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EDITOR'S NOTE

A paper based on this report has been publ ished In the
Yale Journal of Blology and Medicine, August 18963
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INTRODUCTION

Coronary heart disease has been the
subject of intensive epidemiological study
throughout the world during the past
decade. Particular emphasis has been
placed on the aﬁparent and unexplained
differences In the prevalence or incidence
of this disease among varlous racial and
geographically separate population groups.
In 1954 Kimural repor ted that the death
rate ascribed to coronary heart disease
and the prevalence of severe coronary
4 therosclerosis in autopsy material in
Japan were approximately one tenth that
reported in the United States. This
s triking difference in the frequency of
coronary heart disease between the two
countries and its possible causes were
further investigated by Keys and his
co-workers, 2 Recent liternture,a"a on the
other hand, has suggested an appreciable
inerease in the occurrence of this disease
in Japan from clinical and pathologlecal
observations, epidemiological studies, and
vital statistics.

The present report offers comparable data
on the prevalence of coronary heart disease
in a Japanese and an American populatiomn.
The data in the present report are based
on a longitudinal epidemiological study of
cardiovascular disease being conducted by
the Atomiec Bomb Casualty Commission (ABCC),
Hiroshima and Nagasaki, Japan. The ABCC
is an organization in which the Japanese
National Institute of Health and the
National Academy of Sclences of the United
States jointly investigate the late medical
effects of the 1945 atomic detonations in
Hiroshima and Nagasaki.
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The cardiovascular disease studies were
initiated in 1958 in Hiroshima as part of
the Adult Heal th Study.g These studies
were aimed at obtaining accurate infor-
métion on the prevalence and incidence of
degenerative cardiovascular diseases in
both exposed and nonexposed subjeects, and
in determining the relationship between
certain individual and environmental
factors and the development of coronary
heart disease. The study also was designed
to compare results with those obtained in
the cardliovascular disease detection
program belng conducted in Framingham,
Massachusetts, USA.lO’l1

This report is concerned with both the
prevalence of coronary heart disease and
the relationship of certain clinical and
soclologie factors teo coronary heart
disease on the hbasis of data derived from
medical examination of an adult population
in Hiroshima, between the years
1958-1960. A comparison also
between the results of this study and those
from the Framingham study. The primary
objective of ABCC is to investigate
possible late effects of ionizing radiation

Japan,
1s made

in the exposed populatlons of Hiroshima
and Nagasaki. Degenerative change or
accelerated aging of the cardiovascular
system is an important part of these
investigations. In this particular report,
however, possible radiation effects are not
considered since this aspect of the study

has been reported elsewhere, 1% 13

SUBJECTS

The subjects of the present study are
those comprising the sample of the Adult
Health Study? of Hiroshima ABCC which
covers approximately 13,000 persons evenly
distributed among the proximal exposed,
distal exposed, and nonexposed groups. In
the present study, however, subjects
under 30 years of age were excluded since
coronary heart disease rarely occurs in
this age group. Table 1 shows the age-sex
composition of the population studied and
the response to the initial examination.
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TABLE 1

AGE-SEX COMPOSITION OF THE SAMPLE AND RESPONSE TO THE IMITIAL EXAMINATION, 1958-1860

£l 7N, MM E L IO e bR RMOBEC TRk
sexl aer | vovaL sussecvs NOT EXAMINED ®2 i & EXAMINED B2 &
# B Lk DEG;EEW u:ﬁv:;a s;r’{g's%_ﬂn&mu&msgn uuu’;sn mg/:snr
30- 39 877 a0 73 B4 590 .19
ﬁ 40-49 80! 33 a4 125 589 .14
= | s50-58 1071 107 45 154 765 LT
0 60-60 934 1684 29 123 18 . BB
10+ 424 112 12 54 186 44
TOTAL df 4107 508 213 540 2848 .68
3n- 39 2108 49 182 217 1660 .79
S| 4048 1471 as 55 240 1128 71
§ 50- 59 1822 108 16 144 1294 G
o | 80-88 983 30 42 153 638 T
70+ 543 170 23 1 238 44
TOTAL df 6927 456 ate 1074 5019 12

Approximately 15 per cent of the subjects
were lost because of death or emigration
before the initial examination. Others
were not examined because they were
noncooperative (8 per cent) or too 11l to
come (0.5 per cent). The subjects who did
not have electrocardiographic examinations
were also excluded from the present
analysis since the diagnosis of coronary
heart disease is largely dependent on
electrocardiographle findings. The overall
response rate thus was approximately 70 per
cent for both sexes. The exclusion of the
nonresponsive group might have produced
some bias in the present analysis, but
investigation revealed no significant
difference among earlier examinations in
regard to prevalence of high blood pressure
and cardiovascular disease between respon-
sive and nonresponsive groups for the

present study.l4

METHOD OF STUDY

Each subject had a complete medical
history and physical examination performed
by an ABCC physician and recorded on a
standardized medical form. The history was
reviewed and physical examination was
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repeated by another physician in the
presence of the original examiner. A
tentative diagnosis then was made by mutual
agreement by the two examiners, one of
whom was Japanese, the other American. The
final diagnosis was established after
consideration of all laboratory, radlologic
and electrocardiographic information.
Particular attention was paid to & history
of chest pain or discomfort, and a speclal
form was used for recording in detail the
character of these symptoms. Three
independent determinations of blood
pressure were performed on each subject:
at the beginning and end of the physical
examination and after review of the mediecal
history. All determinations were done with
the subject seated, using a 5% 1nch
standard cuff applied to the left arm, and
recorded via & mercury-column sphygmomano-
meter,
at the level where the Korotkow sounds
disappeared. A 12-lead electrocardiogram
was performed on each sﬁbjeet while in the
supine position. Additional precordial
1l eads were taken whenever necessary.
The electrocardiographic tracings were
obtalned by specially trained nurses with
a direct writing machine (Sanborn Viso-
cardiette Model 51). FEach lead was
properly standardized and of sufficient
length to contain five accurate complexes.
A Master's two-step exercise test was
performed when Indicated.
of each subject was first read by the
examining physicians, and then the inter-

The diastolie pressure was recorded

The tracling

pretation was checked by one of the
authors aceording to criteria described
later. Standard PA and lateral chest fllms
(14" x 17") were obtained at 72 inches
target-film distance on each subject. The
measurement of transverse cardiac diameter
on the chest films and interpretation of
the findings were made by the senior
radiologists. For the evaluation of
cardiae enlargement 'relative heart size'
in terms of per cent deviation of an
individual's observed transverse cardiac
diameter from the standard value was glven
as well as the radiologist's subjective
impression. The value of standard heart
size (transverse diameter) Ln relation to
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welght, height,
males and females separately.

and age was provided for
As for the
assessment of obesity 'relative welght'
in terms of per cent deviation of an
individual's observed weight from the
standard value for his sex and height group
A elinical estimate of the
degree of obesity also was recorded on

was employed.

the bhasis of the examiner's subjective
but this information was not
It was noted

impression,
nsed in the present analysis.
that there was good correlation!® between
of
Each subject received a standard
group of laboratory tests which included

these two values for the estimation
ohesity.

a eomplete blood count, serologic test for
syphilis,
and determination of serum total choles-
terol by the method of Abell et 15
Other laboratory tests were performed as
indlcated. The majority of subjects, aged
~0 and over, had blood pressure reading
taken only once and no serum cholesterol

urinalysis, stool examination,

al.

determination since this age group was not
ineluded in the sample as specified by
the original protocol.

DIAGNOSTIC CRITERIA AND CLASSIFICATION
0F CORONARY HEART DISEASE '

There have been considerable discrep-
ancles between the diagnostic criteria of
coronary heart disease employed in varlous
epidemiologic studlies. Recent publi-
cations16117 have emphasized the urgent
need for establishing standard criteria in
order to obtain comparable data from Lthe
various epidemiologic studies throughout
the world.
recommended in
ference in the United States on methodology
in epidemiologic studies of cardlovascular
disease were employed in the present s tudy.
Since the Framingham study group actively
participated in this conference, there
should be no substantial discrepancy in
the diagnostie eriteria between the
Hiroshima and Framingham studies. The
subjects diagnosed as having coronary heart
disease were classified into the following
four categories:

Therefore the criteria recently

the r3port18 of the con-
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group A. Definite Myocardial Infarction:
Those subjects who had definite evidence
of myoecardial infarction on electro-
cardiogram with or without having had &
positive history. The Type I QRS
electrocardlographic eriteria described
in the aforementioned conference reportl8
were used in this study.

Group B. Angina Pectorls: These were
subjects who had a hona fide history of
having had angina pectoris without known
etiology other than coronary heart
disease. [lectrocardiographie evidence
of myocardial ischemia or questlonable
infaretion may or may not have been
present. An agreement of all observers
with this diagnosls was reguired for
this category.

Group C. Possible Myocardial Infarction:
These were subjects who had electro-
cardiographic evidence suggestive of
myoeardial Infarction without having had
definite history of either infarction or
angina. The electrocardiographic
findings in this group were in accord
with QRS criteria Type II in the con-
f'erence report.

group D. Myocardial Ischemia: These were
subjects who had evidence of myocardlal
ischemia on the resting electrocardiogram
without having had the other evidence of
coronary heart disease described above.
For the electrocardiographic evidence
of myocardial ischemin the coronary T
wave characterized by a coved, symmetri-
cal and deep inversion of the T wave with
upright main QRS deflection, was employed
in the present study. This category has
not been employed in the Framingham
study. This abnormality, however, has
been found to be fairly reliable electro-
cardiographic evidence of myocardial
i{schemia due to severe coronary arterio-
sclerosis. 19721  1n this study the
coronary T wave thus was accepted as &8
diagnostic eriterion of possible coronary
heart disease. This change was most
often observed In Vg and V4. The pattern
was carefully differentiated from the
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secondary T wave change observed in left
ventricular hypertrophy and other non-
specific ST-T changes.

Among the four categories, groups A and B
were designated as definite coronary heart
disease and groups C and D as possible
coronary heart disease. Subjects with only
an equlivocal history of angina pectoris
and/or positive Master's two-step test
without other evidence of coronary heart
disease were not considered to have suf-
fiecient ground for dlagnosis of even
posslible cardiovascular disease. Atrial
fibrillation, bundle branch block, and
congestive heart fallure of unknown
etiology which occur in elderly persons are
assumed to be manifestations of coronary
heart disease by many physiclans but these
were also not accepted for the same reason.
Sudden death due to coronary occlusion
without myocardial infarction, employed as
a diagnostiec criteyion in the Framingham
study, also was not accepted In the
present study because of the difficulty in
obtaining accurate information from outside
sources on the cause of death., Before the
data obtained at the initial examination
were analyzed, all cases having summary
diagnoses of arteriosclerotic heart
disease, electrocardiographic diagnosis of
myocardial infarction (definite and
possible) and myocardlal ischemia, or
positive history of chest pain were
reviewed by one of the authors and inap-
propriate cases were excluded. Only
those cases that flfilled the eriteria
deseribed previously were Included for
consideration.

Since one of the important aims of this
study was to ohtain data comparable with
those of the Framingham study, every effort
was made to ensure as much similarity as
possible in diagnostic procedures and
eriteria, One American and one Japanese
physician from the ABCC medical staff
were sent to Framingham to observe general
procedures in that study. The methods of
conducting and recording medical historles,
blood pressure determinations, and physical
examinations were found to be very similar.
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Serum cholesterol determinations were
performed by the same method. Cholesterol
determinations were performed on the same
serum samples hy both laboratories with
satisfactory agreement. Approximately
1000 chest films and. electrocardlograms
also were sent from Japan to Framingham
for the comparison of independent inter-
pretations. The diagnostic criteria and
classification of coronary heart disease
were quite similar, if not ldenticel, as
described previously.

RESULTS

PREVALENCE OF CORONARY HEART DISEASE

The 96 subjects listed in Appendix I were
diagnosed as having coronary heart dlsease
at the initial examination, 1958-60.
Teble 2 shows the prevalence rate of
coronary heart disease by age and sex. The
tabulations shown in this report represent
an unduplicated count of persons. This
was accomplished for subjects with more
than one manifestation of coronary heart
disease by asslgning a priority of impor-
tance to the various diagnostic categorles.
In diminishing rank, priority is as
follows:

Definite electrocardiographic evidence of
myocardial infarction

pefinite history of angina pectoris

Possible electrocardiographic evidence of
myocardial infarction

Electrocardiographic evidence of myo-
ecardial ischemia (coronary T-wave)

No case was found to have a definite
history of myocardial infarction wlthout
definite electrocardiographic evidence of
infarction and no instances of acute myo-
cardial Infarctions were found. In Tahle 2
the prevalence rates of total coronary heart
disease as well as the rates for groups A
and B (definite coronary heart disease) and
groups C and D (possible coronary heart
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TABLE 2 PREVALENCE OF CORONARY HEART DISEASE AT THE INITIAL EXAMINATION
2 WMo S e W IR RES ) A7 45

B
TOTAL (CASES DIAGHOSTIC CATEGODRY JoIHEf
AGE EG] At B L+
q?‘l% ]ﬁ 4 il
MALE FEMALE % MALE ' | FEMALE & MALE B FEMALE %
30-38 3 o 1 0 1 0
40-49 6 2 3 I 3 2
§0- 59 15 I 2 {Hi ] 4 ] 8
60-63 34 21 22 7 12 15
10+ a6 41 32 21 5 21
TOTAL A 14 8 ] k| 4 5
A - Definlte myocardial infarction B - Angina pecloris
) 63 4 e i P 4 A 1L
£ - Possible myocardial infarction D - Myocardial ischemia
A i FE SR O BE L LB M

ABCC-INiN
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disease) increased consistently with ad-
vancing ege in both sexes. Age differences
obviously are significant, particularly in
females and the rare occurrence of this
disease before middle age was confirmed.
The prevalence rate of definite coronary
heart disease is higher for males than
for females in every age class and a
statistically significant difference is
demonstrated with the ratio 3:1 when all
age classes are combined. Possible
coronary heart disease, on the other hand,
was found more frequently in females
although the difference 1s not significant
statistically. No statistically signifi-
cant sex difference is seen in the rate of
coronary heart disease as a whole, although
males show a higher rate through age 69.
The steeper gradient of inecrease in the
prevalence of'coronary heart disease with
age in females is interesting.

In Table 3 the actual number of cases are
shown in such a way that comparisons
between diagnostic categories can be made
for specific age and sex groups. The
majority of the patients of both sexes with
coronary heart disease were above 60 years
of age. The most notable fact is that
possible coronary heart disease (groups C
and D) occurs more freguently than definite
coronary heart disease (groups A and B) in
females through age 69 whereas among males,
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TABLE 3

NUMBER OF CASES WITH CORONARY HEART DISEASE AT THE

INITIAL EXAMINATION

%3 o A b B R B o dE R
TOTAL CABES DIAGNOSTIC CATEGORY JBHTE

bk 1 5 A 8t ¢ 0

i i M%i FE@LE MEE FE?LE uﬁs FE?LE “%E FE?LE ugs FE?LE
30-38 z 0 1 0 0 0 0 0 1 0
40-48 4 i 2 1] 1} 1 1] 1 2 I
50- 59 12 17 4 i 5 5 2 4 1 1
50-69 22 16 i 2 8 3 3 6 5 ¥
70+ 8 12 4 4 3 2 0 2 1 4
TOTAL Jf 48 48 7 7 16 B 5 13 10 17

T3 males and 3 females In
ol possible myocardlal

IO —-TOBI A E K3 R,
[T 3 ey ol B

it is not more frequent In any particular
age group. In males the number of cases
with definite electrocardiographic evidence
of myocardial infarction (group 4) 1is the
largest group and accounts for more than
one third of the total number with coronary
heart disease. Some males in group A were
in the fourth and fifth decades of life.
In females, on the other hand,
patients were rare and accounted for only
one seventh of the total number with
No females in

group A

coronary heart disease.
group A were below the sixth decade of age.

In females, group B, those with clear
history of angina pectoris, is conslderably
larger than group A, cases with definite
myocardial infarction. In males, however,
group A slightly exceeds group B. It also
should be noted that the number of females
with only electrocardiographic evidence of
myocardial ischemia (group D) 1is largest of
the four groups. Group D is the third
largest for the mules,

COMPARISON OF THE PREVALENCE OF CORONARY
HEART DISEASE IN HIROSHIMA AND FRAMINGHAM

Table 4 shows prevalence rates by
age and sex at the time of the initial
examination in Hiroshima in comparison to
the Framingham data. In the Framingham

apcc

this group showed sleclrocardiographic evidance
intarctlon or myocardial

LCRE FLIHEES D Ly @R E L LFENE

Ischemia.
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TABLE 4 PREVALENCE OF CORONARY HEART DISEASE IN HIROSHIMA AND FRAMINGHAW POPULATIONS

£4  JERE kU Framingham O AT112 &1 2 5 BARTE L A8 0 H 7 4
- HIFIIDESE{;IHJ. 1858-60 FRARINGHAM 104482
i MALE B FEMALE 4 |MALE B FEMALE &
30-39 1 0 il H
40-489 3 2 ] 10
50- 59 14 ] 59 23
TOTAL 3t 8 3 22 1

pefinition of coronary heart disesse and ags distribution

adjusted to Framingham criteria,
1957 report. !}

from Table 3,

Fremingham dala computed

FUMMRIECHEMO L BE L CERT ML Framinghan o 8EDVE KE

CabheTHA,
HLLY

Framinghan B L STEOBEO R I LTV TH

ABCE min hdut b WeBlEn Stugy Wirtashims 13080
gar@iovanculnr Prajact Napeil § ceiensry Hearl Blunnns

ABCC

study the data were originally shown by
five-year age classes ranging from 30 to
f2. For the sake of comparahility,
however, this information was converted to
ten-year intervals on Table 4 and all
subjects over g0 years of age were ex-
eluded. Since the proportion of elderly
subjects is larger In the ABCC s tudy, the
prevalence rate for the whole population
(age 30-58) 1s adjusted to that of the
Framingham study. Coronary heart disease
in this table includes definite myocardial
infaretion, angina pectoris, and possible
myocardtal infarction according to the
ecriteria of the Framingham study. The
prevalence of coronary heart disease 1is
apparently higher in Framingham than in
Hiroshima for every age class and for both
The overall prevalence of coronary
heart disease in Framingham is approxi-
mately four times that in Hiroshima for
both sexes. The male to female prevalence
ratio for the whole population, however,
is similar in the two studies. The earlier
occurrence of coronary heart disease in the

sexes.

Framingham population should be no ted.

In both the Framingham and Hiroshima
studies definite myocardial infarction
rarely has been observed in females before
the 7th decade of 1ife (Table 5). On the
other hand, the predominance of angina
pectoris, partieularly in females, observed
in the Framingham study was not found in
the present study.

11

O AEHERE U 190 CHBFRER S NUMNT LK

R ENF Ho562F E TORMMTS FRIERYIZH
gL T A, K4 TREEAVREIZTALHI
ORI FIFMMBIEE L TRL, 60FL EONR
B3 T NTHRI LA, ABCCOBETIE, SFEH
NREORLEFKEVOT, £AI(30-59F)
mit 3 % E (X Framingham O AT -FT 5
EaMiELTH s, 0 &0 B IRVECRHIE
Framingham OJBEO FHNREI L THD, W
2L AR REEERE, SELAE B & OO0 R 4EAE OO BE L
FEATVA, dEIRECEKO HREEG, &FF
WoRE# - &, £ /B L 4, K5 D Framingham
D JiAHE S Az, RiEE LTASE Framing-
ham 12 & 0 3 B IRYE LA ) R R IZILE O
GaiEThn, B ZoHEREOLITHBEETH
(4 LT\ A, Framingham O ALLLZ &0 Crllipli
HOIEHEOREN L DO L CEHT 28N
b 5.

HiAfE 7 Loi7 B 29 |3 Framingham & s o it
WAL L, TOFLAO LoV TIR bl g R
pAmLhL sl (£5). - Ji gk RE LS,
Framingham DM E TE, ¥ LI VWT 2R
AwbrhTuad, ABETREOE I BHRE

Fo ot AP A



TABLE 5 NUMBER OF GASES WITH CORONARY HEnRTAgéSEASE IN HIROSHIMA AND FRAMINGHAM POPULATIONS
-58 '

&5 IREE & U Pramingham O A (112 35401 5 kd o) UR 25 Lo B0 0 4 (90 2 - 4R 4530 — 59

HIRDSHIMA J5 M FRAMINGHAM

DIAGNOSTIC CATEGORY AGES @ 30 - 59 ¥ AGES fE®F 30-82 4

i ET oM MALE 2 FEMALE X MALE 9 FEMALE %«
A 7 1 17 1
8 5 6 20 18
C 2 1 g

TOTAL (0 EXCLUDED)

it (DR he e 2
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ABCC

LOCATION OF MYOCARDIAL INFARCTS

Table § shows the distribution of the
electrocardiographically determined
location of the myocardial infarcts. Three
male subjeects who hed both a history of
angina pectoris and possible electrocardio-
graphic evidence of myocardial infaretion
(1 anteroseptal, 2 inferior) are included.
These cases are not counted as possible
infarction in the previous tables. Nine
out of 17 males and 6 out of 7 females
with definite electrocardiographic evidence
had inferior wall infarctions. All 13
female cases and 4 of R male cases had
possible electrocardiographic evidence
of infarction located in the inferior
wall. The predominance of inferior wall

infaretion, particularly in females,
observed in the present study 1is an
interesting problem which requires further
investigation, No comparable data are

avallable from the Framingham study.
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TABLE 6 LOCATION OF MYOCARDIAL INFARCTION DETERMINED BY ELECTROCARD | OGRAM,
AGE 30 AND OVER
£6 LHEIZE TRESh2ZLHMAD LM - 300 E
DEFINITE POSSIBLE
LOCATION MYDCARDIAL INFARGTION H REL
1R G ) 58 L T 1T WALE " |FEMALE | maLel | FemaLE &
ANTERIOR WALL fiif v 1 | 1 0
ANTERDSEPTAL fifl B 1 v 5 ! | 0
ANTERGLATERAL fill v R 1 0 0 0
EXTENSIVE T 1 ! o 0 v
INFERIOR WALL Py iE g 8 4 13
ANTERIOR AND INFERIDR WALL ; i i §
i BE 4 o NN ER
HIGH LATERAL WALL (%2 (¢ 0 0 3 0
TOTAL 4f 17 7 8 13

fincludes 3 excluded from Tables 2-5 because of history of
haTwhhHR2—512A T hvifsEL
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FREQUENCY OF CHEST PAIN AMONG THE CASES
WITH DEFINITE ELECTROCARDIOGRAPHIC EVIDENCE
OF MYOCARDIAL INFARCTION

Table 7 shows the frequency of subjects
who had histories of either chest paln
characteristie of myocardial infarction or
angina pectoris among the cases wlth
definite electrocardiographic evidence of
myocardial infarction by sex, age, and
location of infaretion. Only 6 out of 17
cases in males and 2 out of 7 cases in
females gave a history of typieal chest
pain despite the presence of unequivocal
electrocardiographic evidence of old
myoecardial infarction. This surprisingly
high prevalence (67 per cent) of painless
or silent infaretion in the present study
obviously deserves further investigation.

In males, anterior wall infarction
appears to be more commonly associated with
chest pain than inferior wall infarction,
and elderly persons are less apt to have
chest pain than the younger persons. In
females no comparison is feasible since
there was only one case who had anterior
wall infarction and was below 60 years
of age.
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TABLE 7 HISTORY OF CHEST PAIN AWONG THE CASES HAVING DEFINITE ELECTROCARD |OGRAPHIC EVIDENCE
OF MYOCARDIAL INFARCTION

£ T LoipHESEEE O IEE & LA R & 4 o HEM 1T 3 (3 B Kk 00 w5 JhE

cntsspnv ND i;%?; CIIH c";:%;;ﬁf“
AR MALE 9 | FEMALE &| MALE 5 | FEMALE i
AGE
LR <80 k| 1 A i}
60+ 8 4 R S (S S
TOTAL 11 5 6 2
LOCATION MYOCARDIAL INFARCTION
FE R 00 4 BB
AHNTERIOR ikt 3 1 4 0
INFERIOR U 7 4 2 2
_ ANTERIOR*INFERIOR i e+ 1 U2 1 o 0 0
TOTAL 3t 1 == 1§
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ASSOCIATION OF CERTAIN CLINICAL AND
SO0CIOLOGICAL FACTORS WITH THE PREVALENCE
OF CORONARY HEART DISEASE

Both the ABCC and Framingham longitudinal
epidemiologic studies are predicated on
the belief that understanding of the
pathogenesis of coronary heart disease
will be facilitated by a careful recording
of the characteristies of the subjects
" before the disease develops and by analysis
of the antecedent differences between the
groups which develop the disease while
under observation, as well as the groups
which do not. In the present report,
however, the available data are limited to
those obtained at the Initiation of a
series of bileuniel examinations. This
permits analysis only of the assoclation
of certain elinical end sociologle factors
with the prevalence of coronary heart
disease. Among the many factors whieh may
be related to the occurrence of coronary
heart disease, blood pressure, serum
total cholesterol, obesity, heart size,
diabetes, and occupation were selected.
Analyses were made on subjects over 40
years of age, since very few cases with
coronary heart disease were detected below
this age.

Table 8 shows the méan value and standard
deviation of systolic and diastolic blood
pressures, serum total cholesterol, body
weight, and transverse cardiac diameter by
age and sex in the population studied.
Table 9 shows the frequency (per cent) of
the subjects who have extreme values of
these factors by age and sex. The relative
weight and relative heart size were
employed for the evaluation of cbesity and
cardiac enlargement respectively as
deseribed in the section on me thodology.

The mean values and the frequency of
extreme values of systolic and dlastolic
pressures are only slightly lower than
those of the Framingham study.22 The
serum cholesterol values, on the other
hand, are considerably less than those of
the Framingham study, as might be expected.
Less than 5 per cent of the Hiroshima male
population'had a serum cholesterol value
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TABLE 8 MEAN VALUE AND STANDARD DEVIATION OF RELATED FACTORS
&8 DA P & & OB R 2

BLOOD PRESSURE IiL[F
SEX AGE mmH g SERUM CHOLESTEROL|BOOY WEIGHT|HEART SizEl
1 tfs | svstoLic | piasToLic| WAL AT O-M il LROK & X
' I At £ 10 mEgmy Lbs mm
ip-39 12512 81t B 150434 120%18 122411
dALE 40-49 132421 510 157%35 1z1t1g 128413
" 50- 59 141225 B7ti2 157134 118t18 132414
60-88 150%27 BBt 2 180135 113t 133t13
70+ 15728 8711 (HOT DONE %L ) 10516 132418
30-39 122111 80t 5 152432 101t16 11gt12
40-49 131219 gat 9 161135 1otig 12512
FEMALE
* 50- 58 14125 BEEI1 177%38 tostig 127413
80-689 153427 BBL11 178+38 1o0t18 128%13
10+ 184120 8ot12 (NOT DONE % L ) 93415 129+14

1!ransvarsa diameter measured by telsorcenigenogram.
MIEREM R X T TR L R
ABCC-IMIN Adult Wadllh Eledy Hirasnlas 1830-00
gardiovancular Piajac) Repart = COTOAMOTY MEnr) Diamoss
ABCC— Fif ARSI B E L8 155860 LMESTHAASNAUELCHKR

TABLE @ FREQUENCY OF SUBJECTS WITH EXTREME VALUE OF RELATED FACTORS
£ PMLiSHEHoEY - EREL Lo io# o g

BLOOD PRESSURE Mt SERUM RELATIVE 1 utEHT;r:st
"

sex| ase s'&g’,'ﬁ'c D';‘;é%”: n::?:i:f:ii "n::.t;.;i;;?r LROBLE 2K R A
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“ l40-48| 28 11 5| 24 12 5| 25 12 5| a4 24 18| 20 8 3
= [50-30] 42 21 e | 32 18 8| 23 1o 5| ae 23 13|28 n 5
% lgg-g8| 57 34 17| 38 18 8| 23 12 5| 27 18 10| 30 15 5
10+ 73 43 21 s 18 3} & - - 8 10 B 28 18 1
30-38| 1 | o| @ | o | 11 7 3| 25 18 11| 15 4 2

2 lso-40f 15 s 2|18 8 3| 28 13 5| as 25 18| 22 1 2
E 50-59| 42 21 10 28 14 b 44 25 12 33 24 18 24 '] 3
& [s0-68| 83 32 17|38 17 7| 45 25 13| A 21 4|21 02 5
70+ | 78 52 33 | as 21 il - . 21 1z 8| 32 2 5

teper cent deviation above the standard value for the same sex-height group in
entire sample. B
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exceeding the mean value (225 mgm per cent)
for the corresponding age-sex population
in the Framingham study-ll A sharp rise
in the mean value and the frequency of
extreme values of serum cholesterol after
middle age in females makes a contrast to
a stable trend in males,

In Table 10 the relationship of blecod
pressure, serum cholesterol, relative
weight, relative heart size, and diabetes
to the prevalence of coronary heart disease
all dlagnostic categories combined, are
shown in terms of relative frequency of
ecoronary heart disease for the groups
classified according to the level of these
factors. The relative freguency is
expressed by the ratio of the observed
prevalence in each group to the average
prevalence in the whole population.

OIGTAMENEBRBOME T L 270 - LT
ff ( 225mg% ) % B2 ZTEARBH N LDIEE %
LFChort. ME2LAFO—-NOFEHEL &
Ui 2 O BE AP EMUZO IR TR
CERLTwIDIE, BHEIZEITIEELLMEAE
EXMIBMTHS.
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RELANNIEB S FHERBLOLL LTED
ahd.

IAELE 10 RELATIVE FREQUENCY OF CORONARY HEART DISEASE FOR VARIOUS LEVELS OF RELATED FACTORS,
AGE 40 AND OVER

#10 B SOHOF £ Off 125+ B EEIRYE LR B o) H R BIE - ﬁrrmu +

systoLic plASTOLIC RELATIVE
PRESSURE - PRESSURE TEST 8ODY WEIGHT|  ieoy
SEX Y i 0 1 [E ot £ 0 m JE e Hik o s R e
4 o : i
<140]140-158] 180+ <90|90-88| 100+ <0 |0-8]10+
MALE | o0.8| 1.2 1.8 ¢ 0.8 1.2 | 1.2 - 0,8/1.0/1.7] suee
FEMALEZ%.| 0.7 1.0 1.8 . 0.7 1.4 | 1.8 se 0.5/1.8[1.8 .e
RELATIVE
SERUM CHOLESTEROL ) yegy DIB;EI;EES TEST WEART SIZE| TEST
sf;x milaL 70— [raes W LRGN kX Y
ABSENT|PRESENT
<I1B0j160-188] 200+ ; <0 |p-gf10+
f e
MALE 3| 0.7] 1.2 1.8 0.8 2.1 B o.8/1.0/1.8 -
FEMALEZ&| 1,1 1.0 0,8 - - - - 0.8/ 1.2|2.4 se
es  p<. Ol @, 01<P<. 05 Sugg . 08P 10
4 B al et

plood Pressure. There 1s a significant
inerease in the relative fregquency of
coronary heart disease with elevation of
systolle pressure for both sexes. A
subject with systolie pressure of 160 mmilg
or higher has a relative frequency of
coronary heart disease 1.8 and 1.9 times
the average prevalence for males and
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females respectively. This 1s approxi-
mately three times that of a subject with
systolie pressure below 140 mmHg. Very
similar figures are shown for diastolie
the
other hand, no significant gradient for
diastolic pressure is present,

pressure in females. In males, on
al though
the group with the level of 90 mmHg or
higher shows greater risk than the group

with the level below 90 mmHg.

Serum Cholesterol. The relative frequency
of coronary heart disease tends to increase
with elevation of the serum cholesterol
level in males, although no statistlcally
significent difference is demonstrated.
In females, no association hetween the
serum cholesterol level and the occurrence
of coronary heart disease was noted. This
might be related to the physiologiec rise
of serum cholesterol level after middle
age in this sex as shown in Tables § and 9.
Relative Weight. In males the gradient of
inecreasing relative frequency of coronary
heart disease is present between the
overwelght (+10 per cent or more) group and
the average weight or underweight groups
with & suggestive but not significant
difference. In females, on the other hand,
the gradient 1s present between the group
with above average weight and the group
with below average weight with a highly
significant difference.

Relative Heart Size.
in assoclation with coronary heart disease
may well be just an incldental or resultant
event and may be of no importeance in the
etiology of coronary heart disease. 1t may
be more meaningful epidemiologically to
investigate the relationship of cardiac
enlargement to the future development of
coronary heart disease in the subjects who
are free from this disease. In the present
the analysis was made

Cardiac enlargement

report, however,
on the relation of heart size to the
prevalence of coronary heart disease From
the standpoint of clinical interest. As
shown 1in Table 10, the relative frequency
of coronary heart disease increases with
an increase in the relative heart size in
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both sexes. In females the gradient of
inereasing frequency is highly significant
whereas it is not significant in males.
When the relative heart size is 10 per cent
or more above the standard value there 1is
& strong likelihood of cardiac enlargement.
When compared with those whose relative
heart size is below the standard value 1t
is found that coronary heart disease is
more than twlce as common in males and
four times as common in females in the
group with relatively large hearts.

piabetes. Many clinical studles have shown
& close relationship between diabetes
This
experience was confirmed in the present
study. In males with'diabetes the relative
frequency of coronary heart disease 1s
increased to more than twice that of
subjects without diabetes. The difference
is significant at the 5 per cent level.
The analysis was not performed for females
because of the scarcity of patients with
diabetes in the study.

mellitus and coronary heart disease.

Deccupation. In order to estimate the
association of sociologic factors with the
presence of coronary heart disease, the
occupation of the subjects was chosen as an
index of their socleeconomic status. The
classification of occupational categories
was as follows:

Professionel and technical workers and
managers and offiecials

Clerical and sales workers

Production process workers

Farmers and fishermen

Not in labor force

As shown in Table 11 there is no signifi-
cant difference in the relative frequency

of coronary heart disease among the various
occupational categories.
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TABLE 11

RELATIVE FREQUENCY OF CORONARY HEART DISEASE, ALL DIAGNOSTIC CATEGORIES COMBINED,

FOR OCCUPATIONAL GROUPS

£11 BN A A FRIRNEC MRS (2X5-45) oBEHE - Fa400) 1
OCCUPATION MALE 3 FEMALE &
40-53| 80+ |40-58 po+
“ PROFESSIONAL AND TECHNICAL WORKERS, )

MANAGERS AND OFFICIALS

WP - FR A AR SRR 0 £ &k VRIS E0E R 1.0 1.3

CLERICAL AND SALES WORKERS

W5 b & CRACHE B8 T [

PRODUCTION PROCESS WORKERS (-

TR 6 4 .ol s

FARMERS AND FISHERMEN

MEE ECIBEENSR

NOT IN LABOR FORCE JES# h ALl 22 1.0 1.2 o
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The analyses described above have given
support to the association of high blood
pressure, elevation of serum cholesterol
level (in males), obesity (or overweight),
and cardiac enlargement with an increased
frequency of coronary heart disease al-
though not all of these assoclatlons are
statistically significant. Considering
these factors collectively (Table 12) does
not reveal a high degree of association
between them except for systolic and dia-
stoliec blood pressures. These factors,
therefore, appear to make independent
contributions to the relative frequency of
coronary heart disease.
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TABLE 12 CORRELATION OF FACTORS, AGE 40 AND OVER

Fa2o ol o HI - i ge40 0k
BLOOD PRESSURE [M[E SERUM RELATIVE RELATIVE
CHOLESTEROL | BODY WEIGHT | HEART SIZE
MEDICAL DATA systoLic DIRSTOLIC | o w257 0—n| (MEOEE |cEolsms ks s
[ 2 2 K W st £ 01
MALE | FEMALE| MALE | FEMALE| MALE | FEMALE| MALE | FEMALE| MALE |FEMALE
B 'S Bl u B kS * w £ i
SVSTULIC_PHESSURE 5 = 0. 64 0,80 0. 04 0.08 0,14 0,14 .17 D.0%
UL #4 JOR A
DIASTOLIC PRESSURE 0. 84 0.60 0.04 0.10 0.17 0.15 0.13 D.08
i 4 6 M [E
SERUM CHOLESTEROL 0.04 0.00 | 0.04 0.10 - 0.20 0,18 | 0.12 0.08
mia L 25o—n
RELATIVE WEIGHT o.t4  o.14 | 0,17 0,15 | 0.20 o0.18 - - 0.08 0,08
FH A (944 T
RELATIVE HEART SIZE 8. 17 0.08 0.13 0. 08 0. 12 0. 08 0,08 0.08 = =
LMoEMP LR E &
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DISCUSSION

This study has presented the data on
prevalence of coronary heart disease in a
large urban population of western Japan in
¢lose comparison with the data derived
from study of an American population in
Framingham, Massachusetts, Although it 1s
obviously important and desirable to obtain
data on the prevalence and incldence of
coronary heart disease in various countries
from completely comparable epidemiologic
studies based on uniform diagnostic proce-
dures, virtually no studies of this type
have been performed in Japap. Presumably
this is because of the extreme financlal
In this
the present data hope to offer

and teehnical problems involved.
respect,
a provisional basis for further studies
of this sort.

The relilability of the prevalence data
in this study depends:on the degree of
blas in the population studied and on the
diagnostic accuracy. The sample covers a
large number of Japanese male and female
adults with a wide range of ages which
are susceptible to coronary heart disease.
However, because this sample consists of
groups having had varying degrees of expo-
sure to lonizing radiation, the feasibility
of applying the results of this study to a
general Japanese urban population depends
on the extent to which exposure to ionizing
radiation has affected the cardiovascular
status of the exposed. Although the
preliminary &n&lyse312’13 are consistent
with unfavorable effects of radiation, the
data are not conclusive.

Another source of ﬁossible bias is that
of the nonresponsive group. As deseribed
previously, however, 1t 1s unlikely that
this presents a serious problem.

One of the most difficult problems in
¢linical medicine is to document the
accuracy of the diagnosis of coronary heart
disease. Not infrequently individuals
wlth this disease die suddenly without
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appreciable preceding manifestations.23

Some patients with myocardial infarction
have 1ittle or no chest pain characteristice
of this disease.?¥ ?8 (On the other hand,
chest pain very similar to angina pectoris
due to coronary heart disease may occur in
a number of other pathologic conditions
and even in subjects free from organic
disease. Although the electrocardiogram is
a powerful tool for diagnosis of coronary
heart disease, a considerable number of
cases with angina pectoris do not show
abnormal findings on the resting electro-
cardiogram. Some cases of myocardial
infarction have atypical findings which
may lead to misdiagnosis, and in others
the characteristic findings of infaretion
may disappear completely after clinical
recovery has oceured. 29732 (considering
these sources of error in diagnosis of
coronary heart disease, 1t appears inevit-
able to have some bias in any clinically
based epidemiologi¢ study. Nevertheless,
since this clinical approach probably will
remain the only feasible one, it is of
primary importance that some uniform
criteria for the diagnosis and eclassifi-
cation of clinical coronary heart disease
be adopted in epidemiologic studies in
order to obtain comparable data as empha-
sized in the Framingham report.11

Although the present study confirms the
rare occurrence of coronary heart disease
in Japan, there are some unexpected data on
the prevalence of angina pectoris, the
location of myocardial infarction and the
prevalence of painless myocardial infarec-
tion. In other epidemiologie studies in
Japan,33’34 as well as In the Framingham
studyll the prevalence of anglna pectoris
is much higher than that of myocardial
infarction, particularly in females. This
i{s not the case in the present study. The
reason for this may be underdiagnosis of
angina pectoris in the present study or
overdiagnosis of myocardial infarction in
other studies. As previously described,
diagnostic criteria for angina pectoris in
the present study were fairly striect and
all questionable cases were excluded;
Furthermore, a preliminary 111\.fest.igat.1or11‘a
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on the reliability of the history of
angina pectoris revealed that subjects who
had multiple examinations gave a history
of angina pectorls more often than subjects
who had experienced a single examination.
These facts suggest the importance of
enhancing the diagnostiec skill in history
taking as well as the uniformity of
diagnostic criteria in epidemiologile
studies.

Another interesting facet of this study
relates to the location of myocardial
infarets as determined by the electro-
cardiogram. The predominance of inferior
wall infarction, particularly in females,
in the present study contrasts with the
preponderance of anterior wall infarction,
being twice as frequent as Inferior wall
infaretion, in other clinical and autopsy
s tudies in Japan.33!35 The problems
relating to the electrocardiographic
diagnosis of old inferior wall infarction
are well known.939133737 15 the present
study the diagnostic eriteria for old
inferior wall infarcts recommended in the
conference report were used. 18  This
ineluded Q III with duration of 0.05
seconds or longer for definite cases and
0.04 to 0D.05 seconds for the possible
In addition, a Q/R ratio of 0.25
or more in lead TIT and the presence of
some ( in aVF were required in the present
study. These criteria appear to be
sufficiently striet to prevent substantial
overdiagnosils.

cCA5E5.

Although no comparable data are available
from other epidemiologiec studles, &n
autopsy study38 on persons over 60 years
of age demonstrated the same prevalence
rate for both anterior and inferior
infarctions. In the present study the
ratio of definite cases with anterlor
infarction to definite cases with inferior
infarction is 4:4 for subjects below 6O
yvears of age and 4:11 for subjects over
60 years of age. This relationship of age
and sex to the location of myocardial
infarcts is an interesting problem, but
nothing conclusive can be drawn from this
small number of cases.
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The frequency of painless or silent
infarction in males (65 per cent) 1s much
higher in the present study than that of
the Framingham study (20 per cent).24 It
would be difficult to completely explain
this substantial difference by variation
in the diagnostic skill of the examiners
and in the response of examinees to the
question of chest pain history. The
tendeney of painless infarction to occur
more commonly in elderly persons and in
persons with inferior infarction was
observed in the present study. These
findings are 1n accord with those of the
Framingham stndy24 and an autopsy study38
in Japan. The relationship of age and
location of infaret to pain may partly
explain the surprisingly high incidence of
painless infaretion in the present study
since the majority of definite myocardial
infarcts were of the inferior wall type
and in elderly persons.

L

Among the factors associated with
increased rate of coronary heart disease,
serum cholesterol level is of considerable
interest and great importance. The
significance of this factor in the develop-
ment of coronary heart disease has been
well established. Keys and his co-workers>
demonstrated that the incidence was
directly related to the average level
of serum cholesterol among Japanese in
Japan, Hawail, and Los Angeles. The
Framingham study24 also revealed a steady
rise in incidence of coronary heart disease
with increasing levels of serum cholesterol
in males but not in females. Very similar
results were obtained for the prevalence of
coronary heart disease in the present
study. Furthermore, the serum cholesterol
level was the only remarkably different
finding between these two populations of
apparently different prevalence of coronary
heart disease. To determine the execlusive
and independent importance of serum
cholesterol in the etiology of coronary
heart disease, further studlies
including followup examinations, diet
survey, analysis of physical activity and
emotional stress 4re necessary.

however,
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SUMMARY

An evaluatlon has been made of the
prevalence of coronary heart disease as
part of the Adult Health Study in the
Atomie Bomb Casualty Commission, Hlroshima,

Japan.

This study has been conducted jointly by
the American and Japanese professional
groups and has been designed to be as
similar as possible to the Framingham,
USA, study with respeect
to diagnostic procedures, eriteria, and
classification of coronary heart disease.

Massachusetts,

Special reference has been made to a
comparison of the prevalence data with
those of the Framingham study.

The population studied included 7870
exposed and nonexposed men and women, aged
30 and over,

the total study group originally deseribed.

representing 70 per cent of

A working classification of coronary
heart disease has been adopted which
includes myocardial infarction with
definite electrocardiographic evidence,
angina pectoris with unequivocal history,
myocardial infaretion with possible
electrocardiographic evidence, and myocar-
dial ischemla diagnosed by coronary T wave
on resting electrocardlogram. The first
two categories are assigned as definite
coronary heart disease and the latter two
as possible coronary heart disease. The
last category, myocardial ischemia, 1is
excluded in the comparison of prevalence
data with those of the Framingham study.

A total of 96 cases (48 men and 48 women)
were diagnosed as coronary heart diseuse
at the initial examination. The prevalence
rates were 1,4 per cent for men and 0.8 per
cent for women. Definlte coronary heart
disease was about three times as prevalent
in men as in women, whereas possible
coronary heart disease was slightly more

prevalent in women than in men.
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The prevalence of coronary heart disease
in all categories steadily inecreased with
advancing age., The age difference was

particularly prominent in women. Coronary

heart disease was uncommon in either sex

under 50 years of age.

Definite myocardial infarction formed the
largest portion of coronary heart disease
and appeared from the fourth decade of life
in men, whereas it was the smallest portion
of coronary heart disease and did not
appear before the sixth decade of life iIn
women. Anglna pectoris was about equally
prevalent with definite myocardial infare-
tion in men while 1t accounted for less
than one fourth of coronary heart disease
in women. Myocardial ischemia (coronary T)
formed the largest portlion of coronary
heart disease In women.

Coronary heart disease of the same
classification was about four times as
prevalent in the Framingham population as
in the Hiroshima population for the same
age range. Coronary heart disease appeared
earlier in life in Framingham than in
Hiroshima. Anglna pectoris was & much
less common type of coronary heart disease
in Hiroshima than in Framingham, parti-
cularly among women.

A marked predominance of inferior wall
infarction, Was
observed among cases wilth definite or
possible electrogardiographic evidence of

myocardial infarctlion.

particularly in women,

A high frequency of palnless infarction
was observed among cases with definite
electrocardiographic evidence of myocardial
infarction. The painless infarction was
more commonly observed in elderly persons
and in inferior wall infarction.

Among factors studied in relation to the
increased rate of coronary heart dlsease,
high blood pressure, the elevation of serum
cholesterol level (in men), overwelght,

cardiac enlargement, and diabetes (in
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men) were associated with the increased
prevalence of coronary heart disease. No
association of the increased prevalence of
coronary heart disease with a specifiec

oecupational category was observed.

A notable difference was present in
the level of serum cholesterol between
Hiroshima and Framingham populations
whereas blood pressure did not differ
significantly.
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LISTING OF SUBJECTS WITH CORONARY HEART DISEASE
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ELECTROCARDIOGRAPHIC EVIDENCE OF PDSSIBLE MYOCARDIAL INFARCTION
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