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PROJECTIONS OF A-BOMB SURVIVOR POPULATIONS
IN THE MAJOR ABCC SAMPLES —1970 TO 1995

ABCCEERHBERETEMOHER FHl:

IWAO M. MORIYAMA, Ph.D.:

1970 — 1995

MASANORI OTAKE, B.A.( K/TIEfE )

Department of Statistics

SUMMARY

The two major ABCC samples, the TNIH-ABCC Life
Span Study population and its subsample, the ABCC-
JNIH Adult Health Study population, have been
subjected to attrition over the years. Because these
samples are without replacement the decrements will
continue into the future, and the samples will
eventually become extinct.

Population projections were made on the two samples
up to the year 1995. On the basis of these projec-
tions, it may be seen that a substantial number of
the Life Span Study population will be alive 25 years
from now. The composition of the Life Span Study
sample appears to be adequate for the study of
radiation effects.

While the proportion of survivors in the Adult Health
Study sample is not greatly different from that of the
Life Span Study, the Adult Health Study was initially
less than one-fifth of the size of the Life Span Study.
Also, the number of survivors available for the
biennial medical examinations is affected signifi-
cantly by migration and the cooperation rate. Should
the past trends continue, the Adult Health Study
sample will be greatly reduced in size in the next
10 years or so. Efforts to increase the effective
size of the Adult Health Study are indicated.

INTRODUCTION

In order to study the effects of jonizing radiation
from the A-bombs, two major samples of survivors
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were established in accordance with the Unified
Study Program.1 One of the samples is the Life Span
Study2'? which consists of a cohort of some 110,000
survivors and controls for describing the mortality
pattern of survivors exposed to varying degrees of
ionizing radiation. The other major sample is of a
cohort of about 20,000 in the Adult Health Study.4
This group is given biennial physical examinations
to determine health status as related to radiation
exposure.

These two samples have served as the basis for
numerous epidemiological and other studies for more
than two decades, Because they are fixed cohorrs,
that is, populations without replacement, they can
only age and suffer attrition from mortality. In the
case of the Adult Health Study sample, there are the
additional attritional factors of migration and refusal
to participate in the physical examinations.

These samples will eventually become extinct.
However, even before the complete disappearance of
the cohorts, there will be a point when the numbers
will be inadequate for future studies. Also, the
changing age composition of the cohorts will Jimit
subjects that will be suitable for investigation
utilizing the present population cohorts, even if the
cohort size is still adequate.

It is therefore important to gain some view of the
future size and composition of the major ABCC
cohorts. This report presents projections of the
populations of the Life Span and the Adult Health
Studies from 1970 to 1995 at 5-year intervals.

METHODOLOGY

In 1968, Otake3 prepared projections of mortality
rates for the [.ife Span Study and the Adult Health
Study populations. These projections were for the
period 1966 to 1995 and included all causes of
death and a number of specific diseases. Although
mortality is the principal component of population
loss, the projected mortality figures were not used
to project the populations of the two fixed cohorts.

In the present projection, survival data for the period
1 January 1950 to 1 January 1970 were used as the
base because survival rates are much more stable
The latter show considerable
more variation for certain age groups because of
small frequencies.

than mortality rates.

In making the projections, it was assumed that the
survival rates would continue to change as in the
past. In those instances where there appeared to be

m#%ﬁ@ﬁ%ﬂﬁﬁﬁﬂ%ﬂw IZRTOWTHRE S A
. FOFEBEEMO -1, BEIHEBERE T
Mﬁuﬂtéﬁcmﬁ?~>i?WTQMMv,Hmﬁ
BLUMBEELH 110,000 A0 ah— e i 25GHE
B2 Svhs. b BREME, AR
FA§920,000A A ak— A6k b, BHIZDWTIL,
m%mm%k@@ﬂm IR

TEORBhNEREATVA

A E T AT, 24

FUE COOFELEL, 0L Bz b0 EENEE
%wm&z<®mﬁmmw AR LTEL. ZhsdE
MEEHIEEEM IR - P Th s T EMT
ﬁéﬁb,%ﬁr#w FEC I E TV T 2G5
A BABEMNEEAOHG L, BESRBES
I MR A ERA 5

S FEMNFEEMEBESENCEL L2022l 3
FESIZH BN, ak—} m;u B A S AR
HBEO D 2 T A 'f“’?-"'t\'ii{& '@llr“e“ £
*Té.it,ﬂi—lﬂﬁhﬁ$f ThH-o7m &
T%,3$wb®£&?%ﬁ%$&&%ﬁ@%ﬁﬂ$—
FOABREEICSL CEEO S SHEEO R IZIRE SN
2kL912% 4%

Lo T, ABCC o EU L 35k — b ol S [H oI5 2k
Rz ERE NS &nmicw5-$ﬁﬂu.wm¢
20 5 199548 & T o W A o F3 i ) 1 20 L 4 2 O A e
HEEFMOSEZEDTRIZ2 0 THE~S.

&

1968412 K17 % 14, Fadld & & Ul AR HEIT 75 4[4 12
BUHARCREROTME*TLo42 Zh 6O EE THllE,
19664F 70 5 19954 & T O MIH N o> & FEK B 4 & U E 5
HABEMfTabh7-b0Tss. BECEANELOEE
AFTHLH, “o0OBEILS—- FOHEETFNIZE, T
HIFECEIE A 2 » - -

EHEREFCE LTS ICLEEYH S L0, S0
DFWIE, 19508 1 H1HAS1970F 1 H 1 0T
PO R fE3 & 3582 1 L TH VAL FECHE THIE Iy
DT, HEOEMMBIIOVTEHYOZE FEHShAE.

TRl T, REEFEILBESERL 2 ETEE E EH
DE@MEHmT2 L0 RESN A, EFEOMEIZED



a change in trend, more emphasis was given to data
for the recent years. Where large variations in rates
occurred because of small sample size, no assumption
of an upward or downward trend was made.

It was also assumed that the survival rates for a
particular age group would follow the pattern of the
succeeding age group of the same dose category.
The fuwmre survival rates for each age group were
assumed to lag behind the survival rates for the
succeeding age group, the lag time being the
number of years required to bring the survival rates
into agreement with the 1970 survival rates for the
succeeding age group of the corresponding dose
group. For example, for males aged 35 to 44 years
in Hiroshima, the survival rate for the *‘not-in-city”’
group in 1970 was 78%, which corresponds to the
rate achieved by the corresponding males, aged 45
to 54 years about 1963. Therefore, the lag period
may be estimated to be about 7 years.

[imitations of Data. The estimated future populations
are projections —not predictions. They are based
upon the assumption that the past survivorship
trends, and in the case of the Adult Health Study
subsample, the migration and participation rate
trends by broad age groups will continue into
the future.

For the most part, the survivorship data are easiest
to project, and probably least subject to error.
Because of this, the Life Span Study projections are
probably reasonably good. What the migration rate
will be in the future is difficult to forecast. The
population will be older and hence less mobile.
There is even more question about the future partici-
pation rates. This is influenced by the demands
placed on the sample population, unpleasant experi-
ences in the clinic, and other reasons. Of all the
factors, the participation rate can vary greatly. Also,
the participation rate is most amenable to change.
In fact, it is the only problem affecting the size of
the clinic population that ABCC can influence directly.

Life Span Study Sample. The Life Span Study
sample was based on the survivors present in the
cities of Hiroshima and Nagasaki at the time of the
1950 National Census. To supplement the demo-
graphic information available from the special
survey conducted at the time of the census, field
investigations were conducted to obtain other
information needed for sampling purposes such as
honseki* and distance from hypocenter at time of
bomb (ATB). Although effects of radiation dose is
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the basic problem for study, it was not possible to
select the sample on the basis of dose. Distance,
and radiation symptoms were the only characteristics
available at the time of sample selection. The
population *'not-in-city ATB' was selected to serve

as additional control for comparative purposes.

For the Life Span Study, all eligibles within 2500m
from the hypocenter were accepted for comparison
with two control groups, namely individuals more
distally located in the cities ATB and individuals
not in the cities ATB. These comparison groups
were of the same size and same age and sex composi-
tion as the population located within 2000 m from the
hypocenter. The composition of the Life Span Study
sample is shown below.
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Fresent in city or environs ATB
< 2000m from hypocenter
2000-2499m
2500-9999 m
Mot present in city or environs ATBH i
Total

Total Hiroshima Nagasaki
27,800 21,200 6,600
16,600 11,500 5,100
27,800 21,200 6,600
27,800 21,200 6,600
100,000 75,100 24,900

Later augmented by adding about 10,000 to the
cohort this sample has been designated Life Span
Study (Extended),
which projections are made.

and this is the population for

In 1951, the first large scale collection of data for
evaluation shielding was started in
This was extended to Hiroshima in 1954.
On the basis of these shielding interviews,

of radiation
Nagasaki.
dose
estimates (T57D) were made on the basis of air dose
curves and attenuation data available in 1957. A
second generation of dose estimates (T65D) was made
in 1966-67,

used in place of distance from hypocenter.

and this dose estimate is now being

1951 Population Structure of the Life Span Study.
The salient features of the [ ife Span Study (Extended)
population as established may be seen in Figure 1
and Table 1.
exposed to heavy radiation is limited by the high

The number of survivors who were

mortality at high doses. Females constitute a
predominant proportion of the surviving population.
Part of this is because many males, especially of
military ages, were absent from the cities ATB. The
distribution of the female population by age does not
appear very unusua].
relatively
population, and the

provide a broad base.

The older people constitute a
small proportion of the total surviving
children and young females
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FIGURE 1 POPULATION OF LIFE SPAN STUDY (EXTENDED) BY AGE, SEX, & T65 DOSE
HIROSHIMA & NAGASAKI, 1 JANUARY 1951
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TABLE 1 POPULATION STRUCTURE FOR LIFE SPAN STUDY (EXTENDED) BY AGE ATB, SEX, CITY
AND T 65 DOSE, 1 JANUARY 1951

#1  FHHMEEM (LK) O EEEERE, M, fitie S UTESEmEN, 195141 H 1 D
Age ATB Male _Femalc )
< 1rad 1-99 100 + Unknown < 1rad 1-99 100 + Unknown
Hiroshima

0-14 4288 3910 312 100 4166 3585 424 148
15-24 1320 1283 258 91 3533 3241 459 374
25.34 1225 1145 163 100 2779 2612 284 104
35-44 1806 1666 255 159 3050 2863 342 77
45-54 1974 1830 262 a2 2278 1991 213 54
55.64 1108 1042 136 63 1299 1167 82 32
65-T4 369 353 21 17 530 434 32 16
Th+ 41 30 1 1 88 76 2 a
Total 12131 11249 1408 623 17723 154969 1838 807

Nagasaki

0.14 741 2139 370 142 820 2279 424 166
15-24 395 727 313 148 739 1429 606 202
25.34 258 368 188 72 325 963 162 49
35-44 304 553 197 72 306 917 140 43
45-54 302 634 157 75 187 747 107 29
55-64 117 338 42 29 108 360 49 16
65-74 33 97 5 10 44 160 19 10
75+ 1 ] ] 0 11 32 5 1
Total 2151 4864 1272 548 BEET 1512 516

2540

The distribution of male survivors is not typical of
a normal population distribution because of the loss
absence of males in The
deficits in the age groups 15 to 44 years appear to
be quite marked in both cities.

or the military ages.

The pattern of age distribution by sex in the two
cities is not too dissimilar. However, the actual
number of survivors included in the Life Span Study
for Nagasaki is considerably fewer than the number

in the Hiroshima cohort.

Projection of Life Span Study (Extended) Sample.
There will be a continuous but gradual diminution in
the Life Span Study sample as may be secen in
Figure 2. By 1995, there will be less than one-half
of the population as of 1 January 1970. The surviving
population in the dose groups under 100rad will
still be considerable, but there will not be too many
left in the more heavily exposed population. This
is particularly true of males.

The projections by age (Table 2) clearly show that
by 1995 the population for effective study is reduced
to 0-14 and 15-24 years ATB.
There will be virtually no individuals left in the age
group over 25 years ATB in 1995; those 0-14 ATB

two age groups,
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will be about 50-64 years old in 1995, and the 15-24
years ATB will be 65 to 74 years old.

The Adult Health Study Sample. The Adult Health
Study population is a subsample of the Life Span
Study population. In selecting this subsample, all
those with acute radiation symptoms located within
2000m from the hypocenter ATB were included.
From the remainder of the group within 2000m
(i. e., those without acute radiation symptoms) the
same number with the same age-sex distribution as
the group with acute radiation symptoms was selected.
For the control groups, the unexposed (not-in-city)
and the distal exposure group (3000-3499m for
Hiroshima and 3000-3999m for Nagasaki) were
chosen. The number and age-sex distributions of
each of the control populations were the same as
those for the cohort with acute radiation symptoms.
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FIGURE 2 ESTIMATED POPULATION OF LIFE SPAN STUDY (EXTENDED) BY SEX, & T 65 DOSE
HIROSHIMA & NAGASAKI, 1970-95
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TABLE 2 SURVIVORS OBSERVED THROUGH 1 JANUARY 1970 AND EXPECTED THROUGH 1 JANUARY 1995 BY CITY,
SEX, AND AGE ATB. NOT IN CITY GROUP IN LSS (EXTENDED)

%2 FHHAFTEA(ER)OBNNELALBRAOMES EUI9%E 1L H 1 OF coflk il &6,
Y R ORBERFERR R, THIN A R B
Male Female
Age ATB T -
1970 1975 1980 1985 1990 1995 1970 1975 1980 1985 1990 1995
Hiroshima
0-14 2819 2784 2716 2541 2282 1948 2722 2699 2673 2619 2510 2345
15-24 980 756 906 830 T11 533 2529 2490 2415 2287 2040 1625
25-34 850 805 723 617 435 250 1875 1797 1679 1435 1096 702
35-44 1066 910 641 370 165 0 1917 1710 1362 946 555 217
45.54 T58 503 261 107 0 870 665 425 229 23 0
55+ 159 67 0 315 150 15 0
Total 6632 6025 5247 4465 3593 2731 10228 9511 8569 7516 6224 4889
Nagasaki

0-14 955 927 873 831 745 574 1088 1075 1067 1052 10156 952
15-24 521 491 467 419 323 221 943 913 882 809 710 h73
25.34 300 283 244 178 104 59 443 416 372 305 223 139
35-44 310 230 143 85 36 0 329 280 215 140 71 19
45-54 183 94 63 21 (] 172 126 79 35 0

55+ 36 14 0 o 43 18 0
Total 2305 2039 1790 1534 1208 854 3018 2827 2615 2341 2019 1683

TABLE 2 (Cont.) SURVIVORS OBSERVED THROUGH 1 JANUARY 1970 AND EXPECTED THROUGH 1 JANUARY 1995
< 1rad GROUP IN LSS (EXTENDED)

BY CITY, SEX, AND AGE ATB.

F2 (#<¢) Ha@EMERGER O9T08£ 1 A1 HREOMKE £ 19954 1 B 1 H & Tofnl il
i, MEE & UIEEBEEG. 1 rad R
Male Female
Ape ATB S = —
1970 1975 1980 1985 1990 1995 1970 1975 1980 1985 1990 1995
Hiroshima

0-14 4146 4093 4025 3941 3602 3315 4086 4047 4016 3977 3878 ang
15-24 1226 1169 1070 929 728 497 3399 3342 3239 3080 2863 2497
25-34 1097 1012 #299 715 523 300 2619 2530 2398 2213 1883 1333
36-44 1353 1114 836 481 255 73 2632 2429 2066 1463 955 414
45.54 1037 666 401 171 0 1610 1196 817 335 129 0
55+ 249 102 27 U] 529 241 133 0

Total 9108 8156 7258 6237 5198 4185 14875 13785 12669 11068 9708 T961

Nagasaki

0-14 710 694 677 663 634 578 794 788 757 715 671 627
15-24 355 344 317 272 200 125 708 630 633 601 553 438
25-34 228 217 193 156 104 62 276 275 262 238 175 114
3544 237 194 138 78 28 9 258 241 215 156 99 21
45-54 153 96 36 9 0 137 100 66 21 4 ]
55 + 15 4 0 32 5 0

Total 1698 1549 1361 1178 966 74 2225 2089 1933 1731 1502 1200




TABLE 2 (Cont) SURVIVORS OBSERVED THROUGH 1 JANUARY 1970 AND EXPECTED THROUGH 1 JANUARY 1995
1-99rad GROUP IN LSS (EXTENDED)

#2(#<)

BY CITY, SEX, AND AGE ATB.

Fa A ENR (R OI8T0FE L AL AREOHE S L1994 1 H 1 H & T k3

thh, & & ORI, 1 —99 rad B
Male Female
Age ATB =
1970 1975 1980 1985 1990 1995 1970 1975 1980 1985 1990 1995
Hiroshima

0-14 3782 3706 3623 3469 3244 2959 3524 3492 3450 3396 3316 3162
15-24 1200 1150 1089 982 815 643 3102 3040 2946 2797 2471 2063
25-34 995 917 800 646 422 208 2441 2356 2220 1927 1547 965
35-44 1268 10562 830 475 216 55 2471 2183 1823 1187 620 270
45-54 1032 674 332 109 0 1386 962 578 248 26 0
55 4 218 89 0 420 175 46 0
Total 8495 7588 6674 5681 4697 3865 13344 12208 11063 9555 7980 6460

Nagasaki

0-14 2066 2036 1995 1936 1830 1547 2213 2190 2139 2087 2003 1847
15.24 668 649 hi6 492 369 226 1368 1327 1297 1223 1113 966
25-34 332 305 261 190 125 58 874 824 750 651 503 302
35-44 400 311 211 101 29 0 743 660 540 329 126 17
45-54 292 167 65 7 0 505 361 203 84 0
55 + 54 10 ] 101 41 0
Total 3812 3478 3118 2726 2343 1831 5804 5403 4929 4374 3745 3132

TABLE 2 (Cont) SURVIVORS OBSERVED THROUGH 1 JANUARY 1970 AND EXPECTED THROUGH 1 JANUARY 1995
BY CITY, SEX, AND AGE ATB. 100+ rad GROUP IN LSS (EXTENDED)

£2 (H<) BaPdNENAGER) @I970F 1 H 1 HEAEOKK S EF199%E 1 H 1 HE ToMMFill:
i, & LU EBERERN. 100 rad DL 1B
Male Female
Age ATB
1970 1975 1980 1985 1990 1995 1970 1975 1980 1985 1990 1995
Hiroshima
0-14 287 278 248 224 179 140 409 401 388 374 361 320
15-24 242 237 230 205 185 134 434 420 405 391 347 274
25-34 149 138 124 105 72 38 258 248 237 211 163 87
35-44 191 158 107 56 12 0 291 259 204 121 53 ]
45-54 124 69 37 12 0 142 109 49 27 0
55 + 22 6 1] 23 10 0
Total 1007 862 727 577 439 32 1557 1447 1283 1124 924 681
Nagasaki
0-14 352 348 342 329 297 263 406 400 390 379 361 329
15-24 295 286 269 240 209 156 573 554 532 498 425 309
25-34 165 147 131 101 67 38 145 138 126 107 79 50
35-44 140 107 80 47 0 123 111 93 69 31 7
45-54 78 45 31 1] 71 52 24 6 0
55+ 10 0 12 3 0
Total 1040 933 853 717 573 457 1330 1268 1176 1067 907 695




The composition of the Adult Health Study sample
at the time of its establishment is as follows:

RERICETARAREATEEFIOML IROEEY T
& 3.

Total Hiroshima Nagasaki
<2000 m from hypocenter
with acute radiation symptoms 4993 3428 1565
without acute radiation symptoms 4987 3427 1560
Distal exposure group 4990 3431 1559
Not present in city 4992 3433 1539
Total 19962 13719 6243

As in the Life Span Study, the exposure distance
information was later supplanted by radiation dose

Although the Adult Health Study sample
include the exposed population located
2000-2999m from the hypocenter, it is essentially a
subsample of the Life Span Study sample. u

estimates.
does not

Because
the sampling proportions differed by distance groups,
the Adult Health Study subsample included a higher
proportion of the heavily exposed population.

1951 Population Structures of the Adult Health Study.
As in the Life Span Study, there are more females
than males in the Adult Health Study subsample as
established in 1951 (Figure 3 and Table 3). For
every 100 females there were 62 males in Hiroshima.
The corresponding ratio for Nagasaki was 100 to 77.
In the Nagasaki Adult Health Study sample, there is
an unusually high proportion of females 15 to 24
years ATB in the 100+ rad exposure group.

Males in the age group 25 to 34 years, and the older
population of both sexes are not represented as well
as other age-sex group. The male population under
15 years ATB in the Hiroshima Life Span Study
sample which is 2 or more times greater than the
number in any other age group does not appear as
prominent in the Adult Health Study sample.

Projection of the Adult Health Study Sample. Should
the survivorship curves be projected on the basis of
past performances, some 34% of the original exposed
cohort will be expected to be alive in 1995. The
expected numbers of survivors in Hiroshima and

Nagasaki by age, sex, and dose are shown in Table 4.
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FIGURE 3 POPULATION OF ADULT HEALTH STUDY BY AGE, SEX, AND T65 DOSE
HIROSHIMA & NAGASAKI, 1 JANUARY 1951
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TABLE 3 POPULATION STRUCTURE FOR ADULT HEALTH STUDY BY AGE ATB, SEX, CITY AND

T65 DOSE, 1 January 1951
#3 WMAMERFTEMOME: FIBISER, 4,

#Hithd LU T 6540,

19514 1 A 1 HiR 4%

Male Female
Age ATB
<1 rad 1-99 100+ Unknown < 1rad 1-99 100+ Unknown
Hiroshima

0-14 249 328 147 16 336 431 198 37
15.24 244 259 152 36 540 667 287 114
25-34 190 233 i1t 41 356 518 180 23
35-44 268 310 162 45 456 636 237 19
45-54 244 293 167 22 286 412 139 11
55-64 111 122 T4 10 110 175 46 4
65.74 18 26 6 1 36 49 12 2
75+ 2 2 4 ] 3
Total 1326 1573 849 171 2124 2894 1100 210

Nagasaki

0-14 247 113 205 o1 265 119 226 41
15-24 119 73 183 73 331 145 450 113
25-34 117 57 119 38 131 103 117 22
35-44 119 62 132 33 116 80 101 16
45-54 82 46 82 26 66 47 68 ]
55.64 12 15 7 2 22 23 15 3
65-74 5 7 3 9 7 5 2
75+
Total 701 373 731 223 940 524 982 203

TABLE 4 SURVIVORS OBSERVED THROUGH 1 JANUARY 1970 AND EXPECTED THROUGH 1 JANUARY 1995 BY CITY,

SEX, AND AGE ATB. NOT IN CITY GROUP IN AHS

#4 MAMBEHNEEROITOELA L OBRAOME S XL O1995E 1 H 1 0 F ToB% T8 i,
P & OISR SERe R TN A B

Male Female
Age ATB
1970 1975 1980 1985 1980 1995 1970 1975 1980 1985 1990 1995
Hiroshima
0-14 231 231 229 214 192 164 333 329 326 319 306 286
15-24 235 228 216 198 170 127 523 516 500 474 422 337
25.34 184 172 155 132 93 54 345 330 308 263 201 129
35-44 . 208 175 123 T3 32 0 387 356 283 197 115 45
45-54 142 96 50 20 0 219 155 99 53 5 0
55+ 23 13 0 41 22 2 0
Total 1023 915 773 635 487 345 1848 1708 1518 1306 1049 797
MNagasaki
0-14 182 176 166 158 142 109 260 255 253 249 241 226
15-24 156 147 140 126 97 66 290 279 270 247 217 175
25-34 97 a0 i a7 33 19 112 107 95 78 57 36
35-44 88 63 39 23 10 0 83 T3 56 36 18 5
45-54 39 20 14 5 0 39 28 17 ] 0
55+ 3 1 ] 8 3 1]
Total 565 497 436 369 282 194 792 745 691 618 533 442

12



TABLE 4 (Cont) SURVIVORS OBSERVED THROUGH 1 JANUARY 1970 AND EXPECTED THROUGH 1 JANUARY 1995
BY CITY, SEX, AND AGE ATB.

Fd (FE<)

<1rad GROUP IN AHS
MABENEEMOT0FEL A1 HREOHEM S L UCI9BFE 1 H 1 B TOBKTH:

i, s & UEBEEERN. 1 rad REH
Male Female
Ape ATB - —
1970 1975 1980 1985 1990 1995 1970 1975 1980 1985 1990 1995
Hiroshima
0-14 239 238 234 229 214 192 324 324 324 321 313 300
15-24 224 216 198 172 134 92 511 511 495 471 438 382
25-34 178 157 139 111 81 46 331 324 307 283 241 171
35-44 210 165 124 71 38 11 390 363 309 219 143 62
45.54 135 82 50 21 0 217 150 103 42 16 0
55+ 20 10 3 ] 42 20 11 0
Total 1006 868 T48 604 467 341 1815 1692 1549 1336 1151 915
Nagasaki
0-14 238 23 226 221 211 193 253 253 245 231 217 203
15-24 104 104 96 82 60 38 319 305 283 269 248 196
25-34 107 a9 88 71 47 28 123 111 106 96 70 46
35-44 a1 76 54 31 11 4 99 91 82 59 38 8
45-54 45 26 10 2 0 49 35 23 4 2 0
bbb+ 4 0 5 1 0
Total 589 536 474 407 329 - 63 848 796 739 663 575 453

TABLE 4 (Cont) SURVIVORS OBSERVED THROUGH 1 JANUARY 1970 AND EXPECTED THROUGH 1 JANUARY 1995

#4 (<)

BY CITY, SEX, AND AGE ATB.

1-99rad GROUP IN AHS
WAEAEMEEROTEL R L HHAEOM kS L F1995F 1 A 1 HE TOMMRTN:

g, MhEk UEBIEEER. 1 —99 rad T
Male Female
Age ATB o SR
1970 1975 1980 1985 1990 1995 1970 1975 1980 1985 1990 1995
Hiroshima

0-14 314 311 304 291 272 248 424 420 415 408 399 380
15-24 240 232 220 198 165 130 643 626 606 576 509 425
25-34 194 187 163 131 86 42 484 467 440 382 307 191
35-44 227 197 155 29 40 10 544 485 405 264 138 60
45-54 163 108 53 17 0 281 199 120 51 5 0
55+ 23 10 0 § 66 26 7 0

Total 1161 1045 895 726 563 430 2442 2223 1993 1681 1358 1056

Nagasaki

0-14 110 108 105 102 97 82 114 114 112 109 105 96
15-24 70 65 59 49 36 23 141 135 132 124 113 98
25.34 55 47 40 29 19 9 95 88 80 70 54 32
35-44 46 35 24 11 3 0 68 58 47 29 11 2
45.54 22 12 5 0 T 23 13 5 0

BH+ 4 0 8 3 0

Taotal 307 267 233 191 155 114 463 421 384 337 283 228
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TABLE 4 (Cont) SURVIVORS OBSERVED THROUGH 1 JANUARY 1970 AND EXPECTED THROUGH 1 JANUARY 1995
BY CITY, SEX, AND AGE ATB. 100+rad GROUP IN AHS

Fd4 (F) MABBEHELEAOIOTELH I HEFOBN S L1954 1 51 0 oo #m 7m:
#ili, Mk CTEBERER Y. 100 rad L) FEE

Male Female
Age ATB e
: 1970 1975 1980 1985 1990 1995 1970 1975 1980 1985 1990 1995
Hiroshima

0-14 132 131 127, 105 84 66 190 187 181 176 168 150

15-24 173 167 162 145 131 94 270 263 253 244 217 171

25-34 100 94 84 72 49 26 162 157 150 134 103 55

35-44 121 100 68 36 8 0 200 179 142 84 37 0

45-54 81 44 24 8 ] 98 T 32 17 0

55+ 14 4 1] 10 6 0

Total 621 540 455 366 272 186 930 863 758 654 525 376

Nagasaki

0-14 197 193 190 182 164 146 215 212 208 202 192 175

15-24 167 167 157 140 122 91 428 411 395 370 315 230

25.34 106 93 83 64 42 24 107 100 91 78 a7 36

35-44 91 71 53 31 0 90 B0 67 49 23 5

45-54 40 23 16 0 41 33 15 4 1]

55+ 1 0 N 5 1 0

Total 602 547 499 417 " 328 261 886 B37 776 703 587 446
In the Adule Health Study population, the migration WMABEREER T, BEPHIER 28T 022
factor and the cooperation rate will significantly
affect participation in the biennial physical exami- HILHELBELRIET. RoEE, FX512100 rad

nations. The following table shows for the specified
years the estimated number of survivors exposed to

LI EDEBERSE>Z 2L FE0OBES, BB LT

100 +rad of ionizing radiation, the estimated expected Bl W - BT 2R EEORERS & U223+
percentage of survivors in the Hiroshima and Nagasaki
areas, and the estimated percentage of survivors LM ENEGHDOMERERT.

expected to participate in the clinical examinations.

Expected Survivors Exposed to 100+ rad

% of Total

Total % in Area Particrpating
Hiroshima 1975 1403 90.0 69.0
1985 1020 86.9 58.9
1995 h62 81.7 48.0
Nagasaki 1975 1384 78.8 62.8
1985 1120 T4.6 50.4
1995 707 68.9 36.8
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The number of survivors who had been exposed to
100+rad ATB in 1975 is expected to be greater in
Hiroshima as compared with the corresponding group
in Nagasaki. because of the higher
mortality in Hiroshima, it is that the
survivors in this exposure group in Nagasaki will
exceed that in Hiroshima over the next 10 years or
so. On the other hand, the mobility of the Nagasaki
survivor population is apparently greater than that of
Hiroshima.

However,
expected

This plus the greater participation rate
for the Hiroshima population brings up the expected
number of participants in the Adult Health Study in
Hiroshima to a level which is slightly above that
for Nagasaki.

DISCUSSION

At the projected rate of attrition, the percentage of
survivors of the original Life Span Study sample at
the various dates in the future is as follows:

Gt 100 rad [} B
AHEGEBIESD
ah a8,

AR AEOBEREILE
EI A EEED S 20T L AR
EEORCHENITEH I E Wiz ko104
CHVOR RO Z OMBREC BT 2 EFABLEE
NENEWEIEZEH 2L THaS. KE, EED
EHEFEFOBHE LS ZOBE
HrERBEMAOLNGVEMED LB IZ, RSO

O T,

EDHIES AT .

WHEEOZMEOWHH T, BEHOFL LN b HIZE

VWIEZ L 3 TH B

E B

TElE LRI N, BVSEsSnARGRARERIZST
ABOEFEOESITHEOL I HERTLITHA .

T 65 Dose (rad)

<1 . 1-99 1004
1 January 1970 80.8 B0.7 849
1 January 1975 74.0 73.6 77.6
1 January 1980 67.2 66.2 69.5
1 January 1985 58.5 57.2 60.0
1 January 1990 50.3 48.2 48.9
1 January 1995 40.9 39.2 36.9

For radiation studies, the most important group is WSSO MELF LA, L EESEET 100 + rad

that exposed to 100+rad. In 1995, about 37% of the
original cohort exposed to 100+ radiation is expected
to be alive. The proportion alive in the other
radiation exposure groups is somewhat higher, and
it seems clear that the Life Span Study population
will be far from extinct about 25 years from now.
However, it will have aged considerably. There will
be virtually no one left under 50 years of age.
Most will
be in the age groups 50 to 74 years. Actually, the
analyses will have to be confined to these age
The
cohort mortality rate is expected to increase fairly
rapidly in the future, thus hastening the attrition of
the Life Span Study. Fortunately, the method of
of deaths through the use of the
koseki records is not affected by the out-migration of
individuals the two cities so
survivors remain in the country. It may be possible

Also, there will be very few over B5 years.

groups because of frequency considerations.

ascertainment

from long as the
to trace migrants to other countries if they maintain

their honseki.
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Taking into account migration and refusal to take #£51%, BUL2HEIL 0TS IRBIIMNT Al AhONE
part in the biennial physical examinations, the

A: A gl - = = A =
projected numbers of participants in the clinical S EEEICANLBGOWMTO RS NEO T M %,
e?cz‘lminations by agt‘e, sex, and dose in the two EE, MhEh L UEHRBEICSTET. BUOWEO Ak
cities may be seen in Table 5. Migration and the

decreasing participation rate will have a significant ANBERAKSRECEELRELZ2RET. T 4b 8,

eroding effect on the Adult Health Study subsample.

- 4 Rzt E 4
It is estimated that in the 10 year period, 1985-1995, R e

the number of participants in the Adult Health Study ERT 280 THEESAE, 2 D8%, MEKBEE
will be cut in half. As a result, the number of
participants in the heavily exposed group is expected T ARBEHZINHE T RMICEE S A TS E

to drop in 1995 to 15% or less of the original sample

e : D% TIZHMLT5TH59.
of the surviving population.

TABLE 5 EXPECTED NUMBER OF SUBJECTS IN AREA AND PARTICIPANTS IN CLINICAL EXAMINATION IN AHS,
BY CITY, SEX, AGE ATB, AND Té5 DOSE FOR EACH 5TH CYCLE (DECADE) THROUGH 19TH CYCLE. NOT-IN-CITY GROUP

£5  5EHEER(104) L 0')5;119 ST E TORABBERAEONEBEAEESEE S ECREENE O WHE:
i, BURAFERM b UCT 65 MBI T 7

Subjects in Area Participants in Clinical Examination
Age ATB Male Female Male Female
4th Cyele 9th  14th  19th 4th  9th  14th  19th 4th 9th  14th  19th 4th 9th  14th  19th
Mid 1965 1975 1985 1995 1965 1975 1985 1995 Mid 1965 1975 1985 1995 1965 1975 1985 1995
Hiroshima

0.14 164 143 111 69 256 237 211 172 140 93 56 24 202 166 127 86
15-24 208 194 166 105 472 444 403 283 172 149 118 68 415 360 294 184
256-34 [ & 155 119 49 332 300 231 110 147 127 92 35 278 249 182 83
35.44 206 159 64 0 374 320 173 39 185 130 48 0 316 253 128 27
45-54 150 83 16 1] 229 132 42 0 138 T1 13 0 188 88 22 0

55+ 47 12 0 67 20 0 35 8 i} 50 13 0
Total 946 746 476 223 1730 1453 1060 604 817 578 327 127 1449 1129 753 380

Nagasaki

0-14 99 95 82 55 180 153 125 90 81 55 30 8 155 110 73 40
15-24 107 93 76 38 224 206 173 116 90 70 49 20 201 161 116 65
25.34 a7 72 43 13 98 91 66 3 80 50 21 3 83 66 40 15
35-44 91 58 21 0 76 60 29 4 78 46 15 0 64 46 20 2
45-54 44 16 4 0 45 22 6 0 40 12 3 0 35 15 3 0

55+ 2 1 0 10 3 0 o 1 0 [ 2 0
Total 430 335 226 106 633 535 399 241 371 234 118 31 544 400 252 122

4th: Observed number
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TABLE 5 (Cont) EXPECTED NUMBER OF SUBJECTS IN AREA AND PARTICIPANTS IN CLINICAL EXAMINATION IN AHS,

BY CITY, SEX, AGE ATB, AND T65 DOSE FOR EACH 5TH CYCLE (DECADE) THROUGH 19TH CYCLE. <1rad GROUP

5 (EEC) SRERMI0E) Z L oBEI9REMME Tow AEREOMANMENEESRE s L UREENE
OMNFFE: w1, BUHEREEAS & L O T 65 ERI. 1 rad i

Subjects in Area Participants in Clinical Examination

Age ATB Male Female Male Female

4thCyele9th  14th  19th 4th 9th  14th  19th 4th 9th 14th  18th 4th 9th  14th  19th
Mid1965 1975 1985 1995 1965 1975 1985 1995 Mid 1965 1975 1985 1995 1965 1975 1985 1995

Hiroshima

0-14 190 162 128 84 264 253 234 204 151 118 83 48 227 185 145

15-24 195 184 144 76 462 439 400 321 169 142 96 43 417 373 312

25-34 177 148 103 42 330 308 266 159 150 110 61 18 286 256 210

35-44 217 157 67 10 391 345 206 58 186 130 54 8 341 286 165

45-54 156 75 19 0 229 143 40 0 139 62 14 0 204 106 24

55 + 42 10 0 61 19 0 36 7 0 55 12 0

Total 977 736 461 212 1737 1507 1146 742 831 569 308 117 1530 1218  Bh6
Nagasaki

0.14 151 139 122 97 178 167 139 110 134 100 68 39 162 122 78

15-24 85 83 63 28 242 235 204 147 74 a7 32 9 216 193 153

25-34 a7 85 58 21 112 102 87 41 88 62 33 9 94 73 51

35-44 90 70 29 4 29 86 54 7 81 7 21 3 75 66 37

45-54 hd 24 2 ] 45 32 ".l"_ 0 47 18 1 0 38 22 4

55 + 6 0 5 L ) 6 0 4 1 0

Total 483 401 274 150 671 623 491 305 430 294 155 60 589 477 323

104
228
119

45

496

43
100
19

166

4th: Observed number

TABLE 5 (Cont) EXPECTED NUMBER OF SUBJECTS IN AREA AND PARTICIPANTS IN CLINICAL EXAMINATION IN AHS

BY CITY, SEX, AGE ATB, AND T65 DOSE FOR EACH 5TH CYCLE (DECADE) THROUGH 19TH CYCLE. 1-99rad GROUP

£5 (<) SHEHMWE) 01928 %RME TORABBENAEOMERBANBEESSE » L UHRE2NE
OREFRE: B, M, BUREREEEH LTS EER. 1 —99 rad ¥

Subjects in Area Participants in Clinical Examination

Age ATB Male Female Male Female
4th Cyele 9th  14th  19th 4th 9th 14th 19th 4th 9th 14th  19th 4th 9th 14th Ich
Mid 1965 1975 1985 1995 1965 1975 1985 1995 Mid 1965 1975 1985 1995 1965 1975 1985 1995
Hiroshima
0-14 257 243 218 179 362 340 310 270 206 177 142 102 289 238 186 135
15-24 216 197 166 108 581 538 490 357 180 152 118 70 529 441 358 228
25-34 188 170 119 38 477 444 363 181 157 133 82 23 425 360 261 114
35.44 248 187 84 9 551 451 240 53 218 153 64 6 478 374 192 41
45-54 199 103 16 0 313 189 48 0 178 84 12 0 270 140 29 0
55 + 54 10 0 92 24 0 48 7 0 74 16 0
Total 1161 910 603 334 2376 1986 1451 861 987 706 418 201 2065 1569 1026 518
Nagasaki
0-14 76 65 56 41 98 81 76 66 69 47 31 16 92 62 45 28
15-24 68 55 39 17 137 115 99 T4 61 45 P 10 129 94 69 43
25-34 57 45 28 9 a7 81 64 29 52 35 18 5 92 61 36 11
35-44 54 34 11 0 &0 55 27 2 50 26 7 i} 70 42 18 1
45-54 27 10 0 39 22 5 0 26 8 0 35 15 3 1]
55+ 10 1] 11 3 0 10 0 9 2 0
Total 292 209 134 67 462 357 271 33

171 268 161 83 31 427 276 171

4th: Observed number
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TABLE 5 (Cont) EXPECTED NUMBER OF SUBJECTS IN AREA AND PARTICIPANTS IN CLINICAL EXAMINATION IN AHS,

BY CITY, SEX, AGE ATB, AND T 65 DOSE FOR EACH 5TH CYCLE (DECADE) THROUGH 19TH CYCLE. 100+ rad GROUP

#5 (H<) SRERM(0E) JL0B92%RAME ToR ARENEOMEEBEHNEELGRE & L UKRSRNE
DPRFFEC: BB, M, FEBIFTE S L UTESMER. 100 rad L RBE

Subjects in Area Participants in Clinical Examination

Age ATB Male Female Male Female

4—_thC_v_cle9th 14th  19th dth Gth 14th  19th 4th 9th 14th  19th 4th 9th 14th  19th
Mid 1965 1775 1985 1995 1965 1975 1985 1995 Mid 1965 1975 1985 1995 1965 1975 1985 1995

Hiroshima
0-14 102 96 72 43 170 151 128 98 88 66 39 1 143 98 64 34
15-24 165 157 135 86 253 239 222 156 148 132 108 65 227 198 171 111
25-34 93 86 66 24 160 149 127 52 80 63 38 10 139 121 91 33
35-44 132 98 35 0 200 168 78 0 116 ! 21 0 171 131 55 0
45-54 111 42 8 0 114 66 15 0 94 32 b 0 97 49 9 0
55 + 21 4 0 24 6 0 15 3 0 il 4 1]
Tatal 624 483 316 153 921 779 570 306 541 367 211 92 798 601 390 178
Nagasaki
0-14 135 112 104 82 155 148 137 116 116 74 46 18 145 120 92 61
15.24 131 127 105 67 a7 329 278 161 120 103 T4 40 341 270 203 103
25.34 103 86 59 22 106 95 T4 34 90 69 42 14 100 81 5.6 22
35-44 98 68 30 0 86 74 45 5 88 57 23 0 77 56 27 2
4554 a5 20 0 49 " 81 4 0 40 14 0 46 24 2 0
55+ 2 0 6 1 0 2 0 6 1 0
Total 514 413 298 171 773 678 538 316 456 317 185 72 715 552 380 188
4th: Observed number
Over the years there will be an increasing amount Bt olifoZaEONL, B@H2BOESI L

of actrition in the number of participants in the Adult

Health Study in both cities due to migration and THPLTWSTHhES. IEkiphrichizsBsoha

refusals.. There is no way of telling hov»: n.luch PARFHERSVN, BEOWMAESFRA LEFLT
cooperation there will be in the future, but it is a
fact that there has been a gradual deterioration in WO LIERHETHS. RIEDZTLRICHESEFETH

the participation rate in the past. If the participation
rates for the past years are projected with greater
weight given to recent experience, we can expect FEOEGTERII0—T0%I1Z LR T2 THA 5. HAESHEE
refusal rate as high as 60%-70% for certain age
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groups some 25 yeacs from now. The maintenance
of interest of the sample population in the periodic
physical examinations is an important problem
demanding immediate attention if the Adult Health
Study is to be maintained in the furure.

BHSHOAESC L2 WESSEOM LR L s 441

Unless the losscs. of population from [?ugramonl and NiE, CAEOBEHNEIOEMEIZAY S 2 &0 5 18
refusals are curtailed, these losses will constitute
a possible source of bias. The changes in the AhHAH. EEOHFMBFICEOTIE, 2H— FOMK

composition of the cohorts over time will have to be
considered in the longitudinal analyses of data.
The question of bias from this source needs to A P EARDOMMIE BRI T ALEF S B,
be investigated.
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With respect to the constitution of the original WA RN E RO ST, ki
Adult Health Study subsample, it has been mentioned - N y !
that all eligible individuals within 2000m from the &9 TR LA 5 2000m SR (2 A T AR BB EIE IR
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hypocenter with acute radiation symptoms were
selected. The same number without acute radiation
symptoms was also included, but this did not exhaust
all those within 2000 m. As of June 1972, there were
some 1800 (1100 in Hiroshima and 700 in Nagasaki)
who were exposed to 100+rad and not included in
the present Adult Health Study subsample. This
possible of for
increasing the size of the high dose group in the

Adult Health Study population.

represents a source subjects

Another important aspect of the future population is
ABCC has been following a
cohort of individuals from the time of exposure to
the bombs and it has been found convenient to label
the ages of the various groups as of the time of the
bomb. This has tended to obscure the fact that the
population has aged over time. Those 10 years of
age ATB are no longer children, but were 35 years of
age in 1970. In 1995, a 10 year old ATB will be
60 years old.

its age composition.

The following table gives a better perspective of
the ages ATR at various future dates:

= A,

HeReBELAL /5 AMHREHEEIRE S
AolEFEOFZSLEH o RAN, 2000mFiGizw i
HENFMAZ DI TIE L V. 100 rad D) Eo#ist & 2
T, RABRENEERIISEF AT 0EHF1IT2HE
6 HEBLTE THI1800 A (I ES1100 A, FIG 700 A) & 3
g, MARENTEEN IS 3 S58BHOHREL
AMBFHEMELTHVWARZ LA TES
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oG HEEMOL ) -2 OEBELEIE, 7O FRE
WTh 4. ABCC T, BUEREA &R H 2BHMAL
TWwaH, FHl, ZOMEELERIFOFERICIE ST
ELTwas., ZoFETIE, SR &EMOINE AP
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EPRETIRECIVEHETEBETHN, E512

19954 12 1260 (2 72 A
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APPROXIMATE AGE RANGE OF SURVIVORS ;\S OF 1 JANUARY OF PROJECTED YEARS

HHREOLH L HBEZ BT 5 E R EE
Age ATB 1970 1975 1980 1985 1990 1995
0-14 25.39 30.44 35.49 40-54 45.59 50-64
15-24 40-49 45-54 50-59 55-64 60.69 65-74
25.34 50.59 5564 60-69 65-74 70.79 75-84
3544 60.69 65-74 7079 75.84 80-89 85.94
45-54 70-79 75-84 80-89 §5.94 90.99 95-104
55+ 80+ 85+ 90 + 95 + 100+ 105+

After 1 January 1990, virtually all survivors of the
bombs in Hiroshima and Nagasaki will be 45 years
and over. Although the table shows ages up to 105
in 1995, not many centenarians will be expected in
this population. Nor would there be many survivors
left over 85 years of age. For most purposes, the
cut-off will probably have to be made at age 75 years.

Even now, the major ABCC cohorts represent an
older population as with any
existing population. This, of course,isthe inevitable
consequence of aging population without
replacement. The ABCC samples will continue to
age, and before too long they will be populations
with exclusively geriatric problems,
possible population for the study of problems of the
aged. For that portion of the sample past the average
life expectancy, it would be of interest to see if

compared normal

in a

and hence a

there are any differentials by radiation exposure dose,
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