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AND

DISEASE AND SURVIVORSHIP 1958-64 AMONG SAMPLE MEMBERS
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PREAMBLE

Persons who were 50 years or older in 1950,
or 45 years or older at the time of the atomic
bomb (ATB), constitute that portion of the
Life Span Study samplel subject to the highest
disability and mortality risks, from malignan-
cies as well as from other chronic disease
conditions. Furthermore, this age class is
rapidly approaching the modal age of death.
Hence, whatever late effects of exposure to
the bomb in 1945 are to occur they should be
perceptible by this time. With this view in
mind, mortality, and the occurrence of
selected diseases subsequent to 1950 have been
compared for the following purposes among
designated exposure groups.

To specify the size and trend of differences
among the exposure groups;

To point up some of the issues which must
be met in planning future statistical-
epidemiologic studies at ABCC

The three exposure groups compared were:
Persons within 1400 m from the hypocenter
(0-1399 m); those beyond 1400 m (1400-9999 m};
and persons not in the city ATB.

Each group has been examined for:

Cumulative mortality pattern from 1 October
1950 to 30 September 1964, for all causes of
death, for deaths from tuberculosis, lung
cancer, stomach cancer, and leukemia;

Occupation characteristics and their
relation to mortality;
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Selective factors related to inclusion in
the ABCC-JNIH Adult Health Study,? and
prevalence and incidence of, and survivorship
from, tuberculosis among participants in the
Adul t Health Study, 1958-64;

Selective factors related to frequency of
autopsy, 1961-64.

MORTALITY PATTERN, 1 OCTOBER 1850 - 30
SEPTEMBER 1964

Introduction From the thorough analysis made
of mortality in the Life Span Study sample for
1950-60,3 the following important findings
emerged:

Mortality was higher in the group within
1400 m than in those beyond 1400 m from all
causes, tuberculosis (Hiroshima males)
leukemia, other malignant neoplasms;

Mortality in the group within 1400 m was
particularly high in 1951-52, declining
thereafter;

The average radiation dose estimates (T57D)
were significantly larger fof those who died
from natural causes during 1950-60 than for
those who survived that interval.

In comparing persons in the group within
1400 m with those beyond 1400 m, contrast is
being made between a group, in which the
majority of individuals survived exposure, by
T57D estimates, to 250 or more rad, and a
group, the majority of whom survived exposure
to a dose of 25 rad or less. The two groups
have in common the experience of having been
exposed to the extra-radiation effects of the
bomb, although it could be presumed that these
effects were also greater in the group within
1400 m than in the group beyond 1400 m. In
comparing these two exposure groups with the
not-in-city group, if all things were equal,
contrast is with a group none of whom were
exposed either to radiation or extra-radiation
effects of the bomb.

Age-Sex Composition of Exposure Groups Every
person in the Life Span Study sample whose
birthday was 1 October 1900 or earlier is used
Table 1 presents the
numbers by age, sex, exposure group, and city,
These 23,766 individuals were followed from
1 October 1950 to 30 September 1964.

in this analvsis.
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TABLE 1 LIFE SPAN STUDY SUBJEC

1S,

50 YEARS AND OLDER 1 OCTOBER 1950

%1 19504108 1 ARAEDOE OB AWE N &E
Age Hiroshima KR Nagasaki £i§
i <1400m  1400+m  NOLIRCSIBT <igoom 1a004m  NOTin-crey
Male B

50- 54 281 1784 749 79 544 202

55-59 214 1439 586 69 405 168

60-64 170 1112 352 24 298 106

65-69 107 761 247 16 161 58

70-74 36 494 144 5 92 30

75-79 26 195 89 2 42 3

80+ 5 81 60 . 9 2
Total # 839 5866 2227 195 1551 572
Mean F# 59.03 60.00 59. 66 57. 00 58. 82 58. 26

Female %

50-54 297 2154 715 53 539 163

55-59 202 1481 521 39 364 113

60- 64 149 1224 468 _ 30 289 82

65-69 106 912 366 20 184 59

70-74 66 559 256 16 143 46

75-79 38 14 153 5 62 19

80+ 7 170 65 2 51 14
Total #t 865 6814 2544 165 1632 496
Mean T 59. 60 60.43 61. 30 59. 88 60.22 60. 24

*Estimated #iE.

For all exposure groups and both sexes the
Nagasaki sample was younger than the Hiroshima
the
group within 1400 m was the youngest. The
males were younger than the females in both

sample. In each city and for each sex,

cities and for all exposure groups.

The number of persons as of 1 October 1950
in the Hiroshima not-in-city group has been
calculated. The bulk of the Hiroshima not-in-
city group was not selected from the 1950
National Census but from the Hiroshima Daytime
Census of 1953.% For the sake of symmetry,
the number of persons who would have been in
the sample in 1950, 1951, and 1952, has been
estimated from the mortality rates observed in
those 3years among thepersons already selected
in those years. From these rates and the
number of persons present on 1 October 1953
extrapolation has been made to 1 October 1950.
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Age-Adjusted Cumulative Mortality Rates Infor-
mation on death is available from two sources:
Periodic scanning of death certificates which
are submitted to the vital statistics offices
of the two cities (these should include by law
certificates for out-of-town deaths among
individuals whose honseki lies within the city
limits); and periodic check of the koseki for
registration of deaths.* The koseki check
corrects for under-reporting. For example,
the koseki checks carried out between November
1958 and July 1964 revealed 9140 deaths. Of
these 8691 or 95% were known through death
certificate scanning. Thus, the koseki check
added 449 or 5% of the deaths.

By 1 October 1964, two-thirds of the sample
had been checked through the koseki. For the
remaining one-third, only death certificate
information was available. Thus the mortality
rates calculated in this analysis under-
estimates the true mortality, perhaps by less
than 2%. It is assumed that this under-
estimateis of the same magnitude for the three
exposure groups, since each series of kos8ki
checks constitutes a random sample of the
total Life Span Study sample.

In viewof the differences in age composition
among the three exposure groups and two cities,
age-adjusted rates have been calculated. The
combined 5-year age distributions shown in
Table 1 for each sex were used as the standard
age distribution for the respective sex. The
overall mortality for the l4-year period
1950-64 is summarized in Table 2. To illust-
rate the effects of the age adjustment, the
crude rates are also given.

The Nagasaki portion of the sample had a
higher mortality than the Hiroshima portion.
This is found for all exposure groups, for the
two sexes, and is demonstrated by both crude
and age-adjusted rates. The higher mortality,
cannot be attributed to a difference in radia-
tion exposure but may be related to other
general conditions affecting health which
distinguish the two communities. In fact, the
annual vital statistics reports of the two
cities show that between 1951-62, Nagasaki had
a higher crude mortality rate than Hiroshima
in all but 2 years. 5.6 The annual report
issued by the Welfare Ministry for 1955 shows

EmBERERTE RO TIERIE, 2o0FH
ErLAFERATVA. 1DUdliToOFRBRCBEEEH
AFECBMEGERICLY, THACRAEBITRNICS
THo L TRCLAH0RIBEELE TR ) 0EMG
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HTE 5. ki, 98FEIUA»LI64FET Hizh iz
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BRACEITMAGR LD 4490, ¥ 2H55%
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*Japan has an 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 2

CRUDE AND AGE-ADJUSTED CUMULATIVE MORTALITY 1 OCTOBER 1960-30 SEPTEMBER 1964

PER 100 LIFE SPAN STUDY SUBJECTS 50 YEARS AND OLDER ALIVE 1 OCTOBER 1950
F2 19504E10A 1 BRAESOREL Lo/ WEMRE 10X 420 RMHAECE b &L CREF /M IEsECH

Not-in-City

. <1400 m 1400+m S
City i N A AE
i Crude Adjusted Crude Adjusted Crude Adjusted
#H WE #H il IE #l it i
Male®
Hiroshima L8 ...... 46.01 46.95 42,25
47.52 45.93 41.95
Nagasaki 38 ..., .. 41.03 47.32 44.06
49. 35 49,31 47, 54
FemaleZk
Hiroshima E& ...... 35.95 35.02 37.03
38. 58 35.26 34.69
Nagasaki &W .. ... 41.21 3995 40.12
43.18 40.94 40.88

that Nagasaki Prefecture had ahigher mortality
from tuberculosis, syphilis and the other
infectious diseases, whileHiroshima Prefecture
rates were higher for cancer, heart, vascular

and other chronic diseases.? Such findings
indicate that Nagasaki is, or was, at a lower
socioeconomic level than Hiroshima. This view
is strenghthened by an analysis of the 1950
National Census which reveals that in
Hiroshima, the average number of tatami mats
per person was 3.2 while in Nagasaki it was

2.6. 8

For both sexes and in both cities, the age-
adjusted cumulative mortality rate was highest
in the group within 1400 m and lowest in the
not-in-city group. None of these differences
are statistically significant by the usual
tests. Theconsistency is interesting, though,
Note that
this consistency does not appear when crude

and deserves further exploration.
cumulative mortality rates are compared.

The distribution of deaths throughout the
l4-year period of observation shows that the
greatest difference between the group within
1400 m and the remainder occurred early in the
period. The cumulative mortality rates for
1950-55, 1950-60, and 1950-64, presented in
Table 3 reveal that: For both sexes and in
both cities the cumulative mortality rates for
the group within 1400 m were substantially

T, BEZOMOEREERIIEZECEEIEL, BB

BLridss, L, MR 2ofolilsEsc: amls
IR, EEE TR LY & AR SRR kiR
AEvz e, bA2vREBETIEOTEKLAZEETT
LOTHL. IO EEE 5, 19505 o [F &R 2k
TWBWTHEBLARKE T, LEO 1 AL LY FHEHY
IZWMTH-DIZ L, RETE, 2hHV2.60TH -
RZELLEoTEETH LRSS

AELLT

Pk LmmAE U T, EAMHILERBHLECHEL100m
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larger than those of the group beyond 1400 m
and not-in-city group during 1950-55. There-
after the rates of the three exposure groups
were not too different; for the females of
both cities, the difference for 1950-55
between those within and those beyond 1400 m
is statistically significant at the 2% level
or lower (one-tail). The difference between
the group within 1400 m and the not-in-city
group is also significant at the above level.
For the males, the differences in 1950-55
between those within and those beyond 1400 m
do not reach a significant level. However,
the differences between those within 1400 m
and the not-in-city group are significant
at the 2% level (one-tail}.

It would thus appear that the slight
differences observed in the 14 -year cumulative
mortality rates among Lhe three exposure
groups, reflect primarily differences which
occurred in 1950-55. To examine the differences
between the sexes, taking into consideration
the observed age differences in males® and
females, age-adjusted rates have been calcu-
lated using as a standard the age distribution

FECEE, M0mbl OB LUHRNTEEHO TS
kRl FhUBEICAL3IRIIEZLTRES
ZRovbohtw, lile Il KFIzEVTIE, 1950 -
55412511 5 1400 m kil B & 1400m DL E B oL,
1M EOER 2 BUTFORETHIMNIAETH 5.
MOOmKBE EHATEEBOMOZLF CARETHE
Thd. BIFOBEESIE, 1950 -5 1217 5 1400m kiF
EL140mLl EOBOMOZEE, ARARIZEL L V.
L, M00msEiEE e HNAEEFOMOEL 2 %K
MTHBETHS (1AMRE).

Lid T, chb 3MoOEBRKsHOMERMDE
EECHEICHbhAZER, FELTI0-BFIZE UL
2 FTE00ky1tBbhs. BLMoEORIIZH
oTiE, BhomcEmERXoZzrBlgzshtwnsz
EEERIIAN, SERBERTFOLPFTSROBL
AHEBEAD: LTERHERZEZL 2. LFER

TABLE 3 AGE-ADJUSTED CUMULATIVE MORTALITY PER 100 LIFE SPAN STUDY SUBJECTS
50 YEARS AND OLDER ALIVE 1 OCTOBER 1950

#3 1950fE10H 1 HRMAS0HELL Lo #H & iR R 100 A K720 o R ERMEFLCE

Based on deaths Exposure group #BK% Habio:
c;;; 1 pct.—3u Sept. L : C1E00%7 <1400m/ ' 1400+m /
£ WH1H8-9H3E® <1400m 1400+m Not-in-city Not-in-city Not-in-city
FEC# Iz T GHCF ¥ 1400+m HATE GOk
Male®$
Hithehine 1950-55 17,16 15.35  19.962 1.18 1.33 1.19
= 1950-60 33.10 32.61  29.96 1.02 1.10 1,09
1950-64 47.52 45.93  41.95 1.03 i 1,09
Nagasaki 195055 21.01 17.27  15.48 1.22 1. 45 1.12
&8 1950-60 39,59  35.14 34,34 1,13 1.15 1.02
1950-64 49.35 49.31  47.54 1.00 1. 04 1.04
FemaleX
Hiroshima 1950-55 14.80 10.72  10.03 1.38 1.48 1.07
E5 1950-60 27.11 24.95 24,04 1.09 1.13 1. 04
1950-64 38.58 35.26  34.69 1.09 105 1.02
Nagasaki 1950-55 20.92 14.30  13.50 1.46 1,85 1.06
B 1950- 60 35.14 29.79  30.07 1.18 1.17 1.00
1950-64 43.18 40,94  40.88 1.05 1.06 1.00




by 5-year age class of the total sample,
males and females combined. Ratios of the
age-adjusted male rates to the age-adjusted
female rates are presented in Table 4. For
1950-55 the male-female ratio is clearly lower
in the group within 1400 m than in the other
exposure groups. For the intervals 1950-60
and 1950-64 the ratios are about the same for
the three exposure groups. Note that for
those beyond 1400 m and the not-in-city group
the ratios become smaller as the interval
lengthens. This signifies that the trend of
the cumulative mortality rate is more rapid in
the females than in the males as one moves
toward the exhaustion of the cohort by death.

MEACHEIG T3 BFERBIERCROE R4 125
Wiz, 1950 —S54RIC v Tid, U0m kO BLMo
o 2 BOBE I AT S 2 2{E v AT, 1950 - 604
HHEUIB0-B4FEIZHVTIE, ZORFELIHITEAL
MUTH2. 4%, BWEHFE L3200 T, 1400mL)
Lo EURATEER T, TOREIETFTT52
LitFHERA W, ChEFECI LY FOBOBEREN
WL RZBIIONT, BRIt T REECHEN
BEIZERTIHEOOSI I LEBKR TS,

TABLE 4 RATIO MALE/FEMALE OF AGE-ADJUSTED CUMULATIVE MORTALITY RATES FOR SPECIFIED INTERVALS,
LIFE SPAN STUDY SUBJECTS 50 YEARS AND OLDER

T4 BHEMMCIBTA0EL LOBGEEHNREORMEBBIEECEN R 1L

3 Interval 1 October-30 September
City Gronp Fep) 10A 10 -9 H30A
i (3 JE

1950-55 1950-60 1950-64

Hiroshima <1400m 1.29 1.34 1., 82

-]
1400+m 1.58 T dZ 1239
Not-in-city fiPIA 2 1.46 L3237 1.30

Nagasaki <1400m 3,13 1.26 L. 23

il 1400+m 1.33 1.28 1.28
Not-in-city HINTE L33 1:25 1.24

Trends in Cumulative Mortality The finding
that the magnitude of the relative differences
in cumulative mortality between the groups
within and beyond 1400 m is less for the over-
all 1950-64 period than for 1950-55 clearly
indicates that the trends in cumulative
mortality from 1950 to 1964 have been differ-
ent in the two exposure groups.

Kodlin (Appendix page 41) has examined these
trends and has formulated a statistical model
which quantitatively describes the trend in
cumulative mortality, extrapolates it beyond
the last observed time point, and estimates
the parameters of the distribution of deaths
from the beginning of the observation period
to the exhaustion of the cohort.

The properties of the resulting distri-
bution of deaths have not been fully
explored; and there may be limitations to the

RMECRICE T B{ER  1400m K HE L 1400m Ll Lo
BloMoRMETIHIzLL RS HAY2EE, 1950- 555
LB AL0E, 1950-4EOEBMIIo VT ALEES
DHEFLHVE I HREY, ZO2HMOBBX IR
1+ %1950 &0 & 1964 % T RIWFEC L o @ 1 78 5 A
R AZEERT.

Kodlin ({84172~ )13 = opffir I8t & 00 2 285 3
loOHAMET IV, ¥4bbRWIECEOMA 2 B
iZmL, 2o EEOBMT b ZBRLEO
HELCHSAL, BROLYMPOERBRB ERLELS
FTCORCESFHNNT A -y —2HEETIEFTNEE

Lo B

ZHIZE->TRODLENZFECEFTHORFRIL, £7
ZEMTERH N TELS, 222N hTVS



general applicability of the formula, as
outlined. However, it is evident that between
1950-64, there is remarkable agreement between
the observed rates and those calculated from
the formul a.

From the calculated parameters, the main
points, as brought out by Kodlin, are:

Those within 1400 m are characterized by a
higher initial rate and a slower accumulation
of mortality;

Either by 1970 or later, when the cohorts
are exhausted, differences among the exposure
groups will be small and irregular in
direction. This forecast is consistent with
observations to date.

Mortality from Selected Causes The principal
causes of death examined were leukemia (ICD
204), tuberculosis (ICD 001-019), cancer of
the lungs (ICD 162-163) and cancer of the
stomach (ICD 151). -

Leukemia The expected higher rate of
leukemia among the group within 1400 m is
evident in Table3 except for Nagasaki females,
The differences between the groups within and
beyond 1400 m for Hiroshima and Nagasaki males
are not sufficiently large to be statistically
significant. However, for the Hiroshima
females the difference between these two
groups are beyond chance expectations

Tuberculosis The frequency of tuberculosis,
all forms, as an underlying cause of death is
shown in Table g for each city separately and
combined. The 1950-64 mortality rates in the
group beyond 1400 m were higher in Nagasaki
than in Hiroshima. The same phenomenon is
observed for the 1955-64 rates of the not-in-
city group.

In contrast, there is little difference
between Hiroshima and Nagasaki for those within
1400 m. The Nagasaki sample is rather small
and some of the vagaries of the rates may be
due to this.

Little difference in tuberculosis mortality
rates is found between the females within and
beyond 1400 m. Hiroshima males within 1400 m
had a much higher tuberculosis mortality rate
than Hiroshima males beyond 1400 m. The dif-
ference between the two exposure groups is

Lbh, 2OBRRNE—RRZIEHTIZRERY L3 TS
Z5. LAL, 19504 EH 519644 2 B 3 BN IZH 5T
i, MeritBEfE oItk 3EEMoOMICEE
A b S

Kodlin A L LS ICHHB LA/ Ay —nEY
HBliikoEbsNThS,

HOOmBWBIIF O TRYMOFECENEL, £0
BONRCERHEOEELIBR TLIOEBHET S,

1970 2w L2 B CHBERAYERE 2 3F T
i, BBRKOBHMCIaohAERAXLEN, %
DEDFHEE -ETZWTESI. ZOTHIESH
FTOBMOBRLE-BLTWV5.

BEFRBICEZETE HELLEEERZAMLK (E
REAst TS ICD 204), #&&( ICD001-019),
% ( 1CD162-163) & L U'E# (ICD151) T4 5.
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AR, EROHER 195 -MENTNTEEHOEE
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most striking during 1950-55 and the proba-
bility that this could be due to chance is
less than .001 (one-tail).

When the data of the two cities are combined,
the net effect is to attenuate the differences
in the male rates between the groups within
and beyond 1400 m during 1950-55. However,
the differences are still statistically
significant.

Of the deaths from tuberculosis, 58 occurred
in 1961 or later when the ABCC autopsy program
had actually begun its current operation.
Autopsies were performed on 29 of these, and
in 15 the principal autopsy diagnosis was
tuberculosis. Among the remaining 14, morpho-
logical evidence of tuberculosis was found in
7, but the principal diagnosis was something
else. No evidence of tuberculosis was
In three of these the death

certificate did not mention tuberculosis;

uncovered in 7.

tuberculosis was coded in accordance with ICD
coding rules9 which, for example, indicate that
"pleurisy with effusion without mention of
cause' should be coded 003.1.

TABLE 5

BRLHETHI-T, ZhPEBRIzILE, T Z 2EH L,
01D FTh s (1 MthE).

M OHEEABAMIZE A4, 400m kiRt s
1400m Ll B FED M 1950 - 55412 11 3 BAIELCH 0
ZRMWLT I, EELAOBIHRE LTHAMNIIAER
ThD.

WX 2 2ECH o 5, 58l1: ABCC o &) Fiit
i AREORE &2 BE G LA 196LED FEIz g L
LOTHE, BMIBOHIIoOwTIH bR, 20T b,
156 TSI O TERIEEE T 2. B0 UHO
55 TR, SEHEREFREEMICERS ALY,
TEZE SN TE - 2. 252 TH TR, &kl
ElBOLNE 5. THEOI B 3P TIRFETBUT
FlEmoEMIEEd -2, ICDOR SR, & 2
EIHE oMo 2 0@ i 404 0031 123 - F+
HlLEERTA LA T, BB LTa-F &
et

LEUKEMIA CUMULATIVE MORTALITY FOR SPECIFIED INTERVALS,

LIFE SPAN STUDY SUBJECTS 50 YEARS AND OLDER
#£5 RFEMBIZEDTA0EN EoRaRENREOQMMBIC L5 RHEFECE

Interval

Not-in-city

e e <1400m 1400+m A
ik 1 Oct,-30 Sept. Alive* Died Death Alive* Died Death Alive* Died Death
OF 1H-9pan EEER ECER ECR CERE ECEN UK AN RCEN ECH
/1000 /1000 /1000
Male®
Hiroshima 1950-55 839 1 1.2 5866 1 0.2 2227 0 0
e 1955-64 i\ 2.8 4932 6 1.2 1917 1 0.5
1950-64 839 3 3.6 5866 7 1.2 2227 1 0.4
Nagasaki 1950-55 195 0 0 1551 1 0.6 572 0 0
&5 1955-64 166 1 6.0 1298 0 0 493 0
1950-64 195 1 5.1 1551 1 0.6 572 0 0
Femalek
Hiroshima 1950-55 865 2 2.3 6814 1 0.1 2544 0 0
e 1955-64 749 5 it 6088 2 0.3 2270 0 0
1950- 64 865 1 8.1 6814 3 0.4 2544 0 0
Nagasaki 1950-55 165 0 0 1632 0 0 196 0
H b 1955-64 133 0 0 1402 0 0 430 1 2.3
1950-64 165 0 0 1632 0 0 496 1 2.0

*Alive at beginning of interval.
IR ok R e+ -
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TUBERCULOSIS CUMULATIVE MORTALITY FOR SIECIFIED INTERVALS, LIFE SPAN STUDY SUBJECTS 50 YEARS AND OLDER

TABLE 6
%6 FEMBIH AL EoRGHEESRTOBRICL S RMECE
Male B Female 4
Not-in-city 5 Not-in-city
- - Intga;u <1400m 1400+m e <1400m 1400+m e
i b il -
lmi;f'n 32;’,;;" Alires Dicd Deaths a1ive Died DEAEM  Alive Died DEREM® Alive Died DERSM®  Alive Died DERLMS  Alive Died Beaths
-9 A EIEN T LERE O 75 R 424 - 17 g 1R B BELS
CEE T AFRE RCEE )00 EEAMECHY o CHEEECECEE ) O EEEMRCEN ) EEERECER 0
Age B 50-59
Hiroshima 1950-55 495 10 20.20 3223 18 5.58 499 3 6.01 3635 20 5.50
=8 1955-64 448 7 15.62 2948 47 15.94 1238 14  11.31 i65 2 4.30 3432 22 6.41 1184 4 3.38
1950-64 495 17T 34.34 3223 65 20,17 499 10.02 3635 42 11.55
Nagasaki 1950-55 148 0 5 949 13 13.70 9 0 i 903 5 5.54
b 1955-64 134 5 37.31 855 24  28.07 339 8 23.60 85 2 23.54 846 12 14,18 258 6 23.26
1950-64 148 5 33.78 949 37  38.99 » 92 2 21,74 903 17 18.83
Total 1950-55 643 10 15.55 4172 31 7.43 591 3 5.08 4538 26  5.73
e
o 1955-60 582 15.46 3603 45 12.49 1577 14  B.88 550 0 i 4278 22 5.14 1442 6  4.16
1960- 64 509 3 5.89 3299 926  8.05 1384 5.78 509 4 7.89 3966 11  2.77 1355 4 2,95
1950-64 643 22 34.21 4172 102  24.45 591 7 11.84 4538 59 13.00
Age B 60+
Hiroshima 1950-55 344 7 20.35 2643 21 7.95 366 ) > 3179 10 3.15
s 1955-64 257 2 7.78 1984 24 12.10 679 6  B.B4 284 2 7.04 2656 14 5.27 1086 3 2.76
1950-64 344 9 26.16 2643 45 17,03 366 2 5.46 3179 24 71.55
Nagasaki 1950-55 47 1 21.28 602 8 13.29 730 - 729 6 8.23
g 1955-64 320 4 443 11 2483 156 5 3047 8 0 - 556 6 10.79 172 2 11.83
1950-64 47 21.28 602 19 31.56 30 5 729 12 16.46
Total 1950-55 391 8  20.46 3245 29  8.904 a9 g 2 3908 16  4.09
L 1955-60 289 2 6.92 2427 22 9.06 83% 7 w40 339 1 3.01 3212 13 4.05 1258 5 3.97
1960-64 193 0 = 1594 13 8.16 559 4 .06 253 1 3.97 2318 71 3.02 g0 0 2
1950-64 391 10 25.58 3245 64 19,72 439 2 4.56 3908 36 9.21

#4live at beginning of interval,
T B 24 470 o A o B




Lung Cancer Table 7 shows the mortality rates
for lung cancer. Hiroshima and Nagasaki males
in the group within 1400 m had a significantly
higher mortality than the males in the group
beyond 1400 m. Hiroshima females within 1400 m
alsc had a higher morrality than Hiroshima
females beyond 1400 m, but the difference
could be due to chance. The trend in differ-
ences between the groups within and beyond
1400 m cannot be examined yet since the bulk
of lung cancer deaths appeared after 1955.
Note the high rate in the not-in-city group.

BifE #£73M#8IiE3CHELERT. LB L ULEH
DUOmMERBIIRTA2RFI2H0TIE, WOmPL Lo
HoBF kg Lr 2o CRrgEC0G0. EEO
1400m KB Iz B T a2 FiokbuvTd, 6 UEEOI400m
BlEOBEOLFIZERTHECHEI G, - 28, Z0EE
MR ESTERINIBLOTHS. BEIZEEECE
FORET HIISIELIBIZRE L2 0ThHa N5,
1400m AR E 10mL Eofoiiza s h s Lo
i, FRChANERFCE L. THNTEAR S
ALTWAEZ EziERLAwv.

iz,

i

TABLE 7 LUNG CANCER CUMULATIVE MORTALITY FOR SPECIFIED INTERVALS,
LIFE SPAN STUDY SUBJECTS 50 YEARS AND OLDER
£T HEOMICETE0EL FoRaHEE SR OMEIC L5 RIHFETR
Not- in—cit;}'
_ Intgeval <1400m 1400+m it

2%;? 1 Oct.-30 Sept. Alive* Died Death Alive* Died Death Alive* Died Death

1 10A 18 -9A308 ERE FECEM L SRR MOEN RUE  EURY RCABL R
/1000 /1000 /1000

Male®

Hi v shisng 1950-55 839 0 2 5866 3 0.5 22927 0 5
I 8 1955-64 705 9 13.3 4932 22 4.5 1917 10 5.2
1950- 64 839 9 10.7 5866 25 R T

Nagasaki 1950-55 195 0 - 1551 2 L3 572 0 -
$e b 1955+ 64 166 4 24.1 1298 4 5, 493 4 8.1
1950-64 195 4 20.5 1551 6 3.9 572 7.0

Female

Hiroshima 1950-55 8hs i 1.2 6814 4 0.6 2544 0 5
i 1955-64 749 2 2.7 6088 11 1.8 2270 2 0.9
1950-64 TR G 1, 7 S R o N 2 0.8
Nagasaki 1950-55 165 0 5 1632 1 0.6 496 1 2.0
£ 1955-64 133 0 C 1402 0 — 430 2 4.7
1950- 64 VS o 40 2 1632 T d 496 3 6.0

*4dlive at beginning of interval.
HE I 2 0 AT H A

0f the 63 deaths, 31 occurred after 1961
Of these, 14 were autopsied at ABCC, and 9 were
recorded to have primary cancer of the lungs.
The remaining 5 all had malignancies in other
organs with some pulmonary involvement; 2 also
had tuberculosis.

Stomach Cancer Table 8 shows the mortality
rates from stomach cancer. In the group
beyond 1400 m, the mortality rate from stomach
cancer was higher for Hiroshima than for
Nagasaki.

With one exception, the Hiroshima

11

3D FETH D 5 &, FIZI6IELHIE D - &
LOTHE. 20 bUEIIZ W T I ABCC THIK AT
EbhhTwt, 20 9HFEEESEE LTEssnT
VA, B ST AT oM BEEEES RS0
LEOT, bhETHAEFRESATWA, 2HIZIERE
fFeilEnvohni.

EE XSUEBEHBIILARIHELTFT. 40mLl Lo
T, BEUIIAMCERIEBEIDLERI EV. THH
FREEBETY, 1ot 2ResEHLYLERFGE



not-in-city group has a higher rate than the
same group in Nagasaki. On the other hand, at
least for those 60 years and older in the
group within 1400 m, the Nagasaki stomach
cancer mortality rate was the same if not
higher than that of the group within 1400 m in
Hiroshima.

Except for the Nagasaki 50-59 age class,
stomach cancer mortality was higher in those
within than in those beyond 1400 m. The group
beyond 1400 m in turn was sometimes higher,
sometimes lower than the not-in-city group.
For the Nagasaki 50-59 age class, no deaths
from stomach cancer were reported during 1950-
64 . of the stomach i1s a
relatively rare event and the Nagasaki 50-59
age class sample is small, the lack of deaths
could reflect chance variation.

Since cancer

The relative difference between the group
within and the group beyond 1400 m was most
marked during 1950-55 This fact is obseryed,
when data are available for comparison, for
both the 50-59 age class and the 60 and older
class, In some instances the mortality of the
group within 1400 m was less than that of the
group beyond 1400 m for the interval 1955-64.

In terms of statistical significance, a one-
tail test reveals probability of .02 or lower
in the case of the females within 1400 m for
the interval 1950-55 only (50-59, Hiroshima;
60 and older, Hiroshima and Nagasaki) and for
1950-55 and 1950-64 in the case of the within
1400 m Nagasaki males 0 years and older.

When the two cities are combined, the
differences between the groups within and
beyond 1400 m become attenuated, but the
pattern remains the same with respect to the
higher relative difference during 1950-55
than in the remaining periods of 1950-64. For
both males and females §(0 years and over, the
differences for the 1950-64 period are signifi-
cant at the .02 level {(one-tail),

0Of the 74 deaths autopsied after 1961, 56 had
cancer of the stomach as the principal patho-
logical lesion. Of the remaining 18§ cases, 12
were found to have other malignancies, 10
Three
of the remaining six were misdiagnosed on the
death certificate, although the gastrointestinal
tract showed lesions in three.

involving the gastrointestinal tract,

12

ERLTWwA, i)y, 44 &3 1400mEHREEOB0EL]
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TABLE 8 STOMACH CANCER CUMULATIVE MORTALITY FOR SPECIFIED INTERVALS, LIFE SPAN STUDY SUBJECTS 50 YEARS AND OLDER
#£8 BEHMMIIHITA0EL FoAaBEE HREONEICL L EMECE

Male 8 Female %«

City Fagerral <1400m 1400+m N°;;;ﬁg%;‘Y <1400m 1400+m N“ﬁ%;;%ggtY

&l Oct.-30 Sept.
L 2 \ 20, BRp Alive* Died Death Alive Died Death Alive Died Death Alive Died Death Alive Died Death Alive Died Deaths
0H 1 H-9A30H $fFel HOEs Ol STESH HEEN ECY SHESNCEN FOH SHEHECEN O SN EUAN ol SHENTCEY FCH

/1000 /1000 /1000 /1000 /1000 /1000
Age SR 50-59

Hir;shima 1950- 55 495 9 18.18 3223 31  9.62 499 5 10.02 3635 13  3.58
BN 1955-64 448 10 22.32 2948 85 28.83 1238 36 29.08 465 9 19.35 3432 46 13.40 1184 9  7T.60

1950-64 495 19  38.38 3223 116  35.99 499 14 28.06 3635 59  16.23

Nagasaki 1950-55 148 0 - 949 8 B8.43 92 0 2 903 3 3. 32
B 1955-64 134 0 ) 855 17 19.88 339 8 23.60 85 0 2 846 6 7.00 258 5 19.38

1950-64 148 0 : 949 25  26.34 92 0 g 903 9 9.97

Total 1950-55 643 9 14.00 4172 39 9.35 591 5 8.46 4538 16 3,53
at 1955-60 582 6 10.31 3603 62 17.21 1577 21  43.32 550 5  9.09 4278 29 6.76 1442 5 3. 47
1960-64 509 4  7.86 3229 40 12.39 1384 21 15,17 509 4 7.86 3966 23  5.80 1355 8 5.90

1950- 64 643 19 29.55 4172 141  33.80 591 14 23.69 4538 68  14.98

Age s 60+

Hiroshima 1950-55 344 9 26.16 2643 56 21.19 366 6 16.39 3179 21 6.61
& 1955-64 257 9 35.02 1984 79 39.82 679 30  44.18 284 6 21.13 2656 65 24.47 1086 21  19.34

1950- 64 344 18 52.33 2643 135 51.08 366 12 32.79 3179 86  27.50

Nagasaki 1950-55 47 5 106.38 602 7 11.63 73 2 27.40 729 5  6.86
R 1955-64 32 0 £ 443 13 29.35 154 3 19.48 48 1 20.83 558 % Io.7e GyE - diled

195064 47 § 106.38 602 20 3§3.22 73 3 41,10 729 11 15,09

Total 1950-55 391 14 35.81 3245 64 19.72 439 8 18.22 3908 26  6.65

3

¥ 1955-60 289 5 17.30 2427 64 26.37 833 1T  20.41 332 5 15.06 3212 49 15.26 1258 5 11.92
1960- 64 193 4 20.73 1594 27 16.94 559 16 28.62 252 2 7.94 2318 22 9.49 880 8 9. 09

1950- 64 391 23 58.82 3245 155 47.77 439 15  34.17 3908 97  24.82

*Alive at beginning of interval,
bl ROk R R o 2 )



Discussion Those in the group within 1400 m
are survivors of the population which experi-
enced the highest mortality ATB. Probably,
from 1945 to 1950 they experienced a higher
mortality than the rest of the exposed popu-
lation. From the analysis reported here, it
appears that the group within 1400 m continued
to have a higher mortality than the rest of
the exposed population (those beyond 1400 m)
for a few years after 1950. Subsequently, the
group within 1400 m experienced mortality
equal to, if not less than,

1400 m.

the group beyond

it is to be
anticipated that hereafter the cumulative
mortality of the group within 1400 m will come
closer and closer to that of the group beyond
1400 m. Tt will also come closer to that of
the not-in-city group since, with one excep-
tion, the mortality rate of the group beyond
1400 m has been close to that of the not-in-
city group. It can be expected then that, in
the future, the yearly mortality of the group
within 1400 m will continue to be equal®or
less than that of the other exposure groups.

If the trend is maintained,

Undoubtedly, in 1950, the group within
1400 m, and to a lesser degree the group
beyond 1400 m, contained individuals affected
by the radiation experience or other factors
related to the bomb. Tt could be inferred, on
the basis of the above findings, that within a
few years after 1950, most of them died
leaving a group of survivors who had heen
little harmed,
resistence or recuperative powers,

or who pnssess superior
Further
support for this inference is obtained from
the trend in sex differences in mortality
among the group within 1400 m. In 1950-55,
the relative differences in cumulative
mortality between the sexes of the group
within 1400 m was less than that of other
exposure groups., After 1955, the relative
differences between the sexes of the group
within 1400 m achieved the same magnitude as
that observed in the other groups. Difference
in mortality between males and females usually
diminishes as a result of an influenza outbreak
or other massive environmental change, which
either increases the female's lower exposure
risk,
inherent higher survivorship.

or overwhelms what seems to be her
Since both
conditions must have operated ATB, it could be
safely assumed that prior to 1950 the sex
differences in mortality among the group

EE MOmKEBE BT ALBIE, FEBCIEVRE
CEF:RLEABOEERITHE. BEF 51945504
OEZFCTYE, COFOECHEIMOEREROELT
LEDLE P THESE . AREIIETIBRITORT
AT, M00mRHEIT1900ELH Iz VT & HE
Mitg 45 s h o BB (1400m L Loo$) & LIl 2 3EC
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within 1400 m was lower than for subsequent
years, and that the restoration to "normal"
sex differences came about by the elimination
of those seriously affected by the exposure.

The higher mortality of the group within
1400 m during 1950-55 was associated with an
increase in certified mortality from leukemia,
tuberculosis, and cancer of the stomach. For
these causes of death, it was seen also, when
comparisons were possible, that the relative
difference between the groups within and
beyond 1400 m diminished after the first
period, 1950-55. By 1964, the differences in
cumulative mortality among the three exposure
groups had become very small,

The markedly higher tuberculosis mortality
among Hiroshima males during 1950- 55 occurred
in both the 50-59 and the 60 years and older
age classes, Similarly, the higher stomach
cancer mortality among Hiroshima females

during 1950-55 occurred in both age classes.

The relative differences between the sexes
was definitely smaller in the group within
1400 m during 1950-55 than subsequently, and
smaller than that observed in the other
exposure groups with reference to mortality
from tuberculosis and from stomach cancer. A
smaller sex difference in the group within
1400 m compared to the group beyond 1400 m is
also observed for leukemia for the total 1950-

64 period. It is not found for lung cancer.

The differences in cause of death pattern
between Hiroshima and Nagasaki are reflected
in the 1950-64 experience of the group beyond
1400 m but not in that of the group within
1400 m. For tuberculosis, the age-adjusted
rate of the group beyond 1400 m in Hiroshima
was 53% of the corresponding rate of the
similar group in Nagasaki for the males, and
55% for the females. For stomach cancer the
ratios were 146% for the males and 168% for
the females.
1400 m the corresponding ratios in the case of
tuberculosis were 110% for the males and 66%
for the females. 1In the case of stomach
cancer they were 98% for the males and 144%
for the females. It has been repeatedly
pointed out that the numbers of deaths when
segregated by cause become small particularly

However, in the group within

for the Nagasaki sample. These findings,
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although tenuous indicate that in the group
within 1400 m the common experience to the
bomb served to diminish cause of death dif-
ferences between the two cities.

OCCUPATION CATEGORY AND MORTALITY

Introduction The differences in mortality
between the populations of Hiroshima and
Nagasaki which are reflected in the Life Span
Study sample again illustrate the care requir-
ed,

learn in what respect the groups may differ

when comparing two or more groups, to

relevant to the variable of interest. In
particular, since morbidity and mortality are
affected by certain
occupational hazards and by the complex of

environmental and

factors which are encompassed in the term
socioeconomic status, there is the need to
determine if the exposure groups differ with

respect to indices related to these factors,

-

Unfortunately, little data on pertinent
characteristics of the Life Span Study popu-
lation are readily available for analysis,.
Information on occupation was obtained by ABCC
in several surveys conducted between 1948-61
and, in spite of the limitations of the
material, 1s used here to answer two questions:
Do the exposure groups differ with reference
to occupation class? If so, do the differences
have a bearing on the variation in mortality
observed among exposure groups?

Frequency of Occupation Categories Information
obtained from a survey was transcribed to an
individual master punch card, and whenever a
later survey showed change in occupation
The corrected
or updated punch card, the only one available,
is the source of data on the composition of
the Life Span Study sample according to
category of occupation. It is emphasized that
the occupation recorded on the punch card used

appropriate correction was made.

does not refer to any particular year; it
refers to the years between 1950 and 1958-59.
To initiate a new set of punch cards based on
the original record for a specified year would
have been too costly. However, the age classes
being considered would be expected to have few
changes in occupation after 1950. Therefore,
if due precaution is taken in interpreting the
findings, the relationship of occupation to
mortality may be examined.
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Table 9 furnishes data on percentage of
persons in stated occupation categories in
each exposure group, according to age class,
sex and city. The classification employed is
based on that of the Japan National Census

for 1950.

Comparison between the two cities reveals
that for males in both age classes, Hiroshima
had a higher percentage of persons in the
professional, technical, managerial and
related category andinclerical and saleswork.
Nagasaki had a higher proportion of persons in
the farmers, lumbermen, fisheries category;
and particularly, a higher proportion of
persons not in the labor force.

Within each city, the males in the group
beyond 1400 m had a higher proportion of
farmers, lumbermen, etc. than males in the
groups within 1400 m. To the extent that
these data are meaningful at all it would
appear that the groups within and beyond 1400 m
were not too different in category of
occupation.

The comparison between cities indicates
again that the Nagasaki sample is or was at a
lower sociceconomic level than the Hiroshima
sample. The not-in-labor-force class which is
relatively more frequent in Nagasaki than
Hiroshima consists largely of persons placed
in this class because the individual "does not
need to work," is "retired with no pension
and/or living with family or relatives"
"lives in old peeoples home supported by a
pension or relative " The not-in-labor-force
category may consist prinecipally of low income
persons but presumably also contains some
well-to-do.

For examining mortality, the occupation
categories have been combined into three broad
classes: Professional, managerial etc.;
others in the labor force including housewives

not-in-labor-force.

No separate category of farmers, lumbermen
etc. has been used because mortality in this
category was found to be practically identical
with that of others in the labor force when
age, exposure group and city are

considered.

sex,
Persons with unknown occupation

have been omitted, and since these occur

frequently among the not-in-city group, -

examination of mortality data will be limited
to the groups within and beyond 1400 m.
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TABLE 9 PERCENT LIFE SPAN STUDY SUBJECTS 50 YEARS AND OLDER ALIVE 1 OCTOBER 1950 BY OCCUPATION CATEGORY, CITY, SEX,
AND EXPOSUBRE GROUP

#9 Hw#E oRE (1950410H 1 HBRASEL L) o F 53 BEaE - #d7 - 5 sedts

Age @ 50-59

Apge 85 60+

Category Hiroshima L& Nagasaki fsf Hiroshima K5 Nagasaki ##&
B <1400 1400+ 3 Tl <ig00 1400+ i ToRRl 1400 1s00r NOF TRl cqy00 1s00+ N Toral
City it City B City @ Cicy #
i AR 1 N A 1 P A i P A 1E
Male 8

Professional, technical workers,
managers and officials
BP9, HANE L UCERNBIRRE RS . .. 22.2 15.6 15.5 16.2 6.8 Il.5 15.7 12.1 9.9 .2 B4b 7+3 4.3 5.1 T.4 5.6
Clerical and sales workers
BRI CEEEBEE (it 22.4 18.6 18.9 19.0 10.8 15.1 22.4 16.5 11.9 §.2 7.4 8.4 8.5 6.1 7.4 6+6
Farmers, lumbermen, fishermen etc. .v
Bk, MREMBEEL L CHAMBEMEES .o 0. 3.4 13-4 2.7 9.6 6.1 14.4 4.1 11.0 4.7 15.8 2.0 11.9 6.4 12.5 1.0 9.4
Mine and guarry workers
BRI e e - e C B - 0.1 = 0.1 - “ - i - - - -
Operating transport workers
MEGRERE ... .. A ——— . . . . 0.2 0.3 0.1 0.2 0.7 0.7 0.5 0.7 - 0.1 0.1 0.1 - 0.3 0.5 0.4
Metal and metal product workers
EERMTRERER o it arrsitriratanaas 3.6 3.9 1.9 3.3 6.8 5.2 2.4 4.6 0.3 1.0. 0.8 0.9 4.3 1.2 0.5 1.2
Textile workers
MRAEIE e v S e SR 0.6 0.4 0.3 0.4 - 0.4 1.9 0.7 - 0.2 0.1 0.2 - 0.2 0.5 0.2
All other eraftsmen, production
workers and laborers
FoMoEiEL, 4% LRENE L L R EE, 21.6 21.8 16.9 20.5 19.6 18.4 12.2 17.0 9.9 7.2 5.0 7.0 8.5 5.8 2.5 5.2
Housewives
T A R R BB W - - - - - - - - - - - - - - - -
Not in labor force
=l R G R e TR e e 226 2240 R1uy 22.2 48.5 31.5 36.7 35.1 60.7 57.9 65.4 59.6 65.9 68.0 75.2 69.5
Unknown status
5 O e e D e e S e e 3.4 4.0 22.0 8.6 0.7 1.7 4.1 2.2 2.6 2.4 13.1 4.6 2.1 0.8 5.0 1.9
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TABLE# 9

Ageip# 50=-59 Age i 60+
Category Hiroshima &8 Nagasaki o Hiroshima L& Nagasaki £
naan <1400 1400+ o Teral 1400 1400+ Tosal iioo 1400+ o TORRL cigo0 vd0ow ¥ TOEA
Ciey City #f City # Civy B
TR i A 1E AT E MR
Female #&

Professional, technical workers,
managers and officials
By, HMTAYE S CEEAREE R 3.2 1.9 1.9 2.0 g % 2.4 1 2.1 1.6 0.7 0.8 0.8 - 1.4 1.8 1.4
Clerical and sales workers
W e L A ER - n R Sa— 8.6 6.2 4.9 6.2 6.5 4.8 5 5.1 2.5 2.4 1.3 2.1 - 1.8 1.8 L7
Farmers, lumbermen, fishermen etc.
B, BRREFES L UREUBREREE 1.6 7.8 0.4 5.5 10.9 9.2 1 7.7 0.5 5.3 0.2 3.6 - 4.3 - 3.0
Mine and gquarry workers .
Ril, REEFE oot . . - . . g g = = - s s = . “ =
Operating transport workers
i EnR: € U - - - - - - - - e - 2 “ = = & z
Metal and metal product workers
SR THETH v aanansn 0.2 0.1 0.2 0.1 . = ” - - - - - - ~ § e
Textile workers
PMEREE . ccvvmnmvmminm e mm e b 0.6 0.2 0.5 0.3 - % 0- 0.1 - - 0.1 i - - - -
All other craftsmen, production
workers and laborers
FofmogiEl, SETEERE S L URENHH 9.4 5.9 7-3 6.6 3.3 3.4 4 3.5 2.7 1.4 1.0 1.4 - 0.7 0.5 0.6
Housewives
i oj. T 45.5 53.5 47.4 51.4 46.7 59.5 53. 57.2 14.5 15.1 13.5 14.7 9.6 21.4 18.2 19.9
Not in labor force
e LT e 29.9 23.1 22.4 23.5 31.5 20.4 31 23.5 77-1 74.2 70.9 73.6 89.0 70.1 76.3 72.8
Unknown status
TPNBHT v iy s AR A R AR e 1.0 1.3 15.0 4.4 = 0.3 2 0.8 1.1 0.9 12.2 3.8 1.4 0.3 1.4 0.6

. Less fthan .05
<05 & DA
- 0



Cumulative Mortality, 1950-64 Comparisons of W—MEORBETR EA- BB LTI
cumulative mortality rates for 1950-64, 5 B Al < ;
between Hiroshima and Nagasaki, and among the FA BT A 721950 - 64 0 RFFEC H o Het & £1012
three occupation categories are presented
in Table 10.

R

Persons not in the labor force had a much FEHWOADTIE, tolo2o0REFEOAL

1 i 5 1 h e P o -
higher ‘mortallty Ithan persons in the cr't er NEFERERSFTEL., BFEEROERD LSS L BEL»L L
occupation categories. The size and magnitude

of the differences indicate that a substantial T, BBRAOODKEGE, BAOLBHIIHERLAEAATA
proportion of unemployed persons abandoned i
work because of illness. moehTwnatBEhbhs.

TABLE 10 CUMULATIVE MORTALITY 1950-64 PER 100 LIFE SPAN STUDY SUBJECTS
50 YEARS AND OLDER ALIVE 1 OCTOBER 1950 BY OCCUPATION

#10 HHFESRE (1950410 1 BHEASGEL ) 125115 100 A2 220 01950 - 644 OB 350 BHIFEC

Professional, Not in labor
; Other
managerial ectc. force
ST;’( (é% ;}‘ P, RN A % b OB AR e
il
Alive Died Alive Died Alive Died
LHEN FECFH EHEH RCHM LiEEE FECHH
1950 1950-64-» 1950 1950-64 1950 1950-64
Age SE® 50-59
M;}le HiE_:%hima 612 23.2 2139 27. 6 821 41.7
Nagasaki 119 30.3 584 2722 380 42.4
B
Female Hiroshima - - 3010 14.7 986 28. 4
P h
Nagasaki - - 756 LT 213 33:.3
£
Age M 60+
Male Hixj}g%hima 223 50.2 953 54.4 1739 74.9
3 Negnsuii 33 516 170, - 53.5 1 AL
B i
Female Hiroshima - - 844 it R 2639 60.0
% Nagasaki - s 212 43.4 577 73.0
£ B
*] October-30 September
1WH1H-9H30H
With two exceptions, Nagasaki subjects had a 2onfFtERITE, M—BESHL T 2 &,

hiigher cunylative wovseling M0A-04 Shen the Bl 0 1950 - 6448 RIFECH 12, BBE DB A5/, L
Hiroshima individuals in the corresponding

occupation categories. This indicates that o T, ffE LTRBOFECEIFV O, JETHE
the high f 11 Nagasaki tality is t -
SreStERg e D S IR E R HAODEEOBVIEAFIIMEL TV AOTIEL V.
entirely related to a higher proportion of
persons not in the labor force.

Hiroshima males, but not Nagasaki males, RBOBFIE, BF, WEE S & UM OB RE

show the expected lower mortality in the FHIZ, FEUEIMEFEIhL L) BV EEDHLERE Y,
prn'fe_ss:ianals, managers, technicians, and T EX T ey
officials category.

Differences between the groups within and e A 3 = 4 :
e R 0 b oyt

beyond 1400 m within each occupation class are FRMEF W BT 51U0m KM S & UU0m ELEO#
shown in Table 11. In general, the group BEMoERY, ZUN0EBZHOTHEFETE S, —#
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within 1400 m had a higher mortality during
1950-55 than did the group beyond 1400 m.
Exceptions are: Nagasaki male and female

50-59 years, not-in-labor-force; Hiroshima
males age 60 and older, in the labor force. In
all other comparisons, the ratio of mortality
between the groups within and beyond 1400 m is
greater during 1950-55 than for the period
1950-64.

Discussion Within the limitations of these
data already mentioned, it appears that by and
large the groups within and beyond 1400 m did
not differ markedly in relative frequency of
broad category of occupation. The main point
of difference is that persons farther away
in the
outlying areas of the city, were more apt to
be engaged in agricultural or fishing work.
The differences between the two cities reveal

from the hypocenter, and therefore,

the lower sociceconomic level of Nagasaki, as
of the period of observation

The not-in-labor-force category is interest-
ing since the cumulative mortality in this
group was far higher than that of the other
Poor health is obviously
oneof the reasons why persons in this category
left the labor force. Since the date this
took place 1s not known, it is difficult te

broad categories.

interpret properly the finding of higher
mortality in this group.

Generally, within each category, the
mortality pattern is that already evident.
The group within 1400 m had the higher
mortality during 1950-55

If findings are accepted at face value, the
following conclusions seem warranted:

the
was
adequate in randomizing persons of the
except for
those categories related to the topography
of the city;

The sampling scheme which selected
persons in the three exposure groups

several occupation categories

Although the groups within and beyond 1400 m
demonstrated some differences in composition
by occupation, and mortality was different
among the occupation categories, the dif-
ferences in cumulative mortality rates
between these two exposure groups were
common to all occupation categories.
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TABLE 11 CUMULATIVE MORTALITY 1950-55, 1950-64 PER 100 LIFE SPAN STUDY SUBJECTS ALIVE 1 OCTOBER 1950 BY EXPOSURE GROUP
AND OCCUPATION CATEGORY

#11 BHFHRMRFIZHTZ195010H 1 HEEOEFH 100 A%~ 0 01950 - 554 & & UF1950 - 64 O HIREE & & UBEST B B FEC R

Hiroshima 5B Nagasaki £
Sex Category Alive 1950* Died 1950-55* Died 1950-64* Alive 1950 Died 1850-55 Died 1950-64
i3 s 17 FEL FEL H1F L FEC

<1400m 1400+ <1400 1400+ <1400 1400+ <1400 1400+ <1400 1400+ <1400 1400+

Ape K 50-59

Male Professional, managerial, etc,
# B, SEMBBMEEE ... 110 502 6.4% 6.0% 21.8% 23.5%
Other
FOMOBMBERBEE o ovvvvn i anonen 257 1882 8.2 il 234 28.1 65 519 10.7% 8.5% 30.8% 26.8%

Not in labor force
=L R e e S R 111 710 1 10. 0 44.] 41.3 72 308 B80.3 12.7 31. 8 44.8

Female Professional, managerial, etc.

P, WEMBEERES, ...,
Other
EFOMOBELERH. ..o e 329 2681 4.9 3.9 15.5 14. 5 62 699 6.5 gl 16.1 T
Not in labeor force
EHBN T s e e N 149 837 10.7 9.3 315 27.8 29 184 10.3 10.9 34.5 53,2
Age @ 60+
Male Professional, managerial, etec.
W M, WEAREERE ..., 34 189 17.6 19.6 47.0 50.8
Other
FOHEDRBERE . e 92 861 16.3 19,5 56. 5 54.2 13 157 23.1 22.3 3358 53.8
Not in laber force
BECTINIY s i R e S R 209 1530 79,2 26.8 80.9 74.1 31 409  35.5 29.6 80.6 {1 ]
Female Professional, managerial, etc.
B, EWREAMBREERE ..o o
Other .
FOMOMBHEESE (.. ... 0. T4 770 Y22 8.2 44.6 38.8 i 205 14.3 10.7 28.6 43.9
Not in labor force
ELE L O SRS - o A 282 2357 24.5 T8.58 61,3 59.9 65 512 35.4 285 6%.2 73.4

*1 October-30 September
WH1H-9R8300H




MEDICAL FOLLOW-UP 1958-84

Introduction Mortality can measure directly
only one facet, albeit a definitive one, of
whatever late biological effects may have
Occurrence
of disease and of disability are other aspects
of potential biological effects which need to
be considered. The Adult Health Study was
designed to provide information on these
aspects.

arisen from exposure to the bomb.

In this section the extent to which such
information can further elucidate the dif-
ferences among exposure groups is examined.
To this end the genesis of this cohort, 50
years and older in 1950, from the original
selection to actual participation in the Adult
Health Study is reviewed. The prevalence,
incidence and survival rates for individuals
on whom a diagnosis of tuberculosis has been
recorded are estimated also to 1llustrate
simple well-known analytic procedures. Due to
the small numbers involved it has been
necessary to combine the data of both cities.

Selectivity in Adult Health Study Participants
The Adult Health Study has been termed "not a
simple random sample" of the Life Span Study
sample "but a stratified one related to the
larger sample" and the intricacies of this
relationship have been described in detail. 10
When the Adult Health Study sample was
selected, it contained 4018 persons 50 years
and older on 1 October 1950. Of these, 1066
(26. 5%) belonged to the group within 1400 m,
1957 (48.7%) belonged to the group beyond
1400 m and 995 (24.8%) to the not-in-city group.

By the time the Adult Health Study program
began to function in its present form, 710
persons had died, leaving a balance of 3308,
As would be expected from the findings in
"Mortality pattern 1950-64," mortality during
1950-58 was highest in the group within 1400 m.
Among the 1066 persons selected in the group
within 1400 m, 19,.9% died before 1 October
1958. Among the group beyond 1400 m 17.9%,
and among the not-in-city group 14.9%, died
before 1 October 1958. Thus, the composition
by exposure group of the Adult Health Study
sample available for study has been slightly
al tered.
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Among 3308 selected .persons who survived to
1 October 1958, 2904 received at least one
medical examination before 1 October 1964.
The number of persons examined in each biennium
and the order of examination are presented in

Table 12.
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TABLE 12 LIFE SPAN STUDY SUBJECTS 50 YEARS AND OLDER 1 OCTOBER 1950,
EXAMINED IN EACH ADULT HEALTH STUDY BIENNIUM EXAMINATION

#12 BMARBEHEOE 2EMMIZZZL 2R G RHESSH (19504104 1 B BRAESFHL +)

Examination

Biennium* 2 s

Rl 3 1958-60 1960-62 1962-64 1958-64
First #H1[ME 2502 351 51 2904
Second # 2 W H 120 1797 390 2307
Third #3[EH = 132 1421 1553
All T oBRE 2622 2280 1862 6764

*1 October-30 September
1WA 1AR-9H30H.

Note that the term biennium, specified by
exact dates, is employed here rather than the
term cycle, which may be useful administrative-
ly but cannot he always precisely specified by
time interval, -

In 1958-60, 806 of the 3308 selected persons
did not participate in the program, but 402 of
these received at least one medical examination

by 1962-64, 351 in 1960-62 and 51 in 1962-64.

Altogether 404 of the 3308 subjects did not
participate. However, as is shown in Table 13,
only 225 of the 404 were alive on 1 October
1964. They may represent those who have moved
from the area.

DERAME, THEIHEMTE A ), BEHAMHE
EUNT LA EBCIRT LT LAY, ZTITRIES
=) LAERHHTRLA 2 EHOBMEREB LAz 12
EHE N,

1958 — 604E 1212, 3308¥ oxt EFHp 806 & AFA
BIL Ao md, ZOW402 % 41962 -6 £ Tz d
Gl 1 logEL2A T406, 351 £ 571960 -
B2HE 1z, 514471962 —BAHE 12235 L /-,

Sffl LT3BBAG 404 HABEE BN S
Lal, BBIZmLAEEED, 2040 £ H 519645
WHLIHHAEEBFEL TV AR 2B E20ATH- 1. 2
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TABLE 13 MORTALITY AMONG LIFE SPAN STUDY SUBJECTS 50 YEARS AND OLDER 1 OCTOBER 1950
EXAMINED AT LEAST ONCE AND NEVER EXAMINED IN ADULT HEALTH STUDY

#13 MABEFAE L2 L 1AZRHLIUVEZRLEVHGHENRE
(19504 10H 1 HBEAESIEL B) s 2 5B 3

Examined at least once

Ll &b 1 EEE

Never examined

ZBRLEW

Biennium* Alive at start

Died during biennium

Alive at start Died during biennium

2 i of biennium ZAERT 2 A TR of biennium 2R B B FEL
& 2 RO Gk # 2 6 [ o B I
IEAETEHRE Number ¥ % IZE AETEER Number #¢ %
1558-60 2502 1T 3.1 806 124 15.5
1960-62 2776 183 6.6 331 37 112
1962-64 2644 196 T.4 243 18 T.4
Survived
to 1964 2448 255
19644 £ TH 7

*] October-30 September
A 1H-9R%A
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The important finding in Table 13 relates to
the differential mortality among participants
and nonparticipants. In 1958-60, death
occurred in 3% of the 2502 persons who were
examined for the first time; it occurred in
15.5% of those who had not participated by the
end of that biennium. Mortality rates for the
following periods have been calculated by
taking into account deaths in the prior period,
and movement from the never-examined to the
examined group. In the following biennium,
the difference inmortality between the examined
and never-examined became smaller; and dis-
appeared by 1962-64. However, the combined
mortality for the total period was 30,5% for
the never-examined and 16. 2% for those examined
Thus the state of ill-health
of the individual was to a large degree a

at least once

factor in nonparticipation in the program, A
consequence of this autoselection is that the
mortality experience during 1958-64 of the
examined sample di ffered from that of the
total Life Span Study sample.

Mortality 1958-64 Cumulative mortality rates
from 1 October 1958 to 30 September 1964 are
presented in Table 14 for: A. total Life Span
Study sample; B. portion of the sample not
selected for the Adult Health Study program;
and C. Adult Health Study sample members examin-
ed at least once. Calculation of the last
rate takes into account the different numbers
of individuals added to the examined sample at
successive bienniums.

Cumulative mortality rates for 4 and for B
were practically the same in the beyond 1400 m
and not-in-city groups, respectively. Although
differences between 4 and B were larger in the
group within 1400 m, they are not consistent
in direction in the four sex-age classes.
Thus, it appears that the selection of the
Adult Health Study sample was as good or
better than could be expected, at least, as
measured by subsequent mortality. With
respect to mortality, there are no indications
of bias,

In every instance but one, the cumulative
percentage mortality was substantially lower

in the C sample than in the 4 or B samples.

The di fferences in cumulative mortality
rates among the three exposure groups are not
statistically significant for either 4, B,or C.
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When mortality rates of the group within
1400 m are compared with those of the group
beyond 1400 m and with those of the not-in-
city group, and mortality rates of the group
beyond 1400 m are compared with those of the
not-in-city group, the direction of the
differences is the same in both the 4 and B
But, except one,
the direction of the difference observed in
the C sample is opposite to that found in 4 or
B. This indicates again that in terms of
cumulative mortality rates the participants in
the Adult Health Study sample may not be
of the total Life Span

samples. in every instance,

"representative!
Study sample.

TABLE 14

H00mFHFOCFIZE T2 CEE, 40mLll EoRE
FLIUTATREEBICETACRE LB LEEA D,
M00mpl Eo#icb 250 H %2, HNAEEHOET
FEMULABAL, ZREOHFMRIASEUBOWER
LEVBTRELTHS. BT,
CHIbLTHDLALERO M,

L&L, Thhtb

FTRTAH BN

EBHIchr TR LY THE. 2O LY
REECEOHA LA T, RARE#EKOZZ2HIE, ©

TLARGHAEEAZ[REILLERIZ LETRE
TAH5LDTHS.

CUMULATIVE MORTALITY 1958-64 PER 100 LIFE SPAN STUDY SUBJECTS ALIVE 1 OCTOBER 1950

BY EXPOSURE GROUP AND SAMPLE CATEGORY
F£14 BEATHRET 1950F10H 1 BREOEGFHF 100 A Y420 01958 -4 F RFEFELH: HMBE - A

Exposure group

Age Category Fiig: ¥
1 October 1950 gt T
19501F 10 1 6B ER Sl i A
'Male L}
50-59 Total life Span Study A 5.9 18.8 171
eRGMESTAE
Not selected for AHS B 14.3 19.6 16.7
MAMEEEZEAL LTER s AL E
AHS examined at least onc 13.3 11.8 16.0
DL 1z EER HL&A@&HEH*
60+ A 49 43.3 41.4
B 45.0 43.5 41.5
G 47 35.0 39.3
Female 4
50-59 11.2 9.5 9.6
B 14.8 .9 10.4
[ 6.5 7 6.3
60+ A 36.3 35.8 37.9
40.0 35.8 38.4
i 29.4 30.7 30.6

Tuberculosis Prevalence, Incidence and
Survivorship The data to be examined here
were obtained from tabulations of punched
cards prepared in the Department of Statistics
from the list of diagnoses and positive find-
ings recorded by the responsible physician on
the summary or face sheet of the record of
each subject, Thereare no standard procedures
for the selection of findings to be recorded,
the order of importance to give them, or the
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nomenclature to be used, hence caution must be
exercised in interpreting the statistics based
on these punched cards.

Tabulation of the recorded medical examina-
tions of these persons, 50 years and older on
1 October 1950, i.e., 58 years and older in
1958, reveal that all had some "positive"
finding. These positive findings ranged from
minor infectious diseases to major specific
clinical entities.

Since no one has formulated an overall
thealth? score, it is difficult to assess the
state of health of a group except through
consideration of the frequency of specific
disease conditions, alone or in combination
with other conditions. For this reason, and
to i1llustrate analytic methodology the
frequency of tuberculosis was chosen for study.
The reasons for this choice were: The epi-
demiology of tubereculosis is perhaps better
known than that of other chronic diseases;
diagnostic criteria have been established for
a long time and the accuracy of the diagnosis
should be of a high order; tuberculosis
mortality was higher among the group within
1400 m in 1950-55.

Among the persons examined at least once
250 were found to have tuberculosis, i.e., the
punched card showed ICD 001-019. From the
medical records of these 250 persons, a random
sample of 21 were chosen for review as to the
recorded diagnosis., In all 21, the recorded
diagnosis was pulmonary tuberculosis; in 7,
the disease was considered active, moderately
advanced or far advanced; in 14, it was
inactive, arrested, or suspected (based on
X-ray changes only).

In examining the occurrence of tuberculosis,
or of any other disease condition in a
population group, three questions are asked:
How many persons are there with the condition
at a specified point or period of time? How
many persons acquire the condition in a speci-
fied interval of time? How many persons
survive the condition in a specified interval
of time? The aims of a study determine the
relevance of any or all of the questions.
Since, the primary purpose of ABCC activities
is to determine if there exists a relationship
between exposure to the A-bomb in 1945 and the
subsequent occurrence of disease, the second
and third questions are more relevant than
the first.
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The Adult Health Study provides data to
estimate rates of prevalence and of incidence,
and, when the data are supplemented by those
obtained as part of the Life Span Study, rates

survivorship.

Prevalence The prevalence of tuberculosis
among the individuals who received a first
examination during the biennium 1 October
1958- 30 September 1960 1s estimated. Altogether
among the 2500 examined, tuberculosis (ICD
001-019 was recorded in 189. The prevalence
rate was 7.5%. In Table 15 are presented
prevalence rates by exposure group, age

and sex.

RARBBE L, HR%ED L CRBEERET 57
HoaEELBRMETS. FL-EGREO L LTAFL
FEBAABMERAESE, SEELEETE LT
ER

BRE 19584108 1 H 2 6519604 9 H0A £ T 2 &
iz, B1REZEEAF AL I IEBEOERESL
#ET3. BELZILSHBOLOHT, Fi%(ICD
001-019) r e AET 189 R TH- . HRER
T.5% Thotz. RIBICITHBRESRERE - EMPHLT
fEBZR L .

TABLE 15 TUBERCULOSIS PREVALENCE RATES, LIFE SPAN 3TUDY SUBJECTS 50 YEARS AND OLDER
1 OCTOBER 1950 EXAMINED IN ADULT HEALTH STUDY 1958-60

#£15 WABERA TI958-60FE I 2R L 2B G EAMS RH (19504£108 1 ORAES0ELL B) (2 5 2 FREHEKRE

<1400 m 1400+ m Not-in-city fiNTF7E

Bex Examined Tuberculosis & Examined Tuberculosis % Examined Tuberculosis %

% PHAM #® H el g B TEHY ® =
Age E# 50-59

Male B 256 18 7.0 396 40 10.1 211 29 13,9

Female 4 245 9 b Y 497 20 4.0 237 12 il
Age @ 60+

Male 3] 67 15 22.4 154 20 13.0 68

Female #% 91 6 6.6 194 10 5% B4 4 4.8

Table 15 shows that: Among persons 50-59
years old (1 October 1950), the prevalence was
lowest among the group within 1400 m and
highest in the not-in-city group, among the
persons 60 years and older (1 October 1950) the
prevalence was highest in the group within
1400 m and lowest in the not-in-city group.

Interpretation of these or other prevalence
rates is difficult. Assuming that no error in
diagnosis or recording of diagnosis has
occurred, it must be kept in mind that the
individuals found to have tuberculosis at the
first examination are the survivers of those
Therefore,
in the case of the 50-59 year old group, the

infected at some time in the past.

above results could have been obtained by an
infection or incidence rate equal in the three
exposure groups accompanied by a case fatality
rate highest in the group within 1400 m and

lowest in the not-in-city group. The same
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results could have been obtained if the
incidence rate had been highest in the group
within 1400 m and lowest in the not-in-city
group, and the mortality rates were the same in
all exposure groups. Similar reasoning can be
employed to explain the findings with reference

to the age class 60 years and older.

The fact, as seen in the preceding section,
is that males of both the 50-59 years age
class and of the 60 years and older class in
the group within 1400 m had a higher mortality
from tuberculesis in 1950-55 than the group
beyond 1400 m. That the two age classes did
not behave the same with respect to prevalence
in 1958-60 also could mean that the incidence-
fatality pattern prior to 1958 was different
in the two age classes, Unfortunately, the
basic data to investigate this issue are not
available, Even an assessment of the clinical
status of the subjects seen in 1958-60 could
throw little light on the existence of a
different incidence-fatality pattern in
the past.

Incidence To measure incidence of a condition
in a population, it is necessary to identify
individuals who are free of the condition at
some point in time. If the medical examina-
tions recorded are accurate, those persons
found not te have tuberculosis in 1958-60
constitute the segment of the population that
is "exposed to risk! of acquiring the disease
Calculation of an incidence rate involves also
a defined interval of time. Furthermore, to
ascertain the occurrence of the condition, the
The greater the
number of examinations, the better the chances

individual must be examined.

of perceiving the existence of the disease
condition in question.

Since there are losses due to death, movement
from the area, and refusal to participate, not
all persons found negative in one examination
will appear in subsequent ones. Corrections

for the losses must be made.

In this analysis, to simplify computations,
the following assumptions have been made:
Individuals on whom tuberculosis is not
recorded do not have tuberculosis; individuals
who are alive but not examined have the same
risk of acquiring tuberculosis as those
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the interval
between first and second examination, and
second and third examination is two years for
those individuals who received their second
examination in 1960-62 and their third in
1962-64.

examined; in the aggregate

If these assumptions are valid, then the
percentage occurrence of tuberculosis diagnosed
for the first time in 1960-62 and 1962-64 is
an estimate of the biennial incidence of
tuberculosis. Pertinent data are shown in

Table 16.

The number of new cases of tuberculosis is
small, as is the number of "negative'
in the 60 years and older class., Estimates of
incidence are instable. In fact, none of the
differences between any pair of rates shown in
Table 16 are meaningful in terms of the
variances of the estimates.

persons

Bearing this in
the findings shown may be summarized as
follows:

mind,
In each age-sex category the combined
4-year incidence rate of the group within
1400 m was slightly higher than that of the
group beyond 1400 m, but was lower than the
not-in-city group in the 60 years and older
class; Males and females in the groups within
and beyond 1400 m who are in the 50-59 years
age class had a higher combined 4-year
incidence rate than the corresponding sex-
exposure group in the 60 years and older class.
The not-in-city group did not follow this
pattern. The 2-year incidence rates, 1962-64,
were generally lower than those for 1960-62

No clear-cut pattern of differences among
exposure groups is discernible. This lack of
a pattern of incidence rates according to
exposure group is consistent with mortality
findings presented in the first section of
this report. However, no inference should be
drawn from the above analysis in view of
inadequacies in number and specificity of
data, as noted.
Survivorship A disease survival rate is a
measure of the severity of the disease, or
conversely a measure of host resistance to it
(inherent or acquired through prophylaxis,
therapy or other conditions). When two
population groups are compared with respect to
survival rates from a specified disease,
correct interpretation of the findings can be
achieved only if the stage of the disease is
the same in both groups at the onset of the
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TABLE 16

AT LATER ADULT HEALTH STUDY EXAMINATION,

PERCENT NEGATIVE FOR TUBERCULOSIS ON PRIOR EXAMINATION AND POSITIVE FOR TUBERCULOSIS

(PR R FE19504E10H 1 0 RAES0RELL 1)

LIFE SPAN STUDY SUBJECTS 50 YEARS AND OLDER 1 OCTOBER 1950
#£16 LMOBETEBEECH -2, ZOROBECHEZLBH AR ABEREGSEO TS H

Year of later

<1400m

1400+m

Not-in-city P IE

examination

"Negatives"

Record of tuberculosis

"Negatives"

Record of tuberculosis

"Negatives"

Record of tuberculosis

kol Jokcd -2 examined on examination examined on examination eﬁxg}énf% on examination
WEvE AR - > e 5 s 2 L i f . B EREE
i BETHEB LB s RE sl d BETHEE LR ENLE B B T
Male B Age &g 50-59
1960-62(2nd exam.,) 190 7 3.7% 279 19 4.3% 148 5 3.4%
(2 3R
WB2sedLInd. exam.)  yup 4 2.5 227 4 1.8 114 1 0.9
(H3mpR)
Combined . 3 . = .0 i . 4.3
experience &t fi 8
Female # Age S8 50-59
1960-62(2nd exam.) 104 7 3.5 375 1 0.3 178 3 Eu'F
(%2 mies)
1962-64(3rd exam.) 164 1 0.6 313 '-h 0.3 146 2 1.5
(% 3mig)
Combined 5 = 4.2 - & 0.6 . = $.9
experience & g
Male B Age i@ 60+
1960-62(2nd exam.) = 4 2 4.4
1 2. 94 0 0 45 .
(%2 MBE) it ‘
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(% 3 [0 3k g )
Combined . i 9.7 = @ Lok " " 139
experience #&it i
Female # Age i 60+
Ejelnesiond euamal gy 2 3.4 137 0 0 61 1 1.6
(F2mEs) ’
1962-64(3rd exam.) 34 0 0 108 2 1.9 38 9 2.6
(53 [P35
Combined - - 3.4 - - 1.9 - a 4.2
experience &t
Ages as of 1 October 1950
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survival experience. For many diseases it
would be practically impossible to ascertain
the scage, hence it is customary to estimate
survival rates from the time point of first
diagnosis. When possible gross classification
of stage may be made, e.g.,
cancer without metastasis; inactive tuberculo-

sis and active tuberculosis;

cancer with and

minimal active
and moderately or far advanced tuberculosis.
For the material at hand, the numbers are too
small to attempt classification by activity or
stage of the disease even if survival rates
were to be calculated for all of those on whom
computed incidence ratesabove have been based.

The simplest method of calculating survival
rates is the so-called modified life table
approach introduced long ago by Greenwood and
by Frost and commonly used in determining
By this method,
consideration is given to the time point in

cancer survival rates.

which individuals enter and leave (alive or
dead) This method
has been used in calculating survival experi-

the survival experience.

ence for all persons on whom a diagnosis of
tuberculosis has been recorded in the Adult
Health Study program.
question:

The findings answer the
What has been the survival of
persons on whom a diagnosis of tuberculosis
(any stage and any duration of disease) was
made sometime between 1 October 1958 and 30
September 19647 In
numbers too much, data on both cities and both

order not to reduce the

age classes have been combined.

It is found that among males on whom a

diagnosis of tuberculosis was recorded, 69.0%

of those in the group within 1400 m survived
to 1 October 1964, 69.7% of those in the group
beyond 1400 m, 78.3% of those in the
not-in-city group. Among females the survival
the
None

and

rates in the three exposure groups in

85.8%, 79.1%, 77.7%

of the differences among exposure groups are

above order were:

sufficiently large in terms of the variances
to be statistically significant.

the
comparability of the exposure groups in terms

Since there is no certainty as to

of stage of disease or its duration, a firm
conclusion cannot bedrawn from these findings.
All that can be said is that persons in the
three exposure groups recorded as having
tuberculosis survived to 1 October 1964 at
about the same rate.
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Discussion
tually sound,

The Adult Health Study, concep-

and satisfactory from a sampling
standpoint,
defects.

nevertheless has acquired certain
These are: Due to apparent selective
nonparticipation, the mortality pattern of
those examined in the Adult Health Study is
different from that of the Life Span Study
sample. It is lower. Also, the direction of
differences among exposure groups is not the
same as that observed in the Life Span Study
sample; due to mortality since its selection,
and to nonparticipation after the study began
to function, the sample has become small, and

of course, will continue to decrease

These limitations raise some questions
regarding the most effective utilization of
the Adult Health Study findings within the
terms of reference of ABCC's primary objective.
For example, can the findings provide a better
understanding of difference or similarity in
mortality among exposure groups? What inter-
pretation can be given to similarity or
difference in Adult Health Study findings on
morbidity when comparisons are made among
exposure groups?

While these and similar questions will be
examined later in conjunction with comments on
future research planning, pertinent points
emerge from the statistics on prevalence and
and on survival of
those recorded to have tuberculosis.

incidence of tuberculosis

In the main, among the exposure groups
the differences are slight and
irregular for each of the three statistics

caleulated.

comp ared,

No consistent pattern of
prevalence, incidence or survival is demon-
strated by any of the groups. The small
numbers of persons in some age-sex classes,
may account for this, particularly since the
smallness of the numbers prevented further
subclassification of the material according to
city and to stage or activity of disease

However, if the incidence-survival pattern
observed truly represents the epidemiologic
behavior of tuberculosis in these groups, it
would explain the closeness of tuberculosis
mortality rates among the exposure groups in
the Life Span Study sample during 1955-64.

In sum, with adequate data a better under-
standing of mortality patterns and trends in
these patterns in the Life Span Study sample
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could be obtained through the study of
incidence and survivorship in the Adult Health
Study sample. Such patterns and trends need
not be limited to mortality from all causes,
but to the whole spectrum of relationships
between morbidity and mortality., For example,
49 deaths occurred in the tuberculosis group
between 1958-64. Tuberculosis was recorded as
underlying cause of death in 14. How did
these 14 differ in terms of morbidity from the
remaining 357 What were the underlying causes
of death in the 35?7 Tuberculosis was underly-
ing cause of death in 18 of the deaths in the
total sample in this age class. What was the
morbidity in the additional four tuberculosis
deaths? When data are adequate these are some
of the important questions which profitably
could be examined.

SELECTIVE FACTORS IN THE AUTOPSY PROGRAM

-

The current autopsy procurement program,
initiated 1 January 1961 aims at performing
autopsies on all, or at least an unselected
the deaths among the Life Span
Lack of bias
in the selection is essential if effective use

portion of,
Study sample in the two cities,

is to be made of the autopsy material for
investigating differences among exposure
groups.

For this reason, it is considered worth-
while to examine the frequency of autopsies
among persons 50 years and older on 1 October
1950 who died between 1 October 1961 to 30
September 1964 in relation to sex, age, place
of death and cause of death. The work of
Angevine et alll cover the period October 1950-
September 1962, and summarizes the evidence on
selectivity of the autopsies prior to 1941.
Some bias was still evident nearly two years
after the initiation of the new procurement
program,

A total of 2088 deaths occurred among the
Life Span Study sample members 50 years and
older (1 October 1950) between 1 October 1061
and 30 September 1964. Of the 2088 deaths,
878 (42.1%) were autopsied. No difference in
autopsy rate is observed between sexes or
between the two age classes: 50-59, 60 years
and older.
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Differences in autopsy rates are observed
with reference to:

Exposure Group Among deaths in the group
within 1400 m the autopsy rate was 52.7%, it
was 41.6% in the group beyond 1400 m, and
39.3% in the not-in-city group.

Cause of Death When the certified underly-
ing cause of death was a malignancy, 49.9%
were autopsied; when it was some other

disease, 40.5% were autopsied.

Place of Death (as per death certificate)
When a hespital or clinic was recorded as
place of death, 51,3% were autopsied; when
home or no place was indicated, 38.9% were
autopsied,

To clarify the relationship of the three
variables above, the data have been subeclas-
sified as shown in Table 17

The following relations are to be noted: In
every exposure-group-place-of-death subclass
autopsy rates were higher for those with death
certificate diagnosis of a malignancy than for
others; except for the group within 1400 m

TABLE 17

AND OLDER
£17 #ROMRRFPLSOFEI0H 1 AR LOFIZH T SFHCHM S & CEIHE

BRI ZFEboh ORI ROBEHCIEVWTT
H A,

HEBEE M0mAEME T ACE PSR
52.7% &N, M00mLl Lo TIE4.6%, diHT
EEBTIENI%TH - .

FEA FECEEEICEIER A EMENG SRR a T
WAHBEI1349.9%, TOMOEEOE&1240.5%12
AT bR

B (ETRMBICLS) ECHEMfwkE L
HER LGSR TVAAEF D51.3%, KED
BAERIEBHORAN L VA 1238, 9% (2 E B A
Thbhr.

L3 2oEHOMEEMO S IZT ALY, T0E
BiERUToLH)CHsM LA, RoBEMEEERIZEY
+ 3,

FHBE - oS ET, BUZHESE
MREEIZ 2 - T SECHOBMEN Lo LN
o fo. 1400m il O HBRBE 2 BT IE, Wik L ER

NUMBER OF DEATHS AND PERCENT AUTOPSIED, LIFE SPAN STUDY SUBJECTS 50 YEARS
1 OCTOBER 1950

Group Place of death Underlying cause of death Died Autopsied %
B FECBAT iR SEC il f5: #
<1400m Hospital Malignancy BfEREE ... 23 11 47.8
i Other 20 .. .ii.... 40 17 42,5
Home Malignancy BIEMEM . .. 10 6 60.0
®E Other 20 ....v.... 115 65 56. 5
1400+m Hospital Malignancy BHfENEM , .. 138 84 60.9
i Other 20 ...ovuun. 224 108 48.2
!‘!,O_Ij’_}e Malignancy SEPEMES ... 96 38 39.6
it Other 2O, . ........ 933 349 37.4
Not-ina= Hospital Malignancy BIERRL ... 41 24 58.5
e e
rcnlv;?»'fwﬁ L Other 2Of «onvnnn.. 64 28 43.8
Home Malignancy BfEREW . .. 45 23 51.1
wh Other F@O#., o ovveaian 359 125 34.8
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autopsy rates were higher among those who died
in a hospital or clinic than among those who
died at home; the only substantial dif-
ference among exposure groups is found in the
high autopsy rate among those in the group
within 1400 m who died at home.

The conclusion seems warranted that some
selection in the autopsy program persisted to
1 October 1964 in favor of those who died of
malignancies or who died in a hospital. No
selection seems obvious with reference to
exposure group, except for the curious fact
that autopsy rates were high for those in the
group within 1400 m who died at home.

The bias found in these data is not of the
same kind or order of magnitude as that which
prevents use of autopsy material for general
population studies., For example, postmortem
examination of persons who die at home 1is
hardly ever done except when a coroner or
similar authority is involved. Here, 39% of
deaths at home were autopsied. e

The ideal of obtaining an unbiased sample of
all deaths is worth seeking but may never be
achieved because conditions that favor
selection cannot be completely eliminated. Tt
becomes important, therefore, to be able to
continue identification of selective factors
and to measure their effects,

That there is no apparent bias with respect
to exposure groups 1s highly significant
because certain comparisons among eXposure
groups could be undertaken if due account is
taken of the influénce of the known selective
factors. Consideration needs to be given an
analytic scheme appropriate for the purpose.
This will be discussed elsewhere.

RECOMMENDED FURTHER STUDIES

OQutlined are four interrelated studies that
have as their purpose to describe salient
phases of the relationship between exposure to
ionizing radiation in 1945 and survivorship
after 19350.

The most important is to determine whether or
not the trend toward equalization of mortality
among exposure groups is indeed occurring, and
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if so, the rapidity which this trend 1is

stabilizing. Such determination needs to be
carried out especially for the voungest
cohort. For survivors 50 years and older the
evidence is available. For persons in the
20-49 years cohort sufficient information on
which to base a judgment should be available
by 1970 or at the latest by 1980. By this
time, the direction of differences among
exposure groups should alsc be clear for the
cohort age 20 years or less in 1950. Projec-
tion of mortality of this cohort, assuming that
in future decades the experience of the group
within 1400 m would be like that of the older
age classes in the same exposure group during
1950-60, revealed that by 1980 mortality rates
of the exposure groups will become nearly
identical. By the time this age cohort has
achieved the central age of 70, the average
number of years lived by the group within
1400 m would be less than that of the other
groups; but the bulk of the reduction would

have been in the years immediately after 1950.

There are no technical problems of conse-
quence in this analysis which would use the
data of the Life Span Study sample.
effort should be made to expedite the koseki

Some

check so that complete mortality data could be
obtained at more frequent intervals than is

the case now.

Another important analytic study is to
identify causes of death that have contributed
or are contributing to the higher mortality of
the group within 1400 m, or are invelved in
the relative changes in mortality among
leukemia
mortality was very high in the youngest age
class of the group within 1400 m, but this
high rate does not explain the total differ-
enceinmortality between the groups within and
beyond 1400 m. Other causes of death apparent-
ly played a part in the differences among

exposure groups. For example,

exposure groups in this age class. However,
a differential change only in the frequency of
leukemia might perhaps account for a trend
toward equalization of mortality among the
A study of

differences among exposure groups with respect

exposure groups in this age class,

to changes in mortality from specific causes
is important even when mortality rates among
the exposure groups become equal, or reverse
direction in favor of the heavily exposed
group,
that late effects of radiation might be

since there is always a possibility
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manifested by a substitution of one cause of

death for another

There are certain shortcomings to be antici-
pated in this study. Prior to 1961, because
of marked biases in the autopsy case selection
procedures, the mortality data would need to
be restricted to the cause of death information
recorded on the death certificate. Beginning
with 1961, postmortem data from the Pathology
Studies can be introduced. However, it has
been shown that selection in favor of persons
who die in hospitals or from malignancies 1is
present in the autopsy material, even though
close to 50% of deaths in the Life Span Study
sample have been autopsied during 1961-64. It
is necessary that in bringing together death
certificate and autopsy information a scheme
of adjusting for such selection be formulated.
For effective use of autopsy material, proce-
dures for recording significant postmortem
findings, underlying and contributory causes
of death, should be standardized.

Another investigation needed to meet the
stated objective is to determine if patte;ns
of morbidity or physiologic changes which
antecede selected causes of death are different
among exposure groups. The risk of dying from
a specific condition at a certain time point
may be regarded as the outcome of the risk of
acquiring the condition and the risk of dying
from it within a given time interval prior te
the time point. The exposure groups could
differ in terms of either or both of these
risks and, if so, interpretation regarding
late effects of exposure would also differ.

For this investigation, the only useful data
available are those from the Adult Health
Study. The disease conditions or physiolegic
manifestations to be studied could be chosen
from those related to those causes of death
for which differences in frequency among
exposure groups have been noted, or those
related to those conditions which have been
shown by experimental and clinical evidence to
be affected by radiation. There are no dif-
ficulties in carrying out such a study from
the viewpoint of analytic technique, parti-
cularly if, as is planned, analysis of the
Adul t Health Study material will useamodified
life table or incidence-survival estimation
There may be difficulties of
interpretation when exposure groups are
compared. In the first place, deaths, migra-

approach.
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tion and refusal to participate are steadily
reducing the numbers of persons being examined
repeatedly. Secondly, at least during 1958-62,
mortality in the Adult Health Study sample was
lower than in the Life Span Study sample; and
differences in mortality among exposure
groups were not in the same direction as in
the parent sample. Careful consideration of
these facts is required in order to realize
the degree to which findings regarding
differences among exposure groups can be
generalized to the total Life Span Study
sample. Since the great value of the Adult
Health Study lies in the longitudinal data it
provides, careful consideration must be diven
also regarding accuracy, reljability and

consistency of the repeated observations.

A fourth areaof investigation is the validation
of certain assumptions regarding comparability
of exposure groups. One such assumption,
implicit in comparisons of exposure groups is
that they did not differ in other respects
relevant to mortality risks in 1950, or in
subsequent years, This is a strong assumption
and needs considerable evidence to support it.
Data available for analysis on the Life Span
Study sample show that differences in cumula-
tive mortality among exposure groups were
independent of occupation category. However,
the data on occupation referred to a span of
time, and therefore, further examination of
the original records to specify the time

points must be carried out

Data on sociceéconomic characteristics,
including occupation and changes in these
characteristics between 1945 and the present
have been obtained for survivors in the Adult
Health Study sample.
also shows no relationship to exposure groups.
Another set of data on the Adult Health Study
sample has been collected to determine X-ray
A preliminary analysis also

Preliminary analysis

experience.
indicates no difference among exposure groups.
These data on the Adult Health Study sample
require further analysis with particular
reference to effects of bias which may exist
in the Adult Health Study sample as mentioned

ahove.

While further analyses of data itemized will
reveal the extent to which the assumption is
valid that differences in sociceconomic status
have not affected the differences in mortality
among exposure groups, greater support for
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.
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R#HED 121, 1950FEE LV L Z20BOFECO KHIzHE
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B0, 5L THEEROABETLESVENRH .

MAREHESEFF R T 25T EO L SBENE
Bzo>wTid, 194682 o BAEE TOBYE, 25 UI2H
SRFNEREECERIAFEIRT VWS, 2OTH
BT AR T L C AL IR B L B BBETH 5. W
NEEBRES KB LT AERHXBEBREEZM L »
2t sk, —HoEROBRLENT bR A, 20T
FOBATIC L BB OB oZRED L AL L 5 2. A
BEAEHEHCHETAIZIALSOERICDVWTHR, #I
OBCHEETIPHLALZVEIRORY OBEBICER
EHVT, 3010 THNEAFZVENH3.

LBl L - REHoMF kb2 2212k, 48
BREREICE T MR, BRRIBEHOECHEDR
Mon#EEiErsi0TchvEt 5 MHY, LORE
NELVEEZL22HFW S IZENETHS 5, RET



this assumption would be obtained if infor-
mation on occupation or other characteristics
could be obtained from some other scurce such

as insurance records,

Another assumption is that late radiation
effects should be equally apparent in Hiroshima
and Nagasaki. There is first the prablem of
differences in radiation dose between the two
cities. This is being investigated thoroughly
as part of the Dosimetry Program. In addition
Hiroshima and Nagasaki differ, and apparently
have differed for years, in health and disease
characteristics. To what extent these
differences may bring about a difference
between cities with respect to comparisons
among exposure groups can be determined only
when more precise knowledge 1s obtained
regarding the nature and magnitude of the
health and diseases characteristics of the two
cities., To obtain such knowledge, vital
statistics and other pertinent official data
together with such differences as have appear-
ed in the findings of ABCC programs need to be
compiled and analyzed. L~

Conclusion Although views may differ as to
the priority to be given the studies proposed,
there can be no doubt that they are needed for
a more definitive description of disease and

mortality in the exposure groups after 1950.

More importantly,
common thread to further unite the several
major programs: Life Span Study, Adult Health
Study, Pathology Studies, and also the Leukemia
Fach of
these programs has its own special emphasis,
each has limitations due to a variety of
factors: Nature of the observations; their
accuracy and reliability; selectivity of
groups observed. In each of these programs
different study designs are employed for
analyses aimed at special objectives. Each
separate study in each program has contributed
or can contribute significantly to a greater
understanding of specific exposure effects.
But, in order to gain full advantage of the
longitudinal nature of the data collected in
all these years a common endpoint for all
these programs must be found. It is suggested
that this endpoint is the clarification of

these studies provide a

Detection Program and Tumor Registry.

mortality differences among exposure groups.
This can only be achieved by study in far
greater depth of the sequence of physiologic
changes, sickness and fatal disease,

Approved #F 10 December 1965
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APPENDIX
1 s
A NEW MODEL APPROACH TO SURVIVAL TIME ANALYSIS
HLWETFNICED2ETFHRBOBEN
pankward Kodlin, M.D. University of Pittshurgh
Principles Consider a failure time distribu- BRI FEMES O CREEEMEST O THEED
tion with density f(t) and cumulative

EAETEY S A s b5 ik £ ;
density F(t). The conditional density is SERMMOSMEXRR & 5. REOFERELRN LS

defined as NERT S,
6] = oS08
L-F(t)
Since now in general — R IR O BE AT D o

L
1-F(e) = e o 7(8) 4t

the density of any failure time distribution Ladat, ¥ o dafliaanls, v 2o EF 00
can be found from v(t) provided the latter

GAROFEEMNR LA, HEZE
is integrable. For example, GAOEEARD LN S EE
if v(t) = K _(eonstant #5)

thus 518
£(t) = Ke Kt (Euler)

Consider now w(t) in terms of the conditional FoT, Y OESEOZEMECEOMAI»LELT
yearly mortality rate, for example, the . R A LR R S R
Hiroshima data, 1950-64, males aged 50-59, By, BEOBE: 19506470 K BFFHZ 17 550 -
exposed within 1400 m from the hypocenter 59 1400 m R D HER S F( £19).
(Table 19).

A plot* of these rates shows that we have ZORAEFEY FE, BUSERFGNS.

the linear form

v(t) = c + Kt (1)

Thus Ld, T

Lo

e e - +—}-é—r,2},

therefrom obtaining the survival time density ThA L EEEMEE SR 5.
. K 2
£ty = (o + ko) o~ (c8H5 &) (2)
*Nof included. The reader can construct it from Tables 18 and 19 with sufficient accuracy,

sopuBerus, HEREBEY S FHCERSEEERTES.
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Finally, for the conditional mortality rate, BRI, RISt b 005t 2FEC 2

say between £t and t2, we write b I - 5 -

P = Pr { dying between t; and ty alive at tl}

{1 - Flep) - (1 - Flep)]}

{1-Fep?
2 _ 42,k
o -ty - ¢t - & =
= 1-e(fmt)e- (g -3 3)
From the plot* we estimate visually for the B*2 5, UO0mEBOBI LTROLES 2= 2.
group within 1400 m:
e =017
A .0325 - .017
= —— - = ,00111
K 11 00
thus predicting from (3) a 14 year mortality LEXFST, B2 4EMOFECRE RO LT
rate of % 32,

P=1-ce -14 x .017 - 196 x .000555

=1-e 3% o 993

in excellent agreement with the observation Zhid, BEE . 202 LRI —HLTWE,
. 292.

While the graphical estimates are providing a
good guess as to order of magnitude they

HAroon#EHIz L2HERE, Z0ORZIOREE,

should be used only as initial total values ZWAEWZES Elciilwnd, >FCBHATIBALE
for the maximum likelihood procedures now to EOMBOBEIE: LToaERTRE2TH 5.

be developed.

Maximum Likelihood Estimation of Parameters ¢ NS4 —%—cBETKDRKLEESA.

and K

Let Kok iizsl

N: number of people in sample EAXRPAFo A
d;: number of people dying at t; tj ¥ 3B

s: number of people surviving to end of follow-up, say t =7

BEM, 2exidt=T, OXKMITCOEHFEEH

Thus LidtsT,
N = 'Zdi + s
Then S, the probability of the sample is FITC, BEOWES I

S=1II (c + Kti]di-e -(ety +£2(- t?) di-e-(c?—+§.—}-2)3

*See footnot d page 41. 41—V FERH,
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and the likelihood

L= log 8= Eﬁi log (¢ + Kg;) - 2d.

The parameters have to be estimated by an
iteration procedure,”

We have

SL _s di
sc c + Ktl
sL dyty

5K ZC-}Kti

L

(e B = el 2

K5 — s — e, REETRD AT RIELS W]

I
4
[

-{ Eﬂiti ¥ et = aq

- %{Zditg + 872} = ag

52L d;
B e = a,
{t. 12

$2¢ {c+[\ti)
S2L _ ditzl —
52K (c + K2 4
5L ik

] S E:___Elﬁi__T = ag
ScsK {c + Kt;)2

Computing the quantities aj to ag with initial
trial values, say cg and Kg, one obtains
adjustments Sc and 3K by solving

835C +
dgge +

The process is repeated until the adjustments

are small., Approximate variances are then

Vic)

V(K)

For the numerical example we have with c¢y=
. 0170, Kg=-0011

B, Al cob L UKo, ZHGT a5 2508
RAHEL, ROLABOTHEM Se bEUFKERD B,

aSSK = -

I

a48K -ag

WEEF e 23T ERYELY. 22T, £
WhELWOTHRIIRD EFDIZLE S,

n
I

® ) i
o |”‘o: i

HEo@E LT, o= .0170 THhIEKe= .0011

*4 computer program for this operation has been prepared by Dr. Reoy €. Milten, ABCC.

given are based on this program.

Estimates

cofEEEFASAHOBTFHEME 725412, ABCC® Dr. Roy C. Milton 1 X - THM S h i, KIR+T#E# I

TS ALLESCLDTH B,
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lst cycle Ind cycle
%1 2 B

a -8.79 47
a, 173.20 2.28
ay -329,229.89 -330,959.70
a, -16,512,698.00 -16,350,393.00
a -1,948,454.70 1,938, 982.70
Se -2.94 x 1074 1.95 x 107°
5k 4.52 x 107° 9 x 1078
? . 016705 016707
K .00114521 .00114512
s(e) .001738
s(K) .000247

Thus,

95% confidence limits:

AN
013 <'e <.020

Moments and other Statistics of f(t)
1. Since we have
i
Jole + Kt)e

the survival time function f(t) is a proper

density. The parameter restrictions are

-(ct + %—tz)

LT, B%IEERR:

A
00065 <K < .0016

FHOE—AV FESVICZTOMOBETE

1z

dt = 1

ARSI oAE, EFHEMEE O rRaoEEMIT
H5. T A—&—ixt+ 5 BRI

0<€ec, K<

but if

Without proof, the following moments and
derived indices are:

2.  The mean survival time :

i
ne
+
baio
= e
g
=

3. The variance of survival times s2:

. . % i

c=0, K>0

AEMIE A < A,
BN THS.

T—Av bl UELINAIERIRD &

2. FidFMmt

=0

3. TR O e $2:

2



4. The 50% survival time tggt

ts0 = Vig)

5. The mode (most probable t) S
tnax
6. 'The inflexion: point tp:

tr =

RESULT

The results for thepopulation group of Table
18 are given in Table 19. The agreement be-
tween observed and expected mortality is
excellent (see also Figure 1) and therefore
mortality predictions for 1970 have been made
from the model (Table 20).
are based on the parameter estimates given in
Table 21. where the
estimates are shown together with their 95%

Those predictions
As seen in Figure 2,
confidence intervals, there is a consistent
pattern: "high ¢ - low K" combinatiens oeccur
for the group <1400 m, the opposite is true
for the unexposed group while for the 1400+m
group the combination is intermediate. As can
be seen from equation (1), ¢ reflects the
mortality in 1950 (t = 0) and K the yearly
mortality increment. Amore debated discussion
of this model will be found in a forthcoming
paper in Biomefrics which also describes an
additional model of potential use for the
analysis of mortality data in the remaining
age groups.

c,2

-%1%5-

4. S0%ETFHM ts:

o

K

5. BBE(BETTRESL t) to:

= 1 - _{i
dﬁ K
6- jSﬁl.‘#tl:
3 _¢
K K
s B

F18 1z H A AOBEMII TR AEE 2 #1902
LA BEHELITHEBEEE—HELTHY (K12
2H),
FOTMERSL L (£20). ZOTHBIE, #RAIZKRLE
NF A — s —nHEEMER VA, F2 IR AHEEM
ZOB%EREMLI A 6RB L5z, —BLAERY
Bhbhb. 1400 m £ # BF T3,
KAEw | w2 GhtiNED Y, EBEHTI,
Ihep¥obEsFEaohn, 140mll EOBIcbiT5H#lA

LA sT, 2OEFALICESTHTIT0FEOFEC

Thbhh, (e #®Ee,

Ghidil, zodlllTtssz. RNMizdshasiic, ¢
195048 ( ¢ = 0 ) OFELE T, KBFECHOFHENME
RY. TOETFNOEM L HMN I,
RETHTET, ZOHT, BIOERIEIZHT BT

HHEEoBERCHATEsEEBEbna0oETIVE BN

i ¢ Biometries IZ

B I

TABLE 18 1950 COMPOSITION OF THE POFULATION GROUP
#18 A ATTEE O 19504 o
Sk <1400 o 1400+m Nor-in-city
% AR
Age @ 50-59
Male & 643 4172 1712
Fewsle & 591 4538 1528
Age T 60+
Male % 391 3245 1059
Female & 439 3908 1554
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TABLE 19 BIENNIAL CUMULATIVE MORTALITY RATES 1950-64, BY SEX, AGE
AND EXPOSURE CATEGORY

#19 1950-GMFEhO 2HE T O RMITCTHE: 4 - Ef - #H1B 5

Male ® Female 4
Year <1400 m 1400+m N“;;QE;S;LY <1400 m 1400+m N°?g;i;;;tY
FE
0+ E* 0 E 0 E 0 E 0o E 0 E
Age f#3 50-59
2 .03 .04 .03 .03 .03 .03 .03 .03 .03 .02 .02 .02
4 .08 .07 .07 .07 .06 .06 .05 .05 .05 .05 .04 .04
6 22 .11 .11 .11 .10 .10 .08 .08 .07 .07 .06 .07
8 .16 .16 .16 .16 .14 .14 .10 .11 .10 .10 .09 .09
10 B1 B0 B0 BT LIy W29 Wl Sl <38 43 o G
12 .25 .25 .26 .26 .23 .24 .17 .17 - .15 .15 .15 .15
14 29 .29 a3l w3l . 429 29 a0 #2018 ils 18 o8
Agef i 60t
2 .10 .09 .10 .10 .07 .08 .11 .10 .07 .07 .07 .07
4 200 LW B J28 JB1 AF S0 18 LEE M8 IR 8
6 S B L8 SH B B B I 83 W38 JBh . o8
8 B E Al W BB R DB R D, e SEE, 88
10 Bl W68 BT B1 . B b sl osdE 0 gL kb 8 B
12 59 .61 .60 .59 .56 .56  +52 .52 .49 49 .52 sl
14 1 .71 .67 .67 .64 .64 50 459 .55 486 4BY B9

*0-0Observed ¥ E-Expected Mg £Expectations from the model. M#HfiIZETLd 53RN,

TABLE 20 OBSERVED CUMULATIVE MORTALITY RATES 1950-64,
AND PREDICTED RATES BY 1 JANUARY 1970
#20 190-MAFOBERMILCHE L9704 1A 1 H £ ToTHRBIECH

Not-in-city
+
<1400 m 1400+m S
Sex
i Observed Predicted Observed Predicted Observed Predicted
B T HEi TR My T
Age 85 50-59
Male$® .29 .43 i | . 48 .29 44
Female % .20 .30 .18 4 .18 .27
Age @y 604+
Male .71 . 88 .67 .84 .64 83
Female % . 59 .75 .56 T8 59 .78

From last two rows of Table 19
#HlOnRkEO 27 B L
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TABLE 21 COLLECTION OF MAXIMUM LIKELIHOOD ESTIMATESA{:\ AND K WITH
THEIR STANDA)PD ERRORS s[”::\) AND s(K) g

%21 BALEFBHRO» LKL zoEERE s (ObLrs(K)

Exposure Parameter Male 5 Female
M A=y 50- 59 60+ 50-56 60+
<1400 m e 01671 . 04280 L 01243 . 04896

s(e) 00174 L 00451 00146 . 00377

K . 00115 . 00636 . 00056 . 00201

s (1) . 00025 . 00078 . 00020 . 00056

1400+m e . 01393 . 04833 01109 . 03131
s(E) . 00069 . 00155 00049 . 00114

K . 00186 . 00448 . 00049 . 00402

S(K) . 00010 . 00025 . 00007 . 00018

Nok-in-eity 2 01252 . 03480 . 00959 . 03334
i1 P 7 2 5k L 00101 00245 . 00082 .00188

R . 00167 . 00546 . 00063 . 00431

s (&) . 00015 . 00042 . 00011 . 00031

-~

TABLE 22 STATISTICS OF f{t), THE SURVIVAL TIME DISTRIBUTION
#22 S FHMSG (L) OFIR

Male 8 Female %

Statistic

warg <1400 m  1400+m Notednwolby: gy o  qifoen  Debin-gity

A AE i AT

Age £l 50-59

T o713 23.1 24.7 38.6 1.6 38.6
. 32.5 20.4 21.6 4B.5 50.0 3g.1
- 5% B 1.0 8.6 3.4 3.3
b 23.1 20.8 22.3 32.3 35.2 34.2
¢ 15.0 15.7 17.0 20.1 22.5 24.6
max

b 97.2 25.3 27.1 37.6 41.3 41.2

Age 4 60+

£ 11.4 13.5 12.6 26. 4 14.5 14.0
% 1458 20. 8 14.5 37.1 17. 4 17.1
. 1.2 N o 5.1 .8 .8
b 9.5 9.8 10.8 11.5 12.3 11.8
¢ 5.8 4.1 7.2 0.0 8.0 7.5
max

5 11.0 10.3 12.8 7.2 14.5 13.8

: Mean survival time FssEmm
. Standard deviation of survival times :7EHMoEHEES

m

ST . Standard error of mean © FHToEwme

t50, tmax, t,,[ . 50% survival time, mode (most probable t) and inflection point
509 AF MR, MBI (L RS t), &S
Unit of measurement: Years from 1950
: R O M 1950 4F & & O 8
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