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CEREBRAL VASCULAR DISEASE IN HIROSHIMA
LB I b W 2% B meE & B

REPORT OF A SIX-YEAR PERIOD OF SURVEILLANCE, 1958-64
6 EM DA EHES., 198—64F

INTRODUCTION

Cerebral Vascular Disease (CVD) is a major health
problem in many countries of the world. Unlike coronary
heart disease {(CHD), CVD is generally considered a
disease of the elderly and until very recent times there
has been little interest in its epidemiology. The difficulties
inherent in its study have been summarized well in a
recent report by Berkson and Stamler.!

A study of CVD in the Japanese is of particular interest.
A leading cause of death, CVD accounted for over 160,000
deaths in 1962, about 23% of all deaths in Japan.?
The age-adjusted death rates from CVD in Japan are
among the highest in the world® and this contrasts greatly
with the low morbidity and mortality from coronary heart

disease.*

At ABCC in Hiroshima and Nagasaki, a sample of 20,000
atomic-bomb survivors and nonexposed persons has been
under intensive clinical and mortality surveillance since
1958.° This sample affords an excellent opportunity for
observing the natural history of disease in the Japanese and

its modification by ionizing radiation. In this report, esti-

mates of the prevalence and incidence of CVD in Hiroshima,
Japan, are derived from the ABCC sample. Selected host
and environmental factors are also analyzed in relation to
the occurrence of CVD.

METHODS

The study sample consists of all members of the ABCC-JNIH
Adult Health Study who were examined at least once between
1 July 1958 - 31 December 1964, and who were 30 years
of age or more at the time of their initial examination.
Among the 10,429 persons aged 30 or more when first
scheduled for examination (Table 1}, 1159 were never
examined during the study period because of death, refusal,
and migration from the city. Thus 9270 were examined at
least once during the study period. Approximately 85 %
received their first examination between 1 July 1958 -
30 June 1960. The 1159 who were never examined do
not, of course, figure in the ascertainment; should their
experience have been different from that of the 9270 who

%
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were examined at least once, their omission would introduce
bias into both prevalence and incidence estimates. Their
mortality is much higher than that of the 9270 examined
at least once. The 106 deaths include 20 attributed to
CVD on the death certificate (11 men and 9 women).
Similarly, the 684 patients examined only once do not
contribute to the ascertainment of new cases, and if their
experience were atypical, estimated incidence would be
correspondingly biased. Finally, to the extent that follow-up
was less than 4 years because CVD intervened and
prevented a third examination, failure to ascertain such
new events may have introduced downward bias. In the
Adult Health Study each subject is offered a biennial
examination which includes an interview and physical
examination, a standard chest X-ray film, a 12-lead electro-
cardiogram (ECG), routine tests of blood, urine and stool,
total serum cholesterol, and selected anthropometric
measurements. This standard examination is described

in more detail elsewhere.®

Disability from a stroke which confined a person to bed
at home or in a hospital caused no great loss of information
to the study since examinations are usually condugted

routinely at home or in hospital for persons unable to visit

the ABCC clinic.

Clinical surveillance of the Adult Health Study sample is
facilitated by ABCC personnel who arrange clinic appoint-
ments. Information about deaths in the sample is obtained
by periodic review of the family registers (koseki)of all
study subjects. In addition, all death certificates are
available and were reviewed for this study. Mortality
information is judged to be essentially 100% complete.
Since 1961 an autopsy rate of approximately 50 % has been
maintained. All subjects who were examined at least once
during the study period, excepting 153 subjects who had
CHD or CVD at the time of initial examination, would
normally have furnished the basis for estimating the
incidence of CVD. However, during the study period
684 persons (8.1 %) moved out from Hiroshima or refused
a second examination.

For the 8433 subjects who could be followed after the
first examination, the period of follow-up was defined as
the interval from the first examination to death or the
last examination if the subject was still living on 31
December 1964. Incidence was calculated on person-years
thus accumulated.

The authors reviewed all records of study subjects who
had been diagnosed as having cerebral vascular disease
(ICD 330-334) by clinical examination, at autopsy, or on
the death certificate. Ten cases were excluded because
of cerebral embolic infarets due to rheumatic heart disease,

AL L1 MEBZRLARIOAOEBRE: O8Iz
HEFS 2 LT HhE, Tho el 1k, A=
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WA (BF1HE, TFoM). Rk, 1ELIZBLT
Vg 684l & L VIEFORRIZEHLAT, &L
FNLOREBRENEERNLLOTHE LT AT, 2
NI CTHERERICRRYAELTL S, Rz, |
BTCVDARELTHEIMBESINTELI LD IZHE
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TABLE 1 CLASSIFICATION OF STUDY SAMPLE ACCORDING TO EXAMINATION STATUS, 1958-64

X1 WEEAOZBIRERSFHE, 1958 - 6445
Examination Status Total Male Female
AR E 4 ks i
Potential subjects (A dult Health Study subjects alive and aged 30+ at first examination)
WA B EER (B EFIORABRESEN R TINE Loho i) 10429 3766 6663
Never examined during study period
WA R LI T EOBEEL i s e 1159 440 719
Died after first examination
MR Gk e R 106 53 53
Alive 1 January 1965
1965 1 A 1HRELEFT LTV AF i 1053 387 666
Examined at least once during study period (denominators for prevalence calculations)
FIHEBMMAP L L LA IBBZRLABEERERNEOTR) e, 9270 3326 5944
CHD or CVD at initial examination
MBEFICCHD 2 22 CVD 2B B 2H e, 153 86 67
Observed for new cases of CHD (derominators for person-
years, incidence calculations)
FHLWCHD T 2 MEnHR Lo B (AR RT 8433 2975 5458
CHEFIEOTH) i
Died before 1 January 1965
19655 L 'l BELANZIBIE LA i 582 306 276
Alive 1 January 1965
19665 1 A 1 BERFEF LT LER o eveeeens 7851 2669 5182
Examined only once (alive, but emigrated or refused
further examination)
1EZHDZEE(EFET, BRAE-IHERHEESH) 684 265 419
Examined more than once
1mEl ERE@BLTEE 7167 2404 4763

subarachnoid hemorrhage due to trauma, and cerebral

hemorrhage associated with aplastic anemia and metastases.
The remaining cases had primary subarachnoid or cerebral
hemorrhage and thrombotic or ischemic brain infarcts.

There were no reported instances of transient ischemic
episodes, although these undoubtedly occurred. This pre-
stroke syndrome has only recently been recognized in Japan.

Cases were classified as definite or possible. In a definite
case there is a clear history of stroke with supporting
neurologic signs of loss of function or the diagnosis was
made at autopsy. Definite cases were diagnosed clinically
according to the criteria of the Committee Report of the
National Institute of Neurological Disease and Blindness.”
A possible case is one with a death certificate diagnosis
unsubstantiated by ABCC clinical information or at
autopsy.

CHEIREMOEST S 2 0B LE. Z0Mofi:
RN s BT E AR, # k& R E
PR EE LA O WREEIE A S o F. R BRI E
CHEZT L BELTVAREEDNEY, EEIILE S
NELDELIHE L d - WMEPEE:LTOZD
ERHEAHATED NS E S L DR BEED T &

ThHb.

fEfl:, ZBUWREEME I CEENE LTHHBLE. 2
WPsEFmli:, BMArh3gfR il 5 LA & - T HEpgpE
EOMBFWIED H L6, LGB TERsATY
SHITH S, BZWHEEBF OK R, National Institute
of Neurological Disease and Blindness (K[EMEEHE &
FLIUHEHMER OEBEEET oz TR
b, ZETPHEER LV O, FECLHFIZIER L
LTiishTtvwa 4, ABCC ORI R F /- 280412
EAETHOLWEITH .



In this analysis the following clinical factors were examined
for any relationship to subsequent CVD in persons aged
40 or more: the level of blood pressure; serum cholesterol;
relative body weight; relative heart size or cardiothoracic
ratio by chest film measurement; ECG findings; presence
of proteinuria; glycosuria or diabetes mellitus; hemoglohin
or hematoerit; erythrocyte sedimentation; and ABO blood
type. Associations were evaluated by means of contingency
tests employing the X2 criterion, and the age-adjusted
morbidity ratio (observed cases / expected cases x 100)
was used to describe the degree of association. Separate
analyses were made by sex and for two age groups
(40-59 and 60+). To derive the age-adjusted expected
number of new CVD cases, the age-and-sex-specific rates
for these two age groups were applied to age-and-sex
distribution of person-years of observation classified
according to each clinical finding.

Prevalence is the frequency with which CVD was detected
at entry into the study the time of the initial examination.
Incidence is the rate of CVD which was found during the
study period of persons who were judged free of this

disease at the initial examination.

RESULTS

Prevalence of CYD At the initial examination 70 persons
were found to have experienced a prior stroke. The
prevalence of CVD among the 9270 examinees (Table 2)
increased markedly with age; the highest rates were seen
in men and women over 70 vears of age. The rates for
men were consistently and significantly higher than for
women. The ratio of cerebral hemorrhage to thrombosis
was 0.5 in males and 1.0 in females.

These estimates of prevalence are based upon the obser-
vations of the 9270 subjects at the time of first examination
and necessarily represent survivors from the acute episode
of CVD. Inthe never-examined group(Table 1)106 deaths
occurred, 20 attributed to CVD on the death certificate.
The occurrence of nonfatal episodes of CVD in this group
is unknown as is an accurate dating of clinical onset of
CVD in the fatal cases. To overcome partially the
difficulty of estimating the rate for the never-examined
group and its effect on the total sample, the following
simple procedure will provide a rough estimate of adjusted
prevalence in the total sample. If case fatality rates are
the same in both examined and never-examined groups,
the prevalence rates are proportional to the death rates
from CVD. The age-and-sex-adjusted death rate from
CVD in the never-examined group was 1.4 times as high
as in the examined group. Under the aforementioned
assumption, the estimated prevalence in the never-examined

AR OB Iz 5w TIE, 40EL Eo#EIZ2 0 TROBERK
HHE2OHBOCVDREE L OMFELNH L2 H L35 M
. dabb, fiE, Misa L 27 o -k, HHakE,
Tl X @EH CllE L AN 2 0ok s £ 2010
lERaEr e, CEEATR, BEOROEE, HERE 2R
W, MAERE-IZ~ATbsY o b, Mk, #X1ABO
MaEs., #n 6 OFMEDFEMIZ, FERICODVT X2 H
HEFELTIT 2, FM6AT IE R I (RS e
X100 ) #MOTHEDIES&VE R LA, BT,
MRz, 72250 FEEE (40 -598%, 600 L) 22w
THI 2 1207 % » 2. BEERATRIZ D 2 BEANFOF i -
PERFHEIZIZO 2 20FEMTEO TR - EHEREL ST
28 TH LW CVD o F @il IE R & ko 1.

iR sy, ZoMEOMER, >V WEEEIZ, CVD

AR ENAHEES V). BRI, WBIFIZCVD &R

HHENA Ao 2t BHTAWEMM DI Z 0ER AL
THHE T H S
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CVDERE gk, 70Nz b o fmE 5
nh RUOAOZZHIZBTA2ERE(L£2)12, T
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. BYoEE, LFEVL-BLTEL, ARLEN

Bl A Emieo ks, BFCix0.5, L7
$1.0T&H 5 k.

IN6OHFERERIE, 9270 A DB DRI
EIWLOT, S, BHOCVDRELLBL 4G
HERTLEOTHS., 1MFRBLALAH(E]L)T

2, 10BFIDIECH S - 7247, 5 620 IF5EC 2RO
FERAFCVDIZZ s T, ZTOBII2VTIE, FETEILC
11 A CVD OFEE 2 BER BRI A T Th 2L L 8
12, BECIZW AL ZWCVDOBEELTHTH S, 1HE
ZHRLTVELVHIIETAREHE L, 2 AR
LRI RBEAEET A LML HIMNIITHET 3
i, ROMELZFRIL . TEFEEOITEARHED
AELLHEWMPHGLNS. Tabb, TR2REETS
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group would be 7.6 x1.4=10.6 cases per 1000. Then the
estimated prevalence in the total sample would be 7.9 cases
per 1000. Thus the estimates in Table 2 may under-
estimate the true prevalence by perhaps 5%-10%.

Incidence of CVD Definite and possible cases of CVD
developed in 175 persons (87 men and 88 women) after
their initial examination and prior to 1 January 1965, an
average follow-up interval of 3.9 years (six other subjects
who had evidence of CHD on entry and who subsequently
developed CVD are excluded from this analysis). The
incidence of CVD by type, age and sex (Table 3, Figure 1)
was highest in men and women over 70 years of age, and
except at ages 30-39 and 70+ the rate was higher in men
than women. The rates for males (7.4 per 1000 per year)
and for females (4.1 per 1000 per year) are approximately
twice the incidence of CHD in this same sample during
the same period of study.*

In the 132 definite cases of CVD, intracerebral hemor-
rhage was much less common than thrombosis. The ratio
of cerebral hemorrhage to thrombosis was 0.36 (14/39)
for males and 0.44(16/36) for females. Of the 132 definite
cases of CVD, 78 were verified at autopsy. In the 43
possible CVD cases there was a marked preponderance of
cerebral hemorrhage.

Tabulation of new cases of CVD in the study sample by
calendar year (Table 4) reveals an atypically small number
during 1958-60, when most of the initial examinations
took place and before the present autopsy procurement
program was instituted at ABCC. During 1963-64, there
were fewer cases of intracerebral hemorrhage than in
the preceding 2 years. Among the 132 definite CVD
cases, 92 (70%) died and 40 deaths (30 %) were ascribed
to stroke which occurred in the month prior to death
(Table 5). The main causes of death other than stroke
were pneumonia and cancer. During the 4-year follow-up
interval, mortality among the new cases from all causes
was essentially the same for all recognized types of
CVD, but appreciably lower (21 %) for the 19 patients with
“unclassified CVD” (Table 5). Mortality attributable to
CVD itself was especially low among patients with cerebral
thrombosis (16 %) and with unclassified CVD (11%) in
comparison with that for cerebral hemorrhage (63 %) and
subarachnoid hemorrhage (87 %). Of the 54 autopsy-proven
cases of cerebral thrombosis, 34 (63%) had old ischemic
infarcts which had not contributed to mortality and were
not recognized ante-mortem.

As in the consideration of prevalence, the observed inci-
dence may be biased downward by the exclusion of the
never-examined, especially since this group sustained a
higher mortality rate than the examined subjects. It is

FRIFI00ALEZD 7.6 X 1.4 =10.6fI2% 3. 22T
BEAEFEOHEFEERILI000A -0 7.9 > %25, L
AT, R2ZOBEMIZ, EBoEFRELVEEZS
C5%-10%TLHh< RHE T nadaE Livkw,

CVD &R I 1 [MB%ELIE19E 11 HET, 1
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CHD @z &Y, 20 CVD FRELAo 6D
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probably biased upward by the inclusion of all deaths
among those seen only once and the exelusion of survivors
to 1 January 1965 who were seen only once. The same
approach as was employed to adjust prevalence may he
used to adjust incidence. Then the estimated incidence
in the never-examined group would be 5.3 x1.4=7.4 cases
per 1000. In the total sample the adjusted incidence
would be 5.7 cases per 1000. Thus the estimates in
Table 3 (5.3 cases per 1000 per year) may underestimate

true incidence by a factor of perhaps 10%.

Radiation exposure had no influence on either the preva-
lence or incidence of CVD in this sample (Tables 6,7).

The age-adjusted morbidity ratios relative to the level of
systolic and diastolic blood pressure which preceded the
development of CVD (Figures 2,3) demonstrate a marked
increase in the risk of developing CVD in men and women
who were hypertensive on entry into the study. The level
of diastolic blood pressure was a more useful indicator of
increased risk for CVD than it proved to be for CHD in
The WHO categories® of normo-
tensive (N}, borderline (B), and hypertensive (H} field
similarly high morbidity ratios (Figure 4) for hypertensive
males and hypertensive females.

this same sample.*

20Tk, ECHLZ2LEELLHFE L1965 181 H
FToEGFEEEN LT, BREFIIREFLESE
FR24ARNDAWH AL, HEREFFTETA2A20 121, &
WEOTEIZH VR0 HEEIEH LA 2085,
122 LTVEZVEOHERLEFTI000AYE A
5.3X1.4=7.4%l & 4 5. BEARSETIE, FTEREEL
1000A%7=0 5.7k 5. LAAFoT, £30O#EMR
(ERL1000 AN =0 5.3M) 13, EBEORELRLIVE B4
SLI0%REERREE - Tnahd Lt g,
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CVD J&3R LLAlT (#0320 ) o UG I I 1 i & & OV 5k BRI
FEf & E#piT B & oMFR (M2, 3)&258, 1)
B ICEMTE BB LI CVDREEOBEAELLE
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[{—#EA125175 CHD OB A L0 L EBEMOER & L
TV H)HBETHA. 4 WHOREEOERME(N), 5B
REEME(B), HMEH) o H® 2HEH LS,
BMEZH TR LIEBHREIEC TS (H4).
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TABLE 2 PREVALENCE OF CEREBRAL VASCULAR DISEASE AT THE INITIAL EXAMINATION,
DEFINITE AND POSSIBLE CASES

£2 WRRRCHUAMMERE (CVD) 0 AFHE, BHEER S & UAEER

Male 8 Female i
Type of case -
mE All ages  30-39 4049 50-59 6069 70+  All ages 30-39  40-49  50-5% 60-69 TO+
iy E EER

Subarachnoid hemorrhage
g - e | 0 1 1
Cerebral hemorrhage
BN 0 e 2 s S i 9 1 2 3 3 8 1 3 2 2
Cerebral thrombosis
71 S R R L 187 5 6 7 8(1y* 1 3 4
Unclassified CVD
FETFBHOCVD,.. ..o 15 1 4 5 5 11 3 ) 2
CVD cases
MO oo Bt L A8DY 0 2 11 14 15 281 0 2 7 11 8
Subjects
FREH .ot 3326 805 672 893 708 248 5944 1894 1292 1532 881 345
Total cases/1000 subjects
W000AY D BERM, ... 12.6 - 3.0 12.3 19.8 60.5 4.7 1.5 4.6 12.5 23.2

* Autopsy verified cases. #IBEIZ & - THEE s 0L H




TABLE 3

INCIDENCE OF NEW CVD CASES BY AGE AT INITIAL EXAMINATION, 1958-64

#3 WL VBEMATRE (CVD )l o wIRE0EE Be Bl 5 4 %, 1958 - 644
= T Male i © Female &
Type of CVD All All
3 30-39 4049 5059 G0-69 T0+ i 30-39 4049 50-59  60-69 TO+
et ages ages
&R £
Subjects at risk
E 53t e 2975 708 606 811 636 214 5458 1745 1222 1399 793 299
Person-years of observation
s S R R e 11697 2775 2482 3209 2515 717 21456 6839 5001 5532 3081 1004
New CVD cases
LG CVDH L 87 0 5 17 40 25 88 1 4 23 19 41
Cases per 1000 per year
000 A2 - h ol B 7.4 2.0 5.3 15.9  34.9 4.1 0.1 0.8 4.2 6.2 40.8
Definite CVD cases
CVDRBSMRBEEM oo 66 (41)* 0 4 11 33 18 66 (37)* 1 2 18 13 32
Subarachnoid hemorrhage
2R TR 3 (3)* 1 2 5 (4% 1 1 3
Cerehral hemorrhage
s 14 (10)* 3 8 3 16 (7)* 2 6 2 ]
Cerebral thrombosis
B I #2 ... 39 (28¢ 3 4 18 14 36 (260 1 8 7 20
Unclassified CVD
GHEAHEAGCVD e 10 2 7 1 9 3 3 3
Possible CVD cases i
CVDEMWARES ....ccoevne 21 0 1 6 i i 22 0 2 5 6 9
Subarachnoid hemorrhage
g 7 SR | 1 1 0
Cerebral hemorrhage
B oo smimasianss 13 1 5 4 3 16 4 4 8
Cerebral thrombosis
IR i 3 1 2 2 1 1
Unclassified CVD
SHEATMEOCVD. 4 1 1 2 4 2 1 1
* Autopsy verified cases. Bz & - T 2 h /208
TABLE 4 YEAR OF THE FIRST EPISODE OF NEW CASES OF DEFINITE CVD
F 4 LRI ER ( CVD ) 3 I8 B 2 5 o $0 (1] 58 1 58 28 0 0F
kv 1958-60 196162 1963-64
Type of CVD Autopsy  Clinical Total Autopsy  Clinical Total Autopsy  Clinical Total
o cases cases cases cases cases cases
B Ji55 % ) ¥ 1 fa ) [£62 B8 171 ik 1) BE B 151 (284
Subarachnoid hemorrhage
T R s s 0 0 0 3 1 4 4 0 4
Cerebral hemorrhage
e R S, 3 3 6 9 7 16 4 4 8
Cerebral thrombosis
WAL oot aisvisansainis T 3 10 9 8 17 ] 11 17
Unelassified CVD
FHEAAIHOCVD s 0 5 5 0 6 6 0 8 8
Total B vomanannaana 10 11 21 21 22 43 14 23 37




TABLE 5 MORTALITY OF NEW CASES OF DEFINITE CVD, 1958-64
#£5 B LRI KRB (CVD) BRTHER I O SEL %, 1958 — 644

o FELCH D

Type of CVD Total — Degths FC% Pemcentlving o
i cases CVD Other causes Total CVD All causes
- 2% 2 okoEE &t 2 5EIH

All CVD cases

CVD 21 s 132 40 (31)* 52 (47)* 92 (78)* 30.3 69.7

Subarachneid hemorrhage

7 TR s 8 T (T 0 T T 87.4 87.4

Cerebral hemorrhage

B T e s 30 19 (15)* 3 2» 22 (17 63.3 73.3

Cerebral thrombosis

TRAHIEAR viibisiasal i 75 12 (9 47 (45)* 59 (54)* 16.0 TR

Unclassified CVD

FHAHOCVD e 19 2 2 4 10.5 21.0

*Autopsy verified cases. S & o THE S b

TABLE 6 PREVALENCE OF CVD BY DISTANCE FROM HYPOCENTER
£6  HMAEEE (CVD ) o800 A 5 o J6 B 4 55 2

Sex Distance Subjects At Initial Examination
HE5 . ARE ek
= CVD Cases /1000
H 1000 A M5 7= v o i3 #
Male % <1400 993 7 7.0
1400-1999 668 8 12.0
3000-3499 826 12 14.5
Not-in-City i N £ 839 15 17.9
Total it 3326 42 12.6
Female % <1400 1617 3 1.9
1400-1999 1361 10 7.3
3000-3499 1491 9 6.0
Not-in-City 5 4T 1 1475 6 4.1
Total & @t 5944 28 4.7

TABLE 7 INCIDENCE OF CVD BY DISTANCE FROM HYPOCENTER
2T IMMATHE (CVD ) OBk H 2 & o SRR 5 4

After Initial Examination

Sex Distance Subjects Person-Years Ml
1 51 £ R HREH At CVD Cases ,«ﬂi}n fvear
n 10004 5 22 b o 5] $%

Male <1400 897 3470 31 8.9

e 1400-1999 595 2400 23 9.6

3000-3499 733 2767 16 5.8

Notin-City i P 4 i 750 3061 17 5.6

Taotal & it 2975 11698 B7 7.4

Female <1400 1493 5840 23 3.9

S 1400-1999 1256 5119 28 5.5

3000-3499 1377 5404 | 3.1

Not-in-City 14 4 % 1332 5093 20 3.9

Total ik 5458 21456 48 4.1




Total serum cholesterol measured by the method of Abell*
is known to be low in this study sample.5 Cholesterol
levels exceeding 220mg/100ml, especially in women,
were found to be associated with an added risk of CVD
(Figure 5). Relative body weight (Figure 6) is also corre-
lated with the risk of CVD, especially in women (P<.001).

In the presence of ECG evidence of left ventricular hyper-
trophy (LVH)(high QRS voltage with ST-T changes) at the
initial examination, the risk of developing CVD was almost 3
times the average risk in men and more than 5 times the
average risk in women (Figure 7). This highly significant
association between LVH and the development of CVD
is even more marked than the association between LVH
and the risk of CHD in the sample.*

Cardiac enlargement, whether identified by a cardiothoracie
ratio =0.5 or by a relative heart size > 110 (Figure 8),!!
showed the same relationship to CVD as did ECG evidence
of LVH.

Although proteinuria was associated with increased risk
in both sexes, the effect was greater for women (Figure 9).

Diabetes mellitus (Figure 10) was associated with a
significantly increased risk of developing CVD only in
women and particularly those 40-59 years of age. Glyco-
suria seemed similarly related but at a lower level of
significance (P<.05).

The erythrocyte sedimentation rate (Wintrobe) was
associated with increased risk of CVD in men when the
1-hour corrected value exceeded 20 mm (Figure 11). No
significant association was found between the hemoglobin
or hematocrit and risk for males, but women with hemo-
globin values exceeding 15 g/100 ml seemed to have an
elevated risk of developing CVD (Figure 12). However,
there were only 41 subjects in this category and both the
observed and expected cases are few (4 and 0.9). The
distribution of ABO blood groups in the new definite cases
of CVD did not differ significantly from the distribution
in the entire sample.

If one considers the incidence of CVD in relation to
hypertension (>160/>95), cholesterol >220mg/100 ml,
proteinuria, and LVH by ECG individually and in combi-
nation, a cumulative effect iz noted (Figure 13). When
hypertension was the only abnormality found at the initial
examination, the morbidity ratio was almost 5 times that
of persons who did not have any of these four attributes.
The morbidity ratio was remarkably increased when
hypertension was accompanied by any of the other three
factors, although the other three factors alone had little

COWETEEARAOMEHLILAFO— % Abell D F 2
k- TilllE LSRR EvwE#EnshTw3s. 8 aL
ATO0—LifiA220mg,” 100 ml 2862 5 L, Bkt
ZEWTIE, CVDRAEOREOM A LMEOHZ Z LN
Mmohk (W5 ). A, HMMETRKE) &, $Hic
L (P<.001) Tld, CVDREOBHREMESH 5.

MBREIZHAEIR K (LVH) 0L BHFR(ST-THO %
fEafE 5 QRS MEME) Vh - M GI1E, CVDELOE
Beit, BFCRPEOEEALIE CFTIEEHO5E
ETH-7 (7). LVHECVDER tofizs1T 3
COELODTHEELMFRIE, ZofFEERC>VTEAD
b7 3 LVHECHDRED Gl : OME LD & 2EH
TE8ibd.14

Lo, MM Fe AT 0.5 DL F 7= 30 0 o R A
e AL E(H8)owTFholaicd, LEXE
O LVH®@ B G &Rk, CVD & oMEH»En 6.

By EAR L ERMMO B Znohid, &+
THLTOREBEFBTENKED 2 (H9).

FREFR# (10) & CVD 3 E o fa o A& 5 500 & o 5
BEFLIoABED LR, HIZ40-50E0EZEL L,
RE&FRBOMEFH2 L35 12Bhh 20, HEMEDKE
Fd o &fEW (P<05 ).

FHFTIE, e, 1M EE ( Wintrobe ) A720mm % £
5% G13, CVDEERIMED M A LEFENS - 2 (F11).
BFTUEMBERE i ~7 b2y o M REME -
DHZARCHFRBDOA L, LN, NAERRH
15g /100 ml 282 3% F 126 - TIECVD L fElR
BERLTWAR X318 bN B (HI2). LAL, 2O
BEILR T A R R TAAS B2, BEFKL
HMERRLELTEA2(FNFRARBET0IH).
PzUZHEME L A2 CVD R B FE E M1z &1 3 ABO I iER) 57 46
tEAREOTFLEOMIIEERGZ L d 5 2.

CVD 382 & @M E (4UHEH 160 L) 1 % 7= 13 9L 9511
), @b Aasro— Ml 220mg,” 100ml B L), A
REeEdPLEBRBEI LS TEOAZLVHEOMEFEIzo 0
TENEFNGl 12, FLHAEHETHIEME 5%,
REHREHI A SNE (FI3). B CEMES AR
WERTWEHGIE, 20BKEEICAS 4 ERDRY
bGP FHOIELAESETHS. GMELSO 3
ZRZFTIECVDREDFEMITIEE A SR IE 4 v A,
BMEZZO3IERD XA, AHET S L &1L, 201



influence on the risk of developing CVD. Thus it can be
said that hypertension plays a most essential role in the
development of CVD, and that the other three character-
istics are important only in association with hypertension.
This is in marked contrast to the independent role of these
factors in predicting the development of CHD.*

In Table 8, CVD patients and controls are compared as
to the mean values (or percentages) of each of the initial
clinical findings analyzed for risk of subsequent CVD. The
controls are patients who had neither CVD nor CHD at
or after the initial examination. Patients with cerebral
but

subjects with subarachnoid hemorrhage were too few for

hemorrhage and thrombosis are shown separately,
inclusion. Patients who developed cerebral hemorrhage
had higher blood pressure and a greater frequency of
LVH, cardiomegaly by chest film, and proteinuria (females
only), than did patients with cerebral thrombosis. However,
the latter group had higher values on these parameters
than did the control group. Patients with cerebral throm-
bosis had the highest levels of cholesterol.

In addition to antecedent clinical characteristics, various
habits and socioeconomic status were studied in relation
to the development of CVD.
information was collected through a routine interview
1963-64,

made in the interpretation of the results that these

Since this epidemiologic

program during the assumption must be
characteristics had not changed substantially during
1958-61, especially under the impact of CVD itself.

Only for men aged 60 or more at initial examination was
any association seen between smoking history and CVD
(Figure 14). These CVD patients reported a daily con-

sumption of 20+ cigarettes much less often than controls.

Although the younger men with CVD included more heavy
drinkers than did the controls (Figure 15), the variation
is of a magnitude that chance might easily produce. No
consistent or significant association was noted between
the incidence of CVD and other enviromental factors
{occupational, educational, socioeconomic, and dietary).

DISCUSSION

The experience gathered over a 6-year period in the
search for cerebral vascular disease in the Japanese of
Hiroshima should prove useful in dispelling some inaccurate
impressions gained from published mortality data on
cerebral vascular disease for Japan. Although cerebral
hemorrhage is more lethal, cerebral thrombosis, even as
a direct cause of death, is underreported in Japan. The

presence of angionecrosis in small cerebral vessels and
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TABLE 8 COMPARISON OF CVD PATIENTS AND CONTROLS AS TO MEAN VALUES ON SELECTED CLINICAL FINDINGS
AT INITIAL EXAMINATION BY AGE AND SEX

#8 MR A S LB OB BT 3R E OBEN R o B otk SR - 5D

Male 3 Y Female &
Clinical findings L Cerebral Cerebral S Cerebral Cerebral
B B (io:: 0_1 hemorrhage thromhosis COE{:‘ U_] hemorrhage thrombosis
TH B 4 1 B L 2 Sk Ji 1 B

Aged 40-59 at examination
S5 E IE 8540 - 504

Mean systolic pressure 131+ .7 180 £13.9%*+ 154 +5.6 130+ 5 183+11.0 149+11.3
T b A e B 0L 1400** 6 20 2565 9 12

Mean diastolic pressure B2+ .4 10448.2 96+3.4 80+ .3 111+7.3 90 +6.6
E R BRI LR 1400 6 20 2564 9 12

Mean serum chaolesterol 157+ .9 150 £16.7 165+8.5 10 7 171£9.5 199+13.4
FHMmET L AT A 1415 fi 20 2607 10 14

% hypertension (= 160/95) 20 83 60 18 78 42

7 0L TE % 1400 6 20 2564 9 12

% high cholesterol ( =220) ] 0 10 9 10 36
HoLiFo—-1% 1415 [ 20 2607 10 14

% LVH by ECG 2 40 1o 2 38 8
RSk LW E R % 1392 5 20 2483 8 12

% cardiomegaly by chest film 8 40 7 9ig 43 33

Lot K o B B X BRAT R % 1160 5 ) 2082 7 9

% proteinuria 5 0 25 5 an 13
REEE% 1487 [} 20 2728 10 15

Aged 60+ at examination
FEENF R OO L)

Mean systolic pressure 145 +1.0 177477 17043.7 150+ .9 196 £13.0 1B +4.8
I R4 B i 776 I5 57 1048 g 44
Mean diastolic pressure 83+ 5 1004+2.8 93+2.0 844 4 101 £5.0 99 +£2.4
- b i 5 S AL 1 775 15 57 1048 9 44
Mean serum cholesterol 158+1.2 161£7.2 15645.0 17941.2 178+13.3 190+£7.9
TEHmEILAFa -0 730 14 52 942 9 35
% hypertension | >160/95) a6 93 72 40 29 86
I 2 % 775 15 57 1048 9 44
% high cholesterol (>220) 4 i] 6 13 22 31
BILAFO-—LY% 730 14 52 942 9 35
% LLVH by ECG i 27 19 & 56 17
EERKOLERATR % 732 11 47 925 9 30
% cardiomegaly by chest film 9 50 21 13 56 29
LK o) B9 R X BT R % 610 8 38 735 9 24
% proteinuria E2 29 21 13 50 29
BT % 800 17 56 1069 12 45

*All subjects who had no evidence of cerebral vascular disease or coronary heart disease throughout the study period,
O IO ) e LA AR b AR IR L R B AR A Rt AN R B

**Number in italics is number of subjects. 4 ¥ 1) 4 rROBEFIHBEEHNTES.

***Standard error. 56 B
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its association with hypertension has been acknowledged
to be a factor producing cerebral hemorrhage.!2 Despite
the presence of this morbid condition, cerebral thrombosis
in this study sample was twice as common as cerehral
hemorrhage. To account for the high rate of stroke in
the Japanese there is no real merit in postulating that
a unique or extraordinary disease process other than

atherosclerosis is operative.

As previously noted, there is a marked difference in
morbidity and mortality between CHD and CVD in the
Japanese. A differential in susceptibility (cerebral >
coronary)of the manifestation of the atherosclerotic process
in the Japanese has been demonstrated in a recently

completed anatomical study.!3

Katsuki and Hirota'? in a recent report on the occurrence
of CVD in the population of the town of Hisayama, in
Fukuoka Prefecture, Japan, which includes 1621 subjects
over 40 years of age, noted 38 instances of stroke
in a 3-year period. Their ratio of cerebral hemorrhage
(10/22),
They reviewed the
collected series of autopsy cases in Japan for 1958-
625 and found that in a total of 29,795 autopsies, cerehral
hemorrhage was noted in 648 cases (2.2%) and cerebral
thrombosis in 594 (2.0%). Despite the bias of selection
in hospital autopsy series, these findings do not support

to cerebral thrombosis was 0.45 a ratio quite
q

similar to the experience here.

the ratio of 12.4 reported for the death rates of cerehral
hemorrhage/thrombosis and embolization in Japan.!® In
the low reliability of the Japanese death
certificate diagnosis of CVD by type is evident from a

this regard,

recent study of death certificate-autopsy correlation.!?

In only 22 % of the deaths attributed to stroke (ICD 330-334)
on the death certificate was there autopsy confirmation

that some type of CVD was directly related to death.
Nearly one third of the fatal cases of cerebral thrombosis
were mistakenly attributed to cerebral hemorrhage on the
death certificate, whereas only 2% of the cases of cerebral
hemorrhage were mistaken for thrombosis.

The annual incidence of CVD in the present sample
(6.2 per 1000 per year) in men and women over the age
of 40 is less than that in the Hisayama sample (7.8),14 but
it clearly exceeds any reported rates for defined samples
in the U.S.1-1820  Comparison of the results here with
those of the Framingham study'? shows that the relative
frequency of cerebral hemorrhage is greater in Japan
(23% vs 4%), although the high mortality from cerebral
hemorrhage is evident in both samples. Male preponder-
ance in stroke is noted only in this population.

From the present study a subject at greatest risk for
CVD can be defined as a man or woman, over 70 years
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of age, who has hypertension, cardiomegaly, and protein-
Higher cholesterol levels, obesity, and diahetes are
associated with greater risk for women in the 40-59 age
Smoking, consumption of alcohol, dietary habits,
and sociceconomic status are not consistently related to

uria.
group.

the occurrence of CVD.

Hypertension is a well recognized factor in the risk of

That

a significantly greater risk was found when hypertension

both cerebral hemorrhage and thrombosis.! 19-21

was associated with cardiomegaly and proteinuria may
indicate that such hypertension had persisted for many
years prior to the occurrence of CVD. Supporting
evidence can be found in the Framingham study.1?

Available reports on the incidence and mortality of CVD
in Japan,'*?7 in the U.S5.,?? and in Europe?*?" suggest
that the incidence of cerebral hemorrhage has heen
decreasing in recent years and a similar tendency was
noted in this small sample. Although further observation
will be necessary to confirm the decline in the incidence
of cerebral hemorrhage or to determine whether the decline
may be ascribed to the widespread use of antihypertensive
agents, substantial evidence exists®®2% in support of this
Especially in Japan, where CVD is the leading
cause of death and its association with hypertension so

view.,

singular, it appears particularly valuable to apply epidemi-
ologic approaches in order to separate the host and
enviromental factors, especially as they relate to hyper-

tension, in the causation of CVD.

Comparative epidemiologic studies of hypertension, CVD,
and CHD among the Japanese in Japan, Hawaii, and
California should yield, as Gordon has suggested?® a
greater understanding of the role of the environment and
perhaps some first steps in the reduction of vascular
disease. Such a study is now in progress in Hiroshima,

Honolulu, and California.?®

SUMMARY

Cerebral vascular disease (CVD) in the population of
Hiroshima, Japan, is described for the period 1958-64.

The incidence of CVD in the male population over 30
years of age was 7.4 per 1000 per year and in females
4.1, approximately twice the observed incidence of coronary
heart disease. Being based on examined individuals only,
these estimates are biased downward, perhaps by a factor
of 10%.
that of cerebral hemorrhage.

The frequency of cerebral thrombosis was twice
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These findings on incidence and type of CVD are in
accord with the known high incidence of this disease in
Japan but do not suggest that any disease other than
atherosclerosis of the cerebral arteries is responsible.

Hypertension, cardiomegaly (ascertained by ECG or chest
film), and proteinuria were important factors in the risk

of subsequent CVD.

The singular association between hypertension and CVD,
and the evidence that CVD is declining in Japan, the
U.S. and Europe during a period of widespread use of
antihypertensive agents, encourage further epidemiologic

study in CVD.
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FIGURE 1 INCIDENCE OF TOTAL AND DEFINITE CVD CASES (PER 1000 PER YEAR) BY SEX AND AGE, 1958-64
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FIGURE 2
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FIGURE 3 INITIAL LEVELS OF DIASTOLIC BLOOD PRESSURE AND RISK OF SUBSEQUENT CVD (AGE 40 AND OVER)
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INITIAL LEVELS OF SYSTOLIC BLOOD PRESSURE AND RISK OF SUBSEQUENT CVD (AGE 40 AND OVER)
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FIGURE 4 INITIAL BLOOD PRESSURE ACCORDING TO WHO CLASSIFICATION AND RISK OF SUBSEQUENT CVD
(AGE 40 AND OVER)
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FIGURE 5 INITIAL LEVELS OF SERUM CHOLESTEROL AND RISK OF SUBSEQUENT CVD (AGE 40 AND OVER)
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FIGURE 6 INITIAL RELATIVE BODY WEIGHT AND RISK OF SUBSEQUENT CVD (AGE 40 AND OVER)
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FIGURE 7 INITIAL ELECTROCARDIOGRAM FINDINGS AND RISK OF SUBSEQUENT CVD (AGE 40 AND OVER)
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FIGURE 8 INITIAL RELATIVE HEART SIZE AND RISK OF SUBSEQUENT CVD (AGE 40 AND OVER)
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FIGURE 9 INITIAL PRESENCE OF PROTEINURIA AND RISK OF SUBSEQUENT CVD (AGE 40 AND OVER)
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FIGURE 10 INITIAL PRESENCE OF DIABETES MELLITUS AND RISK OF SUBSEQUENT CVD (AGE 40 AND OVER)
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FIGURE 11 INITIAL ERYTHROCYTE SEDIMENTATION RATE AND RISK OF SUBSEQUENT CVD(AGE 40 AND OVER)
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FIGURE 12 INITIAL LEVELS OF HEMOGLOBIN AND RISK OF SUBSEQUENT CVD (AGE 40 AND OVER)
P12 #RBIRE M 8 KB & % 0 % o Wil B R SE A o fE B (40 1L 1)

Age-adjusted

ﬁ‘; Male % Female t
I:;" 444
iE
P
é i 133
3 E
o 101
;‘a‘ 100
= 83 95 95
g
=
Hemoglobin [ # it Total 3 <11.0 11.0-14.9 15.0+ Total it <11.0 11.0-14.9 15.0+
Subjects at Risk @z s 2231 20 1746 405 3570 533 2996 41
Person Years AEE BE20 271 6991 15568 14219 2122 11946 151
CVD Observed % 86 3 67 16 81 14 63 4
Expected i 3.6 70.4 12.0 13.9 66.2 0.9
X A (NS 12.6 (P<.01)

FIGURE 13 RISK OF SUBSEQUENT CVD IN RELATION TO FOUR RISK FACTORS INITIALLY PRESENT
(AGE 40 AND OVER)
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FIGURE 14 FREQUENCY DISTRIBUTION OF MALE CVD PATIENTS AND CONTROLS BY
AMOUNT OF CIGARETTE SMOKING
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FIGURE 15 FREQUENCY DISTRIBUTION OF MALE CVD PATIENTS AND CONTROLS BY
ALCOHOL CONSUMPTION (CC PER WEEK)
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