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SUMMARY

A study of Honolulu and Hireshima Japanese male
necropsy subjects, born from 1900 chrough 1919,
revealed more lethal coronary hearr disease in
Honolulu. Honolulu men had more numerous
myocardial infarcts and more severe coronary
atherosclerosis, Hiroshima men weighed less,
had smaller hearts, and were more commonly in
the older age groups than Honolulu men. Honolulu
men with recent and old myocardial infarcts had
higher grades of coronary and aortic athero-
sclerosis than Honolulu men without these
changes. There were too few Hiroshima men with
recent lesions to permit valid comparison, but
for old infarces a similar pattern was found. In
both cities, death due to coronary heart disease
was associated with higher grades of coronary and
aortic atherosclerosis than when death was due
to other causes. It was characeeristic of the
Honolulu men that severe atherosclerosis and
myocardial lesions appeared at a younger age
than in Hiroshima men. Increasing heart weight
was associated with higher grades of coronary
Honolulu.
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These data suggest that migration to Hawait
resultdtd in an increase in the frequency and
severity of myocardial infa:ct‘ion, as a resule of
more severe coronary atherosclerosis, the
effects of which may have been intensified by
increased heart weight.

INTRODUCTION

It has been observed that fatal coronary heart
disease (CHD) is less frequent in Japan than the
United States and that the necropsy prevalence
of severe degrees of atherosclerosis in Japan is
one tenth that of the United Statesl. In 1957
Gordon 2noted that the frequency of coronary heart
disease in Hawaii Japanese was intermediate
between the rates for Japan and U.S. Whites.
There are some indications that the gap between
Hawaiian Japanese and Hawaiian Caucasian
rates has been narrowed. If this trend towards
higher rates of myocardial infarction is confimed,
it would indicate that Hawaii Japanese, like
other migrants to the United States, develop
patterns of disease peculiar to the western
industrial states. Other diseases which show
paralle] increases in frequency under these
circumstancés are carcinoma, polyposis and
diverticulosis of the colon, breast carcinoma,
and prostate carcinoma, 3.4

This pathology study is part of the Ni-Hon-San
Study, a prospective epidemiologic investigation
of vascular disease in defined populations of
native and migrant Japanese men at three study
sites: Hiroshima, Japan Radiation Effects
Research Foundation (RERF, formerly che Atomic
Bomb Casualty Commission), Honolulu, Hawaii
(Honolulu Heart Study*, Kuakini Hospital), and
Northern California3. Necropsy studies have
been limited to Hawaii and Japan. The wide
dispersion of hospitals serving the California
Japanese is such that the adoption of a uniform
examination protocol would be impractical in that
state.

METHODOLOGY
Study Populations
This analysis was restricted to men born between

1 January 1900 and 31 December 1919, and who
were studied at necropsy between 1965 and 1971,
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The Hiroshima autopsy subjects are derived from
the Life Span Study®.  The necropsies are
performed by the RERF pathology staff after
permission has been obtained from the family of
the deceased. The place of death might be a
private hospital, private home, or public place.
There is usually a postmortem delay of 24-48 hours
before the examination is performed.

The Honolulu Hear: Study makes a daily survey
of deaths in Honclulu hospitals and in the
Medical Examiner’s office to discover deaths
among Hawaili Japanese with appropriate
bircthdates. Permission for necropsy is the
responsibility of each institution. If the parient
dies at Kuakini Hospital, the complete autopsy is
performed by its pathelogy staff. If it is
performed elsewhere, members of the Kuakini
staff atcempt to participate in the dissection of
the heart and grear vessels. Most autopsies are
completed within 12 hours of death. It is not
always possible to obrain the entire heart or all
of the vessel segments for standardized
comparison, especially when the necropsy is
performed ar an institution other than Kuakini.
The necropsy effort is centered at Kuakini
because this hospital has a predominantly
Japanese medical staff and patient population,
and is the source of the largest number of Hawali
Japane se necropsy subjects.

Technical Methodology

The_ method described by Rickert et al? is
followed.

Aorta. The aorta is separated from the hean
just above the aortic valve. It is trimmed of fat,
adventitial tissue, and lymph nodes. It is then
opened longitudinally and sewn to a clear
plastic sheet for permanent storage in 10.%
formalin for subsequent review.

Coronary Arteries. The right coronary artery,
left anterior descending, and left circumflex
coronary arteries are dissected from the hearr,
opened longitudinally and sewn to clear plastic
sheets. Occluded segments of the vessels are
bypassed.

Heart. The heart is opened, either along the
lines of blood flow, or in 5Smm bread loaf
sections, and is weighed after blood and blood
clots have heen removed from the chambers. Six
sections for microscopic examination are taken
in all cases from the following sites:
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1, Anteriorinterventricular septum.

2. Anterior papillary muscle and anterior left
ventricle.

3. Posterior papillary muscle and posterior
lefe ventricle.

4, Lateral right ventricle.

5. Posterior leaflet of the mitral valve with
adjacent posterior ventricular wall and
left atrium,

6. Bundle of His.

Additional sections are obtained from other areas
if they have gross lesions not adequately
represented by the routine sections. The tissues
are fixed in 10% formalin, embedded in paraffin,
and stained by the hematoxylin and eosin
technique. Each institute prepares duplicate
slides from its own tissues, ome set being
retained in its own files, the other being sent to
the other swdy site. No attempt is made to
conceal the institutional source of the srudy
material, inasmuch as the time interval between
death and autopsy is so different thatr the origin
of each slide is readily apparent on the basis of
varying degrees of autolysis.

Examination and Evaluation of Specimens. The
collaborating pathology staffs examine specimens
and sections together at yearly or twice yearly
intervals, and both gross specimens and micro-
scopic slides are exchanged between meetings or
gathered together in one city for joint analysis.

Methods of Evaluation

Coronary Arteries and Aortas. Various methods
for estimating the severity of the atherosclerotic
involvement of these vessels have been
evaluated8. A panel method was ultimarely
selected as the procedure of choice because of
its reproducibility, objectivity, and discriminatory
sensitivity.? This, in principle, is a ranking
method. A panel of color photographs of
longimdinally opened vessels is arranged in
increasing order of severity of atherosclerosis
and serves as a standard of comparison for study
results. No attempe is made to evaluate the
extent of the surface involvement by fawy
streaks, fibrous plaques, or complicated lesions.
Instead, the vessel is matched to photographs,
and the most appropriate of seven intervals is
selected as the grade of severity. The most
severe degree of atherosclerosis is grade 7;
the least abnormal is grade 1. When occlusive
disease is sufficiently severe to prevent
longirudinal opening of the artery, the affected
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vessel is arbitrarily coded as grade 7. In the
present sctudy, the vessels from both cities are
reviewed and graded five separate times by one
observer (T.H) with no knowledge of the
presence or absence of myocardial disease.
For each vessel the median of the five readings
is chosen for this analysis.

Two merthods are used in attempting to produce a
score which summatizes coronary atherosclerosis.
The median grade for ¢ach of the three separate
coronary arteries is averaged to produce a mean
coronary score. In addition, the worst coronary
score, the median grade of the coronary vessel
most severely affected by atherosclerosis, is
recorded. The correlation coefficient between
mean coronary score and Wworst corenary Score
is 0.95 in Hawatii and 0.92 in Japan,

Heart. Ischemic lesions 0.5c¢m in diameter, or
larger, are defined as large; those less than 0.5em
are defined as small. Both large lesions and
small lesions are further categorized according
to one of two estimates of their duration:

1. Recent (acute and healing) lesions are
defined as necrotic areas of the myocardium
which are, or appear to be, due to ischemia.
Acute lesions should have persistent muscle
fibers., Infiltration of reacting elements should
be predominantly neutrophilic leukocytes, but
should not include fibroblasts or be predomi-
nantly histiocytic. Abscesses, necrotic areas
of neoplasms, and other obviously nonischemic
areas of tissue necrosis are excluded, Healing
lesions are necrotic areas in which histiocytes,
fibroblasts and capillaries are conspicuous
features.

2, Old (healed} lesions are defined as those
which no longer show evidence of active repair,
necrotic muscle having been completely
replaced by acellular scar.

The heart sections are interpreted independently
at each study site with no knowledge of the
degree of coronary or aortic atherosclerosis.
Cases in which the two departments are in
agreement are so coded. If there are differences
in interpretation, the microscopic sections of the
myocardium are reviewed jointly to determine the
source of the difference. Final coding is
achieved on the basis of mutual agreement.

Assigning Cause of Death. Duplicate copies of
the autopsy protocols are assessed independently
at each study site. The available clinical dara
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are reviewed. An underlying cause of death is
determined by correlation of available c¢linical
data with anatomic changes. Appropriate codes
from the B8th Revision of the International
Classification of Discases (ICDJ10 are assigned

for each case. When the two centers are in
agreement, the cases are so coded. Differences
are resolved on the basis of mutual consent. If
death has occurred too quickly after coronary
occlusion to permit the development of a
characteristic myocardial lesion, appropriate ICD
codes are assigned on the basis of the clinical
history and the findings in the coronary arteries.

Statistical Methods. ‘The statistical tests
employed are, in general, indicated in the
foomnotes to the tables, The panel readings
used for grading atherosclerosis presented
particular problems, since there was no assurance
that cthe points on the ordinal scales were
equidistant, For example, the difference in
atherosclerosis between points 2 and 3 might
be more (or less) than that between points 6 and
7. For this reason we have also employed ridit
analysis which makes no assumption about the
distances berween ordinal valuesll. We have
used the combined Japan-Hawaii cases as the
standard distribution for computation of the
ridits. The ridit test results are almose tdentical
to the resulis of routine parametric tests.

RESULTS

The underlying cause of death distribution for the
populations in the two cities is shown in Table 1,
and the age distribution of the¢se men is shown
in Table 2. The mean age of the necropsy
subjects from Hiroshima is 61.6 years and that of
Honolulu men is 58.8 years, A larger proportion
of deaths in Honolulu are due to CHD and trauma
than in Hiroshima, and a smaller proportion are
due to cerebrovascular accident (CVA) and
diseases other than cancer. In each city the
necropsy subjects appear to be reasonably
representative of the deaths in the study
population. Thereis a slight under-representation
of CHD in Hawaii, but this is not statistically
significant.

Vascular Disease

The distribution of the degree of atherosclerosis
in the aeorta and coronary arteries of Honolulu
and Hiroshima men is shown in Tables 3 and 4.
It should be noted that atherosclerosis of both
the aotta and coronary arteries is more sevete in
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TABLE 1 DISTRIBUTION OF DEATHS AND STUDY AUTOPSY CASES BY DEATH CERTIFICATE
CAUSE OF DEATH AND STUDY SITE

#1 FCEAHLUHBRAERMOLE: SECBIFE2ET - HEMREN

Japan Hawaii
Cause of
Death All Deaths Autopsies All Deaths Autopsies
No. % No. % No. % No. %

CHD 60 7.1 12 6.3 262 283 71 23.8

CVA 159 18,7 38 19.9 91 9.8 35 11,7

Cancer 257 30.3 56 29.3 270 29.2 86 28.9

Accidents 50 5.9 10 5.2 20 9.7 38 12.8
! Other 323 38.0 75 39.3 212 22.9 68 22.8
i Total 849 100.0 191 100.0 925 100.0 298 100.0

‘ There is no statistically significant intrasite difference in the proportion of avtopsies for any cause of death
! (Chi-square Test)

TABLE 2 TISTRIBUTION OF DEATHS AND AUTOPSY CASES BY AGE AT DEATH AND STUDY SITE
#2 FWEEHEHLUHBRMAOGTH: FECHFRED - HEBXR

Japan Hawaii
Age at All Deaths Autopsies All Deaths Autopstes
Death
No. % No. % No. % No. %
45-49 22 2.6 9 4.7 53 5.9 13 §.4
50-54 83 9.8 19 9.9 192 20.8 71 23.8
55.59 149 17.6 30 15.7 205 222 72 24,2
60.64 298 35.1 64 33.5 256 217 87 29.2
6659 267 31.4 59 30.9 198 21.4 51 17.1
7¢+ 30 3.5 10 5.2 21 2.3 4 1.3
Total 849 100.0 191 100.0 925 100.0 298 100.0

There is no statistically significant intrasite difference in the proportion of autopsies for any age group
[Chi-square Test).

TABLE 3 DISTRIBUTION OF AUTOPSIES BY GRADE OF AORTIC ATHEROSCLEROSIS
IN THE TWO STUDY SITES

#£3 WMWEMECEU3HEHOSN: KDIRT 70 — & FE S RREEHE EE A7 H57)

Japan Hawaii
Grade -
No. % No. %
1 1 0.5 6 2.5
2 i5 7.9 15 6.5
3 82 42.9 84 36.2
4 64 33.5 52 22.4
5 15 7.9 28 12,1
6 13 6.8 34 14.7
7 i 0.5 13 5.6
Taotal 191 100.0 232 100.0

These distributions are significantly different. (X =24.7; d.f. =6; p<.01).
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TABLE 4 PERCENTAGE DISTRIBUTION OF AUTOPSIES BY MEAN AND
WORST CORONARY GRADES IN THE TWO STUDY SITES

B4 FEAHKE 5D A8BHO S FREHRYEEN

BEEMREE RN
Mean Grade* Worst Gradet
Grade
Japan (190} Hawaii ( 227)  Japan(190) Hawaii (227)

1-1.9 27.4 17.2 8.9 4.4

2-2.9 52.1 28.6 47.4 20,7

33.9 12,1 23.8 27.9 30.4

4:4.9 3.7 14,1 7.4 16.3

5.5.9 4.2 10.6 3.2 15.9

6-6.9 0.0 4.8 0.5 5.7

7 0.5 0.9 4.7 6.6
Total 100.0 104.0 1¢0.0 100.0

*These distributions are significantly different [ X* =53.9; d.f. =6; p<.01).
+ These distributions are significantly different (¥? =58.2; d.f. =6; p<.01).

Honolulu, whether the coronary grade is estimated
by the mean coronary score or by the score of
the most severely affected vessel. The average
grades for Hiroshima and Honolulu are 3.6 and
4,0, respectively, for the aorra and 2.3 and 3.2,
respectively, for the mean coronary. Two other
comparisons of vascular disease in the two cities
are also available. Gross occlusion of the
coronary arteries is found in 49 (16.6%) of 295
Honolulu men and 13 (6.8%) of 191 Hiroshima
men. Atherosclerotic aneurysm is present in the
aortas of 17 (6.1%) of 279 Honolulu men and
5 (2.6%) of 191 Hiroshima men.

Cardiac Disease

In Hiroshima only 14 (7.3 %) of the men have
areas of recent (acute and healing) myocardial
necrosis, of which 10 (5.2%) are larger than
0.5cm. As shown in Table 3, recent necrosis is
nearly four times as frequent in Honolulu(28.5%).
The excess is noted for both large and small
recent lesions. Large old (fibrotic) lesions are
also more common in Honolulu, but the excess is
only abour 50%. Small (<0.5cm) areas of
fibrosis are more common in Hiroshima. It is
notable that the frequency of myocardial lesions
among CHD deaths in Japan does not differ
significantly from the Honolulu CHD cases.
However, the number of CHD deaths in Japan is
small.

Analysis Among Variables

Age: Vessel Readings. The median aortic
reading rises in each city with increasing age

BET{toBEs THEHREME 2 3H6FL
WL s 2T A MENFMBICESOTRLTL S
OFFRIZE S L. [R5 & U Honolulu {2 &1t
AHMEOEEEHSE, ABRIO>VTEEIAETR
3.6 L0°4.0, PTHEMRYEMIZ>VTEEA
FR2.3BEU32THS. MmIzHT A0EERS
ZownTiE, coEMc 2@ REFITHN L.
+4 by, THMIROBRHPEL, Honolulu H-F
205 A AN (16.6%) 124 50, HEBTF 19 Ad
VA(GS®) @B s 4, KODEOTT
o — AL EIRTE L B AR AN, Honolulu HF 279 A
HITA(61%), BEBF 191 Ah5A (2.6 %) 12
Hot.

DRER

EERT T, HE (At UEETO) LIHETE
FHTAEEEHPUA(TI%)ZTEYS, 203
WA(S.2%)TIRFOAREZEBEHRELSemBl LT
ot HEIDHRT LS, Honolulu T, HEEE
FRFooEIF4EEL 2{BH 5N (28.6%), REO
LOLROLOLEMERL 2. KMOMBEE
(141 ) %2 & Honolulu (2% A%, 5092 1 AN
BhHHIITERV. —F4, AR (EE 0.5 ki) D
MmBEIXESIZE. HET}, CHDECEIIEG
B0 EHEONEES Honoluln 12511 5 CHDRECH
OB EEsELRE VI ENFFEEESRD. L
L, B&TIE, CHDEECEOHIZ P H .

STEREOER
F# L MEFME. ABRCOVTOFMOHRIE
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TABLE 5 PERCENTAGE DISTRIBUTION OF RECENT AND OLD MYOCARDIAL LESIONS IN JAPAN
AND HAWAII BY CAUSE OF DEATH

#5 HEsLU¥FHawail IFG 3B LCBIAEQOLEHRED G FERE

Japan Hawaii
Lesion CHD Deaths Other Causes All Causes CHD Deaths Other Causes All Causes
(14) {(177) (191} (61) (237) (298)

Recent

Large (> 0.5cm) 42.9 2.3 5.2 59.0 7.6% 18.1*%*

Small only {<0.5¢m) 7.1 LY 2.1 14.8 0.3 10.4**

None 50.0 96.0 82.7 26.2 B3.1* T1.5%*
0Old

Large (>.06cm) 64.3 12.4 16.2 70.5 13.9 25.5%

Small only (<0.5cm) 14.3 41.8 39.8 8.2 29.5% 25.2%*

None 21.4 45.8 44.0 21.3 56.5% 49.3

Significant differences between Japan and Hawaii within cause of death categories are as follows:

*01<p<.05, **p<,01

(Table 6). A similar age-associated rise in the
grade of coronary atherosclerosis is found in
Hiroshima, but not in Honolule where a substantial
increase in the severity of the process is only
found between the first and second 5-year
cohorts {Table 7).,

Heart Weight and Myoeardial Pathology. The
mean heart weight in Honolulu is 366 g, whereas
in Japan it is only 329g. However, the body
weight at autopsy averages 15kg heavier in
Honolulu, and it is necessary to correct for this
difference in comparing heart weights between
the study sites. Within body weight categories,
the hearts in Japan are consistently heavier than
those in Hawaii {Table 8).

d, Mki& L ERBOEMzE->TERERT (£6).
EETR, BHRICETL7 70— AEBRELE
NEELERICEBICE-TERTALEDSRE
#», Honolulu Tk, ZDL 34 ERA»E<{, B1FHF
HEHZ2HHDS EEMHMWBBIENTORRED
BELCALNVDOHMBALZENS (7).

DRER &OGEHRE. EHORBELE, Honoluln ¢
g Tho/DIZH LT, HETIE329 glzT &
v LAL, ZEEEEOTH# L Honolule 4715kg
bEVOT, MAFTHRELLS T3 LEER S BT
3HE, COZLAETILEN DS, FEREST
A be, LEERIEARA Hawait S0 —H L
THEW(%8).

TABLE 6 MEAN AND STANDARD ERROR OF ATHEROSCLEROSIS GRADE OF AQORTA BY AGE AND
STUDY SITE

#6 AKBKETFU- AHRECEFGEOFEE & UHERSE: SR - HEMEKR

Japan Hawaii Test
Intersite
Age No. Mean SE No. Mean SE Differences
45.49 9 3.0 17 9 3.1 .20 NS
50-54 19 3.0 19 53 3.5 .18 NS
55-59 30 3.3 .16 56 3.8 .19 NS
60-64 64 3.6 12 <] 4.3 .18 e
65-69 59 3.9 .14 43 4,5 21 *
70+ 10 4.5 .40 3 5.3 87 NS
Regression with Age

Slope 0635** 012 .0694** .016 NS

* 01<p<.05, **p<.01
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TABLE 7 MEAN CORONARY GRADE BY AGE AND STUDY SITE
#7 THEDIRHEE: FB5 - HEHEA

Japan Hawaii Test
Age Intersite
No. - Mean SE No. Mean SE Differences
45-49 9 1.56 .23 8 2.00 .24 NS
50-54 19 1.75 .14 53 3.18 .18 bl
55-59 30 2.02 18 50 3.13 .18 e
60.64 63 2.43 .14 70 3.24 19 =
65-69 59 2.56 12 43 3.24 .22 b
T0+ 10 . 2.67 .33 3 3.68 B8 NS
Regression with Age | .
Slope 0.0516** 012 .0194 017 p=.07

* 01<p<.05, **p<.01)

TABLE &8 MEAN AND STANDARD ERROR OF HEART WEIGHT BY BODY WEIGHT AND STUDY SITE
%8 LRAROTHH LUHERE: FEH - FEEKH

Heart Weight (g)

Autopsy
Body Japan Hawait

Weight
{kg) No. Mean SE No. Mean SE

<29 7 266 51 1 220
30-34 32 267 18 1 190 -
35-39 24 294 15
40-44 41 311 13 12 215 14
45-49 25 342 20 17 304 18
50-54 23 388 20 19 336 19
55-59 20 382 19 158 368 20
60-64 9 453 48 20 383 28
55-69 4 395 21 16 370 19
70-74 18 390 23
T+ - - - 21 401 20
Unknown 5 288 20 154 375 9
Regression with Body Weight

Slope 5.02 .68 3.18 .60

The slope (regression coefficients) is significantly different from zero in both Japan and Hawaii (p<.01)
In addition, slopes for Japan and Hawaii are significantly different from each other (.01<p< .05).

Heart weight is positively correlared with the
degree of aortic atherosclerosis in both cities
(Table 9), though the relationship appears
stronger in Honolulu, Increasing heart weight is

only associated with increased severity of
coronary atherosclerosis in  Honolulu, with
statistically significant higher scores than

Hiroshima for hearts weighing less than 300g
and more than 400g. The Hawaii scores are also
higher for hearts weighing between 300-399g,
but the differences are not statistically signifi-
cant (Table 10). Although body weight correlates

10

CRERE, AHELABEKT 7T - AEHREL
EofRErEeMEEERL, 0% Honolule O
FHEWOEITHS. LEEROMMEEHRL
BUBTFU—LMBIREARENREE L OMER
Honolulu T AWw 54, LRERES 300 g Kifi &
U400 g Ll EDETI, HEBGESLDERL
Euv, LDEERA30 g2Vl 3V gnFIIHTD
HEE S Hawaii #5000, FOEBLEAMCER
TV (£10), KEE, BlicORER S &R
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TABLE 8 PERCENTAGE DISTRIBUTION OF AUTOPSIES AS TO AORTA GRADE BY
HEART WEIGHT AND STUDY SITE

#9

HHBFIC B A RBRFERC T ESH: LRERR - WEMKE

Heart Weight (g)

Aorta Grade Japan Hawaii

2299 300-399 400+ <299 300-399 400+

1 1.3 - 1.5 5.1 1.2

A 10.4 5.8 4.5 6.0 8.9 4.7

3 49.4 40.6 36.4 50.7 35.4 25.9

4 3.2 34.8 36.4 23.9 22.8 20.0

5 3.9 10.1 11.4 7.5 13.9 14.1

6 3.9 7.2 11.4 7.5 10.1 24.7

7 - 1.4 . 3.0 3.8 9.4
Total 100.0 100.0 100.0 100.0 100.0 100.0
No. of Men 7 69 44 67 79 85
Mean Grade 3.4 3.8 3.9 3.6 3.8 4.5*
SE .10 .13 .16 .15 16 .16

*Mean grade in Hawaii is significantly greater than mean grade for the corresponding heart

weight category in Japan (.01<p<.05).

TABLE 10 PERCENTAGE DISTRIBUTION OF AUTOPSIES AS TO MEAN CORONARY GRADE
BY HEART WEIGHT AND STUDY SITE

#10 HHECH S FHEHRAEEOTSESA: LEERN - HEBESR

Heart Weight (g)

Mean Ceronary Japan Hawaii
Score
<299 300-399 400+ <299 300-399 400+
1-1.9 35.1 20.3 23.3 14.1 20.3 7.5
2-2.9 49.4 56.5 51.2 46,9 28.0 15,0
3-3.9 10.4 13.0 14.0 25.0 19.5 27.5
4-4.9 2.6 2.9 7.0 7.8 12.2 20.0
5.5.9 2.6 5.8 4.7 4,7 7.8 18.8
6-6.9 3.7 10.0
7 - 1.4 - 1.6 - 1.3
Total 100.0 100.0 100.0 100.0 160.0 100.0
No. of Men 77 69 43 64 82 80
Mean Grade 2.1 2.5 2.4 2.8%* 2.8 3.09%+
SE .10 14 15 .13 15 16

** Mean score in Hawaii is significantly greater than mean score for corresponding heart weight

categories in Japan (p<.01).

well with heart weight in both cities (Table 8),
it does not show any association with the degree
of aortic atherosclerosis, and is only weakly
associated with the mean coronary grade in
Honolulu. This suggests that the heart weight-
atherosclerosis association is not a secondary
effect of increased body weight.

The relation of heart and body weight 10 cause of

death .is shown in Table 11. As expected, men

FRLAM(ES), RERIZE 577 o—otED
IR (L AE D FZRE & %12 7% <, Honolulu T8
BEHRUEBL: HTFLPERNFERTIT L. C
A, LRERE 7T T — AEEIRECE & O ME
FERBNOSEREOHETR VI ELRET S,

LRER S & CHEEFER L OM&ZRILIIRL 2.
THMLA kS, MBEEMKE S, BTRECLLES
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TABLE 11 MEAN AND STANDARD ERROR OF HEART WEIGHT AND BODY WEIGHT BY
AUTOPSY CONSENSUS PRINCIPAL DIAGNOSIS AND STUDY SITE

#£11 OHERHSLCEREQORHLFERE: SEOTRARBET - WEBLE

* Japan Hawaii Test

Principal Difference
Diagnosis No. Mean SE No. Mean SE of Means

Heart Weight {g)
CHD 14 420 39 61 433 12 NS
CVA 37 348 13 37 435 12 **
Caneer 61 285 12 89 291 7 NS
Other ! 337 11 110 365 10 NS
Total 190 329 7 297 168 6 x=

Body Weight (kg)
CHD 14 46 3 29 65 2 i
CVA o3 45 2 14 65 3 *
Cancer 59 41 1 37 56 2 **
Other 76 46 1 63 60 2 **
Total 186 44 1 143 60 1 bl

**n<.01

TABLE 12 MEAN AND STANDARD ERROR OF HEART WEIGHT BY AGE AND STUDY SITE |
#12 OREROTH FERE: T - FEBRR

Heart Weight (g)

Test
Japan Hawaii Intersite

Age Differences

No. Mean SE No. Mean SE
45-49 9 259 33 13 363 30 b
50-54 19 300 i9 71 368 10 **
55-59 29 328 22 71 354 10 NS
60.64 64 344 13 87 366 12 NS
65-69 59 323 13 51 374 17 *
70+ 10 163 27 4 425 92 NS
Total 190 329 8 297 366 6

Regression with age

Slope 2.08 1.27 0.34 1.03

*.01<p<.05, **p<.01

Regression coefficients do not differ significantly from zero in either Japan or Hawaii.

dying of cancer weigh less and have lighter
hearts than those dying of other causes in both
study sites. There is a marked difference in
the heart weight of CVA deaths between the two
cities. In Honolulu, men dying from siwoke have
hearts which are as large as those of men dying
with CHD, but in Hiroshima, cardiomegaly is not
strongly associated wich stroke.

Age is not significantly related to heart weight in

either city (Table 12). Increasing age is

12
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TABLE 13 DISTRIBUTION OF STUDY CASES AS TO MYOCARDIAL INFARCTS (LESIONS 20,5 cm)
BY AGE AT DEATH AND STUDY SITE

#13 WEMCHILLHHE(ERSmbl EORE) Oodi:

FECHEE R - HEHET

Japan Hawaii Test for
Age MI Intersite
No. % No. % Differencest
45.49 None 9 100.0 10 76.9 NS
Recent only - - 1 7.7
0Old only 2 15.4
Both .
Taotal 9 100.0 13 100.0
50-54 None 19 100.0 45 63.4 i
Recent only 7 9.9
O1d only 8 11.3
Both - - 11 15.5
Total 19 100.0 71 100.0
55-59 None 28 93.3 48 66.7 *
Recent only - 6 8.3
Old only 1 3.3 9 125
Both 1 3.3 9 12.5
Total a0 100,90 72 100.0
60-64 None 48 75.0 62 71.3 NS
Recent only 2 3.1 4 4.6
Old only 14 21.9 15 17.2
Both [ 6.9
Total 64 1006.0 87 100.0
65.69 None 44 74.6 34 66.7 NS
Recent only 3 5.1 3 5.9
Old only 8 13.6 7 13.7
Both 4 6.8 7 13.7
Total 59 100.0 51 100.,0
T0+ None 7 70.0 2 50.0 NS
Recent only - -
Old only 3 30.0 2 50.0
Both - .
Total ’ 10 100.9 4 100.0
All Ages  None 155 1.2 201 67.4 hid
Recent only 5 2.6 21 7.0
Old only 26 3.6 43 14.4
Both 5 2.6 33 11,1
Total 191 100.0 298 100.0

i Test, within age categories, whether the proportion of cases with M1 is the same in the two study sites
{*.01<p<.0b, **p<.01).
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TABLE 14 DISTRIBUTION OF RECENT AND OLD LESIONS (BY SIZE) BY HEART WEIGHT AND STUDY SITE

214 HEES L UBMIBERE GO oS CRERR - X

SL-T UL 3¥3Y

Heart Weight (g)

<299 ° 300-399 400+
Lesions
Japan Hawaii Japan Hawaii Japan Hawaii
No. % No. % No. % No. % No. % No. %
- Recent
None 75 97.4 77 91.7 62 89.9 81 76.4* 39 88,6 55 51.4%¢
Small only 0 0 4 4.8 2 29 11 10.4 2 4.5 i5 14.0
Large 2 2.6 3 3.6 5 7.2 14 13.2 3 6.8 37 34.6*
Total 77 100.0 84 100.0 69 100.0 106 100.0 44 100.0 107 100.0
Old
None 40 51.9 51 60.7 31 44,9 53 50.0 13 29.5 43’ 40,2
Small only 34 44.2 23 27.4* 25 36.2 a2 30.2 16 36.4 19 17.8*
Large 3 39 10 1.0 13 18.8 21 19.8 15 34,1 45 42.1
Total 77 100.0 84 100.0 69 100.0 106 100.0 44 100.0 107 100.0
Significant differences between Japan and Hawaii within heart weight categories are indicated as follows: *.01<p<.05, **p<.01,
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TABLE 15 PERCENTAGE DISTRIBUTION OF STUDY CASES AS TG AORTA GRADE BY
CAUSE OF DEATH AND STUDY SITE

#15 WEMIH I 3 RYRIFMEO X4 LR - FEHRER
Japan Hawaii
Aorta Grade
CHD Cancer Other CHD Cancer Other
1 - - 0.9 2.0 1.4 3.6
2 i1.5 6.9 4.1 4.2 8.9
3 7.1 47.5 44.8 18.4 42.3 40.2
4 42.9 32.8 328 204 25.4 21.4
5 214 49 7.8 18.4 15.5 7.1
6 28.6 3.3 6.0 24.5 9.9 13.4
7 0.9 12.2 1.4 5.4
Total 100.0 100.0 100.0 100.0 100.0 100.0
No. of Men 14 61 116 49 71 112
Mean Grade 4.7 34 3.6 4.7 3.8+ 38
SE 27 AR 10 22 14 .14

*Mean grade in Hawaii is significantly greater than mean grade for corresponding cause of death

category in Japan (.01<p<.05),

associated with an increase in the number of
large (recent or old) myocardial infarcts in
Hiroshima, but not in Honolule. In men under 60
vears of age, old infarcts are more frequent in
Hawaii, whereas there is little intercity dif-
ference in older men (Table 13). Recent
infarcts are more frequent in Hawaii at all age
levels.

In both Japan and Hawaii, most types of myo-
cardial in frequency with
increasing heart weight {Table 14). The small
area of fibrosis is a notable exception; it does

lesions increase

not appear to be importantly related to heart
weight. It is also the only lesion studied that
is more c¢ommeon in Japan than in Hawaijj.
Vessel Grade. In both cities, subjects with
coronary heart disease as the underlying cause
of deach have higher grades of aortic and coronary
artery atherosclerosis than those dying from
cancer or from all other causes of death
(Tables 15,16).

Large healed myocardial lesions in both cities
are associated with higher grades of coronary
and atherosclerosis (Tables 17,18},
although the gradients are sceeper in Honolulu.
There are too few recent lesions in Hiroshima
for analysis, but in Honolulu these are also
associated with higher grades of coronary and
aortic atherosclerosis.

aortic
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TABLE 16 PERCENTAGE DISTRIBUTION OF STUDY CASES AS TO MEAN CORONARY
GRADE BY CAUSE OF DEATH AND STUDY SITE

#16 WEH-HUIPHBHNRAETEOBEFEIH: FLEF - HEHRRXE

Mean Japan Hawaii
Coronary
Grade CHD Cancer Other CHD Cancer Other
1-1.9 - 23.0 33.0 . 15.3 24.1
2.2.9 28.6 62.3 49,6 2.6 45.8 26.7
3.3.9 14.3 11,5 12.2 20.5 23.6 25.0
449 ‘21.4 1.6 2.6 25.6 8.3 13.8
5.5.9 28.6 1.6 2.6 33.3 5.6 6.0
6-6.9 - - - 17.9 - 3.4
7 7.1 - - . 1.4 0.9
Total 10¢.0 100.0 100.0 100.0 100.0 100.0
No. of Men 14 61 115 39 72 116
Mean Grade 4.0 21 2.2 4.7 2.8% 2.9==
S5E .40 .09 .08 17 13 12

Asterisks indicate mean grade in Hawalii is significantly greater than mean grade for corresponding
cauvse of death category in Japan (* ,01<p<.05, **p<.01).

TABLE 17 PERCENTAGE DISTRIBUTION OF STUDY CASES AS TO ATHEROSCLEROSIS OF
THE AORTA BY PRESENCE AND SIZE OF OLD LESIONS AND STUDY SITE

#£17 WEMIZ T3 RBREY 7o - AEBRERED T 2854
BIREREOHED Z VRN - BEEHER

Japan Hawail
Aocrta Grade

Small Large Small Large
No Lesion Lesion Only Lesion  No Lesion Lesion Only Lesion

1 - 1.3 E - 3.4 2.0 1.6

2 6.0 13.2 - 7.9 8.2 3.0

3 56.0 38.2 19.4 44.4 40.8 8.2

4 26.2 - . 36.8 45.2 26.5 26.5 12.1

5 7.1 3.9 19.4 9.4 12.2 16.7

; 6 4.8 5.3 16.1 6.8 6.1 34.8

I 7 - 1.3 . 1.7 a1 13.6

Total 100.0 100.0 100.0 100.¢ 100.0 106.0

MNo. of Men 84 76 31 117 49 66

il Mean Grade 3.5 3.5 4.3 3.6 3.7 5.0%
ll SE 10 12 18 A1 .18 19

Asterisks indicate mean grade in Hawaii is significantly greater than mean grade for correspending
cause of death category in Japan (* 01<p<.05, **p<.01).
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TABLE 18 PERCENTAGE DISTRIBUTION OF STUDY CASES AS TO MEAN CORONARY GRADE
BY PRESENCE AND SIZE OF OLD LESIONS AND STUDY SITE

#18 FEM ST ITFHEDRUFHEOBIESGH: RORFEOFRS LT

Fgl - AR B
Japan Hawaii
Mean Coronary
Score Small Large Small Large
No Lesion  Lesions Only Lesion No Lesion  Lesion Only Lesion
1-1.9 28.9 34.2 6.5 21.6 21.8 3.8
2-2.9 60,2 42.1 54.8 39,7 25.5 8.9
3-3.9 10.8 14.5 9.7 20,7 30.9 23.2
44.9 - 2.6 16.1 121 16.4 16.1
5.5.9 - 5.3 12.9 4.3 1.8 32.1
6.6.9 - 0.9 3.6 14.3
7 - 1.3 - 0.9 - 1.8
Total 100.0 100.0 100.0 100.0 100.0 100.0
No. of Men 83 6 31 116 55 56
Mean Grade 2.1 2.3 3.0 2.7+ 3.0%* 4.4**
SE 06 .13 23 A1 15 .19

Asterisks indicate mean grade in Hawaii is significantly greater than mean grade for corresponding
cause of death category in Japan (* 01<p<.05, **p<.01).

DISCUSSION

This comparative necropsy study of Japanese
men in Honolulu and Hiroshima supports the
impression of death certificate analyses which
have indicated that the frequency of coronary
heart disease in Hawaii Japanese men is higher
than in Japan, Although it is acknowledged
that different methods of autopsy procurement in
widely cities might
selection biases, these appear to have been
minimized in this study. Certainly, the fre-
quency and extent of myocardial damage is so
much greater in Honolulu than Hiroshima thar it
would appear to overwhelm such biases, particu-
larly since CHD deaths were, if anything,
under-represented in Honolulu. Moreover, there
are differences in the severity of atherosclerosis
in patients from the ¢wo cities whose deaths
were due to similar diseases. The most
conspicucus differences between the two cities
are in the categories of recent myocardial
necrosis (Hiroshima 7.3%vs Honolulu 28.5%),
coronary heart disease as a cause of death
(Hiroshima 6.3% vs Honolulu 23.8%), and the
intensity of atherosclerosis of the aorra and
coronary arteries of individuals who died as a
result of cancer or diseases other than coronary
heart disease. It is worth emphasizing that these
differences are found among men of similar racial

two separated create

# %
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stock; therefore, they presumably originate from
differing lifestyles and environments racher than
from genetic influences.

It is'not surprising that, in both cities, death due
to coronary heart disease is associated with
higher grades of atherosclerosis in both the
coronary arteries and the acria than is death due
to other causes, There are, however, both
qualitative and quantitative differences
cardiovascular disease in Hiroshima and Honolulu.

in

Coronary atherosclerosis increases in severity
and recent myocardial lesions increase in
frequency with age in Hiroshima, but not in
Honolulu. Moreover, of myocardial
necrosis and large healed lesions are virtually
absent in Hiroshima autopsy subjects before
59 years of age, but are present in one-third of
Honolulu subjects of chis age. From this, it
would be reasonable to assume that Honolulu
men are exposed to the causes and effects of
atherosclerosis at a younger age and
greater degree than men in Hiroshima.

areas

w a

One of the factors which might intensify the
effects of coronary insufficiency in Honolulu is
the larger heart size in that city. Large old
myocardial lesions in Hiroshima and both large

recent and large old lesions in Honolulu all.

in frequency with increasing heart
weight. Heart weight and body weight are
substantially correlated in both cities. The
mean body weight in Honolulu decedents is 15kg
heavier cthan in Hiroshima, and there are
statistically significant intercity differences in
body weight for all causes of death; yet in the
cases where men of similar body weight can be
compared, Hiroshima men actually have larger
hearts than men in Honolulu. Adjustment for body
length does not substantially alter this finding.
It seems reasonable to infer that heart size in
each city is strongly influenced by caloric
balance. Additional, but unidentified, influences
which increase heart weight in men of similar
body weights have a stronger impace in Hiroshima
than Honolulu.  Conceivably, blood pressure
could be one such facror, although the Ni-Hon-San
Study has not demonstrated significant pressure
differences between the two cities12. In Hawaii,
hearts weighing more than 400 g are much more
likely to show high grades of coronary athero-
sclerosis than lighter hearts. In Hiroshima, the

increased

distribution of various grades of coronary
atherosclerosis changed only slightly with
heart weight, The reason for this difference is
not clear.
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Only one category of myocardial change is more
frequent in Hiroshima than Honolulu — areas of
fibrosis smaller than 0.5cm. In neither city is
the frequency of this change related to heart
weight, Hiroshima hearts weighing less than
300 g are actually more likely to conmtain such
Jesions than are hearts in cthe 300-399g or
400+g weight groups. In neither city do those
with small old lesions have higher grades of
aortic or coronary atherosclerosis than those with
no old lesions. It is unlikely that these small
fibrotic lesions are related to atherosclerosis of
the major coronary arteries.

Although areas of fibrosis larger than 0.5cm are
proportionately more numercus in Honolulu than
Hiroshima, and, although hearts showing such
lesions have higher grades of coronary athero-
sclerosis in each city, the intercity difference in
the frequency of large scars is not of the
magnitude encountered with recent myocardial
necrosis or coronary heart disease as a cause
of death. This suggests that some of these
larger areas of myocardial fibrosis may either
arise on a basis different from coronary athero-
sclerosis or may result from changes in distal
vessels affecting small segments of the myo-
cardium. These conclusions support the
observations of Rock et alld that the frequency
of visible myocardial lesions not due to athero-
sclerosis in men 25-44 years of age is un-
expectedly high, and suggests a danger in using
scars as a definite of
myocardial infarction due to coronary athero-
sclerosis,

indicator previous

19

RERF TR 2-75

Honolulu KRN IEEIZEVEEH S LEEMRIL,
bz 1lHE 2T &LV T42b, EE
0. 5mKMOFHIETHS. WHOVWThIZEHFOTH,
ZoZbnEE L LIEREE L OMICEFEIIAES AR
ot i, KRBT, ERE300—39 g1
0 g D EDLELINLER 300 g RGO LRIZZD
FEFBHSNBIEMEdoA Tk, EHLY,
ZOEIRAMBEOMBERERAET SR, %
HLEWEICESNTREKE 3 EHRCHETET
7o - AMERELEOREAE LB EEAH LA
v, IOAELBEEERENETEEHROTT
0 — AREIRECEE & MES D 5 & v ) THEE D
.

ER0Samll LoH#ELZ ST sH0HEE, BE
&0 % Honolulu 122 <, Mib b ZOEOREDE
HERALKTE, SHRT Fu— 2 EE8RELE
DEELELV. LAL, ZOREBEOHEEIZS
ShaMmimo®Eid, HELHREEE 2 3EREL
TOETHRECREROEECED SR TV AER
FHETRLY., 20l IoBoEREILL
R OLHEEE0—HIE, SHIRT7 7 o— A%k
BAAELAORELFLTW 34, 213, B
EHE T A3EEAOHOIMIIRELZRIFLL
BREUALODTHZIEEZRET 2. ZOEHL
EMB—MUEORFIEIT 3T 70— s HHIREL
ENNOBERIIEISHEDLHRENEE N TE
PLEiZEwEWn ) Rock 5P OHMBERREEETS
LOTHY, Tk, BEERLENRT 70— st
EHIREEALAE (DB L - AT B o L A5 2 o) IRE 2 15
LT AZENBRTHIZLETET S,




RERF TR 2-75

10.

11.

12.

13.

REFERENCES
HE R

KIMURA N: Analysis of 10,000 post mortem examinations in Japan. In World Trends in Cardiology, ed by KEYS A,
WHITE PD. New York, Hoeber-Harper, 1956. Vol 1, pp 22-3

GORDON T: Mortality experience among Japanese in the United States, Hawaii and Japan. Public Health Rep 72:543-53,
1957

RHOADS GG, GLOBER G, STEMMERMANN GN: A review of some tumers of interest for demographic study in Hawaii.
Hawaii Med J 33:283-91, 1974 .

STEMMERMANN GN: Patterns of disease among Japanese living in Hawaii. Arch Enviren Heaith 20:266-73, 1970

KAGAN A, HARRIS BR, WINKELSTEIN W, JOHNSON KG, KATO H, SYME SL, RHOADS GG, GAY ML, NICHAMAN
MZ, HAMILTON HB, TILLOTSON J: Epidemiologic studies of corenary heart disease and stroke in Japanese men living
in Japan, Hawaii, and California: Demographic, physical, dietary and biochemical characteristics. J Chron Dis 27:345-64,

1974

JABLON 5, ISHIDA M, YAMASAKI M: JNIH-ABCC Life Span Study, Hiroshima-Nagasaki. 3. Mortality, October 1950-
September 1960. Radiat Res 25:25.52, 1965

RICKERT RR, JOHNSON KG, KATO H, YAMAMOTO T, YANO K: Atherosclerosis in a defined Japanese population: A
elinicopathologic appraisal. Am J Clin Pathel 49:371-86, 1968

GOULD SE, HAYASHI T, TASHIRO T, TANIMURA A, NAKASHIMA T, SHOHOJI T, ASHLEY FW: Coronary heart
disease and stroke: Atherosclerosis in Japanese men living in Hiroshima, Japan and Honolulu, Hawaii. Arch Pathol 93:98-

102, 1972

McGILL HC, Jr, BROWN BW, GORE I, McMILLAN GC, PATERSON JC, POLLAK OJ, ROBERTS JC, WISSLER RW:
Grading human atherosclerotic lesions using a panel of photographs. Circulation 37:455.9, 1968

WORLD HEALTH ORGANIZATION: International Classification of Diseases, 8th Revision, Geneva, WHO, 1969

KANTOR S, WINKELSTEIN W: The rationale and use of ridit analysis in epidemiclogic studies of blood pressure. Amer
J Epidemio! 90:201-13, 1969

WINKELSTEIN WJ, KAGAN A, KATO H, SACKS S: Epidemiologic studies of coronary heart disease and stroke in
Japanese men living in Japan, Hawaii, and California: Blood pressure distribution. AmerJ Epidemiol 102:502-513, 1975

ROCK W, OALMAN M, STRONG J: Community pathology of myocardial lesions in men 25-44 years of age (Abst) Lab
Invest 32:433, 1975

20





