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Noncancer Disease Incidence in Atomic Bomb Survivors, 1958—-1998

Michiko Yamada,*' E Lenniz Wong," Sacko Fujiwara* Masazumi Akahoshi® and Gen Suzukie

Departmenty of = Clinical Studtes, awd * Sratistics, Radiation Effects Research Fowndation, Hiroshiva, Jupan

Yamada, M., Wong, F. L., Fujiwara, 5., Akahoshi, M. and
Suzuki, GG. Moncancer Disease Incidence in the Atomic Bomb
Survivors, 1958-1998, Radiat, Res. 161, 622-632 (2004),

We examined the relationships between the incidence of
noncancer diseases and atomic bomb radiation dose using the
longitudinal data for about 10,000 Adualt Health Study (AHS)
participants during 1958-1998. The current report updates
the analysis we presented in 1993 with 12 additional years of
follow-up. In addition to the statistically significant positive
linear dose-response relationships detected previously for the
incidence of thyroid disease (7 <2 0,0001), chronic liver disease
and cirrhosis (P = 0.001), and uterine myoma (P < (L00001),
we also found a significant positive dose response for cataract
(P = 0026}, a negative linear dose—response relationship for
glancoma (P = 0.025), and significant gquadratic dose—re-
sponse relationships for hypertension (7 = 0.028) and for
myocardial infarction among survivors exposed at less than
40 years of age (P = 0L.049). Significant radiation effects for
calculus of the Kidney and vreter were evident for men but
not for women (test of heterogeneity by sex: P = 0L007), Ac-
counting for smoking and drinking did not alter the resuolts.
Radiation effects for cataract, glaucoma, hypertension, and
calculus of the kidney and wreter in men are new findings.
These results attest to the need for continued follow-up of the
aging A-bomb survivors to fully elucidate the effects of radi-
ation exposure on the occurrence of noncancer diseases,
2004 by Radistion Rescareh Seeicty




TABLE 3
Linear Dose Response for Noncancer Disease Incidence between 1958 and 1998 in Hiroshima and Nagasaki
Men and Women, Stratified by City, Sex, Age ATB, Age ATE, and Calendar Time

Without smoking and drinking in stratification

Disease Mo, cases P Estimated RE at 1 Sv
Hypenension 035 014 104 (0.99, 109
Hypertension’ 5035 0028 103 (1.00, 1.06)
Hyperiensive heart disease 1886 (1.86 101 (092, 1.10)
Ischemic heart disease 1546 047 104 (094, 1.14)
Wiyocardial infarction” 117 0.38 LT (090, 1.46)
Myocardial nfarciion=9= T8 005 125 (1.00, 1.69)
Occlusion, stenosis 440 061 1.05 (.88, 1.2T)
Aprtic aneurysm 184 0,74 1.05 (088, 1.44)
Sieoke 1 33 0.52 1.05 (0,90, 1.25)
Strake 11 729 0.43 1.06 (092, 1,23
Thyroid disease 354 0.0000 1.33 (119, 1.4%
Cataract 384 0020 106 (101, LI
Gastric ulcer 930 093 1.00 (0,89, 115
Duodenal ulcer 371 0,54 0,95 (D.EL, 114
Chronic liver disease and cirhosis 1774 0.0010 1.15 {1.06, 1.25)
Cholelithiasis 250 0.93 100 (089, 1120
Caleulus of kidney and ureter 323 0407 119 (.98, 146
Uterine myoma {females) 922 00000 L46 (1.27, 1.67)
Cervical polyp (females) 281 0.29 I 14 (090, 1.48)
Hyperplasia of prostate (males) 461 0.26 091 (0.7%, 1.07)
Dementia 116 022 117 (091, 1.52)
Parkinson's disease a7 0.98 100 (0,727, 1.55)
Glaveoma 211 0.025 .82 (080, 0.97)

+ Average PY: total = 2.2 3 10F PY: male = 8.1 ¥ I{F PY; fomale = 1.5 ¥ 10° PY (actua] numbers depend on the disease).
*95% confidence interval.

< Minimum feasible value,

4 Incidence after June 30, 1944, since no ICD codes for M1 were available before 1964,

« Based on Wald's confidence interval; no feasible likelihood-based upper bound could be estimated,

! Bazed on the guadratic dose-response model.

« Based on the quadratic dosc—response model, for incidence during 1968-1998 and age ATB under 40 years,

TABLE 3
Extended
Without smoking and deinking in stratification
P With drinking and smoking in stratification
discase = 1 FY 5w Attributable risk (%) ' Estimated BR at | Sv
10.59 (=341, 24.63) 22 {(—-03, 500 0.08 103 (0,99, 1,10
T.26 (0,76, 14.06) LE (0.2 36 0.m 103 (1,01, 1.06)
0.61 (=592, 748) 042 (=42, 52) 0.87 0.99 (0,91, 1.0
213 (=347, 8.10) L5 (32 6.3 0.33 L5 (095, 1.16)
0.57 (—0.589, 1L.ad) 835 (—88 245 .48 112 {0.84, 1.600
103 (001, 13.84) 156 (0.3, 30.8) 0.14 117 {0.97, 1.56)
0.76 (=200, 3.82) X5 (—66, 12.6) .52 106 (089, 1.300
0.34 (=141, 249 25 (=110, 18.9) 0.90 102 (0.78, 1.41)
1.05 {—2.02, 4.50) 28 (54,121 0,41 102 (0,90, 1.31)
.57 (—2.2], 5.84) 0 (—42 112 040 LOT (092, 1.24)
1199 (743, 16.32) 125 (115 25.3) <<0,0001 [.38 (1.22, 1.57)
T.08 {095 15.18) 18 (D4, 7.2 0,004 L1 (LO3, 115
=038 {—4.44, 476) =006 (—6.5, 7.0 0,58 L.00 (088, 1.12)
—{L.89 {338 2.09) =34 (—127, 78) 0,69 0.9 (0.82, 1.16)
10.90 (4.25, 17.79) &1 (3.2, 132 0.0087 [12 (103, 1.22)
=019 {—4.43 4.31) —0.3 (—6.6, 6.4) 0.94 [.00 (0.89, 1.12)
241 (—021, 539 9.8 (—0% 219 0.13 .16 (0.96, 1.43)
2502 (15.68, 34.60) 189 (11.8, 26.2) <0.0001 .39 (1.22, l.600
248 (—197,741) 68 (=54, 204 0.31 L1323 (090, |.45)
—4.76 (—11.95, 3.5% =38 (—1d.6, 44) 0.21 0.90 (0,78, 1.06)
164 (—0.91, 4.63) 7.1 (=40, 20.1) 0.18 120 (092, 1.59)
0.020 (—1.06°, 1.58) 0.3 (=142 20.6) 095 009 (073, L58)
=147 (=174, —0.19) =134 (=178, =2.00 0.012 0.73 (0,72, 0.89)




FIG. 1. Estimated linear dose response (solid line) for the incidence of six noncancer diseases with significant or suggestive radiation effects, 1955-1998,
[he 93% confidence bounds are shown as dotted lines. The estimated relative risks (8) and 95% confidence intervals are shown for each dose cates
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FIG. 2. Panel A Estimated quadratic dose response for the incidence
of essential hypertension, 1958-1998. Panel B: Estimated guadratic dose
response for the incidence of myocardial infarction incident during 1968-
1998 among AHS participants whe were under 40 years ATB. The csti-
mated relative risks (@) and the 95% confidence intervals are shown for

each dose category.
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HYROID DMSEASE HAS BECOME
an important target with
which to study the effects of
radiation. Many studies have

reported that the risk for malignant

and benign thyroid nodules increased

with external irradiation'® and inter-

nal radiation exposure™'® in people

exposed at young ages, although few

studies have followed exposed popula-

tions for long periods, such as more

For editorial comment see p 1060.

D2006 American Medical Association. All rights reserved.

Context Effects of irradiation on thyroid diseases such as thyroid nodules and auto-
immune thyroid diseases have not been evaluated among people exposed to radia-
tion more than 50 years in the past.

Objective To evaluate the prevalence of thyrold diseases and their radiation-dose
responses in atomic bomb survivors,

Design, Setting, and Participants Survey study comprising 4091 cohort mem-
bers (mean age, 70 [SD, 8] years; 1352 men and 2739 women) who participated in
the thyroid study at the Radiation Effects Research Foundation. Thyroid examinations
were conducted between March 2000 and February 2003.

Main Outcome Measures Prevalence of thyroid diseases, including thyroid nod-
ules (malignant and benign) and autoimmune thyroid diseases, and the dose-
response relationship of atomic bomb radiation in each thyroid disease.

Results Thyrold diseases were identified in 1833 (44.8%) of the total participants
(436 men [32.2% of men] and 1397 women [51.0% of women]) (P<.001). In 3185
participants, excluding persons exposed in utero, not in the city at the time of the
atomic bombings, or with unknown radiation dose, the prevalence of all solid nod-
ules, malignant tumors, benign nodules, and cysts was 14.6%, 2.2%, 4.9%, and
7.7%, respectively. The prevalence of positive thyroid antibodies, antithyreid
antibody-positive hypothyroidism, and Graves disease was 28.2%, 3.2%, and 1.2%,
respectively. A significant linear dose-response relationship was observed for the
prevalence of all solid nodules, malignant tumors, benign nodules, and cysts
(P==.001). We estimate that about 28% of all solid nodules, 37% of malignant
tumors, 31% of benign nedules, and 25% of cysts are associated with radiation
exposure at a mean and median thyroid radiation dose of 0,449 Sv and 0,087 5v,
respectively. Mo significant dose-response relationship was observed for positive anti-
thyroid antibodies (P=.20), antithyreid antibady—positive hypothyroidism (P=.92), or
Graves disease (P=_10).

Conclusions A significant linear radiation dose response for thyroid nodules, includ-
ing malignant tumars and benign nodules, exists in atomic bomb survivors. However,
there is no significant dose response for autoimmune thyroid diseases.

JAMA. 2006;295:71011-1022 WWWW.JIma. com
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Figure 2. Dose Response for Thyroid Diseases
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The straight line displays the odds ratio from the best-fitting linear excess odds ratio model at age 10 years at exposure. The points are dose category-specific odds
ratios with 95% confidence intervals, plotted at the mean radiation dose of the study population within each dose category. The dose categories shown on the plots
represent <0.005 Sv, 0.005-0.499 Sv, 0.500-0.999 Sv, 1.000-1.999 Sv, and =2.000 Sv. P values are calculated by likelihood ratio test.

Figure 3. Trend for Age at Exposure in Radiation Dose Response for Thyroid Diseases
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The curves display the trend for age at exposure in excess odds ratio per Sv based on the best-fitting model. The points are excess odds ratios per Sv in each age at
exposure category with 95% confidence intervals, plotted at the mean age for each age category. The age at exposure shown on the plot represents 0 through 9, 10
through 19, and 220 years. P values are calculated by likelihood ratio test.

*Indicates detectable limit.
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Hyperparathyroidism among Atomic Bomb Survivors in Hiroshima

SAEKOD Funwara,* RICHARD SrosTO,T HARUO EZak:* SuMIiNnORI AKIEA, Kazuo NERNSHLY
KazUNORI KODAMA,* YUTAKA HOSODA* AND KATSUTARO SHIMAOKAS

Depariments of *Clinical Siudies, tSravistics, and §Epidemiology, and §dssociare Chiel of Researcl,
Radiaiion Effects Research Foundation, 5-2 Hijivama Park, Minami-ku, Hivoshima City 732, Japan

Funwara, 5., Sposto, R., Ezar, H., Axiea, 5, NERISHI,
K., Kopama, K., Hosopa, Y., AND SHIMAOKA, K. Hyperpara-
thyroidism among Atomic Bomb Survivors in Hiroshima. Ra-
diat. Res. 130, 372-378 (1992).

To determine the effect of exposure to atomic bomb radiation
on the occurrence of hyperparathyroidism, the prevalence was
determined among a population of 3,948 atomic bomb survi-
vors and their controls in Hiroshima. The diagnosis of hyper-
parathyroidism was based upon histopathological findings or
the presence of consistent hypercaleemia and elevated levels of
serum parathyroid hormone, Primary hyperparathyroidism was
diagnosed in 19 persons (3 males, 16 females). Females had
approximately a threefold higher overall prevalence of hyper-
parathyroidism than males (# < 0.05). The prevalence rates of
hyperparathyroidism increased with radiation dose (x] = 12, P
= 0.001) after adjusting for sex and age at the time of the bomb-
ing. The estimated relative risk was 4.1 at 1 Gy (95% confidence
limits 1.7 to 14). There was some evidence that the effect of
radiation was greater for individuals who were younger at the
time of the bombing. In conclusion, exposure to atomic bomb
radiation affected the occurrence of hyperparathyroidism, sug-
gesting that doses of radiation lower than those used in radio-
therapy may also induce this disorder. & 1992 Academic Press, Inc.

TABLE |

1,000

Estimated Relative Risk at 1 Gy

100

AL

1.7

- 738

12

Al ages

5 15

30

Age at the Time of the Barmbing {y7)

FIG. 1. Relative risk of hyperparathyroidism at | Gy compared 1o 0
Gy for all ages o the time af the bombing (ATE) combined and for thres
specific ages ATE, Ninety-five pereent conldence bounds ane also shown,
Confidence bounds for the three ages are simultanesus $5% bounds.

Study Subjects, Observed Prevalent Cases, and Prevalence Rate (%) of Hyperparathyroidism by Thryoid Dose,
Sex, and Age at the Time of the Bombing (ATB) (3948 Individuals with DS8G)

Males (age ATB) Females (age ATE)

Thyroid dose (Gy) -4 10-19 0+ -9 10-19 04
Total

Hyperparathyroidism 2 0 1 4 & &

No. examined 201 353 471 321 15 1587
0.000-0.000 Gy

Hyperparathyroidism o 0 1] 1 0 2

Mo. examined 79 223 03 133 327 618

Prevalence rate (%) 0.084 0081 0078 0.27 .26 0.25
LO1-0.499 Gy

Hyperparathyroidism 0 i} I 0 3 0

Mo, examined i 41 177 161 100 el 603

Prevalence rate (%) (.28 014 0.094 0.77 045 0.31
0.50-0.999 Gy

Hyperparathyroidism I 0 i} I 2 |

Mo, examined 32 1] a0l 39 114 03

Prevalence rate (%) .68 020 014 3.3 0,99 0.48
100+ Gy

Hyperparathyroidism 1 0 0 2 1 3

Mo. examined 49 87 47 49 103 163

Prevalence rate (%) 1.9 0.67 0.20 54 2.3 0.81

® Estimated prevalence rates derived from the model in Eq. (1) with the parameter estimates shown in Table 1B,
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Technical Report Series

Radiation Cataracts among Hiroshima
Atomic-bomb Survivors, 1949-643

William J Schull,2 Masanori Otake,b Sachiyo Funamoto®

Summary

This report reexamines the quantitative relationship of exposure to ionizing
radiation to the occurrence of cataracts (posterior lenticular opacities) seen in
the years 194964 among 2249 Hiroshima atomic-bomb survivors with known
Dosimetry System 1986 (DS86) doses. Among several dose-response relation-
ships with or without two thresholds, the best fit based on binomial odds-regres-
sion models is achieved with a linear-linear dose-response relationship that
assumes different thresholds for the two types of radiation. The neutron and
gamma-ray regression coefficients, 199 Gy (90% CI: 28473 Gy) and 5.14 Gy
(95% CI: 1.38-14.77 Gy), based on this model, are suggestively higher for the
neutron dose, and significantly higher for the gamma-ray dose than previously
reported. The estimates of the two thresholds also differ significantly from zero:
0.06 Gy with 95% lower and upper bounds of 0.03 and 0.10 Gy for the neutron
dose and 1.08 Gy with 95% bounds of 0.51 and 1.45 Gy for the gamma-ray dose.
The safety zone for radiation-induced cataracts is estimated to be a 1.75-Sv
threshold with 95% lower and upper bounds of 1.31 and 2.21 Sv using DS86
eye-organ-dose equivalents, assuming a neutron relative biological effectiveness
of 18, derived from the ratio of the two thresholds, that is, 1.08 Gy for gamma
rays and 0.06 Gy for the neutrons.

40.0 | Threshold
95% lower | 95% upper

30.0 |

20.0

Relative risk

- Safety zone —)

10.0 |

1.0

1.31 1.75 2.21
0 1.0 2.0 3.0 4.0 5.0
Eyea-organ dose (Sv)

Figure 2. Relative risk of radiation cataracts and a threshoeld with 95% confidence limits

using Dosimelry System 1986 eye-crgan-dose equivalents (relative biclogical effective-
ness = 18).

11
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PIE < WptEln 13 ok, & DT 1978-80 4RIk MEREHEIRFIEA 2% 7. 1o,
2000-2002 FEDRFIFHAE 22 (T IR G, Rl AHS 2% 913 A& xig L Uiz,

AANEEL, IRBIEICLE 2R y b T TUXLVEE, ANEZL—T 4 VTV R
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ISR EES

1. 18Sv =0 04y X, #ZEflE 1.07 (95%EHEKXME  0.90-1.27), EZE®E 1.12
(0.94-1.30) . FZEIRW 1.29 (1.12-1.49), #%%E NEW 1.41 (1.21-1.64) Th oz,
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Abstract.

Purpose: Ophthalmeologic cxaminations were conducted on atomic homb {A-homb) survivors 33 years after exposure.

Materialy and methady: A-bomb survivors who had been exposed before 13 years of age at the dme of the bombings in 1945 or who had
been examined in a previous study between 1978 and 1980, The cxaminations, conducted between June 2000 and September 2002,
included slit-lamp examination, digital phetography and 2 cataract grading system for three parts of the lens (nucleus, cortex and posterior
subcapsule) as an outcome variable. Proportional odds logistic regression analysis was conducted using the lowest prading class as a
reference and included explanatory variables such as age, sex, city, dose and various cataract-rclated risk factors. When the grades in an
indradual differed, the worst grade was used.

Regirr: Resalts indicare that odds ratios (ORs) at 1 Sv were 107 (95% confidence intervals [CI] 0.90, 1.2 in nuclear coloue, 1,12 (95%
CI 0.94, 1.30) in nuclear cataract, 1.29 (05% CI 1.12, 1.49) in cortical cataract aned 1.41 (93% CI 1.21, 1.64) in pesterior subcapsular
cataract. The same was true after excluding 13 people whose posterior subcapsular catzracts had heen previously detected,

Conglision: Significant radiation effects were ohserved in two types of cataracts in A-bomb survivars,
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Figure 1. Odds ratios (OR) of the prevalence for nuclear colour
{a), nuclear opacitics (b), cortical opacities (¢) and posterior
subcapsular opacitics (d) at | Sv (DSBG) in 873 A-bomb
survivors during 2000-02 wsing a proportional odds
regression model with ‘ne opacity’ as the reference of
the LOCS 11 and adjusting for eity, sex and age at the
time of the bombings.
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Recent evidence argues against a high threshold dose fo
vision-impairing radiation-induced cataractogenesis. We con.
ducted logistic regression analysis to estimate the dose re
sponse and used a likelihood profile procedure to determimn
the best-fitting threshold model among 3761 A-bomb survi
vors who underwent medical examinations during 2000-200:
for whom radiation dose estimates were available, including
479 postoperative cataract cases, The analyses indicated a sta
tistically significant dose-response increase in the prevalenc
of postoperative cataracts [odds ratio (OR), 1.3%; 955 confi
dence interval (CI}, 1.24-1.55] at 1 Gy, with oo indication o
upward curvature in the dose response. The dose responsi
was suggestive when the restricied dose range of 0 to 1 ()
was examined. &4 nonsignificant dose threshold of 0.1 Gy (95%
CI, <0-0.8) was found. The prevalence of postoperative cat
aracts in A-bomb survivors increased significantly witl
A-bomb radiation dose, The estimate (0.1 Gy) and uppe
bound (0.8 Gy) of the dose threshold for operative calarac
prevalence was much lower than the threshold of 2-5 Gy usu
ally assumed by the radiation protection community and wa
statistically compatible with no threshold at all, & 2007 vy R
wtlan Research Soclety
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FIG. 1. The main-effect model dose-response curve in regression anal-
yeis after adjusting for city, sex, age at the ime of the bombings, and
disbetes mellitus in A-bomb survivors who had undereone lens remeoval
surgery (OR ar 1 Gy, 1.3% CI, 1.24-1.55). Mean doses (Gy) for dose
ctegories are 0.199 for 0.005 = 4 < 050, 0759 for 0.5 = 4 < 1.0,
1373 for 10 = d < 2.0, 2,517 for 2.0 = 4 < 30, 3610 for 30 = 4,
respectively.
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