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CLINICOPATHOLOGIC APPRAISAL OF ATHEROSCLEROSIS
IN A DEFINED JAPANESE POPULATION
BHAAOBEEHICE T S37 70— LEEHRE/E
OFRE - REFHFM

INTRODUCTION

Atherosclerotic vascular disease in the Japanese
has several features. While ischemic heart disease
and myocardial infarction are uncommon compared
with many Western countries,!*4 stroke is the
leading cause of death in Japan.? Age-adjusted
death rates for cerebrovascular disease in the
Japanese are among the highest in the world. 6,7

Geographic variation in the occurrence rates of
myocardial infarction is generally ascribed to
environmental factors, notably the content of fat
in the diet.8:9 Recent anatomic studies have
confirmed the very slight degree of coronary athero-
sclerosis in Japan when compared with countries
such as the United States.4:10

Further evidence for the important role of environ-
ment in atherogenesis comes from observations on
Japanese living in Hawaii and continental U.S. A. in
whom death rates from ischemic heart disease are
much higher than for those in Japan.ll Recent
autopsy data have demonstrated occurrence rates of
myocardial infarction among Japanese in the United
States approaching those of the Caucasian popu-
lation. 12

Aorta and coronary atherosclerosis are similar in
severity in the United States.10 In Japan, however,
a marked disparity between aortic and coronary
disease has been demonstrated.10;13 Aortic
atherosclerosis in Japan, where fat intake is low,
has been demonstrated to progress nearly as
rapidly as it does in the United States where fat
intake is high. This is in striking contrast to the
dif ference in coronary atherosclerosis in these
populations. Observations such as these cast
doubt on a simple relationship between dietary fat
and atherosclerosis.

A recent study at ABCC has confirmed the high
rate of stroke in Japan.l% Indeed, the incidence of
cerebrovascular disease in this study population
exceeds any reported in a defined population, white
ot non-white, in the United States,
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The ABCC research program offers a unique op-
portunity to study atherosclerosis in a defined
population. The basic study group (JNIH-ABCC
Life Span Study sample) consists of about 100,000
individuals who were resident in the cities of
Hiroshima and Nagasaki on 1 October 1950.15 The
sample is divided according to distance from the
hypocenter at the time of the atomic bomb. Detailed
study of this population has not revealed an asso-
ciation between exposure to radiation and the
development of cerebral or cardiovascular disease.
A subgroup of about 20,000 from this sample is
examined in detail at the ABCC clinics every
2 years.

Deaths in the Life Span Study sample are investi-
gated by the ABCC Department of Medical Sociclogy
and autopsies are procured in about 40% of the
subjects. 16 The autopsy population is unusual in
that it is not selected for hospitalized patients and
represents, therefore, a sample of deaths from all
causes occurring in the community both at home
and in hospitals.

MATERIALS AND METHODS

The sample for anatomic stdy included all male
and female Life Span Study subjects, aged 40-69,
autopsied at ABCC Hiroshima, from 1 February
1965 to 1 March 1966 and all male subjects from the
same pgroup autopsied at ABCC Nagasaki, from
1 May 1965 to 1 March 1966. In Hiroshima, 117
persons (70 males, 47 females) were autopsied
during this period from whom 117 aortas, 116 sets
of coronary arteries and 111 sets of cerebral
arteries were available for study. In Nagasaki,
15 persons (all male) were autopsied, and the
aorta, coronary, and cerebral arteries were available
from each. Table 1 shows the age and sex distri-
bution of the autopsy group for study. Also shown
is the age and sex distribution and autopsy rates
for the population from which the autopsies were
procured. The age and sex distribution for the
autopsied and non-autopsied group show no evidence
of selection.

At autopsy the complete aorta and the three major
coronary arteries were removed, cleaned of excess
adventitial tissue, opened longitudinally, sewn to
cransparent vinyl plates and fixed in 10% neutral
buffered formalin. When zones of marked stenosis
were encountered in the coronary arteries, they
were by-passed and examined on cross section
after fixation. The cerebral arteries were fixed
in 10% neutral buffered formalin in situ for several
days before removal and were sewn, unopened, to
vinyl plates (Plate 1).
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TABLE 1 AGE AND SEX DISTRIBUTION OF AUTOPSY CASES, DEATHS, AND AUTOPSY RATES
#1 BE, FECH S L UOHREOES - B H

Hiroshima &5

Nagasaki £

Age
I M;_;l e 7 F emlal e % T; t;f % M _%l e %
Autopsy Cases 40-49 10 14.3 5 10.6 15 12.8 1 6.7
1 A1 50-59 11 15.7 10 21.3 21 17.9 2 13.3
60-69 49 70.0 32 68.1 81 69.2 12 80.0
Total #t 70 100.0 47 100.0 117 100.0 15  100.0
Deaths 40-49 15 8.1 17 12.1 32 9.8 2 4.7
FECH 50-59 35 18.9 42 30.0 77 23.7 8 18.6
60-69 135 73.0 81 57.8 216 66.5 33 76.7
Total & 185  100.0 140 100.0 325  100.0 43 100.0
Autopsy Rates 40-49 66.7 29.4 46.8 50.0
UL 50-59 31.4 23.8 27.3 25.0
60-69 36.3 39.5 37.5 36.4
Total # 37.8 36.6 36.0 34.9

Several grading methods were used in evaluating the
collected material.
done by a single observer.

All grading for the study was
For the aortas and
coronary arteries a slight modification of previously
published techniques based on surface involvement
by atherosclerosis was employed‘l?»}-g The
method used in this study is based on the gross
estimation of the surface area involved by athero-
sclerosis and each of three types of lesions - fatty
streaks, fibrous plaques, and complicated lesions.
Initially the total percentage of the intimal surface
area involved with all types of atherosclerotic
lesions was estimated followed by separate percent
of surface estimates for fatty streaks, fibrous
plaques and complicated lesions. Included as
complicated lesions were those with ulceration,
hemorrhage, thrombosis, or calcification. For the
aortas, separate appraisal was made for the entire
vessel, the arch, and the descending thoracic and
The three coronary arteries
were judged separately in the same manner and an

abdominal segments.

unweighted mean calculated for each case. All
grading was done without prior staining for sudano-
philia. The results reported for the surface involve-
ment are raw Scores.
employed for this study.

No severity indices were

In addition to surface grading, each of the coronary
The most
stenotic zone in each of the three vessels was
graded 0 to 4+ in the following manner: grade O+,
less than 25% stenosis; grade 1+, 25%-49%; grade 2+,
50%-74%; grade 3+, 75%-89% and grade 4+, 90%- 100%.

arteries was evaluated for stenosis.
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The grades for the three coronary arteries were
totaled giving a possible stenosis score of 0 o 12
for each case.

Cerebral atherosclerosis was assessed by the
method developed by Baker.19:20 With this techni-
que 22 sites in the cerebral arterial system are
evaluated on cross section for atherosclerosis and
graded 0 to 4+. The individual grades, although
based on cross section examination, take into
account both surface involvement and stenosis.
The grades are rtotaled giving a possible score
range from 0 to 88.

In addition to evaluation of atherosclerosis, the
heart and brain in each case were examined gross-
ly, and appropriate sections made for histologic
study. Lesions which grossly had an area of
at least 1 cm? on any sectioned surface were
included as myocardial infarcts. Any gross cerebral
lesions later confirmed as infarcts by histologic
study were included, the lower limit in size general-
ly being about 2 mm. The lesions in cases of
intracerebral and subarachnoid hemorrhage were
all sufficiently striking to require no special
definitions.  All routine histologic sections from
each autopsy were also available for study.

Clinical and environmental data about the autopsied
subjects were available from several sources.
Many of the subjects, male and female, had been
evaluated periodically in the ABCC medical clinic
providing  extensive  historical, clinical, and
laboratory data. In Iliroshima, through the very
kind cooperation of the personal physicians of
those not examined at ABCC, blood pressure informa-
tion was obtained in nearly all cases. In many
instances the recordings were available from a time
considerably antedating the onset of the terminal
illness.

The major source of environmental information was
the Mail Survey on Cardiovascular Disease sent
from ABCC to all males aged 40-G9 of the Life
Span Study sample in Hiroshima and Nagasaki. Of
the 13,076 subjects who received the questionnaire,
92% in Hiroshima and 93% in Nagasaki responded.
The questionnaire provided information such as
residencial history, socioeconomic status, occupa-
tion, diet, educational level, medical history,
family history, etc. The results of this survey are
to be reported.21

Because of few cases in Nagasaki, most of the
results reported here are based on Hiroshima
subjects alone. Where effects of specific factors
such as serum cholesterol are evaluated, however,
Nagasaki cases are included.
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RESULTS

Aortic and Coronary Atherosclerosis  Figure 1
illustrates graphically the percent of surface area
involvement by atherosclerotic lesions for the aorta
and coronary arteries. The results are estimates for
the entire aorta and the unweighted mean of the
three coronary arteries. Surface involvement of both
the aorta and coronary arteries rises progressively
with age. The extent of disease is similar in
both sexes, the gradient of increase being slightly
greater in the males. Of particular interest is the
remarkable disparity between involvement of the
The difference

aorta and of the coronary arteries.
is quite constant in each age group.

Figure 2 illustrates for the aorta the effect of age
on the absolute percent of intimal surface involved
by each of the types of lesions studied.
Involvement by farty streaks in the male is constant
for all ages, while in the female there is a decline
from about 20% at age 40-49, reaching a level
similar to the male at age G0-69. Involvement by
fibrous plaques in both sexes parallels the total for
the combined lesions.

three

The' leveling off of fibtoais
plagques at age 50-G0 possibly reflects the increase
in complicated lesions which becomes most marked
at this age for both sexes.

Figure 3 shows the effect of age on the various
types of coronary artery lesions. The distribution
of lesions by age is similar to that of the aorta,
although the complicated lesions
occurs about 10 years later. The inordinately high
values for fibrous plaques in females aged 50-59 may
reflect the small number of cases in this age group.

increase in

The percent of surface scores for coronary arteries
were compared with the stenosis scores in each
case. The correlation coefficient was .85 demonst-
rating marked agreement in the assessment of the
coronary atherosclerosis by
surface involvement or stenosis.

severity of either
Surface estimates
are of greater value in this study, since they allow

a direct comparison with the results for the aorta.

Cerebral Atherosclerosis Figure 4 shows the
effect of age on the score (Baker) for cerebral
atherosclerosis. Cerebral atherosclerosis gradually
increases throughout the age range studied with
The Baker brain
score represents a total of individual measurements
of atherosclerosis based on appraisal of cross
sections from 22 the cerebral
It is, therefore, not directly compara-
ble with the results for the aorta and coronary
arteries. The increment with age, however, is very
similar to that for the aorta and coronary arteries.

little difference between sexes.

separate sites in
vasculature.
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FIGURE 1 SURFACE AREA INVOLVEMENT, ALL ATHEROMATOUS LESIONS BY AGE - HIROSHIMA
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Effect of Hypertension
were available in nearly all cases.

Blood pressure recordings
The few cases
without records were considered hypertensive or
normotensive after appraisal of heart weight and the
degree of renal arteriolar sclerosis. Hypertension
is defined for this study as blood pressure above
160/95 mm Hg. Using this definition, 31 of 70
males (44.3%) and 23 of 47 females (48.9%) were
hypertensive.

Figure 5 compares the effects of hypertension on
the combined and individual lesions for the aortas
and subjects. The
accelerating effect of hypertension is apparent in
both the aorta and coronary arteries. There appears
to be no effect on the proportion of fatty streaks in
either aorta or coronary arteries, while the fibrous
plaques Involvement by com-
plicated lesions in this sample is accelerated only
in the aorta with the increase occurring about 10

coronary arteries of male

increase in both.

years earlier than in the normotensive subjects.

The same comparisons for females are shown in
Figure 6. The results are similar to those for the
males but the accelerating effect of hypertension is
apparently greater in the females for both aorta and

coronary arteries. The effect on the specific
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FIGURE 2 EFFECT OF AGE ON INVOLVEMENT BY EACH TYPE OF LESION IN THE AORTA - HIROSHIMA
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lesions is nearly identical in both sexes. For Lrlr, BafoEhiig, SEEIRE & 00z KBk IZ &

females , however, an increase in complicated
lesions is apparent in the coronary arteries as well
as the aorta.

Figure 7 shows for males and females the effect of
hypertension on cerebral atherosclerosis as deter-
Again, the
accelerating effect is apparent, especially in

mined by the Baker grading method.
females.

Effect of Serum Cholesterol Serum  cholesterol
determinations were available in 34 subjects.
Because of few cases, results are given for sexes
and cities combined. All cholesterol determinations
were performed at the ABCC Department of Clinical
Laboratories. For comparison, subjects with serum
cholesterol above and below 200 mg/100 ml were
separated. When more than one determination was
available, that which was performed at the earliest
date was chosen. The results are based on serum
cholesterol values determined an average of 4.7
vears before death and therefore in most cases
before the onset of the temminal illness. Twenty-
three subjects had serum cholesterol below
200 mg/100 ml (mean, 145.1 mg/100 ml) and 11
subjects had serum cholesterol equal to or greater
than 200 mg/100 ml (mean, 227.6 mg/100 ml).
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FIGURE 3 EFFECT OF AGE ON INVOLVEMENT BY EACH TYPE OF LESION
IN THE CORONARY ARTERIES - HIROSHIMA
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FIGURE 5 EFFECT OF HYPERTENSION ON PERCENT TOTAL SURFACE OF AORTA
AND CORONARY ARTERIES INVOLVED BY EACH TYPE OF LESION - MALE, HIROSHIMA
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FIGURE 6 EFFECT OF HYPERTENSION ON PERCENT TOTAL SURFACE OF AORTA
AND CORONARY ARTERIES INVOLVED BY EACH TYPE OF LESION - FEMALE, HIROSHIMA
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FIGURE 7 EFFECT OF HYPERTENSION ON CEREBRAL ATHEROSCLEROSIS (BAKER SCORE) - HIROSHIMA
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Figure 8, 9 show the effect of serum cholesterol on
the absolute percent of surface involvement by the
combined and individual lesions of atherosclerosis
for the aorta and coronary arteries. Cases are few
and the differences, while not statistically signifi-
cant, are very consistent. Involvement with
atherosclerosis in subjects with serum cholesterol
levels greater than 200 mg/100 ml is consistently
more severe in both the aorta and coronary arteries.
The difference is not reflected in the involvement
by fatty streaks but is quite constant for fibrous
plaques and complicated lesions. Of interest is the
appearance of complicated lesions about 10 years
earlier in patients with serum cholesterol above
200 mg/100 ml. This is most striking for the aorta
but is present to a lesser degree for the coronary
arteries also.

The effect of serum cholesterol on cerebral athero-
sclerosis is shown in Figure 10. Here again those
with levels above 200 mg/100 ml have more severe
disease; the difference, however, is not as striking
or uniform as in the aorta and coronary arteries.

Effects of Other Factors Data derived from the
mail questionnaires and from clinical examinations
provided information on other factors associated

with atherosclerosis. Included were socioeconomic
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FIGURE 8 EFFECT OF SERUM CHOLESTEROL ON PERCENT TOTAL SURFACE OF AORTA

INVOLVED BY EACH TYPE OF LESION - SEXES AND CITIES COMBINED
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FIGURE 9 EFFECT OF SERUM CHOLESTEROL ON PERCENT TOTAL SURFACE OF CORONARY
ARTERIES INVOLVED BY EACH TYPE OF LESION - SEXES AND CITIES COMBINED
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status, occupation, education, diet, physical
activity, body weight, smoking habits, diabetes, and
electrocardiogram abnormalirties. The effects of
these factors on clinically observed cardio- and
cerebrovascular disease studied at ABCC will be
reported elsewhere. Analyses of these data for the
present anatomic survey revealed no significant or
consistent differences except when smoking data

were examined.

Cigarette smoking histories were available for 78
of the 85 male subjects in the two cities.
for aortic,

Results
and cerebral atherosclerosis
are presented in Table 2. Recorded by age groups
are the absolute percent surface involvement by all
lesions for aorta and coronary arteries and the Baker
atherosclerosis the cerebral arteries.
Because of the small number of cases, only two
smoking groups are defined, including all
nonsmokers (never smoked and ex-smokers) and one
all smokers (about equally divided
subjects smoking more and less
20 cigarettes per day).

coronary,

score for
one

including

between than

-
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TABLE 2 ATHEROSCLEROSIS IN NONSMOKERS AND SMOKERS - MALE, CITIES COMBINED

£2 FREHFHLUREHEOTTO- AMEIRELE — 5, WAt
Aorta F &R Coronary 7 tRE ik Cerebral BBk
Wi & Surface involved % Surface involved Score (Baker)
¢§ WED b5 R % WEDH 2R % Baker i£5F A4
Nonsmoker Smoker Nonsmoker Smoker Nonsmoker Smoker
FE e 5241 Elof e LB UE FEHTE A LBUE oy
40-49 6.0 42.9 8.0 8.6 17 13.7
Cases {fl# 1 7 1 7 1 7
50-59 339 53.3 11.8 22.3 29.0 22.7
Cases fil# 4 9 4 9 4 9
60-69 49.8 68.8 22.6 39.6 32.8 38.0
Cases ffl# 24 33 24 33 24 31

In the youngest age group the few cases make
interpretation unreliable. In the older ages and
especially from 60-69 a rather striking increase in
coronary atherosclerosis is noted in the smokers.
Aortic atherosclerosis is greater also in smokers
between 60-69 years. The differences in aortic and
coronary atherosclerosis between smokers and
nonsmokers is statistically (P<0.01)
for those aged 60-69.

significant

The presence of diabetes was documented for only

four males and three females thus precluding
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reliable evaluation of this factor. Clinical inform-
ation was generally insufficient to establish or
negate the diagnosis.

Cardiac and Cerebrovascular Lesions Examination
of the heart and brain of the autopsied subjects
permitted a thorough appraisal of the frequency and
type of cardio- and cerebrovascular lesions occur-
ing in the smdy group.

In the following sections the subjects with the
various types of tissue lesions are characterized
both for atherosclerosis and for factors such as
hypertension, diabetes, serum cholesterol, and
smoking habits. Comparison is also made between
subjects with and without the specific lesions and
with a group of ‘normal’ controls from this popula-
tion, who were defined as those without hyperten-
sion, diabetes mellitus, and cardio- and cerebro-
vascular lesions. The purpose of this category is to
provide a sample free of any lesions or diseases
usually associated with atherosclerosis.

Myocardial Infarction Hearts were available for
examination in all 117 and coronary arteries in 116
of the Hiroshima cases. Myocardial infarcts were

found in 12 cases (10.3%), 8 males and 4 females.

Except for one 53-year-old man, all were between
age 60 and 69 with a mean age of (3.5 years.
Myocardial infarction was the cause of death in
4 (3.4%) of the subjects, 2 males and 2 females.
A total of 14 lesions were present in the 12 patients,
accounted for by old scars in one subject with a
recent infarct and one with an organizing infarct.
Of the total of 14 lesions there were 3 recent, 1
organizing and 10 old myocardial infarcts. There
were no myocardial infarcts in the 15 Nagasaki
subjects.

Of the 12 subjects with myocardial infarcts 9 were
hypertensive, including 5 of 8 males and all 4
females; 1 man with a myocardial infarct was
diabetic, 5 were not and no information was availa-
ble for 2; of the 4 women with infarcts 2 had
diabetes.

Serum cholesterol values were available in only
two cases with myocardial infarcts, each with
diabetes mellitus. One, a (7-year-old man, had a
serum cholesterol level of 262 mg/100 ml 5 years
before death, and the other, a 66-year-old woman,
had a serum cholesterol of 208.5 mg/100 ml 6 years
before death.

Since all but one of the subjects with myocardial
infarcts were aged 60-69, data for coronary athero-
sclerosis are compared with other subjects in
this age group only.
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Table 3 compares coronary atherosclerosis in the
subjects with myocardial
cardial infarcts and the ‘normal’ controls.

infarcts, without myo-
Tabulated
are the total percent of surface involvement by the
combined and individual lesions and the stenosis
score for Hiroshima subjects aged 60-69.

There is a striking difference apparent in both
surface area and stenosis measurements between
the infarct group and both noninfarct groups, the
The
involvement by
in the group reflected
completely the proportions of fibrous
plaques and complicated lesions. The proportion
of complicated suspected, is also
highest in the subjects with myocardial infarcts.
The severity of stenosis for all groups closely
parallels the extent of involved.  The
differences in coronary atherosclerosis, except for
fatty streaks, between subjects with and without
myocardial infarcts are highly significant (P<0.01).

results for the latter two being very similar.
of surface

infarct

increased severity

atherosclerosis is
almost in

lesions, as

surface

FITH, LHEELAETSLE, HLZVLESLUIE
FadEE e, BREBIRO 7 7o — A ELE
LA B0-69BOEENREIS U SERENS
FURERGHOE T EL S UHEO FRIMEE R L .

LHEES 2B ELHBEEF 22 SO EDHT,
WREOKE S LHEEONMIZ, BMHELENSHEH, &
HoeHMor, EFEEHLTwS. LEHEENSS
Bz a7 70— AEEIIREE(LEE IC & 2 MEDORKIE,
BEMEELRERESERESARETE ST A, BE
HMBEEof4i, FUEEY, LHEEDD S HITRS
ThiE. BRIFIAHEEOREIL BENDAKES L E
b T kAT A, GRGFIKT 70 — A EFERIEICD
W, BiiREEERS, LHREFZE T2 EAHE
HELZALLZVEOLOMT, SO THELETHS
(P<0.01).

TABLE 3 CORONARY ATHEROSCLEROSIS IN SUBJ ECTS WITH AND WITHOUT MYOCARDIAL
INFARCTS AND '"NORMAL’ CONTROLS “HIROSHIMA, AGE 60-69, SEXES COMBINED

%3 LpfEEossE, &

W, BRUTIEE % |81z

B AEREIRELE — KB, 60-695, BE&i

% Surface Involved
WEOHIERE %

With

Myocardial Infarcts
LEED S 54
11 Subjects %

Without
Myocardial Infarcts
L HED v

69 Subjects #

*‘Normal™
IE &

25 Subjects %

All lesions EWE
Fatty streaks LEEDE S
Fibrous plaques HEAE T 1L 4R
Complicated lesions E &%
Stenosis score ERORN

64.0% 24.2% 20.1%
2.2% 2.7% 2.7%
36.8% 15.3% 12.4%
25.0% 6.2% 5.0%
9.2 2:3 1.8

*Subjects without hypertension, diabetes mellitus, and cardio-cerebrovascular lesions.

BIOERE, BEIEHEE L L L EMAFERO L.

Of the 11 subjects with infarcts in the 60-69 year
age group 9 (81.9%) were hypertensive and 34 of
the 69 subjects (49.3%) without infarcts were
hypertensive (Table 4). As demonstrated earlier,
hypertension has an accelerating effect on coronary
atherosclerosis. However, it not
explain the difference in coronary atherosclerosis

does alone

between the subjects with and without infarcts
since the ‘normal’ group which includes no hyper-
tensives does not differ from the group selected
only for the absence of myocardial infarcts in which

the rate of hypertension approaches 50%.
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TABLE 4

HYPERTENSION IN SUBJECTS WITH AND WITHOUT

MYOCARDIAL INFARCTS - HIROSHIMA, AGE 60-69, SEXES COMBINED
Fd LMEEOLZERILIUTLZVEDEBMEE —EE, 60 -6, Biast

Hypertension

Category Subjects % 0L 1 4 =
£S5 M BE Number
t o
With myocardial infarcts 11 9 B1.9
LEEED L 2 E
Without myocardial infarcts 69 34 49.3
LR g
‘Normal’ 25 0 by definition
E# (ERIZE )

Data for serum cholesterol and diabetes mellitus
were insufficient to characterize the groups with
regard to these factors.

Table 5 compares cigarette smoking histories Jfor
Hiroshima males, aged 60-69, with and without
myocardial infarcts. All seven males in this age
group with myocardial infarcts were smokers. By
Western standards, the use of cigarettes by these
patients would at most be described as moderate.
Because of few cases and the prudent smoking
habits of those involved, no conclusions are
warranted about the relationship of cigarette
smoking to subsequent myocardial infarction in
these study subjects. The findings, however, are
consistent with the demonstrated accentuation of
coronary atherosclerosis among cigarette smokers
in this population (Table 2}).
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TABLE 5 SMOKING HABITS - HIROSHIMA, MALE, AGE 60-69
x5 WMFER — KB, 60-698, B

With
Category Myocardial Infarcts
E5 LEMEN S LH

7 Subjects %

Without Z :
; Normal
Myocardial Infarcts E

LHRED LVvH

39 Subjects % 13 Subjects %

Never smoked 1 &M Lz fung 0

Ex-smoker PoTHRELLH 0
Smoker 5 cigs/day 1
e 4T ij0 #7118 5
Ls&%&r;l,t:)zo 1

30 0

10 3
8 4
6 0
5 1
8 4
2 1
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In view of the demonstrated disparity between

aortic and coronary atherosclerosis in this popu-
lation (Figure 1), it seems appropriate to ascertain
whether those with marked coronary atherosclerosis
and myocardial infarction demonstrate an equivalent
increase in aortic disease. Table 6 compares
aortic atherosclerosis in the myocardial infarct and
the two non-infarct groups. Aortic atherosclerosis,
like coronary disease, is more in the
subjects with myocardial infarcts, but the magnitude

of increase is much less.

severe

The increase in aortic
involvement is manifested almost entirely by an
increment in complicated lesions. It is apparent
that in the subjects with myocardial infarction the
disparity between
atherosclerosis is much less than in those without
infarcts.

aortic and coronary artery
This suggests that the factor or factors
responsible for the matked increase in coronary
disease these patients has had a somewhat
selective effect on the coronary arteries. Interest-
ingly, the potentiating effects of hypertension and
elevated serum cholesterol demonstrated in Figures
S, 6, 8, and 9 tended to be greater in the aorta

than the coronary arteries.

in
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TABLE 6 AORTIC ATHEROSCLEROSIS IN SUBJECTS WITH AND WITHOUT MYOCARDIAL INFARCTS

AND 'NORMAL' CONTROLS -

#6 LHEEOHIE,

HIROSHIMA, AGE 60-69, SEXES COMBINED
LwgE, BECIEELZ MBI T2 K8k 7 7 0 — AES)IRECE —

L&, 60— 69, %'ﬁfrruf

With Without Nieamal?
% Surface Involved Myocardial Infarcts  Myocardial Infarcts -
FmEO S AR % LERED S 3 L FERED & v i
11 Subjects % 69 Subjects & 25 Subjects &
All lesions LR 75.7 55.7 54.5
Fatty streaks eI 5.5 7.9 8.0
Fibrous plaques ML 36.7 35.5 35.7
Complicated lesions &&H 33.5 12.3 10.7
Cerebrovascular Disease The study of vascular BOEESE MonEmEEoREE, MLTEALV)
lesions of the brain is complicated by the in- .-

F - A h g, T — =iy
consistent relationship to atherosclerosis of some WHOTL&ED SR TR IRELT T v — AEBIIRE
of the entities included under the general term, FErOEFZI B2 o cHEETHS. ABEICIE
cerebrovascular disease. For the purposes of this i o -

i Rl aE A . j Fe —+ 7 H
study, four general categories were considered: ROEID—BHLEZEHNBELE. ThHE, KO
cerebral infarcts (related to atherosclerosis), BT 70— A EEIRE (L E 2B b 5 E), MOE
cerebral infarcts (embolic), primary intracerebral e o = 2 W O e
hemorrthage, and ruptured saccular aneurysm. A E(ERIEOME), HEMMALNL, SIORRELL

diagnosis of infarct due to embolism was made
when lesions characteristic of ‘embolic’ infarcts
were found in subjects with an adequate source
of emboli.
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TABLE 7 DISTRIBUTION OF 111 SUBJECTS WITH CEREBROVASCULAR LESIONS - HIROSHIMA

®£7T WOEBED S 284RF 1 L0540 — EE

Lesion Subjects Male % Female % frpus Tt
: e F 1

R EOR ¢ 68 Subjects % 43 Subjects % M;[e enf:a %
Infarcts, old B f 32 22 10 64.5 61.8

Infarcts, recent i I o 1 2 2 0 62.0 -

Embolic infarcts B 5 2 3 62.0 62.7
Intracerebral hemorrhage Biribi 10 6 4 57.0 60.0
Ruptured aneurysm B L £ B BRER 5 1 4 48.0 5.3

TABLE 8 CEREBRAL ATHEROSCLEROSIS IN SUBJECTS WITH AND WITHOUT CEREBROVASCUL AR LESIONS,
AND ‘NORMAL® CONTROLS - HIROSHIMA

# 8

WOERZEDOH2%E, LvH, bEUTEEZ IHBICH 0 3MBRD 7 70— A %@tiE — LS

Score #F# (Baker i)

Lesion Subjects
W WEREN Crude Age-Adjusted
il FE#ITE
Infarcts, old and recent LU S OREO W 32 45.3 43.2
Embolic infarces g 5 25.6 25.9
Intracerebral hemorrhage M 79 8 i 10 35.3 35.8
Ruptured aneurysm BEEE L A BhIRAER 5 45.8 52.2
Without cardiovascular lesions LEOTHEN 4 E 65 23.1 23.1
‘Normal’ [E%) 42 19.9 20.6

Lesions in the above categories were found in 47
of the 111 Hiroshima cases (41.4%)
brains were available for study.

in  which
The large number
of lesions reflects in part the numerous small old
cerebral infarcts found, many of which were of
little clinical significance. The distribution of the
various lesions is tabulated in Table 7. There is
considerable overlap between diagnostic groups,
small infarcts being present in many subjects with
other lesions. In four of the five cases with
ruptured aneurysm, bleeding was mainly into the
brain substance.

Death was attributed to cerebrovascular disease in
22 of the 111 subjects (19.9%). This includes all
cases of intracerebral hemorrhage ruptured
aneurysm and seven cases with cerebral infarcrs.
In the latter group, the lesions were more often only
the immediate cause of death

and

contributory with

being pneumonia.

Table 8 compares cerebral atherosclerosis for
subjects with and without cerebrovascular lesions

and the ‘normal’ controls. Because of few cases
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and the irregular age distribution, the results are
expressed both as crude scores (mean of scores for
each age group) and as age-adjusted scores based
on the distribution of the non-lesion cases. The
only difference between crude and age-adjusted
scores the aneurysm group where
slightly younger patients predominated.

appears in

As expected, cerebral atherosclerosis in subjects
with embolic that for the
Cerebral atherosclerosis,

infarcts is similar to
groups without lesions.
however, is considerably higher in all the other
diagnostic categories compared with non-lesion
groups. Atherosclerosis in subjects with primary
cerebral hemorrhage was less severe than in those
with infarcts and ruptured aneurysms. Except for

embolic infarcts, the differences in cerebral athero-

sclerosis between subjects with and without
lesions are significant (infarcts and ruptured
aneurysms, P<0.01; intracerebral hemorrhage,
P<0.05).

A DL CFOERTHAPARN L 0T, FFERIO
FHBE O WA, b LU THEH T [Ho gy
EIHE L LERTEE AR L. SEEFES L
FINRIE B THEM 2 3TIE LA Wl & ERdT IR & D
ZEARD SR

FHiEsnLLEh, EREEELAETAH B 3 M0
M7 Fo— aEmEE, HEOZVHENEZRIZEL
L L, 20M02FESOWTREBES L 0H
LT, MERO T 7o — AEREICEE, S a0
Erhd. WOFEREHLOSZEHENT 7O — LEEIR
WL, HESLIUHRLANREFET2HLD L
o, EREHEELRE, BEO,IHBLLVHLEOMN
OWEIRT FO— AMBLENEIAETH S (HED
L OB L A BRI — P <0.01; BN M—P <0.05).

L.

TABLE 9 HYPERTENSION IN SUBJECTS WITH CEREBROVASCULAR LESIONS - HIROSHIMA

#9 MNEHREOHLZ2HGRFEOSME — 1K
Hypertensive Normotensive
il e 1E 8 01
Lesion 50 Subjects % 61 Subjects %
P Total &t
Number Rate Number Rate
# % (%) # £ (/o)
Cerebral infarcts, old and recent 20 40.0 12 19.6 32
Mo wHES L UREOHEE
Intracerebral hemorrhage 10 20.0 0 0 10
Hd P9 AL
Ruptured aneurysm B2 L 7= 8} BRH 4 8.0 1 1.6 5

The relationship between hypertension and cerebro-
vascular disease is well known. Results from this
study have substantiated the potentiating effect of
hypertension on cerebral atherosclerosis (Figure 7).
Table 9 shows the

tension and the individual cerebral lesions.

relationship between hyper-
Since
embolic infarcts in this study were not related to
the of atherosclerosis, not
considered here. Of the 32 patients with athero-
sclerosic cerebral infarcts 20 were hypertensive.
The rate of infarction among all hypertensives was
40% while among normotensive subjects it was only
19.6%, a difference which is statistically signifi-
cant (P<0.05).
hemorrhage occurred only in hypertensive subjects,
a (P<0.01).

severity they

are

As could be expected, intracerebral

statistically significant difference

i |
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Among all hypertensives in the study, the rate of
intracerebral hemorthage at autopsy 20%,
consistent with the reported high incidence of this
disease in the Japanese.’” Four of the five subjects
with ruptured aneurysm had hypertension. The rate
of 8% among all hypertensives seems unusually
high. However, it must be recalled that in four of
the five cases bleeding had occurred directly into
the brain. Had the vessels not been removed during
dissection, these cases would probably have been
considered primary intracerebral hemorrhage.

was

Analyses of serum cholesterol and smoking data
revealed no consistent or significant differences
between the various groups. In the case of choleste-
rol results were available for only a few of the

subjects with cerebrovascular lesions.

A BIILE O T,
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TABLE 10 COMPARISON OF AGE, CEREBRAL ATHEROSCLEROSIS AND HYPERTENSION
IN SUBJECTS WITH INTACT AND RUPTURED INTRACRANIAL ANEURYSMS - HIROSHIMA

210 BB LT VEEABIRA S £ URR L EEABIKE O b 55 8.5 0F 8,
Mgk 7 7o — A ER L CELED LT — KR

Intact Aneurysm Ruptured Aneurysm

Category BB LT @R BEZ L A B IR
BE 5 7 Subjects % 5 Subjects %
Mean age in years 63.1 53.8
F 1 4 iy
Cerebral atherosclerosis (Crude Score-Baker) 40.4 458
W@ 77 o — AP (TS - Baker #)
% Subjects with hypertension 42.8 (3) 80.0 (4)
EMECHENREY
Cerebral Aneurysms Twenty-four saccular aneurysms BERE EHEOMNSREL 25124 (10.8%) 121k
were found m. 12 of 'l:he 11} Hiroshima .sul?Jects R UE BB, s 2BO5 5 9 (T5%) 12 %
(10.8%). Particularly interesting was the finding of ] B T
multiple aneurysms in 9 of these 12 cases (75%). REBIRA &80 2 Z &, BICRREL. ¥4, IR
Ruptured aneurysms were present in 5 of these 12 S128lm 5 5 SHIES L ASTIRE A A o L BELT

cases. The mean age of the seven subjects with
intact aneurysms was (3.1 years and for the five
with ruptured lesions was 53.8 years. The high
frequency of hypertension and rather severe degree
of atherosclerosis in patients with ruptured aneurysm
(Tables 8, 9) suggest a possible role of these
factors in the rupture of the lesions. Table 10
compares these factors in the subjects with ruptured
and saccular aneurysms. the
small of cases in each group the
differences in age distribution, age-adjusted scores
could not be calculated. The subjects with ruptured
aneurysm had slightly more severe cerebral athero-
sclerosis

intact Because of

number and

than did their counterparts with intact

lesions. Since atherosclerosis increases with age,
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this difference would have been much greater had
age-adjusted scores been compared. Hypertension
was far more frequent in the patients with ruptured
aneurysm.  Although the small number of cases
prevents any definite conclusions, it appears that
both hypertension and an
cerebral atherosclerosis may predispose to
rupture of intracranial aneurysms.

increased severity of

the

DISCUSSION

The study group being limited to subjects aged 40-69
years precludes adequate analysis of the natural
history of atherosclerosis in this population. The
observations atherosclerosis reported here,
however, are similar to other studies on Japanese
populations wusing techniques‘ésm’l?'

on

comparable
The expected increment with age of aortic, coronary

and cerebral atherosclerosis is documented. A

consistent or significant sex difference is not
apparent. Since the grading method used for
cerebral arteries does not consider the individual

lesions, only the aorta and coronary arteries can be
directly compared.

Fatty streaks, except in the aorta of the female,
comprise a small and rather uniform proportion of the
total lesions (Figures 2, 3). Other studies have
demonstrated a decrease in the proportion of fatey
streaks after the first several decades and the
subsequent appearance and increase in the more
advanced lesions.%10:13,22 By jnitiating the study
at age 40, the transition from the earliest to the
advanced lesions has not observed
except for the aorta of the female. Fibrous plaques
are the principal lesions at all ages studied (Figures
2, 3). The extent of the lesions reaches a plateau
at age 50-60 with an
complicated lesions. This pattern of change in the
proportion of different lesions supports the concept
of the sequential development of atherosclerosis
suggested by Holman et al.22

more been

concomitant increase in

The augmenting effects on atherosclerosis of
hypertension and elevated serum cholesterol are
confirmed in this study {Figures 5-10).
of increase in

both factors.

The patterns

vascular disease are similar for

data are

risk of
with hyper-
serum cholesterol.23  The
results for both hypertension and serum cholesterol
strongly suggest that the increased risk is related
to an actual increase in the severity of coronary
atherosclerosis (Figures 5, 6, 8, 9).

Ample clinical and
available to

ischemic heart

epidemiological
the
subjects

substantiate increased
disease in

tension and elevated

An equivalent
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increase is apparent also for the aorta. The
relationships between the risk factors and athero-
are not When, for

with infarcts are

however,
subjects

sclerosis,
example ,

simple.
myocardial
eliminated from the comparison groups (Tables 3, 4),
no difference is observed in coronary atherosclerosis
in the remaining groups even though they differ
markedly in the rate of hypertension (49.3% vs 0%).
These observations that multiple risk
tactors may be operating in combination and that
other factors, possibly genetic, may be important in

suggest

subjects who develop severe coronary athero-

sclerosis and myocardial infarction.

Recent data have suggested an association between
cigarette smoking and coronary heart disease. The
recent reoprt on Smoking and Health by the Surgeon
General’s Advisory Committee has summarized
mortality data from several of the major prospective
studies.24 Data from the present study for males
aged (0-G9 show a statistically
ference in coronary and

significant dif-
atherosclerosis
between smokers and nonsmokers (Table 2).

aortic

Insufficient cases preclude an analysis of- The
combined risks of hypertension, elevated serum
cholesterol, and cigarette smoking in this popu-
lation.

The recognized relationship between hypertension
and cerebrovascular disease is also supported in
this study. The association is reflected both as
an actual increase in cerebral atherosclerosis among
hypertensives (Figure 7) and in the statistically
greater frequency
lesions in hypertensives than

(Table 9).

significant of cerebrovascular

in normotensives

The disparity between aortic and coronary athero-
sclerosis in the Japanese was initially observed by
Gore et al.10  The present study confirms the
disproportionately severe degree of aortic athero-
population with mild coronary
disease (Figure 1). The pattern of atherosclerosis
reported among J amaicans resembles closely that
of the Japanese.ll The disparity, however, does
depend merely on a low level
atherosclerosis. Studies in India, for example,
where coronary disease is wvery slight, have
demonstrated a correspondingly low degree of aortic
atherosclerosis. 10,25,

sclerosis in a

not of coronary

The aortic-coronary difference still persists even
the augmenting effects of factors such as
hypertension, cholesterol, and
cigarette smoking are present. In each instance,
the relative disparity is maintained despite an
increment in severity of atherosclerosis.

when

elevated serum
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In subjects with myocardial infarcts the severity of
coronary and aortic atherosclerosis is very similar
(Tables 3, 6).
resembles that observed in the United
Again, it is attractive to invoke the
possibility of constitutional and combined risk
factors to explain the differences between the
subjects with and without myocardial infarcts.

In these cases the pattern more
closely
States.

Because of the age limits in this study, it is
difficult to compare frequency distribution of the
different tissue lesions with other published data.
Myocardial infarcts were found in 12 cases (10.3%)
and were the cause of death in 4 (3.4%). The rate
for myocardial infarcts at autopsy in metropolitan
areas in Japan has recently been estimated to be
about 10%.27 In a recent autopsy series from
Tokyo, death was attributed to myocardial infarction
in 8 of 232 cases (3,4%)28

All cases in the present study with myocardial
infarcts had marked coronaty atherosclerosis and
stenosis. Of interest is the correlation between
surface involvement and stenosis (+0.85). This
finding confirms the surface area
grading in the assessment of coronary atherosclero-
sis. The correlation between the two appraisal
techniques confirms the findings of Strong and
McGill2? in supporting the hypothesis that coronary
atherosclerosis is the most significant factor in
determining the risk of ischemic heart disease in
a population.

validity of

Cerebrovascular lesions were present in 46 cases
(41.4%) and were responsible for death in 22 (19.9%).
According to the Vital Statistics of Japan3 in 1962,
cerebrovascular disease accounted for about 24% of
the deaths in Japan; this high death rate from
cerebrovascular disease is generally ascribed to the
high frequency of cerebral hemorrhage,(’r? Based on
mortality rates the ratio of cerebral hemorrhage to
cerebral thrombosis has been given as 12.4:1.7

In this autopsy series, cerebral infarcts (cerebral
thrombosis) are the cerebrovascular
lesions (Table 7). When lesions responsible for
death are considered separately, there are 10 cases
of intracerebral hemorrthage, 7 cases of cerebral
infarction and 5 cases of ruptured aneurysm. If
the 4 cases in which aneurysms ruptured directly
into the brain as cerebral hemorrhage are included
the ratio of cerebral hemorrhage to cerebral infarct
is 2.0:1. This relationship is difficult to interpret
since the age group is restricted (40-69). In the
experience of the ABCC Department of Pathology,
however, the proportion of cerebral infarcts in-
creases with age. Thus, if all ages were consider-
ed, a further reduction in this ratio could be

commone st
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expected. Recent studies from ABCC, and by
Katsuki and Hirota30 in a defined population cast
further doubt on the alleged high frequency of
cerebral hemorthage in Japan.

The data here support the expected relationship
between cerebral atherosclerosis and cerebro-
vascular lesions (Table 8). This association is
statistically significant when compared with
without brain lesions. The degree of
atherosclerosis is greatest in subjects with cerebral
infarcts and ruptured aneurysm.
association of hypertension
lesions is also confirmed. The rates of occurrence
of cerebral infarction and intracerebral hemorrhage
among the hypertensive subjects are significantly
higher than those in normotensive subjects(Table 9).

subjects

The acknowledged

and cerebrovascular

intracranial
interesting points.

Experience with

several

aneurysms raises
Although racial dif-
ferences have not generally been considered an
important factor in the occurrence of saccular
intracranial aneurysms,l many Japanese patholo-
gists consider these lesions quite rare. Both the
prevalence of aneurysm (10.8%) and the occurrence
of multiple lesions in 75% of cases in the present
study than reported. 31,32
In four of the five cases of ruptured aneurysm, a
diagnosis of primary intracerebral hemorrhagé may
have been made had the vessels not been removed
during dissection. If the prevalence of aneurysm is
actually higher in Japan than elsewhere, its possible
role in the pathogenesis of cerebral hemorrhage is of
interest especially in view of the large proportion of
cases with multiple lesions. However, until careful-

are higher generally

ly controlled studies are made on different popula-
tions, it must be assumed that the prevalence of
cerebral aneurysm at autopsy is largely related to
the interest and care of the examiner. Data present-
ed here (Table 10) suggest that hypertension and
advanced cerebral atherosclerosis may have a role

in the rupture of saccular aneurysms.

Although this study is limited in that it represents a
relatively short experience, it has been found of
great value to relate clinical
obtained long before the terminal
quantitative pathological findings. Autopsy series
or clinical studies alone have limitations which are

often
with

information,
illness,

often related to the unrepresentative nature of the
sample, whereas ABCC has a defined population,
unselected for disease, and continuously surveyed
for instances of death, The ABCC pathology
contactors routinely seek permission for post-
mortem examination for all deaths. More important
is the gift of cooperation during and after life of the
citizens of Hiroshima and Nagasaki.
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At present, studies in vascular disease continue in
cooperation with the Honolulu Heart Program being
conducted by the USNIH. By comparable methodo-
logy it is sought to identify the pattern and to
quantitate the increment in atherosclerosis occurring

in Japanese migrating or bom outside Japan.

SUMMARY

During the period of approximately 1 year, 132 male
and female subjects, aged 40-69, were examined
postmortem. Systematic grading of aorta, coronary,
and cerebral arteries was performed and results are
reported. The subjects were members of a defined
population and were representative for age and sex
of all persons dying during the period of study.

In general, atherosclerosis increased in severity
with age and correlated positively with antecedent
hypertension and levels
200 mg/100 ml. Similarly, the proportion of fibrous

plaques and complicated lesions were related to

cholesterol exceeding

those factors.

The relative sparing of the coronary arteries in the
manifested by consistently greater
involvement of the aorta compared to the coronary
arteries, has been confirmed in this study.

] apanese,

Myocardial infarcts were demonstrated in 10.3% of
the cases and were the cause of death in 3.4% of the
subjects. All infarcts were associated with marked
coronary atherosclerosis.

Cerebrovascular lesions were very common, occurring
in 41.4% of the subjects and causing death in 19.9%.
Intracerebral hemorrthage was a common cause of
death in the age group studied, occurring in 10 of
111 subjects (9.1%). Cerebral hemorrhage, however,
did not occur as frequently in relation to cerebral
infarction as often as reported in mortality data for
Japan. Cerebral aneurysms, often multiple,
unusually common in the study sample.

were

The wvalue of combined clinical and pathologic
findings in a defined population, unselected for
disease and continuously surveyed, is noted.
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