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. SUMMARY
As part of the Ni-Hon-San Study, stroke incidence

- was compared in the Japan and Hawaii cohorts.
Stroke cases were classified into two types,
intracranial hemorrhage (ICH) and thrombo-
embolic (TE) stroke, Foreach type the incidence
in Japan was about three times as great as in
Hawaii. The ratio, ICH/TE, was 1/2.2 in Japan
and 1/1.6 in Hawaii. Blood pressure was the
most important risk factor, followed by age for
total stroke in both Japan and Hawaii, Protein-
uria was also a risk factor in Hawaii. Conversely,
an index of animal food intake was inversely
related to total stroke, significantly in Hawaii,
and at a suggestive leve] for total and hemorrhagic
stroke in Japan.

Since the levels of blood pressure do not differ
between Japan and Hawaii, one possible expla-
nation for the large difference in stroke incidence
between the two cohorts may be the fact that
animal protein and saturated fat intake, which
is inversely associated with stroke incidence, is
much greater in Hawaii than in Japan. This
explanation would support epidemiologic and
experimental studies in Japan which suggest
that dietary animal protein and fat exert an
inhibitory effect on the incidence of stroke.
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INTRODUCTION

It has beenreported that mortality from ischemic
heart disease in Japan is low compared with that
in the United States and, converkely, that mor-
tality from stroke is higher in Japan! It is
uncertain whether this difference is attributable
to genetic factors or environmental factors.

In order to examine the relationship of ischemic
heart disease and stroke to environmental factors,
a large-scale epidemiologic cohort study (Ni-Hon-
San Study) was begun in 1965 on males in Japan
(Hiroshima and Nagasaki) and Japanese-American
males resident in Hawaii and in the San Francisco
Bay Area of California in whom the difference
in genetic factors is minimized and variation in
environmental and life-style factors is large.?

The comparative incidence of ischemic heart
disease has been reported previously.>® However,
the stroke study was begun later because of
delayed participation of the neurclogist in Japan,
where the prevalence was determined during the
examination period 1972-74. Stroke prevalence
in Japan for this period and that in Hawaii and
San Francisco for the examination period
1965-68 were compared, and it was reported that
stroke prevalence in Japan was three times as
high as that in the United States.> Subsequent
follow-up has now made it possible to compare
the incidence in Japan for four years following
the 1972-74 study with that in Hawaii for six
years following the 1965-68 study. Comparable
follow-up for stroke incidence was not carried
out for the California study.

MATERIALS AND METHODS
The study subjects are composed of 1,366 males
"aged 45-69 years in Japan who were examined
during the two years beginning in October 1972
and were free of stroke at the time of exami-
nation, and 7,895 Japanese-American males
aged 45-68 in Hawaii who were examined during
the three years beginning in 1965 and were free
of stroke at the time of examination. Observation
periods were four years and six years, respectively.

Uniformity of diagnostic standards is important
for comparing stroke incidence in different
cohorts. In this study, those men who answered
“Yes” to the question “Have you ever had a
stroke?” and those with positive neurologic
findings at the screening examination by the
clinicians were referred to the neurologists

4
BEOBETIE, HFRIIHISELELEADTES
B REIEANS H{EVH, BIREhOFCEIL
BA@FASVEEATYS.! ZoMEE Y, WE
HFXUEERFOLE5L300200EXE
S A ThV.

o
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KEVEFRABF(LESRUVEMELRE) &, Hawaii
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(YT in Japan, JSP in Honolulu) for evaluation.
For cases who died between regular examinations,
except those who were autopsied, a detailed
questionnaire (Mortality Surveillance Question-
naire) was mailed to the physician who certified
the death certificate (in Japan), or a check was
made against the hospital record (in Hawaii)
for accuracy of causes of death.

In order to achieve comparable diagnosis of
stroke, the same criteria were used in both study
sites. Stroke was diagnosed on the basis of
clinical history and findings of the neurological
consultations which were performed similarly
in both cohorts. Results of laboratory tests or
diagnostic procedures in hospitals, such as
electroencephalography, cerebral angiography,
brain scans, computer tomography (CT) scans,
etc., were not made available to the neurologists,
since these tests were rarely used in the Japan
cohort. Even for autopsy cases, the postmortem
findings were eliminated, and the clinical pictures
before death were used for diagnosis.

This approach insures comparability in those
subjects diagnosed by neurologists at the two
study sites, but eliminates many incidence cases
for which the diagnoses were based on hospital
records and/or laboratory information, parti-
cularly in the Hawaii cohort in which the majority
of patients suffering stroke are hospitalized.
The entire incidence figures for strokes in the
Hawaii cohort were published elsewhere.’

Stroke cases were classified by reliability into
two grades, definite or possible. Definite stroke
was diagnosed for cases with relatively sudden
onset of a neurological deficit which was ocbvious
in the neurologist’s consultation or in records
of the clinician’s findings. Duration of the
neurological deficii of at least two weeks (or
until death) was required. When the duration of
a neurological deficit was shorter than two weeks
but at least 24 hours or of unknown duration,
possible stroke was diagnosed. The neurologists
found no residual signs in most of the laiter cases.

Strokes were roughly classified into two subtypes,
intracranial hemoithage and thromboembolic
stroke. ICH is combined with subarachnoid
hemorrhage because some cases could not be
distinguished. When lateralizing signs developed,

it could often not be determined whether they

were the result of vasospasm or the direct effect
of hematoma.
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Relatively sudden onset of unconscicusness
developing during activity, usually with headache,
vomiting, nuchal rigidity, fever, and focal
neuroclogical deficits, was classified as ICH. TE
stroke was diagnosed when neurological deficits
occurred in resting or sleeping state, usually
without prolonged unconsciousness. More
detailed diagnostic classification could not be
made because cases frequently occurred where
clinical follow-up or detailed examination could
not be conducted.

A brief comparison of the results of diagnosis
independently made by the neurologists at the
two study sites was done by exchanging the same
data (26 cases).” The diagnoses in 21 (81%) of
these cases were in total agreement, and 96.2%
were in accordance if difference by one grade is
accepted. Table 1 shows stroke cases by certainty
of diagnosis and type.

The ascertainment of deaths of the study cohorts
was practically 100% complete in Japan owing
to the compulsory family registration .system
in Japan and nearly so in Hawaii, and the re-
examination rate beiween the two successive
clinical examinations was high (over 90%).
Thus, person-years at risk was computed by
multipling the number of subjects at risk by
average follow-up period (ie., four years in
Japan and six years in Hawaii). The age-adjusted
average annual incidence rates based on person-
years at risk were compared between Japan and
Hawaii, and tested by Mantel-Haenszel chi-square
statistics.

W, T, 0L, EMTEE, H5% MEMEEL o
THEHPICEEL - REMa Rt EREAREL
B R & SR L Ao AR AR R P LIRRERR S 12
BEL, ThPAEEVERBEREZ LI
WE, HEE: BN LA BROZEFRELR
HEREXTIC LT o> ERAANPEDS
ThHoot, BBz LosRECE L
o,

TARORAEBBETOHREMEL, BEFNOT -
EXRRLCENTOABEMITIT - R R MHEC
HEEET LA 2@ ) 521 (81%) MR RHF Iz 21T
BREII-HL, L LBHERZO-BRIEMEL
HETAM, B.2% A -BLAZ LS. #LIZ
Ha & Hawaii OfiariEfl&Bliom e, SEE
RlIcmL k.

AEMGREHOFECHERE, ARV TEFRE
BIEILLE-THELEINN%TH D, Hawaii THIEIE
ZhizfHYE L, ZooBoMziTHhABRED
RERENBLULOEFEECH 2. LiHF T, BE
AFFRE R A & FHRMHM (Tahs, BF
Tk 4%, Hawail T EH)DOHTRD 2. BE
AFLZET{FERITEEMEHREERLAF L
Hawaii CH 8 L, Mantel-Haenszel ¥ B THRE
L.

TABLE 1 NUMBER OF STROKE CASES BY SUBTYPE AND CERTAINTY OF DIAGNOSIS

#F 1 BRFEDERE, ERARPBEFORERE
Japan Hawaii
Subtype
Total Definite Possible Total Definite Possible

Total 62 38 24 126 71 55
ICH 18 12 6 34 26 8
TE 44 26 18 14 42 32
Unknown 0 0 0 18 3

15




Risk factors analyzed in this study include results
of physiological tests such as blood pressure at
the initial examination, laboratory tests such as
serum cholesterol and hematocrit levels, and
nutrient intake obtained from a 24-hour recall
nutrition survey.”

In the analysis the mean variables were compared
after age-adjustment by the direct method except
where otherwise specified. Appropriately
weighted tests were used. Tests of uniformity
and linear increasing tendency were made with
the Mantel-Haenszel chi-square statistic by
calculating age-adjusted incidence by level of
each factor. Multiple logistic regression was
used for multivariate analyses, the regression
coefficients being estimated by the method of
maximum likelihood.

Absolute coefficients of risk factor in the two
cohorts were compared and tested by t-test
using standard deviations of absolute coefficient.

RESULTS

Table 2 shows the average annual incidence (per
1,000 persons) by age (5-year age-groups). The
age-adjusted stroke incidence rate (total of
definite and possible cases) in Fapan is 7.4 per
1,000, approximately 2.7 times as high as that in
Hawaii. Examined by age, the incidence in Japan
is higher than that in Hawaii in every age-group
above 30, and the differences are statistically
significant.

With the exclusion of possible cases, the stroke
incidence rate in Japan is 3.1 times as high as
that in Hawaii (Table 3). The ratios of ICH
to TE cases were 1/2.2 in Japan and 1/1.6 in
Hawaii; the number of TE cases being larger
than that of ICH in both cohorts. The age-
adjusted incidence rate of ICH in Japan is 3.1
times as high as that in Hawaii, and the incidence
rate of TE strokes in Japan is 3.4 times as high
as that in Hawaii (Table 3). However, accurate
comparison by type is compromised by the
existence of three cases (4.2% of 71) of unknown
type in Hawaii.

Means of 15 variables determined at the baseline
examination were compared between nonstroke
subjects and those who subsequently developed
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TABLE 2 AVERAGE ANNUAL INCIDENCE OF DEFINITE AND POSSIBLE
STROKE PER 1,000 BY 5-YEAR AGE
#2 HMERUVIEERETOSMHTEHEER
© {1,000 A%t), 65 ERAMN

Japan 1975-78 Hawaii-1968-73 .
Age Test! |
Subjects Cases Ratef Subjects Cases Rate

4549 54 0 0.0 1825 11 1.0 NS
50-54 239 7 7.3 2766 39 2.3 **
55-59 367 11 7.5 1569 2] 2.2 Aok
60-64 357 17 119 1306 37 4.7 Ak
65-69 349 27 19.3 429 18 7.0 *rx
Total 1366 62 113 7895 126 2.7
Age-adjusted

ratettT 7.4 2.7 wEk

T Annual Incidence rate is caleculated as follows:
SMBEZIROLIZLTHEL .
Japan; (No. of cases/No. of subjects)/4 (Years follow-up)
H (ERH/HREH) (g
Hawaii; (No. of cases/No. of subjects)/é (Years follow-up)
(FERM/ T REE) (M F40)
1t % test of two rates between two cohotts
ZonEAMeRERIzHT S ¥ RE
NS:P>0.10 *:P<0.05 **:P<0.01 ***:P<0.001
+11 Calculated by the indirect method with Hawaii as standard
Hawaii &8 L TRIBRETHEL .

TABLE 3 AVERAGE ANNUAL STROXE INCIDENCE PER 1,000 BY 5-YEAR AGE AND SUBTYPE

{DEFINITE CASES ONLY)
#3 1,000ALLhoREhEMTHRER, £i65 ARG, TN
{(EFEEFDH)
Total Intracranial Hemorrhage Thromboembolic Stroke
Age Japan Hawaii Japan Hawaii Japan Hawaii

Cases Rate Cases Rate Cases Rate Cases Rate Cases Rate Cases Rate

45-49 0 0.0 6 055 0 00 2 018 0 00 3 027
50-54 6 63 22 1.3 4 42 10 0.0 2 21 11 066
55-59 7 48 13 14 2 14 3 032 5 34 10 141
60-64 11 77 21 27 2 14 9 11 9 63 12 1.5
65-69 14  10.0 2 35 4 29 2 077 10 12 6 23
Total 38 70 71 15 12 22 26 055 26 48 42 039
Age-adjusted
rate 4.7 1.5 1.7 0.55 3.0 0.89

ICH or TE stroke in order to identify the risk BALTWEWHREE, ZICREBO L ERERES
factors for Japan and Hawaii (Table 4). These RELAHRE L CHEBLA(E4). 2hs* 0
variables include systolic and diastolic blood T, DHEMECEBRBOLERE, IE2 LR
pressure, serum cholesterol, hematocrit, relative FO— i, ~w k& Yy Ml, HHEE, 1HO



body weight, number of cigarettes per day,
and nutrient intake per day such as total calories,
animal and vegetable protein, saturated and
unsaturated fat, simple and ‘complex carbo-
hydrate, and alcohol. Calories per kilogram of
body weight were also included as a possible
index of physical activity.

In Japan, variables which show significantly
higher means for ICH are limited to systolic and
diastolic blood pressures. The means of both
blood pressures and cigarette smoking appear to
be higher for TE than for nonstroke subjects.
The data also shows an excess relative body
weight as a suggestive risk factor. Conversely,
intake of protein, particularly animal protein,
and fat, particularly saturated fat, is lower for
TE than for nonstroke subjects. Total calories
and calories/kg also show lower means for TE.
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oAz kY, $UCABRAR, WHERY
WPMEEQE, BER UGN, HEEUSHE,
FTrRa-—LEEOLIHLSAYVOERERRATS 5.
FEIkg -0 OENRBIAFEHOHERLLT
THIZED .

BATH, BifcsuTtHERCSVWESRELRT
FH, IUEURER CEBEITF IR ATV S,
RS HE S B TR AR S R MR AL & BB R o) 3
iz, MERCEALTVZVHRELVE Y. R
MEERCHMHEANKELEABETO—2 S
Sha. WIEAE, BoOHEEQE BN,
EONETs, S IcMEEmRER, MEJucEs
LTuinwHRELYLREEROFF L v, &
BLEE Y lkg WADOBERPRIRIEEBHIFCT
FEOEHHEEPRL TV 3.

TABLE 4 AGE-ADJUSTED' MEANS OF SELECTED VARIABLES WITH AND WITHOUT STROKE
(DEFINITE AND POSSIBLE CASES)

F4 WERLAELHBABFCLOABEEKOSHUET THE
(FEE R UTRERLER)
Japan Hawaii
Variable
Nonstroke ICH TE Nonstroke ICH TE
Systolic Blood Pressure (mmHg) 135.2 163 4%** 161 4%*%*  138.8 148,9%* 154, 1%%*
Diastolic Blood Pressure (mmkHg) 844 97.2%% Qg 2%k 819 032 5%%% BB gEk*
Serum Cholesterol (mg/100 ml) 150.8 183.7 188.6 217.1 207 4Sug 218.5
Hematocrit (%) 43.3 44.2 44.2 44.5 44.2 44.6
Relative Body Weight (%) 101.7 108.7 107.7 111.8 115.8 111.7
Cigarette/Day 13.7 10.3 18.5%%* 9.6 12.1 117
Calorie 2251 2144 2039Sug 2171 2020 2063
Animal Protein (g) 422 28.1 33.0* 66.9 54.3%% 57 4**
Vegetable Protein (g) 38.0 447 368 23.3 24.9 219
Saturated Fat (g) 17.7 109 9.0* 55.1 41.1%%* 533
Unsaturated Fat (g) 221 20.7 19.4 245 29.6 20.7*
Simple Carbohydrate (g) 63.0 67.0 58.9 86.9 74.1 86.4
" Complex Carbohydrate (g) 2839 -270.0 28L2 166.7 170.9 15%.0
Alcohol (g) 311 406 24.7 12.2 13.0 14.2
Calories/Body Weight (kg) 41.0 38.0 34.8%* 35.6 31.8 33.7
Sug:P<0.10 *pP<0.05 **#P<0.01 **%Pp20.001
+ Age-adjustment constants SEMITEEH
Japan Hawaii
45-49 0.120
45-54 0.216 50-54 0.233
55-59 0.267 55-59 0.211
60-64 0.262 60-64 0.256
65-69 0.255 65-59 0.180
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In Hawaii, both systolic and diastelic blood
pressures are again noted to be significant risk
factors for ICH. Conversely, serum cholesterol
and intake of animal protein, saturated fat, and
calories/kg are lower in ICH patients than in
nonstroke subjects. For TE cases, systolic and
diastolic blood pressure is higher, but intake of
protein and fat is lower than that for nonstroke
subjects.

Next, the effect of major risk factors for ICH
and TE stroke was presented as a relative risk of
stroke incidence (age adjusted) in each level
group to the incidence in the lowest level group.
As shown in Figure 1, significant elevation
of ICH and TE stroke incidence was observed
with increase of systolic blood pressure both in
Japan and Hawaii.

Hawaii C&, MAMLER UHRMLEZRE &
L, MM LEELRBETFTH B2 LFRD
S, Wiz, MET L A7 O — LEECICESYE
EBEE, HHBHEY Lk Y0 0RkRSoENR
OFEE I, BEHREOSFHRERITERAL TV EY
MRELOLEY. BEXERN T, RHEAMLE
BUHBMME TS F, EEERCENOERI
EREGICREAL TR ZLHRE LY HEY.

BENEUCEEEDNZ hsFhizonT, TERRE S
DELSNLBTOERHITERERE, RELAVE
OREERCHTIMHMERELLTRLE RIS
SHE Lo, REh: REEORELZIALTE
Hawaii C&, WHMMEH ERIzFEERICHK
FARIEHFEHENS.

FIGURE 1 RELATIVE RISK OF INTRACRANIAL HEMORRHAGE AND THROMBOEMBOLIC
STROKE BY SYSTOLIC BLOOD PRESSURE, JAPAN AND HAWAII

W1 BAMm e REEO MR ERE, PEEMEES, 04 R U Hawaii

RELATIVE RISK

15
ICH TE .
10 . -
JAPAN
HAWAII
5L R
1 -
0 L L 1 L L 1 1 L L A
<120 120- 140- 160- 180+ (mmHg) <120 120- 140- 160- 180+ (mmHg}
138 158 179 139 159 179

Sample Distribution (%)

R
JAPAN 253 320 229 131 6.6
HAWAII 282 367 231 85 35

Statistical test for linear trend

BE: EHEm T 3 HERE
*P<0.05 Sug: 0.05 <P <0.10
NS:P > 0.10



Negative association was observed between
intake of animal protein and fat, especially
saturated fat, and incidence of ICH and TE
siroke (Figures 2 and 3). It was particularly
remarkable at low intake group. An association
of simple and complex carbohydrate with ICH
and TE stroke was not evident.

A consistent association of serum cholesterol
with ICH and TE stroke incidence was not evident
in either Japan or Hawaii in general {Figure 4).
However, in Japan the relative risk of ICH
seems high in both extremely high and low serum
cholesterol level groups (U-shape).

A negative association was observed between
ICH and TE stroke and calories/kg in Japan,
though it was not statistically significant, but
no such association was observed in Hawaii
(Figure 5).
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FIGURE 2 RELATIVE RISK OF INTRACRANIAL HEMORRHAGE AND THROMBOEMBOLIC
STROKE BY INTAKE OF ANIMAL PROTEIN, JAPAN AND HAWALIL
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FIGURE 4 RELATIVE RISK OF INTRACRANIAL HEMORRHAGE AND THROMBQEMBQLIC
STROKE BY CHOLESTEROL, JAPAN AND HAWALII
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FIGURE 3 RELATIVE RISK OF INTRACRANIAL HEMORRHAGE AND THROMBOEMBOLIC
STROKE BY INTAKE OF SATURATED FAT, JAPAN AND HAWAII
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FIGURE 5 RELATIVE RISK OF INTRACRANIAL HEMORRHAGE AND THROMBOEMBOLIC
STROKE BY CALORIES/BODY WEIGHT, JAPAN AND HAWAII
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As some of the risk factors examined by univariate
analysis are correlated with each other, a multiple
logistic function analysis was performed in order
to determine the role of each one of the risk
factors while, in effect, holding the others
constant. Twelve variables which appeared to
be significant risk factors through univariate
analysis were chosen and standardized coefficients
of risk factors for the total stroke (i.e., both ICH
and TE stroke combined) were estimated by
multiple logistic function analysis (Table 5).

Both in Japan and Hawaii, the most important
risk factor was blood pressure. Age was also
significantly related to the incidence of total
stroke, while the relation of proteinuria to total
stroke was suggestive in Japan and significant
in Hawaii. Conversely, the negative coefficient
of animal protein intake was suggestive in Japan
and significant in Hawaii, and that of serum
cholesterol was negative but not significantly
so in either cohort. Coefficients of calories/kg
were negative in both cohorts. Neither alcohol
intake nor cigarette smoking showed a relation
to the incidence of total stroke. Electrocardio-
zraphic (ECG) evidence of left ventricular hyper-
trophy (LVH) was significantly related to stroke
incidence only in Hawaii.
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TABLE 5 STANDARDIZED MULTIPLE LOGISTIC FUNCTION COEFFICIENTS
(DEFINITE AND POSSIBLE CASES)

#5 FEOVAF ¢ v 7 AEORELEY
: (FEF B U T HE M)
Standardized coefficient Absolute coefficient
Variable
Japan Hawaii Japan Hawaii Test?

Systolic Blood Pressure {mmHg) 0.73* 0.45% 0.030 0.021 NS
Serum Cholesterol (mg/100 ml) -0.12 —0.06 -0.003 -0.002 NS
Relative Body Weight (%) -0.01 -0.12 -0.001 —0.001 NS
Hematocrit (%) 0.248ug -0.06 0.066 —0.01% NS
Proteinuria 0.198ug 0.14% 0.384 1.046 NS
LVH in ECG -0.08 0.26* —0.401 0.880 *

Alcohol (g) -0.11 0.12 -0.002 0.005 NS
Saturated Fat (g) -0.22 0.02 —0.041 0.002 NS
Animal Protein (g) —0.27Sug —0.27* —0.077 —0.062 NS
Cigarettes Per Day 0.14 -0.12 0.012 0.009 NS
Calories/Body Weight (kg) —0.22 —0.17* -0.019 -0.013 NS
Age 0.39* 0.30% 0.069 0.053 NS

+ Test for difference of absolute coefficient between two study sites

AT RN OEGFEROERIIHT SRE
*P<0.05 Sug: 0.05<P<0.10

No significant difference between Japan and
Hawaii was observed in the risk factor coefficients
except ECG. That is, there was no evidence of
a difference between the study sites in the
magnitude of effects of the risk factors on stroke
incidence.

Animal protein and saturated fat were combined
in an index of animal food intake as a single
variable and multiple logistic function analysis
was performed with other independent significant
risk factors (i.e., systolic blood pressure, calories/
kg, and age) for total stroke, ICH, and TE stroke
as shown in Table 6. The negative association
between the dietary variable and total stroke
was significant for Hawaii and suggestive for
Yapan. The coefficients for the relation to TE
stroke and to ICH were in the same direction,
but statistically suggestive only for ICH in Japan.

As indicated, no difference was demonstrated
in the kinds of risk factors and magnitude of
effects between Japan and Hawaii. Therefore,
the levels of risk factors in Japan and Hawaii
were compared. Table 7 shows age-adjusted
mean levels of each risk factor in Japan and
Hawaii., There was no difference in blood
pressute between Japan and Hawaii, but hemato-
crit, serum cholesterol, blood sugar one hour

NS:
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after a 50g glucose load, and uric acid showed f, 50g 7 ¥ —iBfaf 1 BENT o M R U R ERE
higher levels in Hawail than in Japan. Body 3, BEED L Hawaii 0 ASFBh ok, HEE
weight and skinfold thickness also showed higher EIEEL £~ B4 XY Hawaii O F A SV HEER
levels in Hawaii than in Japan. ‘ L.

TABLE 6 STANDARDIZED MULTIPLE LOGISTIC FUNCTION COEFFICIENT
(DEFINITE AND POSSIBLE CASES})
#6 BSEBUYAT 4 v 7 EBOEECHEE EERUVTRREER)

: Total ICH TE
Variable
Japan Hawaii Japan Hawaii Japan  Hawaii
Systolic Blood Pressure (mmHg) 0.74% 0.51% 0.65* 0.50* 0.74* 0.49*
Animal Protein + Saturated Fat(£) —0.34Sug —0.34* —0.58%ug 042 023 -022
Calories/Body Weight (kg) -0.22 0.06 —0.08 012 -0.28 0.04
Age ‘ 0.288ug 0.30* -0.C1 0.26 0.40* 0.35%

Sug:P<0.10 *P<0.05

TABLE 7 AGE-ADJUSTED MEANS OF PHYSICAL CHARACTERISTICS AND
LABORATORY FINDINGS AND NUTRIENTS INTAKE
#7 SEEEE BEREERCECREROSBITIEPHR

Variable Japan Hawaii

Physical Characteristics and Laboratory Findings

Systolic Blood Pressure (mmHg) 132.7 1334
Diastolic Blood Pressure (mmHg) 824 82.1
Hematocrit (%) 428 44.7
Serum Cholesterol {mg/100 ml) 176.4 218.3
Glucose (mg/100 ml) 144.0 161.7
Uric Acid (mg/100ml) 53 6.0
Height (cm) 161.1 162.8
Weight (kg) 55.1 63.4
Back Skinfold (mm) 10.3 16.5
Nutrients Intake
Calories 2179 2272
Animal Protein (g) 43 67
Vegetable Protein (g) 38 23
Saturated Fat (g) 18 55
Unsatuzated Fat {g) 22 25
Simple Carbohydrate (g) 63 87
Complex Carbohydrate (g) 285 167
Alcohol (g) 29 13

Calories/Body Weight (kg) 41 36

13
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There were also substantial dietary differences.
Intake of total calories, protein (especially animal
protein), and fat (especially saturated fat) was
larger in Hawaii than in Japan! While simple
carbohydrate level was higher in Hawaii, complex
carbohydrate level was higher in Japan. The
intake of sodinm was of interest in relation to
blood pressure, but it was not possible to
estimate accurately the entire amount of dietary
sodium in this large-scale epidemioclogic study.
Accordingly, estimation was made taking as an
index the amount of sodium confained in the
components of foods {(excluding sodium in salt
and soy sauce (shoyu) added in cooking), and
it was found that the mean intake in Japan was
4.6g{day compared with 2.9g in Hawaii.”

DISCUSSION

The Japanese subjects of the Ni-Hon-San Study
reside in Hiroshima and Nagasaki. There are
remarkable regional differences in stroke mor-
tality in Japan, it being high in the northeastern
region and low in the southwestern region
including Hiroshima and Nagasaki. Therefore,
there is a question whether the Hiroshima and
Nagasaki cohorts can be regarded as being
representative of Japan. However, the distri-
bution of the prefectures in which Japanese-
Americans in Hawaii originate reveals that those
with origin in Hiroshima Prefecture and adjacent
Yamaguchi Prefecture account for 40% of the
migrants, and 90% have their origin in the south-
western region as a whole. This is very convenient
for comparing the Japanese in Japan (Hiroshima
and Nagasaki) and the Japane¢se-Americans
in Hawaii, since this fortuitous circumstance
makes it likely that the cohorts under study are
genetically similar.

It has already been reported that both mortality
and prevalence of stroke are higher in the
Japanese than in Japanese-Americans.!” The
present study revealed that stroke incidence is
approximately three times as high in Japan as in
Hawaii. In both Japan and the United States
there has been a fall in stroke mortality since
1968, steeper since 1970, and this trend is more
marked in Japan than in the United States.
There are no good nationwide incidence data in
either country. If the incidence data paralleled
the mortality data, the effect of the secular
trends during the time periods covered in the
present study would have been to narrow any
difference found between the Japan and Honolulu
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incidence findings. Since there is little difference
between these two cohorts in blood pressure,
the most important risk factor, the marked
difference in stroke incidence is presumably
attributable to other risk factors. Possibilities
that come to mind are the differences in serum
cholesterol level, amount of cigarette smoking,
alcohol intake, intake of sodium, intake of
protein (especially animal protein) and of fat
(especially saturated fat).

The 1ole of tobacco in the genesis of stroke has
been controversial. Among three large prospective
studies of cigarette smoking®™'® only one
reported an association of tobacco with stroke
death in men® In addition, Hammond
reported such association in women. In the
Framingham Study an association was found
only for TE stroke in men.!!

In Japan data which relate cigarette smoking to
stroke are also confusing. Some prospective
studies. were reviewed by Nakayama.'? In the
largest study smoking was associated only with
hemorrhagic strokes in women; in one of three
smaller studies reviewed, an association with
cerebral infarction was revealed, More recent
data from a rural Shikoku community were also
negative for smoking effect.”® In the present
data smoking was a significant risk factor only
for TE stroke in Japan (Table 4). In view of the
inconsistency of this finding and the modest
difference in smoking habits between Japan and
Hawaii,? it seems unlikely that smoking accounts
for the difference in stroke incidence between
the migrant and indigenous Japanese.

Previous reports from the Ni-Hon-San Study
have indicated a larger consumption of alcohol
in the Japan cohort than in the Honolulu
cohort.21*  Greater alcohol intake could partly
explain the preater incidence of stroke in the
Japan cohort as it acts indirectly through its
effect on blood pressure.!®®  Alternatively,
alcohol intake could enhance bleeding in cerebro-
vascular esions by its effect on platelet number
and function,!” or it could, through nutritional
deficiency or some unknown mechanism, increase
the vulnerability of the cerebral vasculature. A
direct relation of alcohol intake to the incidence
of stroke, independent of blood pressure, was
found for ICH but not for TE stroke in the
Hawaii cohort.®
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In a stroke survey of residents in Akita and
Osaka, Komachi et al'® found a negative associ-
ation of serum cholesterol level and intake of fat
and protein with the incidence of-stroke. They
suggested that improvement of nutrition is
required for the prevention of stroke, especially
in rural areas. In an experiment using stroke-
prone spontaneously hypertensive rats (SHRSP),!?
an association between stroke and nutrient
intake has been observed that mortality from
stroke decreases with the increased intake of
protein and fat. Both blood pressure and stroke
incidence increased when salt intake was
increased, but when protein or fat intake was
increased at the same time, there was increased
excretion of sodium into the urine, and stroke
incidence decreased.

Pathological studies on cerebrovascular lesions®®
reveal small vessel sclerosis and atherosclerosis
of the circle of Willis to be the two causes of
cerebral infarction, but the frequency of small
vessel sclerosis was higher in Japan while athero-
sclerosis of the circle of Willis was more severe
in Hawaii. Figure 6 is a schematic diagram of the
results of the analysis of this clinicopathologic
study?®?' of autopsy cases. Small vessel sclerosis
appears to be more closely related to cerebral
infarction than atherosclerosis. It may be for
this reason that the incidence of cerebral
infarction is higher in Japan than in Hawaii.
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Hypertension is a cause of both small vessel
sclerosis and atherosclerosis of the circle of Willis,
and consequently it is the most important risk
factor for cerebral infarction. However, since
there is no difference in the blood pressure level
between the Japan and Hawaii cohorts, factors
other than blood pressure need to be considered
as the cause for the higher incidence of TE strcke
in Japan, Elevated serum cholesterol level may
be considered to be the cause for atherosclerosis
of the circle of Willis, but it either has no relation
or an opposite effect on small vessel sclerosis,
In Hawaii where the serum cholesterol level is
comparatively high, the frequency of small
vessel sclerosis tends to be low. The nutrition
level reflected by the serum cholesterol value
may act on vascular wall structure by suppressing
the onset and development of small vessel
sclerosis and this may have resulted in the lower
incidence of TE stroke in Hawaii.

Although not established because of the small
number of ICH cases, its relationship to small
vessel sclerosis appears strong. This may also
account for the somewhat higher incidence of
ICH in Japan where small vessel sclerosis is more
frequent than in Hawaii, However, the schema
shownin Figure 6 must be considered preliminary,
requiring substantiation with the accumulation
of a larger number of cases.

Kuller and Reisler® reported the similar inference
from the standpoint of geographical pathology of
stroke in relation to the level of blood lipid
levels and blood pressure.

The criteira for diagnosis of stroke used in the
present analysis may seem weak in the light
of the recent progress in diagnostic methods,
such as development of CT scans, cerebral
angiography, and so on. This limitation was
unavoidable, as the decision was made to base
the study on the cohorts over whose medical
management the investigators had no control.
In the Hawaii cohort, the collected laboratory
findings and diagnostic test results such as angio-
graphy were not consulted in making the
diagnosis for the present analysis in order to
ensure consistency with the Japanese cohort
for which such information was not completely
available.

Analysis of the incidence rates and the related
risk factors in the same Hawaii cohort using the
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full material including laboratory findings and
diagnostic tests results was published elsewhere.®
The restriction of diagnostic information on
the Hawaii data resulted in" reducing the
overall stroke incidence cases from 182 to 126;
decreasing the number of definite cases from 133
to 71; increasing possible cases from 49 to 55
and unknown cases from 15 to 18, thus changed
the ratio of definite ICH/TE stroke cases from
1/2.8 to 1/1.6. The principal effects on the
Hawaii risk relationship in reducing the number
of cases in the current study were the change
of the alcohol-ICH association from significant
to nonsignificant and the cholesterol-ICH
association from significant (P<.05) to suggestive
(.05<P<.1).
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