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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 (1965-1970). in Honolulu (1966-1970). and in the
San Francisco area (1968-1972). 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 US 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 due to certification or
other methodologic artifact.
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INTRODUCTION equivalent data from Japan to show that

Gordon (1, 2) has utilized death certifi- m e n of Japanese ancestry in California and
cate data clustered around the 1950 and H a w a i i h a v e i n r e c e n t y e a r s experienced
1960 US Censuses in comparison with age-specific coronary heart disease (CHD)

death rates that are intermediate between
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men in California and Hawaii also oc-
cupied an intermediate position for deaths
due to vascular lesions of the central nerv-
ous system in 1950, but by 1960 the rates
among Japanese in the United States 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 US and Japan. There is evidence (3)
that Japanese vital statistics reports are
reasonably correct with regard to CHD/
stroke ratios.

The purpose of this paper is to examine
the mortality experience of men of Japa-
nese ancestry living in Japan, Hawaii and
California during the period 1965-1972 (for
Japan 1965-1970, for Honolulu 1966-1970,
for San Francisco 1968-1972). These mor-
tality data are of interest because they are
the result of very careful death ascertain-
ment related to well-defined populations in
which prevalence and incidence of CHD
and stroke are also being carefully ascer-
tained.

METHODS-MORTALITY ASCERTAINMENT IN

JAPAN

The establishment of the Atomic Bomb
Casualty Commission (ABCC) Life Span
Study cohort for Hiroshima and Nagasaki
has been described elsewhere (4). Only a
part of this cohort, the 9329 men who were
born between 1900 and 1919 and who were
alive on January 1, 1965 (age 45-64), 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 termed
the koseki and the legal or permanent
address of the family is the honseki. In this
system, if the honseki is known, the survi-
val status of any individual can be deter-
mined. A koseki mortality check on the
ABCC cohort has been carried out regu-

larly since 1962. The mortality ascertain-
ment for these subjects in Japan is virtu-
ally complete. Cause of death is obtained
from the Japanese vital statistics death
schedule which is kept at health-centers
throughout Japan.

In addition, a unique autopsy procure-
ment 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, i.e., 1965-1970, the autopsy rate
was around 33 per cent.

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
Oahu (City and County of Honolulu) on
January 1, 1965, and who were born be-
tween 1900 and 1919 (age 45-64 on January
1, 1965) (5). This population consists of
three components—9878 questionnaire re-
spondents, 1270 men who were identified
but failed to respond to the questionnaire,
and about 3252 men who were not enumer-
ated but who were estimated to be eligible
in 1965 by extrapolation from 1960 census
data. (Interpolation between 1960 and 1970
census data later confirmed this estimate.)
This nonenumerated group, which can be
estimated quite accurately by year of birth,
makes up about 23 per cent of the total
population at risk, but has so far contrib-
uted about 33 per cent of all the deaths.
The potential biases thus produced are
discussed below. Mortality surveillance
has consisted of a daily search of obituary
columns in local newspapers for every Jap-
anese man of appropriate age (primarily
finding the few out-of-State deaths of local
residents), plus regular death certificate
searches by name and by race. For every
death thus ascertained, a photocopy of
the death certificate is obtained, with the
cause of death coded by the Health De-
partment clerk according to the eighth re-
vision of the International Classification of
Diseases (ICD) (6). The completeness of
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this mortality ascertainment was inde-
pendently tested by the following experi-
ence in the Honolulu Heart Study:

Number of men initially examined during
1965-1968 8006

less those returning for exam two years later 7498
balance failing to return for second exam 508
less number ascertained to have died (mor- 82

tality ascertained through the routine
methods described above)

Number of men presumably alive, but failing 426
to return

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 popu-
lation at risk for this study consisted of the
2180 Japanese men enumerated by special
census as living in specified counties on
January 1, 1968, and born between 1903
and 1922 (age 45-64 on January 1, 1968;
the study in this area started three years
later than the studies in Japan and Hono-
lulu) (7). Mortality ascertainment has con-
sisted of a daily scanning of the obituary
columns of Japanese newspapers in the
area, plus the obtaining of a photocopy of
every death certificate issued in the state
for the years 1968-1972 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 appropri-
ate counties where the Japanese popula-
tion 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 popula-
tion. The results of a special validity sur-
vey in San Francisco provided one of sev-
eral bases for this conclusion, since it
yielded an estimated enumeration error of
only 3.9 per cent.

DEATH CERTIFICATE CAUSE OF DEATH

VALIDATION—JAPAN

In Japan, the cause of death is customar-
ily 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 certification 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 evalu-
ated 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 autop-
sied among a total of 996 deaths observed
in the ABCC cohort during 1965-1970.

A comparison between certified underly-
ing cause of death and the autopsy findings
on these 327 autopsied cases is shown in
table 1, which shows a very small number
of CHD deaths, viewed either from the
death certificate or from the autopsy. The
autopsy diagnosis of stroke includes deaths
with short survival after a cerebrovascular
accident (CVA) and deaths which occur
years after a CVA. The confirmation rate
by autopsy diagnosis was rather low, i.e.,
50 per cent for CHD and 75 per cent 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 diag-
noses of the remaining seven cases are one
each of stomach cancer, pancreas cancer,
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severe aortic stenosis, pulmonary fibrosis,
gastric ulcer, subarachnoid hemorrhage
and chronic glomerulonephritis.

There are 16 cases whose underlying
cause of death was certified as stroke but
autopsy findings failed to confirm the clini-
cal diagnosis. Of these 16 cases, there are
eight 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

TABLE 1

Validation of underlying cause on death certificate in
Japan and Hawaii

Japan-autopsy findings*
CHD
Stroke
Other
Total

Hawaii—cause assigned
by study physiciansf

CHD
Stroke
Other
Total

Underlying cause on

CHD

9
0
9

18

110
13
20

143

certificate
Stroke

3
47
13
63

2
53

6
61

Other

3
13

230
246

5
6

365
376

death

Total

15
60

252
327

117
72

391
580

* Validation based on autopsy findings. Non-
autopsied cases excluded.

t Validation based on clinical and autopsy infor-
mation. 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.

cases, there was no autopsy evidence of
either old or new cerebral infarct. The
detection rate was low in CHD (60 per
cent) and in stroke (78 per cent). The net
effect of the failures of confirmation and
detection is that death certificates give a 20
per cent over-ascertainment of CHD as a
cause of death and 5 per cent over-ascer-
tainment 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 per cent
autopsy rate in deaths among the 11,148
Japanese men enumerated in 1965, and
about 45 per cent 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. Per-
tinent available information about each
death of a man of Japanese ancestry and of
the correct birth date was obtained by the
study as needed from the following sources
apart from the death certificate: hospital
records, the medical examiner's office, au-
topsy reports, and direct contact with at-
tending 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

TABLE 2

Estimated error in death certification of coronary heart disease and stroke in Japan and Hawaii

Cause of death

Japan
CHD
Stroke

Hawaii
CHD
Stroke

Confirmation rate*

9/18 =
47/63 =

110/143
53/61 =

= 50%
= 75%

= 77%
= 87%

Detection ratet

9/15 = 60%
47/60 = 78%

110/117 = 94%
53/72 = 74%

Death certificate
ascertainment rate^

18/15 = 120%
63/60 = 105%

143/117 = 122%
61/72 = 85%

* Proportion of cases certified to a given cause in which the cause is confirmed.
t Proportion of cases found to have died of a given cause by confirmation procedure which was ascribed to

that cause on the death certificate.
J Number of cases certified to a given cause divided by the number ascribed to that cause by confirmation

procedure.
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was then coded according to the eighth
revision of the ICD (6). 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 summa-
rizing 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 alone
yields an estimated 22 per cent over-ascer-
tainment of CHD deaths and a 15 per cent
under-ascertainment of stroke deaths
(table 2). The number for CHD is similar
to that for Japan, but it appears that stroke
deaths may be slightly undercertified in
Honolulu. A principal source of disagree-
ment for stroke was the practice of some
Honolulu physicians who entered arterio-
sclerotic 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. It should be noted, how-
ever, that:

1) The autopsy rate in our study popula-
tion in this area during 1968-1972 was 55
per cent (the autopsy rate in men dying of
CHD was 70 per cent and 67 per cent 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 death
on 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 US medical schools, their
post-graduate education has been almost
exclusively in US mainland hospitals, and
their continuing education seminars ha.ve
been led largely by US mainland faculty
(very often California).

We therefore assume that diagnostic and
certification-of-death habits in the San
Francisco area are quite similar to those in t

Hawaii. The cause-of-death coding in Cali-
fornia is done by Health Department clerks
who are governed by the same set of rules
as used in Hawaii, and these cleVks are
supervised by people who attend the same
regional training seminars as do the super-
visors in Hawaii.

ANALYTIC METHODS

Since age is highly correlated with mor-
tality, and since cohorts of men get one
year older for each year they are observed
in a prospective study, one should make an
age adjustment if one is to accumulate
data over a period of more than one year.
This is especially appropriate for these
three collaborative studies, where the age
structures of the Honolulu and San Fran-
cisco cohorts are quite different from the
Hiroshima-Nagasaki cohort (figure 1). The
method we have chosen has been described
elsewhere (5, 8), and consists of breaking
the study population into one-year age
intervals at the outset of the study and
then "promoting" each such sub-cohort to
the next higher age at the end of each
calendar year, subtracting the accumu-
lated deaths. The average population at
risk for each five-year age group is obtained
by taking the number of men at the appro-
priate 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 his time of death, as
recorded on his death certificate.

A year-by-year analysis of mortality in
the Honolulu Heart Study (5) has shown
that mortality data during 1965 are diffi-
cult to evaluate due to the fact that enu-
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FIGURE 1. Age distribution of the cohorts in the three study sites.

60-64

meration was still taking place during the
first part of 1965. For this reason, only
1966-1970 mortality data from Honolulu
are included in this analysis. Because enu-
meration in the San Francisco area com-
menced 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 concern in Japan, where the
cohort was established many years before
the beginning of this study.

Nl-HON-SAN MORTALITY COMPARISONS

Table 3 shows the age-specific and
cause-specific comparison of mortality

rates among the enumerated men in the
three collaborative studies. Because enu-
meration of the study population in Hono-
lulu was less complete than in Japan or in
California, the rates for the enumerated
group in Honolulu are probably more
biased than are those for the other two
locations. Because in Honolulu we were
able to make good estimates of the size and
ages of the non-enumerated group, and
because death ascertainment was equally
effective for enumerated and non-
enumerated men, we were also able to
calculate age-specific mortality rates for
the entire cohort of Japanese men, which
are consistently higher than in the enumer-
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ated men. The effects of non-enumeration
bias are shown in the shaded areas on
figure 2, which also shows cancer mortality
in the three study cohorts. The considera-
ble excess cancer mortality in Japan in
each age group is very likely the largest
single contributor (other than stroke) to
their excess total mortality. There is a
significant pattern of higher over-all mor-
tality and stroke mortality in the ABCC
cohort, but higher CHD mortality in the
two US cohorts. When the Honolulu and
San Francisco groups are compared, at
each age the San Francisco group had a
higher CHD mortality than the Hawaii
group, although these differences were sta-
tistically significant (p<.01) only at age
55-59.

Figure 3 is included to show the compari-
son of the death certificate cause-of-death
data from these collaborative studies with
equivalent data (age 55-64) from US white
men in 1950, 1960 (2) and in the Framing-
ham study (1949-1966) (9), with Japanese
men in the continental US in 1950 and
1960, in Hawaii in 1950 and 1960, and in
Japan in 1951 and 1961 (2).

DISCUSSION
These collaborative studies have con-

firmed the reports by Gordon (1, 2) that
Japanese men in the US are experiencing a
lower over-all mortality rate and lower
stroke mortality rate than their age-peers
in Japan, but that they are suffering a
coronary heart disease mortality rate about
double the rate in Japan. Our CHD data
are consistent with Gordon's suggestion of
lower mortality risks in Japanese men in
Hawaii than in the continental US, but the
difference is statistically confirmed in only
one age group (55-59).

Our validation procedures suggest that
the ascertainment of CHD mortality
through death certificates leads to over-
ascertainment errors that are similar in
magnitude in Japan and Honolulu. The
under-ascertainment of stroke in Honolulu
is not sufficient to account for the lower
stroke death rates in the US in the 60-64-
year age group. This strengthens the belief
that Gordon's reports and the mortality
differences reported here are not explaina-
ble by different "styles" of death certifica-
tion by physicians.

TABLE 3

Average annual mortality rates per 1000 Japanese men enumerated in Japan, Honolulu, and the San Francisco
area by age and underlying cause of death

Age at death
(years)

50-54

55-59

60-64

Cause of death

All causes
All strokes
All CHD
All causes
All strokes
All CHD
All causes
All strokes
All CHD

Japan*
(1965-1970)

No.
died

95
14
4

150
16
15

302
67
26

Rate

9.4
1.4
0.4

13.9
1.5
1.4

24.5
5.4
2.1

Honolulu!
(1966-1970)

No.
died

89
9

22
89
11
20

134
11
38

Rate

4.5
0.5
1.1
7.6
0.9
1.7

13.7
1.1
3.9

San Franciscot
(1968-1972)

No.
died

13
0
5

26
1

9
18
3
6

Rate

3.3

1.3
13.9
0.5
4.8

14.8
2.5
4.9

Significance
level §

.001
NS
NS
.001
NS
.01
.001
.001
.05

* ABCC life Span Study men born 1900-1919 (9329 men in 1965; mid-period number alive at age 50-54 =
2027; at age 55-59 = 2163; at age 60-64 = 2463.

t All Japanese men born 1900-1919 (11,148 men in 1965; mid-period number alive at age 50-54 = 3985; at age
55-59 = 2411; at age 60-64 = 1958.

$ All Japanese men born 1903-1922 and enumerated in San Francisco Bay counties in 1967 (2180 in 1968;
mid-period number alive at age 50-54 = 791; at age 55-59 = 373; at age 60-64 = 243.

§ Significance calculated by Chi square test across all three cohorts. NS indicates no significant difference or
expected values too small for testing.
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FIGURE 2. Age and cause specific mortality rates in the three study sites.
* The shaded area shows the increase in mortality rate if non-enumerated men are added to the computation

in Honolulu.

Comparison with data for men age 55-64
from other studies (figure 3) shows a falling
over-all mortality and stroke mortality in
Japan since 1951, with a stable or very
slightly rising CHD mortality rate. Japa-
nese men in Hawaii and California also
have shown a falling over-all mortality and
stroke mortality since 1950, with a stable or
slightly rising CHD mortality rate. Japa-
nese men in the US remain well below the
over-all mortality shown by US whites,

with their stroke mortality now down to a
level equivalent to that seen in the whites,
but with a CHD mortality rate which is
still far lower than that seen among the
whites.

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,
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which is still intermediate. This suggests
that the factor(s) responsible for the
change in stroke deaths in the 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 US is statistically signifi-
cant 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 the
dominant risk factor for both thrombotic
and hemorrhagic stroke (10), but a com-
parison of blood pressures among these
cohorts revealed no important difference
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between the Japan and Honolulu groups;
slightly higher levels were reported in the
California group, however (11). Serum cho-
lesterol and glucose intolerance have been
related to thrombotic stroke (12), but mean
levels for both are higher in the American
than in the indigenous Japanese men.
Thus, the fall in stroke mortality in the
Japanese migrant populations is not easily
explained in terms of known risk factors.
There may be an unknown environmental
determinant of fatal stroke in Japan of
major public health importance.
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