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In the continued interest of accurately defining the late effects of the atomic bombs, the qualitative and
quantitative characteristics of the A-bomb radigtion exposure doses are periodically refined. If warranted by
future dose assessments, the data reported here will be reanalyzed and subsequently reported.
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SUMMARY E W
Approximately 16,000 study subjects in the . -

; + B 3 z , 20 1958 —
Adult Health Study sample who had received R - SHOBAEREEE 50T i
examination at least once during the 20 years 7R4E) LRIE 1 EHBRE T, WRBIM0ERE,
(1958-78) in Hiroshima or Nagasaki and were X = L e g e 4 0% I
found to have neither 'stroke nor coronary X3 Rt CHRBOED 50k > 724216, 0008 1=
heart disease (CHD) at the initial examination SnT, RIEEARCEMELELORERY
were studied for the incidence of stroke and . . -
CHD and the relationship of these to atomic Ko, BEHREE L OMIBLE, SREBFEOVT
bomb radiation exposure. Their secular trends BWiTL .
were also studied.

Findings suggestive of a relationship between NI b B R R O R RE T AR R,

stroke and radiation exposure among Hiroshima ) . .
females were first discovered for the years R 2A~BELB L 2 1969—T3F 2D TEED

1969-73, that is, 24-28 years after A-bomb LB SR, CTORMERIL, SEORKTY
exposure. Ingeneral, this association is supported
by the present analysis, Stroke incidence BLTHEHLSATY S, BOERBOBERS, 46

continued fo decrease during the present report’s OBEBEM RIS £ 5, HAIC b INIEE, Rl
period of observation. Analysis by type showed

that cerebral infarction and cerebral hemorrhage Ik & U Cn 39, BRIz FR i 23 L v,

both decreased, but the decrease of the latter is BLoMEmIEREry, B BHLLCRSAA,
especially remarkable, The trend to decrease

is observed in both sexes and in both cities.
A ) ;E\ b @ i * B ﬁ
A relationship between CHD and radiation BRMIEORS & BARER L OMRE, HOER

exposure was, as noted for stroke, first observed ERE, 1969—TBELEBOLKEDRIITAMDT

only in Hiroshima females for the years 1969-73 - - -

? X =4, 4Eo TlEzw iEEh&D
but from this analysis it appears that the trend H5 N SE OB i 2
began earlier and the association is getting BEApSMBLTWEZLREEsH, BoBBE
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stronger with the passage of time. Analysis by
type showed myocardial infarction (MI), but
not angina pectoris, to be related to radiation
exposure. The incidence rate for €HD, especially
for MI, was almost constant during the obser-
vation period, it being 1.2/1,000 person-years
on the average. Comparing by sex, the incidence
rate was constant in males. In females, the
pattern varied with time., There appear to be
no between-city differences in secular trends —
essentially constant.,

Continued observation is believed to be necessary
to ascertain whether the above findings, especially
those supgesting direct or indirect effect of
radiation, represent real trends.

INTRODUCTION

The diagnoses in the Adult Health Study (AHS)
sample have been classified and documented
according to the International Classification of
Disease (ICD) c¢ode and preserved, but the
numbers of cases of some types of diseases
are difficult to grasp accurately in the tables used
in the AHS report for examination cycles 6-11.
This is particularly so for those diseases that
are relatively highly lethal, and prevalence alone
is a poor measure of the disease burden in a
cohort. In addition, since many physicians are
involved in the diagnosis of an illness because
long-term observations are being made, there
is a tendency for a lack of consistency to
develop in the application of diagnostic criteria.
Naturally, there are some analyses of diseases
in which these factors create more of a problem
than in others. Taking these factors into
consideration, the incidence of two major
diseases, stroke and CHD, was determined by
review of medical records (after establishing
diagnostic criteria). A study was made of each of
their relationships to radiation exposure and
their respective secular trends.

A relationship between sublethal radiation
exposure and incidence of cardiovascular disease
(CVD) has not yet been established. Regarding
stroke, no relationship between stroke mortality
and radiation exposure is evident in the period
1950-78 in the ABCC-RERF Life Span Study.?
In the AHS sample, no relationship was found in
a study of the period 195 8-64,3 but a study of
the period 1958-74 by Robertson et al,* revealed
findings suggesting a relationship to radiation
exposure, but only for Hiroshima females.

ELIMEERIDE 2o TuAZ LHMEESR
Foo WEIBICR 5 &, DT REHE 2 O
HEARDSNLN, FELRBEIIRBDSA Lo
EAELRE, BCLOBEEOREZ IR SEORE
HHEPEEAYEILL L, FiHl.2/1L 000 ANET
Hot. BWIZHL L, BETREAETH -1,
T ITIBEAI 22 DOFEBFR SN~ BHA
Tlt, BEFREI B AEEN L h ok,

BEomR, FURHSGEOERESXGEEN 2 BE
BRETARRIZo>WTR, ZHAEOENTHE D
GhtlrDIAD, 4B LHAZEOMRIBELE
Ebh s,

%
BARBEER2ZEORN 4G, EBEHEFSH
(ICD) a— FizfE- THH, Lk BESATVEH,
FERAENE 6 ~12ERAMOBE ITAWAETIE,
HAEOEBOEFEIL, AFEICBIEBLE Y. ZAl
i, EBRABGEOBVWEALIEWTIAS52LT,
BFHEEBOH TR IF- PADERBED P ETIIRE R
Zw, B, RHBOBEIFIThbhTwiid, $H
NDEMAFRLOBHI-WSLTEY, 2IFEHD
WA R EmFESE. 2 LTRITE,
CHSDEFFEOEEE L AELFLRBOSNS.
LIEDE#ERICART, MOERSE, Bnfkos
BOTRKRBCELT, (—EoREEsRI70)
EERFORAU LT, RERERELL BEAO
Hestipt L oMM, FEREB I OVWTENL A

il

BERDTORMEBHEBLLOBMTHRARELD
MR AR s Tw AL, IEEBRIZOWT
B3k, ABCC-BREMBRSFATCH VW TIE, 1950—
TEEDB TIHEHR B DTFEC R & HH L OE
FEwshToswe? FASBEEEERA &V T,
1958 —B4AFE I TOME TII MMM IR sk o
7= #%, 3 Robertson 54 i & 31958— T4 & FE L,
REOZECLOSBEREODMGELERETIMAS:
HAS &Izl 2.



Similarily, in a CHD study based on the AHS
sample, no relationship was noted for the period
1958-64,° but a study of the period 1958-74%
showed, as for stroke, a relationship to radiation
exposute, but only for Hiroshima females. An
electrocardiographic study suggested effects
of radiation exposure in Hiroshima males
proximally exposed to the A-bomb?® but the
study is weak insofar as the observation period
was short. Many reports of research elsewhere
describe increased incidence of CHD following
radiation therapy. Brosius et al,” in particular,
report making a detailed study and finding a
significant increase in frequency of stenosis and
obstruction of the coronary artery following
radiation therapy. However, as mentioned
before, previous ABCC/RERF reports concerning
the relationship between CVD and radiation
exposure lack consistency. Accordingly, the
study by Robertson et al* has been extended to
include the years 1975-78 and the whole matter
reanalyzed.

Many reports have been made on the secular
trend of CVD in various pairts of the world.
The secular trend of stroke incidence was studied
for the AHS sample,*® which, like another
report,” has shown a definite trend to rapidly
decrease. A similar trend to decrease is observed
for mortality.”'® Recently the CHD mortality
has been showing a slight trend to decrease.!®
With the extension to the years 1975-78 it is
possible now to examine the trends in incidence
rates for stroke and CHD as observed in the
AHS sample for the 20-year period, 1958-78.

MATERIALS AND METHODS

The AHS sample was composed of 19,961
subjects in 1958 when it was selected.’! The
number who were examined at least once during
the period of this study was 16,738, and 16,144
were available for CVD incidence determination.

In order not to miss any stroke and CHD cases,
all participants in the AHS with past findings on
clinical diagnosis reports by physicians, electro-
cardiogram (ECG), death certificate or autopsy
which suggest CHD were subjected to medical
chart review.

As a review had already been completed for
about 3,500 cases by 19'7'4,4'B the approximately
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Fl#gi, RARBKAEREMBICE TS EOLECELRA
T, 195864 M D E MM R E AL Ao K
A%, 5 1958— T4 (DIE RIS R B L FR, BRLO
BRSO EIINETEHIARDSRE, T
DHOERCLARET, RESOFEREERENESE
CESRER OB E N RS SRS IR
BEHMAAEr e wIBREE S, hOWRE
IR, HHBEBEE ORI ELEI M
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BULEIEEL, 2HKEEENL .
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5,900 pl ik A e FE B 1L BRI i
5.0 1975—T8EE THEMMEZ2ERET S L
ItkoT, 1958—7T8EONEMIIMARERELEH
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DEXRBEBLEFANZIZLITRETH 3.

WRERUAE

AR R OMEE T 1958 DRERIZIZ19, 9614
Thot " SOGWHEMEM RIS 2L Ly 10 B
ERTLEORIEIG,TBET, 20 516, 1485
LREDERSEERRECHATE .
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800 cases in whom the two diseases were newly
noted as suggestive findings during 1975-78
were reviewed using the same method as in the
previous report. The diagnostic criteria for
both stroke and CHD, described in past RERF
reports¥®*2  were applied without change.
Stroke was reviewed by further classifying the
disease type into cerecbral hemorrhage (CH),
cerebral infarction (CI), and subarachnoid
hemorrhage (SAH) according to the classifi-
cation of the Japan Stroke Research Team'®
and the ICD of the World Health Organization
(WHO).¥ CHD was categorized into MI and
angina pectoris (AP) according to the WHO
ICD.® The accuracy of diagnosis was classified
into four grades as previously, but only the two
grades of “definite™ and “probable” were
employed in this analysis.

One of the authors (KK), who reviewed the
medical records for the present study, had also
participated in the review for the period 1958-74,
Thus, differences due to review method should
be minimal.

The incidence rate for CVD was obtained by
calculating person-years from the first exami-
nation to the onset of disease, death, or to
the last examination date, for all subjects.
Comparisons of city, sex, and age-adjusted
incidence rates among exposure dose groups
were made, and tests for linearly increasing
trends were carried out. In order to observe
secular trends, annual age-adjusted incidence
rates were compared, adjustments being made
using the Mantel-Haenszel method.'6

RESULTS

There were 16,144 subjects who had undergone
examination more than once during the 20 years
between the first examination and 31 December
1978 who did not have CVD prior to the initial
examination. Among these the number of
stroke cases (definite and probable combined)
developing during the interval totaled 758
in all; 430 males and 328 females (Table 1).
Classifying by type, 117 were CH, 584 CI, and
57 were SAH and others of unknown type. The
number of CHD cases (definite and probable
combined) was 312 in tfotal; 183 males and
129 females (Table 1). Classifying by type,
the numbers were 276 MI and 128 AP.

FETLTW3DT, 48 SEE, 1975—78F M
WEAUAERBORE SN 24 00 28R & F-—0
FETHEL 2. Sirdds, ROo¥Ee, Btk
LEEHEIL, ThETIUREFLIREEERTLS
LME R REoEFER LA, RMEFRRE, B
BB B RIS R Ui FREHN (WHO) O
BIFR A 53 B0 1o T, AL B, RNAE
BUr TETHMIZST CHETL A Bl ORS
(Z20WTlE, WHO oRISES Ifi-> T O BEER Y
BEORECHELE. BOBEERIZO>NTH, 4T
EBDABRIHTT, "EE, “BIFRE O
DHELSEDBTORER E L 1.

A0, BERSGRI 2T AFESO1E (RE) 1L,
1958 —74EHEOREZIZBML T3 5, B
FHEOZBZELAEZVEDEE bR 3.

LUEMERRRER L, RREALAIIHL, RO
REOH»SRH, ACH5VERMRBRORET
ODAFEEHET Ltk TERS ML, M,
RUERTERER 2 HIBRRHM ChE L, HH
BMiEEORERIT-o~. EREBOBETI,
Mantel-Haenszel 3% # H W TETIE L R O ERS
ATERERIIDVTIHEE &1T- 2.

® R
EIRERAMA»51978E12ANHZ THO0ER/ I
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VAP0 REILLE1METH. Z0 3 MBI
S5 U B UL % 20 6 U 20 (B Bk 4 LE T 7
o &5 E 7584 T, HikH 4304, LA 3284
Thor(F1l)., MEH I, BBDII7TH, &
FESSB, 7 EETHASHT, RO FHET
hok, EOELRBIZHIZH (EER TR
BEMA) T, BiH134, w102 ThHo %
(% 1). WAz, OEEE276H, BOIEIBH
Thol.



TABLE 1 NUMBER OF SUBJECTS, PERSON-YEARS, AND NUMBER OF

CVD, STROKE, AND CHD CASES

RERF TR 22-84

#F1 MEEH AFEHR BTRLRLERSL BOERERY
R £ o A RE R
Incidence cases
City Sex Subjects Person-years
CVD Stroke CHD
H T 11107 159022 712 586 244
M 4017 55197 391 322 138
F 7090 103825 321 264 106
N T 5037 72009 207 172 68
M 2099 29120 131 108 45
F 2538 42889 76 64 23
Both T 16144 231031 919 758 312
M 6116 84317 522 430 183
¥ 10028 146714 397 328 129
Relationship to Radiation BiE & ORI
As mentioned earlier, clinical history, ECG

findings, death certificates, and autopsy materials
were used to determine the incidence of CHD.
Attendance records for clinical examinations
(and hence clinical history and ECG tracings)
and death certificate information does not
differ by exposure dose. However, the autopsy
rate tends to be high in the high dose group,
especially among Hiroshima females.®!” Because
of this, the incidence of disease may be inflated
in the high dose group relative to the other
groups. In order to eliminate this potential
bias from our analysis in studying radiation
effects, those cases diagnosed on the basis of
autopsy materials alone were excluded from the
analysis.. As a result, 474 cases of stroke and
190 cases of CHD became the subjects of study.
The person-years and number of CVD cases
occurring and the incidence rate are shown by
exposure dose in Tables 2 and 3, respectively.

Stroke shows a weak tendency to increase with
dose, when city and sex- are combined, but,
comparing by city and sex, a significant increase
in rate is seen only among Hiroshima females.
High incidence is observed in Nagasaki males
in the 100-199 rad group, but no such relationship
is noted in Hiroshima males or Nagasaki females,

Observed on the whole, CHD shows an even
weaker tendency than stroke to increase with

Bk, EnELCRARERREDLS,
ERRARIE, LERATR, FECRRTE A UEIHE R
ERshL, BEPRIESE (D20, BRBERY
LREEE) LFRCLIEOF]RIzG, BEagc
LAEDPEZ. Ldl, SMBEESERYET
BWHBEASD, BUUESORREZ0EmsE
L 9V zofed, RAREFEBRENCE, o
BLIELTE 25RREFS5. 2207, HUHER
DHEEEMF T 44N, SEOEFTTIROEE
B aED EZBR D, SBOsET BN %
ARSI L A TR, MMMERD 47417,
LR B 10F A EIFOME E Lo, BARO
AFERECLBMLEREZERLEERE, X2
BUSIZEAEThRL L,

Mg EAE, BHRUCELEEZEbERBEEE,
WL LIIETHENTAEEIRShEA, i,
kTR, FeoxtticoaBER I
BEaiEmmids s, EWOBEOI00—199 rad BT
FOLRERHFPEEINGY, HBEORE, EEO
TEITE O L) ZHEEAED 5 h %,

LR E KT, BOERBLEY L XL
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dose. Comparing by sex and city, as is the case
for stroke, this tendency is strongest among
Hiroshima females, for whom a statistically
significant increase in incidence ‘occurs due to
the occurrence of one or two additional cases
in the 400+rad group. This tendency is not
noted among Hiroshima males, nor among
Nagasaki males and females. '

A, R E L H I 2HE R T, Wi, R
ILR3 e, MOERERERRRILEOXIER Z O
HE BB, THiT4004rad BiTHWT1~ 25
ELERAIHELTED, 20OREREENHGMN
HELREMBRLTINE-DTHE. EEORKE,
B CESxccoEmiEREs s han.

TABLE 2 NUMBER OF PERSON-YEARS AT RISK AND NUMBER OF STROKE AND CHD
CASES BY RADIATION DOSE, CiTY, AND SEX

#2 HEAEN RURLESRD, RUELECRBCERME, REHE BHRUER

T65 Pose in rad

Sex Total
0 1-9 10-49  50-99 100-199 200-299 300-399 400+
Total
Male Person-years 21824 4194 10948 6067 7907 3992 2228 2895 60055
Stroke S0 21 33 19 47 16 5 15 266
CHD 31 13 23 17 13 7 3 5 114
Female Person-years 38620 7934 23658 11742 12190 6782 3264 4204 108394
Stroke 63 12 63 22 13 17 7 11 208
CHD 22 4 20 8 9 2 3 8 76
Total Person-years 60444 12128 34606 17809 20097 10774 5492 7099 168449
Stroke - 153 33 116 41 60 33 12 26 474
CHD 53 17 45 25 22 9 6 13 190
Hiroshima
Male Person-years 14246 4099 8562 3837 4249 1905 1128 1749 39775
Stroke 69 21 46 16 25 10 3 9 199
CHD 21 12 24 12 7 5 2 3 86
Female Person-years 27082 7551 19803 8766 6134 3156 1839 2551 76882
Stroke 48 12 58 16 10 9 5 9 167
CHD 17 4 20 6 7 1 3 6 64
Total Person-years 41328 11650 28365 12603 10383 5061 2967 4300 116657
Stroke 117 33 104 32 35 19 8 18 366
CHD 38 16 44 18 14 6 5 9 150
Nagasaki
Male Person-years 7578 95 238 2230 3658 ‘2087 1100 1146 20280
Stroke 21 0 7 3 22 6 2 6 67
CHD 10 1 1 5 6 2 1 2 28
Female Person-years 11538 383 3855 2976 6056 3626 1425 1653 31512
Stroke 15 0 5 6 3 8 2 2 41
CHD S 0 0 2 2 1 0 2 12
Total Person-years 19116 478 6241 5206 97314 5713 2525 2799 51792
Stroke 36 0 12 9 25 14 4 8 108
CHD 15 1 1 T 8 3 1 4 40
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TABLE 3 AGE-ADJUSTED INCIDENCE OF CVD, STROKE, AND CHD PER 1,000 PERSON-YEARS
BY RADIATION DOSE, CITY, AND SEX

#3 1,000AELEYOLBLERSE ROLERSE RUBLECELED
ERMITTRER, HHRE, #HRUEDN
city cox T65 Dose in rad Test
0 19 1049 5099 100-199 200299 300399 4go+ LositiveTrend

Cardiovascular Disease

Hiroshima Male 54 7.0 7.0 5.9 58 8.9 5.4 6.4 NS
Female 22 23 3.3 2.1 3.0 3.3 4.9 6.4 FFw

Nagasaki  Male 33 49 34 3.6 6.8 3.7 2.5 7.3 Sug
Female 1.6 0.0 1.1 2.2 0.77 2.8 1.3 22 NS

Total 3.0 3.5 3.9 3.2 38 45 3.6 54 *

Stroke

Hiroshima Male 4.6 5.2 51 3.7 5.2 5.9 3.1 53 NS
Female 1.7 1.7 26 1.7 1.7 2.9 3.0 4.5 %

Nagasaki Male 26 0.0 2.9 1.3 6.5 2.7 1.6 5.8 Sug
Female 1.3 0.0 1.1 16 0.58 2.5 1.3 1.6 NS

Total 25 25 3.1 2.1 3.1 3.5 23 4.1 *

Coronary Heart Disease

Hiroshima Male 14 31 27 2.9 1.5 3.1 2.3 1.9 NS
Female 062 055 093 0.65 1.2 0.33 1.7 3.1 *Ek

Nagasaki Male 1.3 47 042 21 1.7 0.93 0.76 2.1 NS
Female 044 00 0.0 0.59 0.42 0.30 0.0 1.2 NS

Total 085 1.3 1.2 1.3 1.1 1.0 1.2

21 *

The relative risk of stroke, defined as the ratio
of the age-adjusted incidence in the I100+rad
group to that in the 0-9rad group, is high for
Hiroshima females and Nagasaki males. No
increased risk is observed for Hiroshima males
and Nagasaki females. However, the finding in
the case of Nagasaki males is due to the especially
high sk in the 100-199rad group (Table 4).
The relative risk for the 200+rad group is 1.2,
showing no statistically significant difference.
There is an increased relative risk (2.3) of CHD
only among Hiroshima females (Table 4).

0 — 9rad BORKEREIIHT S 100rad LI ETF O ERS
HEREROLTHIMSEHREL, BOEFEXRE
TRIEED X, BEOHEICE V. EROHIE,
EFoticifEREAMIIED s hi vy, LiL,
EMOBEORRIE, Fi2100—199 rad BEORIRE
AL E WAL TH S (F4). 200 rad X LB
e L2 TEHMEEBET 2w, BMELRE
T, EROTiz0LH R OME (2.3) 4
Boha(#4).

TABLE4 RELATIVE RISK (100+ VS 0-9 RAD) OF STROKE

AND CHD, BY CITY AND SEX
F4 BMEFRBRCEOLELCRDOBERBRE
(100+ %70 ~ 9 rad) &7 K UHEBN
City Sex Stroke CHD
Hiroshima Male 1.1 1.1
Female 1.55ug 2.3*
Nagasaki Male 1.8* 1.0
Female 1.1 1.1
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Needless to say, the diagnosis of AP is based on
subjectively determined symptoms.” Accordingly,
if the tendency to seek medical attention or to
complain of symptoms is stronger in the high
dose group than in the low dose group among
survivors, an observed relation with dose would
not represent the true situation. Therefore,
CHD was studied as classified into MI (with
relatively little bias) and AP (with much greater
possibility of bias). The results are shown in
Table 5, and contrary to expectation, the only
evidence for an association with radiation dose
is for MI in Hiroshima females.

BLHEOBEE, EIE T4 BEERIZETL
LOThHD, BREIPOTREEMBRBERD LY,
EREZFZ 2EBHFEERELY LESETTHEY
Lo, BEshABRLOMFBIREBEZTRLT
WaEHEaAhWw, FoC, BRAMEOEAZLE
B2 (R P HBA D% ) LH0E (R D ot
AEBsARK)IHELTHRELE HRERELL
REEED, FHIIRL, BEBOLEICOMIEELE
BOTHHSER: OMEFR o2 TH 3.

TABLE 5 AGE-ADJUSTED CHD INCIDENCE PER 1,000 PERSON-YEARS BY RADIATION DOSE,
CITY, SEX, AND TYPE OF CHD

#5 1L000AFELRENOBEMMEELAOERITESRER, Btk #HHh, $ECHERN
T6S5 Dose in rad Test
City Sex .
0 19 1049 5099 100-199 200299 300-399 d4ops Lositive Tremd
Myocardial Infarction

Hiroshima Male L5 3.1 2.1 2.6 1.7 25 12 1.2 NS
22 (12 (9 {an @) 4 )] 2)

Female 051 042 072 0.32 0.71 0.33 1.7 26 i
(14) 3 U6 3) @ 1) (3) 5)

Nagasaki  Male 10 00 082 18 1.7 0.91 071 2.1 NS
(8) ) 2) ) 6) 2) n 2)

Female 027 0.0 00 052 0.22 0.30 00 00 NS
(3) ) () @ (o)) o)) (0) 0

Total 075 11 097 141 0.98 0.89 1.0 14 NS
“n asy @Gn e (19) @) 3) )]

Angina Pectoris

Hiroshima Male 058 19 13 095 0.60 1.8 1.2 18 NS
) @ (12 C)] (3) 3) ) (3)

Female 044 0.13 051 043 0.89 0.0 0.0 049 NS
(12) 1 an ) 63 (0} L)} 6y

Nagasaki = Male 038 38 0.0 1.1 0.0 0.0 0.0 0.0 NS
3) W ) 3) ) (1)] ()] (1))

Female 026 0.0 0.0 034 0.21 0.0 0.0 1.0 NS
3) (1)) [(1)] 1) (1) 0} (G) (2)

Total 043 068 058 064 0.48 0.35 022 094 NS
@n Qo @23 Q2 )] (3) (L (6)

{ )indicates number of cases ( ) REMAH



Since associations with dose for these diseases
are confined to Hiroshima females, it is of
interest to examine how these associations
change with time. As may be noted from Table
6, the relative risks for Hiroshima females to
suffer strokes are not at all consistent for the
four time periods examined. On the other hand,
for CHD the association with dose is increasing
with the passage of time.

RERF TR 22-84

IRSMEBR LM TIEREOMEHREE, BKED
ZHILOARBLENLOT, BHE L IIEOMEE
FEDEFIUEL TV AZATTH 2 LHRK
v, FeHSHS R LI, HEO LA NEMLE
RABLCEAT IHEMAERER, M>0HFWHET
E{—FLTwEiw, —%, EOELELLHR
L OMEEE, BOEBE EHIIEML Ty 5.

TABLE 6 RELATIVE RISK (100+ VS 0-9 RAD) OF CVD, STROKE, AND CHD
FOR HIROSHIMA FEMALES BY PERIOD

6 HEOERIIHTLLEBMERS, NOFES RUEOELERAD
FERE {100+ 0 ~9rad), ZUTEHER]

Period
Disease Total
195863 1964-68 1969-73 1974-78

Cardiovascular

Disease 1.8%* 1.4 1.3 3.1%* 2.0
Stroke 1.55ue 1.5 0.97 3.7 0.72
Coronary Heart

Disease 2.3% 0.78 2.2 3.0 4.4%

When relative risks are observed by age at the
time of the bomb (ATB) in Hiroshima females,
the risks are observed to be the greatest for both
stroke and CHD among those who were young
ATB (Table 7).

LEOREC>OTHMERE 2 RRRFEBR
MET 3L, BEEE, RLERLS, EOEoKRE
BICEEHBREIFOTRLKRNEN(ERT).

TABLE 7 RELATIVE RISK (100+ VS 0-9 RAD) OF CVD, STROKE, AND CHD
FOR HIROSHIMA FEMALES BY AGE ATB
#7 EBORECIHTSZLROERS, BOERLERUCEMELRED

Atk (100430 ~ 9 rad), HBRIBEHT

Age ATB
Disease Total
<30 30-39 40-49 50+

Cardiovascular

Disease 1.8%* 4.3%* 14 1.6 1.5
Stroke 1.58ug 3.2 0.95 1.7 1.2
Coronary Heart

Disease 2.3% 6.0* 21 1.7 1.5




RERF TR 22-84

Secular Trends for Stroke and CHD Incidence

In observing secular trends, there is a possibility
in the first cycle of mistaking those who already
had the disease with those who developed the
disease during the cycle. Also there is 2 pos-
sibility in the last cycle of failing to identify
those who have developed the disease. Therefore,
in this analysis, secular trends during 1960-76
were studied, excluding the two years of cycle
1 and the two years of the last cycle.

Stroke incidence shows a decreasing trend from
cycle 2. By type, CI and CH both decreased in
incidence, but the tendency to decrease was
greater in the latter {Figure 1).

Regarding siroke, the differences between cities
in trends are minimal {Figure 2).

A tendency for stroke rates to decrease in the
early cycles has been noted for both sexes
(Figure 3), but in recent cycles these rates have
leveled off or are even increasing. The picture
is similarly confused for the four oldest age-
groups ATB (Figure 4).

BOERS, RBOEOEBRELOS AR
FREBLR2BE, BUWOBERBILH» 50
AFEEANMSTORFEELRRBL, ARED
FHREREOMBVFBAATHMELSH 510,
SEORFCIE, F1RAMO 2E£H, THEORMD
2 M &b 5 1960 —THEERG D IEFE 2 RRET L /.

M ERARBER I E2AMLUBEES RS A,
BRI G RR IS, SO T RATEANRA L T
wiA, TOESHEEIEREOFFRKE(EL).

TR BRI B 1 32, RO EE I
MLTEIEZI S {H2).

WM ERBREEEL, VHORAKRICE TR
WAOEBIzHE3 A (H3), o AMcEHEEY
KIEIZ R B4, LAHMML T 3. BHRBEFERA
BULABIOLWTHOHERERBLRARIIFETSHS
(E4).

FIGURE 1 SECULAR TRENDS OF STROKE INCIDENCE BY TYPE
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FIGURE2 SECULAR TRENDS OF STROKE AND CHD INCIDENCE BY CITY
2 Hmlﬂl’ﬁ’#ﬁ BRUENELRBBEROERMES, BAR

Stroke Hiroshima

/2]
&
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FIGURE 3 SECULAR TRENDS OF STROKE AND CHD INCIDENCE BY SEX
3 MOERBRUELNECHRERBEROFRERE, 15

Stroke Male

INCIDENCE/1000 PEASCN-YEARS

101
0 1958 &0 62 64 66 5] 70 72 74 76 78

11



RERF TR 22-84
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FIGURE 4 SECULAR TRENDS OF STROKE INCIDENCE BY AGE ATB

4 i ER SIS OERHTE, HRRERT

70-79

e

10—1 L [ 1 1 I 1 ) ]

4049

1958

The secular trends for the incidence of CHD in
total, and of MI in particular, show hardly any
change after 1961-62, the mean annual incidence
in the study period being 1.2/1,000 (Figure 5).
The secular trend of the incidence of AP shows
a peak in 1963-64 then a subsequent uneven
course (Figure 5),

Since it does not seem proper to include AP
when discussing secular trends of CHD, because
there is a strong possibility of having missed AP
cases in the present medical records review,
review of secular trends was made by sex, city,
and age only for MI (Figure 6). Comparison
between the two cities showed that the incidence
rates behave essentially the same way and show
no obvious general trend, The mean annual
incidence rates for Hiroshima and Nagasaki
during the observation period were 1.2/1,000
and 1.1/1,000, respectively, indicating little
difference between the two. The MI incidence
rate for males is somewhat higher than that for
females for the entire period and a trend for
the rate to gradually increase is suggested. In
females the pattern is more erratic with little
evidence of a secular increase (Figure 7).

12

Bk CERBEROERNBERE, &6T, £
B LBHEET, 1961—62ELBITEIALEGH
<, BEMMOEMTHEEREE, 1.2/1,000T
H5(EH5). RLEOELHERE, 1963—64F1C
P—ZIlBELABR—ELAHEERLTIY 2L
(E5).

SEOEFLFORE T, FOREOEHL R
LTwaalEaEdickz vy, BNELHEED
FREBLRTEBAE, KOELADINERY
ThHwEBbh, t, BHREFERRNOBRIITOH
HIZICBHEL TiT-74 (H6) . MHHMO ke TE,
FEREFEMICERICEE L, PR —REfEE
HRsNnA W, BRUETOES, REOFNEDS
FEAEEEW, 2h+n1.2/1,000%F1.1/1,000T,
AHHMIIELACERN . BEOLHEE
SdEy, MR TEELIIESERL, W
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FIGURE 5 SECULAR TRENDS OF CHD INCIDENCE BY TYPE
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FIGURE 6 SECULAR TRENDS OF MYOCARDIAL INFARCTION INCIDENCE BY CITY
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FIGURE7 SECULAR TRENDS OF MYOCARDIAL INFARCTION INCIDENCE BY SEX
M7 LEHEEREROFRES, 5
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The data are insufficient to permit a graphical
analysis by age, except for those 60-69 and
70-79, the two oldest age-groups ATB, where
perhaps there is a tendency for increase in the
70-79 group (Figure 8).

DISCUSSION

Whether diseases attributable to arteriosclerosis
appear only, and in large number, as a result of
radiation exposure has been a matter of great
interest.! ‘

In the United States, it was observed!® that
mortality from CVD in aged radiologists has been
higher than that from cancer, and it has been
reported!? that small vessel disease of the central
nervous system develops some time after head
radiation therapy. Stroke due to stenosis or
obstruction of the carotid artery and the vertebral
artery following neck radiation therapy has
been rf:p(:ortﬁ:d.20 There are many reports™21~3
on the development of CHD after irradiation of
the mediastinum. Brosius et al,” in particular,
have confirmed by autopsy that the frequency of
conditions such as stenosis and obstruction of
the coronary artery in these cases is definitely
higher than in a control group.

WIRBERBINEEOB—69ER UFT0—T98D 2 ¥
(70—79B ¢z, HWINEBETFLBEbNh ) &
BwTil, EBMOBRFLTIICRT - FF T2
Th3(HR).

# B

BRFEAPFEREL 2 3EBFRHABRERIZI-T
D&, FLTHELBATZHEIMITOOTIH,
ChETILAREGBLOFFRShTEL]

RETH, SHORSHEHREOLBOEHEBICELS
R LEV O SHAENZER,® L
M EERE, FREHERD small vessel
disease IR > THRETILORELH BT
EEMAAREREOBEBREUESBIROKEE,
B L AaBmERA I OLBTEEE XA THE.Y
HWEAORBEAZEOBELEOREOREIZ DN
TiE, 2EOBEHES.7 27 512 Brosius 57 {3,
g LD SR, REOHEN, MEHE
LS ILEW I L EERLTW 3.
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FIGURE 8 SECULAR TRENDS OF MYOCARDIAL INFARCTION INCIDENCE BY AGE ATB
M8 LEEEREROERMED, BT
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A significant increase in CVD among A-bomb
survivors was not found in early - studies,®?
but Robertson et al* have reported findings
suggesting a relationship between CVD and
radiation exposure in Hiroshima females.
However, it is to be pointed out in regard to
this finding that an apparent effect may have
been observed because the autopsy rate is
comparatively high in the high radiation dose
group, it being especially high among Hiroshima
females. Therefore, in the present study, cases of
CVD revealed only at autopsy were excluded
from the sample to eliminate this potential
source of bias. The observation period for the
study was extended to 1978, 33 years after the
A-bomb, The relationship to radiation was still
observed in Hiroshima females, however.

It is well known that CVD increases after
menopause.®® It has been observed® that
among exposed females, onset of menopause

begins earlier than the norm. The fact that in .

this study radiation effects were noted only
among females suggests the possibility of a
relationship with .menopause. Study of AHS
females is now under way to determine whether
there is early onset of menopause among A-bomb
survivors. It may also be possible that Hiroshima
fernales exposed to high doses have an unusual

YEAR

ERERELFIALEAOFRLOERELHEM
i, MHOHABETRADSh T o, 2?
Robertson 5413, IHEOEHIIFRER L BHHNE
HREOMEZRETINELZREL TS, Lol
ZOMRLI LTI, SREN THBEEFEERN
B BUBEBORECELOOTREN LRES
Hh/AvwREFS5Z el L 2l ida s & v,
22T, S4B, MOOTREEER 20, B
DB L - TS AT % - 2O M 5 R0 R
L. ERESINM AR EMITBEE TR L &
#F, CHRHVEEOXEICHREE OREME AR
5.

LERLERBFBAEHREM T3 k{MENT
VALY ERLETHEAIRELIVRBAICEZ S
ZEHPEENL TS SRNOBAFETCLEIZOL
HEZORENRB SN0, BESEHE 0BRGN
Eiohsds HAEREEEROLELLO VT,
HRELREAEFED SN 32 ) 2 RERTP
ThHDH. SHREBECEBLAEBO XISV T,
LERDERSOBEMOBREFAAEIZESESD
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combination of known risk factors for CVD
which is responsible for the association, Exami-
nations were made of blood pressure, serum
cholesterol, and the smoking habits of Hiroshima
females (Table 8). Only the smoking habit
seems to be associated with dose; however, the
excess number of smokers in the high dose group
is so small that it is unlikely that an unusual
concentration of risk factors in the high dose
group can explain the association of CVD and
radiation exposure among Hiroshima females.

It is not known why the effects reported here
have been discovered only in Hiroshima and
not in Nagasaki. Possibly, this is due to the
difference between Hiroshima and Nagasaki
in quality of A-bomb radiation, as has been
reported previously. Specifically, it is to be
noted that the neutron dose was higher in
Hiroshima than in Nagasaki3? The fact that
findings indicating the relation of dose to
development of CVD were detected for the
first time after the elapse of 24-28 years from
the bombing suggests that even if the progress
of arteriosclerosis is accelerated by radiation,
its progress is still relatively slow and that it still
takes considerable time before it becomes
manifest as a disease, Further, as there is gener-
ally a long interval between onset of arterio-
sclerosis and death, it should be true that
incidence studies would demonsfrate an
association with radiation dose (if it exists)
_ before mortality studies using the same sample
size. It is possible that these trends might be
confirmed by the Life Span Study, by autopsy
studies and others.

Whatever the case, it is very important to
confirm whether the radiation effects observed
demonstrate a true trend, and also to discover
whether radiation effects will appear in the males
of Hiroshima and males and females of Nagasaki.
Thus, continuation of observations into the
future is necessary.

[t is a well-known fact that both the incidence
and mortality rates for siroke in Japan have been
on the decline.>®"!® This was supported by the
findings of this study. There has also been a
decrease in CI and CH, the decrease being
particularly marked in CH. This is probably due
largely to improvements in the Japanese life-
style.®® Evidence from the first 11 examination
cycles of the AHS shows clearly that cholesterol
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TABLE 8 AGE-ADJUSTED BISTRIBUTION AND MEANS OF SYSTOLIC BLOOD PRESSURE,
SERUM CHOLESTEROL, AND SMOKING HABIT BY RADIATION DOSE, HIROSHIMA FEMALE
#8 EROREIZEHIMELE REILVRAFo-L, RUREZREO
ERETIES T & T KEERR

~ Systolic blood pressure (mmHg) Age-
T65 Dose adjusted Test
in rad <110 110-139 140-179 180+ Total mean
Total  No. 1031 2720 944 331 5026 1273
% 20.5 54,1 18.8 66 100.0 :
08  No. 2208
% 21.6 54.1 18.4 6.0 100.0 126.9
1099  No. 1892
% 19.5 53.6 19.1 7.1 100.0 128.2 Sug
100-199  No. 407 1961
% 214 53.1 20.0 52 100.0 :
200+ No. . 519
% 20.7 58.2 15.8 5.0 100.0 125.5
Serum cholesterol {mgf/100 mD Age-
adjusted Test
<125 125-179 180-219 220+  Total mean
Total  No. 436 2124 906 310 3776 L66.8
% 11.5 56.3 24.0 8.2 100.0 :
09  No. 1660
% 12.3 56.4 24,2 71 - 1000 165.3
1099  No. ‘ 1451
% 114 56.2 23.5 8.9 100.0 166.8 Sug
100-199  No. 303
% 9.8 59.3 213 9.6 100.0 168.2
200+ No. 362
% 103 53.3 27.1 9.5 100.0 170.7
Smoking habit
Cigarettes per day
Nonsmokers Total Test
<20 20+
Total  No. 3484 546 73 4103
% 84.9 13.3 1.8 100.0
09  No. 1824
s 87.6 10.9 1.5 100.0
1099  No. 1532 s
% 83.4 149 17 100.0
100199  No, 319
% 83.3 13.9 2.8 100.0
200+ No. 428
% 79.8 176 2.8 100.0
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levels have been increasirig with tme among
participants. Since for the Japanese, cholesterol
level is negatively correlated with stroke, espe-
cially CH, this would be an important factor in
the decline. Further, as blood pressure levels
have been demonstrating a decreasing trend in
the past, this also may have played a great
role in reducing stroke. However, a tendency
for blood pressure levels to increase has been
observed recently among AHS participants in the
under 50 age-group, and it is feared that stroke
will increase in frequency again in the future.

Judging from the mortality rate, CHD has been
decreasing slightly during recent years.!® Our
study ‘revealed that the incidence of MI among
males showed hardly any change during the
observation period, but in females it decreased
for a period and recently has begun to increase
again. Whether this is a true trend further
observation will be required to decide.

The incidence of AP showed a peak in 196364
and has displayed anuneven course subsequently.
This was. quite different from that of MI. The
diagnosis of AP is based on a patient’s complaints,
namely, the presence of chest pain. Cases
naturally will be missed unless the patients
complain on their own or the examining physi-
cian makes a point of asking about chest pain
or ascertains this by using a questionnaire. In
1963-64 when the secular trend of AP first
reached its peak, a questionnaire survey regarding
chest pain was conducted and many AP cases
were found. Among these cases are many whose
diagnosis of AP was confirmed by a physician,
having taken a detailed medical history, or having
administered an exercise test.

The RERF Department of Medicine in Hiroshima
at the time of the present study had three
American physicians, all of whom were cardi-
ologists. Moreover, all three of the Japanese
physicians who arrived to serve in the Department
were also cardiologists. So, of course, these
physicians inquired with regard to past history of
chest pain as a regular part of their clinical
examinations. Other physicians in the Depart-
ment naturally would have been influenced
by them, so there is a strong possibility that
attention to heart disease was generally increased
and more AP cases were detected than would
have been detected otherwise.

18

IR EEZERMT, 22E0L A7Vl
HEEE LLINHML TWAZ L HREILRL Ty 3.
HAEADBE, 2L AFo— MEERAEEE, i
B BOMHBEMBFRCHZOT, Zhid, LED
BOHEMOBEBALZERTHS. A, AFEFAEC
FOTTHREBIZSH- D, THLRMEFRED
BLizkE{FESLALEDNE, LAL, RARE
HEONERMORPE REMED ERHEEA R
sh, FRFRLENVHUHEMT 32 & »fEHRENS.

FEUHTRS L, BOELRBIBESPHSLT
ETWA. Y SEOHEEICLSE, DHFESERE
3, MRUBTBEEIZRE LAY TS EDSN
Zud, *EETIE, -EHRBSESLEERINLT
ETwa. ZNFAHOHERHIEIPHLEIIIT IS
CRSROBEEBEL T 5.

HOAERERIZIGI—6AFEF - 712, FoHE—
ELTwaWL., Zhil, CHEEOCRERLEL
RBa3, BLEORHEIEEONRZ, 2EVEHO

HELAD-TVE. BEFBRMICELS S, B
DEMFSTRECHTIMBETI &, JTEBE
FRHWTHEMAOEELSE D 2 WIRD, YHEAEM%
RELTCLiChE, HLECEREZIRTIC
V— 521963 —646E 104, s 2 MM
WEATbHbH, ZOADEL ORMHEDERNIER
Ehi. codiztly, FItEMIIEI#ELVEEZE
213, MEH M CERBKRE CHROEQBY
BEShiFEFE V.

FBEERE, RBEREMERBICTIED
REARMAHBLTEY, Z2OuTFhiLEEME
Thotz, B, BECHELTEAIENEEA
EMs& o HEEME L, S8, BEOBKEDE
D—FEELTRENCHEL2BZLL. 24, a0
FREKHEMICL DT L ZOREN SN, &4 LT
LRBERICHT2ERIFREN, IDECOELED
EFFBERENS X I o AR B,



The incidence of AP is remarkably low compared
with that of MI, except in 1963-64, but an
American report®® shows that incidence rates
for MI and AP are approximately the same,
so that, although it is difficult to apply the
American data directly to the study in Japan,
there is a strong possibility of a number of AP
cases having been missed in the present medical
records review. In this sense, it is highly likely
that the trend shown in Figure 5 does not
represent the actual trend.

Despite the tendency for cholesterol levels to
increase with time, the fact that no overt increase
has been observed in MI may be attributable to
the tendency for blood pressure levels to decline.
However, the trend (mentioned -earlier) for
blood pressure levels among those under age
50 to increase, gives rise to concern about the
possibility that this disease may increase in the
future. As is evident from the NI-HON-SAN
st1.1dy,""3"m"u the incidence of CHD varies with
life-style, even among people of the same race.
The more Westernized a Japanese becomes,
the higher the risk is. Although recent death
statistics indicate that CHD mortality in Japan
has shown a slight decrease,!® it is possible that
it will increase if the life-style of the Japanese
continues to become Westernized. Therefore,
it is essential that relevant observation be
continued, and as soon as possible, studies must
be made of possible preventative measures.
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