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SUMMARY

Evidence of cerebrovascular disease at autopsy
was compared in two groups of men, 186 long
time residents of Hiroshima, Japan and 253 men
of Japanese ancestry long resident in Honolulu,
Hawaii. They were from 45 to 71 years of age
at death.

Atherosclerosis of the circle of Willis and its
major branches, sclerosis of the intrapsrenchymal
arteries and the frequency of cerebral hemorrhage
and cerebral infarct were compared in the two
populations. The Honolulu subjects had signifi-
cantly more atherosclerosis of the circle of
Willis, but less intraparenchymal artery sclerosis
and less cerebral infarction. Cerebral hemorrhage
was equally frequent in the two cities. It was
concluded that cerebral infarction is more
frequent in Japanese men in Hiroshima than
Honolulu, and that men of Japanese ancestry in
Honolulu are spared an appreciable risk of
cerebral infarction through decreased frequency
of intraparenchymal arterial sclerosis despite
higher levels of atherosclerosis of large intra-
cranial arteries,

INTRODUCTION

It is generally reported that the moriality rate
for cerebrovascular disease in Japan based on
vital statistics is among the highest in the
world!™ but that Americans of Japanese ancestry

Approved k58 26 April 1978

C:
EEITEIBEEMEL TwiH186A & Hawaii @ B &
ATEHN Honolulu IZEEL T A& 283A»5 4
BZOo0BTHEARC, SEERCHS S AARA
ERBORB 2T/, FECEEMITHS—TIET
Hoz.

o 2B, WillisBer LU 2T ESH
o7 Fo—AlEEk, BERAIMROEL, %500
Bt & & UBRIE RO E O 4 T~ 7. Honolulu
OHMBFECE, Wilis BO 77 u— L@ ER
Ehofd, BEBAHMRES R CRHIEER
ok, BMENMOEEIETRBRETH - 2.
HE, BFEEREEORF O Honolelu & HF
BFLns £, £/ Honolulu £, HEAAD
Ro77Fu— AW EIFFTuIzErdbST,
HERABRELOHEFME bz, Eiko
fila ALl oFERiIEL -

i
ADBEHITII LS5 LAFAOBMEREBICES
FECREEIHFESOSRTIRL, 7Y REICEHM
BEL T3 EREAOERINFETRIE, shind

[l

Printed ENRI January 1979




RERF TR 6-78

who have lived for a long time in the United
States have lower age-specific mortality rates.>®
The reliability and comparability of cerebro-
vascular disease rates by death certificate ascer-
tainment of cause of death have been
questioned”™® and there is suspicion that much
of the difference may be the result of different
“styles” of assigning the cause of death.

Since 1965, there has been a collaborative effort
in the NI-HON-SAN (Nippon, Honoluluy,
San Francisco) project’® to study cardiovascular
and cerebrovascular diseases in Japanese men
living in Japan, Hawaii, and California, using
uniform criteria for diagnoses, and comparable
clinical laboratory and autopsy procedures.
Completed reports have dealt with differences in
diet and biochemical measurements, blood
pressure, certification of cause of death, and the
occurrence of myocardial lesions and athero-
sclerosis at autopsy.''™® This report describes
the occurrence of atherosclerosis of the circle of
Willis, sclerosis of the intraparenchymal arteries,
cerebral hemorrhage, and cerebral infarction as
observed in autopsies of Japanese men in
Hiroshima, Japan and in Honolulu, Hawaii.
Intra- and inter-city comparisons are made and
the relation of these observations to each other
is examined.

STUDY POPULATIONS

The NI-HON-SAN project is a longitudinal study
of cardiovascular disease in fixed cohorts of
Japanese males living in the three study areas.
The composition of and methods for selecting
the study populations have been described in
detail elsewhere.'® The men in this pathology
study were born during the 20-year period 1900-
19 with long verified residence in either
Hiroshima or Homolulu. They died between
1965 and 1971 (age range 45-71). There were
186 Hiroshima and 253 Honeclulu autopsies that
met these criteria and form the basis for this
report.

METHOD

In Hiroshima, all brains removed at autopsy were
stored in 10% buffered formalin after routine
examination by the prosector. During 1972 the
brains were reexamined and the findings on
gross examination were recorded (LT or YM).
Blocks of tissue for microscopic examination
were taken from 12 areas (left frontal, motor

Fuvz b FA—lBEsh s, 8 FECBNS
L e LR e LT ORI ER B REOFHE
BRUEBZLEIOWTRABRFHY,7 BE
MNZECERFEROFEFHENZILEART 20T
ZudtoEVLHD.

19654E LI 3%, NI-HON-SAN (@4, Honolulu, San
Francisco ) @& oI HAMEICE-T, H—
ENADETAEE, BB S ZEERERS LURIR
FH: & HWT, HA, Hawaii, ¥ X U California I
BT 3 B AR ABF o OBILEED S & URILE K
BUIBMTIRWESThhTwA, ZRETIZFETLT
VARSI, A s LUEEEEonE,
WFE,™ FEROEMERE," &5 izl Izld 5
NALHORERLT 75 o— LIS £ 2028
BECDVTENTL S, FRETH, RRELT
Hawaii (Z/E{E L TwA B A A S FOH] s 12520
b Willis B 77 0 — AtEmE4L, FEEA AR
DEGE, REMm, sECREECZOVTRENS.
FRNFNOTHAS L URTBOLEZTY, Zhs
OHEHEHEMOREEZEET 5.

REEHA
NI- HON. SAN #i%EE, Z->0WEAMBICEET S
BAABRFoEZEMIC & 5 ORISR & OHERT
MEETHS. BEEHOERFLIUMBA#E
SuTRAEERIhTWE.? ZOREBEEMNAE
D FBFIE, 1V0-19FNWFEMIcETHh, BE
# 71k Honolulu W Fhp it BHBEEELEZEDY
WrhTwaHET, 19656—TIHEOMIZFEC LS
Thol (FEBL—TIR). ZhonfEELLL,
MEOIEEEE & - B BHIIE, 1551866, Honolulu
253 T H - /2.

A &

BT, SIMEE IR AT RT, RODEH
BEBELIT-~06, 10%7 2w YEEER
BCREE AL, 192 CEROBRE S TH R,
IR ER B A 2485 /o (L. Thompson ¥ /213
SIER). 12O (Tabhs, EHEKE, KK




and visual cortex, left cingulate gyrus, hippo-
campus and cerebellar hemisphere, the optic
chiasm, midbrain, pons, medulla oblongata, and
two from the left basal ganglia) and additional
sections were made of all grossly detected
lesions not inciuded in the 12 specified areas.
Histologic sections taken by the original autopsy
prosector were reviewed to be certain that entire
lesions had not been removed previously.

In Honolulu a similar procedure was followed
for examination of the brain and for taking
tissue for histologic sections, but because storage
space was not available, the examination and
sectioning were accomplished within a few weeks
after autopsy and additional tissue was not
available for further study. In Honolulu one
pathologist (TH) examined all cases after 1967.

The circle of Willis and its major branches from
184 of the 186 Hiroshima autopsies and from
the last 88 of the 253 Honolulu autopsies were
dissected from the brain, attached to plastic
sheets and stored in 10% formalin.'® In 1972,
these cerebral arteries were sent to the University
of Minnesota School of Medicine, Following
their regular procedure,’” Dr. Resch and his
staff evaluated the degree of atherosclerosis
{0 to 4 plus) at 22 separate sites. The results are
usually reported as a total score (0 to 88), but
for our purpose, the total was divided by the
number of sites examined which provided a mean
score {0 to 4.00) for each case.

Histologic sections were stained with hematoxylin
and eosin (H & E). Special stains were infre-
quently required. Three pathologists indepen-
dently examined all histologic sections collected
in the two cities. Computer printouts listed all
conflicting diagnoses by histologic section and
subsequently, the thiee pathologists met toge-
ther, first in Honolulu and then in Hiroshima, to
reexamine the histologic sections for which
diagnoses and interpretations were not in
agreement. A consensus was reached in all
cases and used for final analysis.

The following definitions and interpretations
were employed: Using Russell’s cri'feria,18
massive cerebral hemorrhage was defined as an
area of hemorrhage 3.0 cm or more in diamefer
in the cerebrum or cerebellum and 1.5 cm or
more in dizmeter in the brain stem. Smaller
hemoirhages were recorded without attempting
to differentiate between small cerebral hemor-
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rhage and hemorrhagic infarction.  Cerebral
infarctions were defined as circumscribed areas
of parenchymal necrosis due to ischemia.
Hemorrhagic and anemic infarcts were not
recorded separately. Lacunae were included as
representing tiny areas of infarction!® but
peripheral necroses of pseudolaminar type and
focal recent necrosis less than 0.2 cm in diameter
were excluded as possibly being nonischemic or
agonal in origin. Infarcts were listed as recent
or old, based on histologic findings. Sclerosis of
intraparenchymal arteries was a histologic finding
(Figure 1) and included fibrinoid and hyaline
degeneration, splitting of the vessel wall with and
without foam cells, intimal fibrosis, thrombosis,
and microaneurysmal formation.207%2

Blood pressure records or other clinical evidence
of hypertension were not available for most
Hiroshima cases.”®> The heart weight was taken
as a crude indicator of the absence or presence of
hypertension.24 Body weight at autopsy was
available for 180 of the Hiroshima and 99 of the
Honolulu subjects including 46 of the 88
Honolulu patients with circle of Willis evaluation.

Statistical analysis was directed at four main
questions: 1) Was there bias in the selection of
autopsies? 2) Did the autopsy observations
suggest cerebrovascular disease was more frequent
in Hiroshima than in Honolulu? 3) Were the
specific lesions of cerebral hemorrhage, cerebral
infarct, circle of Willis atherosclerosis and intra-
parenchymal artery sclerosis more frequent in
either city? 4) What was the relation of the
specific lesions to each other and were these
relations the same in the two cities?

BIAS

The possibility of bias in the selection of
autopsies was a major concern. In both cities,
membership in the study cohort and not
diagnosis was the basis for efforts to obtain
autopsy consent. However, the samples did
differ in some respects. Clinical records and a
history of the terminal illness were generally
available in Honolulu. Several hospitals and the
medical examiner collaborated by sending the
intact brain to one pathologist (TH) for examina-
tion. In Hiroshima, the subjects were all
members of the Life Span Study sample, a
fixed population of A-bomb survivors and non-
exposed controls selected for the study of
delayed radiation effects. A comparable medical
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FIGURE 1. A: Sclerosed intraparenchy mal artery at margin of a collapsed cerebral
infarct (age 70, Hiroshima, X175). B: Intraparenchymal artery sclerosis with
microaneurysm formation & early perivascular hemorrhage (age 69, Honolulu, X70).
C: Intraparenchymal artery sclerosis with thrombosis (age 66, Honolulu, X 70).
D: Intraparenchymal artery sclerosis with cholesterol clefts & foam cell in subintima
fage 66, Honolulu, X175).
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ERANE % 1 5 B JE 0T P9 INIREE {L4E 5 664, Honolulu, 175f%.
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TABLE | DISTRIBUTION OF DEATHS, ALL STUDY AUTOPSIES, & PROPORTION OF DEATHS
INCLUDED IN THE AUTOPSY STUDIES, BY AGE AT DEATH & CIiTY

£1 WE, HESRLHUBRHONH, FIUNBREIIEENS TR OE S
FELC IR Ed b X UERTT B
Hiroshima Honolulu
Age at All Deaths Study Autopsies All Deaths Study Autopsies
Death
% of % of % of % of
No. % No. Autopsies  Deaths No. % No. Autopsies  Deaths
<50 22 2.6 9 4.8 40.9 53 5.7 13 5.1 245
50-54 83 9.8 19 10.2 229 192 20.8 61 24.1 31.8
55-59 149 17.6 29 156 19.5 205 222 59 23.3 28.8
60-64 298 35.1 62 33.3 20.8 256 277 72 28.5 28.1
65-69 267 314 58 31.2 21.7 198 214 44 174 222
70 + 30 3.5 9 4.8 30.0 21 23 4 1.6 19.0
Total 849 100.0 186 100.0 219 925 100.0 253 100.0 274

Test Results:

Within each city; homogeneity of study autopsies vs other deaths as to age ar death; not

sfgnificant in both cities. Between citfes; homogeneity of percent of deaths in the study autopsy sample; for

each age group, not significant, for all ages together P
BELR:

Q.01
BTk, BEARIEH L ZOROFECHE OFCHERNOHRIEI 20 TE, ARBRLHNE Lo L.

FEMcE, AEH2NREACEIARCOTIROHHIER, EERMEHNIBHARETLIVY, SEREGHONEIR

P<0.01TH 5.

examiner system was not used and, in most
cases, medical records and history of terminal
illness were not available, Evaluation of circle
of Willis atherosclerosis was performed for almost
all of the Hiroshima autopsies, but for only the
last 88 Honolulu autopsies.

The distribution of autopsies in each city was
compared for age at death within the entire
cohort of deaths in that city and between cities
(Table 1). The autopsy rate was higher in
Honolulu (27.4%) than in Hiroshima (21.9%).
Approximately 70% of Hiroshima men in the
entire cohort of deaths and in the autopsy
cohort were over 60 years of age compared with
50% of the Honolulu men. With the exception
of the small group below age 50 in Hiroshima, in
neither city did the autopsy rate vary significantly
by age.

In Honolulu, autopsies with and without an
evaluation of the circle of Willis were compared
and no significant difference in distribution was
found for height, body weight, cerebral hemor-
rhage, cerebral infarct or intraparenchymal artery
sclerosis. However, Honolulu subjects with
circle of Willis evaluation, when compared with
those without evaluation, were older (P < 0.01)
and had lower heart weight (0.01 <P < 0.05),
thus approaching the Hiroshima subjects in
these categories.
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TABLE 2 THE FREQUENCY OF CEREBRAL HEMORRHAGE, CEREBRAL INFARCTION,
& INTRAPARENCHYMAL ARTERY SCLEROSIS IN 186 HIROSHIMA & 253 HONOLULU AUTQPSIES
%2 JE&186(, Honolulu 253 O EIMRHIIZH T 2 MMM, i, LU

B 3 BT P I AR R { LA o S
. Hiroshima Honolulu . Test
Lesion No. % 1 No. ! (Age-adjusted)
Cerebral hemorrhage )
Recent massive 14 7.8 26 104 NS
Other 15 8.1 10 4.2 NS
Cerebral infarction
Recent 14 6.4 15 7.0 NS
old? 93 44.3 59 249 ok
<02 em 15 74 7 2.6 *
0.2-1.0 cm 45 209 32 136 *
Z1.0cem 33 160 20 8.7 *
Intraparenchymal
artery sclerosis 105 524 78 328 **

! Age-adjusted: Performed with the direct method of adjustment using the combined

population as the standard population.

EROER, Stk s BEERE: L TRVAHEREL k- 2,
2Only the largest infarct present is recorded, BADHED S LREL L.

NS = not significant,
HETLW

RESULTS

The distribution of autopsy subjects by height
was almost identical for the two cities, but
there was a highly significant difference in body
and heart weight (Figure 2). The age-adjusted
mean body weight was 45.0 kg for Hiroshima
and 61.1 kg for Honolulu subjects, and the age-
adjusted mean heart weight was 327.0 g for
Hiroshima and 366.7 g for Honolulu subjects.

Table 2 gives the frequency of massive and other
hemorrhage, recent and old infarction, and
intraparenchymal artery sclerosis by city. Since
the Hiroshima sample was appreciably older and
the frequency of these lesions was age related,
tests of significance were made on age-adjusted
values, Cerebral hemorrhage and recent cerebral
infarction were no more frequent in one city
than in the other. However, old infarcts and
intraparenchymal artery sclerosis were significant-
ly’ more frequent (P < 0.01) in Hiroshima
subjects.

Atherosclerosis of the circle of Willis increased
in severity with age at death. Although the
trends with age were very similar in the two
cities, the age-adjusted mean atherosclerosis score
was significantly greater at all ages for Honolulu

*0.01 <P<0.05,

** p 0.0l

s =B
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ok, BBHLIVLEORSIILELHTHE
ZEFE-(EH2). EMTETHEIIE, EED
#fH K45, 0kg, Honolulu DR ETEL. ke TH D,
FMITEFEHLELWE, K5 327.0g, Honolulu
366.7gTH o702,
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BRIRMERIZE 2 5 U2 IE 98 A DR 1L 5E o SR B &
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T Bl & KO R O R, W
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MEAN ATHEROSCLEROS1S SCORE

PERCENT OF AUTOPSIES

FIGURE 2 DISTRIBUTION OF AUTOPSIES BY HEIGHT, BODY WEIGHT,

& HEART WEIGHT — HIROSHIMA & HONOLULU
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TABLE 3 CEREBRAL HEMORRHAGE, CEREBRAL INFARCTION, &
INTRAPARENCHYMAL ARTERY SCLEROSIS BY AGE AT DEATH & CITY
#3 Wb, REEZE, & XURMEHANREE; JECHEH S & OB

Hiroshima Honolulu
Age at :
Death od Ol
CH I IAS CH I IAS
<50 11.1% 333% 33.3% 1.7% - -
50-54 21.1 15.8 31.6 9.8 164 19.7
5559 10.3 24.1 41.3 15.3 20.3 289
60-64 19.4 58.1 61.3 18.1 264 375
65+ 134 65.7 68.6 14.6 37.5 45.8
Linear trend NS o *x NS ok %
with age

CH: Cerebral hemorrhage, all types. Faiilh, 28,

CI:  Old cerebral infarcts. MIBERAE#E.

IAS: Intraparenchymal arrery sclerosis. i 32 % R ¥ IRFE (L &E

Test Results: NS=not significant, *0.01 <P <0.05, **P<0.01. Inter-city: homogeneity
of the two city regression coefficients for each lesion, not significant.

BESED: NS=HETaw, F0.01<P<0.05, ¥*P<o.01, @M AECEHEHER
oERFROHBREC LT RTEEEA AL L.

TABLE 4 CIRCLE OF WILLIS ATHEROSCLEROSIS SCORE BY PRESENCE OF CEREBRAL
HEMORRHAGE, CEREBRAL INFARCTION, & INTRAPARENCHYMAL ARTERY SCLEROSIS,
184 HIROSHIMA & 88 HONOLULU AUTOPSIES
# 4 [B18417, Honolulu 88{f1Z &1+ 3 Willis B 77 09— A (Lo FAMAE ; fH 1M,
Hi §7E 2 5 ko 0° B 3 B PO ) AR 4L AE o0 o S R

Circle of Willis Atherosclerosis Score

Lesion Hiroshima Honolulu Inter-city
No. Mean SE No. Mean! SE Test
Total autopsies i84 1.01 0.06 88 1.58 0.10 *k
Cerebral hemorrhage2
Absent 155 0.92 0.06 73 1.49 0.10 *k
Present 29 142 0.16 15 2.09 0.35 NS
Test (absent or present) *k NS
Cerebral infaret (old)®
Absent 92 0.63 0.05 &5 141 0.11 *k
<0.2cm 15 1.36 0.17 2 1.35 - NS
0.2-1.0cm 45 1.03 0.06 13 221 0.20 *k
1.0 cm 32 197 0.17 8 264 0.15 *k
Test (2 1.0 cm vs absent) ok L

Intraparenchymal artery sclerosis

Absent 80 0.70 0.06 57 146 0.12 *H
Present 104 1.29 0.12 31 184 0.1 *x
Test (absent vs present) ok *k

1A‘gre-adjuste'd means by direct method of age-adjustment using the combined population in the two
cities as the standard population.
WEOSHEALEEERL LTAVIEBITIEREI L2 EBTTE EHHA.

2 presence of any cerebral hemorrhage, il Mo 7 4.

3 Based on largest infaret recorded. TS ATV 3 HAOEE I,

NS = not significant, **P<(.01.
HETRW
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TABLE 5 CEREBRAL HEMORRHAGE, CEREBRAL INFARCTION, INTRAPARENCHYMAL ARTERY
SCLEROSIS, & MEAN CIRCLE OF WILLIS ATHEROSCLEROSIS SGORE BY HEART WEIGHT & BY CITY

&5 FEmdim, REd, BERRBRELES LU Willis BO 7 70— A48k FHIIE ;
LDERS L CHAE
. Hiroshima Honolulu
No. CH (I IAS c/w No. CH CI IAS C/W
% % % % % %
Heart weight
<300g 75 104 34.7% 47.1%%  (.76%* 75 3.1 175 173 125
300-399g 67 16.0 47.1**F 623 1.22 82 141 215 406 131
400+ g 44 22,0 516 42.0 1.01** 95 242 347 396 2.06
Number of autopsies 186 29 93 105 184 252 36 59 78 88
Linear trend with
heart weight W sk NS ek k% ¥k L3 *k
CH: Cerebral hemorrhage. TL .
CI:  Cerebral infarction. IEE,

IAS: Intraparenchymal artery sclerosis. M3 T vy 8RR {LEE .

C/W score: Circle of Willis mean atherosclerosis score. Willis @ 7 7 0 — A #EE L T2 FEE AT,
All data age-adjusted by direct method of age-adjustment using the combined population in the two cities as the

standard population.

AHOSHEEALHEERAL LTAvIERETERZL - THEBITES T A 28K,
Significance Tests: Inter-city differences indicated by asterisks on the Hiroshima data; (no asterisk indicates no

significant inter-city difference).

HEHRE: KHOERTR, BHNOZ28MTRL A (BAPOZ0LORATBIIFELZO I I L 2RT).

NS=not significant, *0. 01 <P<0.05

HET &,

subjects (Figure 3). Cercbral infarction and
intraparenchymal artery sclerosis also increased
in frequency with advancing age. Although the
slopes for these changes also did not differ
significantly in the two cities, both cerebral
infarction and intraparenchymal artery sclerosis
were more frequent in Hiroshima subjects and at
all ages, except for cerebral infarcts in the 50-54
year group {Table 3).

In each city higher degrees of circle of Willis
atherosclerosis were accompanied by cerebral
hemorrhage, old cerebral infarcts, and intra-
parenchymal artery sclerosis than were found in
the absence of these alterations (Table 4).
However, even among individuals with each of
these lesions, Honolulu subjects had higher
circle of Willis atherosclerosis scores. There was
also a relation between the size of the cerebral
infarct and the severity of atherosclerosis; in
Hiroshima subjects this was true for the larger
infarcts (== 1.0 ¢m), and in Honolulu for infarcts
greater than 0.2 cm.

Cerebral hemorrhage, cerebral infarction, and
atherosclerosis of the circle of Willis were
associated with increase in heart weight in each

**p<0.01.
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HOBHFEEICE A (H3). MEES L UOHE
ERMRELEQFE L, EHO LRI TR
Lk, thSoTikooRI- b mmEeEELsER
ok H, BB S & ORI E P ) IR LIE o
BElE, SO—SAEBOMERE BRI, wTFhofEs
CEWTHEBOHFFE,r 27 (£3).

mriEd, WillisHOT7Fo-- AEELOREREE,
g in, BEIRMERNAELE, &4 OIS E N E R (L
EEHEIBEOTFEb VG LI LE,I oL
{(#4). LdL, ChsORBEZILFNETSE
12T h, Honolulu M3t RF Iz HIT 3 Willis RO
Ty O— LEEEOEOE YN ED o . IIEEDH
Ee7yro—sEELORELOBCHEHEFED
i/, CoOMEE, EEMNEETCHEEROEE
{=1.0em}, Honolulu Tif 0.2emkl LOIEENH 3
WhHzRb SR

mAw e L, Miim, RAEZE, &LV Willis RO
TFO—AMEEY S SHEE, LEOESAEN
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TABLE 6 INTRAPARENCHYMAL ARTERY SCLEROSIS & CEREBRAL INFARCTION
BY MEAN CIRCLE OF WILLIS ATHEROSCLEROSIS SCORE

#6  MWEII P EIRTEILAE & & CHHEE . Willis R 7 7 0 — AMEaE{L T 23 & 5]

Mean C/W . Hiroshima Honolulu
Scare No. IAS ct No. IAS CI
0.00 — 0.99 87 37.8% 24.3% 23 283%  14.2%
1.00 — 1.99 66 68.9%% 53.0%% 38 146 144
>2.00 31 86.0% 98.3%+ 27 569 428
Total 184 52.4%% 44.3%% 88 331 249
% "o ® w4

Test: <<0.99 vs 22.00

I4S8: Intraparenchymal artery sclerosis. IEFE W BIRE (LE.

CI: Cerebral infarction, FhiEsE

All data age-adfusted by the direct method of age-adjustment using the combined
population in the two cities as the standard population.

FHOAHEHAs+ BEER L L TRV IERTEERC L CERITELTo A 2HH.
Significance tests: Inter-city differences are indicated by asterisks on Hiroshima data
{no asterisk indicates no significant inter-city difference).

HOtEE: EROUHTE, AHNOZ4BHTRALE (RHOZVLORBHM I AELED

Bl EERT).

NS=not significant, *0.01 <P<0.05, **P<0.0l.

HRET L.

TABLE 7 CEREBRAL HEMORRHAGE & CEREBRAL INFARCTION
BY INTRAPARENCHYMAL ARTERY SCLEROSIS

7 BRI & & U Tt 5 7 Pt AR R L EE ) AR
Intraparenchymal Hiroshima Honolulu
Artery Sclerosis No.  CH c1 No.  CH cI
Absent 81 89% 249%g 175 73% 112%
Present 105 24.3 59.6* 78 32.7 489
Total 186 15.9 44 3%* 253 14.6 24.9
Test: Absent vs present * ** * ok
CH: Cerebral hemorrhage, Radifi
CI:  Cerebral infarction,  Biifg

All data age-adjusted by the direct method of age-adjustment using the combined
population in the two cities as the standard population.

EHOSHEEA EEERE LTHVIESBTERI > TERITE2T» L 2KH.
Significance tests: Inter-city differences are indicated by asterisks on Hiroshima data
{no asterisk indicates no significant inter-city difference).

HEEET: EEORECH, BHHNoXEDNTRLA(BAOLZvLORETHMIIHES

ENZVWILERT).

*0.01 <P<0.05 **P<a01

city (Table 5). The frequency of intra-
parenchymal artery sclerosis did not vary signifi-
cantly with heart weight in Hiroshima subjects,
but did in the Honolulu autopsies. There were
inconsistent but significant inter-city differences
in the degree of circle of Willis atherosclerosis in
small and enlarged hearts (i.e., more severe in
Honolulu). Cerebral infarction and intra-
parenchymal artery sclerosis were more frequent
in Hiroshima at different heart weights.
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In both cities, the frequency of intraparenchymal
artery sclerosis and cerebral infarction increased
significantly as the severity of atherosclerosis of
the circle of Willis increased (Table &) and in
each case, the values were significantly greater in
Hiroshima than in Honolulu subjects. In both
cities cerebral hemorrhage and cerebral infarction
increased significantly when intraparenchymal
artery sclerosis was present (Table 7).

DISCUSSION

In this study, we avoided the problems associated
with allocating death certificate and autopsy
cause of death by recording only objective
evidence of cerebrovascular disease; namely,
extent of atherosclerosis of large extra-
parenchymal arteries (the circle of Willis and its
major branches), sclerosis of intraparenchymal
arteries, massive and other cerebral hemorrhages
excluding those not due to cerebrovascular
disease, and cerebral infarcts. Although not
directly pertinent and not recorded in the data,
we also noted the presence of massive sub-
arachnoid  hemorrhage (Hiroshima 1.6%,
Honolulu 2%) and senile histologic changes
(Hiroshima 17.7%, Honolulu 10.7%) and found
no significant inter-city differences in the
frequency of these changes.

Four questions were listed as objectives of this
study. Was there a selection bias among the
study cases? There were differences in the two
cities which are more likely due to the charac-
teristics of the two study populations than to
bias in case selection. In Hiroshima, exposure to
radiation at the time of the bomb was known to
produce central nervous system changes in
fetuses exposed in utero, but no evidence of
other central nervous system effect has been
demonstrated.?®?  Consequently, the radiation
experienced by some of the Hiroshima subjects
can be disregarded.

In some important respects the autopsied
subjects differed in the two cities, but there is
internal evidence that these differences were
true divergences in population characteristics
rather than due to autopsy selection bias. The
body height was remarkably similar in the two
cities, but in Honolulu, body weight was signifi-
cantly greater, age at death younger, and heart
weight heavier. There was significantly more
severe coronary heart disease in Honolulu and
more cerebral infarction in Hiroshima subjects.
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B B IRTEALIE & & CBE RO HEE 12, M
HEWillis BOT7o—AEEOMME L L IHEE
HML(EE), wiFhoflizsw i, a0
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B L. Wit & B IEEEAIRERESNED 5 h
LBEE, MO IUCRMEEZTHEECEML A
(#7).

£ B

SEOWMACE, FECEE & LMW O FER & SRR I
BOShAFRRE 22T I EHOMES
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L5 LR & B < NG & & Ut oo Bl i,
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BErLTRGLADEY, KEOZERTHIM
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Cancer was an equally frequent cause of death
in the two cities. It is concluded that the
autopsy samples were representative of
Hiroshima and Honolulu men of their age who
died during the period of this study.

The second and third questions concerned the
prevalence of objective evidence of cerebro-
vascular disease in the two autopsy cohorts. In
age-adjusted comparisons, statistically significant
inter-city differences were seen in the extent of
atherosclerosis of the circle of Willis, the presence
of intraparenchymal artery sclerosis and of
cerebral infarcts, but not in the occurrence of
cerebral hemorrhage. These inter-city differences
were not only large but were also consistent
when the samples were examined in a variety of
ways. The scores for atherosclerosis of the
circle of Willis were higher in Honolulu subjects
when compared by age at death, heart weight,
presence of old cerebral infarcts, and intra-
parenchymal artery sclerosis. In contrast, both
cerebral infarcts and intraparenchymal artery
sclerosis were more frequently observed in
Hiroshima subjects. This dichotomy in the
direction of change for atherosclerosis of the
circle of Willis and intraparenchymal arfery
sclerosis was an outstanding feature in the
comparison of the findings in the two cities.

The fourth question concerned the relation of
the specific lesions to each other. Evidently
these alterations are interrelated but, for reasons
not apparent, it appears that Japanese migrants
in Honolulu are spared an appreciable risk of
cerebral infarction through decreased frequency
of intraparenchymal artery sclerosis despite high
levels of major cerebral vessel atherosclerosis.
The data are also consistent with the hypothesis
that in Japanese men in Hiroshima, intra-
parenchymal artery sclerosis plays at least as
great a role in the pathogenesis of cerebral
infarction as does atherosclerosis of the major
cerebral vessels.
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