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HIROO KATO, M.D., M.P.H. { m#E&Exk )

ABCC Department of Statistics and Hiroshima Branch Laberatory, Japanese National Institute of Health, Ministry of Health and Welfare
ABCC @3t & & U AES T LR AL B

SUMMARY. Mortality has been observed for 24 years from birth to 1969 in a cohort of 1300 persons
exposed to the A-bombs while in utero in Hiroshima and Nagasaki. Mortality for the whole 24-year period
increased with radiation dose. This increase of mortality with dose occurred during the first year of life.
No increase in mortality was observed during the next 9 years of life, but mortality again increased signifi-
cantly with dose after 10 years of age. No particular cause of death was found to be especially related to
radiation dose except for perinatal deaths. Only three deaths from malignant neoplasms including one leu-
kemia, occurred in the whole sample. The increase in mortality with dose was observed only for those
exposed to the A-bombs in the third trimester. These increases in mortality with dose are not attributable
to other concomitant variables such as parental age, birth order, socioeconomic, and other factors.
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INTRODUCTION

Experimental evidence amply indicates that ionizing radi-
ation shortens life in animals.'? In man, the JNIH-
ABCC Life Span Study® of A-bomb survivors based on a
cohort of 100,000 has revealed that mortality from all
causes of death increased linearly with radiation dose for
the period 1950-66. Besides the well known radiation
effect on leukemia, a significant increase in mortality from
malignant neoplasms has recently been observed for the
period 1962-66. Since the fetus might be more sensitive
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to ionizing radiation, the children exposed in utero are not
included in the aforementioned Life Span Study. Past
medical examinations of in utero exposed children revealed
an elevated incidence of microcephaly with mental retar-
dation,"® delay in growth and development® and sup-
pression of antibody production” among those proximally
exposed. Yamasaki et al® reported higher neonatal or
infant mortality among children exposed in utero within
2000 m from the hypocenter as compared with the distally
or nonexposed in Nagasaki. The number of subjects,
however, was very small. Therefore, a large scale study
was made” of mortality during the period 1945-63 among
children exposed in utero, but no definite relationship
between mortality and exposure distance was observed.
This report extends the previous report by 6 years, to
mortality through 1969.

The present analyses moreover are based on radiation
dose estimates which only recently became available so
that radiation effects can be studied more effectively than
in the previous report which employed only exposure
distance.

METHOD

Sample. Children born from the time of the A-bomb to
31 May 1946 were defined as in utero exposed children.
As the potential sample size is small, all available sources
were used in enumerating the sample for study. Available
sample sources are birth records, the ABCC Master File,
and the 1960 A-bomb Survivors Survey. The ABCC
Master File is a central file and was derived from all the
previous random and nonrandom surveys by ABCC and
from referrals. The 1960 A-bomb Survivors Survey was
a supplementary survey at the 1960 Census which was
conducted on A-bomb survivors and children exposed in
utero residing in Hiroshima and Nagasaki prefectures.

Since both the ABCC Master File and the 1960 A-bomb
Survivors Survey would fail to enumerate deceased
subjects, these two sources were used as ancillary sources
of data to supplement the birth records. The in utero
exposed and control children obtained from all three
sources totalled 5894 in Hiroshima and 4477 in Nagasaki.

An extensive field survey was performed on all subjects to
determine the mother’s exposure status and the number of
unknown cases was found to be less than 5% as shown
in Table 1. A matched sample was drawn from the afore-
mentioned roster of children with Honseki* and whose
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“The official family registration system based on a permanent address (HONSEKI). Changes of address and vital events must be reported to the local
office of custody of the records. The record itself is the KOSEKI, the office of custody is the KOSEKI-KA.



TABLE 1
#1

POTENTIAL SAMPLE SIZE
Hur sl ks s

Hiroshima 155

Eligibility and

Nagasaki F W

exposure status Birth record No birth record 1960 Birth record No birth record 1960
HEELLTO with or without Master File survey with or without Master File survey
E\'r'rf-’;? J_;J': b other sources with or without only other sources with or without only
f 1k fi ol SR 1960 survey EED Mg ss s 1960 survey 1960 1F @
{ fth o) ¥E 67 12 : C s Lo SR Ji’t‘u‘&li&wfﬁ A T
EEhobt0tb (or SEnsdsomb LETEEEASL O pa
.".‘”_‘Z 3 i) fl%O-*]‘ftTin_ai
habobal) hatmsat)
Eligible* il i # & 3900 1004 829 3558 412 286
0-1499m 270 58 70 55 i 11
15001999 331 89 121 85 12 9
2000-2999 530 130 162 342 47 56
30009999 862 186 231 1396 158 155
Not-in-city M E 1765 514 | 1651 182 45
Early entrant 50 A+ 152 27 168 29 6 10
Not eligible 74~ i # & 92 58 11 170 36 15
Honseki unknown
AW AHO O 22 11 9 77 15 12
Distance unknown**
HHEME SO LO 70 47 2 93 21 3
Total it 3992 1062 840 3728 448 301
*Koseki (honseki) and distance from hypocenter known. FHEUERE & E UMM S S ORBOHBL T VS0,
**Includes distance and honseki unknown. EiEE s LU - 00 ’\J,J]C-1 EN s
mother’s exposure was known. All subjects in the group HI50mEBOELER R I12 AR, EEE41500-

within 1500 m were included in the study sample and
comparison subjects were selected from the distance
groups 1500-1999m, 2000-2999m, and 3000-3999m
having the same source, city, and sex, and the closest
match possible for month of birth. From the nonexposed
groups two matched subjects were selected for each index
subject. The study sample thus selected totalled 2347
The distribution of
the study sample by mother’s exposure status, sex, and

in Hiroshima and 427 in Nagasaki.
city is shown in Table 2.

Ascertaining Survival Status. Registration of deaths

in the koseki is compulsory in Japan under the Koseki Law.

Accordingly, if the honseki is known, the survival status
of any individual can be determined. Koseki was checked
for the entire study sample in March 1970. The number
of ‘deaths thus ascertained is shown in Table 2. Cause of
death was obtained through the Japanese vital statistics
death schedules kept at Health Centers throughout Japan.

Radiation Dose.
10

Radiation dose hased on T65 Dose
estimates which takes into consideration not only
exposure distance but also shielding conditions is available
for almost 98 % of the exposed mothers. In the analysis
total dose with neutrons and gamma combined 1:1 was

used.

1999m, 2000 —2999m ¥ & 1F3000 - 3999m o & W IR T A
6, FEHE, i, %, PEUHERETE ZRYIEMR
TAXHITEAL. 1500m KGO & IEABER BT

2EI BRI OMAB LA ZOLIICLTERRL
REHEROBEE, EBTIR24TA, BB TI3427 A
%o 7. R OBRRER, ERlE L UE B oA
FEFHER2IIFRL L.

SROMB. OAOFBEICLNE, FECRFECESE
TARBAHE. LAdoT, FEHHAHEMEL L
EREEHRAT AL TES. 1970E3 H, 2RESR
COWTFRBHEARTE L. Fhitks THBEER

FECH X212 L. HAZEZMO GREATCHRE S
NTVAALENEFECE» SFECTH ORERE %R L .

MAHSRE. HRERE»D TS BRCGREE & £ 1§ IC
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HMOIEEALB% > THMEERLHE L. A8
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TABLE 2 SAMPLE AND DEATHS USED FOR STUDY BY SOURCE OF DATA, EXPOSURE STATUS, SEX AND CITY

%2

WA RS L USEC H: RN - LRS- s L UEHI I L B E

Source # i

Birth record

1960 Census

Total Master File
Expﬂs}lrehst_atus it iRl = AL 1960 #HE 15 7%
BRI Male  Female Male Female H:Je " Female Male Fema\_le i
H 1y % i i i G5 24
Hiroshima 155
Total Sample # & #1125 1222 796 819 163 161 166 242
&t Deaths FEL # 142 129 116 109 24 18 2 2
Rate/100 FEC#H 12,6 10.6 14.6 13.3 14.7 11.2 1:2 .8
Exposed Sample 764 8248 530 543 105 103 129 202
[ ¥ Deaths 109 93 86 77 21 15 2 1
Rate/100 14.3 11.0 16.2 14.2 20.0 14.6 1.6 i
Nonexposed Sample 361 374 266 276 58 58 a7 40
I RIRH Deaths 33 36 30 32 3 3 0 1
Rate/100 9.1 9.6 11.3 11.6 5.2 5.2 2.5
Nagasaki &%

Total Sample 215 212 161 168 11 26 43 18
a it Deaths 36 39~ 29 28 7 5 0 0

Rate/100 16.7 15.6 18.0 16.7 63.6 19.2 =
Exposed Sample 141 140 107 112 7 16 27 12
e S Deaths 23 17 19 14 4 3 0 0
Rate/100 16.3 12.1 17.8 12.5 57.1 18.8 - -
MNonexposed Sample T4 72 54 56 4 10 16 [
FHERE Deaths 13 16 10 14 3 2 0 0
Rate/100 17.6 022 18.5 25.0 75.0 20.0 - -

Factors other than Radiation Affecting Mortality.
Mortality, especially infant mortality, is influenced by
numerous variables such as parent's age, birth weight, and
socioeconomic conditions. Data on these concomitant
variables were extracted from existing records(i.e., ABCC
Master File, birth records, and mail questionnaires which
include such items as birth order, birthweight, parent’s
survival status, parent’s birth place, parent’s education,
parent’s occupation, size of living quarters, and food costs
per month).

Sample Used in the Analysis. Mortality for persons
whose names were drawn from the “1960 Survivors Survey”
is available only after 1960 and the duration of “follow-up”
mortality for the “Master File” portion is somewhat vague
and shorter than the follow-up available for the “Birth
It is obvious, therefore, that “Birth
Records” is the best among these three sources from the
standpoint of follow-up period, and since “Birth Records”

Records™ portion.

RTCHEERIETHSRLUAORT. FECHE, oIl
WHECRE, Bofl, BENERLLCHE - BiFR
L2 OATOREEZTS. ZhooBERTC
DUTORKE, BEOKLE +4bb, ABCCEAR
i, WMARALED L UHEIRR, MARFER, mE O,
Mo A, WM oFRE, BRE, EEo ks X,
HYLDOERL I T RALAEREMEDS Mk
Lt Ths.

1

BATICHOWAN SR, (19608 ERE | »520%
AL RAHIZ VT, 1960ELBENEC O 4K
TE3. —~HIHEALE,»SBFOoNLE | OFE LB M
Mz, [HEZE | oFniclNxTees 0T OTHEL.
Licd's T, BHMEO R 5 130 Lo =2 o &
DHILTHELSK | FHELPCRRTHE. HRIZED
IBLDOREH(T0%)IzowTREEREFHE2D



are available for the majority (70%) of the total sample,
it was considered advisable to concentrate the mortality
analysis on the “Birth Records” group. The advantages
of this restriction which eliminates the possible bias in
mortality should more than compensate for the disadvantage
of reduced sample size.

A previous analysis” showed a difference in distribution
of such concomitant variables as maternal age, birth order,
parent’s occupation, and parent’s education between
exposed mothers and nonexposed mothers. In general,
these differences in distribution of concomitant variables
are such as to inflate mortality rates in the exposed as
compared with the nonexposed, but there was no apparent
difference in these variables among distance subdivisions

of the exposed group.

In the present analysis, therefore, the sample is limited
to subjects enumerated from birth records and whose
mothers were exposed. The distribution by radiation dose
group of the sample used in the present analysis is shown
in Table 3.

T, [HEILE| 0s2 408 PLIZFECES BT
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TABLE 3 SAMPLE AND DEATHS USED FOR PRESENT ANALYSIS BY T65 DOSE
AND CITY, 1945-69, BIRTH RECORD SAMPLE, EXPOSED ONLY

#£3 BFCHOZWES RS L URCH:

Heatimat (TeDEHE) - #fmH

1945— 691, REFLEHD S L OWBE DO A

Median Subjects  #F § 4 £ Deaths #EL
T65 ‘_inse 3;;?;" Hiroshima Nagasaki Uirns.hima Nagasaki

it i T o i U
Total {7 it 1073 219 163 33
0-9rad Orad 680 115 102 15
10-39 18 189 34 23 4
40-179 72 141 39 26 6
180+ 203 42 26 11 7
1

Unknown -8 21

5 1

Since 2% of the total sample are of unknown dose, an
analysis based on exposure distance is also employed, as
a supplement. The sample was divided into four distance
groups for Hiroshima and for Nagasaki so as to have the
same median doses in each distance group in each city as
shown in Table 4.

Statistical Considerations. The analyses have all been
controlled by city, sex, and month of birth (trimester).
Comparisons are either standardized or specific for these
three variables.

Subjects were divided into five dose groups; 0-9rad,
10-39, 40-179, 180+, and unknown. Expected values are

HMEFEODLZBUIODVTIHHEITHTHES DT, WHER
nﬁﬁ%%uhﬁ<WW%ﬁgof.ﬁ4uﬁ?;ﬁm
BE . WO FAFRoMEE Iz T 58 i
At ALk, EEFLUEBELZN-> O ERELE:
B Lo

MEtFmER. BTE, Tl
(AR ) BziT 2 7. 2hib
FEHBNCEEET L -

fEE, MR
SoOEHREFENLL,

wEHEIE, 0-9rad, 10-39, 40— 179,
CEBTHOL>OBIZKS LA
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TABLE 4 SAMPLE AND DEATHS USED FOR PRESENT ANALYSIS BY EXPOSURE DISTANCE
AND CITY. 1945-69, BIRTH RECORD SAMPLE, EXPOSED ONLY

F4 O OBHTICHWARES RS L PR BRIERE - AFATR
1945—694, I EREGHO I s OEBEO A

Group Exposure distance i 4 ¥ 3 _ Medisn 3pse Subjects & % # &% Deaths #Fr- &

22 Hiroshima Nagasaki At Hiroshima Nagasaki Hiroshima Nagasaki

iy F A 5 0 it 15 B Bl

Total & it 1073 219 163 33

v <1200 m <1500 m 199 rad T4 55 16 13

I 1200-1399 1500-1799 60 127 31 21 2

11 1400-1699 1800-2099 18 173 27 23 4

I 1700+ 2100+ 0 699 106 103 14

calculated based on the assumption that there is no
difference in mortality by dose. The ratio of ohserved to
expected deaths indicates, therefore, a kind of relative
risk. Seven different tests were performed on each table
among which the results for the following four tests are
shown in the text tables: (1) difference between dose
known group and dose unknown group, (2) linear increase
with dose, (3) quadratic increase with dose, and (4) ndh-
homogeneity of four known dose groups.

In the analysis based on exposure distance the same sta-
tistical tests were employed as in the analysis based on
dose, using the median dose for each distance group.
A detailed explanation of the tests employed is given
elsewhere.?

RESULTS

Total Mortality (All Causes of Death). Among a total
1292 subjects 196 deaths were ohserved during the
24 years, 1945-69 in Hiroshima and Nagasaki. Subjects
for the study were divided into the five dose groups and
expected deaths were calculated under the assumption
that there is no difference in mortality among the dose
groups. The expected deaths are : tandardized for sex,
month of birth (trimester), and city. The mortality ratio
(O/E) increased with dose regularly as shown in Table 5.
The mortality ratio increased by approximately 2%-3%
for every 25 rad.

In Hiroshima a significant linear increase in mortality with
dose was also observed. In Nagasaki where the sample
size is small, the increase in mortality is not statistically
significant at the 5% level. A supplementary analysis
based on exposure distance (Table 6) is in essential
agreement with the results based on dose.

STRHRECFEIZRLZVELSISHEIZE SO THE L -,
BEFCHA M EC Ko, —@o s i s
MTLEOTH3. BEIZODVWTTROBELTE -~
TDFEROMNOOMEREREERLORIZEBIF A (L
BEEMBCBBRTHEL 0%, 2RCHEIMEL L2
AR AR, (3FELC AR & & &1 iRy ok
i, (4 PY > o i B B B o IR g

WREEEICE SO TIT S - 2T T, BRIET0T
TP o AT & R AT RE & v 247, &gk
OB PR EGTE LA HHEALBEIZD 0TI,
MICFEL (ML .3

= &

2ETE(L2ERA), EEEEHIIH VT, 1945-694
D2ERIZ, HRELHL292 AT, 196 AOFECHE S
. BEMNREELOBRBCXS L, BEBENIZIE
CHEDNEAFGZVEVIREDS &1, HEFEECHKLHE
Uee BIFEFEC 0, 4 A IR ) & & 8T
RAEEEL LTHEL L O (EEREMERORL)
3, #SICRFT LI, @ERICEHLTHEML A, FEC
His25rad 520812 % - 3 %ML 7.
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TABLE 5 OBSERVED AND EXPECTED DEATHS BY CITY AND T65 DOSE, 1945-69,
BIRTH RECORD SAMPLE, EXPOSED ONLY
#5 SUEIECHis & U #: W7 - TeSD &htH, 1945—6914F,
HAEGEEEO I b OEREEO L

City Statistic Total T65 dose #AtHl (rad) Test FiE
it A it it 0-9 1039 40-179 180+ Unk ## K L Q H
H+N  Observed %460 196 117 27 32 18 2 NS * * *
B Expected MIfFIEL f 119.8 341 27.8 10.5 3.8
LAY 12 98 79 1.15 1.71 52

Sample #f R 1292 795 223 180 68 26
H 0/E I .99 .80 1.19 1.71 .33 NS - Sug  Sug
WS Observed WLZEFEL 8 163 102 23 26 11 1

Sample @ 1073 680 189 141 42 21
N 0/E H .89 .78 1.00 1.72 1.28 NS Sug NS NS
BB Observed ML B 33 15 4 6 7 1

Sample  H % 219 115 34 39 26 5

Expected deaths standardized for sex, and month of birth (Trimester). WI#§fEC St #5200 1 CARGEINIRN ) & R4 (L L T S5 L 2.

The tests against the alternatives are abbreviated as follows: BECAAMEEE kO £ CBEEL L
K Nonhomogeneity of known vs unknown dose (two-tailed) FLALRE S B & AR LT RR R A0S T )
L. Linear increase with dose (one-tailed) B E k& IZECHAY LN 0 E R
@ Quadratic increase with dose E T T Sy 1 Y DA
H Nonhomogeneity of four known dose group, regardless of pattern g » (4 w8 (5 12 10— o0 3 GEEE S b b 95 950 75
** Significant at 1% level (.01>P) 1% R8ETHRE -
* Significant at 5% level ((05>P>.01) 5% k@ THE
Sug Suggestive (L 10>P > 05) T
NS Not significant (P>.10) HETE W
TABLE 6 OBSERVED AND EXPECTED DEATHS BY CITY AND EXPOSURE DISTANCE 1945-69,
BIRTH RECORD SAMFLE, EXPOSED ONLY
#6 BEECHS X UHBFECH: £ - AR, 1945—691F,
HVERCHEED 3 B OHIRE D A
City Stati_stic;“ v Total Distance group §: # # 'a}lf*-_ ZH Test FéTu_
s ot # 7t it it I 1 111 v L Q H
H+N  Observed B8 196 117 27 23 29 ot NS NS
';d; Expected MBS0 8 121.6 31.1 23.9 19.5
- ZolE t .98 .86 .96 1.49
Sample ES° ) 1292 205 200 158 129
H O/E jid A7 .86 1.08 1.42 % NS Sug
BB Observed MITEFECH 163 103 23 21 16
Sample & 1073 699 173 127 74
N O/E b1 .88 .91 .44 1.58 * NS NS
B Observed BB 33 14 4 2 13
Sample xf & 219 106 27 31 55

Expected deaths are standardized for sex, and month of birth (trimester).
WO, e L ME R (TR &L THEL

tSee Table 4. %4 B,

Test fti - [ Linear increase with dose (one-tailed) #4t = & &

A A% 2 N6 A0 F R E )
Q Quadratic increase with dose [ET L W T N |
H Nonhomogeneity of four distance group, regardless of pattern.

Him s REMFCN>ORBIERES O G HE.




Age at Death. The subjects became aged 23-24 at the
end of 1969. Age specific mortality ratios were calculated
for the following three age ranges: under 1 year, 1-9 years,
and 10 years and over. As shown in Table 7 significant
increases in mortality with increasing dose were observed
for those aged under 1 vear and 10 years and over.

However, no increase in mortality was observed at the
intermediate ages, 1-9 years. Essentially the same results
were observed in the analysis based on exposure distance,
as shown in Table 8.

TETEOER. 1969FERRAE, fRHIT2B-24F 124 5
T, FWMAFCEE2 R0 2N EERERKM Iz
WTAME LA 1#RM, 1 -9&s L0080 E &

TIZmET LI, BEOMME & & IFECHoHE 4 1
A1 RS & CLI0ELY LoFIIRbs50L. L

(B RSRCE (R

X8IImT LIz, HBEEE TN T
ChHEFBEMNIZRUCE ) TR G L.

L, ol - 9Bk, JECHo R
i LD
i

TABLE 7 OBSERVED AND EXPECTED DEATHS BY AGE AT DEATH AND T65 DOSE, HIROSHIMA AND NAGASAKI,
BIRTH RECORD SAMPLE, EXPOSED ONLY

7 BEIC HE kOHIRREC S SECERIENS - TESDsRhERl, R - B, BEEXEEO L OMBEOS
Apge at death o o ; TGS dose #4LHI (rad) Test HiuE
S Statistic Total — - — - —
FELC I 0-9 1039 40179 180+ Unk £M K L Q H
<1 Observed E#EFEC £ 104 60 I 19 13 1 NS L s v
FExpected AL B 62.9 18.0 15.1 6.1 1:9
O/E 4 .95 .61 1.26 2.14 252
Sample A8 1292 795 223 180 68 26
19 Observed BL2EFEC # 70 45 =3 9 2 1 NS NS NS NS
Expected MH{FFEL £ 43.9 12.4 9.5 2.8 1.5
0/E H 1.03 1.05 .95 .70 68
Sample g 1188 T35 212 161 55 25
10+ Observed #R% 500 8 22 12 3 4 3 0 NS & NS NS
Expected MWHfFFEL 8 13.6 4.1 2.8 1.0 0.6
O/E k B9 74 1.45 2.89 0
Sample EoR 1118 690 199 152 53 24
See footnote Table 5. 4 5 o ik & 200,
TABLE & OBSERVED AND EXPECTED DEATHS BY AGE AT DEATH AND EXPOSURE DISTANCE
HIROSHIMA AND NAGASAKI, BIRTH RECORD SAMPLE, EXPOSED ONLY
# 8 BENC HE L UMEECHE: RO - s,
R - R, MECETED ) EOMBAEO S
Age at death Statistic Total Distance group HiH e 5 Test HiiE i
FECRE 68 it it €& o 0 1l 11 v I Q H
<1 Observed MEFEL # 104 60 13 13 18 % NS NS
Expected Hif$FEC 8 63.5 16.2 12.8 1355
O/E e .95 .80 1.01 1.67
Sample ¥ & 1292 805 200 158 129
1.9 Observed #E%FEL 81 70 46 13 6 5 NS5 NS NS
Expected HH#¥IEC & 44.9 11.3 8.4 5.5
O/E e 1.03 1:kD T2 92
Sample i 1188 745 187 145 111
104 Observed ##EFELC $ 22 11 1 4 [ Lk NS NS
Expected Wi%FEC & 13.6 3.9 2.6 1.9
0/E it 81 26 1.54 3.10
Sample fog ] 1118 6599 174 139 106

See footnote Table 6. % 6 QL& BU,



Cause of Death. For 55 of the total of 196 deaths (28 %),
cause of death was not available. These 55 deaths occurred
almost exclusively within 1 year after birth, in 1945-46
and because of the confusion of the official vital statistics
reporting system immediately after the war, death certifi-
cates were not available. The number of deaths by major
groups of causes is shown in Table 9. Since the number
of deaths is so small, cause specific mortality was analyzed
only for a few major causes and the results are shown in
Tables 10,11. For all natural causes of death the mortality
ratio seems to increase with dose, as observed for all
causes of death, though the differences in mortality are not
statistically significant. Perinatal deaths also increased
with dose. This is consistent with the fact that mortality
for under 1 year of age increased with dose. No increase

in mortality with dose was observed for other causes of
death.

EE. FECEH1I%H @ 5 555 (28%) 122w T L,
HREAFFTAZENTEL D . Zh 555/,
HBEAEIL—46FEOHEBRL ELALEC LA DT,
Mg E o A\OESERFoHGHE 3 REO LS,
HCRIMBIFYAFTELP LD THAE. TERKE
AlOFECHERIIITA LA, FECHEAEREIZDLLZODT,
FEEANFECEOEITIILHO EERHRII DV TOATE
V. FOREEEL, ILICR LA £FEHIZo W THE
Shl ki, BEFEIZOWTIE, FECHIZHE OB
LRIt 2L Ted 3N, HEHOZIZHERYIC
FHEBECIEL2 . FESECHLEREORME & & 28
MU ZHE1IERMBORCEIF BROBME & 12
HMLAEwIFEEE-HLTVE. 20MOFERII-
Wk, SROBIME LS ICHECERORIMZED SR
o T2

TABLE 9 DEATHS BY CAUSE OF DEATH, HIROSHIMA AND NAGASAKI,
BIRTH RECORD SAMPLE, EXPOSED ONLY

#9 SEERBISECH, BB - &, HEESHO s0HBRENS

Cause of death ICD (& th) Deaths
A I S FEL &
All causes EFEH 196
Cause unknown FER A O & O 55
Total cause known JER@FI## 5 LD 141
Infective and parasitic diseases {5isf & & P9 L udi 000-136 59
Neoplasms #7410 140-239 3
Allergy and nutrition 7 L V& — & L UUEBE OB D 240-279 5
Nervous system, sense organ fEf, WEHo#G 320-389 9
Circulatory system BREROHES 390-458
Respiratory system 00 25 9 460-519 18
Digestive system i b 8% 5 O 5 520-577 2
Genito-urinary system # It % 5 0 15 8 580-629
Skin and musculoskeletal system /£ & & PSR 0 ® L 680-738 1
Congenital malformation K #5 740-759 1
Perinatal deaths & #E M FE 760-779 19
Il-defined conditions 32RF ¥ A5 W o 14 58 T80-796 9
Accidents A% ¢ 4kl 800-999 9

Trimester. Itis conceivable that dose effects on mortality
may differ by month of birth. The study subjects were
divided into approximate trimesters of gestation at exposure
based on month of birth: (I) February-May 1946,
(I1) November 1945-January 1946, (III) August-October
1945, A significant increase in mortality with dose was
observed only for the children who were exposed to A-bomb
radiation in the third trimester in utero(i.e., those children
born in August-October 1945) as shown in Table 12. This
result was essentially duplicated by the analysis based on
exposure distance, as shown in Table 13.

BIRERE. FECE IR T 2MEOME L, EHEESHIZ £
STHEIPELALZY. 227, @EMRELBEAL
HETOTRO I ITHBREOEERSE XS LA (1)
EIRATBE—1946E2 H - 5 A, (1) 4 4E o B —19454F
11H -19464 1 H, () HEREEAA—1945E8 A -10A,
FI2IZFR LA L 9121945 8 B 108 124 £ 1/ i,
T4bb, HREEHCHBHEE? 2T 2EI0E, &
BRoEme i 2CEOFRELHENF B onit. &
BIZRLAK Iz, BBEEBIIETOTITL - 2BRIFIC
FOUTd, AL LERF BN



TABLE 10 OBSERVED AND EXPECTED DEATHS BY CAUSE OF DEATH AND T65 DOSE,

HIROSHIMA AND NAGASAKI, BIRTH RECORD SAMPLE, EXPOSED ONLY
#10 #REIEC Hd L UMFIEC e FER - TH5D ik,
R - Wy, BELREHOOFBHEOA

Cause of death Statistic Total TE5 dose #ALH| (rad) Test HiE

SN i i 0-9 10-39 40179 180+ Unk £81 K L Q H

All natural causes

4 g O/E i:4 1.10 .66 .84 1.55 .37 NS NS NS NS
Observed #EEIEC £ 132 88 15 16 12 1
Sample ¥ & 1292 795 223 180 68 26

Infective O/E iid 1.15 70 91 .62 81 NS NS NS NS

{5 e Observed s % 59 41 7 8 2 1

Neoplasms O/E e 1.00 00 00 13.7 00 too few to test

i k10 Observed #E%5EC 3 2 0 0 1 0

Respiratory  O/E g 1.16 95 41 1.13 00 NS NS NS NS

ﬁﬁ%*” Observed HI#ZEC# 18 13 3 1 1 0

Perinatal O/E H 96 .32 .95 2.56 .00 NS > ¥ Sug

FIFERBFEL  Observed musctbc# 19 10 1 3 5 0

Cause unknown

FEIR A B O/E H .66 1.13 1.87 2.72 1.07 NS i Sug NS
Observed %M 55 23 11 14 6 1

See foolnote Table 5. #*

TABLE 11 OBSERVED

Cause of death

FEA

All natural causes

EHIE

Infective
{5 i3

Neoplasms

ik
Respiratory
IR 9 e 00 1R 8

Perinatal
T e At

Cause unknown

FEE A1

SOMEEBE,

AND EXPECTED DEATHS BY CAUSE OF DEATH AND EXPOSURE DISTANCE 1945-69,
BIRTH RECORD SAMPLE, EXPOSED ONLY

#211  BIEFEC S L IR PEC S JEMA - wEsREIEER], 1945—694F,
HEREEED 5 b ORRE D

Statistic Total Distance group i@ f# %l Test ki B

it it it I 1 11 v i Q H
O/E e 1.12 68 61 1.24 NS * Sug
Observed  EL#ESEC 132 a0 14 10 18
Sample it § 1292 805 200 158 129
O/E i 1.11 1.07 .67 67 NS NS NS
Observed BlE£FEL 2 59 40 10 5 4
O/E H .96 .00 00 6.47 = NS NS
Observed HEEJEL 3 2 ] 0 1
O/E ke 1.39 00 00 L.16 NS NS NS
Observed  Bl# L £ 18 16 0 0 2
O/E 4 1.00 .39 .39 1.79 NS NS NS
Observed #EELC H# 151] 10 1 1 7
O/E ;4 .62 1.47 1.69 2.28 e NS NS
Observed  BEEELC # 55 22 13 9

11

See footnote Table 6. 6 oMk & R4
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TABLE 12 OBSERVED AND EXPECTED DEATHS BY TRIMESTER AND T65 DOSE, HIROSHIMA AND NAGASAKI,
BIRTH RECORD SAMPLE, EXPOSED ONLY

F12 BB HE L UMBIEC e RN - Te5D MR, HE - £,
HAERHED ) bOEEE O &

Trimester Statistic Total T65 dose 4t i {r%\d] Test HE
Rl 20 Bt it 09 1039 40179 180+ Unk £iM K L Q H
1 Observed B EFEL 53 35 4 11 3 1] Sug NS NS NS
Expected #HFFFEC # 33.4 8.5 7.1 2.4 1.5
O/E i 4 1.05 A7 1.54 1.23 00
Sample HE 414 259 65 58 20 12
1I Observed E{EIEL f 78 50 11 10 5 2 NS NS NS NS
Expected {550 B 46.0 13.0 12,7 4.6 T
O/E I 4 1.09 .85 79 1.09 1.15
Sample  H#® 501 302 85 76 2 11
111 Observed #1% % C & 65 32 12 11 10 0 NS " *x -+
Expected M FFFELC £ 40.5 12.5 8.0 3.5 .6
O/E 22 .79 .96 1.38 2.88 .00
Sample e T 234 ¥ 46 21 3
f;ee footnote Table 5. # 5 O H i.‘l'. PEME, o

TABLE 13 OBSERVED AND EXPECTED DEATHS BY TRIMESTER AND EXPOSURE DISTANCE, HIROSHIMA AND
NAGASAKI, BIRTH RECORD SAMPLE, EXPOSED ONLY

#13 W CHE & L S RN - BRI, RS B, NEXERO I L OBREO R
Trimester Statistic Taotal Dista;ce group 3 QEL’F- il Test HE
A A ) 1) A it it 1 11 11 v L Q H
I Observed  l#2/EC & 53 34 5 7 T NS NS NS
Expected M FEL $4 33.7 8.09 6.76 4.42
O/E id 1.01 62 1.04 1.58
Sample EER 414 262 60 54 38
11 Observed @l ESELC 5 78 50 10 8 1 NS NS NS
Expected MFFEL # 47.0 11.8 10.1 9.1
O/E H 1.06 .85 .79 1.10
Sample % 501 309 5 G4 53
111 Observed #IEEIEL 65 33 12 B 12 - Sug *
Expected MIFRSELC 40.8 112 7 2.0
O/E K .81 1.07 1.13 2.03
Sample R Lkl 234 G5 40 38

See footnote Table 6. % 6 D #E 4 B .

Concomitant Variables.
mortality, is known to be affected by numerous factors
such as parental age, birthweight, and so on. If these
concomitant variables were dissimilarly distributed among
the comparison groups, serious bias in the analysis of
mortality with respect to radiation might result. Homeo-
geneity in the distribution of these factors among the five
dose groups was tested by chi-square.

Mortality, especially infant

As shown in
Table 14, all factors except birthweight are distributed
homogeneously among the five dose groups, so that these

factors will not seriously affect the results of observations

11

METEH. O, B RECHEE, MEOER, &
SRFEL YD EORTIIHEE N2 ZEEEAAOHE
HTHa., &L, ZhoOMMETFAFIEIFRIZ—BRIC
FAFLTVLZIRE, BEGIOVTITLIRCEOR
Miokz2RBOPEY2. 227, ZheoOEFHFRED
DHEBEOMIIE -/ LTRSSV TI R
FEETG -, BUIERLEEY 12, BEBRKERR]
ERFRERE>OHBEBBEMIIY - /B/LTVwEDT, &
hosOBRFEFECELEMREOBFE >0 TiTL ) #



on the relationship between mortality and radiation. As to
birthweight, which is the only exception, the proportion
of immarurity { birthweight under 2500 g) is higher in the
high dose group, as shown in Table 15.

ik oBELRITxL. W—0fidttd - -1
EpEEEIZI > wTw i, ZBICRLAE I, RBR
(HAEMRARTA2500g £iE) ORI &4, BHEEFICE W

TABLE 14 SUMMARY OF ¥ ? COMPARISONS OF THE DISTRIBUTION OF CONCOMITANT
VARIABLES AMONG FIVE DOSE GROUPS, BIRTH RECORD SAMPLE, EXPOSED ONLY

#1d OO EHITAMEEHSEOX 2 ME OB,
HEREBHED I 5 OEBHEO A

\"ariahle.:s

Variahles City Total Male Female City Total Male Female
% #i ik it ) f k4 i Ell A ke
Maternal age H+N g, & Schooling, mother H+N
B RORIE H m E, 0 H
N N
Paternal age H+N Occupation, father H+N
A o B H e, A H
N 5 N
Birth order H+N * Sug Occupation, mother H+N
75 M i H * s, H
N N
Birthweight H+N 5 * o Mats/person H+N :
o H * ** % 1 A A 1) A H Sug
N N
Schooling, father H+N Food costs/person/ H+N
SRR, A U month H
N 1AM 1ALEN
» et X
* Significant at 5% level 5 % k& T
** Significant at 1% level 19474k

TABLE 15 SAMPLE DISTRIBUTION BY BIRTHWEIGHT AND T65 DOSE, HIROSHIMA AND NAGASAKI,
BIRTH RECORD SAMPLE, EXPOSED ONLY

#£15 [ESROSA: WERKS - TEDRER, KB - i, HELHHOI bOUREDS

Dose # 4t (rad)

Birthweight Total
A S 1 2 0-9 10-39 40-179 1804 U“}‘:“;;‘"“
Total &t 1159 724 203 159 52 21
<2500 g 10.8 % 9.0 % 113 % 107 % 346 % 9.6 %
2500-3499 79.1 80.1 79.3 79.9 61.5 81.0
3500+ 10.1 10.9 9.4 9.4 3.8

9.5

133 cases of unknown birthweight excluded.  HREESETFMO & o F0133 FlIERHL 2.

12



DISCUSSION

Many animal experiments'!'* have 'been reported which
show radiation effects on the growth and development of
the fetus, Relatively little

attention, however, has been given to postnatal mortality

especially malformation.

in animals exposed to radiation in utero, and no animal
experiments are at all comparable with the present study.
In humans, there have been several studies on cancer!'®'!®
among children exposed in utero through abdominal or
pelvic X-ray of their mothers. Miller reported a higher
prevalence of microcephaly and delay in growth and
development among in utero children proximally exposed
to the A-bomb. However, there are no data on postnatal
deaths from all causes except that Yamazaki et al®
compared mortality in Nagasaki between 98 children
exposed in utero to the A-bomb within 2000 m and 113
randomly selected comparison subjects who had been in
utero at 4000-5000 m. Higher infant mortality, stillbirths
and neonatal deaths occurred in the groups within 2000 m,
however, the numbers are small.

An analysis® of mortality in the same study sample used
here was made in 1966, based on exposure distance, for
the period from 1945-63.
between mortality and exposure distance was observed.
Since that time radiation dose estimates have been

No significant relationship

calculated for individuals so that it became possible to
examine more specifically the relationship between radiation
and mortality among in utero children. An analysis based
on dose has another advantage in that a more sensitive
statistical tool, regression analysi5,3 can be employed.

The present analysis revealed that mortality increased
with dose. A significant increase of mortality with dose
was observed in the cohort during the first year of life.
No increase with dose was observed during the next
9 years, but again a significant increase of mortality with
dose was ohserved at ages over 10 years, though the
number of deaths is small (22 deaths). No particular cause
of death was associated with the increased mortality after
MacMahon' and Stewart et al'*
reported a high incidence of leukemia and other neoplasms

10 years of age.

in children whose mothers were exposed to abdominal or
pelvic Xray during the pregnancy. On the other hand,

1'% and Court Brown et al'® failed to find an

Griem et a
increase in frequency of leukemia or other malignant
neoplasms among children exposed to X-ray in utero.
A recent ABCC study'” has suggested that the incidence
of neoplasms is increased among vounger A-bomb survi-

vors, exposed to the A-bombs under 10 years of age.
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—%, AT, BEoMB I - 3ERXEREIIL S
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EFITLZbATVRS. 3-8 Miller? 12 5hf, EHBEN
WER RIS & UE - 38F 0BIEORE A 5.
Yamasaki 58 (3, E# (230 72000m £ 0 N # B
ROBA & 7 mefsEe & L 74000 -5000m @ B5A #E1R 1 &
SEMBMHME LI A2 RIIFEUHELEEL T
34, ThiBotit, 2FERCL3EHOFECICET
H5F—FiFLHwv. ZORETIE, 2000mEMHETIE, L
RIFEC, FEEL I UHERRCOEIEH - 20, 20
AEMBEITD L,

FAHREOREMEE I E T, 1945 -63FEMIZED 5 -
FEC Iz, WMo BT 219665 12
Sl ZORFTIE, FECELHEER: OMIZEE L
BEFERERLohah -k 20%, BAOHBRIS SR
AHEE E R, MNEBRREICIS T A RS L ECE DM
FELIDEBHIIMHETIZLITCER L I2 2.
BMEBIIETCRBITCRL —OMA, T4bb, BE
DEVHHNLETHIAREN 2EHT2Z 24T
ERCIRA RIS B N

FRITTIE, RCRFBRORME L s8N T 2 &
AR L. HERLIFEOBIL, ZoMRBIHRROHY
MEEH T EEIIHMT 32 EXFRH LN
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EMERD Ao BELEECKEIL 2V (22
) A, 0L EOoFE# T, BUBBROBME & &
CHRCEOHFBELZHEMPED SN, EBH0ELBEO
FECEMMIZIE, BEOHREERMS LTVE > k.
MacMahon * #5 & UF Stewart 5™ &, FiE iz HE £
I EBAICXRREE R T 2O, ANEE
SUROMOMEMOREEI B ERELTVS.
4, Griem 5 ' 3L ¥ Court Brown 5% (3 JEHNX &
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Therefore one might expect that the incidence of mortality
from neoplasms would also be increased among children
exposed in utero. However, this was not seen in the present
study. It may be, however, that it is too early for radiation
carcinogenesis to occur in these persons, who are still less
than 25 years of age.

Eshi. LAF-T, BAERRICE
FHCEOHNMTAZ L EE xhhé L#L,:m:&
FAEMECREDLN - . HESRIIBHERMT
H30 THEHEERERE RO L 101k, F 2R
Brohadohds Lhiwn,

TAEEWIIED

Only three deaths from neoplasms occurred. Detailed FEMISARCEIFOHTHS 2. ZOFMERD
information on these three cases is as follows: LENTHS.
City Sex Date of hirth Date of death Age at death  Distance Dose Disease
fli i # WEFEH FELCSEH FELC R hiE: 3 ## it wma
HIEE F % March 38 1946 January 1 FH 1953 6 1136 m 175 rad Liver cancer [T
H F August 8 B 1945  November 117 1963 18 2133 1 Leukemia 111074
H F Mareh 3 H 1946  June 6 B 1967 21 1950 Unk (<4)  Large Intestine Cancer
A+ B 7+ N 55
The annual death rate from cancer in all Japan was HA2EICZS T A3H 2L 219600580 FEMIECHE, 0 -
5.7per 100,000 for ages 0-24 in 1960. If this rate-is UBEHTIE, AOWHSAN 5.7 Thor. COEREXE
applied to the study sample, the expected number of cancer AR RS T I A 5 75 0 12 4 2
cases would be around 2 which is very close to the HEMRIETBD LG, BIECO I =
observed number, 3 cases. Thus no significant increase FECBEHO3FHIIER T 2. 2ok, HESRSE
of cancer risk was observed in the sh;;l_v sample. More LB AEORBRB AT ARMINEED N D .
detailed discussion is given elsewhere " in this respect.
b i : - ZORIEDWTIE, Bl ;ﬁuﬁi S U

Since the number of deaths is small and no particular
cause of death, like cancer, caused an increase of mor-
tality with dose after 10 years of age, it is fair to say
that no good explanation is available for the recent increase
of mortality with dose and further follow-up on this study

cohort, for many years, is needed.

Animal experiments'!'!?

show that organs that are at
critical stages of development are highly susceptible even
Therefore, it is

conceivable that radiation effect on mortality may vary by

to relatively small amounts of radiation.
trimester. The present analysis revealed that radiation
effects on mortality during the first 24 years of life
appears only among children exposed to the A-bombs, in
the third trimester of gestation. It might have been
supposed from the view point of radiation biology that
radiation effects on mortality, if any, would appear more
strongly among those exposed in utero in an earlier
trimester. On the other hand, it is possible that exposure

of fetuses, at early developmental stages might have

resulted in higher rates of spontaneous abortion or still-

birth. A more definite answer for this finding must await
the progress in methodology of dosimetry for in utero
children, taking account of the attenuation factor of the
mother’s body.
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