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SUMMARY

The incidence of myocardial infarction and
coronary heart disease death was studied in
defined samples of 45-to 68-year-old Japanese men
in Japan, Hawaii, and Califomia. Incidence was
lowest in Japan where it was one-half thar
observed in Hawaii (P<.01). The youngest men
in the sample in Japan were at particularly low
risk. The California Japanese manifested the
highest incidence; nearly 50% greater than in
Hawaii (P<.05).
incidence of myocardial infarction appears to
have occurred in the Japanese who migrated to
the United States; this increase is more
pronounced in California than in Hawaii.
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INTRODUCTION

The coronary heart disease (CHD) mortality rate
in Japan is among the lowestin the world.1 From
vital statistics, Gordon2 showed that CHD
mortality in Japanese migrants to the United
States was higher than in Japan but substantially
below that of American Caucasians. Furthermore,
among Japanese Americans, CHD mortality in the
continental United States was higher than in
Hawaii. These findings are of particular interest
since they directly imply that in men of similar
racial background, Westernization of lifestyle is
associated with a rise in the frequency of CHD.

The cripartite Ni-Hon-San Study was initiated
in 1965 te verify these differences in cardio-
vascular disease rates between Japanese men
living in Japan and the United States and to
observe the operation of CHD risk factors in
contrasting environments. The populations
under investigation are men of Japanese ancestry
resident in Japan (Hiroshima and Nagasaki),
Hawaii {Island of Oahu), and the eight-county
San Francisco Bay Area of California. Defined
samples in these locations have been examined
and followed on the basis of a common protocol
designed to minimize methodological differences
among the three collaborating groups.3 In this
report we examine the incidence of myocardial
infarction (MI) and CHD death in these cohorts.

STUDY POPULATIONS AND METHODS

Methods of enumeration, response rates, and
characteristics of the three samples at baseline
examination have already been reported.3.4
A subsample of the men in Japan were exposed
to atomic radiation in 1945; however, no
relation berween this exposure and incidence of
CHD has been observed.5 The common age range
of men at initjal examination was 45 through
68 years. These examinations were conducted
in the years 1965-66 in Japan, 1965-68 in Hawaii,
and 1969-70 in Califomia; only men who were
free of definite or possible MI by electrocardio-
gram (ECG) at baseline examination were
followed fot incidence.3

Biennial follow-up examinations including ECG
were performed in Japan and Hawaii but not in
California. Other surveillance procedures
performed in California, however, could be
compared with those performed in Hawaii.
Consequently, it was possible to make separate
comparisons of incidence berween Japan and
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Hawaii, and between Hawaii and Califomia.

The Japan-Hawaii Comparison. Because of
differences in medical care,’ culture, and
language between Japan and Hawaii, it was
decided that only the most objective evidence of
CHD should be used for thisincidence comparison.
Incidence of CHD was therefore based exclu-
sively on the occurrence of MI as determined by
electrocardiographic change between two suc
cessive examinations or on the occurmrence of

CHD death.

Since the sample at risk in Japan was small,
a G-year period of follow-up was used instead of
the 2-year period in Hawaii. The men in Japan
were examined biennially and, in order to make
the comparison as fair as possible, it was
decided to redefine the sample at risk at the
beginning of each 2-year period. At each
successive examination younger men were added
and older men were removed to maintain the age
of the sample at risk in the range 45 through 68.
The ECG recorded ar each successive examin-
ation was used to determine eligibility and also
as the baseline for incidence during the next
2 years. Since the follow-up in Hawail was
limited to 2 years, care was exercised to
restrict the periods of risk comparably in Japan.
Thus, men who died more than 24 months after
a baseline examination and the surviving men
who failed to retutn for reexamination within
the time limit specified for biennial follow-up
examination, were not considered for incidence
of CHD. In this way 2,096 men in Japan
contributed 9,908 person-years of risk. The
majority of these men were at risk during all
three of the successive 2-year perijods of risk.
In Hawaii, 7,705 men contributed 15,410
person-years of risk.

ECG rtracings in Japan and Hawaii were
routinely interpreted by physicians in the
respective study centers using muwmally agreed
criteria.3,.6  In addition, tracings from both
centers were sent to the laboratory of Physio-
logic Hygiene, University of Minnesota, for
interpretation according to the Minnesota Code.7
In both study centers, all available ECG pairs
taken 2 years apart were identified. The pair
was indexed for joint review when either ECG
had been read as positive for any of the
specified Q or QS wave patrems,3.6,7 left
bundle branch block, right bundle branch block,
Wolff-Parkinson-White syndrome, or intraventricular
block designated e¢ither by the Minnesota
Laboratory readers or by the physician electro-
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cardiographers in Japan and Hawaii. ECG pairs
were also reviewed if a subject gave a history
suggestive of CHD. Copies of the ECG pairs to
be reviewed were read concumently by investi-
gators in both Japan and Hawdii. There was
good agreement betweén the reviewers; 91%
were classified identically with respect to
presence or absence of ML Those wich
differences were adjudicated at a2 meeting
between the concemed investigators from both
study centers. Subjects were removed from the
cohorts at risk when their baseline ECG was
read as positive for left bundle branch block.
Wolff-Parkinson-White syndrome, or any pattem
suggesting definite or possible MI according
to our criteria,3,6 The biennial followup ECG
was read in comparison with the baseline ECG for
the appearance of definite Q or QS wave change
which mer these criteria. 3,6 If the criteria were
fulfilled, the individual was designated as an MI
incidence case,

ECG readings were made independently of
clinical ~ informacion or knowledge of prior
readings. Nevertheless, each incidence case
identified by this review of biennial ECG had
been designated as an MI by physician electro-
cardiographers at the time of biennial examination.

All deaths from whatever cause occurring within
24 months of a baseline examination were
reviewed as possible CHD deaths. The ascer-
tainment of deaths in the three cohorts has been
previously described and is believed o be
virtually complete.8 Death certificates, autopsy
reports, histories of terminal illness, and, when
available, ECG and serum enzyme levels were
reviewed. The criteria for CHD death were:
1) definite autopsy evidence of recent MI by
gross or histological examination in the absence
of other fatal conditions, specifically rrauma and
cancer; or 2) adequate clinical history to exclude
other major causes of death and at least one of
the following: a) specific ECG evidence of acute
MI, b) nonspecific ECG changes with appropriate
enzyme elevations, c) abrupt onset of chest pain
leading to death within 24 hours, or d) sudden
unexpected death within 3 hours of onset of
terminal illness in an ambulatory and apparently
well individual. Final classification of all
suspected CHD deaths in all three cohorts was
made by one reviewer,

Hawaii-California Comparison. The men at risk
for the Hawaii-California comparison were all
those aged 45 through 68 at participation in the
baseline examinations with ECG free of Q and

DLBREERII SOV THRFTET 4. BRI ET 3
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QS wave pattems, Wolff-Parkinson-White syn-
drome, or left bundle branch block identified
by the University of Minnesota Laboratory.”

Community surveillance for CHD has been
carried out systemarically in Honolulu since
1965.9 Deaths were ascertained from obituaries,
death certificates, and autopsy reports. Morbidity
information was gathered from systematic review

- of records in all general hospitals on the island
of Oahu as well as from a questionnaire given at
biennial follow-up examination. A copy of the
hospital ECG was reviewed by study physicians
for the occurrence of acute MI. For this
comparison, any illness suggestive of CHD which
was reported ac the second examination (95%
response rate) or at telephone follow-up among
those who refused examination, and which could
be documented as an MI by review of the hospiral
ECG, was included as an incidence case.

In Califomia, a brief questionnaire was mailed
to each cohort participant 2 years and again
4 years following the baseline examination.
Subjects were asked to report any health
problem, medical visit, or hospitalization for
any cause. After repeated mailing, response
to the 2-year follow-up questionnaire was
obtained from 97 % of the initial examinees; the
response to the 4-year follow-up questionnaire
was 94 %. Medical records, including ECG, were
obtained for all subjects in whom interval
development of CHD was suspected. These
records were sent to Hawali for review. In
California surveillance for mortality has been
carried out using obituary notices and all death
certificates for men of Japanese ancestry who
died in California. For cchort decedents in whom
CHD was suspected, copies of death Certificates,
clinical information relating to temminal illness,
and autopsy findings were sent to the mortality
reviewer. On the basis of this comparative
record review, CHD was classified as either
nonfatal MI, when characteristic QRS and ST-T
wave changes were found in the hospital ECG of
a survivor, or CHD death, when the criteria
specified in the preceding section were fulfilled
as classified by the mortality reviewer.

RESULTS

The different methods of morbidity ascertainment
in Hawaii for the comparisons with. Japan and
with California resulted in different case rosters.
The differences may be summarized as follows
(CHD deaths excluded):

RERF TR 2-76
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Cases ascertained by both methods Z20FBICL->THBEALL .. 21

Cases ascertained only by biennial ECG in Japan-Hawaii comparison
Ha— Hawaii MIOUBC2E T2 0LEBR X ThABEE AR . ... .. 13

Silent MI ZEREREMI . .ottt ittt e e e e e 10
Sympromatic but not hospitalized ERETRHAZFABEL LWL | 1

Excluded from population ar risk in Hawaii-California comparison

Hawaii-California Mot CHREEHA » s Rl shLb 2 .. .. 2
Cases ascertained only by surveillance in Hawaii-California comparison
Hawaii-California fi@ kBB E = k> TOSMBELT . ... L. .. 10
Follew-up ECG nondiagnostic
£RRROLEHRETEEL LB T 2,00 L L. .. 4
Failed to return for follow-up ECG
ERRHOLBRBEL ST A 88D  , 4
Excluded from population at risk in Japan-Hawaii comparison
B~ Hawaii MO B CHEREA» B x 60 ... ... 2
Despite these differences the toral number of CHODERFIE L P HET, BAHELL LS
fatal MI ascertained by the ¢ thods wa -
i COTRINEE DY ThE THO methods was THRE SR FRANE M OBKILEH LTV L.
".I‘able 1 gives a breakdown of case ascertainment F1i, Zo0KFL S 3ERERNONRTH 3.
in the three cohorts. From one-quarter to ]
one-third of the incidence cases in each study BEBERBCREMNO N » S MIFECHTH 5. B,
areca were deaths. Autopsies were obtained in BATIRREFECHOE Y, Hawaii & &0 California
approximately one-third of all deaths in Japan .
and one-half of all deaths in Hawaii and TRERCHOKIDWTHEENE. BFTN2E
California, Of 12 cases of MI identified by TEDOLERBTC L A2BEBBETHRIDINAMI

biennial electrocardiographic follow-up in Japan,

a clinical hiscory of MI had been obrained 126, 6z MI DEIRE ¥iB 5 hTvi.

independently in 6. In the 34 cases of MI by Hawaii TiX, 2¢O LERBEEBETCED S5 ALMI
biennial ECG in Hawaii, 24 had a clinical history 3, 248 MI DESEEA S » 7. Hawaii-
of MI. The cases ascertained in the Hawaii- -

California comparison were all symptomatic California RIO) b i CIREER O FESR AT, BEREEIR A

TABLE 1 CASES OF MYOCARDIAL INFARCTION AND CORONARY HEART DISEASE DEATH BY
MODE OF ASCERTAINMENT IN JAPANESE MEN AGE 45.68 LIVING IN JAPAN, HAWAII
AND CALIFORNIA
#1 B, Hawaii HK& (" California i1/ BET 245—BEOHEAB T & AFERDFHiE
PUCHM L ACHEEES & OB BRSO K B FECF

Mode of Ascertainment

Morbidity

Axis of Comparison  Study Site Bfifégal Autopsy Other Fatal orbidity Total
Japan-Hawati Japan 12 1 3 16
Hawaii 34 8 b 47

Hawaii-California Hawaii 8 5 31 44
California 5 5 17 27

The Japan-Hawaii comparison excluded cases identified only by review of medical records in the community
(see text). The Hawaii-California comparison was based sclely on morbidity and mortality surveillance since
biennia) follow-up ECG was not obtained in Califernia.
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TABLE 2 INCIDENCE OF MYQCARDIAL INFARCTION AND CORONARY HEART DISEASE DEATH
IN JAPANESE MEN: COMPARISON BETWEEN JAPAN AND HAWAII

#2 HEABFLSIILHEEESIVEDRECHKRSBIC X 3TECR:

H#— Hawaii M LE
Hawaii Japan
Apge Person- Person-
Years at Cases Rate* Years at Cases Rate*
Risk Risk

4549 3576 6 1.7 1622 0

50.54 5390 14 2.6 2250 3 1.3

55-59 3082 12 3.9 2352 6 2.6

60-64 2526 11 4.4 2496 5 2.0

65-68 B36 4 4.8 1188 2 1.7

Total 15410 47 3.1 9308 16 1.6 (1.4} (P<.01)
45-64 14574 43 3.0 8720 14 1.6 (1.4} (P<.01)

* Cases/1000 person-years.

t Age-adjusted rate, in parentheses, using the Hawaii sample as the standard; this differs significantly from

the Hawaii rate as indicated (one-sided test), !

TABLE 3 INCIDENCE OF MYOCARDIAL INFARCTION AND CORONARY HEART DISEASE DEATH
IN JAPANESE MEN: COMPARISON BETWEEN HAWAIL AND CALIFORNIA

#F3 BFEABFUSIIOHEEES L UEEREORESIC L 55005
Hawaii — California [ @ H#¢

Hawaii California
Age Person- Person-
Years at Cases Rate* Years at Cases Rate*
Risk Risk

45-49 3568 6 1.7 2660 8 3.0

50-54 5412 13 2.4 2148 6 2.8

55-59 3088 12 3.9 1254 4 3.2

6064 2542 10 4.0 652 7 10.7

6568 838 3 3.6 458 2 4.4

Total 15448 44 2.9 7172 27 3.8 {4.3)F (P<.05)
45.64 14610 41 2.8 6714 25 3.7 {4.3)f (P<.05)

* Cases/1000 person-years.

1 Age-adjusted rate, in parentheses, using the Hawaii sample as the standard; this differs significantly from

the Hawaii rate as indicated (one sided test).

since derection depended upon overt mani-
festations.

Table 2 shows the number of person-years at
risk, number of cases (MI and CHD deaths
combined) and annunal incidence by age for Japan
and Hawaii. In Japan no cases were detected in
the youngest men, age 45-49. With the exception
of the age group 65-68 in which the number at
risk was relatively small, incidence increased
with increasing age. After age adjustment, using
the ¢ohort at risk in Hawaii as the standard, CHD

boltobkEraExh0T, TRTERET
Hol.

#2211, BA#H I Hawaii (251 8B ALK, MI
HEUCHD L L3 FECOEFHE, 256V CEME
SREPZEBRINRLALOTHE. HETIE, 45—
OEOBRELOBTFHIIEMIZ L E » 5 .
B MDA D g A 7 65— BBE D ER B R I 1T
W, RERZEROHEME->THML A~ Hawaii
CEIRELEFMZERIIAWTEREELZ T -~
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incidence was found to be twiceas high in Hawaii
as in Japan (P <.01).

The results of the comparison between Hawaii
and California are shown in Table 3. Age-
specific incidence rates were higher in
California in four of the five age groups.
Overall, the age-adjusted rate for California was
nearly 50 % higher than for Hawaii {P<.05).

DISCUSSION

Comparisons of CHD incidence in communities
which are geographically remote and culturally
different must be undertaken with caurion. Even
though a joint protocol was followed in this
international tripartite study, the possibility of
bias needs examination. A primary concern is
that ascertainment in the Japan cohort was not
an underestimate of the incidence relative to the
Hawaii cohort. Restriction of the criteria for
CHD o the most objecrive
removed most of the usual sources of bias and
the problem of nonresponse was rather small.
More than 93 % of baseline examination survivors
returned for the follow-up examination in Hawaii,
while in Japan the average response rate was
about 90 %. The independent surveillance
activity in Hawaii gives some information about
the aggregation of disease in the nonrespondent
group. Among the 31 nonfatal infarcrions
ascertained by the surveillance procedure, only
four had not returned for the second examination.
Had these been included, the rate in Hawaii
would have been increased by less than 10%.
It is our impression that the aggregation of CHD
in the nonrespondent group in Japan is less
marked than in Hawaii. Illness was a major
reason for nonresponse in the Hawaii cohorr,

manifestations

partly because the subjects generally provided
their own transportation to the clinic, and this
was an impediment to those who were jll. In
Japan, a taxi service to and from the clinic was
provided, The consistency of the present
findings with the prevalence and mortality
findings from the Ni-Hon-San Study,$,10 and with
the reports of other investigations,2.5,11 supports
the conclusion that CHD incidence is lower in
Japan.

There is also reason to believe that the difference
in incidence between California and Hawaii is not
due to bias. Follow-up examination or telephone
contact was 99.7% complete in Hawaii, 6 as
against 94%-97% for the mail followup in

$#13, CHD @ %4 % |3 Hawaii O HELDE 24
pEwzEAFEH N (P 0).

Hawaii & California ¢SO BERRXFIITRL .
oD E_EDR 4B WT, California @£ @ 3
RERIFEH o, 2821, California OER
FTEHRLER X Haweii DB S LW L 0% E > - /-
(P< .05).

£ =

HMEPICECRAYD, LML RE 3 & REENIS
HETZCHD G RBEHN LN, HECTILES
H5. COEEMNLZEAMEECEARARRGES
o THBEIFEREALITALS, BODTEE

EOoVWTHBRHTARNESHS. BELZ LI, B
OFEEEHCHRASRABERES, Hawali EF LK
NTBRPIIBEEATWEVENIZETHS. CHD
DHELFBLEBHLERCBRET S 25i2&-T,
BERODChIEVTORBrOBEEAI REEN, £
AIERBOMBLEEN S0k, Hawail THA
LR IRBEERFL T AEOB%LL A EBME
DEDORBIIBUEN, BFRTCREHILRELH
0% ChH-o/- BIzfThh/ Hawaii O HECHS
BDHCKRBALATIEIERLTLEREFE LIz
T, WS SADERFESNAL. BELL-THE
BMENAEBGHEMINFHDI S, B2 S
PokOE4dFicTELY., ZASHFERIIEE N
Twha 5, Hawaii 2 #1730 BMIZN%E 5§
Thord5., BHEIETICHDOF SR B D
i3, Hawaii OBSIILERATCEVEELNS. Hawaii
£HTE, #2R0XcBAEERTHI- L. 7O
Bho—5E, XE20AELTCEHLEEL T
BAFICRAZMEL, FRAH58 I EETS2
LHEEL LS. BETR, RR2oLnEHEEL S
Ty —ARRERMNPSHAESNE. SEOHRRY,
Ni-Hon-San H#H " CHE SN FREFLUFECE
DR, ESTLEEOMOBAEL S OHEL—H
LTw3Zsd5, HETIECHD ORBERDHIE
WELIRHREIHRTILOTH B,

¥ /=, California & Hawaii ®RicH T3 T RO
REYILEA2b0TEsVWEEZ N LEANFL 5.
Hawaii CHT 282 E T HEHBEEKIIN.7T%S TE
fETEXoizxtl, California TIEEEC L2818
AERMUUY—T%Th-. Hawaii T, EEHRD



California. Hospitalization for symptomaric MI
in Hawaii was nearly universal.? Only one man
with a new MI on his second examination ECG
and a history of compatible symptoms had not
been hospitalized. Although underascertainment
of CHD death in Hawaii cannot be completely
excluded, it seems unlikely that deficiencies in
the follow-up or in hospitalization practice in
Hawatii could have led to underdetection relarive
to the excess of cases in California. This
excess is consistent with mortality dara2,8 as
well as with the finding thar prevalence of CHD
is greater in California than in Hawaii. 10

The cohort in Hiroshima and Nagasaki is
considered appropriate for comparison with the
Japanese migrants to Hawaii and Califomia.
The majority of cohort members in both Hawaii
and California are first or second generation
migrants from Western Japan; Hiroshima is the
predominant prefecture of origin.4 CHD morealicy
in Hiroshima and surrounding prefectures was
shown to be intermediate between the extremes
observed in Japan.!3 Furthermore, the CHD
mortality of the total study sample in Hiroshima
and Nagasaki was found to be very near that for
Japan as a whole.8 '

The possibility of selective migration of CHD
prone men to the United States appears unlikely.
Preliminary analysis in Hawaii of CHD
mortality 14 and of CHD incidence (unpublished)
suggests that the Issei, first generation migrants,
manifest less CHD than the Nisei, second
generarion migrants, who make up the majority
(approximarely B5%) of the two United States
cohorts under investigation here.4 An inde-
pendent investigation showed that the incidence
in Hawaii Japanese men is still significancly
less than that in Framingham men.15

Younger men in the Japan cohort appear to
experience very low incidence of MI and CHD
death. No events were identified in cohort
members under age 50 in the present study;
this is consistent with the previously reported
low incidence under age 50 in this population
sample.3 Autopsy study of deaths in a larger
sample in Hiroshima uncovered no case of CHD
death in men under age 55 during 6 years of
surveillance.l6

Confirmation of more frequent occurrence of CHD
in Japanese-American men compared with men
in Japan indicates that some change in environ-
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MIDBERELALTRTOEIFAKL Tk
ARLTWE R 2HB0LEEBRETHID
TMIFEDLEN, EEOS-BTFIADHETH -
Fc. Hawait CCHD IR B3 OBEI I BL TR -
ZERFEIWETE 2w, Hawail 575858
BESARBEOFHMMN D o422 L AFEHRT,
California iIZNTEFHACEMENMEr oL L 12 E
Z N v, California TORBOE T LiE, 5
CHEEHDE, &5 U California 123133 CHD
EHEHS Hawali LV EVEVIFHREY L —FH+35%
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ESEsLUCEBOEEEBAE, Hawaii & & °
California & U5 HRBREEST 220158
ZbamEELISNS. Hawaii & & Of California @
ThizbwTd, HEEAOALITEAS» S BE
La—H#F-aZi#cean, ELLTEBROHS
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EEHLIUVRBIET?24BELFAOCHD It L 55
CHEIE, HE2EOHEIZEbH TIHWL.?

CHD LB L¥TVB FFARE~BROIIBELA
SREME X A v EBhh 5. Hawaii i3 CHD 12 &
BFECEY LU CHD ORER IZOWTH b LT
HIRHT (RER) T, —LR4SEOHNENRTSH 2
REOZEAD KXY (¥85%) & 43 itk n & CHD
DERBEFLEVZEFRESHS. Y JOFEETIE,
Hawaii ®BRAB T2 &1 5584 ZE L, Framingham®
DEFOBEEVLESIERIECEFEAD S
nrix.
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ment or living habits has altered suscepribility
to the disease. This change appears to have
progressed further in California than in Hawaii.
The extent to which differences in known risk
factors can explain the differences in disease

BEFLRERBY ST AETOELIIE-TZ
DEBIIHTIREESFEHLAZLERY. 2D
75 {k i+ Hawaii £ B % California @ F P 5ok &K
EiThs. BHAOBRAFIIFTIRIILTY
NEEFBREEEOENHBTE 2213, HOHE

incidence will be considered in separace ”
reports. BETHEHSNITFETHS.
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