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SUMMARY g W

The incidence of stroke and of coronary heart
disease (CHD) between 1958 and 1974 in the
Adult Health Study sample in Hiroshima and
Nagasaki was investipated to observe possible
late effects from exposuré to ionizing radiation.
The sample included 16,104 men and women in
both cities who were free of disease at initial
examination. For the 16 years of follow-up
621 cases of stroke, 218 cases of CHD, and
184,115 person-years were observed.

The incidence of stroke and of CHD were signifi-
cantly higher in heavily exposed women in
Hiroshima, but this was not observed in women
in Nagasaki or in men in either city.

The radiation-associated excess in Hiroshima
women could not be explained as a result of
confounding by the major cardiovascular disease
risk factors; to the contrary, hypertension, the
most important cardiovascular risk factor, was
less frequent in those who were heavily exposed
in Hiroshima. A higher autopsy rate in heavily
exposed Hiroshima women, however, was
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identified as a possible source of bias because a
higher proportion of cases among heavily
exposed Hiroshima women were ascertained with
autopsy information and such information was
more likely to meet the criteria for case classifi-
cation. Conservative interpretation of the data
preclude attribution of the observed excessive
incidence to a late ‘effect of ionizing radiation.

INTRODUCTION

The relationship between sublethal radiation
exposure and the late occurrence of cardio-
vascular disease (CVD) is uncertain.! In general,
survivors of the atomic bombs in Hiroshima and
Nagasaki have not shown a significant radiation
dose-related excess, but the prevalence of CHD
in proximally exposed women and some electro-
cardiographic changes in proximally exposed
men were excessive.>® Subsequently the
incidence of stroke and of CHD in the first six
years (1958-64) of surveillance of the Adult
Health Study (AHS) sample were not significantly
increased in the proximally exposed survivors.»®
Cases were few, however, and present radiation
dose estimates were not then available for
analysis.6

After a 16-year period of follow-up by clinical
examination, mortality surveillance, and autopsy
procurement, a much larger case roster has
accumulated. In this study fixed criteria to
designate cases and subject-specific radiation
dose estimates were used for a more detailed and
specific analysis of the relation between radiation
exposure and the incidence of stroke and CHD.

MATERIALS AND METHODS

Population

The biennially examined AHS sample is based
on a defined population of A-bomb exposed men
and women with residence in Hiroshima or
Nagasaki on 1 October 1950, who were identified
by a special addendum to the 1950 Japanese
National Census,” The sample also includes a
control group of age- and sex-matched com-
parison subjects who were not in either city at
the time of the bombs {ATB) in August 1945.
This latter group, referred to as not-in-city, has
distinctive socioeconomic and other character-
istics.7® They are excluded from the present
analysis of radiation effects. As controls for
observation of radiation effects, survivors with
low dose or virtually no exposure (0-9 rad) to
A-bomb radiation are used.
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Individual radiation exposure dose estimates are
available for over 97% of survivors in the sample.
In Hiroshima the radiation exposure was to a
mixture of neutron and gamma rays while in
Nagasaki it was almost exclusively to gamma
ray.91®  Those without shielding histories or
with exposure in a complex shielding configu-
ration for which dose estimates are presently
vnavailable or inadequate (designated dose
unknown), are excluded from analysis of radiation
effects. The dose estimates resulted from ex-
tensive work at Oak Ridge National Laboratories
and the WNational Institute of Radiological
Science in Japan.6 The estimates are considered
to be accurate for groups of survivors and correct
within £30% for the average individual."

General Procedures

The AHS examinations used set procedures to
obtain guestionnaires, medical histories, physical
examinations, and laboratory tests which include
urinalysis, complete blood count, blood chem-
istries (including serum cholesterol), chest
roentgenograms, ¢lectrocardiograms (ECG), and
special tests to confirm suspected diagnoses.B
After the medical records are completed and
reviewed by a senior study physician, diagnoses
and other data are entered on computer tape for
storage and subsequent retrieval. Mortality
surveillance of the AHS cohort has been
continuous.®'® Death certificates are available
for virtually all deaths. Autopsies have been
obtained in 30% of subjects who died in the
period 1958-74.}2

Ascertainment of Cases

OQur intention was to identify all cases of siroke
and CHD by comparable clinical criteria for the
entire period 1958-74. These two manifestations
account for a substantial majority of the clinically
important new cases of CVD in this popu-
lation.®!1* In the AHS examinations, cardio-
vascular diagnoses have been made in the usual
clinical context with the information available
at the time but without fixed criteria.® In the
present study fixed criteria were used to make
diagnoses regardless of the time of examination
or of the radiation exposure status. The radiation
exposure doses for subjects were unknown to
the AHS clinic personnel examining the subjects
or to the reviewers. All medical records were
reviewed where there was indication of stroke or
CHD from any of the following sources of data:
previous AHS diagnoses, ECGs, death certificates,
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and autopsy findings regardless of principal
diagnosis, Using these sources approximately
3,500 subjects were indexed out of all those who
attended at least one AHS examination in the
period 1958-74. Additional surveillance activities
begun in 1970 resulted in the identification of a
few additional cases. These were distributed
about evenly by radiation exposure so that their
exclusion from the present analysis does not
significantly affect the results, Using detailed
criteria and coding rules which were applicable
to the entire period of observation, indexed
medical records were reviewed to identify cases
meeting the criteria. Subsequently these were
reviewed again by one of us (TLR) in a further
effort to apply the criteria uniformly. Vascular
events occurring in association with trauma and
terminal vascular events occurring in patients
with cancer or other wasting discases were
excluded. The date of onset was the date of the
event,

Criteria

Stroke is limited here to degenerative cerebro-
vascular disease manifested by clinical or autopsy
evidence of subaracnoid hemorrhage, cerebral
hemorrhage, cerebral infarction, or cerebral
embolus, For this report these manifestations
were grouped, Clinical diagnosis of stroke
required a history of abrupt onset of localizing
neurologic deficit!® (e.g., hemiparesis or aphasia)
with confirming signs on physical examination;
in those surviving the acute episode the criteria
required that signs and symptoms persist for at
least one week and that subsequent gradual
progression not occur. A simple patient history
of “‘stroke’ has been confirmed as stroke by a
neurological specialists’s examination in 85%
of such cases in this population sample. The
unexpected onset of unconsciousness with blood
pressure elevation, but without fever, progressing
to death was considered to be stroke unless there
was evidence of another disease such as trauma
or cancer., A death certificate diagnosis of
cerebrovascular disease (ICD 430-438) was not
accepted unless there was confirming clinical
evidence such as hemiplegia. In deceased cases
autopsy evidence was given priority over clinical
_ findings or death certificate information when
there was disagreement. The autopsy manifesta-
tions of stroke were gross subarachnoid hemor-
thage, cerebral hemorrhage, cerebral infarction,
or definite microscopic evidence of cerebral
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infarction. Simple lacunae were not considered
evidence of stroke.

CHD was defined as angina pectoris, myocardial
infarction or death from CHD.}?® The diagnosis
of angina pectoris required steady substernal
discomfort consistently brought on by exertion,
persisting for between 2 and 30 minutes and
relieved by rest or nitroglycerin, Cases were
rejected when there was evidence that symptoms
may have been caused by gastrointestinal,
pulmonary or musculoskeletal disease. Myo-
cardial infarction required the appearance of
typical ECG changes on follow-up ECG by
criteria previously reported.’® When the history
of prolonged chest pain was typical of clinical
myocardial infarction, ECG changes not meeting
the strict criteria were accepted. Cardiac enzyme
data were usnally not available, Death from
CHD was defined as death within 24 hours
after the onset of chest pain in an ambulatory
individual who had been considered well or, in
the absence of a history of chest pain, death
must have occurred within 3 hours of onset of
the terminal fllness,’® Cases were excluded if
there was evidence that another serious disease
such as pneumonia or ruptured aortic aneurysm
could have been the cause of death. Pulmonary
embolism as a cause of death in these circum-
stances has been observed rarely in Hiroshima,'?
Documented instances of death from stroke
within three hours of onset have been few.
Myocardial infarction by autopsy required
the finding of an area of necrosis or discrete
fibrosis measuring at least 1c¢m in greatest
dimension, or an unmeasured area of necrosis or
fibrosis associated with 75% or more narrowing
of the diameter of an extramural coronary artery.

Adequacy of Ascertainment

To investigate the completeness of case indexing
by the computer search of coded diagnoses from
the medical records, more than 4,000 records,
including those of men in Hiroshima bomn
between 1895-1924, were reviewed independently
by hand. After matching it was found that 24 of
the cases that had been indexed by the
independent review had not been indexed by
the computer search. This number is only 1.5%
of the cases indexed by computer search of the
data for this subsample., There was no indication
of bias in the indexing by radiation exposure.
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This degree of completeness of indexing is
considered good.

RESULTS .

There were 19,961 persons selected for the
original AHS sample. Due to deaths, migration
from the contact areas, unwillingness to partici-
pate, ete., 15,711 persons were ultimately
examined at least once in the period 1958-74
(Table 1), Of these 607 had evidence of CVD
(definite or questionable) at the time of their
first examination, and they were excluded from
the population at risk. The remaining 16,104
persons were free of CVD,
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TABLE 1 EXAMINATION STATUS BY T65 DOSE
ADULT HEALTH STUDY, HIROSHIMA AND NAGASAKI, 1958-74

F1 HEHRERRDIRE,
RABRERIE, JK& - Fll, 1958-744

T65 Dose in Rad

Dose  Not-in-

Examination Status Unknown city Total
09 1099 100-199 200-299 300+ Total

Alive at 1st examination 5674 4045 1551 857 994 13121 725 4720 18566
Examined at least once 5141 3749 1432 784 912 12018 610 4083 16711
Prevalence cases 180 146 44 26 44 440 17 150 607
Subjects at risk 4961 3603 1388 758 868 11578 593 3933 16104
Alive in 1975 4252 2937 1169 637 713 9708 542 3353 13603
Died during 1958-74 709 666 219 121 155 1870 51 580 2501
Stroke* 145 135 45 24 21 370- 9 117 496
CHD* 49 44 7 6 8 114 3 34 151
Other 515 487 167 21 126 1386 39 429 1854
Never examined 533 296 119 73 82 1103 115 637 1855
Alive in 1975 443 250 93 63 72 921 101 534 1556
Died during 1958-74 90 46 26 10 10 182 14 103 299
Stroke* 20 10 2 2 3 37 3 19 59
CHD#* 5 (3 2 0 1 14 0 7 21
Other 65 30 22 8 6 131 11 77 219

*Underlying cause of death by death certificate.
FEC B & SER



From this population at risk 714 were found to
have definite incidence of CVD. Considered
independently 621 had stroke and 218 had CHD.
Of the cases with CHD about one-third had
angina pectoris; the remainder had myocardial
infarction or died from CHD. In addition to
these incidence cases there were others with less
specific manifestations that did not meet the
criteria; by type of CVD manifestation in
question there were 541 subjects with question-
able stroke and 785 subjects with questionable
CHD. Of the subjects with questionable CHD
about half were considered for angina pectoris
and the remainder for myocardial infarction or
for death from CHD, The glance of evidence in
the majority of these subjects with questionable
findings was toward a noncardiovascular cause.
With exceptions to be noted below, all those
with questionable findings were excluded from
the subsequent analyses,

In all tabulations the incidence of CVD is the
incidence of stroke or the incidence of CHD
as defined. In the tabulations stroke and CHD
are also considered independently, and for these
the populations at risk are independent of each
other. '

In Table 2 the pumber of AHS subjects, person-
yvears at risk, and number of cases are shown
separately for men and women in Hiroshima and
Nagasaki by radiation dose from the A-bombs.
Further analysis concerns the 11,578 subjects
exposed directly to A-bomb radiation for whom
dose estimates are available.

In Table 3 the age-adjusted incidence of CVD
is shown by level of radiation exposure in
survivors. In the total incidence for both cities
and both sexes there is a suggestive increase with
radiation dose (0.05<p<0.10). This relation
can be explained largely by higher incidence of
stroke and of CHD in the heavily exposed
women in Hiroshima. Separately, there was no
significant association of the 16-year incidence
with radiation exposure in the men in Hiroshima
or the men or women in Nagasaki.
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TABLE 2 NUMBER OF SUBJECTS, PERSON-YEARS AT RISK, AND NUMBER OF STROKE AND
CHD CASES BY T65 DOSE, CITY, AND SEX
2 MEEN, BEALE, RUBES, RUEHIRGEOHEBERN,
T65 &, #HriR U

T65 Dose in Rad

Dose Not-in-
Sex . Total
09 1099 100-199 200209 300¢ Total Urknown dty
TOTAL

Total Number 4961 3603 1388 758 868 11578 593 3933 16104
Person-years 57383 40773 15702 8648 9834 132340 6930 44845 184115

Stroke 181 161 54 27 35 458 19 144 621

CHD 64 53 17 7 16 157 10 51 218

Male  Number 1878 1217 566 307 356 4324 278 1496 6098
Person-years 20516 13166 6204 3394 3859 47139 3135 16854 67128

Stroke 103 71 40 12 16 248 15 85 348

CHD 34 30 10 6 9 89 7 36 132

Female Number 3083 2386 822 451 512 7254 315 2437 10006
Person-years 36867 27607 9498 5254 5975 85201 3795 27991 116987

Stroke 78 84 14 15 19 210 4 59 273

CHD 30 23 7 1 7 68 3 15 86

HIROSHIMA

Total Number 3609 2875 719 346 515 8064 272 2750 11086
Person-years 42082 32319 8255 4017 5806 92479 3193 31625 127297

Stroke 144 140 32 17 26 359 10 112 481

CHD 50 49 12 3 13 127 5 36 168

Male  Number 1323 922 302 132 209 2888 113 1004 4005
Person-years 14586 9864 3377 1539 2266 31632 1230 11329 44191

Stroke 81 65 21 8 10 185 8 68 261

CHD 24 28 7 3 6 68 3 24 95
Female Number 2286 1953 417 214 306 5176 159 1746 7081
Person-years 27496 22455 4878 2478 3540 60847 1963 20296 83106

Stroke 63 75 11 9 16 174 2 44 220

CHD 26 21 5 0 7 59 2 12 73

NAGASAKI

Total Number 1352 728 669 412 353 3514 321 1183 5018
Person-years 15301 8454 7447 4631 4028 39861 3737 13220 56818

Stroke 37 21 22 10 9 99 9 32 140

CHD 14 4 5 4 3 30 5 i5 50

Male  Number 555 295 264 175 147 1436 165 492 2093
Person-years 5930 3302 2827 1855 1593 15507 1905 5525 22937

Stroke 22 12 19 4 6 63 7 17 87

CHD 10 2 3 3 3 21 4 12 37
Female Number 797 433 405 237 206 2078 156 691 2925
Person-years 9371 5152 4620 2776 2435 24354 1832 7695 33881

Stroke 15 9 3 6 3 36 2 15 53

CHD 4 2 2 1 0 9 1 3 13

CHD=Coronary heart disease.

CHD =5 #) JRE L 85 &
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TABLE 3 AGE-ADJUSTED INCIDENCE OF CARDIOVASCULAR DISEASE (STROKE AND CHD)
PER 1000 PERSON-YEARS BY T65 DOSE, CITY, AND SEX

#£3 1,000 AF%AH 0 LMOERS EEd R UEHRELRE)D

EMITIERE#H, T HE, BHATFEHN

T65 Dose in Rad Test
City Sex
09 1099 100-199  200-299 300+ Total Homo Trend
CARDIOVASCULAR DISEASE
Hiroshima  Male 59 7.8 6.2 7.3 6.3 6.6 NS NS
Female 2.8 3.5 38 3.7 6.6 33 ¥ il
Nagasaki Male 3.9 43 6.8 3.3 47 4.5 NS NS
Female 1.8 1.7 0.63 39 0.89 1.6 Sug NS
Total 34 4.3 4.1 4.5 4.7 3.9 NS Sug
STROKE
Hiroshima  Male 5.3 6.0 5.2 55 44 5.5 NS NS
Female 2.2 3.0 24 3.5 5.4 2.7 * *k
Nagasaki Male 34 3.6 6.9 2.2 34 39 Sug NS
Female 1.6 1.4 0.60 34 1.4 1.5 NS NS
Total 3.0 3.6 34 3.6 38 3.3 NS NS
CORONARY HEART DISEASE
Hiroshima  Male 1.6 2.8 1.8 2.1 2.9 2.1 NS NS
Female 0.93 0.86 1.2 0.0 2.5 0.96 Sug *
Nagasaki Male 1.6 0.61 1.1 1.7 1.6 1.3 NS NS
Female 0.42 0.30 053 0.48 0.0 0.37 NS NS
Total 1.1 1.2 1.2 0.98 18 1.2 NS NS

NS: .10<P; Sug: .05<P<.10; *: .01<P<.05; **: .001<P=.0l.

To consider the influences of age at exposure and
of secular trend on the incidence, the risk of
Hiroshima women exposed to 200rad or more
relative to the risk at 0-9 rad was examined. The
choice of the 200zrad rather than the 300rad
level was a compromise to obtain more subjects
for statistical stability. In Table 4 the relative
risk of stroke appears high in the heavily exposed
Hiroshima women who were less than 50 years
of age ATB, and this is true when age is further
subdivided into those who were under 40 and
those who were between 40-49 years of age ATB.
The number of cases, however, is insufficient
for adequate evaluation of CHD risk by age or
of differences between age groups for stroke.
No consistent trends were observed in relative
risk by period of observation between 1958-74.

To observe whether differences in the incidence
of CVD by radiation dose in Hiroshima women
may have been confounded by other variables,
we studied the distributions of the major CVD
risk factors at first examination. The age-

REMAOREHOBE & HIBNESEUERDC
EEF 57512, 200rad L EOMRBIZEBRL AKS
DEWOHEERD, 0-9rad DEEDEFNICHT S
A EmAE S BEL A, 300rad T % £ 200rad %
BAEDIL, RAMEERORE» SHREOKE
EL{ T B0 THEL. F£4TI, BEDOMEMER
B, BEABERFOUT oo ARENEER
BRLEIFLTBVEITHY, EREFCMS
L, #BEREROLTEFO-49 L TLRI#EED &
AEZ B, Lalass, BHRMELEBLOEBRR
AR, = 7B b o) 4 WA TE [ 0 AH B R AE 0
MR 2B AT 51218, EHRET+HYTE5.
1958- TALE DR 25 MR B B DA TR E O 2RI — &
LEREES 50 EHo 1.

BEOEHICH T 2 BHRENO CEINMEHERRE
HHERG, hORBREFIREHREE NENS S
iR RILDII, RYUOBREBERIIHITS
FELEREAFOSIFEREL . EBESLED
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TABLE 4 RELATIVE RESK! OF CARDIOVASCULAR DISEASE
(STROKE AND CHD) BY AGE ATB, CITY, AND SEX

#4 CROERS (REPRUVBSHRELEL) D
AT R e, HBEREMS, TR UHER
Age ATB
City Sex
<50 50+ Total h
CARDIOVASCULAR DISEASE
Hiroshima  Male 1.1 10 1.2
Female 1.8 ** 1.6 Sug 19 *
Nagasaki Male 0.77 24 1.0
Female 2.0 0.35 Sug 1.3
Total 1.2 1.3 1.3
STROKE
Hiroshima  Male 0.95 0.62 091
Female 2.1 *** 1.6 2.0 **
Nagasaki Male 0.68 14 0.82
’ Female 2.4 0.38 Sug 14
Total 12 0.98 1.2
CORONARY HEART DISEASE
Hiroshima  Male 14 1.7 1.7
Female 1.8 0.55 14
Nagasaki Mlae 0.57 5.2 1.7
Female 0.89 0.0 Sug 0.22
Total 1.1 1.4 1.3

$Tests are for difference between the incidence at 200+ rad and 0-9 rad.
200+rad REERUFO-Orad OREEROZREZ2>VTORKE.

Sug: 05<P<.10 *: 01<P<.05 **: 001<P=.01 ***: P<.001

adjusted frequencies of systolic hypertension and
of mean systclic blood pressure in analyses of
covariance {Table 5) were lower in those who
had been heavily exposed. Diastolic hypertension
was also less frequent. Mean serum cholesterol
and frequency of cigarette smoking (Table 3)
were higher in the heavily exposed women in
Hiroshima. Differences in the distribution of
relative body weight were not significant,

The possibility of interaction between radi-
ation exposure and hypertension or hyper-
cholesterolemia was evaluated in the Hiroshima
women by three-way classification in which the
incidence of stroke at 200rad or more was
contrasted with the incidence at 0-9rad by level
of each of these major risk factors (Figure 1).
Differences tended to be greater in the lower
ranges of the risk factors, and no statistical
support for interaction was obtained. Cases of
CHD were too few for adequate evaluation in
this way.

10

EWATIES A R USRIz &1 3 PHNEY
HE(ELH, HMERCEBLLEISVTEYL -
., EEMENESCSHLEL oA FHMmMF L
AFO-—-NERURESEE(#5)E, EHEOEHE
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EREHFETE LD .

BHBEHBLEOESZVIREILVAFO— VILE
COMEERLEET LD, ZRABELAVT
ChoDERRERTZ2 A TFhoMR1Z, 200rad
PDltogRi gl L AEBo Rt sT sMEd
BEBRE, 0-9rad DFLBFIENEEHEL
(EL). EREFOBIEVLISTEREIAE
{EB3EAFSY, BERBOFEEL R THIM
HHIBLNEI k. ZOFEICE - CEBRE
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TABLE 5 AGE-ADJUSTED DISTRIBUTION AND MEANS OF SYSTOLIC BLOOD PRESSURE,
SERUM CHOLESTEROL, AND SMOXING HABIT BY RADIATION DOSE FOR HIROSHIMA WOMEN
£5 ESOHCETIEERLE, BFILRATFo0— VERUVBREZRO

ERTESHE I THE, HRHERAT

Age-adjusted

T65 Dose in Rad <110 110-139  140-179 180+  Total mean Testt
SYSTOLIC BLOOD PRESSURE {mmHg)
Total Number 1031 2720 944 331 5026 1273
% 20.5 54.1 18.8 6.6 100.0 '
09 Number 2208
% 216 541 18.4 60 1000 1269
1099 Number 1892
% 195 536 19.1 77 100.0 128.2 Sug
100-199 Number 407 126.1
% 21.4 53.1 20.0 5.2 100.0 .
200+ Number 519 125.5
% 20.7 58.2 15.8 5.0 100.0 -
<125 125179 180219 220+ Total  Ageadiusted g
mean
SERUM CHOLESTEROL (mg/100 ml)
Total Number 436 2124 206 310 3776 166.8
% 115 56.3 24.0 8.2 100.0 ’
09 Number 1660
% 123 564 2.2 71 1000 165.3
10-99  Number 1451
% 114 562 23.5 89  100.0 166.8- Sug
100-199 Number 303 168.2
% 9.8 59.3 21.3 9.6 100.0 :
200+ Number 362
% 103 533 27.1 95 1000 170.7
Nonsmokers Cigarettes per day Total Testﬁ'
<20 20+
SMOKING HARBIT
Total Number 3484 546 73 4103
% 849 13.3 18 100.0
09 Number 1824
% 87.6 10.9 1.5 100.0
1099 Number 1532 _—
% 83.4 14.9 1.7 100.0
100-199 Number 319
: % 83.3 139 28 100.0
200+ Number 428
% 79.8 1756 28 100.0
¥ Tests are on the age-adjusted means. See Table 4 for other abbreviations.
EMTETEHIz ¢ DEE FOHOMTI oL T A ERE.

%% Test for homogeneity of smoking habit.
REGROH—-ENRE

11
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FIGURE 1 AGE-ADJUSTED INCIDENCE OF STROKE IN HEAVILY AND LIGHTLY
EXPQSED HIROSHIMA WOMEN BY SYSTOLIC BLGOD PRESSURE AND
SERUM CHOLESTEROL LEVELS, ADULT HEALTH STUDY, 1958-74

X1

LEOBRRECEREER LIS 2REFO AR EREE,

WA HIER CIE = v A7 g — LR, AR, 1958-T44F

Z o
. | n -

n m
DISCUSSION # =

Because CVD is of multifactorial etiology'®!®

and there may be important factors which have
not been recognized, the requirements for
consistency in the data must be stringent before
a relation between a new factor such as sublethal
radiation exposure and CVD incidence can be
accepted.

The absence of an association between siroke
mortality and radiation exposure in the Life
Span Study (LSS) during 1950-78,'° does not
necessarily conflict with the present findings
which are based on incidence criteria. The
mortality study was based on underlying causes
of death only and did not consider disease,
including stroke, which may have been present
at the time of death. Death certificates in
Hiroshima and Nagasaki have been shown to be
good sources of data for accurate ascertainment
of stroke although not of CHD.1

A significant relationship between radiation dose
and incidence of CVD was observed only for

12
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women in Hiroshima. The absence of significant
relationships in the other city-sex cohorts raises
questionss of bias in ascertainment or of
confounding by other variables.

Question of Bias in the Ascertainment of Cases
The incidence reported here is based upon events
observed in AHS subjects who were examined
at least once in the period 1958-74. The
proportions of unexamined subjects are 9.4%
and 8.4% for those exposed to 0-9rad and to
200rad or more, respectively. The age-adjusted
CVD mortality during the 16-year period of
follow-up is 4.8% and 5.1% in examined and
unexamined members, respectively, of the AHS
sample exposed to 0-9rad; for those exposed
to 200tad or more the corresponding values
are 5.1% and 6.5%. These differences in CVD
rates between the examined and unexamined
members may be used to adjust CVD incidence
in the examined members to CVD incidence for
the total sample. The incidence of CVD would
be increased by 0.7 % and 2.2 % in those exposed
to 0-9rad and to 200tad or more, respectively,
in the total AHS sample. Comparable consider-
ation of the cohort of women in Hiroshima
would vield increases of 2.7% and 2.6% for
those exposed to 0-9rad and to 200rad or
more, respectively. These differences result
in trivial changes to the incidence rates by
radiation dose.

In addition to information from clinical exami-
nations, ascertainment of cases was obtained
from information in death certificates and
autopsy protocols. Death certificates were
obtained for virtually all deaths regardless of
exposure status.’®  Autopsies, however, have
been obtained more frequently in the heavily
exposed.'?> In the distribution of cases by
sources of ascertainment (Table 6), the propor-
tion with autopsy information is higher in the
heavily exposed group, and this is particularly
remarkable for the Hiroshima women. Because
the criteria used are more likely to result in

classification as definite incidence cases when.

autopsy information is available, the excessive
incidence among the Hiroshima women who
were heavily exposed may be biased. The
possibility of such bias is also suggested by a
nominally smaller proportion of questionable
cases among the Hiroshima women who were
heavily exposed.
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TABLE 6 DISTRIBUTION (%) OF STROKE AND CORONARY HEART BDISEASE INCIDENCE
CASES BY SQURCE OF ASCERTAINMENT AND RADIATION DOSE.
ADULT HEALTH STUDY, HIROSHIMA AND NAGASAKI, 1958-74
#6 fAech, EENIRMELCRBRLEEMORE T EN SR —HBRERT,
HAREHE, B5 - R, 1958-MF

Source of ascertainment

T65 Dose
in Rad Autopsy Autopsy & Clinical No Total
only or Death Certificate Autopsy ola
STROKE, HIRQOSHIMA FEMALE
09 12.7 39.7 476 100.0 (63)
10-99 12.0 46.7 41.3 100.0 (75)
100-199 9.1 36.4 545 100.0 (11)
200+ 16.0 56.0 280 100.0 (25)
Total 126 44.8 425 100.0 (174)
STROXE, OTHER CITY-SEX COHORTS
09 10.2 314 58.5 100.0(118)
1099 12.3 395 477 100.0 (86)
100-199 2.3 37.2 535 100.0 (43)
200+ 0.0 48.6 514 100.0 (37
Total . 9.5 37.0 535 100.0 (284)
CHD, HIROSHIMA FEMALE
09 26.9 23.1 50.0 100.0 (26)
1099 238 28.6 47.6 100.0 (21)
106-199 20.0 20.0 60.0 100.0 (5)
200+ 143 429 429 1000 (N
Total 237 27.1 492 100.0 (59)
CHD, OTHER CITY-SEX COHORTS
09 53 21.1 73.7 100.0 (38)
1099 125 31.3 56.3 100.0 (32}
100-199 8.3 25.0 66.7 100.0 (12)
200+ 18.8 18.8 62.5 100.0 (16)
Total 10.2 24.5 65.3 100.0 (98)

( ): No. of incidence cases.
&R &

The influence of exclusion of definite prevalence
cases (Table 7) from the population at risk was
considered. For Hiroshima women and for the
other city-sex cohort the age-adjusted prevalence
rates were normally higher at 300rad or more,
but the differences were not significant from
these findings. From these findings the classifi-
cation of prevalence cases appears to be an
unlikely source for the excessive number of
incidence cases among the heavily exposed
women in Hiroshima.
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TABLE 7 AGE-ADJUSTED PREVALENCE OF CARDIOVASCULAR DISEASE
(PER 1000) BY T65 DOSE

#7 LEAFEADEMTERRE (1,000A57220), TS KA

T65 Dose in Rad Test

09 10-99 100-199  200-299 300+ Total Homo  Trend
Hiroshima Women 12.3 7.7 8.2 47 18.8 10.1 NS NS

(28} (17 (3 ) 5 (54)
Other City-Sex 159 153 11.8 10.0 236 15.4 NS NS
Cohorts (45) (30) (11) 4) a3 (103)
{ ): No. of prevalence cases.

L.
NS: P>0.10.
OEBETF ERHEE OME

Possible Confounding by Risk Factors

No substantial effect on the relationship between
the incidence of CVD and radiation exposure
dose should be anticipated from differences in
the distributions of the major CVD risk factors
in the heavily exposed Hiroshima women (Table
5). They were less frequently hypertensive, and
they had higher serum cholesterol levels. Because
serum cholesterol correlates in an inverse fashion
with the risk of stroke in this population sample
(manuscript in preparation) as in other
population samples in Japan,”'!9 and because,
here, stroke is the predominant manifestation
of CVD, the incidence of CVD should have
been somewhat lower in these heavily exposed
women. Although cigarette smoking was
more frequent, this variable has not been
found to have an important relation to the
incidence of CVD in previous analyses for this
population.»>1%17  Fyrthermore, no statistical
support was obtained for potentiation of the
effects of hypertension or hypercholesterolemia
by radiation exposure (Figure 1).

Less well-established CVD risk factors include
early onset of menopause and some evidence of
early menopause has been observed in another
samplé of heavily exposed women in Hiroshima.?
Furthermore the possibility of earlier menopause
in the heavily exposed women in Hiroshima is
suggested by higher serum cholesterol levels
(Table 5). Serum lipids are higher after the
menopause, especially at younger age.!  The
higher levels of serum cholesterol after the
menopause are attributable to higher levels of
low-density lipoprotein which are thought to
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be atherogenic.® FExcessive occurrence of CHD
and siroke following early menopause, including
radiation-induced menopause, has been found
in several studies but not in all. 2%

Comparison with Other Studies

Excessive mortality from CVD was observed
at an older age than excessive mortality from
cancer among American radiologists who were
compared with other men certified as medical
specialists.”®  But differences in CVD rates
among physician-specialist groups, and other
professional-specialist groups as well, have been
attributed to other factors also.?® Furthermore,
CVD mortality was not excessive in British
radiologists in comparison with men of compara-
ble social class.?’ CVD mortality was excessive
in irradiated British patients with ankylosing
spondylitis, but the excessive CVD has been
attributed to spillover from undiagnosed cancer
or to sequelae of ankylosing spondylitis.?®*°
US Army radiology technicians in comparison
with medical technicians have not experienced
excessive CVD mortality.!

A recent report on mortality in individuals
exposed to low levels of ionizing radiation
indicates an excess of CVD deaths.®® This study
has been criticized on methodological grmmds.31
Furthermore, possible relationships to major
CVD risk factors were not indicated. Subsamples
groups may vary substantially with respect to
risk of CVD, and adequate multivariate charac-
terization of the members of a sample may be an
essential first step to explain relationships in
terms of a new factor such as radiation exposure.

Development of atherosclerosis with CHD and
with stroke in therapeutically irradiated patients
has been considered the result of interaction
with high serum lipid levels.**** No evidence of
interaction with hypercholesterolemia was
observed in Hiroshima women (Figure 1) or the
other studied here. It is conceivable, however,
that the excessive mortality from CVD (predomi-
nantly CHD) in the American radiologists,”® was
contributed to by hyperlipemia whereas A-bomb
survivors could have been protecied from such an
interaction by virtue of low serum lipid levels,
Hyperlipemia is unusual among survivors; only
5% of the men and 10% of the women had
serum cholesterol levels of 220mg/100ml or
higher when measured 13 years or more after
exposure to the A-bombs (Table 5).° Earlier
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serum cholesterol levels were lower. © CHD
incidence in Hiroshima and Nagasaki is only
25% of that observed in Framingham 5

Stroke has been the predominant manifestation
of CVD in the AHS sample. In those who were
autopsied, stroke has been found more often in
association with small vessel disease within the
parenchyma of the brain and less commonly in
association with severe atherosclerosis in the
circle of Willis}”3* Rarely is stroke attributable
to atherosclerosis of the extracranial vessels.
Small vessel abnormalities have been observed
more frequenily in the superficial tissues of
younger heavily exposed A-bomb survivors, and
small vessel disease has been reported as a late
sequela of cerebral irradiation in other studies
but not in A-bomb survivors. 353

In the preceding decade secular trend of stroke
incidence has been declining in the AHS sample®
as in Japan gf.anerally.19 This decline may be
attributable to more favorable environmental
factors.!” It is conceivable that the heavily
exposed women in Hiroshima, for unexplained
reasons, have not participated fully in this more
favorable environment; as a result they could
continue to experience a higher incidence of
stroke that is closer to the incidence characteristic
of the immediately preceding years.

In the present analysis blood pressure levels at
first examination were found to be lower in
Hiroshima survivors, in men more so than in
women. This finding cannot be explained by
differences in the distribution of relative body
weight. Among other possible explanations of
the Iower blood pressure in heavily exposed
survivors is a late cardiac effect. Late cardiac
effects have been observed in a small proportion
of patients following radiation therapy with
doses an order of magnitude higher than experi-
enced by A-bomb survivors.’®3®  While no
evidence of excess cardiac disease has appeared
in the previous mortality studies of survivors,"'®
the possibility of a functional cardiac effect may
be investigated through studies in progress.4°
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