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SUMMARY

A study of coronary heart disease (CHD) among
Japanese migrants compared with Japanese living
in Japan provided the opportunity to study factors
possibly responsible for the high rates of CHD in
America as compared with Japan. Comparable
methods were employed in examining 11,900 men
of Japanese ancestry aged 45-69 living in Japan,
Hawaii, and California. The age-adjusted prevalence
rates/1000 for definite CHD as determined by
electrocardiogram were: Japan 5.3, Hawaii 5.2,
and California 10.8. For definite plus possible
CHD the rates were 25.4, 34.7, and 44.6. The
prevalence of angina pectoris and pain of possible
myocardial infarction, determined by questionnaire,
showed a similar gradient. Elevated serum cho-
lesterol showed a Japan < Hawaii < California
gradient, but the prevalence of hypertension in
Japan was intermediate between the prevalence in
Hawaii and the higher prevalence in California.

The three geographical locations were compared as
to prevalence of CHD at comparable levels of blood
pressure and cholesterol. At each blood pressure

KEIETETA2HZABLUHFREFEOHFEAICET S
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level and at each cholesterol level, the greater
prevalence of CHD in California persisted, These
facts, plus the near universality of smoking in
Japan, suggest that conventional risk factors only
partly explain the observed gradient in CHD.

INTRODUCTION

International comparisons of mortality from CHD
show marked differences in rates among countries.!
The U.S. has a rate amongst the highest recorded
and Japan a rate amongst the lowest. While these
international comparisons are productive of hypo-
theses concerning the etiology of CHD, the testing
of these hypotheses is confounded by concomitant
genetic, environmental, and cultural variation
between countries and by differences in the
observational technigques used from one country
to another.

The study of migrants to some extent overcomes
these difficulties.? In the case of Japan, large
numbers of Japanese migrated to Hawaii and
California late in the 19th and early in the 20th
century. On the basis of vital statistics” data,
Gordon>* reported a gradient of CHD mortality
such that men of Japanese ancestry living in the
U.S. experience rates that are intermediate between
the low levels in Japan and the high levels
experienced by Caucasian Americans. Amongst
Japanese men Gordon also showed a gradient of
increasing CHD mortality from Japan to Hawaii to
California.® It is of considerable interest that the
gradient for cerebrovascular disease mortality was
in the opposite direction, i.e., a very high rate in
Japan and a much lower rate among Japanese-
Americans. It is possible that these mortality
differences reflect differences in modes of reporting
cause of death in Japan, Hawaii, and California.

A collaborative study of Japanese men living in
Japan, Hawaii, and California was undertaken to
explore the validity of the reported mortality
statistics and to determine if the gradient in CHD
death rates could be validated by carefully collected
prevalence and incidence data. Since much current
information on CHD risk factors has been obtained
from homogeneous population subgroups within
single countries, this study also presented a unique
opportunity to study the significance of a variety of
CHD risk factors in three genetically similar groups
living under very diverse environmental and cultural
conditions. In this collaborative study the investi-
gators have sought to overcome another potential
pitfall of international comparisons by using only
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standardized methods to assess prevalence of cardio-
vascular disease and other characteristics in the
three study groups.

The present paper reports the prevalence of coronary
and hypertensive heart disease as well as the
prevalence of high blood pressure and elevated
serum cholesterol, triglyceride, and glucose found
on examination of the three study groups. Other
papers from this study report details of the research
plan,® methodology for comparison of diet,® the
relationship between diet and biochemical measure-
ments,” summary statistics of the characteristics of
the three populations,® and detailed analyses of
blood pressure® and biochemical measurements.!?

METHODS

Subjects Studied. The data in this report are for
men aged 45-69 at time of examination. The
Japanese sample was selected from the 20,000
people in the ABCC-JNIH Adult Health Study
sample!! under clinical surveillance by ABCC in
Hiroshima and Nagasaki as part of its investigation
of the late effects of ionizing radiation. Prospective
studies in these cities have shown no relationship
between exposure to radiation and occurrence of
CHD.'?  All 2,989 males aged 45-69 from the
Hiroshima and Nagasaki study samples, alive on
1 January 1965, were selected for clinical study.
About 10% of these men had emigrated from the
cities of study and were unavailable for clinical
observation. Of the remainder, the participation
rate was approximately 80%, with 2,141 men
undergoing examination.

In Hawaii, it was estimated by extrapolation from
the 1960 census that approximately 14,400 men
of Japanese ancestry aged 45-69 were living on the
Island of Oahu in 1965. Attempts were made to
identify these men using selective service registra-
tion records and a total of 11,148 were thus
located.”® Of these, 8,006 men underwent examina-
tion in 1965-69.

In California, a special census was initiated in 1967
to locate Japanese-Americans living in eight San
Francisco Bay Area counties. The completeness
of this census was assessed by a door-to-door survey
in selected census tracts and under-enumeration was
found to be less than 4%. The men thus enumerated
were invited to participate in a multiphasic examina-
tion in 1969-70. The enumeration yielded 2,733
men of appropriate age and residence. Of these,
1,842 men were examined.
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TABLE 1 AGE DISTRIBUTION AND RESPONSE RATES OF JAPANESE MEN EXAMINED
IN THE THREE GEOGRAPHICAL LOCATIONS

#1 MM IOFABFOERI AL LRBRE

Examined
Age
Japan Hawaii California
45-49 294 1832 728
50-54 445 2792 522
55-59 452 1593 272
60-64 514 1338 165
6569 436 451 155
Total examined 2141 8006 1842
Response rate §5% 455
% of those eligible ? % 6R%
Additional details regarding the development of the HHEEMOEECET 3FEMEMzRELAS =50
study samples are presented elsewhere.® :[‘he Wiz B A R OB KRy, B CEy
sample sizes and response rates for all three "areas L

are summarized in Table 1.

Examination Methods. Standardized interviews

BHE. L, So0MMZINFROMAL Y b —
were used in the three centers. All subjects R275. HRE ORR TN AR Y

completed a self-administered questionnaire detail- TH—-LAHELLE>TIibhe. ANBEL LUHS
ing various demographic and socioeconomic charac- HIEMIFREA» MR 200N MEL R HE LR G
teristics. Following this, a medical history question- HBALTED 7. Zhizkue, BIER & R

Heirs wel complered Evimg Iutdetalif of patan B3 5 MR M A BAIC AL TE 5 - . WEEE
present health. This was administered by a nurse- " L R e .
interviewer in Japan and Hawail and was self- HE, HAH LU Hawail TR BB EBEL CLAL,
administered in California. In Hawaii and California, California TIZAA DR A L 220 MEANE (35 4 HE {0
blood pressure was taken by a nurse with the T Hawaii & California T2 H #lid ATV HAETIEEM
S‘I‘bJB_CF Se‘”e[‘)i; i 1‘113"‘“ they ok takentbg 3 Ao 2IIE & O, IR S & O VA
physician. uplicate measurements were taken; gl gy Lok gl

; . Exicskl, fic MEMEHRAL 2. B2 Hikod
systolic and phase V diastolic blood pressures were I % GC £ ! i ﬁm}f V5 ff % 14 ML RO
recorded, and the first measurement used. Details MR O WG T,
of examination methods are reported elsewhere.®

A 50 g glucose load was given early in the clinic B OBO DEBRIET0e O AT L, 1RRAIRILC
procedure and blood drawn 1 hour later. California RIM %17 - 2. California O R H THREBEN & 5 &
subjects who reported a history of diabetes were BE L A EICIBANRES TR o, MFTL A

not given a glucose load. Serum cholesterol, uric
acid, and glucose values were determined in San
Francisco for the California and Hawaii cohorts and
in Hiroshima for the Japanese cohort. Serum EOVWTRESTEBLAE. MEFY) 70474 FEiD
triglycerides for all three cohorts were determined WFEIE =D ak— S Y San Francisco TERE L 7.
in San Frgnx_:isc& Procedures were devised to BN L £ ORI CAE+ 28 4 5+
control variation within and between laboratories, *

and analysis indicated that the methods used EODTENBES N, FHROBKRD0 W LA 5 1
yielded comparable data from the two laboratories.'° Sk — sk, FHEBTRTH L

TO =k, IREE S L OEEOMNGE [+ California & Hawaii @
T— k22T L San Francisco T, HEO a3H-— |



Conventional 12 lead electrocardiograms were
performed using a Sanborn electrocardiograph at
25 mm per second. Copies of all ECG tracings were
sent to the Laboratory of Physiological Hygiene in
Minnesota for objective ratings according to the
revised Minnesota code.'* Tracings sent to
Minnesota were not identifiable by area by those
reading the ECG’s.

Diagnostic Criteria. To avoid the possible non-
comparability of clinical judgments among the
three study areas, only standardized procedures
were used to assess prevalence.

Angina pectoris and pain of possible myocardial
infarction were determined by means of the London
School of Hygiene-Cardiovascular Questionnaire.**
A diagnosis of angina pectoris was made if the
subject reported pain in the chest in the appropriate
location while walking uphill or hurrying and if the
pain went away in 10 minutes or less when the
subject stopped or slowed down. Possible history
of myocardial infarction was said to exist if the
subject had experienced a severe pain across the
front of the chest which lasted for half an hour
or more.

Prevalence of CHD was restricted to the finding of
abnormal Q and QS patterns on ECG. Minnesota
codes 1-1-1 through 1-1-7 constituted definite
CHD and 1-2-1 through 1-3-6 constituted possible
CHD.

World Health Organization criteria were used to
classify hypertension: i.e., hypertension represents
a systolic blood pressure =160 mm Hg and/or a
diastolic blood pressure 295 mm Hg; normotension
implies both systolic blood pressure <140 mm Hg
and the diastolic pressure <90 mm Hg; borderline
hypertension represents the residual category (the
systolic blood pressure <160 mm Hg and the
diastolic blood pressure <95 mm Hg, but pressures
are not simultaneously below both 140 mm Hg
systolic and 90 mm Hg diastolic).

Left ventricular hypertrophy was defined solely on
the basis of the ECG, and was diagnosed in the
presence of a high voltage QRS complex and ST-T
wave abnormalities (Minnesota codes 3-1 plus 4-1,
4-2. or 4-3 plus 5-1, 5-2, or 5-3). Hypertensive
heart disease was considered to be present if the
subject had hypertension as defined above plus
ECG evidence of left ventricular hypertrophy.

The decision as to the levels at which a biochemical
or physiological variable should be considered a

WEERE 1 #Y ~ 125m® Sanborn LB E M LT,
WoRBERLBEBEELT- A TNTOLERME
ME L% Minnesota [2# 5 Laboratory of Physiological
Hygiene (AT IMIMN) ~it1, il Minnesota 27—
FIZk 2 FBLAD 2 300 & R L /2. Minnesota ~i% 5
NALERE, BEREAEFECEbLL R
L.

BURE. = ORI H 1T B EKAT RO RBEO
Fbh b0 50, AFELFMHT 2 0IEER
%O & &R0,

London School of Hygiene- Cardiovascular Question-
naire ™ (0 R B R 2E) 2 H v T, BELAE & K UL
WAL EELA SN AEBIMT AHELIT- 2. H
SFEHFFEEE-TVRAEES, BuTVa L ilio
BEOMAT I EmA S L, L ADEEL DL L
R0 LI IZE AR L 2 & B L 2B G, RO
FEOBEAE TFLA £, 3050 Ei2h 2z Tl

JBUm AR L 2, LBEEO R HeMEA S AL L .
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QS AR THAHEOIZPREL /2. Minnesota I — F 1 —
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ve L LSRR i E 95mm He Ll E,  1E & MU 5 40 &5 40 I
140mm Hg i ¢ 52 M [E & 90mm Hg S, BIH RS
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TABLE 2 AGE-ADJUSTED PREVALENCE/1000 OF CORONARY HEART DISEASE AS DETERMINED
BY ECG AND STANDARD QUESTIONNAIRE FOR JAPANESE MALES BY GEOGRAPHICAL LOCATION
#2 HOAABFUIHTA2LENRES LUEMBCE>THES AL
o B RO B B o0 S EE . Mg )

Observational Base and Diagnosis Japan Hawaii California
ECG
Definite CHD! 53 52 10.8
Definite and Possible CHD? 25.4 34.7 44.6
QUESTIONNAIRE*
Angina Pectoris 11.2 14.3 25.3
Possible Infarction i) 13.2 31.4
Number of men 2141 8003 1834

I - Major Q/QS abnormalities: Minnesota Codes 1-1-1 through 1-1-7
2 - Definite and Possible CHD = Major and minor Q/QS abnormalities: Minnesota Codes 1-1-1 through 1-3-6
* Cardiovascular Questionnaire [ Rose and Blackburn, 1968)

“risk” factor in a given population is an arbitriry HFLmEd 2 REE AR IZRET2L0TH-T,
one and should ultimately be determined on the IS T IS Ly A A RELD
basis of long-term outcome. Available data suggest by

: = Lizkh!E, 3L 270—0
that for cholesterol and blood pressure, and perhaps Coos AT EAITE SRR L 1_ A _
for the other risk factors as well, the risk of subse- BLUME, 252 20ofMEEFIZ>0TEH, £h
quent development of CHD increases at each FRD 85 A — % —OfEd EA+ 2120F- T FWIRML
increasing level of the parameter.! For ease of
presentation, however, we have chosen commonly E
used arbitrary cutpoints, LAL, SEBEAMECIS I RIZHEATY

DAL A RA .

WHRBAOEEDEHREIMINT L L AmEERL T

RESULTS ©® &

Prevalence of Coronary Heart Disease. The BRRMEOCHEBOERE. £2 13, LENEC L - T
prevalence of coronary heart disease, as defined by

ECG, and the prevalence of two classes of chest REnlEBIRECEELOERHESL, ~FEOBEMEL
pain, as determined by standard questionnaire, are FoTehz_BEomMSmoOBEERL 2. BET
presented in Table 2. With the low prevalence rates

observed, especially in Japan, the confidence EFFIZHE AR O T, ERNoEEOSEKE LR
intervals around the age-specific rates are wide REXCHFILTEY. o7, 2H0 2 ERITFHEE

relative to the magnitude of the rate. We have

therefore summarized these as age-adjusted preva- ELTEEDE EHOMIER, =20MEERE 7—

—

Ience' ra.tes. Age~adjustrpents were performed by WU THEEE U, Zhh s s BRI R A R
the indirect method using the three populations. ; -

pooled as the standard from which the standard B2k 2 TIFo . HA L Hawaii & ORI £ 32 W i %
age-specific rates were derived. There is no dif- 7 TE B ORI OB R O AR T B 1 2B 6 R,
ference in prevalence of definite CHD between g

Japan and Hawaii but the California Japanese have California D HAAIZH T 38130 2 KHo 2 L E
more than twice the rate of the other two cohorts. Thab, THRELRERORSELF AL TQ QST
When the criteria for CHD are broadened to include i 9 Jolg

lesser Q/QS abnormalities (i.e., definite and possible REEOENLO, F4bbBMHE B L VLI THEEO



CHD) a Japan-Hawaii-California gradient of increas-
ing prevalence is seemn.

Angina pectoris and possible myocardial infarction
are diagnosed by questionnaire. Both of these show
the same Japan-Hawaii-California gradient in
prevalence and, as with CHD by electrocardiogram,
the differences between California and Hawail are
greater than the Japan-Hawaii differences.

Doubt may be raised about the use, in linguistically
different populations, of a questionnaire which was
developed in English and only subsequently
translated into Japanese. If has been shown that
the cultural background of the respondents and
the mode of administration of the questionnaire
can affect prevalence estimates.'> However, the
fact that the prevalence estimates, based on
questionnaire responses, of angina and, to a lesser
extent, of possible myocardial infarction are parallel
to prevalence figures of CHD determined by electro-
cardiogram, suggests that the differences in pre-
valence are real and not simply a function of
differential response to the questionnaire.

Prevalence of Hypertension and Hypertensive Heart
Disease. Given the previously reported inverse
relationship between stroke and cardiovascular
disease mortality among the three Japanese popula-
tions, the prevalence of hypertension in the three
groups is of considerable interest (Table 3).
California Japanese have a higher prevalence of
definite hypertension than the other cohorts and,
with the exception of the oldest and the youngest
age groups, the Japan cohort has a higher prevalence
than is seen in Hawaii. For borderline hypertension,
the prevalence in California is again greater than in
the other two areas; Japan and Hawaii are reversed.

The prevalence of hypertensive heart disease and of
left ventricular hypertrophy (LVH) is presented in
Table 4. Hypertensive heart disease is defined as a
combination of hypertension and left ventricular
hypertrophy on ECG. Despite the lower prevalence
of hypertension in Japan, a higher prevalence of
hypertensive heart disease is observed in Japan than
in California. This suggests that the occurrence of
LVH as defined by ECG occurs more frequently in
Japan than in the other two cohorts, regardless of
blood pressure level. This is confirmed in Table 4.

Ptevalence of Biochemical Abnormalities. The
distributions of the biochemical variables in the
three populations by age are presented elsewhere. 10
Here attention is confined to the proportions of
individuals whose values for these variables lie above
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TABLE 3 PREVALENCE/1000 OF HYPERTENSION* FOR JAPANESE MALES
BY AGE AND GEOGRAPHICAL LOCATION
#3 HEABTCIHUTLIEMEEOHRE: FEie L UHED

. Definite Hypertension Borderline Hypertension
ge
Japan Hawaii California Japan Hawaii California
45-49 139.5 142.5 234.8 163.3 222.2 306.9
50-54 194.6 183.3 286.8 203.6 221.7 280.9
55-59 255.0 199.1 263.6 - 199.6 252.5 253.8
6064 280.6 247.9 384.2 239.1 236.0 292.7
65-69 318.0 352.8 423.8 278.8 288.2 245.0
Age-adjusted rate 223.9 194.4 315.8 2154 235.6 285.7
Number of men 2127 7998 1795 2127 7998 1795

*WHO Criteria — see text for definition.

TABLE 4 AGE-ADJUSTED PREVALENCE/1000 OF HYPERTENSIVE HEART DISEASE AND LEFT
VENTRICULAR HYPERTROPHY FOR JAPANESE MALES BY GEOGRAPHICAL LOCATION

F4 HAEAFFIBEITIOMEECEESR S L UELERROEHRE: HETI

Diagnosis Japan Hawaii California
Hypertensive heart diseasel 9.3 1.4 4.6
Left ventricular hypertrophyz 16.4 5.7 6.1
Number of men 2127 7998 1795

1 - Definite hypertension (Systolic 22160 mm Hg or Diastolic =95 mm Hg) plus left ventricular hyper-
trophy on ECG

2 - Left ventricular hypertrophy = Minnesota codes 3-1 plus 4-1, 4-2, or 4-3 plus 5-1, 5-2, or 5-3

TABLE 5 PREVALENCE/1000 OF HYPERCHOLESTEROLEMIA FOR JAPANESE MALES
BY AGE AND GEOGRAPHICAL LOCATION

#5 HAEABFIZHEII&GEILATO0-VIEOFHZE: £l & U HEE]

i Serum cholesterol 2260 mg/100 ml Serum cholesterol 2300 mg/100 ml
e diosuledi Mgk
Japan Hawaii California Japan Hawaii California
45-49 27.9 131.4 138.9 35 25.3 25.0
50-54 339 135.8 198.4 25 20.8 37.0
55-59 30.6 132.7 161.0 4.4 25.9 48.7
60—64 291 127.1 160.5 ) 25.6 30.9
65-69 27.6 73.8 189.5 2.3 1.6 13.1
Age-adjusted rate 31.6 124.0 162.5 4.5 23.0 31.1

Number of men 2138 7961 1816 2138 7961 1816




arbitrarily defined cutpoints.

The prevalence of hypercholesterolemia is shown
in Table 5. Whether a serum cholesterol of
260 mg/100 ml or of 300 mg/100 ml is chosen as
the cutpoint, there is a Japan-Hawaii-California
gradient of increasing prevalence of elevated serum
cholesterol. The lower prevalence of hypercholes-
terolemia in the oldest group might in part be the
result of the type of sample usually represented in a
cross-sectional examination: the oldest, sickest
group being under-represented.

The comparison of elevated serum triglycerides was
complicated by the fact that the subjects in the
study were non-fasting. Results must therefore be
interpreted with caution and the use of conventional
cutpoints becomes questionable. For this reason,
the 80th percentile for the pooled data from all
three sites was selected as the criterion of elevation,
and the proportion of individuals in each age-area
group falling above that arbitrary cutpoint (280
mg/100 ml) is compared (Table 6). There is no
clear difference between Hawaii and California, but
both the American cohorts show very much higher
prevalence figures than the Japanese cohort.

One hour post-load serum glucose, rather than
blood glucose, was used to assess the prevalence of
hyperglycemia. The glucose levels, shown in
Table 7, are therefore 30-35 mg/100 ml higher than
the corresponding blood glucose figures would have
been.!®  Various biochemical criteria have been
used in other studies to assess diabetes and these
vary greatly. Whichever criteria are used, compara-
tively high cutoff points will result in few false
positives and many false negatives, while the reverse
will be true if the cutoff points are comparatively
low. Here, a cutoff point of 200 mg/100 ml was
used and the resulting prevalence figures are referred
to as hyperglycemia rather than diabetes. [t may
be seen that the frequency of hyperglycemia is
approximately equal in Hawaii and California, but
both the American cohorts show a greater frequency
than Japan.

The California figures probably represent an under-
estimate of the true prevalence of hyperglycemia,
as subjects who reported that they had ever been
told by a doctor that they had diabetes were not
given an oral glucose load. Hence, a comparison of
data based on the presence of either an elevated
serum glucose and/or a positive history of diabetes
is presented in Table 7. This raises the prevalence
estimates in all three geographical locations, but
produces little change in the differences between
them.
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TABLE 6 PREVALENCE/1000 OF HYPERTRIGLYCERIDEMIA (SERUM TRIGLYCERIDE =280 mg/100 ml)
FOR JAPANESE MALES BY AGE AND GEOGRAPHICAL LOCATION

# 6

HEABFIZHETAE M) Z) L5, FIEOHFER: FEE L

Hypertriglyceridemia

Age

Japan Hawaii California

45-49 79.5 272.1 278.4
5054 64.5 278.8 269.4
55-59 62.0 242.9 251.9
60—64 38.4 180.5 262.2
65—-69 41.1 193.5 187.5
Age-adjusted rate 61.4 245.5 251.9

Number of men 1815 7658 1825

TABLE 7 PREVALENCE/1000 OF HYPERGLYCEMIA! AND HISTORY OF DIABETES FOR JAPANESE
MALES BY AGE AND GEOGRAPHICAL LOCATION

#7 BEANBFIIETZSMEEOCGREL L UHEBORE: £ihs & R
Hyperglycemia Hyperglycemia and/or history of diabetes
Age
Japan? Hawaii California Japan Hawaii California
45-49 72.6 141.4 164.8 153.2 172.1 206.7
50-54 133.0 179.8 160.8 183.5 220.7 225.5
55-59 91.7 220.7 217.2 154.2 270.5 280.9
60-64 153.3 259.8 186.3 230.0 316.8 285.7
65-69 146.7 319.2 264.9 2233 361.6 351.0
Age-adjusted rate 113.1 201.6 192.2 175.0 244.7 256.5
Number of men 1195 7977 1805 1195 7911 1805

1 — Serum glucose == 200 mg/100 m! 1 hour after 50g glucose load. No glucose load was given to digbetics in
California, but they had a serum glucose measured & included in the tabulations.

2 — In Japan, subjects who were examined in the evening did not have a post-load glucose determination.

3 — For 66 subjects in Hawaii, the history of diabetes was unknown.



FIGURE 1 AGE-ADJUSTED PREVALENCE RATE/1000 OF “ALL CHD”* AT BLOOD PRESSURE
CATEGORIES FOR JAPANESE MALES BY GEOGRAPHICAL LOCATION
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*Minnesota code class 1:1 on ECG, angina, or M! by questionnaire

The Relationship of Blood Pressure and Serum
Cholesterol to CHD. A higher prevalence of
electrocardiographic and symptomatic evidence of
CHD has been observed in California. In general,
there is a Japan < Hawaii < California gradient,
with relatively smaller differences between Japan
and Hawaii than between Hawaii and California.
It is of interest to note that the frequency of
elevated cholesterol levels in the three areas does
not precisely parallel the CHD prevalence. For
cholesterol elevation there are substantial differences
between Japan and the two American cohorts, and
smaller differences between Hawaii and California.

It is also surprising that the distribution of hyper-
tension did not parallel the CHD distribution.
For hypertension, Japan has prevalence levels inter-
mediate between the lower levels in Hawaii and the
higher levels in California.

A closer study of these relationships is presented in
Figures 1 and 2. For any given level of blood
pressure the prevalence of CHD is similar in Japan
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FIGURE 2 AGE-ADJUSTED PREVALENCE RATE/1000 OF “ALL CHD”* AT SERUM CHOLESTEROL
CATEGORIES FOR JAPANESE MALES BY GEOGRAPHICAL LOCATION
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and Hawaii, but in California it is very much
higher (Figure 1). Similarly, the higher prevalence
of CHD in California persists at each level of
cholesterol (Figure 2). There are too few subjects
in Japan with elevated serum cholesterol to compute
CHD prevalence figures.

It will be noted that for these last analyses a
combined category of “all CHD” was used to
increase the number of cases. There are many
suggestions that angina pectoris and other manifesta-
tions of coronary heart disease may be epidemio-
logically distinct. However, since the patterns of
variation in angina and in prevalence of CHD
(defined by ECG) between geographical sites are
quite similar in the present study, it seems
reasonable to combine them. In California, where
the prevalence of CHD was highest, analyses were
done separately on the symptom categories and
ECG categories. These separate categories showed
essentially the same relationships to serum cho-
lesterol and blood pressure as did the combined
category of “all CHD™.
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DISCUSSION

The findings indicate that Japanese living in
California have a higher prevalence of all manifesta-
tions of CHD than do Japanese living in Hawaii or
Japan and that Japanese in Hawaii, for three of the
four measures used, have higher rates than Japanese
in Japan. Before these findings can be accepted,
the possibility that they may be due to biases
inherent in cross-sectional examination or to arti-
facts of diagnostic methods should be examined.

Clearly, if a disorder has equal incidence in two
populations, the prevalence rates should be pro-
portional to the survival rates, other things being
equal. [t is unlikely that lower survival rates are
responsible for the lower prevalence rates in Japan
and Hawaii since case-fatality rates for Japanese
under study in Hiroshima and Nagasaki are reported
to be quite low,'? and since this proposed high
case-fatality rate is not consistent with the gradient
in CHD mortality reported by Gordon™* and
largely confirmed by our own mortality surveil-
lance.!” It is possible that non-response due to
factors other than death may have biased the
prevalence estimates. For this factor to have
produced the gradient of prevalence rates observed,
non-respondents in California would have to have
been at much lower risk of CHD than non-
respondents in Hawaii and Japan. Based on our
mortality surveillance studies, there is no evidence
that this is the case. In addition it may be argued
that the lower response rates to examination in
Hawaii and California as compared with Japan may
have biased the prevalence estimates; but as non-
respondents in general have poorer health than
respondents, the bias would be in the direction of
lowering the rates in Hawaii and California and
could not account for the observed prevalence
differences.

The possibility remains that these differences in
prevalence represent variation in diagnostic methods.
This is especially likely with a questionnaire used
for international comparisons, with the difficulties
encountered in translation and different modes of
administration.'® However, all ECG’s were centrally
coded in a uniform fashion. The fact that the
prevalence estimates from the questionnaire general-
ly show geographic variations similar to the trends
in prevalence determined by ECG. and that both
these prevalence estimates show a gradient similar
to that predicted by Gordon’s mortality report, is
support for the validity of the observed gradient
in CHD.

13

£ =

M AT B A 5 California 7E{ED HF AL Hawaii 7E{E D
BRAEZEHARETOHRALD L, REEIREEL R
BOTNTOROEBRFE L, £2MoOWEBD I
LD =220 TIE, Hawaii EEO H R AOME A H A7
FORFEALD EEA - ZHh6ORE %3S 3502,
FNLARITHEREORY, FARBBHFEFE LS
TALM G IZ L3 REMEDHFLAIZ DV THITT 5 ¢
EAHD.

COoDERIFEVTHSEMOBELEIFUETHY, £
DOLOMEL VS, AHRELZIOERIZLLA
BOETFRUILFT 2 LEMePTHE. BE - £
CEHAHEGEE»EVECIEAHE R TED,
FROOSWEGFEAAETE Y A2 L, Gordon? 0t (2o
THEash, SEOCHEMNE" ICL-THRERS
Nl-EERECREBOFECEOMmE L —HL %
T, D& &HLU Hawaii (20 T HBHE RO E a2
AEWEBLTREVWEITHS. FECLOREFIZ LS
REIREHIMEARBUIMVZL AL TVRAZELE
ib5ha. ZOERFOEOBE s EREOIEM S
Lz &+ hif California Ok 2524 13, Hawaii & & F
HAEIZET2R2ZEH LD LESWIRMECREEEDHEER
AESPIZES ZHRIES L2L, AE0FET
ERETHE, 2Ok I)eFEFAEDS R V. 51,
HA 1zl LT, Hawaii & LU California 12813 523
HOEZI LN, AREHRECRIELZS LA
hiv, Lal, —RIERZEOLFIZ2EICRLT,
fe L A fiB fJI WO T, @Y IE Hawaii & L UF California
ORFTHLHEICHMETTHY, ZhhsIHES
NE-EZRORBFIITE LV

[RE7)]

e
A R | FES

HBRFIIBTIZhE0EE, B AEOEILLEE

Zohna, i, MEMOEECEZEME, 8RE
DEMEE L OEBFEOEL L L S0 M ER.T
Lo L, LERBERE S NTEH-ML2FETEE >

F—lkbwTa—Fahht. BEBLCLI->TBAMESR

HBETED &I HHBEO L &
WP LTHED, ZhoOHEEARBIZTRE Gordon @
UMy RECTEHEEALMALEMUL TWE L
Voo SR, E AR R D 5 R i ATIE L
ol zXToaL0TH 5.

L LTE



It should be further borne in mind that when ECG
items are compared this is not the same as compar-
ing the degree of atheroma in the coronary arteries
and it is possible that the relationship between
various ECG items and “true” coronary heart
disease may differ slightly in these Japanese popula-
tions from the relationship that is assumed to exist
in Caucasian populations. This is currently under
investigation in the present study.

Hypertensive heart disease is far more common in
Japan than in the American cohorts, a finding
which would not have been predicted from the
blood pressure distributions. This high prevalence
of left ventricular hypertrophy, which is more a
function of high voltage of the QRS complex than
of ST-T wave changes, has been found in other
studies in Japan where the possibility was raised
that the high voltage seen on ECG was a function of
thin chest wall in the Japanese rather than of
increased myocardial bulk.!®*!®  However, high
voltage cannot be considered to be totally physiolo-
gical as Japanese men and women who display this
finding have a substantially increased risk of sub-
sequent CHD mortality.'? This increased risk 5f
CHD mortality amongst subjects with LVH is in
accordance with findings from white men and
women in Framingham.?® The apparent discordance
between prevalence of hypertensive heart disease
and prevalence of hypertension between Japan and
California may also be partly a function of the
circumstances surrounding the measurement of
blood pressure. The study sample from Japan has
been under observation through three cycles of
examinations whereas the data from the Hawaii and
California samples are from a first cycle of clinical
examinations. The experience in Hiroshima and
Nagasaki, as well as in l-ﬂ'l'arningham,'zl has been
that blood pressure recordings were higher in the
first cycle than in subsequent cycles and it is
possible therefore that the blood pressures of the
American cohorts are spuriously high relative to
those in Japan. This possibility could explain only
part of the differences in blood pressure distribu-
tions observed and certainly does not account for
the Hawaii-California differences.

Diabetes is relatively common in Japan.?*% In the
present study the prevalence of hyperglycemia is
high, especially in Hawaii and California. Compari-
sons with other U.S. populations are hindered by
differences in methods used. However, when
allowances are made for these differences and the
problems inherent in comparisons of serum glucose
with blood glucose, then it would appear that the
prevalence of hyperglycemia in the (predominantly
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Caucasian) population sample studied in the U.S.
Health Examination Survey is intermediate between
the prevalence in Japan and the prevalence in the
two Japanese-American cohorts.®® Given this high
prevalence of hyperglycemia, it will be of consider-
able interest to directly examine the relationship
between diagnosed diabetes and CHD in Japanese-
Americans — especially as it has been reported that
CHD 1is a comparatively rare complication of
diabetes in Japan.?

The levels of serum cholesterol in Hawaii and
California, although higher than in Japan, are
lower than those reported in the U.S. Health
Examination Survey’s population sample.?’ The
very low levels of serum cholesterol in Japan, where
the prevalence of CHD is very low, are consistent
with the established role of hypercholesterolemia
as a risk factor. However, at equivalent levels of
serum cholesterol, California Japanese still have
higher CHD prevalence. Similarly, at equivalent
levels of blood pressure, the high California
prevalence persists. To make definite statements
about relationship of risk factors to disease from
prevalence figures would be inappropriate, but the
cautious interpretation from these simple prevalence
comparisons is that other factors interact with
blood pressure and cholesterol in the etiology
of CHD.

Certainly the role of blood pressure in the etiology
of stroke and heart disease is far from simple. It is
known in the U.S. that blacks have higher blood
pressures than whites®*™?® but have lower prevalence
and incidence of heart disease than do white
Americans and higher prevalence and incidence of
stroke.?3  In the present study, the Hawaii
Japanese, whose reported rates of stroke mortality
and CHD mortality are intermediate between Japan
and California, have the lowest prevalence of
hypertension. The prevalence of hypertension is
high in both Japan and California, but is comparable
to previous studies on Japanese men.!*3132  The
reason why high blood pressure should contribute
to CHD in the California Japanese and to stroke in
the Japanese in the home country is not clear. It
may be, as has been suggested, that high blood
pressure predisposes to CHD only in the presence of
a particular set of factors, including elevated serum
cholesterol, and that high blood pressure in the
presence of other factors predisposes to stroke.??
The elucidation of these relationships must await
the accumulation of precise incidence data.

If incidence data confirm that cholesterol and blood
pressure distributions do not completely explain
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these gradients in cardiovascular disease and, as has
been reported, smoking is more common in Japan
than in the Japanese-American cohorts,® then we
must look elsewhere for explanations. These
gradients may be a result of genetic factors, i.e., the
migrant Japanese may be genetically different from
those resident in Japan in ways that make them
more susceptible to heart disease and less susceptible
to stroke. This seems unlikely since such genetic
differences would have to explain differences
between Japanese in Hawaii and California as well
as between migrants and home populations. It is
more likely, then, that environmental factors play a
role in these and other chronic diseases. Other
migrant studies of CHD, chronic respiratory
disease,”‘35 and many cancers’®37 have suggested
that migrants commonly experience rates of disease
intermediate between the levels in their home
country and the levels in the adopted country, and
the results of the present study accord with
that pattern.

The Japanese in the U.S. lead very different lives
from the Japanese in the home country. Among
other things, they eat different diets, they have
different patterns of occupation, and they live in"a
different social and cultural milieu. The relationship
between the changes in these factors and CHD, both
within and between study cohorts, will be the
subject of later reports.
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