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Table 1. Number of subjects, person-years, and number of deaths by sex and weighted colon dose?, Hiroshima
Atomic Bomb Survivors, 1968-1997.
Males Females
Dose Number Number Number Number
Person- Person-

category of of all of of all

(Sv) subjects years deaths subjects years deaths
Total 17,935 384,025 7,254 26,579 606,387 9,271
0 (<0.005) 6,666 135,190 1,925 9,902 213,908 2,632
Subtotalc 11,269 248,835 5,329 16,677 392,479 6,639
0.005-0.099 4,039 91,414 1,791 5,691 135,853 2,173
0.10-0.24 2,849 62,926 1,324 4,643 109,303 1,841
0.25-0.49 1,708 36,824 814 2,969 69,272 1,204
0.50-0.74 724 15,855 354 1,247 28,804 516
0.75-0.99 511 10,726 281 680 15,689 282
1.00-1.49 537 11,694 275 645 15,046 271
1.50-1.99 338 7,402 179 282 6,585 110
2.00-2.49 180 3,812 102 208 4,666 100
2.50-2.99 93 2,119 42 85 1,970 43
=3.00 290 6,063 167 227 5,391 99

a: Weighted colon dose= y -ray dose-+ 10X neutron dose

b: Control group, c: Exposure group
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Table 2. Number of deaths by International classification of diseases (ICD) code.

8th 9th 10th

Cause of death Number of deaths
All causes of death 16,525 .
Neoplasm 4,502 140-239 140-239 C00-D48
Solid cancer 4,187 140-203, 140-203 €00-c%0,
208, 209 C96, C97
Leukermia 112 204-207 204208  (C91-C95
Blood and blood-forming organ 89 280-289 280-289 D50-D77
000-136 001-139 A00-B99
Noncancer? 11,080 240-279 240-279 D80-D89
290-796 290-799 E00-R99
Infectious disease 272 000-136 001-139 A00-B99
Tuberculosis 126 010-019 010-018  Al5-Al9
Circulatory diseases 6,383 390458 390459 100-199
swke T N
Heart disease 3461 390-429 390429 100-152
440458 440-459 170-199
Ischemic heart disease . 1_, _Zé_3 __________ 4 1_6—_51_; ““““:1—1—0:1-12 ________ 20125
Respiratory disease 1,789 460-519 460-519 J00-J99
Pneumonia 1,139 480486 480486 Ji2-ns
Asthma 126 493 493 J45-J46
Digestive disease 973 520-677 520-579 K00-K93
Peptic ulcer 107 531-633 531-533 K25-K27
Liver cirrhosis 458 571 571 K70, K73, K74
Urinary disease 420 580-599 580-599 NO0-N39
Others 1,243
Diabetes mellitus "““““223-2 ————————— 250 ) -2_5-0 ________ 1-310—E14
Senility 537 794 797 R54
External causes 695 E800-E999 E800-E999 V01-Y98
Suicide T 214 E950-E959  E950-E959 X60-X84
Unknown 159

a: Noncancer is defined in the present study as all causes except neoplasm, blood and blood-forming organ diseases,

external, and unknown causes.
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Table 8. Relative risks of cause-specific mortality at 1 Sv radiation dose with 95% confidence interval (CI), and sex

difference in the relative risks.

Sex
Total Males Females .
difference
RR 95% CI RR 95% CI RR 95% CI p-value
All causes 1.135* 1.101-1.170  1.087* 1.047-1.131 1.202* 1.147-1.261 <0.01
Solid cancer 1.292* 1.215-1.376  1.149* 1.069-1.239 1.664* 1412-1.738 <0.01
Leukemia 3.074*  2.090-4.724  3.093* 1.874-5.579  3.049* 1.718-5.898 >0.5
Blood and blood-forming 1.953* 1.275-3.181  1.806* 1.016-4.050  2.062* 1.180-3.860 >0.5
Noncancer 1.060* 1.023-1.099 1.034  0.987-1.086 1.092*  1.035-1.154 0.14
Infectious disease 1.041 0.878-1.291 1.061  0.865-1.389 1.000 0.784-1.480 >0.5
Tuberculosis 1.101 0.861-1.525 1.056  0.821-1.545 1.231 0.809-1.464 >0.5
Circulatory diseases 1.063* 1.014-1.117 1.0561  0.988-1.124 1.078* 1.005-1.160 >0.5
Stroke 1.137* 1.058-1.226  1.132* 1.024-1.262 1.142*  1.033-1.269 >0.5
Heart disease 1.004 0.945-1.072 0.997  0.924-1.085 1.016 0.922-1.126 >0.5
Ischemic heart dis.  1.006 0.913-1.122 0.992 0.882-1.139 1.032 0.879-1.231 >0.5
Respiratory disease 1.062 0.977-1.162 1.008  0.916-1.122 1.174* 1.014-1.375 0.10
Pneumonia 1.100+ 0.985-1.240 1.047  0.919-1.217 1.191+ 0.993-1.450 0.29
Asthma 1.179 0.893-1.689 1.204  0.970-1.898 1.126 0.761-2.127 >0.56
Digestive disease 1.015 0.907-1.161  0.936  0.824-1.094 1.147  0.950-1.416 0.11
Peptic ulcer 1.129 0.831-1.691  0.843 NA-1.551 1.380  0.819-1.453 0.23
Liver cirrhosis 0.945 0.825-1.120 0934 0.796-1.155 0.967  0.785-1.309 >0.5
Urinary disease 1.210% 1.008-1.484 1256 0.957-1.738 1.176 0.934-1.542 >0.5
Others
Diabetes mellitus 0.942 0.781-1.217 0.822 NA-1.235 1.020  0.791-1.474 0.30
Senility 1.001 0.866-1.192 1.143  0.888-1.566  0.922 0.791-1.144 0.27
External causes
Suicide 0.998 0.810-1.294 0.826 NA-1.234 1.238  0.834-2.014 0.14

Weighted bone marrow dose was used for leukemia, and blood and blood-forming diseases, and weighted colon dose
for other diseases. Weighted dose = y -ray dose+ 10 Xneutron dose. * ; p<0.05, +: p<0.10. NA: Not attened.
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Fig. 1. Relative risks of cause-specific noncancer mortalities by dose category.

Solid circle (@) represents point estimate of relative risk for each weighted colon dose (= y -ray dose+10X

neutron dose) category. The vertical line is its 95% confidence interval.
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Fig. 2. Dose response slopes for cause-specific noncancer mortalities by follow-up period.

The relative risk (RR) at 1 Sv dose was fitted with the model RR=1+ $3.d, where d =weighted colon dose and 3 a
is the follow-up period-specific parameter corresponding to each follow-up category: 1968-1982, and 1983-1997.
*p<0.05. The p value beside symbol ‘D’ is significance level of the difference in dose-response slopes between
the two follow-up periods.



80 LB RFERMESE, 50 (2), F14- 4 B

EEBLUIMERSBERTII1ISYy U ETRRIEEL
6@@@:%0 f:o

BRFERFAEM Y X

2 131968 —19974E $ TD304E M % BT - 154F
(1968—19824F) L #¥-154ER (1983 —19974F) 122
SEl L ERICOBHERICE 2HEERLZODT
Hbo BALUNDEREDEE2AD L, RIFETD 1S
T RR=1.027 (p=0.32) 25 #%¥15% (21X RR=
1.090 (p<0.001) &#MLTHBYH, WHHED RR EHD
IR TH o7 (p=0.10), TBEREBEBIL, HBF
I5ECHERREBERCFBEI SR, 2095, B
MEERBTIE, BEIBEDALR L THIEISEIZBY
THRICABELRBRERLI D > 72, Bl ERIZBW
TiX, RIEISFEDEOKRERIES HEZEISEDIED
BMEROANEE LTS, /o, BYYE, MPREFREE
WZBWTDH, BEDISEDHTTRRVEL Y, K
BEBTOHREDOHITY X 713 RR=1.116 THET
b, WIREFFEBIE, AT16%E, RPISETET

9 149 Noncancer mortality
3
C
5 ]
8 Age ATB: <20
o)
3 1.2
) Age ATB: 240
)
S
> ]
17
®
1.0 4l
j Age ATB: 20-29
| -
q>.> Age ATB: 30-39
2 ]
O
[}
(n el
0.8 :
190 20, 28y O3, So_, 92,
6727 8> 8y 92 )

Year

ALEBIZR RO oL bICEH VMY A7 T
Hol,

B33 1Sv TCOFALSNDEEE L ERIFADIEE
T ) R 7128 BBBRERR Y — > & BRERAE
WEBIORLTYS, I A2 DEZD D DIXER
WADFHRRECD, BIHERE & HICEESADH
WA ZIMETHEBANEASNE—FT, FALUSDE
BOM Y R 2 XY 2R 5N, BT
BIEF20RKMOEFEHBE TIZIZOBEAIIHEETH
%,

% =

FREBRETH L LITHMNIRBEINRTOLE
FBREBRELBHF LTI HERD ABS 77 1 LD
95, ABS93D HEVHE SN HBELHRELT,
196844 H530EMIC R AR TERFAEICEONT,
BT RBERIC L B2 BALUNDRLEDO Y X 7 2REFL
770

BAUADEEETASL L, ERIFTADKERIE X

307 solid cancer mortality
2.5 Age ATB: <20
2.0 1
1 Age ATB: 20-29
1.5

Age ATB: 30-39

D

Age ATB: 240

0.5 -

00 1 1 1 1
195, 25~ 20, O3 88_, 9a.
8. 2 2> T8 N8y 9o N9,

Year

Fig. 3. Temporal patterns of relative risks of noncancer and solid cancer mortalities over follow-up period by

age at the time of bombing (ATB).

Relative risk was fitted with the model RR=1+ 31d+ p2d Xt for a given age ATB category, where d=weighted

colon dose and ¢ =follow-up period.
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Noncancer Mortality based on the Hiroshima Atomic Bomb
Survivors Registry over 30 Years, 1968-1997

Keiko KASAGI

Department of Epidemiology, Devision of Social Medicine, Research Institute for Radiation Biology and

Medicine, Hiroshima University

The relation of radiation exposure with noncancer mortality was examined on 44,514 atomic bomb sur-
vivors (17,935 males, 26,5679 females, and mean age 22.8+15.7 yrs at the time of bombing) registered at
Research Institute for Radiation Biology and Medicine, Hiroshima University, based on mortality follow-up
over 30 years, 1968-1997. Noncancer mortality was significantly related to radiation dose with relative risk
of 1.06 at 1 Sv radiation dose, although weaker than the dose response in solid cancer mortality. The signifi-
cant dose responses were observed especially in circulatory disease, stroke and urinary organ disease, and
suggestive dose response in pneumonia. The temporal pattern in dose response by age at the time of bomb-
ing indicated that the relative risk of noncancer mortality was higher with follow-up period, which is con-
trary to a decreasing dose response in solid cancer mortality with follow-up period. The tendency was
remarkable in those survivors younger at the time of bombing. These findings suggest that the significant
radiation risk observed in noncancer mortality might increase as the proportion of younger survivors among

atomic bomb survivors increases.



