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Summary

Using the longitudinal data of the Adult Health Study (AHS) cohort collected
during 1958-86, we examined for the first time the relationship between expo-
sure to ionizing radiation and the incidence of 19 selected nonmalignant disor-
ders. Diagnoses of the diseases were based on general laboratory tests, physical
examinations, and histories taken during the biennial AHS examinations. The
outcomes were encoded as three-digit International Classification of Diseases
codes in the AHS data base, which served as the basis for case ascertainment.
Because accurate information on disease onset time is unattainable for individu-
als with the diseases of interest, onset times were estimated to be the midpoint
between the date of the AHS examination when the disease was initially
reported and the date of the previous disease-free examination. The most-appli-
cable organ dose from the Dosimetry System 1986 was used. Tests of dose effects
were performed assuming a linear relative-risk model with stratified back-
ground incidence.

Statistically significant excess risk was detected for myoma uteri, chronic
hepatitis and liver cirrhosis, and thyroid disease, defined broadly as the pres-
ence of one or more of certain noncancerous thyroid conditions. The finding for
myoma uteri might be additional evidence indicating that benign tumor growths
are possible effects of radiation exposure. Our results suggesting the suscepti-
bility of the liver to radiation are consistent with the recent Life Span Study
(LSS) report of increased mortality from liver cirrhosis in the heavily exposed

$This technical report is based on Research Protocol 2-75. The complete text of this report
will be available separately in Japanese. Approved 29 January 1992; printed August 1993.

Departments of ®Statistics, bClinical Studies, and “Epidemiology, RERF; dpresently
Kagoshima University School of Medicine; ‘consultant, Department of Clinical Studies,
RERF, and Radiological Epidemiology Center, Radiation Effects Association, Tokyo.
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group. An age-at-exposure effect was detected in nonmalignant thyroid disease,
with increased risk for those exposed at ages <20 yr, but not for older persons.
Thus, the AHS data also suggest that the thyroid gland in young persons is more
radiosensitive not only to the development of thyroid malignancies, as shown in
the most recent LSS report on cancer incidence, but also possibly to the devel-
opment of nonmalignant disorders. Our findings hold independent of the dose
effects observed for thyroid malignancies.

No significant dose-response relationships were detected in any of our car-
diovascular disease endpoints. However, the incidence of myocardial infarction
appears to be increased among survivors exposed when younger, especially
during the last few years of the study period, which is not unlike the trends seen
in other studies. Since case ascertainment in the AHS was limited to only 77
nonfatal cases, small sample size cannot be ruled out as an explanation of the
current nonsignificant results.

Our analysis also suggests that new occurrences of lens opacity during
1958-86 are not increased with radiation dose among the AHS participants.

Our results emphasize the utility and importance of the AHS in searching for
the effects of acute exposure to ionizing radiation in noncancer diseases. The
results provided herein should call attention to disorders that merit more-de-
tailed investigations and should serve as impetus for additional studies.

Introduction

The objective of the Adult Health Study (AHS) is the examination of the
relationship between radiation exposure level, disease occurrence, and variation
in physiological and biochemical determinants among the survivors of the atomic
bombings of Hiroshima and Nagasaki. A description of the AHS program is given
in Report 6, which, as with the earlier reports, presented findings from periodic
analyses of the accumulated data, covering the period 1968-80.! A different
approach is taken here in Report 7 in that the analysis encompasses all of the
follow-up data collected since the inception of the program in 1958 (1st examina-
tion cycle) until mid-1986 (14th examination cycle), which, at the time of analysis,
was the most current set of complete data available. This report focuses upon the
late effects of exposure to ionizing radiation on the occurrence of 19 nonmalignant
disorders. Subsequent reports will present findings on serially measured physi-
ological and laboratory data and on cancer incidence.

The major innovation in this report is the introduction of methods that
explicitly deal with the longitudinal nature of the AHS data. These methods
include analysis of disease incidence and growth-curve models for measured
data. This differs from earlier analyses that ignored the longitudinal aspect of
these data and focused on cycle-specific comparisons of prevalence rates and
mean measurement values. Although comparison of prevalence rates may cause
little bias for diseases with low lethality, limitations exist in interpreting the
relationship between disease and radiation dose, because various forms of sample
attrition may cause bias in the prevalence rates over time. Comparison of
incidence removes the effect of survival and provides the clearest evidence
concerning disease development in relation to antecedent exposures. The current
findings, though not totally free of problems, are based on the more-valid meas-
ure of disease incidence, so that a more-direct assessment of the impact of
exposure to ionizing radiation on the morbidity of the AHS subjects should be



RERF TR 1-92

possible. It is expected that the results from this report will provide an impetus
for additional studies to examine more deeply the role of atomic radiation in the
etiology of certain noncancer diseases.

Materials and Methods

Clinical procedures and selection of diseases

A description of the clinical procedures for patient examinations can be found
in Report 6. The same basic procedure was used in 1980-86 as in the earlier
study periods. The examinations consisted of history-taking, general physical
examination, and general laboratory tests conducted according to established
procedures. Evidence from history-taking was considered reliable if it consisted
of diagnoses from outside hospitals or could be substantiated by the types of
treatments being administered or by reports of relevant symptoms by the sub-
jects. Indications from appropriate laboratory tests were often available as
additional evidence. The general laboratory tests have consisted of peripheral
blood tests, serum-cholesterol determination, a serology test for syphilis (discon-
tinued beginning with cycle 8), urinalysis, stool examination, chest X ray, and
electrocardiography. Ultrasonography equipment was introduced in cycle 12
(1980) in Hiroshima and in cycle 13 (1982) in Nagasaki for the diagnosis of
diseases related to the thyroid, abdomen, and mammary glands. Clinical diagno-
ses were made by the examining physician according to standardized diagnostic
criteria, upon completion of all necessary tests. Nonroutine laboratory and
clinical procedures were introduced occasionally in connection with the various
clinical investigations at the Atomic Bomb Casualty Commission (ABCC) and its
successor, the Radiation Effects Research Foundation (RERF). Diagnostic proce-
dures were applied to subjects independent of their radiation dose; the examining
physicians were also blind to the subjects’ exposure status. Up to six diagnoses
per examination per subject are encoded in the computerized data base as
three-digit International Classification of Diseases (ICD) codes, which served as
the basis for case ascertainment. The diseases selected for analyses and their
corresponding ICD codes are provided in Table 1. The various diagnostic methods
used are shown in Table 2. In general, medical charts were not reviewed for case
validation in this study.

To perform a valid study using cases defined solely on the basis of ICD codes
and to ensure adequate case ascertainment and detection through the general
examination procedures of the AHS, we required that disease diagnoses as
encoded provide a reasonable degree of accuracy and that disease incidence be
reasonably high. Certain disorders such as cataract and arteriosclerotic heart
disease were included specifically because of past reports of a possible association
with radiation dose. Because not all thyroid function tests [eg, Ty, T4, thyroid-
stimulating hormone (TSH)] were administered to participants at every exami-
nation cycle, diagnosis of distinct thyroid dysfunctions was difficult. The
occurrence of multiple thyroid abnormalities in some individuals due to natural
disease progression made a unique diagnosis of thyroid disease in these cases
impossible. Thus, it was necessary to examine a broadly defined thyroid endpoint
in which the case designation was based on one or more of the following diagno-
ses: nontoxic nodular goiter, diffuse goiter, thyrotoxicosis, chronic lymphocytic
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thyroiditis, and hypothyroidism. Because adenoma was included inseparably
under the ICD codes for thyroid disorders in revisions 7 and 8, we included
ICD = 226 (adenoma) explicitly in the 9th revision to unify the thyroid endpoint.
Nevertheless, analysis not including adenoma was also performed in the follow-
up period during which revision 9 was implemented. Occlusion and stenosis of
precerebral and cerebral arteries, intracerebral hemorrhage, and subarachnoid
hemorrhage were collectively examined under the endpoint of stroke. Myocardial
infarction was examined using cases ascertained after 1964, since a specific ICD
code for this disease did not previously exist. It should be noted that persons
diagnosed with cardiovascular disease (CVD) in this report differ from those of

Table 1. Nineteen noncancer diseases and their corresponding International
Classification of Diseases (ICD) codes

ICD edition

Disease 7th 8th 9th
Hypertension 444, 445 400, 401 401
Hypertensive heart disease 440-443 402, 404 404
Ischemic heart disease 420 410-414 410-414
Myocardial infarction - 410 410
Occlusion, stenosis? 332 433, 434 433, 434
Aortic aneurysm 451, 452 441, 442 441, 442
Stroke® 330-332 430, 431, 433, 434 430, 431, 433, 434
Thyroid disease ' 250-254 240-245 226, 240-245
Cataract 385 374 366
Gastric ulcer 540 531 531
Duodenal ulcer 541 532 532
Chronic liver disease and 581, 583 571, 573 571

cirrhosis

Cholelithiasis 584 574 574
Calculus of kidney and ureter 602 592 592
Myoma uteri 214 218 218
Cervical polyp 215 219 219, 622
Hyperplasia of prostate 610 600 600
Dementia 304, 305 290 290
Parkinson’s disease 350 342 332

2ncludes cerebral and precerebral arteries.

bincludes occlusion and stenosis of precerebral and cerebral arteries, intracerebral
hemorrhage, and subarachnoid hemorrhage.
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Table 2. Sources of information for disease diagnosis

Laboratory
Diagnosis Physical exam History exam data US or radiology Others
Essential Blood pressure Medication Endocrinological Chest X-ray®
hypertension Auscultation® Diagnosis test® ucG®
outside RERF® Renal-function ECG?
test®
Hypertensive Blood pressure Medication Chest X-ray
heart disease Auscultation Diagnosis ECG
Symptoms outside RERF® UCG
Ischemic heart Symptoms Medication ECG CAG*®
disease Diagnosis Master 2-step Thalium
outside RERF® exercise test scan
Treadmill
ucaG
Myocardial Symptoms Diagnosis Enzyme data ECG CAG®
infarction outside RERF from outside UCG Thalium
Surgical history RERF® scan®
Medication
Cerebral arterial Neurological Diagnosis CT scan
occlusion exam outside RERF Angiography
Symploms Surgical history MRI®
Auscultation Medication®
Optic fundus
Aorlic aneurysm Symploms" Diagnosis Chest X-ray Aortography®
outside RERF Abd X-ray
Surgical history Abd-US
Medication CT scan
Gastric ulcer Symptoms Diagnosis Stool test Upper Gl series  Endoscopy
Palpation® outside RERF Gastric juice
Medication
Surgical history
Duodenal ulcer Symptoms Diagnosis Stool test Upper Gl series Endoscopy
Palpation outside RERF
Medication
Surgical history
Chronic liver Symptoms Diagnosis LFT us Biopsy
disease and Palpation outside RERF HBsAg, HBsAb CT scan®
cirrhosis Medication ICG excretion® Scintigraphy®
Family history a-fetoprotein®
Surgical history
Cholelithiasis Symptoms Diagnosis us ERCP®
Palpation cutside RERF GB
Medication CT scan®
Surgical history
Calculus of Symptoms Diagnosis Serum calcium® us Urinalysis
kidney and Palpation outside RERF IVP Urine-
ureter Medication CT scan® cytology®
Surgical history
Myoma uteri Gynecological Diagnosis Hematological us PAP smear?
exam outside RERF exam CT scan®
Symptoms Surgical history
Cervical polyp Gynecological PAP smear®
exam
Hyperplasia of Symptoms Diagnosis us
prostate Anal exam® outside RERF CT scan®
Medication®
Surgical history
Continued
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Table 2. Continued

Laboratory
Diagnosis Physical exam History exam data US or radiology Others
Dementia Symptoms Diagnosis CT scan Depression-
Neurological outside RERF MRI° scale?
exam Medication
Parkinson's Symptoms Diagnosis CT scan®
disease Neurological outside RERF
exam Medication
Stroke Neurological Diagnosis CT Scan
exam outside RERF MRIP
Symptoms Surgical hlsézory
Medication
Cataract Ophthalmoscopic  Diagnosis
exam outside RERF
Slit lamp® Medication
Surgical history
Thyroid disease Palpation of Medication Ta, Ta, TSH Thyroid US Thyroid
thyroid gland Surgical history Thyroid test Neck X-ray Biopsy
Symptoms Diagnosis Microsome test Scintigraphy
Neurological outside RERF® T-cholesterol®
exam

Note: CAG = coronary angiography; CT = computed tomography; ECG = electrocardiography; ERCP = endoscopic
retrograde cholangiopancreatography; GB = gallbladder radiography; IVP = intravenous pyelography; LFT = liver-func-
tion test; MRI = magnetic resonance imaging; UCG = ultrasonic cardiography; US = ultrasonography; Ta = trilodothy-
ronine; T4 = thyroxine; and TSH = thyroid-stimulating hormone (sources of information for disease diagnosis).

8For ditferential diagnosis.
binformation rarely used by itself for making a diagnosis.

©Not routinely done but useful information for positive diagnosis if the data are available.

the special cardiovascular study? in that only those who did not succumb to the
CVD events and were able to participate in the AHS examinations thereafter
could be included as cases. Those who died of CVD were not included in this
study, since ascertainment of such cases required information from death certifi-
cates, which are not available directly from the AHS examinations. Recurrent
infectious diseases, such as pneumonia and urinary-tract infection, and diseases
whose diagnoses depend primarily on laboratory tests and X rays, such as anemia
and generalized arteriosclerosis, were excluded. Although the prevalence of
diabetes mellitus is high and is of general clinical interest, the false-positive rate
associated with using the ICD codes for case ascertainment was suspected to be
high; thus, it was also excluded from this report.

Subjects

Of the 23,418 AHS subjects, the following were excluded from these analyses:
5000 who were not in the city (NIC) at the time of the bombings (ATB), 1021 who
were exposed to the bomb in utero, and 2436 added to the AHS from the LSS
extended sample in 1977 (cycle 10). In addition, 2847 persons were excluded for
whom Dosimetry System 1986 (DS86) estimates were not available and 1821 who
had no AHS examinations through cycle 15 (the rationale for including cycle 15
is discussed under “Organization of the data for analysis”). Since information
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from at least two examinations is necessary to conduct follow-up analyses, the
study population was further limited to participants who attended at least two
examinations as of cycle 15. This restriction further reduced the size of the cohort
by 2473 people (1821 nonparticipants and 652 participants who attended only
one examination). The remaining cohort of 9641 AHS participants was the focus
of this study.

The distributions of the AHS subjects of this study (excluding NIC, in utero,
those added to the AHS from the LSS extended sample, and those without DS86
estimates) are given in Table 3a by participation status and DS86 dose categories
for each examination cycle. The participation rate among those for whom exami-
nation attendance was considered physically possible (ie, residents within the
cities) varied between 71% and 86%. Cross-sectional analyses of participation
rate and dose categories at each examination cycle did not reveal any relation-
ships.

Table 3b lists the number of participants in each AHS examination cycle by
age ATB or, equivalently, by cohort status. Females contributed 64% of the data.
People under 20 yr old ATB contributed one-third of the data at the beginning of
the AHS, and this proportion increased to about one-half by cycle 14 as the
proportion of those over 40 yr old ATB decreased from 29% to only 9%. More than
50% of the cohort of 9641 participants had attended 11 or more examinations.

The sample used in the analyses was smaller than 9641 and varied by disease,
since prevalent cases, that is, subjects who were diagnosed with the disease on
their initial examination visit, were eliminated from the analyses.

Radiation dose estimates

The DS86 radiation dose estimates were used, with the maximum dose trun-
cated at 6 Gy. This dosimetry system accounts for the detailed shielding histories
of survivors to adjust for the effects of shielding from terrain or structures,
enabling computation of total shielded kerma, or simply kerma, at the survivors’
locations. It also provides individual estimates of the mean absorbed dose to
various organs, called the total organ dose. Total shielded kerma and total organ
dose consist of the sum of gamma and neutron rays. Assuming a relative
biological effectiveness (RBE) of 1 for the neutron contribution, the most appro-
priate total organ dose for the disease was used, whereas total shielded kerma
was used for others. The results are expected to be relatively insensitive to the
value assumed for the RBE. No adjustments were made for the possible effects
of random dosimetry errors, which are estimated to be 35% or more®*; adjust-
ment for these errors was shown to increase the excess risk in cancer mortality
by about 5%—15%.*

The distribution of subjects by DS86 kerma categories is given in Table 4.
Although the AHS population is a subset of the LSS cohort, by design it contains
proportionally more persons exposed proximally to the bomb: the proportion with
estimated DS86 kerma over 1 Gy is 16% in the AHS and 7% in the LSS. Among
the 9641 AHS participants in the current study, the mean DS86 kerma +
standard deviation is 0.49 Gy + 0.86, and for those exposed to more than 0.001
Gy it is 0.83 Gy + 0.98. In the LSS, the overall mean and the mean for those
exposed to more than 0.01 Gy are 0.16 Gy and 0.29 Gy, respectively.®
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Table 3a. Distribution of the Adult Health Study (AHS) subjects® by examination

participation status, AHS cycles 1-14

DS86 dose categories (Gy)

AHS cycle  Status 0.001-0.99 >1 Total

1 Dead 413 (8%) 454 (8%) 207 (9%) 1074 (8%)
Moved 322 (6%) arz (7%) 161 (7%) 855 (7%)
Refused 1145 (23%) 1010 (18%) 493 (22%) 2648 (21%)
Attended 3107 (62%) 3875 (68%) 1354 (61%) 8336 (65%)
Total 4987 5711 2215 12,913

2 Dead 83 (2%) 89 (2%) 31 (2%) 203 (2%)
Moved 416 (9%) 436 (8%) 181 (9%) 1033 (9%)
Refused 649 (14%) 704 (13%) 186 (9%) 1539 (13%)
Attended 3426 (75%) 4028 (77%) 1610 (80%) 9064  (77%)
Total 4574 5257 2008 11,839

3 Dead 70 (2%) 116 (2%) 41 (2%) 227 (2%)
Moved 494 (11%) 505 (10%) 212 (11%) 1211 (10%)
Refused 561 (12%) 664 (13%) 226 (11%) 1451 (12%)
Attended 3366 (75%) 3883 (75%) 1498 (76%) 8747  (75%)
Total 4491 5168 1977 11,636

4 Dead 59 (1%) 127 (3%) 40 (2%) 226 (2%)
Moved 498 (11%) 501 (10%) 221 (11%) 1220 (11%)
Refused 523 (12%) 622 (12%) 210 (11%) 1355 (12%)
Attended 3341 (76%) 3802 (75%) 1465 (76%) 8608  (75%)
Total 4421 5052 1936 11,409

5 Dead 95 (2%) 132 (3%) 60 (3%) 287 (3%)
Moved 516 (12%) 502 (10%) 215 (11%) 1233 (11%)
Refused 575 (13%) 671 (14%) 245 (13%) 1491 (13%)
Attended 3176 (73%) 3620 (74%) 1376 (73%) 8172 (73%)
Total 4362 4925 1896 11,183

6 Dead 105 (2%) 124 (3%) 51 (3%) 280 (3%)
Moved 530 (12%) 507 (11%) 211 (11%) 1248 (11%)
Refused 696 (16%) 784 (16%) 307 (17%) 1787  (16%)
Attended 2936 (69%) 3378 (70%) 1267 (69%) 7581 (70%)
Total 4267 4793 1836 10,896

7 Dead 92 (2%) 132 (3%) 56 (3%) 280 {3%)
Moved 538 (13%) 513 (11%) 220 (12%) 1271 (12%)
Refused 712 (17%) 853 (18%) 312 (17%) 1877  (18%)
Attended 2820 (68%) 3171 (68%) 1197 (67%) 7188 (68%)
Total 4162 4669 1785 10,616

8 Dead 101 (2%) 157 (3%) 35 (2%) 293 (3%)
Moved 523 (13%) 505 (11%) 212 (12%) 1240 (12%)
Refused 780 (19%) 892 (20%) 358 (21%) 2030  (20%)
Attended 2666 (66%) 2983 (66%) 1124 (65%) 6773 (66%)
Total 4070 4537 1729 10,336

9 Dead 118 (3%) 131 (3%) 72 (4%) 321 (3%)
Moved 514 (13%) 488 {(11%) 207 (12%) 1209 (12%)
Refused 827 (21%) 953 (22%) 345 (20%) 2125 (21%)
Attended 2510 (63%) 2808 (64%) 1070 (63%) 6388  (64%)
Total 3969 4380 1694 10,043



RERF TR 1-92

Table 3a. Continued

DS86 dose categories (Gy)

AHS cycle  Status d 0 0.001-0.99 >1 Total

10 Dead 130 (3%) 143 (3%) 54 (3%) 327 (3%)
Moved 509 (13%) 498 (12%) 212 (13%) 1219 (13%)
Refused 845 (22%) 1019 (24%) 383 (24%) 2247 (23%)
Attended 2367 (61%) 2589 (61%) 973 (60%) 5929 (61%)
Total 3851 4249 1622 9722

11 Dead 120 (3%) 131 (3%) 56 (4%) 307 (3%)
Moved 512 (14%) 492 (12%) 211 (13%) 1215 (13%)
Refused 831 (22%) 1044 (25%) 387 (25%) 2262 (24%)
Attended 2258 (61%) 2439 (59%) 914 (58%) 5611 (60%)
Total 3721 4106 1568 9395

12 Dead 107 (3%) 154 (4%) 59 (4%) 320 (4%)
Moved 517 (14%) 476 (12%) 214 (14%) 1207 (13%)
Refused 715 (20%) 872 (22%) 310 (21%) 1897 (21%)
Attended 2262 (63%) 2473 (62%) 929 (61%) 5664 (62%)
Total 3601 3975 1512 9088

13 Dead 133 (4%) 152 (4%) 48 (3%) 333 (4%)
Moved 502 (14%) 464 (12%) 203 (14%) 1169 (13%)
Refused 678 (19%) 869 (23%) 332 (23%) 1879 (21%)
Attended 2181 (62%) 2336 (61%) 870 (60%) 5387  (61%)
Total 3494 3821 1453 8768

14 Dead 114 (3%) 174 (5%) 63 (4%) 351 (4%)
Moved 480 (14%) 451 (12%) 181 (14%) 1122 (13%)
Refused 6684 (20%) 816 (22%) 208 (21%) 1798 (21%)
Attended 2083 (62%) 2228 (61%) 853 (61%) 5164 (61%)
Total 3361 3669 1405 8435

Note: DS86 = Dosimetry System 1986.

aExcludes those not in city, in utero, subjects without DS86 estimates, and those supplemented from the Life Span
Study cohort.

Organization of the data for analysis

Follow-up began during a participant’s first AHS examination and continued
through the earliest of (a) disease diagnosis, (b) the last examination attended,
or (¢) the end of cycle 14 (30 June 1986). The time of onset was estimated as the
midpoint of the interval between the date of the examination when the disease
was first reported and the date of the preceding attended examination. This
method underestimates incidences in cycle 14, and this was somewhat remedied
by extending the follow-up to the end of cycle 15 (31 June 1988). The algorithm
used for the accumulation of person-years (PY) and for the determination of
disease status and onset time is illustrated in Figure 1. Although use of the
midpoint might distort temporal trends in some diseases, its effect on the
detection of radiation effects and relative-risk estimates should be small provided
that the participation pattern is independent of exposure status. An investigation
presented in the Appendix showed this to be the case; thus little bias is expected
from the use of the midpoint.
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AHS exam cycle

Figure 1. Schematic diagram for estimating the disease onset time in a sample follow-up
of Adult Health Study (AHS) subjects. Open circles indicate AHS examinations during
which disease was not diagnosed; filled circles indicate AHS examinations during which
disease was diagnosed; "Xs” indicate the estimated disease onset time using the
midpoint; and the lengths of the lines indicate the duration of the follow-up.

Statistical methods

We applied the Poisson regression methods for longitudinal analysis of inci-
dence data based on a stratified background model using internal comparisons.
An extensive description of this methodology is given in LSS Report 10, so that
only a brief explanation follows. Let i index the strata defined by a combination
of city (Hiroshima, Nagasaki), sex (male, female), age ATB (0-9, 10-19, 20-29,
30-39, 40-49, 50-59, 260), and attained age categories (10-19, 20-29, 30-39,
4049, 50-59, >60) and j index the dose categories in gray (0, 0.001-0.49,
0.5-0.99, 1.0-1.49, 1.5-1.99, 2.0-2.49, 2.5-2.99, 23.0). The method approximates
the true hazard (incidence) function by a piecewise constant-hazards model. The
likelihood for this method is equivalent to the likelihood based on treating the
number of disease cases in each stratum ij as independent Poisson variates with
mean PYU?\.U, where PY}; is the PY at risk, and A;; is the disease incidence rate, or
hazard, in stratum ;. ’I‘o incorporate dose into tile risk function, let A;; = A, )RR,
where A, is the incidence rate in stratum i in the absence of radiation exposure
(background rate) and RR;is the relative risk due to radiation exposure at a level
associated with stratum u We assumed an additive relative-risk model with

linear dose-response relationship

12
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where d;; is the jth dose category in stratum i and P is the excess risk per gray
averaged over all strata so that

;Lij:lio (1 +Bd£j) :

The mean dose in each d;; category was used in the analyses.

The following summary measures are reported for each disease: (a) the esti-
mated relative risk at 1 Gy (RR, ), (b) the average excess risk per 10 PYGy,
and (¢) the attributable risk for those with at least 0.001 Gy of exposure. For
diseases found to have a significant dose-response relationship, we routinely
determined whether the shape of the dose-response function, Equation (1),
was modified by z, = city, sex, age ATB, or period. That is, we tested H,: o, = 0 in

RR;=1+ B e“x(zﬂdij . (2)

In tests of age ATB effects, z, was defined as the cell-specific mean age ATB.
For city and sex effects, z, was a binary indicator variable: 0 = Hiroshima,
1 = Nagasaki, and 0 = male, 1 = female. The period consisted of three 10-yr
intervals, July 1958-June 1968, July 1968—June 1978, and July 1978—June 1986;
it was treated as both categorical and a continuous variable. The modifying
effects of these covariates were also investigated in some diseases for which
significant overall dose-response relationships were not apparent. For this, a
stratified model that also included period as one of the strata-defining variables
was employed. Likelihood-ratio tests were used to assess the significance of these
effects. The 95% confidence intervals were computed using the likelihood-ratio
method. Since RR in Equation (1) is assumed to be positive, B is required to be
greater than -1/ d___, the maximum mean dose among all strata. For diseases

max?
in which this condition could not be met for the estimate of the lower confidence

bound for B, this value was assigned as the minimum feasible lower bound.

Results

For each of the 19 diseases investigated, Table 5 shows the number of affected
individuals and the crude and adjusted background incidence rates in males and
females using data from the unexposed AHS subjects. Using the age categories
given above, adjusted rates were obtained by direct standardization with the
Japanese population in 1985,° with the age structure truncated at 15 yr as the
minimum. After adjustment for differences due to city, sex, and age, incidence
rates increased with time for most diseases. Exceptions include hypertensive
heart disease, for which a decline was observed, and essential hypertension,
aneurysm, myocardial infarction, and Parkinson’s disease, for which no apparent
change over time was indicated. In addition to displaying inherent temporal
variation in disease occurrences, the time trends also reflect factors such as
improved case ascertainment methods and shifts in research emphasis, as well
as changes in medical care and patient awareness.

The standardized incidence rates were compared with other published Japa-
nese estimates for diseases for which reliable sources were available. Using
prevalence and length-of-care information collected from persons undergoing
medical treatment in 19867 for estimating incidences, higher rates were found in

13
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the AHS for hypertension, liver disease and cirrhosis, cholelithiasis, calculus of
the kidney and ureter, and hyperplasia of the prostate. The main reason for these
differences is the ascertainment of subclinical cases in the AHS. Thyroid disease
incidence is expected to be higher than in the general population because of the
historical interest in the AHS in thyroid abnormalities. Our rates for gastric and
duodenal ulcers are lower than those of mass-screened data,® due to the older age
structure of our cohort. According to the special cardiovascular disease study,?
incidence rates for the various endpoints of the coronary heart diseases in the
AHS were lower than the estimates available from a rural community in north-
east Japan, which result may be attributed to the well-known regional differ-
ences.? The corresponding rates in the current study, except for hypertension, are
even lower, because case ascertainment is limited to survivors of the disease who
are able to attend the AHS examinations. The rate for dementia is also low,°
since examination attendance is reduced for persons severely affected. In fact,
incidence estimates from the AHS for highly debilitative diseases are expected
to be lower than for the general population. The incidence rate of Parkinson’s
disease was comparable to published figures for the general public.!! No reliable
estimates were available for comparison for hypertensive heart disease, aortic
aneurysm, cataract, myoma uteri, or cervical polyp.

The relationships between radiation exposure and the incidence of these
disorders were examined by stratifying the background incidences and assuming
an additive relative-risk model with a linear dose-response relationship. Signifi-
cant positive associations (p < 0.05) with radiation exposure were detected for
thyroid disease, chronic liver disease and cirrhosis, and myoma uteri. In addition
to linear dose response, nonlinearity was also investigated but was not detected
in any of the diseases.

No statistically significant evidence of radiation effects were detected in the
AHS participants between 1958 and 1986 for the following diseases: hyperten-
sion, hypertensive heart disease, ischemic heart disease, myocardial infarction,
occlusion and stenosis of the precerebral and cerebral arteries, aortic aneurysm,
stroke, cataract, gastric ulcer, duodenal ulcer, viral hepatitis, calculus of the
kidney and ureter, cervical polyp, hyperplasia of the prostate, dementia, and
Parkinson’s disease.

Table 6 displays the significance levels of the dose-response relationship, the
estimated relative risk at 1 Gy, the estimated average excess risk (or number of
affected individuals) per 10* PYGy, and the estimated attributable risk. The
estimated number of excess disease cases per 10* PYGy in the 3 disorders
exhibiting significant positive dose responses were 8 for chronic liver disease and
cirrhosis, 12 for thyroid disease, and 24 for myoma uteri. The attributable risk
for those with at least 0.001 Gy of exposure were 8%, 16%, and 20% for the
respective diseases. Figure 2 displays the observed and estimated relative risks
for the three diseases found with significant dose-response relationships. Ob-
served relative risk is defined as the average of the ratios of the stratum-specific
observed incidences in the positive dose categories to zero dose over all strata
using person-years as weights. The effects of sex, city, age ATB, and period as
modifiers of the dose-response functions for these diseases are shown in Table 7
and will be discussed below. The test results and point estimates for the period
effect were based on the categorized period. Consistent results were obtained
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when period was treated as a continuous variable. It should be noted that the
reported risk estimates are specific to the AHS cohort. Variation is expected in other
populations for which the age and sex structure differ from the current cohort.

Thyroid disease

A significant positive dose response was detected in the incidence of thyroid
disease (RR, o, = 1.30, p <.0001, 95% CI:1.16-1.47), an endpoint defined by the
presence of at least one of the following disorders: nontoxic nodular goiter, diffuse
goiter, thyrotoxicosis, chronic lymphocytic thyroiditis, and hypothyroidism. The
estimated excess risk per 10* PYGy was 12, and the proportion of cases among
those with over 0.001 Gy of exposure attributed to radiation was 16%. Females
were three times as likely to develop the disease as males.

Not sex, city, nor period (equivalently, time since exposure) was a significant
modifier of the relative risk. As was suggested in Report 6 for thyroid diseases in
general,! the effect of age at exposure was significant (p = .02), with increased
risk primarily in those exposed at an early age, such as, RR, g, = 1.24 for age
ATB = 20 yr, and RR, g, = 1.03 for age ATB = 50 yr. In fact, separate analyses
for those aged 20 yr or less ATB and those over 20 yr ATB revealed dose effects
only in the younger group (RR, ¢, = 1.38, p <.00001, 95% CI: 1.21-1.60), with no
evidence of a dose response in tIVle older group (RR, ¢, = 1.10,p = .10, 95% CI:
0.98-1.26). (See Figure 3.)

Myoma uteri Thyroid disease
6 4
5
. E
2 3 ; _ 2 2 } L i {
o s e © .
ot > = L %_._
e ¥ $~% & 1-3’% i
1 -
OT T I | T I T T I 1 Y i I | T I T I I 1
00 05 1.0 1.5 2.0 25 3.0 35 40 45 000510 152025 30 354045
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Figure 3. Estimated relative risk of thyroid dis-
ease for subjects age 20 yr or less at the time of
the bombings (ATB), over 20 yr ATB, and all

Because of possible con-
founding with radiation effects
in thyroid cancer incidence,!?
additional analyses were per-
formed by excluding AHS sub-
jects found through the
Hiroshima and Nagasaki tumor
and tissue registries to have
thyroid cancer. Among the 803
persons with nonmalignant
thyroid conditions, 33 were
identified as also having thy-
roid cancer. Further analyses
excluding those with cancer
showed a similar trend in dose

subjects combined.
l response (RR; 5, = 1.29, p <

.0001, 95% CI: 1.15-1.46), with
age at exposure as the only significant effect modifier. Similar results were also
obtained for the follow-up period between cycles 9 and 14 when subjects with
adenomas could be excluded (RR, g, = 1.28, p < .003).

Chronic liver disease and cirrhosis

The estimated relative risk at 1 Gy is 1.14 ( p = .006, 95% CI: 1.04-1.27). The
estimated number of excess disease cases per 104 PYGy is 8, and the attributable
risk is about 8%. Sex, city, age ATB, and time-since-exposure effects on the
relative risk were not statistically significant. Males were twice as likely to be
diagnosed with the disease as females.

Myoma uteri

The estimated relative risk at 1 Gy is 1.46 ( p <.001, 95% CI: 1.27-1.70). The
number of excess disease cases is estimated as 24, and 20% of cases with over
.001 Gy exposure were attributed to radiation. The large number of excess cases
reflects not only increased risk due to radiation exposure but also the high
background rate of the disease, which is estimated to be about 50 per 10 PY.

Sex, city, and age ATB were not significant modifiers of the dose-response
function. However, relative risks for myoma uteri displayed a decreasing trend
with time since exposure ( p = .02, Table 7). Further analyses incorporating age
at exposure as an additional effect modifier revealed a more-complex phenome-
non in which the risk depended on time, age ATB, and their interaction. The risk
in the younger cohort was observed to decrease with time, whereas the trend was
reversed in the older cohort.

Cataract

In contrast to previous reports of increased prevalence of axial opacities among
heavily exposed survivors soon after exposure,’®! the current results do not
indicate radiation effects on cataract incidence in the AHS subjects during
1958-86 (RR, g, = 1.05, p = .14, 95% CI: 0.99-1.12). This may indicate the
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attenuation or disappearance of the effects over the 13 yr since the bombings.

Table 8 shows that sex, city, and age ATB are not significant modifiers of dose
response, indicating that relative risks in the subgroups do not deviate from
unity. However, the effect of time since exposure was significant (p = .01). The
highest excess risk occurred in the first decade of the AHS (RR, ¢, = 1.20) and
diminished with time. When joint effects of age at exposure and time since
exposure were considered, excess risk was demonstrated only during 1958-68
among those exposed when young, such as age ATB <20 yr ( p < .001, results not
shown). No evidence of radiation effects were demonstrated at later periods for
this group, nor were there indications of excess risk among older cohorts at any
time. These results could indicate lingering radiation effects but only in those
exposed when young. However, the development of new cases long after exposure
does not seem likely, according to the results from an earlier study showing that
the prevalence of posterior subcapsular changes remained constant over a period
of more than 10 yr.!? The latent period for lens opacities due to treatment with
X or gamma radiation appears to average between 2 to 3 yr.'>!7 Thus, we
suspected that the current results might be due to the inclusion of individuals
who became afflicted with radiation-induced cataract before the AHS began in
1958. Such individuals could have remained undetected at their initial AHS
examination (but diagnosed at subsequent visits), due to variabilities in the
diagnostic technique of the examining physicians or the relative insensitivity of
the ophthalmoscopes routinely used for detecting mild lens opacities.

To examine this hypothesis, we conducted chart reviews for individuals with
cataract who were 20 yr old or under ATB and were diagnosed during 1958-68;
there were 11 such individuals in Hiroshima and 6 in Nagasaki. Only 2 were
unexposed, 1 in each city. Upon review of the medical records, 10 exposed
individuals with cataracts had been diagnosed before 1958, and 7 after 1958 (5
exposed, 2 unexposed). Reanalysis of the data excluding the 10 subjects did not
show any significant overall radiation effects (RR, 4, = 1.04, p = .22), nor any
effects in the three follow-up periods (ER, g, = 1.12, 1.05, 1.00, respectively, for
1958-68, 1968-78, 1978-86, p = .14). Thus, the results of chart review are
consistent with our hypothesis; no radiation effects on cataract incidence are
evident in the AHS subjects after 1958.

Cardiovascular diseases

Various cardiovascular disease diagnoses were examined in this report, but
none showed a relationship with radiation exposure. Further analyses to test for
dose response were conducted for stroke and myocardial infarction (MI) by
examining the relationship in the subgroups defined by the effect modifiers. This
was of interest in light of the special study on cardiovascular diseases that
showed a positive relationship with dose for MI, albeit only in Hiroshima fe-
males.2 Qur results shown in Table 8, however, revealed no statistically signifi-
cant dose-response relationship in any of the subgroups defined by the effect
modifiers, except for the suggestion of a possible increase in the risk for MI in
those exposed at an early age.

20



RERF TR 1-92

Discussion

This is the first AHS report that examines the effects of ionizing radiation on
the incidence of certain nonmalignant diseases using statistical methods that
explicitly deal with the longitudinal nature of the AHS data. This report covers
diseases incident during 1958-86 among AHS participants who attended at least
two examinations. Nineteen disorders were examined, and increased risks asso-
ciated with radiation exposure were detected in thyroid disease, chronic hepatitis
and liver cirrhosis, and myoma uteri.

Thyroid disease

The thyroid gland is regarded as sensitive to ionizing radiation. Previous
studies of thyroid diseases conducted in the AHS population revealed a positive
association between radiation dose and various forms of thyroid disorder, includ-
ing cancer and nontoxic nodular goiter.!2!8-21 In the present study, a significant
positive dose-response relationship was also detected in the incidence of nonspe-
cific thyroid disease, broadly defined as the presence of one or more of the
following: nontoxic nodular goiter, diffuse goiter, thyrotoxicosis, thyroiditis, or
hypothyroidism. The attributable risk estimate of 16% for exposed persons is one
of the highest among the noncancer diseases examined here. Excess risk was
observed for those exposed to the A-bomb at an early age but not among the older
persons. A similar trend was also noted for thyroid cancer incidence in the LSS.'?
Further analyses excluding AHS subjects diagnosed with thyroid cancer to
remove the effects of confounding showed consistent positive dose responses.
Thus, we demonstrate that the thyroid gland, particularly in the young, is
sensitive to the effects of ionizing radiation not only in terms of developing
malignancies but also in terms of developing nonmalignant disorders. It is
noteworthy that excess risk for thyroid disease appears to have remained invari-
ant over decades of follow-up, attesting to the need for continued monitoring of
thyroid abnormalities in the AHS subjects.

Due to high overlap in the diagnoses of thyroid diseases using information
collected from the general examination procedures of the AHS, it is not possible
to determine definitively whether exposure to ionizing radiation increases the
risk for particular types of thyroid disorder. Among subjects incident for at least
one of the five thyroid diseases considered, 35% had two or more thyroid diagno-
ses, with 8% having three or more. The high degree of overlap signifies both the
nonspecificity of the diagnostic procedures used in the AHS examinations and
the multifaceted nature of the disease. In either case, for functional disorders
such as hypothyroidism, this multiplicity prevents the identification of the actual
pathological changes induced by radiation exposure, leading to deficient thyroid
activity, since the presence of other thyroid abnormalities (eg, chronic thyroiditis)
as well as treatments for thyrotoxicosis, thyroid adenoma, and thyroid cancer can
also lead to the same dysfunction. Thus, the relationship between ionizing
radiation and the risks for particular types of nonmalignant thyroid diseases
must be examined through studies designed specifically for such purposes.
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Chronic liver disease and cirrhosis

Small, but significant, radiation effects were observed for the first time in the
AHS cohort for chronic liver disease and cirrhosis. No differences were demon-
strated in the relative risk by gender, city, or age ATB. In addition, relative risk
appears to have remained constant throughout the observation period.

Whether the liver is a radiosensitive organ has been under debate.?%2? Pre-
vious pathologic studies on liver diseases conducted at ABCC-RERF have re-
ported radiation effects only in liver cirrhosis.?*?® Evidence from past LSS and
pathology reports on primary hepatoma have been equivocal.>2627" However, the
most-recent LSS report showed a dose response in liver-cancer incidence.'? The
latest study of noncancer mortality in the LSS indicated that mortality from liver
cirrhosis increased in the higher-radiation-dose group,?® which is consistent with
our finding on incidence. Animal experiments have also shown hepatic damage
to be inducible by radiation exposure.?? Thus, recent evidence suggests a direct
effect as a possible explanation for the current result.

Viral infection and excessive alecohol intake are known to be the two major
causes of chronic hepatitis and cirrhosis in Japan.’® An examination of these
factors may provide information helpful in elucidating the role of radiation in
liver-disease etiology. Studies of hepatitis-B (HB) antigen and antibody titer in
the AHS population indicated the positive rate of the antigen to be significantly
increased among heavily exposed survivors, suggesting reduced immunity as a
possible cause of viral infection.?1:32 Surveillance of the hepatitis-C virus (HCV)
antibody, which recently became available, will be beneficial for this purpose. A
report on the nutritional status of the AHS participants, including alcohol
consumption, should provide clues regarding the interactive role of alcohol intake
on the association between radiation exposure and incidence of chronic hepatitis
and cirrhosis.

Myoma uteri

The first report on the association between radiation exposure and myoma
uteri (MU) appeared in the prevalence study of AHS Report 6.! The present
analysis, based on disease incidence over an extended follow-up period, has
confirmed this relationship. The effects of city and age at exposure on the dose
response were not statistically significant. However, an examination of the effect
of time since exposure showed that radiation effects on the incidence of MU have
decreased in recent years (1978-86). This trend prevailed in the younger cohort;
however, an opposite increasing trend was observed among those exposed when
older, such as age ATB over 35.

Myoma uteri is a hormone-dependent disease with peak incidence in the
peri-menopausal period, around age 40-50.>* Women irradiated at age 35 and
above would have been in their late 50s or more in the second and third decades
of the AHS program, and many would have passed the peak incidence period for
this disease. Although ages at incidence in the younger cohort are in agreement
with expectation, the late onset ages in the older cohort observed during 1978-86
are biologically suspect. We postulated initially that affected persons in the older
cohort were asymptomatic at the time of true incidence, and that they were
ascertained later adventitiously through other diseases of the female reproduc-
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tive organs that develop later. This can raise the apparent ages of onset for MU,
and an increasing risk over time may be observed as a result of confounding with
possible radiation effects in the other disorder. To examine this hypothesis, we
reviewed the medical records of 48 women with MU who were 220 yr old ATB
and who were diagnosed after 1977. This resulted in the backward adjustment
of the disease incidence time for 8 cases; only 2 cases were found incidentally
through other uterine abnormalities. Reanalyses did not alter the trend in the
older cohort, and the phenomenon remains unexplained.

Since gynecological examinations of AHS participants are voluntary, one
cannot overlook the possibility of dose-related bias, since exposed females may
have a greater inclination to undergo such examinations. The only data now
available to assess this possibility exist as binary responses, that is, did an
individual have the procedure or not. Statistical analyses (not presented) did not
detect a relationship with dose. However, bias cannot be ruled out as yet since
the frequency of gynecological examinations may be related to radiation level.
The chance of detecting MU or other uterine abnormalities should be greater with
more-frequent examinations. It is estimated that as many as 40% of the women
diagnosed with MU in the AHS are ascertained through gynecological examina-
tions, and another 40% through surgical diagnosis from outside hospitals. Thus,
further investigations are needed to rule out dose-related bias. A current study
applying ultrasonography to all female AHS participants to screen for nodular
growth and enlarged uterus should enable validation of the dose-response rela-
tionship without the possible bias mentioned above.

The relationships between ionizing radiation and various types of uterine
cancer have been studied in the A-bomb survivors, and so far only a weak
association was observed in cervical cancer mortality, with none found in uterine
cancer.?2634 Although a pathology report on the LSS cohort showed no radiation
effects on various benign tumors of the alimentary tract,?® a positive association
had been shown in benign parathyroid adenoma,® as well as the suggestion of
such a relationship in skin lipoma.! Thus, the dose-response relationship ob-
served in MU could be real.

Finally, we examined the accuracy of MU case ascertainment through the use
of ICD codes. Confirmation of case status was based on a comparison of individu-
als identified in the AHS against information in the Hiroshima tissue registry
and on a review of medical charts of 49 randomly selected affected subjects. About
90% of cases thus ascertained were estimated to have been correctly diagnosed.

Cataract

The present study based on 28 yr of follow-up of the AHS subjects appears to
indicate that radiation effects on cataract incidence disappeared during 1958-86.
This conclusion is based on analyses of cataract incidence data without regard to
causes for lens opacification, which limits the scope of inference. A more-proper
analysis should have excluded all preexisting cases, as well as cataracts whose
causes could be traced to factors other than exposure to the atomic bomb. Such
an endeavor would entail an extensive chart review of thousands of possible
cases, which was beyond the scope of this study.
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The current results call attention to the following points that are important
for making inference and for planning future eye studies: (a)cataract occurs in
varying degrees of lens opacity so that the detection of mild conditions requires
the use of more-sensitive slit-lamp biomicroscopes; and (b)cataract consists of
subtypes, including senile, radiation, traumatic, congenital, and those related to
complications from diseases such as diabetes mellitus.

Since the severity of lens opacity varies among individuals, the detection of
mild conditions depends on the expertise of the examining physician and the
diagnostic instrument used. Although severe lens opacities are detectable with
an ophthalmoscope, the detection of slight opacities requires a slit-lamp biomi-
croscope, which has been used only in special eye studies. One undesirable
consequence, besides underascertainment, was exemplified by our initial finding
of a dose response in the first decade of the AHS, which response was shown to
be due to the inclusion of cataract cases incident before the start of the AHS
follow-up. Although we attempted to remove the “known” prevalent cases before
our analyses, not all preexisting cases could be identified and excluded because
slit-lamp biomicroscopes were not used systematically in the routine AHS exami-
nations. Incomplete ascertainment of affected persons with mild conditions could
also lead to bias if radiation exposure actually increased the risk for slight lens
opacities. Thus, regular use of slit-lamp biomicroscopes should be emphasized.

Since the lens opacities considered were not limited to those typically attrib-
uted to radiation exposure, what inference can be made regarding radiation
exposure and cataract subtypes? It is known that the prevalence of senile cataract
rises rapidly with age in the general population, especially after age 50.%” In more
than 95% of subjects with cataract, the ages at incidence were over 50 yr. Thus,
congenital causes may be ruled out, and traumatic causes are likely to be rare.
The number of radiation-induced cases, if present, would likely be small since
their prevalence among heavily exposed A-bomb survivors of similar age in
1963—64 was only 7%.'2 Those cases due to complications of diabetes mellitus,
glaucoma, or drug toxicosis (conditions that are not uncommon among the aged)
may be considered rare in Japan since their occurrence is associated with the
advanced disease stage, primarily from lack of medical treatment. Thus, the
predominant form of cataract in this study is expected to be the senile subtype,
that is, lens opacification due to aging. The lack of a dose response and, possibly,
the lack of radiation effects on aging assessed in terms of lens opacification, may,
therefore, suggest that the risk of senile cataract does not increase with radiation
exposure. This proposition, of course, must be validated by a more-detailed
investigation involving specific ascertainment of persons with senile cataract
using slit-lamp biomicroscopes. Such a study would also be relevant to questions
such as whether radiation exposure induces premature onset of senile cataract,
modifies types of senile cataract, or affects disease progression.

Cardiovascular diseases

A previous study of cardiovascular disease showed the incidence of myocardial
infarction (MI) to be increased with radiation dose in Hiroshima females during
1958-78, whereas the relationship was not evident in Hiroshima males, nor in
Nagasaki males and females.?*® Overall analyses combining the sexes from both

24



RERF TR 1-92

cities in the same report? showed only a weak relationship for coronary heart
disease (CHD) and none for MI or angina pectoris. However, the most recent
report on the LSS?® showed an excess risk of noncancer deaths at doses above 2
Gy, mostly due to an increase in noncancer mortality after 1965 among younger
survivors, that is, age ATB <40. A similar association with dose was shown for
circulatory disease as a specific cause of death, particularly heart disease. Such
a trend has also been suggested for MI in the ongoing cardiovascular disease
study of the AHS in the extended follow-up period of 1958-86 (report in prepa-
ration, personal communication).

Although the actual endpoints differ, findings from the above studies may be
pointing to the same general phenomenon of a dose-associated increase in CHD
events. The relationship may have become apparent only recently for the heavily
exposed young survivors, who might be more sensitive to the effects of radiation
and more susceptible to CHD. The present analysis failed to detect any effects of
radiation on the incidence of MI, stroke, CHD, or aortic aneurysm. However,
although not statistically significant, the risk for MI is observed to be greater for
young survivors and greater in the latter part of the study period, which are in
accordance with the trends seen in the above studies. Since only 77 individuals
affected with MI could be identified among the AHS participants using the
current ascertainment scheme, small sample size may possibly explain the
statistically nonsignificant result.

There are various reasons for the small sample size for MI in this report, in
contrast to over 200 available in the updated CVD incidence study (report in
preparation, personal communication), in which case ascertainment was based
on stringent criteria using clinical findings, as well as electrocardiogram (ECG)
results and death-certificate and autopsy information. Cases in the present
study, however, were ascertained solely through information from biennial clini-
cal examinations of AHS participants who survived acute MIs. Thus only indi-
viduals with nonfatal, less-severe forms of MI are represented in this study,
resulting in the limited sample size. Since the youngest A-bomb survivors are
now entering the age when coronary events become more likely, continued
follow-up of the AHS subjects is desirable to establish whether the suggested
association between the nonfatal form of MI and radiation exposure is real.

In conclusion, elevated risks were demonstrated as late effects of exposure to
ionizing radiation for nonspecific thyroid abnormalities, myoma uteri, and
chronic liver disease and cirrhosis. Several assumptions have been made in
conducting the analyses; some of these assumptions have been validated, but
further investigations are needed to clarify issues related to potential bias in the
risk estimates. The results provided herein should stimulate additional in-depth
studies to attain a better understanding of the role of ionizing radiation in the
development of nonmalignant diseases.
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Appendix. Assumptions for Incidence Study and Validation

The validity and interpretation of the results depend on the degree to which
certain necessary conditions underlying incident studies are satisfied.?® For the
current study, these conditions are as follows:

(1) the disease is a single nonrenewable event, that is, only one transition
occurs from a healthy to diseased state with no reversion to pre disease state;

(2) the beginning and the end of follow-up, particularly disease onset times,
are well defined,

(3) the participation rate in AHS examinations is independent of health status,
radiation exposure level, and city; and

(4) the diagnostic criteria of the examining physicians or the self-reporting
pattern of the subjects (case-ascertainment mechanism) are independent of
radiation dose, health status, and city.

To satisfy the first condition, we limited consideration to diseases whose
occurrence following onset are thereafter always detectable. If ascertainment is
based on the interval history of the patient, the illness must be sufficiently
symptomatic to be memorable. Diseases that may be medically controlled but
could recur, such as stroke and gastric ulcer, were retained in the study, using
their first occurrences in the data base to estimate the incident time.

The entry and exit times are defined under “Organization of the data for
analysis.” Because the true disease onset time is unknown, it was estimated as
the midpoint of the interval between the examination date when the disease was
first recorded and the date of the preceding disease-free examination. An alter-
native to this approach is the use of the examination date when the diagnosis
was first made. The two approaches differ little for detecting a dose-response
relationship if the participation patterns of the exposed and unexposed subjects
are similar and independent of dose level. Failure of the subjects to attend every
AHS examination increases the uncertainty in the onset-time estimate in both
methods. Either approach is justifiable, depending on the disease. We regarded
assignment of the onset time before discovery during the AHS visit as more
reasonable, which led to our use of the midpoint.

We examined the validity of the assumption that the participation pattern is
not affected by radiation dose using 10,293 persons who attended at least one
AHS examination. A positive association between participation rate and dose
may inflate the risk estimates. The number of examinations attended after the
first, x; — 1, out of the total number possible until death excluding the first
examination, m; — 1, was regressed against dose, city, sex, and age ATB using a
logit model:

In(p/(1 - p)] = o + o (city) + op(sex,) + o(dose;)
+ o (age ATB,) + oz(age ATB)*+. . .,

where p; = (x;— 1)/(m;— 1), i = 1, ..., 10,293. Radiation dose did not affect the
participation rate, but the city, sex, and age-ATB effects were significant. Par-
ticipation rates for the Nagasaki subjects were lower than for the Hiroshima
subjects, which may be due to the higher emigration rate for the Nagasaki
subjects. As could be expected, females were more likely than males to partici-
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pate. There was a tendency for the participation rate to rise with age ATB up to
15 yr and then to fall as patient ages reached the late 60s. Age ATB in this case
may be considered as a surrogate for attained age.

The fourth condition, that the case-ascertainment mechanism be independent
of dose, health status, and city, is more difficult to satisfy or to validate. The
examining physicians and patient-contacting personnel are presumably blind to
the subjects’ dose levels. Changes in disease detection rates, variations in case-
ascertainment probabilities due to shifts in research interests, and the introduc-
tion of occasional special studies should not cause serious problems in the
detection of dose effects, as long as persons are affected uniformly regardless of
exposure status. However, such changes will distort secular trends.

Bias in the risk estimates can also result if the participation rate is related to
the subjects’ health status. For example, increased attendance at AHS examina-
tions by those who suffer more illnesses could inflate risk estimates, if, in fact,
health problems do rise with radiation dose. One way to verify the assumption
that the participation rate in the AHS is independent of health status is to devise
an illness index based on some key diseases and to relate it to attendance
frequencies. Characterization of the health status does not seem straightforward,
and such an examination has not been conducted in this report.
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S S e M g 2 TR v 4 —
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BRI E R O EA RS Sh, WRIFFR 20U TTY R 2@ LR L, 202 ETRY
A7 DLERBBDHONE D o7 TDE DT, WMAERICHT MO LSSHEHICH 5
& iz, FRIFEMMEE OFLE & W S @A TRa(, JFBMREBOREN SR T, HEHD
RN 3 S SZE O MBI LN TE W Z L 2 AHS D7 — 4 SR LTV B, Bix DRI,
FHRDR IR 12380 5 MR R &MV L TRHOND D TH 2,

CIEIMEROERIZ>VTR, VIR LFELSBERISEGBEED oo, L
U, L4E, HEWERE TROMHTEDRAESRMLTE b, Rl 2, 34T O
BrofBETHRDLONE, AHS B W TOMFMIZE &R N EAL TTHICR S R,
ZOMICRBHEMREEATHEL, SEEBELERNE LN - o EMED
AREDIHNE LIS,

F7c, SEOFEAR, 195805 1986 51 AHS Zi2 ¥ @ F1N RO 37 72 18 FeA: 43 BN AR
Bz > TWMULTWE LI E2RELTH 5,

Sl ks R, BUADREBICE T 2 S EEEBUN SR 50K T 5 - TO AHS
OHRM EHEENZENT L 6D TH 2. AREHICLD, T 5L HET 1D H
HERBICBLAET Sh, SEOTENOES LB I LM 5,

b1

R AR A (AHS) O HINZIAE - BIBFEEEETICH T 2 BUaaaat, RasLt,
B O, B bENEROELOMFRERRE ILETH S, AHS 07 I LIZOWT
12 1968 4E0 & 1980 4E & TOMIM A NS & Li- AHSEBWMTHM L. £ OWMAH T,
FRLIEI OGS & Ak, PR h T -7 2EHNCBITL, BohipiA%z
HE Ui, BTHTHIARIRL - m AN E SR, 20T 0SS LHBBE i 19584
CELRAI D 5 19864 A GE 14 D & TSRS N 2BH T — 7 ZWT L7, TO
F— Z R B O T AT AT DFRER BT - Thofoo AREFEAEL 197
DOIEEHF R I BT BB EEHRER OB EARE (. JhlBkomEHTE, gk
FHZHIE S WA EBPN T — 7, BRRETF — 7 B LUOBRAEC >V THRET %,

il

WO FEHNIL UL AHS 7 — 7 OEMIM G T 2 HEEBA LI L TH D, KEBH
HROBFEB LT, FHF— 7 HOREMRET LS ISV o e fEO—HTH 5, Thid
7 — & O EMMNEAREA T, FRER & EERNERE O R B B R E O TO I LE O
BT E3RTBELDTH %, HWNROLBIREXTROKBOES, FLALEVZ GRS
IO, Bk BB & ZNREORDVRERTHRRCRIZ 5T LG
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DT, BB &R OBRO MBI BRI D 5, FERO LB TR AEFROER I FRE
ENBOT, LIV - BEH Bl U 2o BT 0 5 b WAL IEILE R (4 5 42 < R
Wb TR, HEo g, EREED L HHERTAECHESVWTVEDT, &
BT SRR IR @ AHS 3615 % OfE REIT i 2 5584 £ 0 BHIICEHI T & 213 72, L
NDH BFOBEBORKIC BT 2 FURBEHROREE & DB RHET 2 LT, ARORED
IO AICRMES A S 2 LRI B,

MHlEFHE
BRARFIE & B ORIRICDONWT

BOEEKRMFEEIC S O TRB 6 T L, Lo R & 6 URATNHH
1%0ﬂ@b1%6%m%mentoﬁ 23T X Nic AT Licdi> TiThh, R, B
MR, —R BRI A D 5185, MZh SB L, Aot 0Zl, $/3ZT
W B IEFIOTEY, HF L AEROWEOEMIN S 2 HA T, FHTELE L, #
VIS E R A D & 15 5 aE8E, LiE LIFEE & U CRiBIIMIC ST - 7o, —IRERRM A
KREIMRAE, M52 L 25 o—ILiEoRlE, MR (8 HHE » Sruk), B, BiE,
Mo X 45, B EPLER, 575, BERRANE RSB TEE 12/HH (198041, &
I3 13 FIAE (1982 4F) i s, HHRER, FUBRICBIE U iRBMRA D 7 b It AT M,
BRI, B R T OB AT - 72 b THEHEN S B WTEEE I Ulc ¥ » TR % L /KBl
DT » foo BITKE 2 HETRFEE AT LT, BRIRES R ERARE2(ABCC) & Th
AR U 72 BUR SR ST AT (BOEDD TEIES hc, BETFIRIE &L & MBIRITITbh s,

F 7o BB R ORI AR & ENED - 7o, WRE LAY D L RIOWE I &

v ;/\’)GDH,EE;’J‘Bfﬂ@[ﬂﬂﬁkﬁrﬁfﬂ(ICD)ﬂ— Fea—Fkah, avbEa—%F—%

ANENTO S, ChOEAMEORKEE LT ohic, BITORDERL
P& FAICHIGE 2 ICD 2 — FizR LIoRd, SNk OBIkER2IERT, &
DA T, —BIICZHRALTIZEHOIEF > TEFIEZE ORI ZITH N - 72,

ICD 2 — ROHEHBICHR I WA ER AR L TESSHERITI i, £/ AHSO
— B TN > TR AT AITERE « AT 2703, KEZEO 2 — Mt s
M0 ERHECiThNEBREAERSEEICE W ENERE N, FIPIEE, BYIREE L LR B
L& HAMOERIE, BEOHRE T ClREHRE L OMEDRREMAIRESATNSDT,
NS OEBITBINICEIRS Wi, RAY I & ic T _RTOHFRRBEERE (P, Ta Ty,
A Bl ok L e » (TSH) )2 ZB#H1iT-eb 3 TGV O T, FIRIRBEER 2D
WHE 7S 2 W I REET & - 720 AIAD O RE T FHEBAR O LT O M THE D FIRER

WHAE LN, Tk SRS, PRIEEE—DHIBHT 2 Z LEATHETH » /.
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U7 = T, FErba sl EntE SRR, oMt tHIRIRE, BRI EEE, 80k U o/ SERMEHNR
W2, FRIRAEIE MIED—2 F 22 3O PIRIREBE2E T2 L0 I REMcERE L
FRIRIR A EETEZ ENBBETH > 7o, ICD DY T, 8ETH T i3 FIR IR o NI i 45t
LEWT LR OBRBRED I - FicgE T30 T, FREEEBICET 2> F#A 2 b
AHE—d Bz, KGETH M TR ICD = 226 (Iif) 2 Ic & d iz, Lo L, WETHE 9K
AR X BRI W TIRIEE S F 2 OB b 17T - 700 MEEABIRS & CREINR
ORI &P, AN S e 2 BRI, KMaEd s U TR L, O
HEIz> 0Tk, 1964 HLIHIZ G & OB B EHET 2 ICD 2 — R0 - 72D T,

1. I9EOBLUNOEREZOERERAECD)I—F

ICD ki

= & T 8 i 9 b
=i 444, 445 400, 401 401
& i e B B 440-443 402, 404 404
2 b O B B 420 410-414 410-414
DB EEE - 410 410
PAZE, BE7E° 332 433, 434 433, 434
KBRS 451, 452 441, 442 441, 442
RizEen b 330-332 430, 431, 433, 434 430, 431, 433, 434
kiR B 250254 240245 226, 240-245
£ P 385 374 366
Bk 540 .531 531
+EBIR S 541 532 532
BT ERS & CIFEZE 581, 583 571, 573 571
fB R fE 584 574 574
BEBLURERE 602 592 592
F = 214 218 218
HERY-T 215 219 219, 622
B 37 AR A 610 600 600
S 304, 305 290 290
N—F U UK 350 342 332

CREIRS L URERABRES O,
P RS RSNBIIR S ok R AR OBAZE & B, A, J EETRMESS,
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2. EEZHOBEERR

Ry e
© BEAIRE " OE BEERARE T — ¥ X8 Zoft
FHEMEME M F o= RS eEE? R X
B 2 BTN OZE® BHaEe ucG?
ECG?
BT OEE I F O 3 B X 4
# BoBP BRSO LI ECG
fE IKk° uceG
mitE O RER E K o ECG CAG®
YA SO EDY: TAY—O-fEE FUHLR
FRESTER Fp°
Ly KFZIL
ucG
DBRIEEE E WEFFAD® HREFAMNSD  ECG CAG®
SHEHE BERF—5° ucG FUS LR
B " fp°
AR EHERE P OB CTRF v
IR SR Jiilbgcs 2
B 2 P MRI®
RERE
K EhRAE I Ye-2 ) SO i Ratp X $3 KBRS
SAEHE REEE X 48
w = LR feh=d
CTAF+
g 3 fE 1K HEFAORE #® @ FERERRERRE  NENRE
i 2P O B #&°
HEHEE
et =17 ¢ S WA OBE & (E LB RRTE  AIRERIRE
i B2° B OE
SAEHEE
BiTERS L E K MEFAOBE  LFT us £ %
U RTFREZE M 2 " E HBsAg, HBsAb CTZF+/°
e ICGHEE S FouFe
SREHEE® a-7x b7OF
Af)8
AR T % HEHS DB us ERCP®
2 2 O GB
SRR 1 Adwie
BRLIURES £ K BRI DR mAEAILHLY  US FRIGEE
5 I o IVP FRAMBRE
SR EE CTRFy /¢
FERE WARSE HEFSOBE  RE® us PAP i&fk
fE IR SFEE CTAE+w ¢
7
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*2. oI
BERE -1
2 W AR B BEERiGE T — % X Z At
HERY—T ImARRE PAP #$°
BIAZRRAE K fE IR b8 AT ANt us
mhgsc o e CTRF+ ¢
SHELEE
#H R fE AR bk AT TN CTRF v SO
HIZRE %O MRI®
N—FVUURE E IR b8 A NOE: i CTRFw/°¢
TR i 3
BpizErh wWiERE P\'6- 22 L O ECE:S CTRAF+
£k SAEHE MRI®
% =P
=1 RIBSRE o8 A5 NS
HEBRAT © 3
SR
HKiREE FiARROAREE 1% = Ta Ta TSH FIAREBERE BREER
fE Ik SRR PR RS SEEE X 58 SRV ESAES

HIERE"  HEFSNORER® Iv0U-LE&E
T-aLzFo-J°

iF: CAG =mIXMEERE, CT =2V E1— FEEiRRE, ECG=.0MEM, ERCP = MRS REER,
GB =83 X 4RI, VP = R ARREGERZ, LFT = fH#ibias, MR =S tmamigs, UCG =85
DM, US=8FFRE T,=r)3—-FFoz-y, T,=FOF2 Y, TSH = REEHMARILE Y
(FEREEZHT - DOHERR .

* SERIS A,
CRHEE ( ETREOICHRTEE S AZBLANEL ER,
CEBEITHNGLD, F—INAFTRETHNILBMRZEEE S - CHREHER,

FNLARICHER S N iEflE O TR Lc, ZoWMEHTORMMERER(CVD) &2
e A%, DIRINERECHT 2R EHAE ORRBE LGRS LICHBE LTI
BV, S, fIETIHCVDIHRLTHECET, 20HAHSHEEXZIF-AD
HEPR>TVENETH S, CVDTHL LI AZMRT 27032 ME» & O
PHETHHH, AHSKREZDP LR T EEBEAFTELR VD, CVDTHLELAZARZOD
FECHEN TR O, [ligE, REEERYYE D & 5 L EFRMEERYYE S L ORI, 25 HEIR
{IED L S e L UTIEARRE & XBITESOW TR h 2 58I RA Ui, BIREOS
FIRIEE <, —REIICERRIIC bEIRE VL SO TIEH 545 ICD o — FEREMMZRIZH O
B, BEBEENTOEVWYH ZDT, ZOWEHRI SN L,
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PUE £

23,418 ADO AHSHEZ D5 B, LIT OB B SMRA Uic, B TRV
- 72 (NIC) 5,000 A, HaN#E% 1,021 A, 19774 (10 W) ic P AHRE D 5 AHS
IiBIE hiz 2,436 Ao AT, DS86 AR HEEMATAL 1 2,847 A& 15 %8 LT AHS
OB AEZIFITHHEN 1,821 A5 % & 21l [T 7 — & ORI TlB~<5),
BP R AT S fedicid P &b 2[lich  ZRAFMOBETH 20T, HRAWEIK
15 FETIcd B L b 2RRBEZ T LFITBRE Uiz, TOBIHIITL D MREFFII
2473 NP L7z (1ELZ2 L TRV LE2I AL 1E LOZZ LTV E52 A), -
729,641 AD AHS R # ISR DA DRI - 7o,

AFIr D AHS 553 (NIC, MaPIskiE®, LSSHCAENIH HiBmE hic AHS 5%, DS86
EHEEM O 15 WE AR ) OZRIRBLEIE & 0 DS86 4K 43 Il A SRR &
%3alcRt. SLHAYHEMICOETH 2 & Bbh/icB(Tb b, HNELEE) ORR2HEE
T1%H 5 86 % DRITH - oo BHHRBAWICH T 222 & BEX 5 O B R % R I AT
Licsa, Wik BAOMBELEGNED -7,

% 3b i3, BREERLIIC, TRb BN T 5 Tk — MRRBIK, & AHSHZEBIC BT
2B ERATRLTVD, LN TF—5 D64 %% did 2, BERERA 20 AN O H &
AHSEIEHHzIZ 7 — 7 D3ND 1 TH- 1285 4AMHE TiczHol ETmlic, —4
PRG540 55 Ll E O A DI 29 %D 5 9% E THID Lz, 9,641 AOHREZEDS S
50 %Ll EoFEA 11 L ESZZ LTV S,

W) ORE THEEL S 5 LW S NcFH IR SRA LT, BTl s hang
#£1329,641 A&k b bDind, ZOEBREBINCRILS,

HEE S SHREHE

Bkt % 6Gy Y 02T DS86 HEE MR R s hic, COMEI AT LTHR
HOJE R BT & B RS A T4 2 2 D ISR H O ML ERENEES N TE D,
Z D7, BRSO — < & B —< OO EIRET H . & iRl R
SN B R4 OISO A RIS EE b o 5. BRI — < B L U8R
seE ks kTR O AT 5, T OFS I W TR EN TR
I (RBE)% 1 &RE LT, HBIod 2 Bl RRSREEE T 2 b0 InEMAL,
Z DI ST IR Y — < A L, #RBEES N RBEDM EHF bRV
LHEbN D, 35%LLFIc 2 EHES N2 ERMEAUEOEE O VTRAREITLA
Doz ThoDMELRTRET 2 &, FICLATROBERY X7 % 5% -15% MW= ¢/
LxNTVB,!
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%30 RAREAED 1-14BHICH T2 ZRKRNORARERAERRE OHH

DS86 ¥ B D X4} (Gy)
AHSEH#] & % 0.001 - 0.99 >1 & B

1 3E T 413 (8%) 454 (8%) 207 (9%) 1074 (8%)
n B 322 (6 %) 372 (7%) 161 (7%) 855 (7%)
B & 1145 (23%) 1010 (18%) 483 (22%) 2648 (21 %)
L 3107 (B2%) 3875 (68%) 1354 (B1%) 8336 (65 %)
& &t 4987 5711 2215 12,913

2 T 83 (2% 89 (2%) 31 (2%) 203 (2%)
i B 416  (9%) 436 (8%) 181 (9%) 1033 (9%)
I F 649 (14 %) 704 (13%) 186 (9%) 1539 (13 %)
% 2 3426 (75%) 4028 (77%) 1810 (B0%) 9064 (77%)
& i 4574 R25T 2008 11,839

3 E T 70 (2%) 116 (2%) 41 (2 %) 227 (2%)
iz B 494 (11 %) 505 (10%) 212 (11%) 1211 (10%)
£ F 561 (12%) 664 (13 %) 226 (11 %) 1451 (12%)
L 3366 (75%) 3883 (75%) 1498 (76%) 8747 (75%)
& &t 4491 5168 1977 11,636

4 & T 59 (1%) 127 (3%) 40 (2%) 226 (2%)
iz B 498 (11%) 501 (10%) 221 (11%) 1220 (11 %)
B T 523 (12 %) 622 (12%) 210 (11%) 1355 (12%)
% 2 3341 (76%) 3802 (75%) 14865 (76%) 8608 (75%)
& B 4421 5052 1936 11,409

5 & T 95 (2%) 132 (3%) 60 (3%) 287 (3%)
iz & 516 (12%) 502 (10%) 215 (11 %) 1233 (11 %)
£ & 575 (13%) 671 (14%) 245 (13%) 1491 (13%)
2 3176 (73%) 3620 (74%) 1376 (73%) 8172 (73%)
& i 4362 4925 1896 11,183

6 ) 105 (2%) 124 (3%) 51 (3%) 280 (3%)
L = 530 (12%) 507 (11%) 211 (11 %) 1248 (11 %)
£ & 696 (16%) 784 (16%) 307 (17%) 1787 (16%)
= B 2936 (69%) 3378 (70%) 1267 (69%) 7581 (70%)
& o 4267 4793 1836 10,896

7 % T 92 (2%) 132 (3%) 56 (3%) 280 (3%)
i B 538 (13%) 513 (11%) 220 (12%) 1271 (12%)
£ F AN 853 (18 %) 312 (17%) 1877 (18%)
T R 2B20 (B8%) 3171 (B8%) 1197 (B67%) 7188 (68%)
& % 4162 4669 1785 10,616

8 3 T 101 (2%) 157 (3%) 35 (2 %) 293 (3%)
L = 523 (13%) 505 (11%) 212 (12%) 1240 (12%)
& 780 (19%) 892 (20%) 358 (21 %) 2030 (20%)
%2 2666 (66%) 2983 (B6%) 1124 (65%) 6773 (66%)
& & 4070 4537 1729 10,336

D3¢
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#*3a DU
DS86 B MXS5 (Gy)
AHSEH K iR 0 0.001 - 0.99 >1 & &t

9 3 T 118 (3%) 131 (3%) 72 (4%) 321 (3 %)
iz F 514 (13%) 488 (11 %) 207 (12%) 1209 (12%)
£ & 827 (21%) 953 (22%) 345  (20%) 2125 (21%)
% & 2510 (B3%) 2808 (64%) 1070 (63%) 6388 (64 %)

& F 3969 4380 1694 10,043
10 E T 130 (3%) 143 (3%) 54 (3%) 327 (3%)
n & 509 (13%) 498  (12%) 212 (13%) 1219 (13%)
B & 845 (22%) 1019 (24%) 383 (24%) 2247  (23%)
2 2 2367 (61%) 2589 (61%) 973  (B0%) 5929 (61 %)

& F 3851 4249 1622 9722
11 ¥ T 120 (3%) 131 (3%) 56 (4%) 307 (3%)
= B 512 (14%) 492 (12%) 211 (13%) 1215 (13%)
£ & 831 (22%) 1044 (25%) 387 (25%) 2262 (24%)
2 # 2258 (61%) 2439 (59%) 914 (58 %) 5611 (B0 %)

& i 3721 4106 1568 9395
12 E T 107 (3%) 154 (4%) 59 (4%) 320 (4%)
T 517  (14%) 476 (12%) 214 (14%) 1207 (13%)
£ & 715 (20 %) 872 (22%) 310 (21%) 1897 (21 %)
% # 2262 (63%) 2473 (62%) 929 (61%) 5664 (62 %)

& §t 3601 3975 1512 9088
13 E T 133 (4 %) 152 (4%) 48 (3%) 333 (4%)
T 502 (14%) 4864  (12%) 203 (149%) 1169 (13%)
& 678 (19%) 869 (23%) 332 (23%) 1879 (21%)
% # 2181 (62%) 2336 (61%) 870 (B60%) 5387 (61%)

& & 3494 3821 1453 8768
14 3t T 114 (3%) 174 (5 %) 63 (4 %) 351 (4 %)
5 & 480 (14 %) 451 (12%) 191 (14 %) 1122 (13%)
£ & 684 (20%) 816 (22%) 298 (21 %) 1798 (21 %)
% 2 2083 (B2%) 2228 (B1%) 853 (B1%) 5164 (61%)

& 3 3361 3669 1405 8435

iF: DSB86 = 1986 F4FB Y AT Lo
* AN - 128, BAEER, DSesEEmhE Wi, HHfERNSEMSNZEERS .
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DS86 # — v XA BIOMRE DI 41RT . AHSEMIE LSSEMOFEIELHTIE &
505, LSSEEMNz b~ iR B g iR A B OB ST Wk S It Eah T %, 1Gy Ll LD DS86
H—<HEMEE>AOE|SIR, AHSTIE 16%, LSSTIR 7% TH 3, HEDTEITH Y
% 9,641 AD AHSHRED 5 B, FHDS86 /1 — = + HiHE{RH I 0.49Gy £ 0.86 TH Y,
0.001Gy BA bz L7-# T2 0.83Gy + 0.98 Th 5, LSS Tz, £l & 0.01Gy LI
LR U2 AVl ZE N EN0.16Gy £ 0.29Gy TH 5,°

BHRAT— 5 DR

NI RENFDTAHSRZE R LRE,SIHE D, (a)(b)(c)Fubb, (a)iE
B2, (D)RRICZ iz, b LR () 14EO#bH b (198646 J] 30 H) D g
NN T - 7o lRp e & THboE L 7o FARIUNG, BENciRENREShiclZ R s 2
OROZHOHRHTH 2 EHEE Lice TOHMICK D &, 14 50O FARE /NS
52 ETE BN, 15 HHo#b D ET(19884:6 A 30 H)BH2EET 2 Lick hEIE
Lo AF(PY)DFRT & HBINHR & RBWIHNORED /OISl LTI ) X LIRH 1L
ZRT ., PRIFDOEERA S 2 OB Tl RREINIEE % E D 2 etk & 2 4%, ZRRI
BERR AL L PR E L &, EEBUEEOTAI L U R 7 s 2 RIS DI ST

‘o o) ' 0—O0 L o0—0—X O

0 ; o— : o o o

. oL o : 0—0—Xx ®

\ O— To! o —0—X ®

| i | i i | |

2 4 6 8 10 12 14 16
AHS #:32EHA

B 1. s ASERRAE T OEHRECE (F 2 EBRERPHET OBME, ANILER
WEHIShAEN > AHSKZERL, BRARERNBZEEI NI AHSKRZETRT,
“xEN" E PR R EE oo RBRERERNER T, MORSEBIAZEMMERT.
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52, NBIERULATRR O ENHETH LI EERLTV S, Lich> THRLE
OFERN ST ENBRHIHIFLEALL D,

HEtH A%

B A HOTEEE NIy 2 759 v K EFIVICESOTRAERT — 7 ORI
FATIZ VBT Y VAR - 2, COHECOVTIILSSHBIOMTHFLCHRMALT
W2 OT WESBEGICE EBD D, (FTRIAE, B8, HEBIE, 0, Bl
(0-9, 10—-19, 20-29, 30-39, 40-49, 50-59, =60)% & ' TR B (10-19,
20-29, 30-39, 40-49, 50-59, 260)icXs} Lic@aE& L, JIRHBALHS L1 O (0,
0.001-0.49, 0.5-0.99, 1.0-1.49, 1.5 -1.99, 2.0-2.49, 2.5-2.99, 23.0)%%K§ &
4+ 2, COHERRAMN—ENYF — FEFIVICE ZEBEOAHF — FGER)BREIZEY,
COHHEOXE R, BF BT AENE, FHPY,; A, EETAMI LR Y VELLE
LTHOES RS OWALELE LY, ZOHAPY,; REEPOPYTSHD, 43
il bt BB i — K TH D, BEE ) 27 OBBIUCARAT I,
Ny = ARRy; &9 B0 T OWA 1, S BEHEBEBO VIO y 27759 ¥ FR)ICBT D
FEARTH D, RR; 133 B 64 5 BURIIRERIC L 2480 U 27 TH 5. Fr @R
SUORMEAE T 2 ML ) 2 2 7 VERE L,

RR,'J;=1 +)6dij (1)

ST B IETOREIRBRXAZEEL, BREMAETH L1 LA HD DiEFE ) A
7?35%0 Lf:?ﬁ{‘)—(

l,-j = Lo (1+ ﬁdﬂ')
AT TR R IXS dy; s BT IR E A L,
RIEH LIz, (a) 1Gy (RRygy) TOHEERR, (b) 10°PYGy %/ b OFXEH Y 2 7,
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