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SUMMARY

Since 1965, cohorts of Japanese males, aged 45 to
69, have been studied in Hiroshima and Nagasaki,
Japan, in Honolulu, Hawaii, and in the San Francisco
Bay area of California, to determine the epidemiology
of coronary heart disease and stroke in indigenous
and migrant Japanese populations. They have shown
similarities or slight differences in characteristics
wholly or largely genetically determined, such as
blood groups, stature, and skeletal size. Differences
have been noted in characteristics largely environ-
mental or behavioral, such as diet and cigarette
smoking habit, as well as in characteristics
determined by a varying mixture of genetic and
environmental influences, such as weight, blood
pressure, glucose tolerance, and serum lipid and
uric acid levels, characteristics previously demon-
strated to be risk factors for coronary heart disease
and/or stroke.

INTRODUCTTON

Coronary heart disease and stroke continue to be
the subjects of intensive epidemiologic study in
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many parts of the world. Particular research interest
has been focused on the apparent differences in the
prevalence and incidence of coronary heart disease
among various racial and geographically separate
population groups.l-4 As a result of these intensive
efforts to explain the epidemiology of these diseases
and to determine methods of control, pioneering
studies have established risk factors for coronary
heart disease3-10 and are now establishing such risk
factors for cerebrovascular disease as well. 11,12
At present, multifactorial causation has been
accepted, the strongest evidence being the demon-
strated relationship between elevated blood lipid
levels, elevated blood pressure levels, and heavy
cigarette smoking with coronary atherosclerosis and
its clinical manifestations.5-10,13-16  Studies in
many countries have shown that in most populations
exhibiting a high serum cholesterol in men, there is
also a high prevalence of coronary heart disease. 17-19
Usually these people eat a diet high in fat, especially
in the form of meat and dairy fat. In most populations
with low cholesterol levels and a low prevalence of
coronary heart disease, the intake of fat is low and
the fat which is ingested is derived primarily from
fish and vegetable oils,17-20 it

Gaps exist in our understanding of these determinants
and their effects due to the nature of the populations
under study. One major problem that has hindered
most cohort studies of cardiovascular disease within
the United States has been the lack of intrapopulation
variability. 18,21  For example, it has been difficult
to study the influence of diet on cardiovascular
disease as well as on other suspected risk factors,
since most Americans eat a diet which is relatively
high both in saturated fats and in refined sugars.l9
Conversely, among international populationsdisplaying
such variability, comparisons may be hampered by
differences in death certification practices, in modes
and criteria for diagnosis, and by difficulty in dis-
tinguishing genetic from environmental influences on
the factors under study. One important method for
minimizing the degree of genetic variability and for
increasing the likelihood of demonstrating inter-
population variability in environmental factors has
been the study of migrant populations. Thus, for
example, it has been shown that men living in
Naples, Italy, have lower cholesterol levels and less
heart disease than Neapolitans living in Boston.22
New Jewish immigrants to Israel from Yemen, a
relatively primitive middle eastern country, have low
cholesterol levels and a low rate of coronary heart
disease.23 After they have lived in Israel a few years
and have adopted a more European way of eating and
living, they appear to develop higher cholesterol
levels and more coronary heart disease. In each case,
with a move to a more affluent area and a change
toward a richer American or European type of diet,
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blood cholesterol levels and development of coronary
heart disease have tended to increase.

Kimura24 reported that the death rate ascribed to
coronary heart disease and the prevalence of severe
coronary atherosclerosis in autopsy material in
Japan, were approximately one-tenth that reported in
the United States. Gordon, analyzing mortality data
for the years around 1950,25 reported similar overall
mortality for men in Japan and in the United States
but coronary heart disease and stroke mortality were
quite different.  Coronary disease mortality was
much greater among Americans than among Japanese,
with the converse for stroke mortality. Ar the same
time, Americans of Japanese ancesuy in Hawaii and
California had a coronary disease and stroke mortality
intermediate berween that in Japan and that among
American whites and a lower overall mortality than
both. Not only mortality rates and necropsy evidence
of coronary atherosclerosis but also serum lipid
levels and heart disease incidence rates are lower
among indigenous Japanese than among men of
Japanese ancestry living in Hawaii and Califomia,
and all of these characteristics were reported to be
intermediate in Hawaii berween those in Japan and
thosein Californa .20

That this gradient may be decreasing is suggested
by the evidence of increasing incidence of coronary
heart disease in Japan,27,28 by the fact that the way
of life of younger migrant Japanese, especially with
regard to diet, may already have become similar to
that of Mainland Caucasians,2? and by the dara
showing that serum lipid levels of Hawaiian Japanese
were no longer intermediate between those found in
japan and those found in the Mainland but had
already shifted to the Mainland pattern of distri-
bution.29,30 Furthermore, there is conflicting
evidence regarding recent trends in morbidity and
mortality from coronary heart disease among Japanese
Americans.31-33

In an attempt to minimize the methodological
difficulties inherent in international and retrospective
comparisons, and to resolve the differences in the
data, three coordinated cohort studies are being
carried out on Japanese men living in Hiroshima and
Nagasaki, in Honolulu, and in California.34 In these
studies, it is expecred that the methodological and
observational variables can be held to a minimum
while environmental and behavioral variables will be
different enough to allow meaningful inferences about
the differences in cardiovascular disease observed
in these three populations. For brevity, we refer to
this tripartite investigation as the NI-HON-SAN
Study (NI=Nippon, HON=Honolulu, SAN=San Francisco).
In Japanese [ 4 = (NI-HON-SAN) may be freely trans-
lated as *'The Japanese Three.”
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PURPOSE OF THE STUDY

The specific goals of the NI-HON-SAN study are a
more precise estimate of the prevalence, incidence,
and mortality of coronary heart disease and cerebro-
vascular disease in the three areas, a more precise
delineation of differences in the prevalence of
established risk factors determined according to
common methods, a determination of the relations
between risk factors and between risk factors and
disease, and a determination of whether the differ-
ences in risk facrors can explain the differences in
disease experience. We will seek answers rto
questions such as the following: Does a high
cholesterol level in Japan have the same effect on
risk as it does in the United States? Is it the
absolute level of the variable or its relative position
in the distribution that is the more significant?

In Japan and in Honolulu, initiation of comparable
cardiovascular evaluations took place in 1965. The
beginning of the examination of the California cohort
was delayed until 1969. Subjects in all three cohorts
were asked to fill out questionnaires and to report
for examinations especially devised for the purpose
of this study. The data from these questionnaires
and examinations form the basis of this introductory
paper. Qther reports will deal with specific topics
mentioned above.

STUDY POPULATIONS

In Japan the study cohort was selected from the
population of approximately 100,000 persons under
study for the delayed effects of radiation. This is
an ambulatory, fixed population of exposed and
nonexposed subjects. Qbservations had not revealed
an effect of atomic radiation on cardiovascular
disease.35,36 Mortality and necropsy data will be
obtained on the cohort of 13,000 males born berween
1895 and 1924 in this JNIH-ABCC Life Span Study
population. 37

The data presented here are derived from examination
of the men in the ABCC-JNIH Adule Health Srudy
population, a 20% sample of the larger population
(Table 1). These men have been receiving general
biennial examinations since 1958.37 The special
forms designed for the NI-HON-SAN study have been
included in cycles of these periodic examinations
since 1965.

The study cohort in Honolulu was identified through
Selective Service records from World War II, and the
men were located through searches of telephone,
business, and state agency records.38  Of the
estimated 14,426 men born in the years 1900 to 1919
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and believed resident on Qahu, 11,148 were located
(excluding residents of chronic care institutions) and
9878 returned a completed questionnaire in early
1965.

Chosen for study in California were all male Issei
(born in Japan) and male Nisei (born of Issei parents
in the United States) aged 30 to (9, residing in
eight San Francisco Bay area counties. Of the 4480
eligible men living in the Bay area, 2974 were
examined. In addition, 835 Japanese men living in
Santa Clara County were examined. The study
population was selected from a roster of Japanese-
American households in the Bay area counties drawn
from Japanese newspaper directories, city directories,
telephone directories, church membership lists, club
membership lists, voter registration lists, and tax
assessor rolls. The dertails of this sampling technique
as well as other operations listed below have been
documented. 34

METHODS

Each subject initially filled out a self-administered
questionnaire designed to obtain basic identifying
demographic and socioeconomic data, crude measures
of diet, physical acrivity, and smoking patterns, and
items of the past medical history.

The second phase of the study in Japan and in
Honolulu involved interview and examination of all
those men who were willing to participate. The
interview was highly structured and was carried out
by a public health nurse. In California, the same
information was filled out by the subject at the time
of the examination. The forms were designed to
obtain in detail items of the family, social, and past
medical history with emphasis on experience with
regard to cardiovascular disease. Blood pressure,
timed vital capacity, and a 12-lead electrocardiogram
were recorded. Various anthropometric observations
were made; these consisted of a measurement of the
weight, height, chest depth, biacromial diameter,
bi-iliac diameter, measurement of grip strength, as
well as determinations of the skinfold thickness over
the left triceps and the left subscapular areas. The
girth of the left upper arm was also measured. Separate
evaluation of each man’s diet was carried out by
a dietitian, using 24-hour recall, on all the men in
Japan and Honolulu, and on a sample of the men in
California. Blood was drawn for the determination
of hematocrit and blood group and of the serum
cholesterol, uric acid and glucose, 1 hour after an
oral 50 g glucose load. Finally, in Japan and Hawaii,
the subject was interviewed by a physician who
validated previously obtained information, followed
up any clues for the evaluation of any past or
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existing cardiovascular, renal, metabolic, or neuro-
logic disease, and performed a blood pressure
measurement and auscultation of the heart and carotid
arteries. There was no comparable evaluation by a
physician in California, but the blood pressure
measurement and auscultations were performed by
trained nurses.

Blood chemistry determinations for the Honolulu and
the California cohorts were carried out at the
laboratory of the Community Medicine Program at the
USPHS Hospital in San Francisco. The chemical
determinations for the cohort in Japan were performed
at the laboratories of ABCC in Hiroshima. Details
of the chemical methodology and of the control
procedures will appear in a separate publication.

DEMOGRAPHIC CHARACTERISTICS

Distributions of the three study cohorts are shown in
Tables 1 to 3, by sample, city, and year of birth for
Japan, 39 and by generation and year of birth for the
American cohorts. Details about these characteristics
have been reported elsewhere. 34,38

In both Japan and California, the age span of those
examined is greater than in Hawaii, but for these
interstudy comparisons, the cohorts used were limited
to men aged 45 to 69 at the time of their initial
examinations for the NJ-HON-SAN study, 2183 men
examined in Japan in 1965 and 1966, 8006 men in
Hawaii examined from 1965 to 1968, and 1844
California men examined in 1969 and 1970.

The majority of the immigrants to Hawaii came from
some four adjacent prefectures on two of the main
Japanese islands. Nearly half of the immigrants
came from Hiroshima and Yamaguchi Prefectures at
the southwestern tip of the main island of Honshu.
Twenty per cent came from two adjoining prefectures
on the southern island of Kyushu. Fourteen per cent
came from QOkinawa, and 9% came from two adjoining
prefectures in north-central Honshu (Figure 1),
Each of the other 40 prefectures was represented by
less than 1% in the Honolulu cohort. Twelve per cent
of the respondents were found to be Issei or first
generation immigrants to Hawaii, while 88% were
Nisei or second generation. Ninety-one per cent of
the Issei were born in the first decade of the 20th
Century, while only 26% of the Nisei were in this
older age category (Table 2). The cohort as a whole
had a somewhat younger age structure than the one
under study in Japan.

The majority of immigrants to California, too, came
from Hiroshima, Yamaguchi, Fukuoka, and Kumamoto
Prefectures. An additional 12 % came from Wakayama

ENZEMEMEL, MEL ZEBRED OBME
AL, (CHER, £ MEBREL2MT 2200
'TN’CO‘)-‘FJEI"?‘J‘*)*‘E;}i'f%t&%dl, MEHE % 5 U
LR L CEEBROIEL % 17 % - /-, California T2,
IHIHE ST 250 2 EMIZ L B3-IE T e bh i b
A, MIEBE & & UTER AR L BRI T2

Honolulu & & UF California & % £ [ o Il if5 {6 < 0987
13, San Francisco ¢ [E 4 %14 Rikx o thisi B
VY LAOMEETT -5, BEIZETS2E%T01L
FHIMEIR, LEABCCOMEETHTZ -7, {L¥mk
HOKEE ECERFEOEMEIL, WoBETH <5,

AO 245

#1—-3U, ZOZ20HEEAONGTH S, HAk
OGP ITRELEFR, W, WAERENC, RKEO
BAE— - s EUMEEERNIIRLAE. Zhs
OFEIZ > TOFMIER IcHwEEsh T, .38

HA % & U California 12#1F 322 0 FE#5 12, Hawaii

D EEEHIIb - TWwEY, BHEIZET 2 HERM
DO EIE, NI —HON — SAN 7 #f o) #1) #5 B 4 i A945—
O ThoLBFIBEEsNRA. T45b5, HETIE
19657F 35 & UF19664F 12 %322 | /2183 A, Hawaii T1965—
19684 12 % 35 L 728006 A & X U California 719694 & k
U970 IZ 232 L 218 AT H 5.

Hawaii B{EE O AEiE, HENBOEE2 —>0B1zH
HAU2OHELAEONSETH S, BESOHEHIZ
B - WHo@BEr e kT w5, 20% 12 LIHOBES 2
RS THY, 14% 24, 9 % AN I ko
M 2 2B ASBELTVE (H1). 20o408R0
H&HIL, Honolulu A IZHE VT FRFN 1 %FETH-
. ZREORY%GIE Mo Hawaii B1EFH TH D, 88%
BT H -2, D9 %13 2016E @ 1L L 0 L0 il
ZEFRTVEN, ZHTIEHT 226% 4 - 0 EERC

LidiztT 2w (E2). £F:LTInEAD T8
ik, BAOWAXTEFA LD L 208 H 5 1.

California #B{EHF O ML LS - (UL - FME - AgA &1
DILERETH L. ZOMI2%IEHILE» 5 £ T w3,



TABLE 1 STUDY SUBJECTS IN JAPAN BY SAMPLE, RESIDENCE, AND YEAR OF BIRTH
#1 HECHIZHEGRE: WAL - BER - BEEER

Life Span Study Sample Adult H.calth_S_t;.ldy Sample
(Mortality, Necropsy) (Morbidity)
Year of Birth #F 0 a EEEE A (e HE B
Wy A 4 (FECH UM REE) i 45 %2 34 )
Hiroshima Nagasaki Hiroshima Nagasaki
= Fe iy -] F
1895.99 2026 557 430 139
1900-04 2121 669 435 196
1905-09 1897 580 436 197
1910-14 1622 520 394 207
1915.19 1402 518 346 210
1920.24 856 337 227 106

Total it 9924 3181 2268 1055

TABLE 2 HONOLULU STUDY SUBJECTS BY GENERATION AND YEAR OF BIRTH
# 2 Honolulu 21} 5B EMFHRE : — i, TR - A g

Year of Birth Isseil Nisei 2 Total
A — i i it
1900-04 558 o 591 1149
1905-09 300 1124 1424
1910-14 56 2125 2181
1915-19 27 3225 3252

Total il 941 T065 8006

1 Defined as those men known to have been born in Japan.
sk, HRETHEE W A LA HMLT AN TEERL 2.
2 Defined as all men not known to have been born in Japan. Nearly all of
these subjects were born in Hawaii or Mainland U.5.A., of Issei parents.
e, HETCEZALELESShEZTNTOR T LEERL L.
20 K&y, —HEEMME LT Hawaii & 23 REHRLT 1

TABLE 3 CALIFORNIA STUDY SUBJECTS BY GENERATION AND YEAR OF BIRTH
# 3 California (2317 2 WA A -, ZfikbA] - A g

Year of Birth Issei ! Nisei? Total_
1 R =it =ik it
1895.99 65 3 68
1900-04 140 32 172
1905-09 75 132 207
1910-14 a5 296 331
1915-19 40 610 650
1920-24 26 865 891
Total &t 381 1938 2319

1 Defined as those men known to have been born in Japan.
—El, HETEEQAZEFHPLTVIBFLERL .

2 Defined as all men not known to have been born in Japan. Nearly all of these
subjects were born in Hawaii or Mainland U.5.A., of [ssei parents.
TR, HETREINALERBO S EVTNTOBRFLERLE. 20
Folibsrit, —HE&miBE LT Hawaii 3 2 REHRLTREE L.



FIGURE 1 ORIGIN OF COHORT S
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in southern Honshu. The source of 309% more of the
immigrants was scattered among 17 other prefectures.
Thus, the source of migration to California was more
diffuse than that to Hawaii; however, in both cases,
more than 70% of the immigrants came from the
southwestern portion of the main islands of Japan
(Figure 1). The Issei comprise 14%, the Nisei 86 %
of this California cohort.

PHYSICAL CHARACTERISTICS AND LABORATORY
FINDINGS

Themean valuesfor selected variables are summarized
in Table 4A and shown in Figures 2-12. The numbers
examined for each variable are shown in Table 4B.
The California and Honolulu Japanese are similar in
height and both are slightly taller than their counter-
parts in Japan, especially in the younger age groups
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TABLE 4A MEAN VALUES FOR SELECTED VARIABLES BY AGE AT EXAMINATION AND SITE

FAA EEsNAHMEEHD T S FEEME: AR -
Variable Site Age at Examination % %65 M5

HH I 45-49 50-54 5559 60-64 65-69
Height em J 162.1 161.6 161.0 159.6 158.9
H# k& H 164.3 163.6 162.6 160.5 159.8
s 165.4 163.7 162.4 161.1 159.3
Weight ke J 55.3 56.1 55.5 53.7 51.7
thiE H 65.9 64.3 62.8 60.3 59.3
C 67.8 66.4 64.6 61.8 60.4
Arm Skinfold mm J i 8.0 8.4 8.2 7.5
lig o P e o I & H 8.0 8.0 8.0 7.8 8.1
G 9.5 9.3 8.9 9.0 9.0
Back Skinfold mm ] 9.9 10.5 10.7 10.4 9.3
WHO KR OIS H 17.4 16.7 16.3 15.5 14.9
C 16.2 15.9 15.7 14.4 14.2
Grip Strength i 40.0 38.6 36.7 34.5 31.4
fught Hand ke bag 40.3 38.3 36.4 33.8 31.7
F R C 41.9 40.3 36.8 34.1 31.1
Biacromial J 37.5 37.3 37.2 37.0 36.7
Diameter 5 Ui i e H 38.4 38.2 37.9 37.5 37.2
Biiliac J 27.7 27.8 27.9 27.8 27.9
Diameter B 5 B [H 7% em H 27 28.9 29.0 28.8 29.2
FEV, (1) J 2.5 2.4 2.3 2.1 2.0
H 2.6 2.5 2.4 2.2 2.1
C 3.2 3.1 2.8 2.5 2.3
Ve (1) J 3.2 3.1 3.0 2.9 2.8
H 3.4 3.3 3.1 3.0 2.9
& 4.0 3.9 3.6 3.3 3.1
FEV /VC % J 77.9 76.4 75.0 73.6 71.6
H 77.3 76.4 75.2 73.1 72.3
o 79.2 80.4 78.5 76.5 73.8
Systolic Blood J 125.7 129.9 136.2 140.1 144.4
Pressure mm Hg H 128.6 132.0 134.3 138.6 142.2
A R C 133.5 137.3 141.7 144.2 150.4
Diastolic Blood J 80.4 82.0 84.7 83.0 83.5
Brpseame. mmHg y 81.8 82.2 82.6 82.1 81.1
R C 87.3 88.6 89.2 88.9 89.0
Hematocrit % J 43.6 43.1 42.7 41.8 41.9
by LAk H 45.1 44.8 44.6 44.2 44.0
¢ 45.2 14.8 44.6 44.1 444
Cholesterol mg/100 ml J 176.3 176.4 174.9 178.1 176.6
=Bl il H 219.4 219.4 218.7 216.7 211.1
C 223.0 227.5 228.1 225.8 225.3
Glucose mg/100 ml J 137.4 147.8 139.9 146.8 152.7
7 a— A H 150.3 158.8 164.1 173.4 182.1
(¢ 154.1 155.2 160.9 158.8 171.7
Urie Acid mg/100 ml J 5.3 5.4 5.3 5.3 5.5
i B H 6.1 6.0 5.9 5.9 6.0
C 5.9 6.0 6.0 5.9 5.9

J=Japan H# H =Hawaii C =California

FEV, =First Second Forced Expiratory Volume

L b B 55 04 i i it

VC =Vital Capacity Bfii& it



TABLE 4B NUMBER OF MEN EXAMINED BY AGE AT EXAMINATION , SITE, AND VARIABLE

#AB B EMER: R - K - A E R
o Variable Site Age at Examination 2 %%k 5E 85 ; Total 3 =
S| FIRES 4549 50-54 55.50 60-64 65-69
All Examined Men & 322 436 454 519 452 2183
e H SR H 1832 2792 1593 1338 451 8006
c 901 663 346 206 180 2296
Height em J 309 423 434 486 422 2074
B H 1832 2791 1592 1337 450 8002
C 885 657 340 203 174 2259
Weight kg J 309 424 435 488 422 2076
&85 H 1831 2791 1591 1337 450 8000
C 885 658 340 204 176 2263
Arm Skinfold mm J 308 416 431 496 419 2070
P B2 Moo I & H 1832 2790 1591 1337 450 8000
C 885 658 340 204 176 2263
Back Skinfold mm J 308 416 431 496 419 2070
WHO RO & H 1832 2791 1592 1337 450 8002
[0 885 658 340 204 176 2263
Grip Strength J 305 414 431 493 417 2060
Right Hfmd kg H 1830 2783 1584 1332 450 7979
SFORA C 879 644 328 199 171 2221
Biacromial J 257 324 354 412 339 1686
Diameter g ik ] 7% cm* H 1832 2787 1593 1338 451 8001
Bi-iliae g
Diameter cm* J 257 324 354 411 339 1685
T # e H 1831 2790 1592 1337 451 8001
FEV, (1) J 256 317 352 405 336 1666
H 1832 2791 1593 1337 450 8003
c 659 489 262 144 127 1681
Ve (1) J 256 317 352 405 336 1666
H 1832 2791 1593 1338 450 8004
C 659 489 262 144 127 1681
FEV,/VC % J 256 317 352 405 336 1666
H 1822 2780 1583 1331 447 7963
C 659 489 262 144 127 1681
Systolic Blood J 322 436 454 519 452 2183
Pressure mm Hg H 1832 2789 1593 1338 451 8003
A R c 898 661 345 206 179 2289
Diastolic Blood J 321 436 454 518 449 2178
Pressure mm Hg H 1832 2788 1593 1336 451 8000
A ML IE C 296 661 345 205 179 2286
Hematoerit % J 120 212 220 252 200 1004
Ak U e b H 1822 2782 1585 1324 446 7957
C 896 658 343 206 179 2282
Cholesterol mg/100 ml J 119 209 216 247 196 987
ILAFO-L H 1820 2782 1582 1330 447 7961
C 887 664 336 200 176 2263
Glucose mg/100 ml J 57 107 120 153 129 566
WL H 1825 2786 1586 1332 448 7977
C 880 638 334 199 174 2225
Uric Acid mg/100 ml J 119 209 216 247 195 986
I H 1824 2783 1584 1332 448 7971
C 880 640 332 200 175 2227

J=Japan U#  H=Hawaii

C =California

*Biacromial Diameter and Bi-iliaec Diameter were not measured in California. California T3 #l % 4 4. VC =Vital Capacity I i fit

~Tirst Second Forced Expiratory Volume 1 #5558 J14E 0k i it

10



(Figure 2).
the California men are slightly heavier than those
in Honolulu, than their
Japan counterparts by an average of 8kg (Figure 3).
Honolulu men have a slightly larger skeletal size than

A comparison of weights indicates that

who are in turn heavier

men in Japan as manifested by measures of their
biacromial and bi-iliac diameters. These skeletal
size measurements are not available in California.
As a measure of adiposity skinfolds were measured
in the triceps and subscapular areas. Figure 4
shows a delineation of the mean values of the combi-
nation of the two measurements. The curves conform
very closely to those showing mean weights in the
three cohorts.

In Japan and Hawaii, measures of ventilation were
made using a Collins Spirometer with manual measure-
ment. In California, the measure of ventilation was
recorded by a wedge spirometer coupled directly to a
computer. The absolute measurement in California
is distinctly higher than that found in Japan and
Hawaii; however, the measure of the first second
forced expiratory volume {FEVE) expressed as a
percentage of the total vital capacity (VC) shows a
much smaller difference between the values found in

California and those in the other two sites (Figure 5).

Blood pressure values in Hawaii and Japan are
nearly alike with the men in Japan showing a slight
the older
diastolic pressure.

increase in age groups, particularly in

In all the age groups, however,
both systolic and diastolic pressures are distinctly

higher in the California cohort (Figures ¢ and 7).

The only genetic markers which were done identically
in all three study sites was the determination of the
ABO blood group factors. The distribution of blood
groups was between 29% and 309% Group 0, between
39% and 42 % Group A, between 20% and 21 % Group
B, and between 9% and 10% Group AB in the three
areas (Table 5). This contrasts with the distribution
in a typical Caucasian population40 of 47 % Type 0,
42% Type A, 8% Type B, and 3% Type AB. We
have additional Rh factor dara limited to Japan and
Hawaii, indicating that in both sites Rh positive men
comprise 98 % to 99 % of the population, compared to
only 85 % Rh positive among Caucasians.41
Hematocrit values are the same in the California
and Hawaii cohorts. Values are somewhar higher
than those found in the cohort in Japan (Figure 8).

A slight difference between the Californian and
Hawaiian cohorts is noted in the serum cholesterol
values, with the men in California having slightly
higher cholesterol levels, and both American cohorts
showing markedly higher values than those found in

Japan (Figure 9).
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FIGURE 4 SUM OF ARM AND BACK SKINFOLDS
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FIGURE 6 SYSTOLIC BLOOD PRESSURE
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FIGURE 8 HEMATOCRIT
M8 ~=hkzYUy bl

%
50
+————= CALIFORNIA
————— = HAWAII
- -~ JAPAN g
45 F
40
O 1 1 1 1 1
45-49 50-54 55.59 60-64 65-69
AGE i
FIGURE 9 SERUM CHOLESTEROL
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FIGURE 10 SERUM GLUCOSE
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As a measure of glucose tolerance,
values were determined 1 hour after an oral 50g
In the older age ranges, the values
in Hawaii are slightly higher than those in California
which are in turn higher than those found in Japan
at all age levels (Figure 10).

serum glucose

glucose load.

the
are
Japan

the same in
Japanese,

Mean uric acid levels are also
Hawaii and California
distinctly higher than the values found in

(Figure 11).

and they

DIET

As part of the current study, three kinds of diet
data were obtained. First was the pattern of eating
as estimated from the mailed questionnaire; second
was the history of usual food frequency as given at
the time of interview; and third was an analysis of
the diet based on 24-hour recall and calculated by
a dietitian after a detailed interview. In the current
communication, we present a summary of findings
limited to the third source of dietary data. Detailed

analyses are in preparation.

The dietary interviews were carried out on all the
subjects in Japan and in Honolulu and on a sample
of the cohort in California. At
examination, a trained dietitian asked each subject

the time of the

to describe everything he had eaten the day before.
The dietitian asked about the kind and amounts of
food in detail, using food models and measuring cups
for illustrations. The same technique was used in

all three study sites. Specific nutrients were then
calculated using Japanese food tables in Hiroshima
and Nagasaki and American food tables in Honolulu

and California.

The mean values for total calories is only slightly
but
substantial

lower in Japan than in Hawaii and California,
the differences in are
(Table 6).
and far and more carbohydrate than do-the American
subjects. Alcohol intake is higher in Japan while
cholesterol The larger intake of
total protein in Honolulu and California is derived
from a large excess of animal protein; the mean

composition
The subjects in Japan eat less protein

intake is lower.

value of vegetable protein intake is higher in Japan
than in Honolulu and California. The proportion of
fat in the diet eaten in Honolulu is substantially
greater than that eaten in Japan, and the proportion
of far eaten in California is greater yet (Table 7).
In both cases, much of the excess is accounted for
by the great excess in the intake of predominantly
saturated animal fat in both Honolulu and California,
The total carbohydrate in

excess of Japan is
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TABLE 5 DISTRIBUTION OF ABO BLOOD GROUPS
#5  ABO =i B o 55 Aii

Blood Group Japan Hawaii California
i #% BY H #
0 29% 30 % 30%
A 42 39 40
B 20 21 21
AB 9 10 9

TABLE 6 MEAN DIET VALUES, 24-HOUR RECALL
# 6 CPEIRAEAL, 240 [ GO0

MNutrient Japan Hawaii California
S H 4

Calories # ) - 2132 2274 2268
Total Protein Lk SRS T6g 94 g 89¢g
Total Fat 2 15 B Lt 36 85 95
Total Carbohydrate #25# 4 {k 4 it 335 260 251
Alcohol T =it 28 13 g9
Cholesterol HEE o L AT e — Lt 457 mg 545 mg 536 mg

TABLE 7 PROPORTION OF CALORIES DERIVED FROM SPECIFIC NUTRIENTS
#7 FEBECES AT —-0EIE

Nutrient Japan Hawaii California
P H
Protein HEHW 14.3% 16.7% 16.3 %
Fat i BA 15.1 33.2 37.6
Carbohvdrate 24 {bdh G3.2 46.4 441

Aleohol T B.7 37 2.5

TABLE 8 MEAN VALUES OF TYPES OF NUTRIENTS, 24-HOUR RECALL
# 8 SRR OFEEAUL, 240 R RO 7

Nutrient Japéh Hawaii California

E [
Animal Protein ah ik 3 G 40g Tlg b g
Vegetable Protein HithHEE W 37 24 23
*Fats, Principally Saturated 505, &+ L 7 EH#E 16 59 66
*Fats, Principally Unsaturated J58F, =& L7 TRfife 21 26 29
Simple Carbohydrate H— lie A (b4 61 92 96
Complex Carbohydrate Er R 278 169 155

*Based on interstudy food grouping system in the absence of complete information on fatty acid
composition of foods,
B o 5 A

IZETL bOT

oW T OREN R

“ .

cTHADT, FhehoBAETHOAESTHEESR
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FIGURE 12 CURRENT CIGARETTE SMOKING HABIT
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derived from the great excess of complex carbohy-
drate, primarily rice, while the intake of simple
carbohydrate is substantially greater in both Honolulu
and California (Table 8).

SMOKING

The pattern of cigarette smoking differs in the three
areas (Figure 12). A much larger proportion of the
men in Japan smoke cigarettes than in the other two
cohorts, but predominantly in the mild to moderate
category (20 cigarettes or less per day). The
smokers (more
than a package a day) is similar in Japan and
California. The Hawaiian cohort has the largest
num ber of heavy smokers.

proportion of men who are heavy

DISCUSSION

Qur findings in the NI-HON-SAN study have confirmed
our expectations in some cases; in others we have
had some surprises. The differences noted in height,
especially in the younger age groups, are of question-
able biological significance; they may reflect
nutritional differences or other wartime stresses.
Similarly, for the skeletal

differences are small and may be influenced by the

measurements, the
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greater adiposity of the Honolulu men. The differences
in weight between the California and Hawaii cohorts
are likewise small; that between the American and
the Japanese cohorts are large. These international
differences clearly reflect significant differences in
The
close consonance of the curves for weight and for

the energy balance of men in these cohorts.

skinfold measurements suggests rthat the weight
differences are due to differences in adipose tissue

rather than differences in lean body mass.

The absolute measurements of total vital capacity
(VC) and of the first
volume (FEV) show small differences in Hawaii
and Japan where Collins Spirometers were used, and
markedly increased values in California,

second forced expiratory

where a
Comparative studies42
have shown that the wedge spirometer consistently

wedge spirometer was used.

yielded higher values than the Collins, of a magnitude
consistent with the differences noted here. Not so
is whether the decreased resistance to flow
in the wedge spirometer is sufficient to account for
the difference in the ratio FEV{/VC between the

California and the other two cohorts.

clear

-

The higher

values observed in

systolic and diastolic blood pressure
the California cohort
unexpected finding. These high values were apparent

were an

quite early in the examination cycle and extensive
validation procedures were immediately initiated ro
test These
included duplicate measurements by research team
physicians and nurses before and after the regular
technician measurement in the clinic, and duplicate

the reliability of the measurements.

measurements in the homes of a random subsample
of the study group after an interval of several months.
These efforts confirmed the reliability of the blood
pressure readings the
clinic be very
important to examine the relationship between blood

originally observed during
examination. [t will, therefore,
pressure and the various biologic and environmental
the three populations.

This we intend to do and will report the findings in a

characteristics measured in
subsequent report.

The differences in the hematocrit values, although
Studies in Japan would
that the reason cannot be sought in any
deficiency in iron content of the diet in Japan.43
Another possible explanation is technical. Both
American laboratories used a hematocrit

small, are of interest.

indicate

micro
technique44 exclusively. In Japan, both micro and

macro hematocritd techniques were used.

The differences noted in the serum cholesterol
determination especially
between the American and Japan cohorts, and not

are significantly large

due to differences in laboratory methodology. It now
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remains for us to determine whether these differences
are sufficient rto account for the reported differences
in disease experience in the three cohorts.

In the measure of glucose tolerance, there is no
difference between the Hawaii and California cohorts
in the three youngest age groups, while in the two
older age groups, the Hawaii values are higher. At
all ages, the Japan glucose values are lowest, the
differences being particularly marked between the
groups in Hawaii and Japan in the three oldest age
groups. We have no ready explanation for these
differences.

In the case of uric acid determinations, the Hawaii
and California cohorts have nearly identical mean
values, while the values in Japan are distinctly
lower, correlating with the similar relationship of

body weight.46

The progressive marked alteration in diet in Japan
since World War [143 will eventually diminish the
dietary differences between the Japan and American
cohorts; however, at the time of the initial examina-
described the differences were still
particularly in terms of proportion of animal
and vegetable proteins and fats,

tions
great,

here,

simple and complex

cent of calories
The intake
in Japan of only 15% of calories derived from fat is
well below the levels suggested in western countries

carbohydrates, and in the per

derived from fat and from carbohydrates.

for diets designed for intervention in populations at
high risk of developing coronary heart disease.47
CONCLUSION

These summary descriptive data of ethnically similar
cohorts of indigenous and migrant Japanese males

have shown similarities or slight differences in
characteristics  wholly or largely  genetically
determined, such as blood groups, stature, and
skeletal size. Differences have been noted in

characteristics largely environmental or behavioral,
such as diet and cigarette smoking habit, as well as
in characteristics determined by a varying mixture
such as
tolerance,

of genetic and environmental influences,

weight, blood pressure, glucose and

serum lipid and uric acid levels.

Detailed analyses of the distributions of laboratory
variables, of dietary data obtained by different
methods,
dietary,

and of correlations laboratory,
physical, and demographic variables are
currently in progress.

among

Also part of the study plan are determinations of
disease prevalence from evaluarion of examination,
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laboratory  and electrocardiographic findings, of HEBE B LU - B
disease incidence from repeat examinations and ik

FOMEICH T (FERIEER

bR R Pk S R ] i A )

from surveillance of hospital records, and of cause-

specific mortality from hospital records and from

death certificates. In addition, at Hiroshima and & 612, JRE & Honolulu Tif, fEEE{LL 2 MideE
Honolulu a uniform autopsy protocol is in use, AAHVLRTLE, TheDERICET AT TON
A}:l of these .CIJ.S.Eﬂ.Se fmdlrjgs will be c?rrela.tec[ Hoe I, G, BEH L UEERREIL Lo ke
with characteristics determined by questionnaire, S A 5 5
interview, examination, and laboratory analyses. NETHEEOHEEROD S TFETH 3.
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