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EPIDEMIOLOGIC STUDIES OF CORONARY HEART DISEASE AND STROKE IN JAPANESE MEN LIVING IN JAPAN,
HAWALI, AMD CALIFORNIA
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BLUREFRIIETIERLHAE

MORTALITY
E T X

ROBERT M. WORTH, M.D., Ph.D.}
ABRAHAM KAGAN, M.D.

SUMMARY

Stroke, coronary heart disease (CHD), and total
mortality are evaluated from death certificates in
enumerated cohorts of 45-64 year-old Japanese men
in Hiroshima and Nagasaki (1965-70), in Honolulu
(1966-70), and in the San Francisco area (1968-72).

Total mortality is highest in Japan with no consistent
differences between Japanese Americans in Honolulu
and San Francisco. Age-specific CHD death rates
are markedly lower in all three Japanese groups than
in American whites. The CHD rates are consistently
and significantly lower in Japan than in American
Japanese. Stroke death rates for American Japanese
men appear equivalent to figures for U.S. white men
of the same age, but are significantly lower than in
the Japan cohort for the 60-64 year old group.
The number of stroke deaths below that age are too
few as yet for analysis.

Validation of mortality ascertainment and of the
accuracy of death certification has been carried out
in Japan and in Hawaii. The international differences
in mortality do not appear to be entirely due to
certification or other methodologic artifact.

INTRODUCTION

Gordonl,2 has utilized death certificate data
clustered around the 1950 and 1960 U.S. censuses in
comparison with equivalent data from Japan to show
that men of Japanese ancestry in California and
Hawaii have years experienced age-
specific coronary heart disease (CHD) death rates
that are intermediate between the higher rates seen

in recent
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among U.S. whites and the lower rates seen in Japan.
Japanese men in California and Hawaii also occupied
an intermediate position for deaths due to vascular
lesions of the central nervous system in 1950, but
by 1960 the rates among Japanese in the U,S, had
fallen below the relatively low level seen in whites,
while the corresponding rates in Japan remained
very high. As is true in most death certificate
studies, the question can be raised as to how much
of these differences might be artifactual, due to
differing '‘styles’’ of death certification in the U.S.
and Japan. There is evidence3 that Japanese vital
statistics reports are reasonably accurate with regard
to CHD/ stroke ratios.

These and other4,3 observations stimulated the
development of the Ni-Hon-San®* collaborative
studies, comparing the characteristics of three study
populations 6,7 and comparing CHD and stroke
prevalence and incidence in Japanese men in the
ABCC cohort in Hiroshima and Nagasaki8® with a
cohort of men of Japanese ancestry in the Honolulu
Heart Study? and men of Japanese ancestry in the
San Francisco Bay area’'s Japanese Health Study.6
The primary purpose of these collaborative studies
is to hold genetic, age, and sex variables constant
while extending the range of environmental and
behavioral variables in the hope of making more
specific etiologic associations than was possible in
the rather homogeneous settings found in Framingham,
Tecumseh, and other studies done in the U.S.4,10-12
This paper is one of a series from the Ni-Hon-San
studies, and is limited to an examination of the
mortality experience of the three cohorts during
1965-72 (Japan 1965-70, Honolulu 1966-70, San
Francisco 1968-72). These mortality data are of
interest because they are the result of very careful
death ascertainmentrelated to well-defined populations
in which prevalence and incidence of CHD and stroke
are also being carefully ascertained.

METHODS
Mortality Ascertainment in Japan

The establishment of the JNIH-ABCC Life Span Study
cohort for Hiroshima and Nagasaki has been
described elsewhere.13 Only a part of this cohort,
the 9329 men who were born berween 1900 and 1919
and who were alive on 1 January 1965 (age 45-G4),
is included in this Ni-Hon-San collaborative mortality
study. There has existed in Japan since the last
quarter of the 19th century a system of compulsory
family registration. The family record is terned the
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koseki and the legal or permanent address of the
family is the honseki. In this system, if the honseki
is known, the survival status of any individual can
be determined. A koseki mortality check on the ABCC
cohort has been carried out regularly since 1962,
The mortality ascertainment for these subjects in
Japan is virtually complete. Cause of death is
obtained from the Japanese vital statistics death
schedules which are kept at health centers throughout
Japan.

In addition, a unique autopsy procurement System
has been in operation for the ABCC cohort since
1961.  Autopsy is sought irrespective of cause of
death, age, sex, and A-bomb radiation dose. During
the study period (1965-70) the autopsy rate was
around 33 %.

Mortality Ascertainment in Honolulu

In Hawaii the population at risk was defined as the
approximately 14,400 men of Japanese ancestry
living on the island of Qahu (City and County of
Honolulu) on 1 January 1965, and who were born
between 1900 and 1919 (age 45-64 on 1 January
1965).9 This population consists of three compo-
nents: (1) 9878 questionnaire respondents, (2) 1270
men who were identified but failed to respond to the
questionnaire, and (3) about 3252 men who were not
enumerated but who were estimated to be eligible in
1965 by extrapolation from 1960 census data (inter-
polation berween 1960 and 1970 census data
confirmed this estimate). This non-enumerated
group, which can be estimated quite accurately by
year of birth, makes up about 23% of the total
population at risk, but has so far contributed about
33% of all the deaths. The potential biases thus
produced are discussed below. Mortality surveillance
has consisted of a daily search of obitary columns in
local newspapers for every Japanese man of
appropriate age (primarily to find out-of-state deaths
of local residents), plus regular death certificate
searches by name and by race. For every death thus
ascertained, a copy of the death certificate is
obtained, with the cause of death coded by the
Health Department clerk accerding to the eighth
revision of the International Classification of
Diseases (ICD).14 The completeness of this
mortality ascertainment was independently tested by
the following experience in the Honolulu Heart
Study:
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Of these 426 men presumably alive, a mail and
telephone follow-up campaign located a total of
403 men. All of them were alive, and no previously
unascertained deaths were discovered in this effort.

Mortality Ascertainment in San Francisco

In the San Francisco Bay area the population at risk
for this study was the 2180 Japanese men enumerated
by special census as living in specified counties on
1 January 1968, and born between 1903 and 1922
(age 45-64 on 1 January 1968; the study in this area
started 3 years later than the studies in Japan and
Honolulu).6 Mortality ascertainment has consisted
of a daily scanning of the obituary columns of
Japanese newspapers in the area, plus the obtaining
of a copy of every death certificate issued in the
state for the years 1968-72 for Japanese men born
between 1903 and 1922, From these death certificates
were selected the ones for men whose usual place of
residence was listed as having been in the appro-
priate counties where the Japanese population had
been enumerated for this study. We are reasonably
confident that this list of Japanese Americans was
an accurate and nearly complete roster of “the
population. The results of a special validity survey
in San Francisco provided one of several bases for
this conclusion, since it yielded an estimated
enumeration error of only 3.9 %.

Death Certificate Cause of Death Validation, Japan

In Japan, the cause of death is customarily entered
on the death certificate by the certifying physician
before receiving an autopsy report. In other words,
the autopsy findings do not usually affect the
quality of the cause of death given in the death
certificate by the certifying physician. While there
still might be differences in accuracy of cerrtifi-
cation between autopsied and non-autopsied cases,
there is no reason to believe these differences are
large. The accuracy of the cause of death given in
the death certificate, therefore, can be evaluated to
some extent by autopsy diagnosis on autopsied cases.

It is true that autopsy diagnosis is not necessarily
accurate for some diseases, such as diabetes, which
can hardly be ascertained by autopsy. However, as
our target diseases are coronary heart disease and
cerebrovascular accident, it is believed that the
accuracy of the cause of death can be efficiently
evaluated by use of autopsy findings. A total of
327 deaths were autopsied among a total of 996
deaths observed in the ABCC cohort during 1965-70,

A comparison between certified underlying cause of
death and the autopsy findings on these 327 autopsied
cases is shown in Table 1, which shows a very small
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TABLE 1 VALIDATION OF UNDERLYING CAUSE ON DEATH CERTIFICATE
IN JAPAN AND HAWAII

£1 BAH &0 Hawaii (281 3560 LHT B R0 BFER O EREHE

Underlying cause on death certificate

Validation Total
CHD Stroke Other

Japan - Autopsy findings*
CHD 9 3 3 15
Stroke 47 13 60
Other 9 13 230 252
Total 18 63 246 327

Hawaii - Cause assigned

by study physicians**
CHD 110 2 5 117
Stroke 13 53 6 72
Other 20 6 365 391
Total 143 61 376 580

*Validation based on autopsy findings. Non-autopsied cases excluded.
BT RS CERERE, FESIREANIE R L 22

** Y alidation based on clinical and autopsy information. Sixty deaths excluded where cause
of death was not coded by the Hawaii State Department of Health (mostly out-of-state
deaths), and/or where study physicians were unable to assign a cause of death because of

insufficient data.
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number of CHD deaths, viewed either from the death
certificate or from the autopsy. The autopsy diagnosis
of stroke included deaths with short survival after
a coronary vascular accident (CVA) and deaths which
occur years after a CVA. The confirmation rate by
autopsy diagnosis was rather low (50% for CHD and
75 % for stroke) as shown in Table 2.

There are nine cases whose underlying cause of death
on the death certificate was CHD, but autopsy was
negative for CHD. Of these nine cases, there are
two cases of sudden death. The principal autopsy
diagnosis of the remaining seven cases are one each
of stomach cancer, pancreas cancer, Severe aortic
stenosis, pulmonary fibrosis, gastric ulcer, sub-
arachnoid hemorrhage, and chronic glomerulone-
phritis.

There are 16 cases with underlying cause of death
certified as stroke but autopsy findings failed to
confirm the clinical diagnosis. Of these 16 cases,
there are 8 cases in which old infarct due to
occlusion of cerebral vessels was observed but
principal autopsy findings were of other diseases.
In the remaining eight cases, there was no autopsy
evidence of either old or new cerebral infarct. The
detection rate was low in CHD (60 %) and in stroke
(78 %). The net effect of the failures of confirmation
and detection is that death certificates give a 20%
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TABLE2 ESTIMATED ERROR IN DEATH CERTIFICATION OF CORONARY HEART
DISEASE AND STROKE IN JAPAN AND HAWAII

#2 H#FESLIUVHawaii I3 C2MELHOBHIRE
LR A L o ER=E

Cause of death

Confirmation rate*

Death certificate

Detection rate** ascertainment rate***
Japan
CHD 9/18 =50% 9/15=60% 18/15=120%
Stroke 47/63 =75 47/60="T8 63/60=105
Hawaii
CHD 110/143=77 110/117 =94 143/117=122
Stroke 53/61 =87 53/72=T74 61/72=85

*Proportion of cases certified to a given cause in which the cause is confirmed.

FEL 32 7 3 18 0 JEIR A7 51 K3 T &

L AR,

** Proportion of cases found to have died of a given cause by confirmation procedure which
was ascribed to that cause on the death certificate.

IR @ 9 5 FEC R MR A

-B L RE

*** Number of cases certified to a given cause divided by the number aseribed to that cause

by confirmation procedure.
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over-ascertainment of CHD as a cause of death and
5% over-ascertainment of stroke as a cause of death.

Death Certificate Cause of Death Validation,
Honolulu

For those deaths in Honolulu where autopsies are

done (about 50% autopsy rate in deaths among the
11,148 Japanese men enumerated in 1965, and about
45% in the approximately 2352 men not enumerated
by us at that time), the cause of death is customarily
not filled out on the death certificate until after the
certifying physician has received at least a

preliminary autopsy report. Pertinent available
information about each death of a man of Japanese
ancestry and of the correct birth date was obtained
as needed from the following sources apart from the
death certificate: hospital records, the medical
examiner’ s office, autopsy reports, and direct contact
with attending physicians. This information was
reviewed in conference with two or more study
physicians, including a pathologist, and a judgment
was made as to the most probable underlying cause
of death, which was then coded according to the
eighth revisionof the ICD.14 The extent of agreement
between this judgment and the underlying cause of
death as coded on the death certificate constitutes
one measure of the validity of using death certificate
data for this mortality study. Data summarizing
these comparisons are shown in Table 1 for the years

1966 through 1970 in each of three broad categories
of causes of death. The use of death certificate
data aloneyields an estimated 22% over-ascertainment
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of CHD deaths and a 15% under-ascertainment of
stroke deaths (Table 2). The figure for CHD is
similar to that for Japan, but it appears that stroke
deaths may be slightly under-certified in Honolulu.
A principal source of disagreement for stroke was
the practice of some Honolulu physicians who
entered arteriosclerotic heart disease as an
underlying cause of death in Part I of the death
certificate for patients dying of a stroke, rather than
relegating it to Part II. The Health Department
coding rules place these decedents in the ICD 412
category.

Death Certificate Cause of Death Validation,
San Francisco

No cause of death validation has been attempted as
part of the study in the San Francisco area. [t
should be noted, however, that:

1) the autopsy rate in our study population in
this area during 1968-72 was 55% (the autopsy
rate was 70 % in men dying of CHD and 67% in
those dying of stroke); this rate is higher than in
our study populations in Hawaii and Japan;

2) the local custom for autopsied cases, as in
Hawaii, is for the physician to wait until he gets
at least a preliminary autopsy report before he
fills in the cause of deathon the death certificate;

3) the level of litigation in California is so high
that it leads to an effective medical examiner
system, which is very similar to the one in
Honolulu;

4) the physicians in Hawaii are almost all
trained in U.S. medical schools, their postgraduate
education has been almost exclusively in U.S.
mainland hospitals, and their continuing education
seminars have been led largely by U.S. mainland
faculty (very often Califomia).

We therefore assume that diagnostic and certification
of death habits in the San Francisco area are quite
similar to those in Hawaii. The cause of death
coding in California is done by Health Department
clerks who are governed by the same set of rules as
used in Hawaii, and these clerks are supervised by
people who attend the same regional training
seminars as do the supervisors in Hawali.

Analytic Methods

Since age is highly correlated with mortality, and
since cohorts of men get 1 year older for each year
they are observed in a prospective study, one should
make an age adjustment if one is to accumulate data
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FIGURE 1 AGE DISTRIBUTION OF THE COHORTS IN THE THREE STUDY SITES
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over a period of more than 1 year. This is especially
appropriate for these three collaborative studies,
where the age structures of the Honolulu and
San Francisco cohorts are quite different from the
Hiroshima-Nagasaki cohort (Figure 1). The method
we have chosen has been described elsewhere,3,9
and consists of breaking the study population into
l-year age intervals at the outsetof the study and then
“promoting’’ each such sub-cohort to the next higher
age at the end of each calendar year, subtracting
the accumulated deaths. The average population at
risk for each S-year age group is obtained by taking
the number of men at the appropriate ages at the
midpoint in the period of observation. The deaths
that occur are assigned to an age group according to
the age of the man at time of death, as recorded on
the death certificate.

A year-by-year analysis of mortality in the Honolulu
Heart Study9 has shown that morrality data during
1965 are difficult to evaluate due to the fact that
enumeration was still taking place during the first
part of 1965. For this reason, only 1966-70
mortality data from Honolulu are included in this
analysis. Because enumeration in the San Francisco
area commenced well before 1968, and enumeration
there was evidently more complete than in Honolulu,
1968 mortality data are included in this analysis.
This initial year problem is also not of concem in
Japan, where the cohort was established many years
before the beginning of this study.
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TABLE

<3 AVERAGE ANNUAL MORTALITY RATES PER 1000 JAPANESE MEN ENUMERATED IN

JAPAN, HONOLULU, AND THE SAN FRANCISCO AREA BY AGE & UNDERLYING CAUSE OF DEATH

#3

H 4, Honolulu & X 1 San Francisco Hi[X |2 &1 2 @ 50,

FFEHE B O HAABFI000 A7 ) o P EMIECE

Japan! 1965-70
Age at death Cause of death

Honolulu? 1966-70

San Francisco? 1968-72 S1gmf1cance
level®

Deaths rate Deaths rate Deaths rate

50-54 All causes 95 9.4 89 4.5 13 3.3 001
Stroke 14 1.4 9 0.5 i — NS
CHD 4 0.4 22 1.1 5 1.3 NS

55-59 All causes 150 13.9 29 7.6 26 13.9 .001
Stroke 16 1.5 11 0.9 1 0.5 NS
CHD 15 1.4 20 1.9 9 4.8 .01

60-64 All causes 302 24.5 134 13.7 18 14.8 001
Stroke 67 5.4 11 174, 3 2.5 001
CHD 26 g 38 3.9 [ 4.9 .05

1 JNIH- ABCC Life Span Study men born 1900-19 (9329 in 1965; mid-period number alive at age 50-54 =2027; at

age 55-59-2163; at age 60-64 =2463).

1900— 19 12 h A TIF—ABCC H G &P 7 (196519320 % : SREMIM O h & 12411 3 & —50—
SnE=20274%; S55—59 =2163%; 60—A4 £ =2463%).

2 All Japanese men born 1900-19 (11,148 in 1965; mid-period number alive at age 50-54 =|3985; at age 55-59 =2411;

at age 60-64 =1958).

1B0—19F 12k h A2 HRDF (1965411, 148%; WMo dhg st aEHFE—0—

SO =2411%; 60—04k=19584).

545 = 3985 %4 55—

3 All Japanese men born 1903-22 and enumerated in San Francisco Bay counties in 1967 (2180 in 1968; mid-period

number alive at age 50-54 =791;

1903—224E 12 g A /F T,

values too small for testing.

at age 55-59 =373; at age 60-64 =243).

San Francisco SHE @ I96TE BT THEZE L £~ F (196852180 4% ;
M@ il 2 EFR—0—8@E=79 #; 55—50=2373 #; 60—

4 Significance calculated by Chi-square test across all three cohorts.

5
BaE =243 % ).

NS indicates no significant difference or expected

SOEMIZSVWTOAf ARMETRO ZHBEREE. NSEEBELZI 2 0h, S50 NEHEI NEVADHRET

AT H BT L RN
Ni-Hon-San Mortality Comparisons

Table 3 shows the age-specific and cause-specific
comparison of mortality rates among the enumerated
in the three collaborative studies. Because
enumeration of the study population in Honolulu was
less complete than in Japan or in California, the
for the enumerated group in Honolulu are
probably more biased than are those for the other
two locations.

men

rates

Because in Honolulu we were able
to make good estimates of the size and ages of the
non-enumerated group, and because death ascertain-
ment was equally effective for enumerated and non-
enumerated men, we were also able
age-specific mortality rates for the entire cohort of
Japanese men.

to calculate

The effects of non-enumeration bias
are shown in Figure 2, which also shows cancer
mortality in the three study cohorts (with Japan
having a considerable excess cancer mortality in
each age group). There is a significant pattern of
higher overall mortality and stroke mortality in the
ABCC cobhort, but higher CHD mortality in the two
U.S. cohorts. When the Honolulu and San Francisco
data are tested for differences with each other, none
reaches significance except the higher CHD mortality
in San Francisco at age 50-59 (p<01).

B4, Honolulu, San Francisco M3 ET-HED &

3= O HEAEON BRSO FE5 & & UFEE 5

FECHEO kAR L2, Honolulu IZH 1 5 /MR EF D
1L, H#AE £ /41X California ME h & b~T4-5ThH -
22T, Honolulu AFEFZTHORCEDL, Bs {fio

ToOOMKORCRIEBLTRMIALDARELZLDL
Zi6h 5. Honolulu ic BT AaFRBEEO KEEE LT
FEIZo>VWTIE, KNEWLZHEETIILHNFTE, F

FFECRE I WS T S L URMER YL CFL £
FLITHRTVAEOT, HREBFOEIH— FiI20T
EMAECEERETET A6 TE A RBAXHICLS
WHOEEL H2OFEERLE FAHZ2IZI=2

OWBFEIFR -T2 CELFLAE(HETRE
ERBCALZNGUEBECEN LS50S ). ABCC 24—
Flzsu Tk, —WECES L UMEDRECEI GO,
Hawaii & San Francisco ¢ 75 — b 72 CHD 3E = # #7
muiiE s L TwvA. Honolulu & San Franciseo & #
tHEFA2FIZOVTHEL 2L Z A, San Francisco O

S0—59EH (P< .01 )iz T CHDMFEC EHF 0 &

WA ZEPHIZRFEEREOSALDIE—0 L D o 1



FIGURE 2 ANNUAL AGE AND CAUSE SPECIFIC MORTALITY RATES IN THE THREE STUDY SITES
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Figure 3 is included to show the comparison of the
death certificate cause of death data from these
collaborative studies with equivalent data (age 55-64)
from U.S. white men in 1950, 1960,2 and in the
Framingham study (1949-66),15 with Japanese men
in the continental U.S. in 1950 and 1960,2 with
Japanese men in Hawaii in 1950 and 1960,2 and with
Japanese men in Japan in 1951 and 1961.2

DISCUSSION

studies have confirmed the
reports by Gordon that Japanese men in the U.S.
are experiencing a lower overall mortality rate and a
lower stroke mortality rate than their age-peers in
Japan, but that they are suffering a CHD mortality
rate about double the rate in Japan. We have failed
Gordon’s of significant
differences in mortality pattems between Japanese
men in Hawaii and in the continental U.S., except
for the excess CHD risk in San Francisco at age 55-39.

These collaborative

to confirm suggestion

Our validation procedures suggest that the ascertain-
ment of CHD mortality through death certificates

EOEBEORCEOMMERT
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FIGURE 3 COMPARISON OF NI-HON-SAN ANNUAL CAUSE SPECIFIC MORTALITY RATES IN 55-64
YEAR OLD MEN WITH EQUIVALENT DATA FROM OTHER REPORTS

3 Ni-Hon-San STt RO FEMHE5E— 645 O 5B 712 & 1T 3 KK B R
FECH LD WAL D% Y EH & DR

—
—— Japan

20 + —e

S R i US White
< L
ALL CAUSES H‘h“‘-:.::“_-_-‘.__'_ =7 Jopanese in continental US
/1000 10 |- R Japanese in Hawaii
0 1 1 1 | 1 1
1950-51 1960-61 50-64 65. 66- 68-
10 .’__’__Z/‘ 70 70 72
HD/1000 =

- e SUSE —— T e —®

0 |_ B 1 e

10

STROKE/1000 5+ e Tl
e
e - T
— -
1 —3 ; T 7
1 1 2 e
1. Data from Gordon (1,2)
2. 16-year follow-up data from Framingham Study (14)
3. ABCC data from the MNi-Hon-San Study
4. Honolulu data from the Ni-Hon-San Study
5. San Francisco data from the Ni-Hon-San Study (14)
leads to over-ascertainment errors that are similar EOFEEIZHAE Honolulu & MM TI123EH"% 1. Honolulu
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ascertainment of stroke in Honolulu is not sufficient
to account for the lower stroke death rates in the
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different **styles’’ of death certification by physicians.
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Since the Japanese migration to Hawaii and California
occurred almost entirely between 1880 and 1924, it is
of interest that stroke mortality in American Japanese
had dropped nearly to Caucasian levels as early as
1960, in contrast to CHD mortality, which is still
This suggests that the factors)
responsible for the change in stroke deaths in the

intermediate.

migrant populations may have changed more quickly
in a Western environment than the factors operating
to increase CHD; or the stroke factors may simply
have had a more immediate effect.

Because of the limited size of the cohorts the
difference in stroke mortality between Japan and the
U.S. is stadistically significant only in the 60-64
year age group. Nevertheless, it is consistent with
previous reports which have indicated that broader
age groups and both sexes are involved. Blood
pressure has been considered risk
factor for both thrombotic and hemorrhagic stroke,16

the dominant

but a comparison of blood pressures among these
cohorts revealed no important difference between the
Japan and Honolulu groups; slightly higher levels
were reported in the California group, however,17
Serum cholesterol and glucose tolerance have been
related to thrombotic stroke,18 but mean levels Jor
both are higher in the American than in the indigenous
Japanese men.
the

Thus, the fall in stroke mortality in
Japanese migrant populations
explained in temms of known risk factors.

is not easily
There may

be an unknown environmental determinant of fatal

stroke in Japan of major public health importance.
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