging many productive
lives.

There are some limitations in our study. First, the
study design was cross-sectional and results were based
on our observations at the time of screening. Secondly,
our data did not include behavioral and lifestyle factors,
although we consider that effects of such factors were
reflected on clinical measurements related to CVD
which we included. Currently we are examining the
association between CAVI scores and lifestyle factors
such as smoking, alcohol consumption, and body mass
index, and will report results in the near future.

Conclusions
Our results imply that advancement of arteriosclerosis
among men is greater in every age group than among
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women. It is also implied that arteriosclerosis of the
CVD high-risk group advances faster than that of the
CVD risk-free group after 40 years of age. The baseline
CAVI scores from the CVD risk-free group are useful
for future studies as control values. The CAVI method
is a useful tool to screen persons with moderate to
advanced levels of arteriosclerosis.
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Abstract

Purpose: Recently the cardio-ankle vascular index (CAVI) has been developed to represent the extent of
arteriosclerosis in the artery from the aortic valve to the ankle. The aim of the study is to examine the association
of CAVI scores with the established cardiovascular disease (CVD) risk factors and coronary heart disease (CHD).

Methods: Subjects were 9,881 men and 12,033 women of company employees and their families between 20
and 70 years of age and over who participated in CVD screening in Japan. The screening included measurements
of CAVI, electrocardiogram, blood pressure, lipids, serum glucose, hemoglobin A1c, height, weight, and questions
on smoking and drinking status. Persons having CHD were defined as those having history of CHD and/or having
abnormal Q wave and/or ischemic change in ECG. After converting CAVI scores to binary variables (normal or
abnormally high CAVI scores), logistic regression analysis was conducted.

Results: After adjusting for age, significant odds ratios (ORs) of abnormally high CAVI scores among men
were found with diabetes mellitus (10.02, p<0.001), hypertension (8.37, p<0.001), triglycerides (2.76, p<0.001, for
150-199mg/dL and 2.85, p<0.001, for 2200mg/dL, as reference:<150mg/dL), high density lipoprotein cholesterol
(0.19, p<0.001, for 40-59mg/dL and 0.20, p<0.001 for 260mg/dL, as reference: <40mg/dL), body mass index (2.04,
p<0.001, for <20, 2.31, p<0.001, for 28-29.9 and 3.37, p<0.001, for =30 as reference:20-22.9), and ex-smokers
(1.20, p<0.01, as reference: non-smokers). Almost identical results were found among women, except a significant
OR with current smokers (2.25, p<0.001). The significant association between CHD and abnormally high CAVI
scores was found: OR=3.87, p<0.001 for men and 1.45, p<0.01 for women after adjusting for CVD risk factors.

Conclusions: Our results confirmed that CAVI scores are a reliable indicator of arteriosclerosis reflecting the
extent of arterial stiffness and atherosclerosis in the major artery between the aortic valve and the ankle.

atherosclerosis. Nakamura et al. found a strong association of CAVI
with the presence of severity of coronary atherosclerosis based on
their ordinal logistic regression analysis [16]. Kadota et al. suggested
the use of CAVI as a screening tool for atherosclerosis based on their
findings from the general population study of 1,014 adults showing

Keywords: Cardio-ankle vascular index; Arteriosclerosis; Arterial
stiffness; Pulse wave velocity; Hypertension; Diabetes mellitus;
Coronary heart disease

Abbreviations: CAVI: Cardio-Ankle Vascular Index; CVD:

Cardiovascular Disease; CHD: Coronary Heart Disease; ORs: Odds
Ratios; PWV: Pulse Wave Velocity; SD: Standard Deviation; TC: Total
Cholesterol; TG: Triglycerides; HDL-C: High Density Lipoprotein
Cholesterol; HbAlc: Glyco-Hemoglobin Alc; ECG: Electrocardiogram;
SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; BMI:
Body Mass Index; CI: Confidence Interval

Introduction

Several methods have been designed to assess arterial stiffness
and arteriosclerosis. Among them, pulse wave velocity (PWV) [1-
7], augmentation index [8], the stiffness parameter p [9,10], and
carotid-femoral PWV [11] have been proposed as markers of arterial
stiffness. In 2002, brachial-ankle PWV was proposed as a marker of
vascular damage [12], and was reported to be a predictive factor of
coronary artery disease [13]. However, PWV is known to depend on
blood pressure at the time of measurement [14]. To overcome such a
problem the cardio-ankle vascular index (CAVI) was developed with
the objective to obtain an arterial stiffness index that is not affected
by blood pressure at the time of measurement, and which reflects the
stiffness or arteriosclerosis of a long artery from the aortic valve to the
ankle [15].

Some researchers proposed to use CAVI scores as an indicator of

strong significant associations of CAVI scores with carotid intima-
media thickness and with homocysteine after adjustment for age
and sex [17]. Thus, it is considered that CAVI scores reflect arterial
stiffness, atherosclerosis and arteriosclerosis of which conditions are
overlapping and inseparable. We use CAVI to represent the extent of
arteriosclerosis in this paper but it is inclusive of arterial stiffness and
atherosclerosis.

To practically use CAVI as a diagnostic tool for determining the
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extent of arteriosclerosis, Namekata et al. have recently published the
baseline CAVI scores by age and gender among cardiovascular disease
(CVD) risk-free persons, and then have found that the age- and sex-
specific average CAVI scores were significantly greater among CVD
high-risk persons than among CVD risk-free persons [18]. It implies
that the extent of arteriosclerosis is more advanced among persons
with CVD risk factors than among persons without such risk factors.

In our present study all CAVI scores were converted to categorical
scores based on the baseline CAVI scores of the CVD risk-free persons
in our previous study [18]. Such conversion enabled us to examine the
association of CAVT categorical scores with CVD risk factors and with
coronary heart disease (CHD) among Japanese urban workers and
their families.

Methods

Study subjects

Subjects for the study were recruited from January 2006 to May
2009 through the screening program at Japan Health Promotion
Foundation which has been conducting cardiovascular disease and
cancer screening throughout major cities in Japan. Subjects were
company employees and their family members: 9,881 men and 12,033
women between 20 and 70 years of age and over (Table 1). The study
was approved by the Institutional Review Board and all subjects gave
their consent to participate in the study.

Measuring cardio-ankle vascular index

CAVI, asstiffness and arteriosclerosis indicator of thorax, abdomen,
common iliac, femoral and tibial arteries, is measured by VaSera VS-
1000 manufactured by Fukuda-Denshi Company, LTD (Tokyo, Japan).

Figure 1 illustrates how PWV is measured [19]. The scale conversion
from PWV to CAVI is performed by the following formula:

CAVI=a{(2p/AP) x In(P /P )PWV?} + b

where P and P , are systolic and diastolic blood pressure values,
respectively, PWYV is the pulse wave velocity between heart and ankle,
AP is P -P, p is blood density, and a and b are constants. This equation
was derived from Bramwell-Hill’s equation [20] and stiffness parameter
[21]. Scale conversion constants are determined so as to match CAVI
with PWV by Hasegawa’s method [22]. All these measurements
and calculations are automatically made in VaSera VS-1000. More
theoretical details of CAVI method are available elsewhere [15,19].

To examine the association of CAVI with CVD risk factors and
CHD, CAVI scores of screening participants were stratified according
to Table 2. These were constructed based on means and standard
deviations in “Table 2 - Comparison of average cardio-ankle vascular
index (CAVI) scores of CVD risk-free subjects by age and gender” from
the paper by Namekata et al. [18]. All CAVI scores were converted to 1
for scores less than (mean - one standard deviation (SD)), 2 for scores
between (mean - 1SD) and (mean - %SD), 3 for scores between (mean
- SD) and mean, 4 for scores between mean and (mean + %SD), 5
for scores between (mean+ %SD) and (mean + 1SD), and 6 for scores
greater than (mean + 1SD). Based on distribution of CAVI scores by
CHD status, there was a substantial increase in CHD cases from CAVI
scores <5 to 6: prevalence of CHD corresponding to codes 1,2,3,4, 5
and 6 was 1.9%, 1.2%, 1.8%, 2.8%, 2.7% and 4.6%, respectively, among
men and was 2.1%, 2.8%, 2.6%, 3.8%, 2.7% and 4.7%, respectively,
among women.Thus, we coded CAVT scores as a binary variable: 1 for
codes 1-5 combined and 2 for code 6 as abnormally high CAVT scores
in order to conduct logistic regression analysis.

Clinical measurements

The methods to measure other clinical indicators were adopted
based on the guidelines established by Japan Atherosclerosis Society,
Japan Diabetes Society and Japan Society of Hypertension [23-25].
Blood was drawn from the subjects after a 12 hour-fast. The following
measurements were made: total cholesterol (TC) and triglycerides
(TG) by enzymatic assay; high density lipoprotein cholesterol (HDL-C)
by modified enzymatic method; glucose by hexokinase glucose-6-
phosphate dehydrogenate assay; and glyco-hemoglobin Alc (HbAlc)
by latex agglutination. To identify subjects with ischemic changes,
outputs from electrocardiogram (ECG) were classified by Minnesota
code [26] which has been internationally and uniformly used in the
epidemiology setting. Persons having CHD were defined as those
having history of angina pectoris and/or myocardial infarction and/
or as those who showed ECG codes: 1-1-1 to 1-1-3 (abnormal Q
wave), and/or 4-1 to 4-3 (ischemic change). Persons having high blood
pressure were defined as those taking hypertension drugs and/or as
those whose systolic blood pressure (SBP) was higher than 160mmHg
and/or diastolic blood pressure (DBP) was higher than 100mmHg.
Persons with diabetes mellitus were defined as those who were
previously diagnosed with diabetes mellitus, as those taking diabetes

Males Females
Age in year Number Per cent Number Per cent
<29 1066 10.8 905 7.5
30-39 2659 26.9 3089 25.7
40-49 2396 24.2 3127 26.0
50-59 2236 22.6 3578 29.7
60-69 1247 12.6 1148 9.5
>70 277 2.8 186 1.5
Total 9881 100.0 12033 100.0

Table 1: Study participants by age and sex.

Figure 1: lllustration of CAVI measurement. A subject is placed in supine
position and electrocardiogram and heart sound are monitored. PWV
between heart and ankle is obtained by L/T where L is the distance from the
aortic valve to the ankle, and T is the time during which PWV propagates from
the aortic valve to the ankle (or the sum of tb and tba in place of t'b and tba,
because t'b and tb are theoretically equal: tba is the time between the rise of
the brachial pulse wave and the rise of the ankle pulse wave, tb is the time
between the aortic valve’s closing sound and the notch of the brachial pulse
wave, and t'b is the time between the aortic valve’s opening sound and the
rise of the brachial pulse wave).
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mellitus medication and/or as those whose serum glucose were higher
than 126mg/dL and/or those whose HbA1c were higher than 6.2% in
Japan Diabetes Society value. It is approximately equivalent to 6.6%
in National Glycohemoglobin Standardization Program (NGSP) value.

Questionnaire

A short self-administered questionnaire was filled out by each
subject during the screening. It contains questions on medical history
and lifestyle factors such as smoking habit (non-smokers, ex-smokers,
and current smokers) and frequency of alcohol consumption (not
drinking, 1-2 times/week, 3-4 times/week, 5-6 times/week, and every
day).

Statistical methods

In addition to the use of descriptive statistics, logistic regression
method was used to examine the association of CAVI scores with CVD
risk factors and CHD. Statistical Packages for Social Sciences version
18 was used for data analysis.

Results

Characteristics of study participants are shown in Table 3 for males
and Table 4 for females. Means of CAVI scores among men increased
from 6.38 for 29 years of age and younger to 9.43 for 70 years of age
and older, while scores among women increased from 6.21 for 29 years
of age and younger to 9.10 for 70 years of age and older. Differences
in CAVI scores between genders ranged from 0.17 for 29 years of age

and younger to 0.33 for 70 years of age and older, indicating that the
average of CAVI scores for men advanced about five years faster than
for women. It is observed that the means for both systolic and diastolic
blood pressure linearly increased as ages advanced among women,
while the same trend is seen for systolic blood pressure but not for
diastolic blood pressure among men. Such an increasing trend with age
was not observed in lipids, serum glucose and body mass index (BMI)
among men, while an increasing trend in TC, TG, and serum glucose
levels was observed among women as ages advanced. We observed that
prevalence of CHD and diabetes linearly increased with advancing
ages in both genders. We also observed that prevalence of abnormally
high CAVT scores increased with advancing ages in women, while the
highest prevalence of abnormally high CAVT scores (24.7%) appeared
in 50-59 years of ages among men. Greater prevalence of drinkers and
smokers was observed in men than in women. (Table 3, 4)

Table 5 shows odds ratios (ORs) of abnormally high CAVTI scores
for each CVD risk factor after making adjustment for age among men.
Significantly high ORs were found in persons having hypertension, 8.37
(confidence interval: 7.32-9.56), and in persons with diabetes mellitus,
10.02 (CI: 8.74-11.49). All other CVD risk factors have significant ORs
ranging 1.20 (CIL: 1.05-1.36) in ex-smokers to 3.37 (CI: 2.72-4.18) in
BMI>30. Only HDL-C shows negative or protective ORs: 0.19 (CI:
0.17-0.23) for persons with 40-59mg/dL and 0.20 (CIL: 0.17-0.24) in
persons with >60mg/dL, as compared with the reference category of
HDL-C<40mg/dL.

age Mean(M) SD M-1SD M-0.5SD M+0.5SD M+1SD
20-29 Males 6.69 0.70 5.99 6.34 7.04 7.39
Females 6.57 0.66 5.91 6.24 6.90 7.23
30-39 Males 7.12 0.68 6.44 6.78 7.46 7.80
Females 6.79 0.63 6.16 6.48 7.11 7.42
4049 Males 7.59 0.70 6.89 7.24 7.94 8.29
Females 7.29 0.66 6.63 6.96 7.62 7.95
50-59 Males 8.07 0.76 7.31 7.69 8.45 8.83
Females 7.82 0.70 7.12 7.47 8.17 8.52
60-69 Males 8.73 0.81 7.92 8.33 9.14 9.54
Females 8.26 0.72 7.54 7.90 8.62 8.98
70+ Males 9.35 1.00 8.35 8.85 9.85 10.35
Females 8.71 0.75 7.96 8.34 9.09 9.46
Table 2: Baseline values of CAVI scores.
Variables Age <29 30-39 40-49 50-59 60-69 >70
CAVI scores mean+SD 6.38+0.64 7.00+0.64 7.53+0.67 8.19+0.78 8.71+0.81 9.43+0.85
Systolic Blood Pressure mean+SD 119+11 122+13 126+14 132+16 133+17 136+16
Diastolic Blood Pressure mean+SD 69+9 74+10 79+11 83+11 81+10 79+11
Total Cholesterol(mg/dL)* mean+SD 186+33 204+34 214+36 213+34 211+32 209+34
HDL-C(mg/dL) mean+SD 62+15 59+16 60+17 61+18 63+18 62+18
Triglycerides(mg/dL) mean+SD 95+77 135+103 158+169 147+113 126472 122481
Body Mass Index(kg/m?) mean+SD 22.3+3.5 24.0+3.7 24.2+3.2 24.0+2.9 23.7+2.8 23.5+3.0
Serum Glucose(mg/dL)* mean+SD 84.6+12.6 87.7+13.2 92.4+20.8 99.3+27.5 99.1+24.7 99.9+25.1
Coronary Heart Disease prevalence (%) 0.2 0.5 1.2 3.5 6.9 12.3
Diabetes Mellitus prevalence (%) 0.2 1.7 4.0 9.5 12.0 15.2
Abnormally High CAVI prevalence (%) 6.1 11.4 14.0 24.7 16.1 13.7
Drinkers prevalence (%) 61.8 73.4 77.9 79.3 77.4 66.8
Ex-smokers prevalence (%) 11.2 18.7 254 31.6 35.9 37.2
Smokers prevalence (%) 55.4 51.9 48.4 41.2 28.5 18.1

Note: Number of persons having total cholesterol measurements was 5193 and number of persons having serum glucose measurements was 8705. Abnormally high CAVI
scores were defined as CAVI scores greater than (mean + 1SD)

Table 3: Characteristics of study participants: Males.
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Variables Age <29 30-39 40-49 50-59 60-69 >70
CAVI scores mean+SD 6.21+0.57 6.74+0.60 7.21+0.64 7.87+0.71 8.41+0.77 9.10+0.80
Systolic Blood Pressure mean+SD 109+10 113+12 119+14 127+16 130+16 135+16
Diastolic Blood Pressure mean+SD 63+8 66+9 71+10 75+11 76+10 77+10
Total Cholesterol (mg/dL)* mean+SD 180+28 194432 209+34 233+36 236+35 233+42
HDL-C (mg/dL) mean+SD 76+15 7617 77+18 76+19 75+19 73+17
Triglycerides (mg/dL) mean+SD 59+31 70457 79+49 96455 105455 108+54
Body Mass Index (kg/m?) mean+SD 20.4+3.0 20.9+3.1 21.7+3.2 22.2+3.2 22.3+3.0 22.9+3.6
Serum Glucose (mg/dL)* mean+SD 82.2+7.6 83.2+7.4 86.1+9.9 88.9+15.1 90.4+15.9 91.0+12.0
Coronary Heart Disease prevalence (%) 0.4 1.2 1.9 5.0 6.4 14.5
Diabetes Mellitus prevalence (%) 0.2 0.4 1.3 3.1 4.4 6.5
Abnormally High CAVI prevalence (%) 5.9 15.0 12.0 21.3 24.5 33.9
Drinkers prevalence (%) 50.4 455 43.4 36.2 33.4 28.0
Ex-smokers prevalence (%) 10.4 13.3 9.1 5.8 6.1 4.8
Smokers prevalence (%) 22.8 15.6 11.7 8.5 5.7 3.8

Note: Number of persons having total cholesterol measurements was 9706 and number of persons having serum glucose measurements was 5955. Abnormally high CAVI

scores were defined as CAVI scores greater than (mean + 1SD)

Table 4: Characteristics of study participants: Females.

CVD risk factors Reference Covariates persons at risk Odds ratio lower CI upper Cl
Hypertension No Yes 755 8.37 e 7.32 9.56
Diabetes Mellitus No Yes 548 10.02 o 8.74 11.49
Total cholesterol <200mg/dL 200-239 2128 1.01 0.87 1.18
>240 862 1.88 x 1.56 2.26
HDL-C <40mg/dL 40-59 4859 0.19 i 0.17 0.23
>60 4369 0.20 il 0.17 0.24
Triglycerides <150mg/dL 150-199 1319 2.76 i 243 3.14
>200 1609 2.85 i 2.53 3.22
Body Mass Index 20-22.9 <20 1012 2.04 ok 1.72 2.41
23-24.9 2453 0.94 0.82 1.08
25-27.9 2205 0.90 0.78 1.04
28-29.9 563 2.31 i 1.89 2.83
>30 429 3.37 il 272 4.18
Drinking Non-drinkers 1-2 times/week 2151 1.12 0.96 1.31
3-4 times/week 1183 1.81 i 1.53 2.14
5-6 times/week 1216 1.87 xx 1.58 2.21
every day 2852 1.22 ** 1.06 1.40
Smoking Non-smokers Current smokers 4457 1.05 0.94 1.19
Ex-smokers 2481 1.20 * 1.05 1.36

Note: * p<0.05, **p<0.01, ***p<0.001, Cl: Confidence Interval
Total number of persons at risk for total cholesterol is 5193

Table 5: Estimated risk for having abnormally high CAVI scores after making adjustment for age: Males.

Almost the same trend among females was found as shown in
Table 6, except that significantly high ORs in both current smokers,
2.25 (CI: 1.98-2.56) and ex-smokers, 2.42 (CI: 2.11-2.79) when non-
smokers were used as reference.

Table 7 shows crude and adjusted odds ratios (ORs) of coronary
heart disease in association with abnormally high CAVT scores. We
observed 26.79 of crude OR, 10.47 of OR adjusted for age and 3.87
of OR when making adjustment for other CVD risk factors including
diabetes mellitus, hypertension, HDL-C, BMI, drinking and smoking
among men, while women’s ORs were 20.25 for crude, 3.70 for age-
adjusted, and 1.45 for making other CVD risk factors adjusted. Because
age is confounded with both CHD and CAVT scores, OR drastically
decreased after age was included in logistic regression analysis.
Adjusting for other CVD risk factors further made OR smaller, but it
retained significance.

Discussion

In order to accept CAVI as a good indicator of arteriosclerosis,
we need to achieve three objectives: (1) showing that age-sex-specific
average CAVI scores are significantly higher in the CVD high-risk
group than in the CVD risk-free group; (2) showing that CAVI scores
are significantly associated with most of the established CVD risk
factors; and (3) showing that CAVT scores are significantly associated
with arteriosclerotic or atherosclerotic disease. We accomplished the
first objective in the previous study [18] in which average CAVI scores
in each of CVD high-risk groups (hypertension, hypercholesterolemia
and hypertriglyceridemia, hyperglycemia, ischemic changes in ECG,
retinal artery changes, and all high risk groups combined) were
significantly higher than the baseline CAVI scores from the CVD
risk-free group after 40 years of age in both genders. The second and
third objectives were achieved by our present study and were shown in
Tables 5, 6 and 7, respectively.
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CVD risk factors Reference Covariates persons at risk Odds ratio lower CI upper CI

Hypertension No Yes 477 6.57 b 5.67 7.61
Diabetes No Yes 229 8.42 e 7.22 9.81
Total cholesterol <200mg/dL 200-239 3793 1.13 0.99 1.29
>240 2276 1.33 e 1.15 1.54
HDL-C <50 50-59 1667 0.47 i 0.38 0.57
>60 9722 0.33 i 0.28 0.39
Triglycerides <150mg/dL 150-199 608 2.89 b 2.46 3.40
>200 402 4.30 e 3.60 5.14
Body Mass Index 20-22.9 <20 3992 1.43 e 1.28 1.60
23-24.9 1677 1.17 * 1.01 1.35
25-27.9 1091 0.98 0.82 1.17
28-29.9 274 2.60 i 2.01 3.38
>30 272 2.45 e 1.87 3.20
Drinking Non-drinkers 1-2 times/week 2473 1.05 0.93 1.19
3-4 times/week 940 1.81 e 1.54 213
5-6 times/week 654 2.50 b 2.10 2.99
every day 884 2.06 e 1.75 2.41
Smoking Non-smokers Current smokers 1430 2.25 e 1.98 2.56
Ex-smokers 1080 2.42 o 2.11 2.79

Note: * p<0.05, **p<0.01, ***p<0.001, Cl: Confidence Interval
Total number of persons at risk for total cholesterol is 9706

Table 6: Estimated risk for having abnormally high CAVI scores after making adjustment for age: Females.

Males Females
confidence interval confidence interval
odds ratio odds ratio
lower upper lower upper
(1) Crude 26.79 e 24.07 29.81 20.25 o 18.45 22.21
(2) Adjusted for age 10.47 x 8.93 12.27 3.70 x 3.18 4.31
(3) Adjusted for CVD risk factors 3.87 x 3.06 4.91 1.45 * 1.16 1.82

Note: (1) Only abnormally high CAVI scores were included as a covariate in logistic regression analysis.
(2) Age breakdowns (<50, 50-59, 60-69, >70 years of age) were added to logistic regression analysis.
(3) Other CVD risk factors (diabetes, hypertension, HDL-C, BMI, drinking, and smoking) were further added to logistic regression analysis.

* p<0.05, **p<0.01, ***p<0.001

Table 7: Crude and adjusted odds ratios of coronary heart disease in association with abnormally high CAVI scores among Japanese urban workers and their families.

Compared with non-diabetics, estimated risk of having abnormally
high CAVI scores was 10 times higher among male diabetics and 8
times higher among female diabetics. The findings are consistent with
significantly higher CAVT scores observed among diabetics [18,27] and
significantly high odds ratios of abnormally high PWV values (5.65
among men and 2.47 among women) in association with diabetes
mellitus reported by Namekata et al. [28].

Our results show that estimated risks of having abnormally
high CAVI scores were 8 times higher among hypertensive men
and 6.5 times higher among hypertensive women than among non-
hypertensive persons. This is consistent with significant odds ratios of
abnormally high PWV values (2.0 among men and 1.94 among women)
in association with hypertension reported by Namekata et al. [28].

Hyperlipidemia per se does not immediately increase the stiffness
of arterial wall. After accumulation of cholesterol in the lipid pool,
oxidative stress generates oxysterol, which is strongly toxic and
enhances inflammation, followed by the onset of atherosclerosis [19].
Our results show that higher concentrations of triglycerides (=150mg/
dL) were positively associated with abnormally high CAVT scores in
both genders, while higher HDL-C levels (=40mg/dL for men and
=50mg/dL for women) were negatively associated with abnormally high
CAVT scores, indicating that high HDL-C levels prevent advancement

of arteriosclerosis. Namekata et al. reported that TC/HDL-C ratio >4.5
increased an estimated risk of having abnormally high PWV values to
1.32 among men and 1.98 among women [28]. Thus, persons with lipid
abnormality possibly advance the extent of arteriosclerosis.

Visceral fat accumulation has been suggested to induce glucose
intolerance, hypertension, and dyslipidemia such as low HDL-
cholesterol and hypertriglyceridemia [29]. These conditions are
believed to be due to insulin resistance. High CAVI scores are
associated with obesity and metabolic syndrome [30]. Our study results
show that the association between BMI and abnormally high CAVI
scores was not linear but U-shape curve when 20-22.9 of BMI was used
as the reference category. There is no doubt that the persons with BMI
=28 have an elevated risk of having abnormally high CAVT scores in
both genders, but it is important to recognize that the extremely slim
persons (BMI <20) have significantly higher risk of having abnormally
high CAVI scores in both genders of Japanese urban workers and their
families. The impact of the slim population on cardiovascular disease
cannot be ignored in Japan, because 10% of men and 30% of women
fall in the slim category in our study sample.

Kubozono et al. [31] reported that CAVI was high in smoking
subjects. Noike et al. [32] reported that smoking increases CAVI.
Despite high prevalence of Japanese male smokers (45.1% in our study
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sample), odds ratio of abnormally high CAVI scores was not significant
among male current smokers (OR=1.05) but was significant among
ex-smokers (OR=1.20). Our results for women showed significantly
high odds ratios of abnormally high CAVI scores in both current
smokers (OR=2.25) and ex-smokers (OR=2.42). There might be gender
difference in terms of effects of smoking on the cardiovascular system
in the Japanese population.

Namekata et al. found significantly reduced odds ratios of having
abnormally high PWYV values for current drinkers and ex-drinkers of
both genders, as compared to non-drinkers among Japanese Americans
[28]. However, our present results showed elevated odds ratios of
having abnormally high CAVI scores for persons drinking more than
3-4 times per week in both genders. The difference in such study results
might be partly caused by the difference in length of artery measured
between PWV method by Hasegawa [22] and CAVI method [15,19].

As seen in Table 7, we have shown that abnormally high CAVI
scores were significantly associated with coronary heart disease, one
of the atherosclerotic or arteriosclerotic diseases. Our findings are
supported by Nakamura et al. report [16] that CAVT scores increases
as the number of vessels with stenosis (>75%) increases. They also
found that a stepwise ordinal logistic regression analysis including
mean intima-media thickness, maximum intima-media thickness,
plaque score and CAVI as independent variables identified only
CAVT as the one significantly associated with the severity of coronary
atherosclerosis.

A limitation of this study is that it is an observational and cross-
sectional study. The strengths of this study are having the large sample
size and including many clinical and behavioral factors as independent
variables with enough statistical power.

In conclusion, our results show that CAVI scores were significantly
associated with the established CVD risk factors and coronary heart
disease, one of the arteriosclerotic diseases. We confirmed that CAVI
scores are a reliable indicator of arteriosclerosis reflecting the extent of
arterial stiffness and atherosclerosis in the major artery from the aortic
valve to the ankle.
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Abstract

Purpose: The purposes of the study were to examine prevalence of prediabetes and diabetes mellitus (here after
called diabetes) and to examine the association of prediabetes and diabetes with cardiovascular disease (CVD) risk
factors among Japanese urban workers and their families.

Methods: Subjects were 9881 men and 12033 women of company employees and their families between 17 and
87 years of age who participated in cardiovascular disease screening in major cities, Japan. Persons having
diabetes were defined as those taking medication of diabetes and/or having medical history of diabetes and/or
whose fasting plasma glucose was equal to or higher than 126 mg/dl and/or whose hemoglobinAlc was equal to or
higher than 6.5%. Persons with prediabetes were defined as those whose fasting plasma glucose was from 100
mg/dl to 125 mg/dl and/or whose hemoglobinAlc was from 5.7% to 6.4% excluding persons defined as having
diabetes. In addition to descriptive analysis, logistic regression method was applied to examine the association of
prediabetes and diabetes with CVD risk factors.

Results: There were 2001 (20.3%) men and 2756 (22.9%) women with prediabetes, whereas 678 (6.9%) men
and 330 (2.7%) women were identified as having diabetes. Significant odds ratios (ORs) of prediabetes and
diabetes were observed in association with age, hypertension, triglycerides =200 mg/dl and BMI 225 in both
genders. Significant ORs of prediabetes and diabetes appeared in low HDL-C (<40 mg/dl), ex-smokers and
smokers among men but not among women, except significant OR of diabetes in ex-smokers. Among women
negatively significant ORs of prediabetes and diabetes were found in drinkers<4 times/week but not among men
except 0.73 of OR for those with diabetes drinking =5 times/week.

Conclusions:  Our results confirmed that prevalence of prediabetes and diabetes increased with advancing age
and that prediabetes and diabetes share almost the same CVD risk factors.

Keywords: Diabetes mellitus; Prediabetes; Body mass indekntroduction
Smoking; Alcohol consumption; Japanese population

. . . ' Diabetes mellitus (hereafter called diabetes) is a chronic illness
Cardiovascular disease risk factors

which requires continuous medical care, and its prevalence continues
Abbreviati ) to rise among developed countries. Shaw et al. estimated that the

revialions. prevalence of diabetes among adults (aged 20-79 years) was 6.4%

DM: Diabetes Mellitus; ORs: Odds Ratios; CVD: Cardiovascularf the world population affecting 285 million adults in 2010, and

Disease; ADA: American Diabetes Association; IFG: Impairedill increase to 7.7%, 439 million adults by 2030 [1]. This diabetes
Fasting Glucose; FPG: Fasting Plasma Glucose; HbAlc: Glycepidemic places financial burden on most industrial nations. The
hemoglobin  Alg; NGSP: National Glycol-Hemoglobindirect medical cost of diabetes in the United States was estimated to
Standardization Program; TG: Triglycerides; HDL-C: High Densitye $116 billion in 2007 [2]. Thus, it is crucial to prevent onset of
Lipoprotein Cholesterol; SBP: Systolic Blood Pressure; DBHiabetes before it requires substantial medical resources because of its
Diastolic Blood Pressure; HP: Hypertension; PWV: Aortic Pulssmplications.

Wave Velocity, CAVI: Cardio- Ankle Vascular Index Recently, a group of individuals whose glucose levels, although

not meeting the criteria of diabetes, are too high to be considered as
normal are defined as having prediabetes [3]. Zhang et al. found that
prediabetes is a strong predictor to progress to diabetes in the future
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[4]. Using the Stern and Framingham risk estimates, Ackermann et alTo provide answers to the above questions we analyzed a large
estimated that the probabilities for incident of type 2 diabetes (odata set based on CVD screening conducted for urban workers and
7.5 years) and cardiovascular disease (CVD, over 10 years) whgdr families in Japan.

33.5% and 10.7% respectively among adults meeting the 2003

American Diabetes Association (ADA) definition for prediabetes [5M aterials and M ethods

Perreault et al. pointed out that reversion to normal glucose

regulation from prediabetes is significantly associated with Subjects

reduced risk of future diabetes [6]. Also, Pour et al. confirmed thatSubjects for the study were recruited from January 2006 to

lifestyle intervention (e.g., diet and exercise) for prediabetes G@Ry 2009 through the screening program at Japan Health Promotion
significantly reduce the incidence of type 2 diabetes [7]. Foundation which has been conducting cardiovascular disease and

To target persons with prediabetes and make an effective pt@fcer screening throughout major cities in Japan. Subjects were
for prevention of diabetes, we need to answer the followi§nployees and their family members in companies of major cities in
questions: (1) Does prevalence of prediabetes and diabetes incré@@an: 9,881 men and 12,033 women between 17 and 87 years of
as age advances? (2) Are prediabetes and diabetes associiedTable 1). The study was approved by the Institutional Review
significantly with CVD risk factors? (3) If yes, is the risk ofBoard and all subjects gave their consent to participate in the study.
diabetes in association with CVD risk factors higher than the risk of
prediabetes?”

Males Age <29 30-39 40-49 50-59 60-69 270 Total

Number 1042, 2338 1731, 1235 704 152 7202
Normal

Percent 97.7%) 87.9% 72.2%) 55.2%) 56.5%) 54.9%) 72.9%)

Number 22 270 555 738 350 66 2001
Prediabetes

Percent 2.1% 10.2%) 23.2%) 33.0%) 28.1%) 23.8%) 20.3%)

Number 2| 51 110 263 193 59 678]
Diabetes

Percent 0.2% 1.9% 4.6%) 11.8%) 15.5%) 21.3%) 6.9%)

Number 1066 2659 2396 2236 1247, 277 9881
Total

Percent 100.0% 100.0% 100.0%| 100.0% 100.0% 100.0% 100.0%|
Females Age <29 30-39 40-49 50-59 60-69 270 Total

Number 892 2657 2340 2235 711 112 8947
Normal

Percent 98.6%) 86.0%) 74.8%) 62.5%) 61.9%) 60.2%) 74.4%)

Number 11 413 728 1184 361 59 2756
Prediabetes

Percent 1.2% 13.4%) 23.3%) 33.1%) 31.4%) 31.7%) 22.9%)

Number 2| 19 59 159 76 15| 330
Diabetes

Percent 0.2% 0.6% 1.9% 0.5% 6.6% 8.1% 2.7%)

Number 905 3089 3127 3578 1148 186 12033
Total Percent 100.0% 100.0% 100.0%| 100.0% 100.0% 100.0% 100.0%|

Note: Diabetes: FPG>=126 mg/dl or HbAlc>=6.5% or diabetes medication use or medical history of diabetes mellitus, and prediabetes:
FPG 100-125 mg/dIl or HbAlc 5.7-6.4%
Table 1: Study participants accor ding to status of normal, prediabetes and diabetes mellitus by age and gender

N . . higher prevalence of impaired glucose tolerance than those whose
Definition of prediabetes and diabetes FPG is normal [8]. In our present study persons having diabetes

In 2003, ADA has proposed the criterion for prediabetes were defined as those taking medication for diabetes and/or having
those having Impaired Fasting Glucose (IFG), between 100 mdiifitory of diabetes and /or those whose fasting plasma glucose was
and 125 mg/dl in Fasting Plasma Glucose (FPG). Also, ADgqual to or higher than 126 mg/dl and/or whose HbAlc was equal to
classified persons whose Glycol-hemoglobin Alc (HbAlc) is between higher than 6.5% in value of the National Glycol-hemoglobin
5.7 to 6.4% as having high risk for future diabetes [3]. Japan Diabefandardization Program (NGSP). Persons with prediabetes were
Society defines people whose FPG is between 100 mg/dl dafined as those whose fasting plasma glucose was from 100 mg/dl
110 mg/dl as high- normal FPG, and states that this group has to 125 mg/dl and/or whose HbAlc was from 5.7% to 6.4% in

NGSP value except those defined as having diabetes.
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Statistical methods

In addition to the use of descriptive statistics, logistic regression
thod was used to examine the association of prediabetes and
betes with cardiovascular disease risk factors. Statistical Packages
Social Sciences version 17 was used for data analysis.

Clinical measurements

Blood was drawn from subjects after a 12 hour fast. Trﬁ?
following measurements were made: total cholesterol aalcg
triglycerides (TG) by enzymatic assay; high density Iipoproteltgr
cholesterol (HDL-C) by modified enzymatic method; glucose by
hexokinase glucose-6- phosphate dehydrogenate assay; and HbAlc by
latex agglutination.

Persons having hypertension were defined as those takllzrzlgﬁultS

hypertension drugs and/or having medical history of hypertensionPistribution of study participants is shown according to age,
and/or as those whose systolic blood pressure (SBP) was equdlefsler, and status of prediabetes or diabetes in Table 1. There
or higher than 140 mmHg and/or diastolic blood pressure (DB®Pgre 2001 (20.3%) men and 2756 (22.9%) women with prediabetes,
was equal to or higher than 90 mmHg. Persons with the statewbereas 678 (6.9%) men and 330 (2.7%) women were identified as
borderline hypertension were defined as those whose SBP was ff@iving diabetes. Prevalence of prediabetes and diabetes increased with
120 mmHg to 139 mmHg and/or DBP was from 80 mmHg to &glvancing age. Prevalence of prediabetes sharply increased until
mmHg except those defined as having hypertension, following fig@ching 50-59 years of age in both genders: from 2.1%<26r
guideline by American Heart Association in 2007 [9]. years of age to 33.0% for 50-59 years of age among men and from
1.2% for<29 years of age to 33.1% for 50-59 years of age among
women. Regarding prevalence of diabetes, on the other hand, the rate
. . - . . of increase in men was more than double the rate of increase in
During the screening, a short self-administered questionnaire was

. 0, 0,
filled out by each subject. It contains questions on medical history anynen: 0.2% for=29 years of age to 21.3% feff0 years of age

Questionnaire

lifestyle factors such as smoking habit and alcohol consumption.

among men and 0.2% feR29 years of age to 8.1% fai70 years of
age among women.

mean * SD Age <29 30-39 40-49 50-59 60-69 270

Males 119+ 11 122 +13 126 + 14 132 +16 133+17 136 + 16
Systolic blood pressure

Females 109 +10 113+ 12 119+ 14 127 +16 130 +16 135+ 16

Males 69+9 74 £10 7911 83+11 81+10 78 +11
Diastolic blood pressure

Females 63+8 66 +9 71+10 75+11 76 =10 77 +10

Males 186 + 33 204 +34 214 + 36 213+34 211 +32 209 + 34
Total cholesterol (mg/dl)

Females 180 £ 28 194 + 32 209 +34 233 +36 236 +35 233+42

Males 62 +15 59+ 16 60 + 17 61+18 63+18 62 +18
HDL-C (mg/dl)

Females 76 + 15 76 +17 77+18 76 £ 19 75+19 73+17
Triglycerides Males 95+ 77 135+ 103 158 + 169 147 +113 126 +72 122 +81
(mg/di) Females 59 +31 70 +57 79 +49 96 + 55 105 + 55 108 + 54

. Males 22.3+35 23.9+3.7 242+3.2 241+29 23.7+28 23.5+3.0

Body Mass Index (kg/m®)

Females 20.4+3.0 209+3.1 21.7+3.2 222+32 22.3+3.0 229+3.6

Prevalence (%) Age <29 30-39 40-49 50-59 60-69 270

Males 61.8 73.4 77.9 79.3 77.4 66.8
Drinkers

Females 50.4] 455 43.4 36.2 33.4 27.0

Males 11.2 18.7 25.4] 31.6] 35.9 37.2]
Ex-smokers

Females 10.4 13.3 9.1 5.8 6.1] 4.8

Males 55.4] 51.9 48.4 41.2] 28.5] 18.1
Smokers

Females 22.8 15.6 11.7 8.5 5.7 3.8

Table 2: Characteristics of study participants
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Characteristics of study participants are shown in Table 2. @RS which were taken as final results. Significant ORs of prediabetes

was observed that the averages for both systolic and diastoﬁ’t?d dia_betes were observed in a_ssociation with age, _hypertension,
blood pressure linearly increased with advancing age in both gendﬁkglyczr_ldbeszmo rggé(_jlsnd BME25 mdbt_)thlgengeDrE.C&gni%cantlgle
with an exception of men’s diastolic blood pressure after 60 yea pLe 1a et((ejs an K labetes appeare bm ow -C (<40 moydl), ex-
of age of which average slightly decreased. Almost all c";lverag<és§r1()_f_ers agR srfnz_ ek;s amfong men kUt n:t among women, e_xclept
of clinical indicators increased until 60 years of age except HpL-'gnificant of diabetes for ex-smokers. Among women negatively

of which averages were constantly at the same level in bot‘ﬁignificant ORs of prediabetes and diabetes were found in drigkers
genders. Striking differences in averages of clinical indicatoré‘_ndES times/week but not among men except 0.73 of OR for those with

between genders were observed and were unfavorable for men qwbet_es_ drinkinng_ times/week. I_n additior_1, we e)famined the
terms of cardiovascular disease risk. BMI averages ranged froffpSociation of prediabetes and diabetes with quantity of alcohol
22.3 to 24.2 among men and from 20.4 to 22.9 among WOmeﬁonsumption (not shown in tables): comparing with non-drinkers,

Greater prevalence of drinkers and smokers was observed amoj,gnificant negative ORs of pred_iabe;es in women drinking 1-3 drinks
men than among women. Also, greater prevalence of drinkers al 3:! drink=23 g ethan_ol) per occasigh times/week (OR=0.62, 95%.C|:
smokers was observed among younger women than among 0m%f19-(_).80) anc>5 t_|meslwe_ek (OR:QJ?’ Cl: 0'5.7-0'93)’ significant
women. negative ORs of diabetes in men drinking 1-3 drinks per occagion
times/week (OR=0.73, Cl: 0.54-0.99) arftl times/week (OR=0.68, CI:
0.54-0.87), and significant negative ORs of diabetes in women drinking
Tables 3 and 4 show odds ratios (ORs) of prediabetes arddrink (OR=0.59, Cl: 0.43-0.82) and 1-3 drinks (OR=0.43, CI: 0.20-
diabetes associated with CVD risk factors among men and wom@®4) per occasiorc4 times/week and <1 drink per occasigb

respectively. Crude ORs are shown to be compared with adjusiates/week (OR=0.30, Cl: 0.16-0.58).

Prediabetes Diabetes
Covariates crud Adiusted Adiusted
Odds Retio | Odds Ratio 95%C! ocmude | odds Ratio 95%C

40-49 371 3.34  2.85-3.92%* 4.05 3.75 2.66 - 5.27%*
Age 50-59 6.92 6.11  520-7.18** 13.58 13.20]  9.55- 18.25%++
(Ref: <40) 60-69 5.76 528  4.37-6.38* 17.48 18.37|  13.04 - 25.80%++

270 5.03 456  3.29-6.33** 24.75 24.25|  15.66 - 37.56%
Hypertension (HP) | Borderline HP 1.58 1.18 1.03 - 1.36* 1.80 1.15 0.89 - 1.50
(Ref: normal) HP 3.24 1.45 1.24 - 1.70% 6.24) 1.92 1.46 - 2,51
HDL-C <40 mg/d 1.50 1.24 1.00 - 1.54* 2.02 1.39 1.02 - 1.90*
(Ref: 2 40 mg/dl)
Triglycerides 150-199 1.43 1.08 0.92-1.25 1.13 1.01 0.78 - 1.30
(Ref: <150 mgy/di) 2200 1.70 1.25 1.07 - 1.45% 2.37 1.75 1.40 - 2.19%*

<185 0.44 0.58 0.36 - 0.91* 0.92 1.20 0.67-2.14
B 18.5-19.9 0.69 0.88 0.68-1.13 0.56 0.83 0.52-1.32
(Ref: 20-22.9) 23-24.9 1.46 1.21 1.05 - 1.39% 1.25 0.96 0.75-1.23

25-27.9 1.98 158  1.37-1.83* 2.02 1.40 1.11-1.78*

228 2.07 213 1.75-2.59%* 3.43 3.60) 2.70 - 4,78+
Drinking <4 times/week 0.70 1.01 0.87-1.16 0.74 0.83 0.65-1.04
(Ref: Non-drinkers) | >5 times/week 0.70 1.04 0.90-1.19 1.09 0.73 0.59 - 0.91*
Smoking Ex-smokers 1.42 1.17 1.01 - 1.34* 1.56 1.26 1.01 - 1.58*
(Ref: Non-smokers) | cyrrent smokers 1.05 1.20 1.05 - 1.37% 1.03 1.40 1.13 - 1.74%

Note: Ref = reference category; *p<0.05, **p<0.01, ***p<0.001; CI = Confidence Interval of adjusted odds ratio
Table 3: Oddsratiosto estimate risks of prediabetes and diabetes mellitusin association with CVD risk factors: Males
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Prediabetes Diabetes
Covariates
CrUd??atioOdds O/;\i(ciijél SRt(;?io 95%Cl CrUdReatic;dds O/-(\icc||]: T?t(:tjio 95%Cl

40-49 2.60 2.26 1.98 - 2.59** 4.26 3.23 1.94 - 5.38***
Age 50-59 4.43 3.47 3.04 - 3.96*** 12.02 7.27| 4.49 - 11.77***
(Ref: <40) 60-69 4.25 3.16 2.65 - 3.76%* 18.07, 9.70 5.75 - 16.37+*

270 4.41 2.97 2.11 - 4.20%* 22.63 10.59 5.07 - 22.15%*+
Hypertension (HP) Borderline HP 2.21 1.55 1.40 - 1.72%** 3.17 1.57] 1.15-2.14*
(Ref: normal) HP 2.92 1.44 1.25 - 1.69%+ 8.29 2.12 1.50 - 2,99
HDL-C <50 mg/dI 1.46 0.98 0.80-1.20 2.47 1.11] 0.73-1.68
(ref: 250 mg/dl)
Triglycerides 150-199 1.91 1.20 0.99 - 1.45 3.20 1.33 0.90-1.98
(Ref:<150 mg/d) 2200 2.28 1.43 1.12- 1.81% 5.84 2.40 1.58 - 3.64%+

<18.5 0.62 0.83 0.71-0.98* 0.50| 0.81 0.47-1.39
- 18.5-19.9 0.71 0.86 0.76 - 0.98* 0.59 0.81 0.53-1.24
(Ref: 20-22.9) 23-24.9 1.26 1.06 0.93-1.21 2.17 1.59 1.14 - 2.23*

25-27.9 1.82 1.46 1.25 - 1.70%** 4.78 3.15 2.26 - 4.39%*

228 2.62 2.20) 1.80 - 2.70%** 7.30) 5.15 3.47 - 7.65%*+
Drinking <4 times/week 1.26 0.89 0.80 - 0.99* 0.41 0.56 0.41 - 0.77%*
(Ref: Non-drinkers) 25 times/week 0.96 0.83 0.72 - 0.96* 0.37 0.42 0.27 - 0.66%**
Smoking Ex-smokers 0.76 1.01 0.86 - 1.20 0.90 1.59 1.05 - 2.42*
(Ref: Non-smokers) | cyrrent smokers 0.69 0.92 0.79-1.08 0.50 0.97 0.62-153

Note: Ref = reference category; *p<0.05, **p<0.01, ***p<0.001; CI = Confidence Interval of adjusted odds ratio
Table4: Oddsratiosto estimate risks of prediabetes and diabetes mellitusin association with CVD risk factors: Females

Discussion estimated risk among women for having diabetes than those

Regarding the association between prediabetes or diabetes Yger than 40 years of age, whereas the same trend was observed
increase in age, we observed an increasing trend in prevalencd @Rs of predlabetes with a less d_ramatlc increase: 5 tlm_es greater
prediabetes and diabetes in both genders as age advanced (FSfpated risk among men and 3 times greater estimated risk among
1): from 2.1% of prediabetes and 0.2% of diabetes for 29 years"Gfmen.
age and younger to 23.8% of prediabetes and 21.3% of diabetes f@fe found that hypertension was significantly associated with
70 years of age and older, respectively, among men; and from 1Z¥jiabetes and diabetes in both genders as observed in other studies
of prediabetes and 0.2% of diabetes for 29 years of age #nfl12], whereas borderline hypertension was significantly

younger to 31.7% of prediabetes and 8.1% of diabetes for 70 yeafsociated both with prediabetes and diabetes among women and
of age and older, respectively, among women. That is, about 4@fh prediabetes among men.

of men and 40% of women from our study population fell in either ) o ) )
prediabetes or diabetes after reaching 70 years of age, as comparB§ Fronzo et al. find that among individuals with prediabetes and
with 41% of men and 35% of women, respectively, in the oobwe 2 diabetes, the |_nC|dence of small, dense LDL partlcles
National Health and Nutrition Survey in Japan [10]. (phenotype B) markedly increases and represents a major risk factpr
for accelerated atherogenesis [13]. Our results support their

In this paper, we conducted the logistic regression analysisifgplication, since lower HDL-C (<40 mg/dl) among men and higher

assess the association of CVD risk factors with either prediabetegrigfycerides 200 mg/dl) in both genders were significantly
diabetes to confirm the hypothesis that prediabetes and diabetes s@jgciated with prediabetes and diabetes.

the same risk factors. First, age is a substantial risk factor for ) o )
diabetes and prediabetes, as ORs increased significantly with age¥® found a linear association between BMI and prediabetes and
(Tables 3 and 4). Persons 70 years of age and over had more théﬁaﬁptes in both genders, implying that prevalence of prediabetes and

times greater estimated risk among men and 11 times greater
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diabetes increases as BMI becomes higher in our study
population. In comparison with 20-22.9 of BMI, ORs of
prediabetes for BMI<18.5 (that is considered to be very slim)
were 0.58 among men and 0.83 among women, implying that
prevalence of prediabetes is much further decreased as BMI
becomes smaller. Then, do we recommend that people maintain
their BMI less than 185? Our answer is “no” because
extremely slim persons are susceptible to certain diseases. Chen et
al. examined the association between BMI and cardiovascular
disease mortality in the data from the Asia Cohort Consortium
and their results show a U shaped association between BMI
and overall CVD mortality in East Asians including Japanese:
elevated risk of death was observed for overall CVD at BMI value
25 and above and at BMI value 17.4 and below, compared with
reference range of 22.5-24.9 [14].

Cullmann et al. show that high alcohol consumption and binge
drinking increases the risk of prediabetes and type 2 diabetes in
men, while low alcohol consumption lowers the risk of type 2
diabetes in women in Swedish population [15]. Our women’s
results are consistent with Cullmann’s findings: estimated risk of
both prediabetes and diabetes were significantly lowered in less
frequent drinkers as well as frequent drinkers, compared with
non-drinkers, while estimated risk of diabetes became
significantly low in frequent male drinkers. Our results are
consistent with the trend in lowering risk for the development of
diabetes with an increase in frequency of alcohol intake among
Japanese men followed up for about 10 years by Heianza et al.
[16]. Our findings and theirs imply that alcohol possibly works
protectively toward both prediabetes and diabetes, as in the same
way that alcohol lowers the risk of coronary heart disease [17].

We found that the estimated risk of prediabetes and diabetes
was significantly elevated in both male current smokers and ex-
smokers, while the estimated risk of diabetes was raised in
female ex-smokers, compared with non-smokers. Our results are
consistent with Shi et al.’s findings showing that smoking was
positively associated with type 2 diabetes mellitus among middle-
age and elderly Chinese men [18].

Overall, both prediabetes and diabetes were associated with
all of the CVD risk factors included in our analysis except
HDL-C among women and implying persons with both conditions
are more advanced in atherosclerosis or arteriosclerosis. Namekata
et al. show significant odds ratios of the abnormally high aortic
pulse wave velocity (PWV, an indicator of arteriosclerosis
reflecting stiffness of artery and atherosclerosis) in an association
with diabetes mellitus among Japanese Americans and among
native Japanese (3.66 and 2.43, respectively) [19]. Recently,
Namekata et al. have developed criteria of cardio-ankle vascular
index (CAVI), a new indicator of arteriosclerosis reflecting both
stiffness of artery and atherosclerosis in the arteries from heart
to ankle which is converted from PWV, and observe that ORs of
having abnormally high CAVI scores after making adjustment for
ages among persons with diabetes mellitus are 10.02 for men and
8.42 for women, compared with those without diabetes [20,21].
Their results estimate much faster advancement of
arteriosclerosis among persons with diabetes than in the group
without diabetes.

A limitation of this study is that it is an observational and
cross-sectional study. The strength of this study is having the
large sample size and including several clinical and behavioral
factors as covariates with enough statistical power.

In conclusion, (1) prevalence of prediabetes and diabetes

increased as age became higher; (2) prediabetes and diabetes
were significantly associated with the established CVD risk

factors; and (3) the estimated risk of diabetes in association with
CVD risk factors was higher than that of prediabetes. As the
American Diabetes Association’s guideline recommends [3], it
is important to introduce an early intervention of lifestyle and

diet modification to persons with prediabetes to prevent them
from onset of diabetes.
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Abstract

Background: Diabetes mellitus (hereafter called diabetes) is considered to accelerate arteriosclerosis leading
to coronary heart disease and stroke. Thus, it is important to quantitatively estimate the extent of subclinical
arteriosclerosis. A new method called cardio-ankle vascular index (CAVI) is developed to reflect arterial stiffness
independently from blood pressure at the time of measurement. Then, we examined if CAVI scores could
discriminate the extent of arteriosclerosis between persons with prediabetes (or borderline diabetes) and with
diabetes among Japanese urban workers and their families.

Methods: Subjects were 9881 men and 12033 women of company employees and their families who participated
in cardiovascular disease screening in Japan. Persons having diabetes and prediabetes were defined based on the
criteria set by American Diabetes Association. CAVI scores were measured by VaSera VS-1000. We applied the
established age-sex specific cutoff points of CAVI scores above which were determined to be abnormally high or
advanced level of arteriosclerosis. To examine the association of prediabetes and diabetes with CAVI scores, CAVI
scores of screening participants were converted to a binary variable: 1 for less than cutoff points and 2 for equal
or greater than cutoff points or abnormally high CAVI scores. Logistic regression method was used to examine
the association of prediabetes and diabetes with CAVI scores after adjusting for major cardiovascular disease
(CVD) risk factors.

Results: Prevalence of abnormally high CAVI scores was significantly higher after 40 years of age among persons with
diabetes than either among persons with prediabetes or among normal persons in both genders. Significantly elevated
odds ratios (ORs) of abnormally high CAVI scores appeared among persons with prediabetes: 1.29 (95 % confidence
interval (Cl), 1.11-1.48) for men and 1.14 (Cl, 1.01-1.28) for women, and among persons with diabetes: 241 (Cl, 1.97-2.95)
for men and 2.52 (Cl, 1.94-3.28) for women.
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Conclusions: The extent of subclinical arteriosclerosis (including arterial stiffness and atherosclerosis) was moderately
enhanced among persons with prediabetes and was further advanced among persons with diabetes. Thus, it is important
to introduce earlier interventions for changing lifestyle and diet of persons with prediabetes in order to prevent them
from developing diabetes and further advancing arteriosclerosis.

Keywords: Cardio-ankle vascular index (CAVI), Diabetes mellitus, Prediabetes, Arteriosclerosis, Epidemiology, Japanese

population

Background

One of the most serious complications among person
with diabetes is the deterioration of arterial system or
the acceleration of arteriosclerosis which could not be
easily measured in the past. One method to quantita-
tively estimate the extent of arteriosclerosis is the use of
the pulse wave velocity (PWV). The idea on the associ-
ation of PWYV with arteriosclerosis is traced back to an
experiment using artificial blood vessels conducted by
Moens in 1878 [1]. Then, Bramwell and colleagues
showed that PWYV depends on the modulus of arterial
volume elasticity by experiments in 1922-23 [1-5]. Their
experimental results have been a basis for the develop-
ment of the measurement device PWV-200 (Fukuda-
Denshi Co., Tokyo) which measures PWV propagating
through the aorta (thorax, abdomen, and part of com-
mon iliac artery) from the aortic valve to the femoral
pulsation point, as described by Hasegawa in 1970 [6].
Because PWYV is highly correlated with diastolic blood
pressure, Hasegawa developed a nomogram showing the
association between diastolic blood pressure and PWV.
He proposed an adjustment to any measured PWV
values at 80 mmHg. As a result, such an adjustment was
built into the PWV-200 machine. This is an important
step allowing clinicians and researchers to compare
PWYV values between individuals and between popula-
tions. Namekata et al. conducted cardiovascular disease
prevention screening in Seattle and found that PWV
was positively and significantly associated with aging
(260 years of age), hypertension, diabetes, the ratio of
total cholesterol to high density lipoprotein cholesterol,
ex-smokers and negatively and significantly with alco-
hol consumption among Japanese Americans [7]. In
addition, they had similar findings among Japanese
urban workers [8].

To overcome some technical difficulty for measuring
PWYV, the cardio-ankle vascular index (CAVI) was de-
veloped as a new indicator of arteriosclerosis in 2004
[9]. CAVI scores quantitatively reflect arteriosclerosis
of the aorta, femoral and tibial arteries based on
Bramwell-Hill’'s equation [1] and stiffness parameter
[10] which is allowed to be converted from PWV
propagating from the aortic valve to ankle. Some re-
searchers proposed to use CAVI scores as an indicator

of atherosclerosis. Nakamura et al. found a strong as-
sociation of CAVI with the presence of severity of cor-
onary atherosclerosis based on their ordinal logistic
regression analysis [11]. Kadota et al. suggested the
use of CAVI as a screening tool for atherosclerosis
based on their findings from the general population
study of 1,014 adults showing strong significant asso-
ciations of CAVI scores with carotid intima-media
thickness and with homocysteine after adjustment for
age and sex [12]. Thus, it is considered that CAVI
scores reflect arterial stiffness, atherosclerosis and ar-
teriosclerosis of which conditions are overlapping and
inseparable. We use CAVI scores to represent the ex-
tent of subclinical arteriosclerosis in this paper but it
is inclusive of arterial stiffness and atherosclerosis.

To practically use CAVI as a diagnostic tool for
determining the extent of arteriosclerosis, our previ-
ous study established the baseline CAVI scores by age
and gender among cardiovascular disease (CVD) risk-
free persons [13]. In our present study we measured
CAVI scores and identified persons with abnormally
high CAVI scores in Japanese urban workers and
their families based on the criteria developed by our
studies [13, 14], and then examined the extent of sub-
clinical arteriosclerosis among persons with prediabe-
tes and among persons with diabetes mellitus after
making adjustment for major cardiovascular disease
(CVD) risk factors.

Methods

Subjects

Subjects for the study were recruited from January 2006
to May 2009 through the screening program at Japan
Health Promotion Foundation which has been conduct-
ing cardiovascular disease and cancer screening through-
out major cities in Japan. Subjects were company
employees and their family members: 9,881 men and
12,033 women between 17 and 87 years of age. Follow-
ing Japan’s Personal Information Protection Law, the use
of anonymized screening data for research purpose was
approved by the board of Japan Health Promotion Foun-
dation. The study was approved by the board of Pacific
Rim Disease Prevention Center.
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Definition of prediabetes and diabetes mellitus

Following the recommendation from American Diabetes
Association [15], persons having diabetes were defined
as those having medical history of diabetes and/or taking
medication of diabetes and/or whose fasting plasma glu-
cose were equal to or higher than 126 mg/dl and/or
whose hemoglobinAlc (HbAlc) were equal to or higher
than 6.5 % in NGSP value (48 mmol/mol in IFCC). Per-
sons with the state of prediabetes were defined as those
whose fasting plasma glucose was from 100 mg/dl to
125 mg/dl and/or whose HbAlc was from 5.7 % to
6.4 % in NGSP value (39 mmol/mol to 47 mmol/mol in
IFCC). Persons defined as “normal” were those without
diabetes and prediabetes.

Clinical measurements

Blood was drawn from subjects after a 12 h fast. The fol-
lowing measurements were made: total cholesterol (TC)
and triglycerides (TG) by enzymatic assay; high density
lipoprotein cholesterol (HDL-C) by modified enzymatic
method; glucose by hexokinase glucose-6-phosphate de-
hydrogenate assay; and glyco-hemoglobin Alc (HbAlc)
by latex agglutination.

Following the guideline released by American Heart
Association in 2007 [16], persons having hypertension
were defined as those having medical history of hyper-
tension and/or taking hypertension drugs and/or whose
systolic blood pressure (SBP) was equal to or higher than
140 mmHg and/or whose diastolic blood pressure (DBP)
was equal to or higher than 90 mmHg.

Cardio-ankle vascular index
CAVI, a stiffness and arteriosclerosis indicator of thorax,
abdomen, common iliac, femoral and tibial arteries, was
measured by VaSera VS-1000 manufactured by Fukuda-
Denshi Company, LTD (Tokyo, Japan).

As illustrated by Shirai et al. [9], the scale conversion
from PWV to CAVI is performed by the following
formula:

CAVI = a{(2p/AP) x In(Ps/Pd)PWV?} + b

where Ps and Pd are systolic and diastolic blood pres-
sure values, respectively, PWV is the pulse wave velocity
between heart and ankle, AP is Ps-Pd, p is blood density,
and a and b are constants. This equation was derived
from Bramwell-Hill's equation [1] and stiffness param-
eter [10]. Scale conversion constants are determined so
as to match CAVI with PWV by Hasegawa’s method [6].
These measurements and calculations are automatically
made in VaSera VS-1000.

In the previous study we established the age-sex spe-
cific cutoff points of CAVI scores above which were
determined to be abnormally high or advanced level of
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arteriosclerosis [14]. The cutoff points are (mean of
CAVI + one standard deviation ) among CVD risk-free
subjects: 7.39 for 20-29 years of age, 7.80 for 30-39 years
of age, 8.29 for 40-49 years of age, 8.83 for 50-59 years
of age, 9.54 for 60-69 years of age, and 10.35 for 70 years
of age and over among men; and 7.23 for 20-29 years of
age, 7.42 for 30-39 years of age, 7.95 for 40-49 years of
age, 8.52 for 50-59 years of age, 8.98 for 60-69 years of
age, and 9.46 for 70 years of age and over among
women. To apply the logistic regression method for
examining the association of prediabetes and diabetes
with CAVI scores, CAVI scores of screening participants
were converted to a binary variable: 1 for less than cutoff
points and 2 for equal or greater than cutoff points or
abnormally high CAVI scores.

Questionnaire

A short self-administered questionnaire was filled out by
each subject during the screening. It contains questions
on medical history and lifestyle factors such as smoking
habit and alcohol consumption.

Statistical methods

All statistical analyses were performed gender-specifically.
To examine characteristics of study participants by dia-
betes status, Student’s t-tests and chi-square tests were
conducted for detecting significant differences in means
and in prevalence, respectively, between persons with nor-
mal status and persons with prediabetes and diabetes.
Cochran-Armitage test for linear trend was applied to
evaluate the dose-dependent association between the de-
gree of glycemic status and the prevalence of abnormally
high CAVI scores. Crude, age-adjusted and multivariable-
adjusted odds ratios (OR) and the 95 % confidence inter-
vals (CI) of abnormally high CAVI scores according to
diabetic status were calculated in logistic regression
models, with normal persons who were treated as the
reference category. In the age-adjusted model, age was
entered as a variable of 10-year interval categories
(50-59, 60-69, 70+ vs. <50). The multivariable model
was further adjusted for major CVD risk factors
including hypertension (yes vs. no), HDL-C (240 mg/
dl vs. <40 mg/dl for males, >50 mg/dl vs. <50 mg/dl
for females), triglycerides (150-199 mg/dl, >200 mg/dl
vs. <150 mg/dl), BMI (20-22.9, 23-24.9, 25-27.9, 28-
29.9, 30+ vs. <20), drinking habit (<4 times/week, =5
times/week vs. non-drinkers), and smoking habit (ex-
smokers, current smokers vs. non-smokers).

Results

Characteristics of study participants by age and gender
were described in our previous paper [14]. We briefly
summarize those here. It is observed that the averages
for both systolic and diastolic blood pressure and CAVI
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scores linearly increased as ages advanced in both gen-
ders with an exception of men’s diastolic blood pressure
after 60 years of age of which averages slightly de-
creased. Almost all averages of clinical indicators in-
creased until 60 years of age except HDL-C of which
averages were at the same level in both genders. Striking
differences in averages of clinical indicators between
genders are observed and are unfavorable for men in
terms of cardiovascular disease risk. BMI averages
ranged from 22.3 to 24.2 among men and from 20.4 to
22.9 among women. Greater prevalence of drinkers and
smokers was observed in men than in women. Preva-
lence of drinkers and smokers was greater in younger
women than in older women.

Table 1 shows characteristics of study participants by
diabetes status. Averages of all variables in both genders

Table 1 Characteristics of study participants by diabetes status
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were lowest in normal, highest in diabetes, and middle
in prediabetes, except averages of HDL-C which were in
the reverse order. Prevalence of abnormally high CAVI
scores was lowest in normal, highest in diabetes, and
middle in prediabetes.

Prevalence of abnormally high CAVI scores is shown
according to the status of prediabetes and diabetes by
age and gender in Table 2. It is observed that such
prevalence was higher after 40 years of age among per-
sons with diabetes than either among persons with pre-
diabetes or among normal persons in both genders.

Table 3 shows odds ratios (ORs) of abnormally high
CAVI scores in association with prediabetes and diabetes
as compared with the reference of normal CAVI scores:
(1) without an adjustment for confounding factors
(crude ORs); (2) age breakdowns were added to logistic

Normal Prediabetes Diabetes
Sample size Men 7,202 2,001 678
Women 8,947 2,756 330

mean = SD (t-value)

Age Men 43+13
Women 44+ 12
Systolic blood pressure Men 125+ 14
Women 11815
Diastolic blood pressure Men 76+ 11
Women 70+10
Total cholesterol (mg/dl) Men 205+ 35
Women 209+ 37
HDL-C (mg/dl) Men 61+17
Women 7718
Triglycerides (mg/dl) Men 129+ 112
Women 78 £52
CAVI Men 743+099
Women 7.24+092
Body Mass Index (kg/m?) Men 235+32
Women 213+30

51£10 (t=2811%%)
51£9 (t=27.54*)
131215 (t=15.12%*%)
125+15 (t=21.58"%)
81£11 (t=17.26"%)
73£11 (t=1432%%)
215435 (t=8.07**%)
225+ 38 (t=18.34*)
60+ 17 (t=3.90"*)
7519 (t=3.63**%)

156 £ 139 (t=8.96**%)
95 £56 (t=14.18"%)
797 £0.96 (t=21.28"*%)
762+ 089 (t=18.93***)
246+ 33 (t=13.56""%)
225436 (t=17.79"%)

Prevalence (%) (chi-square statistics)

Abnormally high CAVI score Men 128
Women 15.2
Drinkers Men 743
Women 43.1
Ex-smokers Men 233
Women 94
Smokers Men 46.0
Women 128

185 (% = 43.41%%%)
189 (* = 21.01%%)
77.9 (> =10.62*)
36.9 (4 = 34.05**%)
295 (4 =33.23**%)
76 (° = 35.23%%)
437 (4 = 33.23*%)
94 (> = 35.23**%)

56+ 10 (t=26.72**%)
55+ 9 (t=16.60**%)
136+ 18 (t=18.53**%)
132 +£18 (t=1643"*%)
82+ 11 (t=14.03**)
77 £12 (t=11.19**%)
214+ 37 (t=4.54**%)
230 +40 (t=9.21**%)
57+ 18 (t=581***)
70£18 (t=6.66"*%)

170 £ 133 (t = 8.82**¥)
121 £ 80 (t=14.30%*%)
849+ 1.11 (t=26.08*%)
809+ 1.02 (t=16.38***)
25.1+39 (t=1246**%)
243+42 (t=17.53**)

304 (4 = 157.25%%%)
34.2 (> = 85.95**%)
72.7 (> =081)

230 (% = 52.65**%)
317 (% = 24.29%*)
9.1 (> =10.24*)
414 (4 = 2429
7.0 (¢° = 10.24*%)

Note: Student’s t-tests and chi-square tests were conducted by comparing means and prevalence respectively between persons with normal status and persons

with prediabetes or persons with diabetes
p-value: *< 0.05, **< 0.01, ***< 0.001
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Table 2 Prevalence (%) of abnormally high CAVI scores by status of prediabetes and diabetes mellitus

Age <29 30-39 40-49 50-59 60-69 70+
Men
Normal prevalence 6.0 109 132 215 12.8 11.8
persons at risk 1042 2338 1731 1235 704 152
Prediabetes
prevalence 9.1 163 155 233 169 12.1
persons at risk 22 270 555 738 350 66
Diabetes
prevalence o 11.8 19.1 437 269 203
persons at risk 2 51 110 263 193 59
xzvalue for linear trend (p-value) _ 4.25 (0.039) 4.31 (0.038) 39.9 (0.000) 21.16 (0.000) 2.14 (0.144)
Women
Normal prevalence 59 14.8 11.6 19.8 232 339
persons at risk 892 2657 2340 2235 711 112
Prediabetes
prevalence _ 16.9 124 219 233 30.5
persons at risk Il 413 728 1184 361 59
Diabetes
prevalence o . 203 377 421 o
persons at risk 2 19 59 159 76 15
;(zvalue for linear trend (p-value) o o 2.12 (0.145) 17.53 (0.000) 6.24 (0.012) _

Note: — indicates that the sample size was too small to obtain meaningful prevalence

regression analysis; and (3) other CVD risk factors were
further added to logistic regression analysis. As more
confounding factors were adjusted, odds ratios de-

1.29 (95 % confidence interval (CI), 1.11-1.48) for men
and 1.14 (CI, 1.01-1.28) for women, and among per-
sons with diabetes: 2.41 (CI, 1.97-2.95) for men and

creased in both prediabetes and diabetes mellitus ex-  2.52 (CI, 1.94-3.28) for women.
cept ORs of prediabetes in women indicating that ORs
after adjusting for ages and for CVD risk factors were
almost identical and lower than crude OR. After
adjusting for major CVD risk factors, significantly ele-

vated ORs appeared among persons with prediabetes:

Discussion

In the present cross-sectional study of Japanese urban
workers and their families, prevalence of abnormally high
CAVI scores were dose-dependently elevated along with

Table 3 Estimated risk of having abnormally high CAVI scores in association with prediabetes and diabetes mellitus among
Japanese urban workers and their families

Prediabetes Diabetes mellitus

oR 95 % Cl OR 95 % Cl
lower upper lower upper

Men

(1) Crude 1.56 Fex 1.36 1.78 2.98 o 2.50 3.56

(2) Adjusted for age 132 xxx 1.15 151 238 xxx 1.97 288

(3) Adjusted for CVD risk factors 1.29 xx 1.11 148 241 ok 197 295
Women

(1) Crude 130 e 1.16 145 290 e 229 3.66

(2) Adjusted for age 112 0.99 1.25 2.19 wxx 1.72 278

(3) Adjusted for CVD risk factors 1.14 * 1.01 1.28 252 wEX 1.94 3.28

Note: OR Odds ratio, C/ Confidence interval; *p < 0.05, **p < 0.01, ***p < 0.001; (1) Prediabetes or diabetes was included alone as a covariate in logistic regression
analysis. (2) Age breakdowns (<50, 50-59, 60-69, >70 years of age) were added to logistic regression analysis. (3) Other CVD risk factors (hypertension, HDL-C, TG,
BMI, drinking, and smoking) were further added to logistic regression analysis

114



Namekata et al. BMC Cardiovascular Disorders (2016) 16:52

the advancing degree of diabetic status both in men and
in women. Compared with normal persons, significantly
elevated odds ratios of abnormally high CAVI scores were
observed not only in persons with diabetes but also in
those with prediabetes.

With regard to the validity to use CAVI scores as an
indicator of arteriosclerosis, Otsuka examined 72 de-
ceased patients’ antemortem PWV (which is a basis for
deriving CAVI scores) and pathological changes mea-
sured by the diffuse fibrotic thickening, formation of
atheroma and calcification in the wall of their aorta. He
reported multiple regression coefficient R =0.810 be-
tween PWV and scores of those pathological changes
[17]. In addition, other researchers reported that CAVI
scores were significantly associated with coronary ath-
erosclerosis [11], with carotid intima-media thickness
and with homocysteine [12]. Thus, the use of CAVI
scores derived from PWYV values is valid to estimate the
extent of arteriosclerosis.

VaSera VS-1000, which was used in our study, was de-
signed to measure CAVI scores independent of blood
pressure at the time of CAVI score measurement and
CAVI scores represent the extent of arteriosclerosis be-
tween the aortic valve and the ankle. We have shown
biological aging of the major artery by measuring CAVI
scores in the CVD risk-free group and disease-related
pathological aging of the major artery in the CVD high-
risk group [13]. CAVI scores allow us to evaluate the ex-
tent of arteriosclerosis in the major arteries between the
aortic valve and the ankle, to screen persons with sub-
clinical stage of CVD, and provide an opportunity to
modify diet and lifestyle to improve CAVI scores as re-
ported by Satoh et al [18]. Thus, the use of CAVI scores
potentially leads to savings on high treatment costs and
to prolonging many productive lives.

Namekata et al. showed significant odds ratios of the
abnormally high aortic pulse wave velocity (PWYV, an in-
dicator of arteriosclerosis reflecting stiffness of artery
and atherosclerosis) in an association with diabetes
among Japanese Americans and among native Japanese
(3.66 and 2.43, respectively) [8]. Namekata et al. ob-
served that odds ratios of abnormally high CAVI scores
in an association with diabetes after making adjustment
for ages were 10.02 for men and 8.42 for women, com-
pared with those who did not have diabetes [14]. In our
recent study significant ORs of prediabetes and diabetes
were observed in association with most CVD risk factors
including age, hypertension, triglycerides >200 mg/dl
and BMI =25 in both genders [19]. Our results imply
much faster advancement of arteriosclerosis among per-
sons both with prediabetes and with diabetes than in the
normal persons.

In our present study it is shown that prevalence of
abnormally high CAVI scores has an increasing trend
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with an age increase in all three groups of non-diabetes
normal persons, prediabetes and diabetes (Table 2). Our
results show that comparing with persons with normal
CAVI scores, estimated risks of abnormally high CAVI
scores in association with prediabetes and with diabetes
were 1.29 times higher and 2.41 times higher, respect-
ively, in men and were 1.14 times higher and 2.52 times
higher, respectively, among women (Table 3). Our study
results have confirmed the association between predia-
betes and arteriosclerosis and the much stronger asso-
ciation between diabetes and arteriosclerosis estimated
by CAVI scores.

A limitation of this study is that it is an observational
and cross-sectional study. Thus, we cannot tell how
many persons with prediabetes will develop diabetes or
will return to normal in their blood glucose levels or/
and HbAIc levels. The strengths of this study are having
the large sample size and being able to adjust for many
CVD risk factors with enough statistical power to exam-
ine the association of CAVI scores with prediabetes and
diabetes mellitus.

Conclusion

In conclusion, both prediabetes and diabetes mellitus
were significantly associated with CAVI scores. It is im-
plied that the extent of arteriosclerosis (including arterial
stiffness and atherosclerosis) was moderately enhanced
among persons with prediabetes and was further ad-
vanced among persons with diabetes. Thus, it is import-
ant to introduce earlier interventions for changing
lifestyle and diet of persons with prediabetes in order to
prevent them from developing diabetes and further ad-
vancing arteriosclerosis.
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Chronic Atrophic Gastritis and Helicobacter pylori Infection among Japanese
Americans in Seattle

Tsukasa Namekata,'* Kazumasa Miki,® Michael Kimmay,* Thomas Fritsche,® Deborah Hughes,! David Moore,?
and Kenijt Suzuki’

Gastric cancer is still a major cause of mortality due to cancer worldwide, The most common type of gastric
cancer is Intestinal type carcinoma, which usually oceurs in stomachs containing chronic atrophic gastritis.
Individuals with chronic atrophic gastritis are considered to be at increased risk for developing intestinal type
carcinoma of the stomach. To examine the association between chronic atrophic gastritis and other gastric
cancer risk factors, a cross-sectional study was conducted using serum samples and questionnaire information
collected from 776 persons of full Japanese ancestry in the greater Seattle area in 1994, The presence of
chronic atrophic gastritis and Helicobacter pylori infection was determined by measurement of serum
pepsinogen levels and H. pylori antibodies, respectively. Based on multiple logistic regression, the significant
predictors of chronic atrophic gastritis were age over 50 years, H. pylori infection, and 20 years or more lived in
Japan. Alcohol consumption, smoking, prior peptic ulcer, and histery of gastric cancer in parents were not
significantly associated with chronic atrophic gastritis. The results imply that H. pylori infection since earlier life
and other unknown exposure factors in Japan might have played an important role in the development of chronic

atrophic gastritis. Am J Epidemiol 2000;151:820-30.

gastritis, atrophic; Helicobacter pylorf; life style; pepsinogens; smoking

Despite the recent decline in the incidence of gastric
cancer, it remains a major cause of cancer mortality
worldwide (1), with one of the highest rates found in
Japan and one of the lowest in the United States (2).
The decline in gastric cancer rates can be attributed
mainly to a decrease in the incidence of intestinal type
carcinoma, whereas there has been little, if any,
decrease in diffuse type carcinoma (3-5). Numerous
studies have indicated that intestinal type carcinoma is
strongly influenced by environmental factors, and the
shifts that have occurred are thought to be a conse-
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quence of changes in dietary and environmental fac-
tors that contribute to carcinogenesis (6). In addition to
age, the two most contributory factors to the develop-
ment of intestinal type carcinoma are considered to be
a diet that is high in salt and low in fresh fruits and
vepetables and chronic infection with Helicobacter
pylori (6, 7).

As first hypothesized by Correa (8), chronic atrophic
gastritis is considered to be a preceding condition in
the sequential histopathologic changes that lead to
intestinal type gastric carcinoma. Therefore, persons
with chronic atrophic gastritis are considered to have a
higher risk for developing gastric cancer than those
without such a condition. With the development of
radioimmunoassay for pepsinogen I (PG I) and
pepsinogen II (PG II), it has been reported that the PG
I/PG I ratio in combination with the level of PG I pre-
dicted the presence of atrophic gastritis (9-11), and
thus the method has been used in Japan as a serum
marker to screen individuals at high risk for gastric
cancer who are then recommended for endoscopic
examination (12-14).

Since the first reports on gastric colonization by H.
pylori in the early 1980s (15, 16), it has been estab-
lished that H. pylori infection is strongly associated
with peptic ulcer disease (17-20) and chronic atrophic
gastritis and intestinal metaplasia (21-23). H. pylori
strains possessing the cytotoxin-associated gene A
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(cagA} are considered to enhance induction of acute

inflammation leading to the development of atrophic

gastritis and gastric cancer (21). Early life acquisition
of H. pylori has been considered to increase the risk of
developing both gastric cancer and gastric ulcer (20).
A growing body of research suggests a link between H.
pylori infection and gastric carcinoma (21-26).
Furthermore, ecologic studies show a significant rela-
tion between the prevalence of H. pylori infection and
gastric cancer incidence and mortality (27) and an
association between the prevalence of chronic atrophic
gastritis and the standard mortality ratio for gastric
cancer (28). There must be additional risk factors that
play an important role in the causation of gastric can-
cer, since only a small proportion of persons infected
with H. pylori develop gastric carcinoma.

The investigators hope to shed some light on the role
of H. pylori in the development of gastric cancer by
examining the relation between chronic atrophic gas-
tritis and H. pylori infection among Japanese
Americans. This is an important population to study
because they share a common genetic background with
native Japanese, who suffer one of the highest gastric
cancer mortality rates of all populations, but live in the
nation where gastric cancer mortality is the lowest in
the world (2).

The present study estimated the prevalence of
chronic atrophic gastritis by using the serum pepsino-
gen method and the presence of immunoglobulin G
antibodies to H. pylori infection among Japanese
Americans in Seattle, Washington. The associations of
possible risk factors with H. pylori infection and
chronic atrophic gastritis were also examined.

MATERIALS AND METHODS

The study sample consisted of male and female
Japanese Americans residing in the greater Seattle area
(King County) who participated in cardiovascular dis-
ease screening conducted by the Pacific Rim Disease
Prevention Center in 1994. The screening participants
were respondents from a media and family registration
campaign. Completed clinical and survey information
was collected from a total of 415 males and 361
females of full Japanese ancestry between the ages of
20 and 86 years, The composition of the study sample
with respect to generation was as follows: 12.9 percent
Issei (first generation), 41.4 percent Nisei (second gen-
eration), 44.1 percent Sansei (third generation), and
1.7 percent Yonsei (fourth generation), as shown in
table 1.

Due to the fact that the study subjects were voluntary
participants, an additional survey on 1994 household
income levels was conducted to better define our study
sample characteristics and examine whether they were
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TABLE 1. Study sample characteristics of Japanese
Americans, Seattle, Washington, 1994

Malas, Females,
n=415 =361
(%} (%)

Age (years)

<50 38.1 41.8

50-64 32.8 321

65-74 21.0 20.8

275 82 5.3
Generation in United States

First 94 16.9

Second 44.8 374

Third 43.9 443

Fourth 1.9 1.4
Lived in Japan (years)

<1 70.1 65.4

1-9 13.0 13.6

10-19 7.5 5.5

=20 0.4 15.5
Alcaohol drinking

Nondrinkers 12.0 280

Former drinkars 20.5 17.7

Current drinkers 67.5 54.3
Smoking

Nonsmokers 41.0 70.1

Former smokers 46.0 21.8

Current smokers 13.0 8.0
History of peptic ulcer 10.4 6.1
Parental history of gastric cancer 3.1 4.4
Helicobacter pylori infection 275 2941

representative of the Japanese American population in
the Seattle area. Of the 776 study participants, 82.0 per-
cent responded to the survey. The household incomes
from the study participants were compared with those
of Japanese American households in the 1990 census
for King County (29). Figure 1 shows that the income
distribution of the screening participants was slightly
higher than that reported for the Japanese American
population in King County for the 1990 census.
Venous blood samples were obtained after a 12-hour
fast from study participants in 1994. Two ml of sera
were stored at —70°C. Serum samples were thawed and
divided into two aliquots for analysis of serum
pepsinogen levels and H. pylori antibodies. Serum PG
I and PG II levels were measured using Riabead kits
(Dainabot Co., Tokyo, Japan) (30), and subjects with
chronic atrophic gastritis were defined as those with a
PG I level of <70 pg/liter and a PG I/PG 1I ratio of
<3.0. The presence of H. pylori antibodies was deter-
mined using an immunoglobulin G enzyme-linked

118



822 Namekata et al.

<£,000
$5,000 - 39,909

$10,000 - $14,999
I

$15,000 - 324,998 *
|

$25.000 - 534,999 h}j

income Levels in US §

$35.000- 34,898 M—’

$50.000 - $74,699 *—-—l
|

$75,000 - $89,989 _—
|

09,999 h___l

0 5 10

15 20 25 30
Parcant

{1990 Census In King Co, 01994 Study Houssholds ;

FIGURE 1. Comparison of income distributions of Japanese Americans between the 636 households that participated in the study in 1894
and the 8,518 households in King County, Washington, from the 1890 US census.

immunosorbent assay for H. pylori (Bio-Rad
Laboratories, Anaheim, California) (31, 32).
Specimens tested having greater than 12.5 units/ml for
immunoglobulin G antibodies were considered to be
positive for H. pylori infection.

Surveys, self-administered at the time of screening,
contained questions on personal and demographic
background, medical history, and lifestyle habits such
as alcohol consumption and smoking. Those who had
never or rarely (less than once per month) consumed
alcoholic beverages were classified as nondrinkers.

Two analyses with multiple logistic regression were
conducted: to predict seropositivity of H. pylori infec-
tion by age, years lived in Japan, alcohol consumption,
smoking status, history of ulcer, and family history of
gastric cancer; and to predict the presence of chronic
atrophic gastritis as determined with low serum
pepsinogen levels by the same factors as above and H.
pylori infection. Analyses were conducted separately
by sex and generation using SPSS/PC+ V8.0 software
(SPSS, Inc., Chicago, Illinois) (33).

RESULTS

Characteristics of the study subjects are presented in
table 1. More than 60 percent of the subjects were
older than 50 years old. The majority of the study sam-

ple had never lived in or had spent less than 1 year in
Japan (70 percent of men and 65 percent of women).
Seropositivity for H. pylori infection was found to be
27.5 percent for men and 29.1 percent for women. The
prevalences of H. pylori infection and chronic atrophic
gastritis were similar between men and women and
increased steadily with age (table 2).

The results of multiple logistic regression analysis
to predict seropositivity of H, pylori with age, years
lived in Japan, alcohol consumption, smoking, history
of ulcer, and parental death due to gastric cancer are
presented in table 3. No great discrepancy is observed
between crude and adjusted odds ratios. Significant
odds ratios were observed in both men and women for
increasing age (with the exception of men over the
age of 75 years), having lived in Japan for more than
20 years for men (odds ratio (OR) = 5.12, 95 percent
confidence interval (CI): 2.44, 10.69) and for women
(OR = 2.80, 95 percent CI: 1.45, 5.39), and past his-
tory of peptic ulcer for men (OR = 2.88, 95 percent
CI: 1.42, 5.83) and for women (OR = 4.30, 95 percent
CL: 1.54, 12.03). Current smoking habit and past
smoking habit were associated with an increased risk
for H. pylori infection in men only (OR = 2.39, 95
percent CI: 1.14, 5.03; and OR = 1.77, 95 percent CL:
1.00, 3.14, respectively). Alcohol consumption and
family history (death of either parent due to gastric

Am J Epidemiol  Vol. 151, No. 8, 2000
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TABLE 2. Prevalence of Helicobacter pylori infectlon and chronle atrophic gastritis among Japanese
Amerlcansg, Seattie, Washington, 1994

H. pylori seropositive Chranle atrophic gastritis
Males Females Males Females
No. of Ne. of o No. of No, of 5
cases % cases 7 cases % cases %
Age (years)
<50 24 18.2 23 152 4 2.8 3 2.0
50-64 45 331 38 328 20 14.7 18 155
65-74 a 35.6 33 44.0 24 27.8 15 20.0
275 14 41.2 11 57.9 12 35.3 7 368
Chi-square
test for
trend o< 0.0001 p < 0.0001 o < 0.0001 p < 0.0001
cancer) were not found to be associated with H. pylori generation of Japanese Americans, we computed the
infection, odds ratios again for the two groups (table 4). Only
To examine the difference in the association of H. having the past diagnosis of peptic ulcer was signifi-
pylori infection with biologic and lifestyle factors cantly associated with H. pylori infection (OR =

between the first generation and the second to fourth 16.62, 95 percent Cl: 1.84, 150.05) in the first gener-

TABLE 3. Odds ratlos for Hellcobacter pyiori Infsction by sex among Japanese Americans, Seattle, Washington, 1994

Males Females
No. of No. of
caseas of Crude Adjusted o cases of Crude Adjusted
H. pylori  OR* ORt 96% CI* H. pyfori OR ORt 85% CI
infection infection
Age (years)
<50 24 1.00 1.00 23 1.00 1.00
50-64 45 2.76 1.93 1.03, 3.60 38 2.71 242 1.27, 4.57
65-74 3 3.09 2.16 1.08, 4.40 33 437 373 1.82, 7.68
275 14 o 2.55 0.98, 6.61 11 7.65 8.33 2.74, 25.31
Lived in Japan (years)
<1 62 1.00 1.00 62 1.00 1.00
1-9 16 1.56 1.13 0.56, 2.29 11 0.81 0.77 0.34,1.72
10-19 13 2,87 2.08 0.93, 4.71 5 0.94 0.88 .28, 2.75
220 23 531 512 2.44,10.69 27 2.61 2.80 1.45,5.39
Drinking status
Nongdrinkers 15 1.00 1.00 36 1.00 1.00
Former drinkers 23 0.87 0.98 0.41,2.34 13 0.46 0.85 0.42, 2.20
Currant drinkers 76 0.87 1.05 0.50, 2.24 56 0.72 147 0.80, 2.73
Smoking status
Nonsmoksrs 28 1.00 1.00 76 1.00 1.00
Former smokers 65 251 1.77 1.00, 3.14 24 1.02 0.93 0.50,1.75
Current smokers 20 288 2.38 1.14,5.03 5 0.49 0.36 0.12, 1.08
History of peptic vicer
No a1 1.00 1.00 a0 1.00 1.00
Yes 23 3.55 2.88 1.42, 5.83 15 5.93 4,30 1.54, 12,03
Parental history of gastric cancer
No 107 1.00 1.00 95 1.00 1.00
Yes 7 3.22 1.93 0.58, 6.42 g 3.33 1.69 0.54, £.30

* OR, odds ratio; Cl, confidence interval,
T Adjusted odds ratios obtained from a multiple logistic regression that included age (years), years lived in Japan, drinking status, smok-
ing status, history of peptic uleer, and parental history of gastric cancer.

Am J Epidemiof Vol. 151, Ne. 8, 2000
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TABLE 4. Odda ratios for Helicobacter pylori by generation among Japanese Amerlcans, Seattle, Washington, 1994

First generation Sscond 1o fourth generation
No, of No. of
cases of Crude Adjusted o cases aof Crude Adjusted 5
H pylori  ORe ORt BRI Lo OR ORt 95% Cl
infaction infection
Female
No 22 1.00 1.00 92 1.00 1.00
Yes 28 0.66 0.61 0.23, 1.67 77 1.07 1.30 0.87.1.95
Age (years)
<50 14 1.00 1.00 33 1.00 1.00
50-64 28 2.63 2.3 0.84, 6.31 55 2.63 2.28 1.37,3.78
=65 8 2.38 212 0.49, 9.20 81 4.85 3.89 2.32, 6.50
Lived in Japan (years)
<10 2 1.00 1.00 149 1.00 1.00
10-19 7 1.31 0.48 0.05, 4.93 1 1.41 1.12 0.52, 2.39
=20 41 1.58 0.86 0.12,6.23 9 4.79 3.65 1.22, 10.94
Smoking status
Nonsmokers 28 1.00 1.00 77 1.00 1.00
Former smokers 17 1.26 0.86 0.30, 2.51 72 162 1.29 0.83, 2.01
Current smokars 5 0.48 0.35 0.09, 1.41 20 1.57 1.57 0.83, 297
Drinking status
Nondrinkers 13 1.00 1.00 38 1.00 1.00
Formaer drinkers 6 0.g2 1.06 0.22,5.23 30 0.64 0.88 0.47, 164
Currant drinkers 31 1.15 c.99 0.32, 3.01 101 0.73 1.11 0.67, 1.86
History of paptic ulcer
Na 39 1.00 1.00 142 1.00 1.00
Yes 11 13.82 16.62 1.84, 150.05 27 3.52 2.40 1.30, 443
Parental history of gastric cancer
No 47 1.00 1.00 156 1.00 1.00
Yes 3 3.13 2.40 0.20, 28.3 13 3.44 1.76 0.74, 4,18

* OR, odds ratio; Cl, confidence interval.

t Adjusted odds ratios obtained from a muttiple logistic regression that included age (years), years lived in Japan, drinking status, smok-

ing status, history of peptic ulcer, and parental history of gastric cancer.

ation group. For the second to fourth generation
group, on the other hand, odds ratios were signifi-
cantly elevated in ages greater than 50 years: 50-64
years (OR = 2,28, 95 percent CI: 1.37, 3.78) and 65
years and over (OR = 3.89, 95 percent CI: 2.32,
6.50), living in Japan for 20 years and longer (OR =
3.65, 95 percent CI: 1.22, 10.94), and having the past
diagnosis of peptic ulcer (OR = 2.40, 95 percent CT:
1.30, 4.43).

Table 5 presents the results of multiple logistic
regression analysis to predict the presence of chronic
atrophic gastritis. The risk of chronic atrophic gastri-
tis increased steadily with age for both men and
women. Significant odds ratios were also observed
for living in Japan for 1-9 years for men (OR = 2.98,
95 percent CI: 1.22, 7.26) and living in Japan for
more than 20 years for men (OR = 8.30, 95 percent
CI: 3.13, 21.76) and for women (OR = 3.32, 95 per-

cent CI: 1.32, 8.34) and H. pylori infection for men
(OR = 9.63, 95 percent CI: 4.55, 20.18) and for
women (OR = 16.31, 95 percent CI: 6.18, 42.87),
Current or past smoking and drinking habits and his-
tory of peptic ulcer were not associated with chronic
atrophic gastritis. Similarly, death due to gastric can-
cer of either parent was not found to be associated
with chronic atrophic gastritis. When multiple logis-
tic regression analysis was done by generation (table
6), the results are aimost the same as those in table 5,
except that the longer duration lived in Japan was not
significantly associated with chronic atrophic gastri-
tis in the first generation, while it remained signifi-
cant in the second to fourth generation (20 years or
more lived in Japan: OR = 6.96, 95 percent CI: 1.69,
28.65).

To examine the possibility that the areas of severe
atrophy and intestinal metaplasia can be hostile to H.

Am J Epidemiol Vol. 151, No. 8, 2000

121



Chronic Atrophic Gastritis and Helicobacter pylori 825

TABLE 5. Odds ratios for chronlc atrophic gastritis by sex among Japanese Americans, Seattle, Washington, 1994

Malas Females
No. of No. of
cases of cases of )
chronic Céuacie Ach;JF?_}_ed 95% Ci* chronic nga A%”;;ed 95% Cl
atrophic afrophic
gastritis gastritis
Age (years)
<50 4 1.00 1.00 3 1.00 1.00
5064 20 6.64 5.67 1.61,19.95 18 9.06 6.05 1.47, 24.42
65-74 24 14.67 14.88 4.10, 54.04 15 12,33 7.80 1.72, 36.00
275 12 21.00 26.62 5.95, 118.27 7 28.78 1812  3.05, 108.16
Lived in Japan (years)
<1 23 1.00 1.00 23 1.00 1.00
1-9 14 4,08 2.98 122,726 1 0.19 0.15 0.02,1.23
10-19 5 2.24 1.36 0.41, 4.50 2 1.03 0.78 0.12, 4,89
220 18 9.99 8.30 313, 21.76 17 4.04 3.32 1.32,8.34
Drinking status
Mondrinkers 10 1.00 1.00 20 1.00 1.00
Former drinkers 12 0.66 1.46 0.45, 471 4 0.27 073  0.18,3.02
Currant drinkers 38 0.63 0.61 0.47, 3.62 18 0.43 0.73 0.31,1.76
Smoking status
Nonsmokers 16 1.00 1.00 3z 1.00 1.00
Former smokers 36 2.24 0.78 0.32, 1.80 9 0.89 118 0.189,8.04
Current smokers 8 1.67 0.76 0.24,2.42 2 0.51 106 043 3.26
History of peptic ulcer
No 52 1.00 1.00 37 1.00 1.00
Yes B8 1.41 0.47 017,131 8 3.08 1.03 0.30, 3.48
Parental history of gasttic cancer
No 58 1.00 1.00 40 1.00 1.00
Yos 4 275 0.69 0.15, 3.23 3 1.76 0.69 0.00, 0.03
Halicobacter pylori infection
No 16 1.00 1.00 [ 1.00 1.00
Yes 44 11.20 9.63 455, 20.18 37 22.67 16.31 6.18, 42.87

* OR, odds ratio; Cl, confidence Interval.

T Adjusted odds ratlos obtained from a multiple logistic regression that In¢luded age (vears), years lived in Japan, drinking status, smaok-
ing status, history of peptic ulcer, parental history of gastric cancer, and H. pylori infection.

pylori colonization (34-36), we explored further the
analysis of the level of PG I and the PG /PG II ratios
in relation to H. pylori status in the 103 subjects with
chronic atrophic gastritis. In this group, 22 were
seronegative for H. pylori and 81 subjects were
seropositive. The mean PG I/PG 1II ratio in subjects
with chronic atrophic gastritis and seronegative for H.
pylori (mean = 1.30) was significantly lower than the
mean PG I/PG II ratio among seropositive subjects
(mean = 2.00) (p < 0.0001). Similarly, the mean level
of PG I in subjects with chronic atrophic gastritis and
seronegative for H. pylori (mean = 18.5 ng/liter) was
significantly lower than the mean PG I level among
seropositive subjects (mean = 39.0 ngfliter) (p <
0.0001).

Am J Epidemiol  Vol. 151, No. 8, 2000

DISCUSSION

One potential bias in the present study is that the
sample was not randomly drawn from the Japanese
American population in the Seattle area, and nonpar-
ticipants may have different characteristics and health
status from those of the participants. Other surveys
have shown that nonparticipants had poorer health
than did participants (37). In order to examine this
issue further, we conducted an additional survey to
determine the 1994 annual household income levels of
our study sample and compared their income distribu-
tion with that of Japanese American households in
King County from the 1990 US census (which
includes Seattle and the surrounding metropolitan
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TABLE 6. Odds ratlos tor chronle atrophic gastritis by generatlon among Japanese Amerlcans, Seattle, Washington, 1984

First generation

Second ta fourth generation

Ne. of Na. of
cases of cases of
chionic  ude Adfeed %o chronic  Gfude Adcl,“;;ed 95% Cl
atrophic atrophic
gastiltis gastriiig
Female
No 1 1.00 1.00 49 1.00 1.00
Yes 18 1.07 1.33 0.32, 5.60 25 0.61 0.43 0.21, 087
Age (years)
<50 4 1.00 1.00 3 1.00 1.00
50-64 17 4,96 512 0.90, 29.21 21 10.16 7.57 2.09, 27.45
=265 8 11.67 26.67 2,36, 373.35 50 29.47 17.97 5.09, 63.48
Lived in Japan (years)
<10 2 1.00 1.00 59 1.00 1.00
1019 1 0.11 0.01 0.00, 0.67 6 1.92 1.04 0.35, 3.03
220 26 0.72 0.10 0.00, 3.85 9 14.38 6.96 1.69, 28.65
Smoking status
MNonsmokers 16 1.00 1.00 32 1.00 1.00
Former smokers 1 1.41 1.31 0.30, 5.81 34 1.73 0.81 0.39, 1.70
Current smokers 2 0.38 0.48 0.04, 6.06 8 1.40 1.04 0.36, 3.02
Drinking status
Nondrinkers 7 1.00 1.00 23 1.00 1.00
Former drinkers 2 0.52 1.64 0.13, 20.15 14 0.50 0.81 033,198
Current drinkers 20 1.43 3.94 0.70, 22,52 37 043 0.58 0.28, 1.21
History of peptic ulcer
No 22 1.00 1.00 &7 1.00 1.00
Yes 7 4.20 3.91 0.59, 26.11 7 1.26 0.4 0.16, 1.07
Parental history of gastric cancer
No 26 1.00 1.00 70 1.00 1.00
Yas 3 8.08 1.80 0.11, 20.50 4 1.58 0.68 0.20, 2,36
Helicobacter pylori infaction
No 2 1.00 1.00 20 1.00 1.00
Yes 27 28.17 34.88 5.25, 231.66 54 11.43 9.34 5.04, 17.30

* OR, odds ratlo; Cl, confidenca interval.

t Adjusted odds ratios obtained from a multiple logistic regression that included age (years), years lived in Japan, drinking status, smok-
ing status, history of peptic ulcer, parental history of gastric cancar, and H. pyfori infection.

area) (figure 1). Although ocur sample distribution is
slightly shifted to higher income levels as compared
with the census distribution, it is remarkably similar to
that of Japanese Americans in King County. The 5-
year gap between our sample and the census popula-
tion might have contributed to the slightly higher
income levels observed in our study sample because of
the rate of inflation in househcld income between 1950
and 1994, Thus, it is considered that our Seattle
Japanese-American sample reasonably represents the
Japanese-American population in the area, although
we must be cautious about possible selection bias
when a comparison of health outcomes is made
between populations.

One of the important questions in the study was if
the rate of H. pylori infection in Japanese Americans in
Seattle is different from those of other populations.
Figure 2 shows that the age-specific infection rates of
Japanese Americans are consistently lower than those
of native Japanese in Hokkaido (38) and African
Americans and European Americans in Houston,
Texas (39), although caution must be taken because of
differences in sampling methods and sample size
among the four populations, It is interesting to observe
the equivalent prevalence of H. pylori infection in
African Americans and native Japanese. If H. pylori
infection were a dominant factor to elevate the gasttic
cancer risk, mortality for gastric cancer in African
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Americans would be close to that in native Japanese.
However, the actual mortality of African Americans
was one fourth of that of native Japanese (9.8 wvs.
40.8/100,000 persons for 1983-1987) (2), implying
that other risk factors unique to Japanese may play a
significant role in the etiology of gastric cancer.

%
50

Another important question was whether the preva-
lence of chronic atrophic gastritis in Japanese
Americans in Seattle differs from that in native
Japanese in Japan. The data from Seattle were com-
pared with those from 25,415 persons in urban areas in
Japan (40), as shown in figure 3. The prevalence of
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FIGURE 3. Comparison of prevalence of chronic atrophic gastritis between Japanese Americans (Japn-Amaer} in Seattie, Washington, 1894,
and native Japanese (native Japn) in urban areas of Japan, 1931-1895. Source: for native Japanese, K. Miki. Jon J Elsctroph 1996;40:295-8.
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chronic atrophic gastritis is clearly age dependent in
both populations. For each age group, a higher preva-
lence of chronic atrophic gastritis is observed in native
Japanese than in Japanese Americans, which coincides
with trends in H. pylori prevalence compared between
the two populations (figure 2). The questions on the
incidence of gastric cancer in the two populations
temain to be answered in the future.

The prevalence of chronic atrophic gastritis was not
found to be asseciated with alcohol consumption,
smoking status, or history of death of either parent due
to gastric cancer in the present study. In a similar study
conducted by Tsugane et al. (41), there was no associ-
ation between alcohol consumption and chronic
atrophic gastritis in Japanese men aged 40-49 years.
This is consistent with the fact that there is no strong
evidence that alcohol plays an etiologic role in stom-
ach cancer (6). Smoking status was not associated with
the prevalence of chronic atrophic gastritis in the pres-
ent study, but Tsugane et al. (41) reported a negative
association between smoking and chronic atrophic
gastritis, However, a study among Japanese workers
reported a dose-dependent positive association
between smoking and PG I levels and the PG I/PG 11
ratic (42). As reviewed by the US Surgeon General
(43), epidemiologic studies have shown an association
between smoking and stomach cancer, although its
association is weak in comparison with those found
between smoking and other cancers. Tsugane et al.
(41) also reported a positive association between
chronic atrophic gastritis and family history of gastric
cancer in either parent or any sibling, whereas no such
association was found in the present study.

Unlike the second to fourth generation Japanese
Americans, the first generation did not show an asso-
ciation between the years lived in Japan and the pres-
ence of chronic atrophic gastritis. This is possibly due
to the small number of individuals (n = 5) in this
group who lived in Japan for less than 10 years but
who had a high prevalence (40 percent) of chronic
atrophic gastritis, as compared with its prevalence in
persons who lived in Japan for 10-19 years (7 percent)
and in persons who lived there for >20 years (32.5 per-
cent). As an increased risk for chronic atrophic gastri-
tis was found in persons who lived in Japan for 20
years and longer among the second to fourth genera-
tion Japanese (table 6) and in both sexes (table 5), it is
likely that long-term residence in Japan (or long-term
exposure to the Japanese environment) is a risk factor
for chronic atrophic gastritis, in addition to age and H.
pylori infection. Possible risk factors associated with
the Japanese environment include a high consumption
of rice and salted foods (salted fish and pickles) (6),
which had been a main source of food in rural areas in

Japan during the winter until around 1970 because of
the lack of refrigeration. Most Japanese Americans
who lived in Japan for many years had possibly con-
sumed rice and salted foods every day prior to 1970
and might have continued these eating habits even
after immigrating or returning to the United States.
This should be clarified in a future study.

The finding that PG I levels and PG I/PG II ratios
were significantly less in subjects with chronic
atrophic gastritis who were H. pylori seronegative is
interesting. Since the absolute level of PG I and PG
I/PG II ratios correlates with the degree of atrophic
gastritis (10), subjects with more gastric atrophy are
more likely to be H. pylori seronegative, This is con-
sistent with other observations that H, pylori do not
thrive in atrophic gastric mucosa (34-36).
Furthermore, since antibodies to H. pylori persist for
several years after elimination of the bacteria, it is
likely that these seronegative individuals with chronic
atrophic gastritis have had atrophic mucosa for some
time and perhaps are at the highest risk for cancer
development.

The next phase of the study will involve upper endo-
scopic examination to confirm histologically the pres-
ence of intestinal metaplasia in individuals with a low
PG I level and PG I/PG II ratio. Because individuals
with chronic atrophic gastritis are considered to have a
higher risk for gastric cancer, the endoscopic examina-
tion will also serve the purpose of screening for early
tumors.

At present, screening for gastric cancer has not been
recommended by either the National Cancer Institute
or the American Cancer Society. However, such
screening should be considered for the following rea-
sons, 1) The pepsinogen test as a first screening of per-
sons with chronic atrophic gastritis and endoscopy as a
second screening are technically feasible (9-14, 44), 2)
The estimated number of deaths due to gastric cancer
in 1997 is 14,000, which is comparable to 8,300 deaths
due to rectal cancer, 12,400 deaths due to liver cancer,
9,490 deaths due to skin cancer, 14,200 deaths due to
ovarian cancer, or mote than 4,800 deaths due to can-
cer of the cervix uteri and 6,000 deaths due to cancer
of the corpus uteri (45). Thus, gastric cancer is not a
rare disease in the United States. 3} Gastric cancer is
one of the five most frequently diagnosed cancers in
some ethnic populations in the United States, includ-
ing Koreans, Japanese, Vietnamese, Hawaiians, Alaska
natives, African Americans, Chinese, and Hispanics.
Their annual average incidence rates ranged from 13.0
per 100,000 persons in Hawaiian females to 48.9 per
100,000 persons in Korean males for 1988-1992 (45).
4) The 5-year survival rate of gastric cancer in Osaka,
Japan, where gastric cancer screening is conducted, is
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34.1 percent (46), a much higher proportion than that
in Detroit, Michigan, where its screening has not been
promoted (11.3-14.5 percent depending on income
levels) (47). Unlike cancers of the lung, liver, and pan-
creas, gastric cancers are potentially curable if they are
diagnosed at early stages. Thus, the screening of gas-
tric cancer in the United States should be available to
persons who are considered to be at high risk for this
disease.
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Abstract

Helicobacter pylori (H. pylori) is considered to play an important
role in gastric carcinogenesis, since chronic atrophic gastritis, a precursor
of gastric carcinoma, is caused by H. pylori. We previously examined
the role of H. pylori for gastric cancer by examining the relationship
between chronic atrophic gastritis and H. pylori infection among
Japanese Americans in Seattle and found that chronic atrophic gastritis
was significantly associated with age over 50 years, H. pylori infection,
and greater than 20 year residence in Japan. In this study, we extended
these observations by examining prevalence of H. pylori infection and
chronic atrophic gastritis among Asian immigrants from China, South
Korea, Philippine and Vietnam. Age-adjusted prevalence of H. pylori
infection ranged from the lowest in Japanese immigrants (26.0%) to the
highest in Vietnam immigrants (43.3%), as compared to 70.6% in rural
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residents in Japan. Age-adjusted prevalence of chronic atrophic gastritis
was found to be the lowest in Filipino immigrants (2.2%) and the highest
in Japanese immigrants (11.6%), as compared to 34.3% in rural residents
in Japan. Multiple logistic regression analysis was conducted to estimate
the risk of chronic atrophic gastritis associated with other factors. It was
found that having H. pylori infection significantly elevated the risk for
chronic atrophic gastritis (5.856, p<0.001). At present, the screening of
gastric cancer has not been recommended by either the National Cancer
Institute or the American Cancer Society. However, such screening
should be considered in high risk groups because the pepsinogen test to
detect chronic atrophic gastritis with follow-up is technically feasible
and may lead to the detection of gastric cancer in the United States.

Key words: gastric cancer; gastric cancer screening; Helicobacter pylori; pepsinogen; chronic atrophic gastritis; Asian
American immigrants; cancer epidemiology; high risk populations for gastric cancer

Abbreviations: ELISA, enzyme-linked immunosorbent assay; H. pylori, Helicobacter pylori; 1gG, immunoglobulins
G; 95% CI, 95 percent confidence interval; PG 1, pepsinogen I; PG II, pepsinogen II; the U.S., the United States of
America

1. Introduction

Although gastric cancer mortality has declined over the past several decades, it is the
second highest cause of male cancer deaths and 4™ highest cause of female cancer deaths
worldwide [1]. One of the highest rates is found in Japan (53.9 per 100,000 persons for males
and 27.0 per 100,000 persons for females in 2007) and one of the lowest is present in the United
States (4.6 per 100,000 persons for males and 3.2 per 100,000 persons for females in 2005)
[2]. Because of Japan’s high gastric cancer incidence screening program for gastric cancer has
been carried out in Japan for all residents aged 40 years and over since 1983, whereas gastric
cancer screening program is not practiced in the U.S. Such policy differences are responsible
for better 5-year survival rates in Japan (62.1%) than in the U.S. (25.7%) [3].

Chronic atrophic gastritis precedes the development of intestinal type gastric carcinoma
[4-5]. Thus, persons with chronic atrophic gastritis are considered to be at a higher risk for having
or developing gastric cancer. With the development of radioimmunoassay for pepsinogen [ (PG
I) and pepsinogen II (PG 1), it has been reported that the PG I/PG II ratio in combination with
the level of PG I predicts the presence of atrophic gastritis [6-8]. This method has been used
in Japan as a screening test to detect individuals at high risk for gastric cancer and subsequent
upper endoscopic examination [9-11]. Since the first reports on gastric infection with H. pylori
in the early 1980’s [12,13], it has been established that H. pylori infection is strongly associated
with peptic ulcer disease [14-17], and chronic atrophic gastritis and intestinal metaplasia [18-
20].
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H. pylori strains possessing cytotoxin associated gene A (cagA) are considered to enhance
induction of acute inflammation leading to the development of atrophic gastritis and gastric
cancer [18]. Early life acquisition of H. pylori has been considered to increase the risk of
developing both gastric cancer and gastric ulcer [17]. A growing body of research suggests
a link between H. pylori infection and gastric carcinoma [18-23]. Furthermore, ecological
studies show a significant relation between the prevalence of H. pylori infection and gastric
cancer incidence and mortality [24] and an association between prevalence of chronic atrophic
gastritis and the standard mortality ratio for gastric cancer [25]. There must be additional risk
factors which play an important role in the causation of gastric cancer, since only a small
proportion of persons infected with H. pylori develop gastric carcinoma. However, H. pylori
plays an important role in gastric carcinogenesis, since almost all gastric cancer including both
intestinal type and diffuse type arise from the mucosa infected by H. pylori, and the results of
four cohort studies suggest that H. pylori eradication reduces gastric cancer incidence.

Namekata et al. examined the role of H. pylori in gastric cancer by examining the
relationship between chronic atrophic gastritis and H. pylori infection among Japanese
Americans who share a common genetic background with native Japanese who suffer one
of the highest gastric cancer mortality of all populations, but Japanese Americans live in the
nation where gastric cancer mortality is the lowest in the world [26]. They found that chronic
atrophic gastritis was significantly associated with age over 50 years, H. pylori infection, and
greater than 20-year residence in Japan. This suggests that H. pylori infection earlier in life
and other unknown exposure factors in Japan might have played an important role in the
development of chronic atrophic gastritis and then gastric cancer [26].

They also observed that H. pylori infection rates increased from 18% for 40-49 years
old to 47% for 70 years old and over among Japanese Americans (comprising of 12.9% 1st,
41.2% 2", 44.2% 3", and 1.7% 4™ generations) while Asaka et al. reported that its rates among
Japanese in Japan were consistently high, 70-80% after 40 years old [27]. The rates of chronic
atrophic gastritis among Japanese Americans were found to be linearly increased with age from
1% for 30-39 years old to 33% for 70-79 years old, as compared with 10% for 30-39 years
old to 43% for 70-79 years old among Japanese in Japan [28]. By migrating from Japan to the
U.S. both the prevalence of H. pylori infection and the prevalence of chronic atrophic gastritis

among Japanese Americans significantly decreased from the level of Japanese in Japan.

Now our question is if the prevalence of chronic atrophic gastritis is proportionate to the
prevalence of H. pylori infection in other Asian immigrants in the U.S. To answer this question,
we conducted screening and surveys among immigrants from Korea, China, Vietnam, and
Philippine in the Seattle area. We also examined the association of H. pylori infection and
chronic atrophic gastritis with possible risk factors.
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2. Materials and Method

The study sample consisted of male and female Asian immigrants residing in the greater
Seattle area (King County). Study participants were recruited through churches and community

centers. Completed clinical and survey information was collected from a total of 298 males
and 505 females in 2004-2005, as shown in Table 1.

Table 1: Study subjects

Immigrants Both genders Males Females
Koreans 207 79 128
Chinese 223 76 147

Vietnamese 199 84 115
Filipinos 174 59 115

Total 803 298 505

The study protocol and the consent form were approved by the human subject committee
at the Pacific Rim Disease Prevention Center. The consent form was translated into Korean,
Chinese, Vietnamese and Filipino for those who cannot read English. Screening was conducted
at churches and community centers. All subjects signed on the consent form before their
participation in the study. Four drops of blood were taken from a finger of each subject and
collected on a filtered paper (Eiken Chemical Co., Tokyo). The collected filters were shipped
with ice packs to the Eiken Chemical Company’s laboratory by overnight freight service.
Temperature monitoring confirmed all specimen were kept below 25°C. H. pylori antibody
was tested by “E plate ‘Eiken’ Disk H. Pylori Antibody” (Eiken Chemical Co., Tokyo) and
pepsinogen I and II levels were measured by ELISA using “E plate ‘Eiken’ Disk PGI or II”
(Eiken Chemical Co., Tokyo).

Subjects with chronic atrophic gastritis were defined as those with PG I <70 pg/liter and
PG I/PG II ratio < 3.0. Specimens having greater than 12.5 units/ml for IgG antibodies were
considered to be positive for H. pylori infection.

The questionnaire was translated in each language of Korean, Chinese, Vietnamese and
Filipino for those who cannot read English. Surveys were conducted with help from volunteers
at the time of screening contained questions on personal and demographic background, medical
history, and lifestyle habits such as alcohol consumption and smoking. Those who had never
or rarely (less than once per month) consumed alcoholic beverages were classified as non-
drinkers.

Two analyses with multiple logistic regression were conducted: to predict seropositivity
of H. pylori infection by age, alcohol consumption, smoking status, history of digestive disease,
and family history of gastric cancer; and to predict the presence of chronic atrophic gastritis by
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the same factors as those in analysis for H. pylori infection. Analyses were conducted by using
SPSS 11.5 (SPSS Inc., Chicago, Illinois) [29].

3. Results

Characteristics of the study subjects are presented in Table 2. More women participated in
the study than men: ranging from 58.1% for Vietnamese women to 67.1% for Chinese women.
More young Koreans and Vietnamese participated in the study than Chinese and Filipinos.
Almost all subjects were the 1 generation with few exceptions. According to median income
based on zip code of subjects’ residences, about 70% of Korean subjects lived in the areas
with the median income of $50, 000 or more, while only 25-35% of Chinese, Vietnamese and
Filipinos lived in such medium-high income area. Rates of current drinkers ranged from 25%
of Koreans to 57% of Vietnamese. Current smokers were extremely few in all immigrants:
2.7% of Chinese to 9.7% of Vietnamese. Having family history of gastric cancer appeared
highest in Koreans, 16.6%, and lowest in Filipinos, 5.2%. Vietnamese had highest prevalence
of digestive disease, 18.7%, whereas Filipinos had lowest prevalence, 11.0%.

Table 2: Characteristics of Asian Immigrant subjects in the Seattle area

Chinese Koreans Vietnamese Filipinos
n=222 n=207 n=198 n=173
(%) (%) (%) (%)
Sex: males 329 37.7 41.9 335
females 67.1 62.3 58.1 66.5
Age: >49 23.8 46.3 49.0 19.1
50-64 34.7 37.7 36.9 26.6
65-74 28.4 12.1 10.6 26.6
>75 13.1 3.9 3.5 27.7
Generation: 1st 91.4 96.6 100.0 96.5
2nd 7.7 3.4 3.5
3rd 0.9 0.0
Income: <$29K 13.1 1.0 3.0 4.2
$30K-$49K 52.6 30.7 71.7 60.4
$50K-$69K 21.2 60.8 24.8 324
>$70K 13.1 7.5 0.5 3.0
Alcohol: non-drinkers 65.6 753 42.8 67.1
current drinkers 344 24.7 57.2 32.9
Smoking: nonsmokers 90.1 82.2 81.5 80.9
ex-smokers 7.2 11.2 8.8 14.5
current smokers 2.7 6.6 9.7 4.6
Family history of gastric cancer 12.0 16.6 6.1 5.2
Having digestive disease 16.2 14.4 18.7 11.0
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Figure 1 shows age-adjusted prevalence rates of H. pylori infection and chronic atrophic
gastritis among Asian immigrants in addition to Japanese immigrants [26] and Japanese in a
rural area in Japan [30] from the previous surveys. H. pylori infection rates were the lowest in
Japanese immigrants, 26.0%, and in Filipino immigrants, 26.3%, and the highest in Japanese
in rural Japan, 70.6%. On the other hand, prevalence rates of chronic atrophic gastritis are
2.2%, the lowest in Filipino immigrants, 4.6% in Chinese immigrants, 6.3% in Vietnamese
immigrants, 7.6% in Korean immigrants, 11.6 % in Japanese immigrants and 34.3%, the
highest in Japanese living in rural Japan. The order of H. pylori infection is not the same as the
order of chronic atrophic gastritis rates.

Il Chronic atrophic gastritis (%) W H. pylori infection (%)

80

41.3
60 361

40

20

Filipino Chinese  Vietnamese Korean Japanese Rural
immig. immig. immig. immig. immig. Japanese

Note: Data of Japanese immigrants and rural Japanese were from Namekata[26]
and Watanabe [30], respectively.

Figure 1: Age-adjusted prevalence of H. pylori infection and chronic atrophic gastritis among Asian immigrants in
Seattle and among rural Japanese in Japan

The results of multiple logistic regression analysis to predict seropositivity of H. pylori
with age, sex, race, drinking, smoking, having digestive disease, and family history of gastric
cancer are presented in Table 3. Significant odds ratios were observed for being females (0.725,
p<0.05) when setting males as a reference variable, increasing age from <49 years old to 65-74
years old (1.579, p<0.05), Vietnamese as compared to Chinese (1.615, p<0.05), family history
of gastric cancer (1.658, p<0.01), and drinking habit (0.696, p<0.05).

Table 4 presents the results of multiple logistic regression analysis to predict the presence
of chronic atrophic gastritis. The odds ratio of chronic atrophic gastritis among women was
one-third lower than among men (0.326, p<0.001). Odds ratios for persons 65-74 years old
and 75 years old and over were significantly and marginally higher (2.441, p<0.05 and 2.177,
p<0.10, respectively), as compared with that for persons younger than 50 years old. When
making Chinese as a reference group, only the odds ratio for Vietnamese was significant
(2.472, p<0.017) and those for Koreans and Filipinos were not significant. Having family
history of gastric cancer and having digestive disease showed an increased risk for chronic
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atrophic gastritis (7.914, p<0.001 and 6.193, p<0.001, respectively). Having H. pylori infection
significantly elevated the risk for chronic atrophic gastritis (5.856, p<0.001). Current drinking
habit and current or past smoking habits were significantly and negatively associated with
chronic atrophic gastritis (0.204, p<0.001 and 0.071, p<0.001, respectively).

Table 3: Adjusted odds ratios for H. pylori infection in four immigrant groups combined in Seattle

Explanatory variables Odds ratio 95% CI P-value
Sex
Males 1.000
Females 0.725 0.527-0.997 0.048 *
Age in year
<49 1.000
50-64 1.057 0.741-1.507 0.759
65-74 1.579 1.019-2.449 0.041 *
>75 1.113 0.652-1.901 0.694
Race
Chinese 1.000
Vietnamese 1.615 1.065-2.447 0.024 *
Koreans 1.246 0.819-1.894 0.304
Filipinos 0.767 0.494-1.173 0.217
Family history of gastric cancer
No 1.000
Yes 1.658 1.127-2.440 0.010 o

Having digestive disease

No 1.000

Yes 0.853 0.583-1.247 0.412
Drinking habit

No 1.000

Yes 0.696 0.513-0.943 0.019 *
Smoking habit

No 1.000

Yes (current & ex-smokers) 0.856 0.643-1.141 0.290

Note: Significance level indicates * p <0.05 and ** p <0.01.
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Table 4: Adjusted odds ratios for chronic atrophic gastritis in four immigrant groups combined in Seattle

Explanatory variables Odds ratio 95% CI P-value
Sex
Males 1.000
Females 0.326 0.189-0.561 0.000 woHE
Age in year
<49 1.000
50-64 1.067 0.546-2.083 0.850
65-74 2.441 1.167-5.108 0.018 *
>75 2.177 0.884-5.361 0.090
Race
Chinese 1.000
Vietnamese 2.472 1.174-5.204 0.017 *
Koreans 1.151 0.553-2.397 0.706
Filipinos 1.158 0.512-2.618 0.724

Family history of gastric cancer

No 1.000

Yes 7914 4.466-14.023 0.000 ok

Having digestive disease

No 1.000

Yes 6.193 3.481-11.018 0.000 ok

H. pylori infection

No 1.000
Yes 5.856 3.318-10.336 0.000 ok
Drinking habit
No 1.000
Yes 0.204 0.109-0.380 0.000 e
Smoking habit
No 1.000
Yes (current & ex-smokers) 0.071 0.021-0.248 0.000 oAk

Note: Significance level indicates * <0.05, ** <0.01, and *** <0.001.

4. Discussion

One of the important questions in the study was if the rates of H. pylori infection and those
of chronic atrophic gastritis among the four Asian immigrant groups in Seattle are different
from those of Japanese Americans in Seattle and of Japanese in Japan. Figure 1 compares
age-adjusted rates of H. pylori infection and those of chronic atrophic gastritis among the
four Asian immigrant groups from the present study, Japanese immigrant group in Seattle and

rural Japanese group in Kyoto Prefecture of Japan from our previous studies [26,30]. There

8
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is no linear relationship between H. pylori infection rates and chronic atrophic gastritis rates:
H. pylori infection rate of Japanese Americans was lowest (26.0%) but their chronic atrophic
gastritis rate was the second highest among the six population groups and both rates of Japanese
in Kyoto Prefecture were highest, 70.6% for H. pylori and 34.3% for chronic atrophic gastritis.
This implies that other risk factors which are unique to Japanese may play a significant role in
etiology of gastric cancer.

Based on adjusted odds ratios in Table 4, the risk for chronic atrophic gastritis is reduced
to nearly 70% as being females, to 80% as being drinkers and to 93% as being smokers or
ex-smokers. On the other hand, the risk for chronic atrophic gastritis is increased to 2.4 times
among seniors as compared with persons younger than 50 years old, to 2.5 times among
Vietnamese immigrants as compared with Chinese immigrants, to 7.9 times for persons with
family history of gastric cancer, to 6.2 times for persons having digestive disease, and to 5.9
times for persons infected with H. pylori. In the similar study conducted by Tsugane et al., there
was no association between alcohol consumption and chronic atrophic gastritis in Japanese
men aged 40 to 49 years [31]. Although there has been no strong evidence that alcohol plays
an etiological role in gastric cancer [32], our results imply that drinking habits among Asian
immigrants might prevent persons from developing chronic atrophic gastritis.

With regard to smoking status, our result is consistent with Tsugane et al. [31] reporting
a negative association between smoking and chronic atrophic gastritis. However, a study
among Japanese workers reported a dose-dependent positive association between smoking
and PGI levels and PGI/PGII ratio [33]. As reviewed by the U.S. Surgeon General [34]
epidemiological studies have shown an association between smoking and stomach cancer,
although its association is weak in comparison with those found between smoking and other
cancers. Also, our result supports the findings by Tsugane et al. showing a positive association

between chronic atrophic gastritis and family history of gastric cancer in either parent or any
sibling [31].

At present, the gastric cancer screening has not been recommended by either the National
Cancer Institute or the American Cancer Society. However, such screening should be considered
in high risk groups for the following reasons: (i) The serum pepsinogen test as a first screening of
persons with chronic atrophic gastritis and endoscopy as a secondary screening are technically
feasible [6-11,35]; (i1) Estimated deaths due to gastric cancer in 2019 in the U.S. is 11,140,
which is comparable to 13,980 deaths due to ovarian cancer, 4,250 deaths due to uterine cervix
cancer and 12,160 deaths due to uterine corpus cancer [36]. Thus, gastric cancer is not a rare
disease in the U.S.; (ii1) Gastric cancer is one of the five most frequently diagnosed cancers
in some ethnic populations in the U.S. including Koreans, Japanese, Vietnamese, Hawaiians,
Alaska natives, African Americans, Chinese and Hispanics. The average incidence rates in

men ranged from 15.3 per 100,000 in Hispanics to 48.9 per 100,000 in Koreans for 1988-92

9
136



Overview on Gastric Cancer

[37]; (iv) The five year survival rates of gastric cancer in Japan, where gastric cancer screening
has been conducted, is 60.3 percent for both genders combined, a much higher proportion than
that in the U.S., where its screening has not been promoted (33.1 percent for both genders
combined) [38]. Unlike cancers of the lung, liver and pancreas, gastric cancers are potentially
curable if they are diagnosed at early stages. Thus, the screening of gastric cancer in the U.S.
should be considered for persons at high risk for this disease including Asian immigrants,

Hawaiians, Alaska natives, African Americans, and Hispanics.

Since gastric cancer prevention screening has been conducted in Japan, it is recommended
to adopt their method and criteria in the U.S. as well as in other countries. Screening participants
are classified according to the results of the two serologic tests, anti-Hp 1gG antibody titers
and the PG I and II levels: Group A [Hp(-)PG(-)], infection free subjects who are not required
for endoscopic follow-up examinations; Group B [ Hp(+)PG(-)], chronic atrophic gastritis free
or mild who are required to eradicate H. pylori; Group C [Hp(+)PG(+)], chronic atrophic
gastritis who are required to eradicate H. pylori and to have continuous endoscopic follow-up
examinations and ; Group D [Hp(-)PG(+)], severe chronic atrophic gastritis with extensive
intestinal metaplasia who are required for continuous endoscopic follow-up examinations
[39].

5. Note
Parts of this work were presented at the following meetings:
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Washington, October 20-22, 2002
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Background of the Study

Effects of environmental changes on cardiovascular
health can be examined by comparing factors between
the same race who live 1in different environment
conditions. Thus, Japanese Americans are 1deal subjects
to be compared with native Japanese, because both
have the same genetic background but live in drastically
different environment. We hope that our study outcome
can contribute to further understanding of disease
etiology and cardiovascular disease prevention.

7/11/2007 IMPS2007: Cross Cultural Survey 2



Objectives

Compare the following indicators between
Japanese Americans and native Japanese:

e Lipids and lipoproteins
e Aortic pulse wave velocity (PWV)
e Coronary heart disease (CHD)

e Retinal artery changes
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Fig. 1 Study Sample

Study Sample

Seattle Japanese Americans

Native Japanese in Japan
Base population: 28,745

Age 30 — 79 (screening participants)

For cholesterol analysis

Ny

4,134 randomly selected
For all other analyses

Base population: 12,507
Age 30-79

Screening participants:
1,389 (11%)
For all analyses

Nutrition survey participants:
330

Nutrition survey participants:
1841
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Figure x. Income distribution of 1175 study participants' households and the Japanese American households of the 1990 US Census in King County

9

5

11

6

24

22

23

20

17

14

11

16

3

4

2

5

1

7



Chart1

		< 5,000		< 5,000

		5,000 - 9,999		5,000 - 9,999

		10,000 - 14,999		10,000 - 14,999

		15,000 - 24,999		15,000 - 24,999

		25,000 - 34,999		25,000 - 34,999

		35,000 - 49,999		35,000 - 49,999

		50,000 - 74,999		50,000 - 74,999

		75,000 - 99,999		75,000 - 99,999

		> 99,999		> 99,999



study households

census king c

1

7

2

5

3

4

11

16

17

14

23

20

24

22

11

6

9

5



Chart2

		< 5,000		< 5,000

		5,000 - 9,999		5,000 - 9,999

		10,000 - 14,999		10,000 - 14,999

		15,000 - 24,999		15,000 - 24,999

		25,000 - 34,999		25,000 - 34,999

		35,000 - 49,999		35,000 - 49,999

		50,000 - 74,999		50,000 - 74,999

		75,000 - 99,999		75,000 - 99,999

		> 99,999		> 99,999



study households

census king c

1

7

2

5

3

4

11

16

17

14

23

20

24

22

11

6

9

5



Chart3

		> 99,999		> 99,999

		75,000 - 99,999		75,000 - 99,999

		50,000 - 74,999		50,000 - 74,999

		35,000 - 49,999		35,000 - 49,999

		25,000 - 34,999		25,000 - 34,999

		15,000 - 24,999		15,000 - 24,999

		10,000 - 14,999		10,000 - 14,999

		5,000 - 9,999		5,000 - 9,999

		< 5,000		< 5,000



1994 Study Households

1990 Census in King County

9

5

11

6

24

22

23

20

17

14

11

16

3

4

2

5

1

7



Chart4

		> 99,999		> 99,999

		75,000 - 99,999		75,000 - 99,999

		50,000 - 74,999		50,000 - 74,999

		35,000 - 49,999		35,000 - 49,999

		25,000 - 34,999		25,000 - 34,999

		15,000 - 24,999		15,000 - 24,999

		10,000 - 14,999		10,000 - 14,999

		5,000 - 9,999		5,000 - 9,999

		< 5,000		< 5,000



1994 Study Households

1990 Census in King County

9

5

11

6

24

22

23

20

17

14

11

16

3

4

2

5

1

7



Chart5

		> 99,999		> 99,999

		75,000 - 99,999		75,000 - 99,999

		50,000 - 74,999		50,000 - 74,999

		35,000 - 49,999		35,000 - 49,999

		25,000 - 34,999		25,000 - 34,999

		15,000 - 24,999		15,000 - 24,999

		10,000 - 14,999		10,000 - 14,999

		5,000 - 9,999		5,000 - 9,999

		< 5,000		< 5,000



1994 Study Households

1990 Census in King County

Income Levels in US $

Percent

9

5

11

6

24

22

23

20

17

14

11

16

3

4

2

5

1

7



Sheet1

				study households		census king c								1994 Study Households		1990 Census in King County

		< 5,000		1		7						> 99,999		9		5

		5,000 - 9,999		2		5						75,000 - 99,999		11		6

		10,000 - 14,999		3		4						50,000 - 74,999		24		22

		15,000 - 24,999		11		16						35,000 - 49,999		23		20

		25,000 - 34,999		17		14						25,000 - 34,999		17		14

		35,000 - 49,999		23		20						15,000 - 24,999		11		16

		50,000 - 74,999		24		22						10,000 - 14,999		3		4

		75,000 - 99,999		11		6						5,000 - 9,999		2		5

		> 99,999		9		5						< 5,000		1		7





Sheet1

		



1994 Study Households

1990 Census in King County

Income Levels in US $

Percent
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Methods

e Clinical examinations: Lipid profiles, glucose,

blood pressure, PWV, ECG, retinal photos, lung
function test

e Self-administered questionnaire survey (disease
history, lifestyle, diet, etc.)

e Criteria for definite CHD
& Abnormal Q or QS pattern by Minnesota codes

€® And/or self-reported history of angina pectoris
and/or myocardial infarction

e Statistical analyses: descriptive statistics, multiple
regression analysis, multiple logistic regression
analysis
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Comparison of age-adjusted average cholesterol levels
between Japanese Americans and native Japanese
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lable 1. Characteristics

Selected Characteristics of Study Samples: Males

Selected Characteristics | Japn- Native-
Amer Japan
Mean
133\% 1| 25.7%* PRR:
Daily alcohol consump(g) S5.8%* 27.3
Percent
Current smokers 15.4%** 46.0%

*p<0.05  **p<0.01
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Age-adjusted preva e of coronary heart disease among
Japanese American men and women and native Japanese men

Per 1,000
P 80+
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Age-adjusted prevalence of abnormal changes in
retinal artery among Japanese American men and

7/11/2007

women and native Japanese men
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Veg consumption

Comparison of vegetable consumption between
Japanese Americans and native Japanese

How often do you eat vegetable?

[0 Japn-Amer H Native-Japn

Twice or
more a day

Once a day

2-3 or less
times a week 19

0 20 40 60
Percent (%)
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OR for PWV

Adjusted odds ratios for presence of abnormally high
PWYV Among Japanese Americans and native Japanese

Variables Reference Japn-Amer |Native Japn
(OR=1.00)

BMI <27 1.08 1.34
Hypertension No 2.01 2.76
TC/HDL-ratio <4.5 1.61 1.28
Diabetes No 3.66 2.43
Current drinkers No 0.45 0.85 (p<.06)
Ex-drinkers No 0.47 1.07
Current smokers No 1.47 1.02
Ex-smokers No 1.65 1.05

7/11/2007

IMPS2007: Cross Cultural Survey **p<(.01, ***p<0.001
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Discussion and Conclusion

€ The result of PWV analysis implied that atherosclerosis among Japanese
Americans advances much earlier for their age than among native Japanese ,
leading to higher risk for developing CHD among Japanese Americans.

@1t is considered that one of the factors to have higher prevalence of
abnormally high PWV values and CHD among Japanese Americans is due to
much less consumption of vegetables among Japanese Americans than
among native Japanese.

€ As our results shows, Japanese are not superior to other races in terms of
their health. As Japanese lifestyle and diet is westernized, an increase in
incidence of diabetes and CHD may be predicted in the future.

7/11/2007 IMPS2007: Cross Cultural Survey 15



We've been greatly appreciated to late Prof. Chikio Hayashi for his invaluable advice

and contribution and to late Miss Mizuki Takahashi for conducting cardiovascular
screening in Seattle, U.S. A
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1970 — 20%7
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