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SUMMARY

The mortality and predictive factors of coronary
heart disease (CHD) among men of Japanese an-
cestry in Japan and Hawaii were compared on the
basis of 12-year follow-up data using comparable
methods of case ascertainment and risk factor
measurements.  Among 1,687 men (Japan) and
7,536 men (Hawaii) who were free of CHD and
aged 45-69 at baseline examination, 20 (Japan) and
123 (Hawaii) cases of fatal CHD were identified.
The age-adjusted mortality rate was 40% higher in
Hawaii than in Japan. The difference was not sta-
tistically significant, but consistent with carlier stud-
ies. More than half of this difference in mortality
rate was attributed to different levels of known risk
factors in the two cohorts. In multivariate analysis
using the combined population, age, blood pres-
sure, serum cholesterol, serum glucose, cigarette
smoking, and alcohol intake (inversely) remained as
significant predictors of CHD mortality. Although
the associations of risk factors with CHD tended
to be stronger in Hawaii than in Japan, there was
no statistically significant difference in regression
coefficient for any of the risk factors studied. These
findings cannot be claimed definitive because of the
small number of cases, especially in Japan.
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INTRODUCTION

The reported mortality rate from CHD in Japan is
the lowest among the industrialized countries in the
world.} Early studies based on autopsy examina-
tions, clinical experiences, and vital statistics?~%
suggested that the frequency of CHD in Japanese
immigrants to the United States and their offspring
was intermediate between the low rate in the native
Japanese and the high rate in the US whites.

In 1965, a tripartite prospective epidemio-
logic investigation named "NI-HON-SAN" Study
(acronyms of NIppon, HONolulu and SAN
Francisco) was initiated to verify the reported
differences in cardiovascular disease rates between
Japanese men living in Japan and those in the
United States. The populations under investigation
included men of Japanese ancestry who were born in
1900-1919 and residing in Hiroshima and Nagasaki,
Japan, Oahu Island, Hawaii, and the San Francisco
Bay Area, California. Defined samples of men in
these locations have been examined and followed
up for the development of CHD and stroke using
a common protocol designed to minimize method-
ological differences.®

In an earlier report from the NI-HON-SAN Study,
Robertson et al™® indicated that the age-adjusted
annual incidence rate of definite CHD was twice as
high in Hawaii as in Japan, and that this difference
in CHD rate was largely attributed to different
distributions of a few risk factors such as serum
cholesterol and obesity in the two populations.
These findings were, however, based on only 16
cases including fatal CHD and nonfatal myocardial
infarction (MI) in Japan and 47 in Hawaii who were
identified during relatively short follow-up periods
(six years in Japan and two years in Hawaii).

Stimulated by the need for more conclusive results,
the present study was conducted to make a com-
parison of CHD mortality and risk factor effects in
the Japanese and Hawaiian cohorts of the NI-HON-
SAN Study based on the 12-year follow-up data.
The Japanese men in California were excluded from
this study because the follow-up was discontinued
early in the period.

MATERIALS AND METHODS

Study Population

In Japan the study population included approxi-
mately 2,400 Japanese men who were born between
1 January 1900 and 31 December 1919 among the
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RERF Adult Health Study population in Hiroshima
and Nagasaki. These men have been examined
biennially since 1958 to study the late effects of
atomic bomb exposure. Among these men, 1,818
participated in the initial examination of the NI-
HON-SAN Study.

In Hawaii over 11,000 men of Japanese ancestry
who were born in 1900-1919 and residing on Oahu
Island as of 1 January 1965 were identified and
located through an updated record of the World
War II Selective Service Registration. Among these
men, 8,006 participated in the initial examination
of the NI-HON-SAN Study. Details of the recruit-
ing method and population characteristics for the
cohorts in Japan and Hawaii have been published
elsewhere.9:10

Baseline Examination

The baseline examination for the NI-HON-SAN
Study was conducted during 1965-66 in Japan and
1965-68 in Hawaii. All participants were inter-
viewed to obtain information on socio-demographic
variables, past medical history, family medical
history, smoking habit, alcohol consumption, and
dictary intake.  They also had anthropometric
measurcments, three blood pressure delerminations,
measurements of hematocrit, serum cholesterol,
triglycerides, uric acid, and glucose one hour after
ingestion of 50 g glucose on nonfasting blood spec-
imens, spirometry, and a resting 12-lead electro-
cardiogram (ECG). Physical examination focusing
on the cardiovascular system was also performed.
Details of the examination procedures have been
described in the common protocol.® The values
recorded at this baseline examination were used as
risk factor levels throughout the present paper.

Population at Risk

The population at risk was defined as men who
were examined (with ECG) at baseline examination
during 1965-66 in Japan and 1965-68 in Hawaii,
excluding those who met the following criteria:

1) Prevalent cases of CHD (definite history of any
type of CHD or definite ECG evidence of an old
MI) or stroke (definite history alone or suggestive
history plus physical signs of neurological deficit).
The reason for excluding stroke was that in many
cases of stroke, CHD may coexist either clinically
or subclinically, and that some risk factors for CHD
may have been altered by the existing stroke.
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2) Doubtful old MI by ECG without supportive his-
tory, or other ECG abnormalities such as complete
left bundle branch block, Wolff-Parkinson-White
syndrome, and complete atrioventricular block.
The reason for excluding men with these ECG
abnormalities was that these findings may interfere
with ECG temporal changes required to identify
new cases of ML

Follow-up and Case Ascertainment

The method of follow-up and case ascertainment
for fatal CHD was essentially the same in Japan and
Hawaii. All men who died within 12 years after the
date of baseline examination (up to 1978 in Japan
and 1980 in Hawaii) were identified by community
surveillance. The ascertainment of death due to
acute or chronic CHD was made by a panel of study
physicians on the basis of all available information
from hospital or clinic records, death certificates,
autopsy reports, family physicians, and surviving
relatives.

In the original study protocol a comparison of
the incidence of nonfatal MI was also planned.
However, different methods of case ascertainment
made a valid comparison difficult. In Japan cases
of nonfatal MI were identified only by tempo-
ral changes of ECG (development of new Q/QS)
between biennial examinations, and no hospital
surveillance was conducted. In Hawaii, follow-
up examinations were performed two and six years
after baseline examination for the entire cohort, and
further examinations were done only for a 30%
subsample. In addition, a continuous morbidity
surveillance through monitoring hospital discharges
of cardiovascular events has been conducted for the
entire cohort since 1965. Thus, case ascertainment
for nonfatal MI in Hawaii was based on both
temporal changes of ECG at follow-up examinations
and hospital surveillance.  Efforts were made
to reconcile this discrepancy in methods of case
ascerlainment, but no satisfactory solution could
be found. In the present report, therefore, the
comparison had to be restricted to fatal CHD cases
which were ascertained in a strictly comparable
manner.

In order to assure the comparability of case as-
certainment, one of the staff physicians from each
study group visited the other study site and indepen-
dently reviewed all potential cases in each cohort.
Only those cases with a diagnosis agreed upon by
physicians of both groups were accepted for the
study.
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Definition of Cases

Fatal CHD cases were defined as deaths due to
acute CHD (including MI, coronary insufficiency,
and sudden death with coronary type chest pain) or
to chronic CHD (including congestive heart failure
and severe arrhythmia with prior history of CHD).

Sudden deaths within one hour after the onset of
symptoms without clear evidence of CHD (by ECG,
cardiac enzyme, or chest pain), and in the absence
of other atiributable causes, are usually regarded
as fatal CHD in the United States. However, the
proportion of CHD proved to be the cause of death
in autopsied cases of sudden death within one hour
was only 14% (1/7) in the Japanese cohort, while
it was 72% (33/46) in the Hawaiian cohort. It
was decided therefore to exclude this category in
the present comparative study. Old MIs found
incidentally at autopsy without clinical history of
CHD were also excluded because it was difficult
to determine whether the MI occurred before or
after the baseline examination. Another category of
exclusion was CHD death diagnosed only by death
certificate without supportive evidence from either
clinical or autopsy findings.

Statistical Analysis

The purpose of the present study was to compare the
Japanese and Hawaiian cohorts. Comparison was
complicated by the different follow-up periods used
in the two cohorts. In order to account for follow-
up differences, all analyses were performed by
life table regression methods, familiarly known as
Cox proportional hazards model.!? This procedure
enabled adjustment for the particular follow-up
duration of each subject, and also the adjusiment
for confounders such as age and other risk factors
by the method of analysis of covariance.

Because the cohort sample sizes were quite differ-
ent, the significance level of risk factor effect was
much higher in Hawaii than in Japan for nearly all
risk factors. The Japanese sample was too small
to yield significant rates. However, since all the
variables employed were well-known risk factors
for CHD from previous studies, significance was
assumed, and attention was focused on differences
between the cohorts with overall effect estimated
from the combined data.

Age Adjustment. Since CHD mortality increased
substantially for older men within both cohorts,
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age adjustment became quite important. The age-
specific rates, shown in Table 1, were compared
by life table regression (see Figure 1). There
was no evidence of departure from log-linearity
of age effect in either cohort. CHD mortality
rates increased 7% and 8% per year of age at
risk in Japan and Hawaii, respectively (see Table
3). The same rate of increase (7.5% per year)
is shown superimposed on age-specific data in
Figure 1. Since age effect appeared so similar,
the same adjustment for age was applied throughout
subsequent risk factor analyses.
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TABLE 1 AVERAGE ANNUAL MORTALITY RATE/1000 OF CORONARY HEART
DISEASE (CHD) BY AGE AT RISK DURING 12 YEARS OF FOLLOW-UP AMONG
JAPANESE MEN IN HAWAII AND JAPAN, 1965-80

1 NIARVOARDHANFEZST 5129 [ 038 MR 20 8 b o 81525
B LA (CHD) 01000 A % 7 0 OFEMFEHIECH, 1965—80 4
Hawaii Japan
Age Person- Person-
at risk years of  No. of CHD years of  No. of CIID
(1965-80) follow-up cases Rate follow-up cases Rate
45-49 2667 0 0 620 0 0
50-54 15741 10 0.63 2539 0 0
55-59 25159 30 1.19 4321 5 1.16
60-64 21731 28 1.29 4796 4 0.83
65-69 13455 24 1.78 4032 7 1.74
70-74 6459 25 3.87 1836 4 2.18
75-79 1396 6 4.30 230 0 0
Total No.
of men 7536 1687
Total No. of
follow-up 86612 123 1.42 18374 20 1.09
Age-adjusted rate* 1.44 1.00

*The Hawaii/Japan rate ratio calculated by life table regression was 1.41 (p=0.15)

(95% confidence limits: 0.87, 2.29).

EmFEB LB EN AT/ HEDECH .41 (p=0.15) (95% (S #ERA: 0.87, 2.29).

Interquartile Relative Risk. Risk factors such as
blood pressure, body mass index, and serum choles-
terol were treated as numerical variables adjusted
for age by standard life table regression methods.*3
All significance values were calculated from the
usual regression equations. However, ordinarily,
results of life table regression are presented in a
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FIGURE 1 AVERAGE ANNUAL MORTALITY RATES OF CORONARY HEART DISEASE
BY AGE AT RISK DURING 12 YEARS OF FOLLOW-UP AMONG JAPANESE MEN IN
JAPAN AND HAWAII
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list of coelfficients corresponding to estimated incre-
ments in relative log hazard rate, which have very
little intuitive meaning. Therefore, for the purpose
of presentation, we have transformed coefficients
by solving the log hazard equation at both the
25th percentile and 75th percentile values of the
corresponding risk factor, and taking the ratio to
form an "interquartile relative risk." If the samples
were divided in half on the basis of the risk factor,
these two values (the 25th and 75th percentile
values) would represent the median averages of the
two groups. Therefore, the interquartile relative
risk compares the upper half with the lower half of
the data, for each risk factor. Since the cohorts have
somewhat different ranges for several risk factors, a
weighted average value was employed. In cases of
highly skewed risk factors, e.g., serum triglycerides
and glucose as well as cigarette smoking and alcohol
intake, the regression was performed on logarithms
of the risk factors. In the case of age, the distribu-
tion was not natural, but rather artificially selected
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by experimental design. Therefore, the interquartile
range would be inappropriate for expression, and
instead we used 10 years as the arbitrary base. This
provided a convenient scale in that both cohorts
originally ranged over about 20 years and were
followed up for about 12 years.

Risk Factor Quintiles. Life table regressions are
difficult to display graphically.  Therefore, for
Figure 2 we sorted each risk factor into quintiles
for either cohort, and age-adjusted mortality rates
of CHD calculated for these categories. Moreover,
since the number of cases was so small, random
variation in the figures was reduced by a simple
smoothing technique. Each pair of contiguous
quintiles was averaged to yield one point so that
quintiles were represented by only four overlapping
values. For cigarette smoking and alcohol intake,
which had a large proportion of nonusers, values
at zero (nonusers) were plotted without smoothing.
Then the users were grouped into quartiles and these
four points were smoothed by pairs to yield three
additional points.

RESULTS

Table 1 presents the numbers of person-years of
follow-up and cases of CHD and the mortality rates
(per 1,000 per year) by age at risk, as well as
the total number of men at risk, the total number
of person-years of follow-up, and the age-adjusted
mortality rates in Japan and Hawaii.

In Japan, a total of 1,818 eligible men were exam-
ined at baseline examination during the period 1965-
66. Among these men, 131 were excluded because
they had either prevalent CHD, specified ECG
abnormalities or prevalent stroke. The remaining
1,687 men thus formed the population at risk. In
Hawaii, among the 8,006 men who were examined
at baseline examination during 1965-68, 470 were
excluded for the same reasons as in Japan. The
remaining 7,536 men thus formed the population at
risk. The total numbers of fatal CHD cases were
20 in Japan and 123 in Hawaii. The age-adjusted
rates were calculated by the direct method using the
age structure of the combined population (Japan +
Hawaii).

The age-specific mortality rates were not apprecia-
bly different between the two cohorts until age 70,
after which the rates became substantially higher
in Hawaii than in Japan. However, the follow-up
of subjects over 70 years of age was quite sparse,
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FIGURE 2 AGE-ADJUSTED MORTALITY RATES OF CORONARY HEART DISEASE BY
QUINTILES OF BASELINE RISK FACTOR LEVELS AMONG JAPANESE MEN IN JAPAN
AND HAWAII

[ 2

RATE PER 1000 PER YEAR RATE PER 1000 PER YEAR RATE PER 1000 PER YEAR RATE PER 1000 PER YEAR

RATE PER 1000 PER YEAR

2.0

1.0

2.0

2.0

15

1.0

2.0

2.0

Hawaii

- Japan

1 J

1 L i L 1
100 110 120 130 140 150
SYSTOLIC BLOOD PRESSURE (mmHg)

160

O Hawaii
-

Japan

1 " 1 L I i I

70 80 90
DIASTOLIC BLOOD PRESSURE (mmHg)

p Hawaii
.

-
’
rd

¥ e

I
__-—D— Japan

o

L 1 1 ]

L 1 1
140 160 180 200 220
SERUM CHOLESTEROL {mg/dl)

240

1 i 1 L 1 1 J

50 100 150 200 250 300 350
SERUM TRIGLYCERIDE (mg/dl)

1

1 1 1 1
100 120 140 160 180
SERUM GLUCOSE (mg/d1)

200

HA R G4 O HAE KB 50 S B - L ~OV F 55 (08000 4 #67T IE CHD 48

20
Hawaii
1.5 F
——— -0
EmotET B e B
~~o-—
1.0
Japan
S5
1 i 1 L L 1 1 1
4 45 5 55 6 6.5 7 75
SERUM URIC ACID (mg/dl}
20 r
Hawaii
15 F
1.0 |
5
1 1 1 1 1 1
as 40 a4z a4 a6 48
HEMATOCRIT (%)
2.0
5 | ”o Hawaii
-
-
~O-=0"
10 | Qe
Japan
bk
i 1 1 ' 1 ]
18 20 22 24 26 28
BODY MASS INDEX (kg/m?)
40 _O Hawaii
15 |’ Japan
1.0
5
L i L 1 L a
0 200 400 600 BOO 1000

LIFETIME CIGARETTE SMOKING (Cigaretto-years)

20

15 |
1.0 | — == Hawaii
B L Japan
L 1 L L L )

0 20 40 60
ALCOHOL INTAKE lg/day}

B8O 100



RERF TR 15-87

especially in Japan. There were 31 deaths among
the Hawaiian cohort over 70 years of age in 7,855
person-years of follow-up, whereas there were only
4 deaths in 2,066 comparable person-years in the
Japanese cohort. Had there been nine such deaths
in Japan, the rates would be identical. Thus, there
is no evidence of any difference other than random
variation in a small sample. The age-adjusted
rate was 1.44 for Hawaii and 1.00 for Japan,
with the rate ratio of 1.41 (95% confidence limits:
0.87, 2.29) calculated by a life table regression.
While this trend was in the expected direction, the
difference was not statistically significant (p=0.15).
The trend of mortality rates of CHD by age at risk in
the two cohorts is essentially the same as shown by
Figure 1 in which age-specific mortality rates were
superimposed by mortality curves obtained from the
life table regressions (7.5% increase by age at risk,
see Table 3).

The next step was to examine the relationship of
risk factors lo the CHD mortality during 12 years of
follow-up. Risk factors included body mass index,
as expressed by body weight (kg)/height?(m), sys-
tolic blood pressure, diastolic blood pressure, serum
cholesterol, serum triglyceride, serum uric acid,
serum glucose (one hour after 50 g glucose load),
hematocrit, lifetime cigarette smoking (cigarette-
years), and alcohol intake (g/day, based on 24-hour
diet recalls). Table 2 shows age-adjusted mean
values of the risk factors at baseline examination.
The mean age and diastolic blood pressure were
greater in Japan than in Hawaii, while body mass
index, serum cholesterol, triglyceride, glucose, uric
acid, and hematocrit were greater in Hawaii than
in Japan. The mean systolic blood pressure was
equal in the two cohorts, The percentages of
cigarette smokers and alcohol drinkers were greater
in Japan than in Hawaii, but the average amount of
lifetime smoking for smokers was greater in Hawaii
because of a higher percentage of heavy smokers.
The average intake of alcohol for drinkers was
greater in Japan than in Hawaii, but the difference
was not statistically significant. Thus, except for
blood pressure and alcohol intake, the mean level
of known risk factors was significantly higher in
Hawaii than in Japan.

The relationship of risk factors to fatal CHD was
then examined separately in each cohort. As noted
in the methods, the emphasis of statistical testing
was placed upon whether there was a difference
in the regression coefficient for any specific risk
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TABLE 2 AGE-ADJUSTED MEAN VALUES AND STANDARD DEVIATIONS
OF SLECTED RISK FACTORS AT BASELINE EXAMINATION AMONG
JAPANESE MEN IN HAWAII AND JAPAN, 1965-68

22 NTARUHEDAFRNBMEC BT S PGSR T O E#TE
T-E i R O AE R 2, 1965 — 68 iR
Hawaii Japan
Risk Factor Mean SD Mean SD

Age at entry (years) 54.8 55 56.2% 5.7
Systolic blood

pressure (mmlg) 133 22 133 24
Diastolic blood

pressure (mmllg) 82 13 83* 14
Body mass index (kg/m?) 23.8% 3.1 213 2.9
Serum cholesterol (mg/100 mt 218% 38 185 42
Serum triglyceride (mg/100 m)f  236% 203 136 88
Serum glucose (mg/100 ml)f 161.0* 58 145 64
Serum uric acid (mg/100 ml)f 6.0% 1.5 5.4 1.4
Hematocrit (%) 44.7* 3.0 43.0 3.8
Cigarette smokers (%):t 69 86*
Lifetime smoking$

(cigarette-years) 691* 447 567 349
Alcohol drinkers (%) 29 60*
Alcohol intake (g/day) T 46 42 49 43

*Significantly greater than the other cohort at p<0.05

p<0.05T4 3

-HOIF-FENHREIZAEY

T Determinations of these blood chemical components were performed on blood
specimens drawn one hour after ingestion of 50g glucose in nonfasting

subjects

PR THE VR HIZ50g 7 FUVEi AR LTIEEMEBCERL 2 LEEAIZZhs0

I #% AL 4 e 5 O BE & 4T o 22
Men who ever smoked cigaretie
B AR O & 5 BT

§Cigarellc smoked/day x years of smoking for smokers only
B H AR R S L — N 20 OB & RO R R
UMen who drank alcoholic beverages on the previous day

MFATHIZ T LD — L ML B

Y Based on the 24-hour diet recall data for drinkers only
BRI 00 b B0 L7z 24 ) £ b Bl A 7 12 0 ¢

factor between Hawaii and Japan, rather than upon
whether a regression coefficient was significantly
different from zero within each cohort.

Figure 2 illustrates age-adjusted mortality rates (per
1,000 men per year) of CHD during 12 years of
follow-up by quintile levels of selected risk factors
at baseline in each cohort. The four points in each
curve represent smoothed averages of two contigu-
ous quintiles to reduce random variations due to the
small number of cases, especially in Japan. For
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smoking and alcohol in which nonusers accounted
for the large proportion, the mortality rate was first
plotted for the nonusers without smoothing, and
then three other points were plotted using smoothed
averages of two contiguous quartiles of the users.

There was a general pattern of direct association
with fatal CHD in both cohorts for systolic and
diastolic blood pressure, serum cholesterol, glucose,
uric acid, and cigarette smoking, while the associa-
tion was inverse for alcohol intake. The Hawaiian
cohort tended to have higher mortality rates at any
given level of these risk factors. The patterns
appeared to be different in the two cohorts for body
mass index, serum triglyceride, and hematocrit.
This is due partly to the different range of baseline
levels of risk factors in the two cohorts and partly
to the small number of cases in Japan. However,
when the life table regression coefficients for in-
dividual risk factors were examined for differences
between the two cohorts, no statistically significant
difference was found for any of these risk factors
(Table 3). The coefficients for all risk factors
were statistically significant in Hawaii, whereas
only the coefficient for systolic blood pressure was
significant in Japan mainly due to the small sample
size.

In order to aid comprehension, we transformed all
regression results to "interquartile relative risk," as
described in the Statistical Analysis section. Table
4 shows the interquartile relative risks of fatal
CHD for individual risk factors after adjustment
for age within each cohort, as well as the relative
effects (Hawaii/Japan) of these risk factors, with
their 95% confidence limits. In general, the relative
risks were similar for most risk factors when they
were compared between the two cohorts. In 8
out of the 11 risk factors the relative effect was
greater in Hawaii than in Japan, but none of the
differences were statistically significant mainly due
to the small sample size in Japan. This tendency
was reflected in the larger 95% confidence limits of
the interquartile relative risks for all risk factors in
Japan as compared with those in Hawaii (Table 4).

Since there were intercorrelations among these risk
factors, mullivariate life table regression analysis
was performed to evaluate additive contributions
of risk factors to the prediction of fatal CHD.
In this analysis the two cohorts were combined
and the cohort relative risk (Hawaii/Japan) was
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TABLE 3 LIFE TABLE REGRESSION COEFFICIENTS FOR FATAL CORONARY HEART
DISEASE ONTO AGE AND SELECTED RISK FACTORS AMONG JAPANESE MEN IN
HAWAII AND JAPAN, 1965-80

3

NIABRUHADOHAANBEIZ BT SEMR O 20O G R KF 126+ 28008

R I Lo 22 28 00 A i 22 (0] R R B, 1965 —80

Hawaii Japan

Risk factor! i (SE)§ B (SE)

Age 0.070%*  (0.015) 0.081 (0.042)
Systolic blood pressure 0.024#* (0.003) 0.018* (0.008)
Diastolic blood pressure 0.031%* (0.006) 0.028 (0.015)
Body mass index 0.094%* (0.028) 0.030 (0.076)
Serum cholesterol 0.010%* (0.002) 0.005 (0.005)
Serum triglyceride 0.584%* (0.142) 0.446 (0.480)
Serum glucose (log) 1.665%%* (0.254) 0.765 (0.658)
Serum uric acid (log) 0.139%* (0.057) 0.039 (0.153)
Hematocrit 0.063* (0.029) —0.030 (0.060)
Lifetime smoking (log) 0.267%* (0.029) 0.268 (0.206)
Alcohol intake (log) —0.128% (0.063) —0.148 (0.124)

*p<0.05, **p<0.01

tEach risk factor was related one at a time to fatal CHD, with age as covariate.
ERBE G, MR RERE L TLE = 2>F SN CHD & O Wl &8 <72,

Regression coefficient. [#l4 % &
§Standard error. B # (R %

None of the differences in # between two cohorts attained the statistically

significant level (p<0.05).

o0 IR— MO B ORITHHMIIHELLLIEL & (p<0.05).

assessed after controling for age and all risk factors
together. As shown in Table 5, age, systolic blood
pressure, serum cholesterol, serum glucose, lifetime
smoking, and alcohol intake (inversely) were signif-
icant predictors of fatal CHD. The cohort relative
risk (Hawaii/Japan) was 1.17, indicating that fatal
CHD risk was nearly 20% higher in Hawaii than
in Japan when adjustment was made for all risk
factors simultaneously. Since the cohort relative
risk adjusted only for age was 1.41 (Table 1), more
than half the difference in fatal CHD rate between
the two cohorts was attributed to differences in all
other risk factor levels at baseline examination.
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TABLE 4 INTERQUARTILE RELATIVE RISKS OF FATAL CORONARY IIEART DISEASE
AND HAWAII/JAPAN RELATIVE EFFECTS FOR SELECTED RISK FACTORS AMONG
JAPANESE MEN IN HAWAII AND JAPAN OF THESE RISK FACTORS, 1965-80
#ed NTARUCHAEDHARANBM 0 230581 CHD @ U 40 A $ il F0  1i Fi s B oF
fali - D7 A/ HAM G5, 1965 — 804

Interquartile relative risk

- Hawaii/Japan
(95% confidence limits) Relative effect
Risk factor* Hawaii Japan (95% confidence limits)
Agel 2.02 2.20 0.90
(1.49,2.72)  (0.97, 5.20) (0.37, 2.18)
Systolic blood 2.27 1.88 1.20
pressure (1.85,2.79) (1.07, 3.19) 0.67, 2.14)
Diastolic blood 1571 1.63 1.05
pressure (1.38, 2.10)  (0.96, 2.73) (0.59, 1.83)
Body mass index 1.51 1.19 1.26
(1.18, 1.93)  (0.58, 2.22) (0.62, 2.56)
Serum cholesterol 1.64 1.20 1.36
(1.34, 2.00) (0.78, 2.10) (0.80, 2.31)
Serum triglyceride 1.74 1.56 111
(1.32,2.27) (0.61,3.79) (0.44, 2.86)
Serum glucose 2.53 1.58 1.60
(1.90, 3.35). (0.73,3.19) (0.73, 3.51)
Serum uric acid 137 1.04 1.31
(1.05, 1.77)  (0.54, 2.18) (0.59, 2.87)
Hemartoerit 1.32 0.88 1.50
(1.02, 1.70)  (0.51, 1.48) (0.83, 2.70)
Lifetime smoking 2.20 2.26 0.97
(1.85,2.61) (0.65, 7.44) (0.30, 3.30)
Alcohol intake 0.61 0.57 0.93
(0.37,0.99) (0.21, 1.47) (0.31, 2.72)

*All risk factors (except age) were adjusted for age alone.
EPREF 3T R <) M OAITIEL /.

Relative risk per decade. 10 4 % 1) @ AL of 1 f
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TABLE 5 INTERQUARTILE RELATIVE RISKS OF FATAL CORONARY HEART DISEASE
FOR SELECTED RISK FACTORS AND COHORT RELATIVE RISK IN MULTIVARIATE
LIFE TABLE REGRESSION USING COMBINED POPULATION OF JAPANESE MEN IN

JAPAN AND HAWAII, 1965-80

#5 HERUNTAOHAABEZEHLAZKHERA ST RESEDFSHICETS
fei B[Rl - DEFEME CHD U455 fr £ 6 A1 o fe bR RE B O a7k — M AR bR RE, 1965 — 80
Interquartile p-values for difference

Risk factor* relative risk from unity

Agel 1.64 0.001

Systolic blood pressure 1.96 0.0001

Body mass index 0.96 >0.10

Serum cholesterol 1.39 0.001

Serum triglyceride 1.24 >0.10

Serum uric acid 1.20 0.09

Serum glucose 2.25 0.0001

Hematocrit 0.91 >0.10

Lifetime smoking 1.97 0.001

Alcohol intake 0.54 0.001

Relative risk

(Hawaii/Japan)?} 1.17 >0.10

*Adjusted for age and all other risk factors together
FHRiRPEOMINTORBEE T &b TITEL .

tRelative risk per decade
LOHE 25 = 1) 00 bl f ot B

$Cohort relative risk after adjusting for age and all other risk factors
FRERUEDOM T NTOMEEEF & 3TIE L7 o2k — b fi b e

DISCUSSION E =

One of the major purposes of the present study was
to compare CHD mortality rates among Japanese
men living in Japan and Hawaii based on the 12-
year follow-up data using comparable methods of
case ascertainment.

Earlier reports from the NI-HON-SAN Study
demonstrated that Japanese men in Hawaii were
more westernized in their biological and life-style
characteristics than those in Japan'® and that CHD
mortality,!# prevalence,!5 and incidence” rates and
grades of atherosclerosis'® were higher in Hawaii
than in Japan.

In the present study based on the 12-year follow-up
data we found that the mortality rate of CHD was
about 40% higher in Hawaii than in Japan, with
the 95% confidence limits: 0.87, 2.29 (p=0.15).
This result is consistent with the earlier report which
demonstrated a twofold difference (p<0.01) in the
incidence of definite CHD (nonfatal MI + fatal
CHD) which was higher in Hawaii than in Japan.”
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If the smaller difference in CHD rate between the
two cohorts in the present study as compared with
the earlier studies is real, it may be attributed to
several factors. First, in the earlier study both
nonfatal MI and fatal CHD cases were included,
while in the present study nonfatal MI cases were
excluded because of different methods of case
ascertainment. Looking at the development of new
CHD by year of follow-up, the incidence rates of
both nonfatal MI and fatal CHD tended to be much
lower in Japan than in Hawaii during the first few
years of follow-up. This trend of a particularly low
incidence rate of CHD in Japan early in the study
period may be responsible for the greater Hawaii-
Japan difference in the earlier report.

Secondly, the criteria for fatal CHD employed in
the present study were somewhat different from
those in the earlier study. For example, sudden
unexpected deaths within three hours of onset were
included in the earlier study, while no such deaths
were accepted unless there were clear evidence of
acute coronary events (chest pain, ECG changes, or
enzyme elevation) in the present study. Further-
more, some other categories of possible fatal CHD
were excluded in the present study as described
in the methods section. However, even if all
these possible cases had been included, there would
have been no significant difference in the CHD
mortality rate between Japan and Hawaii. Instead,
the difference became smaller: total numbers of
excluded cases of possible fatal CHD were 26 in
Japan and 96 in Hawaii in contrast to the numbers
of accepted cases (20 in Japan and 123 in Hawaii).

Thirdly, it may be hypothesized that during the
course of 12 years of follow-up rapid westernization
of diet and other life-style characteristics in Japan
may have increased the risk of CHD in Japan,
resulting in the reduction of difference in CHD
incidence and mortality between the two cohorts.
However, this hypothesis is not substantiated by
analysis of secular trends in the incidence rates
of CHD which have shown little change in either
mortality or incidence of CHD during the study
period in both places.t7—19

In regard to the relationship between CHD and risk
factors, there was a general trend for the interquar-
tile relative risks (75th/25th percentile) calculated
from the life table regression to be similar between
the two cohorts for all risk factors studied. In
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other words, there was no statistically significant
difference in the effect of each risk factor upon CHD
mortality, mainly due to the small sample size in
Japan, although most of the risk factors showed a
greater effect in Hawaii than in Japan.

The earlier study® reported that significant predic-
tors of CHD incidence in both Japan and Hawaii
were systolic blood pressure, serum cholesterol,
relative weight, and age, and that their regression
coefficients did not differ significantly between the
two cohorts. When the risk function based on
these factors in Japan was applied to Hawaii, the
estimated CHD incidence thus obtained did not
differ significantly from that actually observed in
Hawaii. Although analytical techniques employed
in the present study differ from those in the earlier
study, similar results were obtained with respect to
the relationship between fatal CHD and risk factors.

The higher mortality rates of CHD in Hawaii than
in Japan are consistent with higher average levels
of most risk factors in Hawaii. It is noteworthy
that established risk factors for CHD such as blood
pressure, serum cholesterol, glucose intolerance,
cigarette smoking, and alcohol intake (inversely)
were related to CHD similarly for indigenous
Japanese men and for American Japanese men in
Hawaii, although CHD occurs much less commonly
in these Japanese men than in Caucasian males.

In conclusion, age-adjusted mortality rates of CHD
during 12 years of follow-up, using strictly compa-
rable methods of case ascertainment, was approx-
imately 40% higher (not statistically significant)
among Japanese American men in Hawaii than
among indigenous Japanese men. The relationships
between fatal CHD and various risk factors were
generally similar in the two cohorts, and more than
half of the difference in CHD mortality rate was
attributed to different baseline levels of known risk
factors between the two cohorts. The implication
of these findings is that the low rate of CHD
observed in Japan is a realistic goal for Japanese and
possibly other populations elsewhere. However, the
small sample size in Japan appears to weaken the
definitiveness of the present study findings.
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