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Summary

Deaths in the RERF Life Span Study (LSS) sample have been determined for
the years 1950-85 and previous reports have described analyses of cancer
mortality using the revised Dosimetry System 1986 (DS86) doses (LSS Report
11, Parts 1 and 2). In this report, we examine the relationship to dose of deaths
from all diseases other than cancer.

Although the evidence is still limited, there seems to be an excess risk for
noncancer death at high doses (2 or 3 Gy and over). Statistically, a pure
quadratic or a linear-threshold model (the estimated threshold dose is 1.4 Gy
[0.6-2.8 Gy]) is found to fit better than a simple linear or linear-quadratic model.
This increase in noncancer mortality is statistically demonstrable, generally,
after 1965 and among the younger survivors (<40) at the time of the bombings,
suggesting a sensitivity in this age group. For specific causes of death, an excess
relative risk at the high dose level, that is, 22 Gy, is seen in circulatory and
digestive diseases. The relative risk is, however, much smaller than that for
cancer.

These findings, based as they are on death certificates, have their limitations.
Most significant, perhaps, is the possible erroneous attribution of radiation-
related cancer deaths to other causes. At present, the contribution such errors
may make to the apparent increase in noncancer deaths at the higher doses
cannot be estimated as rigorously as is obviously desirable. However, even now,
this increase does not appear to be fully explicable in terms of classificatory
errors.

Further follow-up of mortality in this LSS cohort as well as of disease revealed
by the biennial physical examinations of the morbidity subsample (Adult Health
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was published in Radiation Research (130:249-266, 1992). Full Japanese text will be

available separately; approved 10 June 1991; printed January1993.
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Study) of the LSS cohort will be needed to confirm this suggestion of a radia-
tion-related increase in martality from causes other than cancer, and to deter-
mine whether it results in a demonstrable life-shortening among the heavily
exposed atomic bomb survivors.

Introduction

Since 1950, the Atomic Bomb Casualty Commission (ABCC) and its successor,
the Radiation Effects Research Foundation (RERF), have studied a fixed cohort
of atomic bomb (A-bomb) survivors and suitable comparison subjects, the Life
Span Study (LSS) sample, to ascertain the effects of A-bomb radiation on mortal-
ity. Periodic analyses of the results of this surveillance continue. Recently,
mortality in the LSS sample has been determined for 1950-85. So far, two reports
on cancer mortality using the revised Dosimetry System 1986 (DS86) doses have
been published in this series;!? these reports concern (1) an assessment of the
impact of the change in dosimetry from the Tentative 1965 Daose (T65D) to the
DS86 system on site-specific estimates of radiation-related cancer mortality,’
and (2) several of the biological issues regarding radiation-induced cancer.?
Briefly, evidence of radiation-related increases in site-specific malignancies con-
tinues to emerge, and the increased number of cases with further follow-up has
strengthened some of the previously noted associations. However, it has not been
clear heretofore whether mortality from causes other than cancer is also in-
creased and whether life-shortening occurs that is attributable to these other
causes of death. Previous analyses of noncancer mortality during the period
1950-78° failed to reveal evidence of either of these possibilities except at doses
above 4 Gy (T65DR).

The present study addresses two issues, namely (1) temporal trends in the
dose-response relationship for mortality from causes other than cancer, using the
additional data accumulated in the 7 years during 1979-85 and the new DS86
doses, and (2) life-shortening, if any, due to causes of death other than cancer.

Methods

Exposure and the sample used in this analysis

Among a total of 120,128 LSS sample subjects in the extended cohort (LSS-
E85), there are 91,228 survivors on whom a T65DR dose? could be estimated; this
excludes 26,517 individuals who were not in Hiroshima or Nagasaki at the time
of the bombings (ATB), the “not-in-city” (NIC) group, and 2,383 A-bomb survivors
on whom a dose (T65DR) could not be estimated. At the time of this analysis DS86
dose estimates were available on a total of 75,991 (83.3%) of these 91,228 exposed
persons. Hereafter these 75,991 individuals will be referred to as the DS86
subcohort. Assignment of DS86 doses to individual survivors is described in
detail elsewhere.” Briefly, for persons exposed in Hiroshima within 1,600 m
(2,000 m in Nagasaki) in the open with burns and no shielding or in wooden
Japanese buildings and with a detailed shielding history, doses were directly
estimated by modeling the circumstances attending their exposure. The method
used makes provision for structural shielding and attenuation of the energy
deposited in specific tissues, posture, orientation, and age, but does not use
explicit transmission factors for either the wooden structures or tissues. At
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greater distances, if a detailed shielding history did not exist, doses were indi-
rectly estimated using average transmission factors derived from the individuals
exposed beyond 1,000 m in both Hiroshima and Nagasaki on whom doses were
directly computed.® As in previous LSS reports, estimates of shielded kerma
above 6 Gy have been truncated at 6 Gy; the doses on 99 individuals were so
truncated. All analyses are with regard to shielded kerma since no single tissue
surrogate seemed appropriate, given the heterogeneous nature and natural
histories of the diseases involved.

Ascartainment of death

Deaths are routinely identified through the obligatory household registries
(koseki) that exist in Japan, and ascertainment is essentially complete. Causes of
death are obtained from the Vital Statistics Death Schedules that are based on the
death certificates. The underlying cause of death has been classified according to the
International Classification of Disease (detailed code rubrics and the number of
deaths from specific causes are shown in Table 1 and Appendix Table 1).

Among a total of 28,737 deaths that occurred during the period 1950-85 in the
DS86 subcohort, there were 6,224 deaths from neoplasms—5,936 from malignant
neoplasms and 288 from neoplasms of a benign or unspecified nature. These
deaths and their relationship to ionizing radiation have been deseribed pre-
viously.b? The subjects of the present analysis are the remaining deaths, namely
20,777 deaths from all diseases except neoplasms, excluding 75 for which the
cause of death was unknown, 1,515 from all external causes, and 146 from “blood
disease” (Table 1). The accuracy of the diagnosis of death due to blood disease is
very low, and such deaths often include cases of leukemia and malignant lym-
phoma.? We have for these reasons excluded blood disease from the present
analysis. Therefore, throughout this manuscript, the term “noncancer” will refer
to all diseases except neoplasm and blood disease. The number of person-years
and deaths for a specific cause of death analyzed in this report are shown by
radiation dose, sex, age ATB, and period in Appendix Tables 2-8.

Statistical methods

The statistical methods we use are the same as those described in the first two
parts of this series.!2 Briefly, they involve the use of a grouped-survival analysis
based on a relative risk model.” Specifically, the model fitted can be described as
follows. Let i be the stratum in the cross-classification of city, sex, age ATB, and
follow-up interval; j be the exposure category; and Y,;, PY;;, M;; be the numbers
of deaths, person-years at risk, and the mortality rate in stratum i and dose group
J, respectively.

In the statistical analyses the person-years and the numbers of deaths are
aggregated and stratified by city, sex, 11 categories of age ATB (<5 years of age,
5-9, 10-14, 15-19, 20-24, 25-29, 30-34, 35-39, 4044, 4549, and >50), 7
follow-up intervals (1950-55, 195660, 1961-65, 196670, 1971-75, 1976-80,
1981-85), and 10 categories of radiation dose (0, 0.01-0.05, 0.06-0.09, 0.10-0.19,
0.20-0.49, 0.50-0.99, 1.00-1.99, 2.00-2.99, 3.00-3.99, and 24.00 Gy), yielding
3,080 strata. The 7 follow-up periods were further aggregated in some analyses
into the years 1950—65, 1966-75, and 1976-85.
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Table 1. Number of deaths by cause of death among 75,991
Dosimetry System 1986 (DS886) subcohaort members (1950-85)

Cause of death No. of deaths ICD 9th code
All causes 28,737
External cause of death 1515  E800-E999
Unknown 75
All diseases 27,147  001-799
Neoplasm 6224  140-208, 210-239
Blood disease 146  280-289
All diseases except neoplasm 20,777  001-799 except
and blood disease 140-239, 280-289
Infectious disease 1413 001-139
Circulatory disease 11,164  390-459
Stroke 6202  430-438
Heart (circulatory
disease except stroke) 4962  390-429, 440-459
Respiratory disease 2036  460-519
Digestive disease 2149  520-579
Others 4015

Under these circumstances, mortality in the ijth stratum can be modeled as:

where RRj; is the relative risk in stratum i of exposure group j, relative to
exposure group 0, after adjusting the background mortality rate for city, sex, age
ATB, and time since exposure. More specifically, RR;; is modeled as:

ERRij=1+b1Dy ,
RR;= l+le§- ,or

where Dj; is the mean total dose in the ijth category.

Since a priori there is little or no reason to believe that the effect of ionizing
radiation on deaths attributable to causes other than cancer is stochastic in nature,
we have routinely also fitted to the data a linear threshold model of the form:

1+b,D;~Dy) ifD;>Dy

RR..=
{1 otherwise

i

where Dr is the threshold dose. To determine the threshold, the deviance was
computed for arbitrary values and the threshold was taken to be that value which
resulted in the smallest deviance.
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To examine the effects of potential modifiers of the radiation-related risk, the
following simple model was used:

Modified RRij = 1 + (RR;j - 1) - exp(aX) ,

where X is the factor modifying the radiation effect, such as city, sex, age ATB,
and time since exposure.

Parameters are estimated by the method of maximum likelihood, assuming
that the numbers of deaths, Y}, are independent Poisson random variables with
expected values E(Y,) = PY;- M;y - RR;;, where PY,; the person-years at risk, is
treated as constant. Justification for this approximation is derived from the fact
that the resulting likelihood function is identical to that obtained from a survival
time model with the hazard function approximated by a step function that is
constant on each interval of follow-up.” The program AMFIT® was used to fit
various models. The differences in deviance between nested alternative models
are used to assess the improvement in fit as a result of adding terms to the
dose-response function.

Results

All diseases except neoplasm and blood disease

In Table 2, the relative risks of mortality from all diseases except neoplasm
and blood disease in the nine dose groups, relative to that of the 0 Gy dose group,
are shown by city, sex, age ATB, and period. The results are also shown for the
statistical tests for the homogeneity of the estimated relative risks among dose
categories and the significance of the dose response based on linear, linear-quad-
ratic, quadratic, or linear-threshold models with the threshold dose 1.5 Gy. The
relative risk tends to be higher in the highest dose range (i.e., 22 Gy) in both
cities, both sexes, and all age ATB groups combined for the total period 1950-85
(Figure 1). Statistically, the linear-quadratic model fits significantly better than
the linear model, but not better than the quadratic model. These tests correspond
to tests of the quadratic term and linear term in the linear-quadratic model,
respectively (Table 2). Comparison of the goodness of fit of the linear and
quadratic models shows the quadratic model fits better than the linear model,
but the difference cannot be tested statistically because the linear and quadratic
models are not nested. Although we assumed the threshold dose to be 1.5 Gy in
testing the fit of the linear-threshold model, without assuming the threshold dose
is significant (p = .01), when the threshold dose is estimated formally it is 1.4 Gy
and its 90% confidence limits are 0.6-2.8 Gy. This threshold model improves the
fit when compared to the simple linear model (p = .02). These results suggest the
dose response is nonlinear, indicating that the increase is primarily in the high
dose range.

The estimated relative risks in Table 2 suggest a difference between cities and
between sexes. However, comparison of the sexes and cities statistically fails to
reveal a significant difference in either instance. Dose response by age ATB group
also suggests that the relative risk tends to be higher in the highest dose range,
though it is statistically significant only for those exposed at ages 30-39 ATB.
The analysis for those survivors exposed before age 30 ATB, combining the three
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decennial age groups, 0-9, 10-19, and 2.0
20-29, reveals a statistically signifi-

cant increased risk with the quadratic

(p =.03) and linear-threshold (p = .04)
models. Furthermore, it is observed

that the risk is significantly higher for

those exposed before age 40 ATB than 15F i
for those =40 ATB.

Table 3 and Figure 2 give the dose
response for mortality from all dis-
eases except neoplasm and blood dis-
ease for the three successive periods 1.0 %} T
(i.e., 1950-65, 1966-75, 1976-85) oo E = 1.
within two age ATB groups, under 40

Relative risk

years and 40 years or over. As shown he

in Table 3 and Figure 2, for those Y

exposed before 40 ATB the increase ‘r

tends to appear in the most recent % 1 2 3 r 5
period (1976-85). The nonlinear Radiation dose (Gy)

models (linear-threshold or quad- .

viitic) Appsir ke At batter thin the Figure 1. E?ose-response curve of mortality
) ; : X ; from all diseases except neoplasm and

simple linear model in this period.  pjood disease—both cities, both sexes, all

However, the dose-response curve for  ages at the time of the bombings, 1950-85.

those exposed at age 40 or older ATB  The bars indicate the 90% confidence inter-

in the earliest period (1950-65) is U  vals of relative risk.

shaped (i.e., a negative downward

slope for the low doses and an upward slope in the high dose).

Table 4 shows the change in the regression coefficient by period for the <40
and =240 ATB groups separately. The coefficients in the quadratic and linear-
threshold models for <40 ATB tend to be greater in the later period. Although the
coefficients among the three periods are not significantly different, when only
two periods are used (<1965, >1965), the difference is marginally significant for
both the quadratic and linear-threshold models (p = .06). The coefficients in the
linear-quadratic model for >40 ATB are significantly different among the three
periods. This is due to the difference between the periods £1965 and >1965. There
is a negative downward slope for the linear term and an upward slope for the
quadratic term before 1966, implying a decreasing risk at low doses and an
increasing one at high doses, and no radiation effects in >1965. When the period
before 1966 is further divided into 5-year intervals, and age ATB 2 40 is divided
into 40—49 and >50, the downward slope in the U-shaped dose response is greater
for the period 1950-60 and age ATB = 50 (Appendix Table 9).

As described above, the analyses of the separate age and period subgroups
revealed that the dose-response pattern differs by age ATB and observation
period. These findings lead us to an alternative analysis fitting a different,
“mixed,” statistical model to the total data. In this model, we assume the dose
response fits the linear-quadratic model in the early periods, whereas the quad-
ratic model fits the recent periods, but the coefficients differ by age ATB.
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Figure 2. Dose-response curves of mortality from all diseases except neoplasm and
blood disease by age at the time of the bombings (ATB) and period. The bars indicate
the 90% confidence intervals of relative risk.
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Table 4. Change in regression coefficient by period

Age ATB < 40 Age ATB = 40
Period LQ
Q Test LT Test Test
Oy Oo
1950-65 0.0028 0.0249 -0.1589  0.0468
1966-75 0.0310 } 0.13 0.2152 } 0.10 0.1249 -0.0248 } 0.008
1976-85 0.0508 0.3977 0.0482 -0.0132

NOTE: The tests are of the homogeneity of the coefficients among the three periods.
Quadratic (Q) model: RR = 1 + w402, where dis in gray; linear-threshold (LT) model:
RR =1 + o4(d — 1.5); and linear-quadratic (LQ) model: RR =1 + ad + vpd? ATB =
at the time of the bombings.

For simplicity, observation period and age ATB were categorized. The obser-
vation period was divided into the time up through 1965, and the following years
up through 1985, and age was divided into under 40 and 40 and over ATB. Since a
linear-quadratic dose response fits the data in the period prior to 1961 and in the 50
and over ATB age group better than prior to 1966 and in the 40 and over ATB age
group, the year 1960 and 50 years of age ATB were also used as cut points,

Appendix Table 10 shows the results of the regression analyses. They confirm
that, in the early period, risk follows a linear-quadratic model in which the linear
term is significantly negative and the quadratic term is significantly positive, and
the significance is due to the older age ATB group. In the later period, however,
a quadratic model fits the data better, and the recent increase seems to result
from the younger age ATB group. The equations for the models we selected
(model 5-4 in Appendix Table 10) are as follows:

For age ATB < 40 in the period 1950-65: RR =1 + 0.0606d — 0.011242:
for age ATB 2 40 in the period 1950-65: RR=1- 0.1597d + 0.0469d?;
for age ATB < 40 in the period 1966-85: RR = 1 + 0.0425d?; and

for age ATB = 40 in the period 1966-85: RR =1 + 0.000842

Appendix Figure 1 shows four dose-response curves based on model 5-4.

Although a linear-quadratic model described the data best prior to 1961 and
50 years of age and over ATB, whereas the quadratic model was best after 1965
and under 40 years of age ATB, the model with three categories (period: <1960,
1961-65, and 1966-85; age ATB: <40, 40-49, and 250) did not fit better when
compared with models collapsing the data to two categories (i.e., period: <1960,
>1960 or <1965, >1965; age ATB: <40, 240 or <50, >50). Models collapsing the
data fit equally well (Models 5-4, 5-5, 6-4, and 6-5 in Appendix Table 10).

Specific diseases

Although it is not necessarily supported by statistical significance, the dose-
response curves for specific diseases follow that of all diseases except neoplasm
and blood disease in general. That is, the dose responses are nonlinear in the

10
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total period and the excess mortality stems largely from deaths in the younger
ages ATB and in the recent period. In the early years, a U-shaped dose response
(downward slope in low dose and upward slope in high dose) is seen for the older
ages ATB.

The relative risk of mortality from specific diseases among deaths due to
disease other than neoplasm and blood disease, and the results of statistical tests
of the significance of the dose response are shown in Table 5 for the total and in
Table 6 for the <40 age ATB group in 196685, where the excess was observed in
the category diseases other than neoplasm and blood disease. Figure 3 shows the
dose response for both groups—the younger ages in the recent period .and the
older ages in the early period. The results of testing the model for variations in
risk with age ATB and period are presented in Appendix Table 11.

Infectious disease. There is no evidence of a dose-related trend in mortality for
infectious disease in the total data and the dose response is not modified by age
ATB, sex, and follow-up interval, although a downward slope in the period prior
to 1966 and in the 40 and over age ATB group is marginally significant (Figure 3).
Mortality from tuberculosis, which includes the majority of deaths from infec-
tious disease, does not reveal any relationship with radiation dose (data are not
shown).

Circulatory disease. Mortality from circulatory disease in the years 1950-85
shows a significant association with dose. Mortality from stroke, however, does not,
but circulatory disease other than stroke (which we shall refer to as heart disease)
shows a significant trend over the total period (Table 5). In the later years (1966-85)
and the younger (<40) age ATB groups, however, mortality from circulatory disease
as a whole, as well as stroke or heart disease, shows a significant association with
dose, and the dose-response curve appears to be nonlinear (Table 6). Mortality from
“coronary heart disease,” which includes the largest number of deaths within the
heart disease category, reveals the same trend seen for heart disease in this period
and in this age ATB category (Table 6).

A difference in the risks by age ATB and period is observed in circulatory disease
as a whole, as well as in stroke or heart disease, as observed in the mortality from
all diseases except neoplasm and blood disease. A “mixed” model, assuming a
quadratic dose response for young ages ATB in the recent period and a U-shaped
dose response for the older age ATB groups in the early period, fits significantly
better than the quadratic model in the total period for circulatory disease as a whole
and for stroke (Appendix Table 11). The U-shaped dose response in the early period
is predominant for stroke and the excess in the later period is greater for heart
disease (Table 6, Figure 3).

Respiratory disease. Mortality from respiratory disease exhibits a nonlinear dose
response in the total period (Table 5). This dose response does not change by
follow-up interval, though the coefficient in the later period tends to be greater than
in the earlier one. However, this dose response for age 40 ATB in 1966-85 is not
statistically significant.

Digestive disease. A significant increasing trend with dose is seen in mortality
from digestive disease for the period 1950-85 (Table 5). This increase is demon-
strable in the later period and in the younger ages ATB (Table 6). Among
digestive disease categories, mortality from liver cirrhosis reveals the same dose
response as do digestive diseases collectively (Table 6). The dose-response curve

11
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Table 7. Risk estimates of mortality from all diseases except neoplasm and blood
disease based on a linear-threshold model, with the threshold dose assumed

tobe 1.4 Gy
. Estimated RR xcess deaths per tiributable risk
Diseast o GyH e PYGy A (‘E/o)ﬂ
All diseases except neoplasm and blood disease
Total 1.06 (1.02, 1.09) 1.18° (0.51, 1.19) 0.36 (0.16, 0.59)
Age ATB < 40,
period: 1966-85 1.19(1.10,1.29) 1.69 (0.90, 2.62) 1.49 (0.79, 2.30)
All malignant neoplasm?® 1.78 (1.64, 1.92) 10.00 (8.36, 11.8) 10.2 (B.50, 12.0)
Leukemia 8.84 (6.78,11.8) 2.29 (1.18, 2.73) 55.4 (45.7, 66.3)
All malignant neoplasm
except leukemia 1.58 (1.46,1.72) 7.41 (5.83,9.08) 7.86 (6.19, 9.64)

NOTE: The values within parentheses are the 90% confidence intervals.

@Based on 41,719 subjects exposed to 20.01 Gy (average = 0.285 Gy).

bFor the linear-threshold model the excess deaths depend on dose (i.e., excess death
= 0 if the dose < 1.4 Gy, 3.26 if the dose > 1.4 Gy, and the average is 1.18).

°The risk estimate is based on the linear model for all subjects.?

of digestive disease in the early period and the older ages ATB is similar to that
for all diseases except neoplasm and blood disease (Figure 3). Statistically, the
model, which assumes a linear-quadratic dose response in the early period and a
quadratic response in the later period, fits better than using the quadratic model for
the entire period. This period-dependent model is not modified by age ATB
(Appendix Table 11).

Other diseases. This category includes miscellaneous diseases. Deaths from senil-
ity contribute the largest number. Deaths from other causes bear no relationship to
radiation dose in the total period (Table 5). However, the dose response in the early
period follows the linear-quadratic model in which the linear term is significantly
negative and the quadratic term is significantly positive. In the later period, there
is no statistically significant evidence of a trend with dose, though we observe a
negative dose response (Figure 3).

Risk estimates of mortality from all diseases except
neoplasm and blood disease

To afford a comparison with the risks from cancer, summary measures of
risk—relative risk at 2 Gy, excess deaths per 10* PYGy, and attributable risk
(%)—are shown for all diseases except neoplasm and blood disease both for all
subjects and for those age < 40 ATB in the years 1966-85 (Table 7).

The relative and attributable risks are still much lower than those seen for
cancer, and the excess deaths are also much lower despite the high background
rate, reflecting no excess in the dose range 0 to < 1.4 Gy. Incidentally, there are
no excess deaths if the dose is < 1.4 Gy and the excess deaths are 3.26 if the dose
is > 1.4 Gy. The average is 1.18 in the entire population.
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Life-shortening

The analysis of mortality in the LSS sample has been guided in part by an interest
in the possible loss of life ascribable to causes other than cancer, The best evidence
of such a loss would be an increased age-specific mortality over the entire spectrum
of disease, especially disease characteristic of the later decades of life. The Gompertz
function, which is the logarithm of the age-specific death rate, has been shown to
describe adequately the mortality rate from most chronic diseases in adults. The
logarithm of the age-specific death rate yields a straight line, and life-shorteni ng is
suggested by an elevation of the Gompertz function. When the Gompertz function
based on all nonexternal causes of death exclusive of cancer and blood diseases in
the survivors exposed to 2 Gy or more is contrasted with the comparison (0 Gy) group,
it is observed that radiation-induced life-shortening is due not only to the induction
of neoplasms but to other nonexternal causes of death as well (Figure 4). The
evidence for the latter is seen especially clearly in the younger age ATB groups
(Figure 5A) in which the mortality rates are consistently and strikingly higher in
the 22 Gy group as contrasted with the 0 Gy group. When the observations for the
age ATB < 40 group were distributed over three periods, that is, 1950-65, 1966-75,
and 1976-85 (Figure 5B), an apparent increase in mortality at 2 Gy or more is not
observed until after 1966, while, for the age ATB > 40 group, a slight increase exists
in the early period, 1950-65 (at >50 years of age at death).

Life-shortening is expressed in years of life lost. We represented it by
loss of life expectancy. Table 8 shows the results of the projection in regard
to loss of life expectancy attributable to the additional cases of all diseases
except neoplasm and blood disease among those exposed to 2 Gy and over.
For reference, loss of life expectancy for malignant neoplasm for the same
subjects (=2 Gy) is also shown. The loss of life expectancy is defined as the
difference in life expectancies between the exposed and nonexposed groups. Life
expectancy for the nonexposed was calculated by using the Japanese life table
of 1985, A constant excess relative risk over all age and sex categories was
assumed for those exposed to 2 Gy and over (average = 3.3 Gy). Excess relative
risks are 0.10 and 1.29 for all diseases except neoplasm and blood disease and
malignant neoplasm,? respectively. The calculated loss of male life expectancy at
0 years of age for all diseases except neoplasm and blood disease is 0.4 years, as
contrasted to 3 years for malignant neoplasm.

Table 8. Projection of loss of life expectancy (in years) among survivors exposed to
>2 Gy (mean dose = 3.3 Gy)

Age ATB (year)

0 10 20 30 40 50 60 70
All disease except neoplasm and blood disease

Male 0.42 0.42 0.42 0.40 0.37 0.30 0.21 0.06

Female 0.32 0.31 0.31 0.30 0.28 0.25 0.18 0.05
Malignant neoplasm

Male 29N 2.90 2.87 2.79 2.55 1.92 1.03 Qa1

Female 2.17 2.16 2.12 1.99 1.71 1.27 0.68 0.12

NOTE: ATB = at the time of the bombings.

Sex

17



RERF TR 2-81

100

%4
=

-
=

o

-

Death rate per 1,000 person-years
=
t

0.1
0.08
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Is the dose response for noncancer 100

deaths the result of misdiagnosed ; Age ATD Baveiay)

cancer deaths? i 523 2'20'0 ;
As stated before, the observed ex- [ ey 4B 22.0 /

<40

cess mortality from blood disease
stemmed largely from misdiagnoses in
the cause of death through the errone-
ous inclusion of cases of leukemia
within this category. For all diseases
other than neoplasm and blood disease
a spurious positive dose response
could arise through the inclusion of
misclassified cases of radiation-
related cancer. To examine this pos-
sibility, we compared the observed
relative risk of noncancer mortality 0.1 N . i i P .
with the mortality expected assuming <20 20- 30- 40- 50- 60- 270
tlilat {la) there was, in fact, no radia- 2 Aggineﬁgagestf,r} 89
tion-induced excess of noncancer
deaths, but (b) the number of misdiag- Figure 5A. Age-specific death rates for all
nosed cancer cases increased as the diseases except neoplasm and blood dis-
excess cancer risk increased with dose. ~ @ase by radiation dose and age at the time

Table 9 shows the proportion of can-  ©f the bombings (ATB).
cers observed at autopsy among
deaths from all diseases except neoplasm and blood disease. Ten percent of
reportedly noncancer deaths were found on autopsy to be cancer deaths, and
although this proportion increased with dose, it was not statistically significant.
The increase in the percentage of cancers among the noncancer death certificate
cases from 10% (<1 Gy) to 18% (=21 Gy) is about what one would expect based on an
observed relative risk of radiation-induced cancer of 1.8 for >1 Gy (mean dose = 2.1
Gy), suggesting that the probability of a classificatory error is not dose depend-
ent, but the expected number of errors increases as the relative risk of cancer
increases. Table 10 shows the proportion of cancer deaths based on autopsy
among noncancer deaths by cause of death. The proportion varies from 5.5%
(stroke) to 19.8% (liver cirrhosis).

We calculate the relative risk of a noncancer death being an erroneously
assigned cancer death, assuming no radiation-related excess in noncancer
deaths, as follows:

10}

Death rate per 1,000 person-years

1 + (excess RR of cancer) x (percentage of cancer among noncancer deaths) .

To calculate the expected relative risk, based solely on misdiagnosis, we
used the relative risk for all cancers, reported in Part 2 of this series,? of 1.4,
1.8, and 2.2 at 1, 2, and 3 Gy, respectively. The percentage of cancer in the
total autopsy series, 9.9%, was adjusted (divided by 1.087) to account for the
fact that the autopsies also include exposed individuals (i.e., the distribution
of autopsied subjects is 0.5, 0.45, and 0.05 for 0 Gy, 0.01-0.99 Gy, and >1 Gy,
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Figure 5B. Age-specific death rates for all diseases except neoplasm and blood disease
by radiation dose, age at the time of the bombings (ATB), and period.
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respectively, the mean dose in these e 530 0 /
dose categories is 0, 0.15, and 2.1 Gy, | — — <40

40

and the relative risks of cancer, based
on a linear dose response, are 1.0, 1.06,
and 1.8. Thus [0.5 x 1] + [0.45 x 1.06]
+[0.05 x 1.8]1=1.067).

Table 11 shows the relative risk of
noncancer disease due to misdiagnosis
of cancer, and the observed relative risk
of noncancer. Relative risk due to mis-
diagnosis is higher in those diseases in
which the percentage of cancer is high,
such as liver cirrhosis, as one would

T T T LT

T T TTIIry

Death rate per 1,000 person-years

expect. However, the observed relative %' 0 50 30— 40- 50- 60— =70
risks exceed the estimated values at 2 29 39 49 59 69
or 3 Gy. Thus, the observed significant Attained age (yr)

excess mortality at high doses cannot be
entirely explained by the misclassifi-
cation of cancer.
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Table 9. Autopsy results for noncancer death certificate cases, all diseases except

neoplasm and blood disease

Radiation dose No. of No. of  Autopsy rate Cancer found on autopsy
(Gy) deaths autopsies (%) No. %
Total 20,777 2610 12.6 251 9.6
0 9490 908 9.6 102 11.2
0.01-0.99 10,507 1561 14.9 124 79 ] “ia
1.00-1.99 506 93 18.4 19 20.4
>2.00 274 48 17.5 6 12.5 } %7

Table 10. Proportion of cancer deaths based on autopsy diagnosis among deaths
stated to be due to noncancer causes on the death certificate

Capse ot desth No. of No. of Cancer found on autopsy
deaths autopsies No. %
All diseases except neoplasm 20,777 2610 251 9.6
and blood disease

Circulatory disease 11,164 1368 84 6.1
Stroke 6202 798 44 5.5
Heart disease 4962 570 40 7.0
Respiratory disease 2036 244 31 12.7
Digestive disease 2149 308 59 19.2
Liver cirrhosis 697 121 24 19.8

NOTE: Data for infectious and other diseases are not shown.

Table 11. Relative risk of noncancer death based solely on misdiagnosis from
radiation-induced cancer assuming no excess in noncancer deaths

) Relative risk
Disease
1 Gy 2 Gy 3 Gy
All diseases except neoplasm  1.04 (1.04) 1.07 (1.17) 1.11 (1.38)
and blood disease
Circulatory disease 1.02 (1.05) 1.05 (1.21) 1.07 (1.46)
Stroke 1.02 1.04 1.07
Heart disease 1.03 1.05 1.08
Digestive disease 1.07 (1.09) 1.14 (1.38) 1.22 (1.86)
Liver cirrhosis 1.07 1.15 1.22

NOTE: Values within parentheses are the estimated relative risk (RR) of noncancer
mortality based on modsl 5-4 of Appendix Tables 10 and 11 for age < 40 at the time of
the bombings (ATB), 1966—-85. Model 5-4 is as follows:

RR =1+ 04, - d - I(T<1965) + atp;- d? + agj- d2 - I(T < 1965) ,
where j = age ATB category; d is in gray; and I(T < 1965) = 1 if the period is 1950-65

and 0 if the period is 1966—85.
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Discussion

It is important to examine the hypothesis that radiation shortens life through
an increase in a variety of causes of death other than cancer. In our most recent
previous analysis,? based on the revised T65D, the cumulative mortality from all
causes except neoplasm, calculated by the life table method, did not in general
increase with dose. Neither did analyses of individual disease categories show
such an effect. However, it was noted® that the only evidence of a radiation-
related effect on mortality from causes other than cancer came from the highest
T65DR exposure group, 24 Gy. A significant elevation was seen for the entire
cohort as well ag in three of the combination groups (Hiroshima, females, and the
35—-49 age groups).

With the accumulation of seven more years of follow-up beyond that avail-
able for the previous analysis and with the new dosimetry, we find stronger
evidence of an excess in risk from noncancer mortality at doses of 2 Gy and
over. In previous analyses of the LSS sample,®® it was pointed out that the
observed excess mortality from blood disease stemmed largely from misdiag-
noses of the cause of death through the erroneous inclusion of cases of
leukemia within this rubric. In the present analysis, when deaths from “blood
disease” were compared with the leukemia registry in the period 1950-82, the
same finding holds true (Appendix Table 12). Therefore, we have excluded
blood disease from noncancer deaths in our analysis. Mortality from all
diseases except neoplasm and blood disease shows a significant increase with
dose for the entire period 1950-85 (Table 2). This increasing trend, however,
is not linear but linear threshold. Furthermore, the dose response is different
between follow-up intervals and age ATB. In the early period, it follows a
linear-quadratic model, where the linear term is significantly negative and
the quadratic term is significantly positive. In the later period, however, a
linear-threshold dose response fits the data better. In addition, the recent
increase seems to result from the younger (<40) age ATB groups (Figure 2).
When the analysis was extended to specific disease categories (e.g., circulatory
disease, respiratory disease, and digestive disease), the dose response in these
disease categories generally exhibits the same tendency as that seen for all
diseases except neoplasm and blood disease (Figure 3).

The present analyses are based on 83% of the 91,000 members in the LSS
sample who have T65DR doses; however, recently DS86 doses have been esti-
mated on an additional 12,000 or so persons, so that now the new doses are
available on 95% of the sample. Preliminary analyses of this larger cohort do not,
alter the present results. However, we must await further follow-up to reach a
definite conclusion as to the reality of this recent increase in noncancer mortality,
since many members of the younger age ATB group have not yet entered those
ages at which mortality normally increases appreciably.

It is not unreasonable to assume that the effects of radiation on cancer
induction (which is presumed to be a stochastic phenomenon), and on noncancer
mortality differ, and that the latter may follow a nonstochastic process with a
threshold dose. However, given the recent evidence of a transforming gene in the
atheromatous plaque,'” the increase in cardiovascular disease is a particularly
intriguing finding, and may suggest, if the association is real, that the effect of
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ionizing radiation on atherosclerosis should be treated as a stochastic phenome-
non, Further data will be especially interesting in this regard.

When the observations on deaths attributable to all diseases except neoplasms
and blood diseases are displayed as a Gompertz curve (age at death specific
mortality rate in a logarithmic scale), a significant increase is seen in the 22 Gy
group (Figures 5A and 5B) especially for age ATB < 40.

The loss of life expectancy was calculated for both the cancer and noncancer
cases. The calculated losses of life expectancy, on average, at 0 years of age are
0.4 and 3 years for noncancer and cancer, respectively. The higher value for
cancer undoubtedly reflects the larger excess relative risk (sevenfold) and rela-
tively earlier appearance of cancer death than noncancer death, though the
background death rates are higher (three- to fourfold) for noncancer death. In the
present analysis, we used the stationary population described in the 1985 Japa-
nese life table, and cancer and noncancer death rates in 1985. Our estimated
value should be close to, but not exactly the same as, that estimated for the LSS
cohort only after all of the subjects have died. The life lost from a fatal cancer was
estimated for 2.0 Gy and over (average = 3.3 Gy) in order to compare this value
with that for noncancer death. Life lost at 1 Gy is 0 years from noncancer death,
since the threshold dose was estimated to be 1.4 Gy, but 0.9 years for cancer
deaths. This latter value is well within the range estimated in the UNSCEAR
report.}! However, the estimated life lost from radiation-related disease can be
expected to vary greatly with the age composition and death rates in the back-
ground population. Therefore the estimated life lost we calculate should be seen
as being merely a useful guide appropriate possibly only to the Japanese.

Factors that may spuriously cause the dose effect on noncancer mortality

The findings we have described, based as they are on death certificates, have
their limitations, and a number of factors other than radiation could contribute
to the apparent increase in noncancer deaths. Most significant, perhaps, is the
possible erroneous attribution of radiation-related cancer deaths to other causes.
To examine the impact of such errors on the observed increased relative risk of
noncancer mortality, we have utilized the information on classification errors
revealed by the autopsy and tumor registry data that are available as well as the
clinical data provided by the Adult Health Study (AHS).

We have discussed the autopsy material in the Results section. Elsewhere,
Sposto et al.!? report a statistical analysis of these same data whose purpose is
to determine whether the observed dose response in noncancer mortality can be
attributed solely to misclassification of cancer deaths. He and his colleagues too
conclude that the nonlinear dose response in noncancer mortality cannot be
explained by simple misclassification of cancer into the noncancer category.
Indeed, they conclude that “the significance of the noncancer dose response was
relatively insensitive to underestimating the cancer misclassification rate, but
sensitive to assuming that cancer misclassification was positively associated with
dose.” However, they, like we, find a positive association of misclassification with
dose improbable since it would require the physician certifying the cause of death
to know the dose, and for the most part the survivors themselves do not know
their actual doses.
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Since tumor registries exist in Hiroshima and Nagasaki, the tumor registry
data for the period 1958 (when they began) through 1985 were also investigated
as a source of material for this problem of misdiagnosis. The proportion of cancer
included in all diseases except neoplasm and blood disease is lower than that
based on autopsy data (see Appendix Tables 17A, 17B). Thus, if the relative risk
of noncancer deaths is calculated using the tumor registry data, assuming no
radiation-induced excess of noncancer deaths but that the number of misdiag-
nosed cancer cases increases as the excess cancer risk increases with dose, the
risk should be lower than that derived from the autopsy series.

Other problems such as the accuracy of the death certificate, dosimetry
change, place of death, and other confounding factors are discussed in detail in
the Appendix. Briefly, none of these factors, singly at least, will explain the excess
in noncancer deaths observed. We find the accuracy of the diagnosis of disease
when the death certificate is compared with autopsy or clinical findings to be
fairly good. For the autopsy findings, if not only the primary but the contributory
causes of death are considered, the confirmation rates range from 69% (coronary
heart diseases) to 86% (stroke) exclusive of such diagnoses as senility, nephritis
and nephrosis (Appendix Table 13), and other infectious diseases except for
tuberculosis that are either difficult to confirm at autopsy or cannot be confirmed
(senility for example). It should be noted that these latter diseases, with the
exception of senility, make a small contribution to the totality of causes of death.

When the causes of death as stated on the death certificates of members of the
AHS exposed to 2 Gy or more were compared with the clinical diagnoses made at
the biennial examinations, the confirmation rate was 83% for all causes of death
and was also high for each separate cause (Appendix Table 14). These findings,
while reassuring, obviously do not set to rest all of the uncertainties in diagnosis,
and particularly so in those nonaccidental deaths that occurred suddenly.

Other studies

Other studies with which these findings can be compared are few. However,
the follow-up study of ankylosing spondylitis patients who received radiation
therapy!® suggests that there was a 51% increase in deaths from diseases
other than neoplasm. The high mortality was not confined to those diseases
recognized clinically to be associated with spondylitis, but was observed also
for all other groups of disease, though to a lesser extent. The report,!® how-
ever, concluded that the excess was likely to be associated with the disease
itself rather than with X-ray treatment, since a similar excess was also
observed in unirradiated patients.'* However, it is worthwhile to mention that
the excess in unirradiated patients was confined to males and that the excess
in patients with X-ray treatment was higher among females, where an excess
in unirradiated patients was not observed. This suggests that there may be a
relationship between radiation therapy and mortality from diseases other
than neoplasm not related to ankylosing spondylitis. Among U.S. radiolo-
gists,'® a higher mortality has been reported not only from cancer but also
from cardiovascular diseases and from other nonneoplastic diseases when
compared with other medical specialists. Among British radiologists,!® how-
ever, an increase in mortality from noncancer causes was not observed.
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The findings we have described on heart disease are supported by an earlier
study'” of the incidence of stroke and coronary heart disease among the
participants in the AHS in the years 1958 through 1974. It was conducted on
cases ascertained on the bases of specific criteria using clinical findings
including ECG results and autopsy, and did not depend simply on the clinical
diagnosis made at the time of the AHS examination. This study showed the
incidence to be significantly higher among women in Hiroshima who were
heavily exposed, that is, who received a T65 dose of >2.00 Gy. However,
since an exposure effect was not seen in women in Nagasaki or in men in
either city, and since there was some evidence of a higher autopsy rate among
the heavily exposed women in Hiroshima, this association was not widely ac-
cepted as real although it could not be explained by a confounding of any of the
major cardiovascular risk factors such as smoking, an elevated level of serum
cholesterol, or the occurrence of hypertension. This study has since been extended
to include the years 1958 (when the AHS began) though 1986. The new results!®
confirm the earlier elevation seen in risk among heavily exposed women in
Hiroshima, but now there is also a significantly elevated risk among Nagasaki
men. It is also interesting to note that the period prevalence for liver cirrhosis,
based on clinical diagnoses, appears to be increased among the participants in
the AHS in the high dose groups.'® These findings, although based on a substan-
tially smaller sample, are consistent with the observations on mortality within
the LSS sample as a whole.

Commentis on the arguments by Stewart and Kneale

In two recent papers, Stewart and Kneale?®?! have suggested that the LSS
cohort of A-bomb survivoers studied by RERF may be biased. This notion is
derived from the fact that the LSS sample was established in 1950, and that
deaths occurring before the follow-up studies, that is, during 1945-50, may have
served to select survivors who were resistant to a radiation effect. In their
analysis, based on the T65 doses, they found no radiation dose response in
cardiovascular disease categories. They did, however, observe a U-shaped dose
response for deaths in the general category of all nonneoplastic diseases other
than cardiovascular disease. They also found that the negative downward slope
for the lower doses was more pronounced in the earlier period, and decreased in
time, while the upward slope at the higher doses, presumably ascribable to bone
marrow scarring, remained relatively unchanged. This, they maintained, was
consistent with their idea that the early survival or selection effects could cause
an underestimation of cancer risk among A-bomb survivors.

It should be noted that it is difficult to characterize the general category “all
diseases except neoplasm and cardiovascular disease,” since it includes many
diseases that are unlikely to be related to immune competence, though Stewart and
Kneale called this category “infectious disease.” However, the ICD category “infec-
tious disease” consists of only “tuberculosis” and “other infectious disease.” We
observe no dose response in these disease categories, It should be mentioned too that
the earlier analysis® of deaths in the LSS sample specifically addressed tuberculosis.
In that report, data from population surveys in the late 1940s were analyzed, and
no relationship was observed between dose and death due to infectious disease.
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Given Stewart and Kneale’s contention that the A-bomb survivor data are
biased, we have examined their hypothesis more closely with the present
observations on mortality during 1950-85 and the new doses. We have further
subdivided the disease categories and have sorted the data into three
periods: 1950-65, 1966-75, and 197685, A summary of these results follows.

(1) Mortality from diseases of the circulatory system (cardiovascular disease)
shows a significant increase with dose particularly for the younger age groups
ATB in the recent period. Mortality from both stroke and circulatory disease
other than stroke (i.e., heart disease) exhibits a significant increasing trend for
the latest period. This finding is inconsistent with their findings showing no
excess in cardiovascular disease mortality.

(2) Mortality from all diseases except neoplasm, cardiovascular disease, and
blood disease (the latter was excluded because of the frequency of misdiagnosis
of blood disease based on death certificates) suggests a U-shaped dose response
function for the total period and it is clearly significant in the early years, as
Stewart and Kneale observed. However, this tendency was seen only for age 40
and over ATB in the period 1950—65. Further division of this disease category
reveals that a similar, significant U-shaped dose response is observed only for the
“other” disease category in which the majority of deaths were attributed to
senility, This is in general a poorly understood or ill-defined condition, but it
seems unlikely to be related to immune competence or to bone marrow damage
as their hypothesis would suggest. Incidentally, for circulatory disease, a U-
shaped dose response was observed for age 40 and over ATB in the early period
as well. This finding is inconsistent with Stewart and Kneale’s argument that
the selection effect is particularly important for infectious diseases and that there
is no evidence to support a seleciion effect for circulatory disease.

(3) The critical question then, is whether this selection effect is significant
with respect to the interpretation of cancer risk. A deficit in noncancer mortality
is observed in the early period and the possible confounding with cancer mortal-
ity is likely to be confined to the same period. In epidemiological studies in
general, the “healthy worker effect” does not have much impact on cancer
mortality after several years of follow-up.??-?* Since radiation-induced cancers
(with the exception of leukemia) are observed primarily in the later period, the
healthy worker effect would not be applicable. Incidentally, the lifetime risks of
leukemia and all cancers except leukemia were calculated after correction for
the selection effect observed before 1966 among those who were 40 years of age
or more ATB. The adjusted lifetime risks of leukemia and all cancers except
leukemia increased by only 7% and 5%, respectively, as compared with the
unadjusted risks.?® Little and Charles®® also have recently analyzed the selec-
tion bias in the A-bomb survivors using published data. They too concluded that
there is no evidence to suggest that selection on this basis might confer
correspondingly reduced susceptibility to radiation-induced cancer.

UNSCEAR’s recent comparison!! of the risks of causes in the LSS with those
in the ankylosing spondylitis patients and women treated for a cervical malig-
nancy shows reasonably good agreement between the LSS risks and those
obtained from the use of medical X-ray data. Indeed, the risks in the LSS sample
are generally higher than the others, which is inconsistent with Stewart and
Kneale’s argument.
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Appendix. Discussion of Factors that May Spuriously Cause the
Dose Effect on Noncancer Mortality

Accuracy of the underlying cause of death cited on the death certificate

Perforce, in the present analyses, we have accepted at face value the underly-
ing cause (or causes) of death cited on the death certificate. It must be borne in
mind, however, that many causes of death so reported are inaccurate, and these
inaccuracies could obscure a true radiation effect or create a spurious one. It
should be further noted that these inaccuracies are not unique to this study. They
plague, to a greater or lesser degree, all epidemiological uses of death certificates.

To provide some insight into the degree of inaccuracy in the present instance,
we have compared the statements on the death certificates with the findings at
autopsy for all of those deaths in the entire LSS sample in which an autopsy
occurred at ABCC-RERF during the period 1950-85.27 Appendix Table 13 pre-
sents the confirmation and detection rates this comparison revealed. It will be
noted that these rates are lower generally than those seen when cancer is the
cause of death.?® But, when not only the primary cause but the contributory causes
are considered, the accuracy of the diagnoses on the death certificate is fairly good.
Justification for considering all causes, principal and contributory, in assessing
accuracy rests largely on the variation among pathologists in their selection of
the principal cause of death when several possible explanations exist. The
obvious implication of these reporting inaccuracies, nonetheless, is that cause-
specific analyses will vary, possibly substantially, in their reliability. However,
if accuracy is not related to dose, and we have no evidence that it is, then the
findings reported are acceptable approximations to the truth.

The clinical diagnoses at the AHS examination were also collated with the
cause of death among those members of the AHS sample with doses of 2 Gy or
higher. The results are shown in Appendix Table 14. It is possible that diseases
that could occur suddenly, that is, a stroke or heart attack (coronary heart
disease), may have occurred after the last symptom-free examination under the
AHS program. Similarly, if the duration from the last examination to death is
fairly long, say 10 years, the cause of death might not be related to the diseases
found at the last AHS examination. Accordingly, such deaths were categorized
as “undetermined” and 59 were excluded from the following observations. The
larger proportion of the undetermined deaths were said to be attributable to
stroke and heart disease. For the remaining deaths, if the causes of death
matched the clinical diagnosis in ICD disease category at any cycle of the AHS
examination, directly or “in the established sequence,” the cause of death was
regarded as “confirmed” by a clinical diagnosis. The confirmation rate thus
determined is 83% for all causes of deaths and is also high for each separate cause
of death.

For liver cirrhosis, the death certificates were also compared to the total
examined AHS sample in Hiroshima using all information available,?® that is,
autopsy findings, clinical diagnosis, clinical laboratory findings, including liver
function test and HBs antigen, and the epidemiological survey information,
(history of liver cirrhosis and alcohol intake). The results are given in Appendix
Table 15, where the priority assigned to a given source of information de-
creases from the top when more than two sources of material were available.
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The number of cases confirmed by either autopsy findings or AHS diagnosis is 19
+ 18 = 37, or 48.1% of 77 deaths ascribed to liver cirrhosis on the death certificate.
When the source material was extended to include less certain sources of infor-
mation, such as a past history in the epidemiological survey, the total number of
confirmed cases increases to 57, or 74.0%. Sixteen of 23 autopsy cases (69.6%)
were confirmed by principal pathological diagnosis, as shown in Part B of
Appendix Table 15.

Misdiagnosis of cancer deaths

Some proportion of the excess deaths from noncancer diseases could be attrib-
utable to the inclusion of misclassified cases of radiation-related cancer. To
investigate this possibility, autopsy findings and cancer cases, registered in the
Hiroshima and Nagasaki tumor registries, were collated with the stated under-
lying cause of death.

Autopsy data. A systematic autopsy procurement program began at ABCC in
1961. In the early years the autopsy rate was relatively high, 30%—40%, but it
decreased with time and <20% of deaths occurring in 1975 were autopsied. At
this time the systematic procurement of autopsies was stopped. Over the years
196685 the autopsy rate was very low, around 10%—20%, and particularly so for
survivors in the younger age ATB groups. Unfortunately for our purposes, these
were the years when the significant excess mortality from all diseases except
neoplasm and blood disease appeared. Thus, the recent autopsy data, though
valuable in their own right, provide a limited basis on which to examine the
possible role of misdiagnosed cancer cases in the apparent increase in deaths
ascribed to other causes. Nevertheless, using the data that are available, we have
attempted to examine the effect of missed diagnoses on the dose-response rela-
tionships among the young ATB (<40) in the period 1966-85. Using the values in
the lower panel in Appendix Table 16A, we estimate that among the 67 —42.9 =
24.1 excess deaths in the >2 Gy group, the number of possibly misdiagnosed cases
of cancer would be 67 x 1/10 (1/10 represents the proportion of observed cancer
cases among all deaths in this rubric) = 6.7. Thus, not all of the excess seen in
this category of death can be explained by the inclusion of misdiagnosed cases of
cancer. When the observations were extended to all ages ATB and all periods
combined, similar results were obtained, but the effect is less statistically signifi-
cant (Appendix Table 16A).

For heart disease (Appendix Table 16B), the estimated number of deaths
from cancer erroneously included in the total of 44 deaths in the >1 Gy group is
44 % 1/10 (1/10 represents the proportion of observed cancer cases among all
deaths in this dose group attributed to heart disease) = 4.4. Since the excess
number of deaths in the 21 Gy group is 7.9 (44 — 36.1), not all of this excess can
be explained by the inclusion of misdiagnosed cases of cancer. It is important to
note that this estimate, 4.4, assumes that all cancers in the 21 Gy group are
radiation related; whereas, in fact, at most 40% are.

For liver cirrhosis (Appendix Table 16C), among the 20 — 12.5 = 7.5 excess
deaths in the 21 Gy group, the number of cancer deaths erroneously attributed
to liver cirrhosis would be at most 20 x 1/2 (1/2 represents the actual proportion
of cancer cases observed among the deaths attributed to liver cirrhosis) = 10. In
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the worst case, that is, if we assumed that all cancer cases in this rubric were
radiation-related, there would be no dose-response effect.

For comparison with the results described above, similar analyses are included
in Appendix Tables 16D-F for circulatory disease (including heart disease),
coronary heart disease, and stroke.

Tumor registry data. Appendix Table 17A shows the number and proportion
of cancers reported in the tumor registry for the various dose groups. Since the
significant excess mortality from all diseases except neoplasm and blood disease
appeared after 1965 and in the younger age ATB (<40) group, the proportions of
cancer reported in the tumor registry in this group are also shown. The proportion
of cancer is 4.3% overall and is higher in the high-dose group. The ratio of the
proportion of cancers in the 22 Gy group to that in the 0 Gy group is about 2. This
value is close to the relative risk of cancer for the 22 Gy group. The proportions
of cancer seen in 196685 among individuals under 40 ATB are almost the same
as those in the total period for all ages. The tendency of the proportion to be
higher in the high-dose group, however, is less clear in this time and age group.
Since these proportions are lower than those observed in the autopsy series
(Table 9), even if the relative risk of noncancer mortality based solely on misdi-
agnosis from radiation-induced cancer is calculated using tumor registry data, it
is lower than in the autopsy series (Table 11).

Clinical data. Similarly, the information on cancer, based on clinical diagnosis
at physical examination (the majority were duplicated with tumor registry data,
naturally), revealed 12 cancer cases, which is 9.0% of the 133 patients, who were
exposed to 22.0 Gy.

Place of death

We have also examined the possibility of bias related to the place of death, that
is to say, whether death occurred at home or in a hospital.

As shown in Appendix Table 18A, the proportion of deaths occurring in a
hospital differs by radiation dose, year of death, age ATB, and assigned cause.
Deaths occurred relatively more frequently in a hospital within the high dose
group (2.0 Gy), in the more recent period (1976-85), in the younger age ATB
group (<40), and for malignant neoplasm.

The greater proportion of deaths occurring in a hospital in the high dose group
(vs. the 0 Gy group) is reflected in a higher estimated relative risk at 1 Gy for
“deaths at hospital” than that for “deaths at home” for specific causes as well as
for all noncancer deaths combined. A similar, but less significant tendency is
observed for all cancer except leukemia (Appendix Table 18B).

The accuracy of causes of death on death certificates for specific diseases
differs by place of death as shown in Appendix Table 18C in terms of the
confirmation and detection rates.

As previously mentioned, place of death is confounded by radiation dose, and
it is worthwhile, therefore, to examine the effect on the dose response of making
an adjustment for place of death in terms of a correction factor for the accuracy
of death certificate diagnoses (ratio of confirmation to detection rates), as shown
in Appendix Table 18C. Since the data available for such an adjustment are
limited to certain diseases, adjustments were made only for deaths attributed to
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heart disease and liver cirrhosis. It will be noted that the relative risks of heart
disease and liver cirrhosis (total period, all ages ATB) in the 22 Gy group, which
were 1.34, and 1.66, are 1.26 and 1.60 after adjustment, respectively (see Appen-
dix Table 18D). Thus, in summary, an excess relative risk still occurs after
adjustment for both heart disease and liver cirrhosis.

General risk factors

It is well known that noncancer mortality is related to factors other than
radiation, such as the association between smoking and mortality from cardio-
vascular disease, and the association between alcohol intake and mortality due
to liver cirrhosis. Accordingly, if the high radiation dose group includes a larger
proportion of subjects having these risk factors than the low dose groups,
spurious radiation effects could arise. So far, no positive correlation between
radiation dose and smoking or alcohol intake has been observed in this co-
hort.17?? Nonetheless, further investigations of other possible confounding fac-
tors as well as of the interaction between radiation and other risk factors, if any,
are obviously needed.

DS86 subcohott

The present analyses are based on 83% of the 91,000 members of the LSS
sample who have a T65DR dose. It is conceivable that one of the reasons for the
excess mortality observed in the present report is the fact that these analyses are
limited to the DS86 subcohort. However, recently doses have been estimated on
an additional 12,000 or so persons so that doses are now available on 95% of the

sample. The relative risks of this larger cohort do not differ from those seen in
the DS86 subcohort.

30T : Appendix Figure 1. Estimated dose-
AgeATB (yr) Peried response curve for all diseases except
_____ <40 <1965 neoplasm and blood disease. The bars
25 [ 240 <1965 / indicate the 90% confidence interval. ATB
— — <40 >1965 / = at the time of the bombings.
240 >1965 .
2.0
-
=
215
=
L]
o
1.0
05 |

0 1 2 3 4 5 6
Radiation dose (Gy)
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Appendix Table 1, Number of deaths by cause of death

Cause of death No. of deaths ICD 9th code
All diseases except neoplasm 20,923
Infectious disease 1413 001-139
Tuberculosis 1151 010-018
Other infectious disease 262 (001-138)-(010-018)
Blood disease 146 280-289
Circulatory disease 11,164 390-459
Stroke 6202 430-438
Heart disease (Circulatory disease 4962 390-429, 440-459
except stroke)
Rheumatic heart disease 180 390-398
Hypertensive heart disease 626 401-405
Other hypertensive disease 337 401, 403, 405
Coronary heart disease 1765 410-414
Endocarditis 297 424
Cardiac insufficiency 1095 428
Other heart disease 385 415-423, 425-427, 429
Other circulatory disease 277 440-458
Respiratory disease 2036 460-519
Acute bronchitis 57 4486.0
Pneumonia 1233 480-486
Influenza 44 487
Chronic bronchitis 191 490, 491
Emphysema 108 492
Asthma 329 493
Other 74
Digestive disease 2149 520-579
Peptic ulcer 392 531-5383
Appendicitis 27 540-543
Continued
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Appendix Table 1. Continued

Cause of death No. of deaths ICD 9th code
Intestinal obstruction 137 550-553, 560
Gastritis 290 535, 555, 556, 558, 562
Liver cirrhosis 697 571
Other liver disease 168 570, 572, 573
Other 438
Urinary disease 513 580-599
Acute nephritis, nephrosis 107 580, 581, 584
Other urinary disease 406 582, 583, 585-589
Other 3502 The rest
Senility 1565 797
Other 1937
Neoplasm 6224
Malignant neoplasm 5936 140-208
Neoplasm of benign and unspecified 288 210-239
nature
External cause of death 1615 E800-E999
Accident 832 E800-E949
Suicide 527 E950-E959
Homicide 34 E960-E969
Other external causes 22 E970-E999
Unknown cause of death 75
Total (all causes of death) 28,737
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Appendix Table 2A. Number of person-years at risk, sexes combined

Radiation Dose {Gray)
Period Age ATB

Total a .01 .06 .10 .20 .50 1.00 2.00 3.00 4.00+
-.05 -.09 -.18 ~. 48 -.89 -1.88 -2.B8 -3.99

Total Total 2165338 984271 553960 119981 148869 188322 102708 55281 L8B3l 8423 RY1g
0-9 548016 238281 1B0O17 30785 38031 44878 18879 10577 3405 1030 1193
10-19 407883 243257 111655 25988 28791 39838 24623 13561 9634 2278 2269
20-29 320042 140542 BOT4D 17483 22346 27328 1868860 S611 3317 g12 1104
30-39 335011 145483  B4791 189039 24128 32187 16248 8827 2569 722 1017
40-49 208752 133394 69923 16287 23522 27085 16207 galo 2444 E81 a89
G0+ 184622  B3313 45935 10430 12850 15998 9082 £374 942 241 447

1950-55 Total 388082 175293 98148 21183 26618 33632 16436 T 3272 1056 1302
0-4 B3250 36166 24322 4654 5787 67499 3020 1621 544 166 181
10-19 77233 37759 17298 3895 4430 G177 3838 2140 a76 351 357
20-29 50694 22217 12778 2745 3528 4365 2819 1575 a4l 148 180
d40-39 5BBE1 24528 14432 3213 4074 5323 2810 1484 4T 142 199
40-49 B0GE5 27039 14168 3291 4679 5542 3267 1729 522 133 210
50+ BObA0 27588 15149 3287 4143 H426 28941 1427 315 a8 185

1956-60 Totml 350795 157785 88486 10247 24093 80355 16719 028 2959 938 L1148
0-9 78817 34252 23050 4414 5462 5428 2861 1529 507 155 170
10-19 72466 35350 16246 3783 4178 5807 3600 2001 825 a3h 340
20-28 47424 20780 11958 2586 3301 4070 2463 1461 500 140 165
30-38 52582 22765 13384 2989 3801 4458 2584 1380 426 122 172
40-43 54101 24124 12658 2810 4204 4928 2458 1551 460 125 188
50+ 45364 20514 11209 2556 3158 4165 2245 1108 241 B0 110

1961-65 Total 330780 148816 83501 18176 22744 28539 15730 8487 2791 877 1070
0-3 78348 34025 22943 4395 5428 6339 2838 1514 482 155 170
10-19 71620 34836  1BOB2 3742 4148 5720 3545 1961 816 330 340
20-29 46653 20468 11733 2551 3261 881 2428 1431 483 131 165
30-39 s0%2e 22111 12897 2889 3657 4844 25603 1345 405 110 165
40-48 49802 22292 11638 2692 3925 4525 2728 1405 427 1 158

50+ 33341 14984 8208 1908 2325 3120 1688 830 169 40 71
1966-70 Total 310411 139893 78383 17100 2i361 26884 14853 7869 2619 843 Je8
0-9 77936 33798 22886 4373 5405 6371 2823 1505 473 155 188
10-13 70860 34612 15002 3698 4083 5653 3504 1924 813 325 338
20-28 45780 20124 11500 2507 3207 3909 2385 1381 478 130 162
30-39 48752 21214 12258 2764 3525 4873 2385 1302 374 106 152
40-19 44682 20007 10323 2434 3584 40565 2434 1243 371 104 128
50+ 22400 10142 5535 1326 1549 2033 1127 514 112 24 40

1871-75 Total 289580 130438 73458 16011 19807 24820 1355l 7271 2431 798 a01
0-9 77462  336B0 22787 4337 5374 5339 2802 1452 470 158 185
10-19 63881 34155 15656 da672 4040 5680 3454 1850 795 320 ai9
20-29 44708 19670 11277 2437 a1z 3798 2344 1334 458 125 155

30-39 45848 188897 11564 2637 33zo0 4438 2204 12189 34l a3 133
40-49 38096 16979 8876 2127 3082 3418 2083 1040 301 85 36
50+ 13484 B077 3327 Bl 478 1248 654 298 BB 15 32

1976-80 Totanl 288137 120730 68533 14766 18279 23046 12338 BEZ1 2219 738 800
0-9 TBOSE 33380 22583 4308 5337 5208 2786 1470 468 154 165
10-18 68671 33586 15402 3802 3987 5435 3375 1844 766 310 295
20-28 43284 19026 10963 2376 3018 3887 2252 1257 440 120 147

40-39 42419 18466 10702 2417 3052 4168 2007 1115 do01 B2 110
40-49 30042 13333 7180 1878 2378 2711 1812 792 215 69 BS
50+ G765 2929 1750 386 510 E30 308 144 29 3 18
1981-85 Total 248881 111310 B33BS 13508 16668 21176 11218 BOOT7 2021 B8O Ti2
0-8 76256 33102 22388 4284 5267 5246 2750 1445 462 150 163
10-18 B7162 32848 15068 3435 3919 5405 3305 1802 742 287 280
20-23 41488 18258 10528 2281 2524 3508 2168 17 410 118 130
30-33 37702 16400 9574 2120 2700 3781 1745 a82 247 G6 87
40-43 21384 8621 5070 1158 1669 1918 1118 548 143 48 43
50+ arls 1080 758 169 188 318 131 87 10 0 10
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Appendix Table 2B. Number of person-years at risk, males

Radiation Dose {(Gray)

Period Age ATE
Total o .01 .06 .10 .20 .50 1.00 2.00 3.00 4.00+
-.04 -.08 -.19 -.49 -.99 -1.89 =2.88 -3.88

Total Total B34895 397381 185872  4BYBY 53983 BEBTH 36528 22583 7018 2480 3323
0-8 268107 117945 77314 14903 18683 21540 da614 3428 1635 593 450
10-19 21289668 110233 43413 11721 11278 16509 2943 G774 2763 g32 1401
20-28 B5E22 31847 14343 3818 3085 5088 3215 2230 587 188 320
30-39 98454 48410 20487 5680 5923 014 4654 2973 622 30l 409
40-49 114483 54037 23524 6490 8782 EERES 6228 a810 B35 218 508

50+ 75258 34811 16811 4357 53z2d B534 3877 2367 513 227 235
1950-55 Total 164800 73692 35488 8584 9388 12818 B351 4328 1313 468 BBO
0-9 40852 17999 11733 2269 2833 3277 1467 838 272 89 76
10-19 33485 17342 8838 1810 1751 2663 1434 215 431 155 221
20-28 10848 5236 2383 816 670 852 528 388 a9 33 54
30-39 L7658 B853S 3739 997 1083 1673 BE1 530 124 63 a4
40-43 25355 11994 5209 1433 1B61 2260 1358 BSS 223 43 121
50+ 26823 12627 6086 1480 1781 2284 1302 803 178 BS a7
1956-80 Total 137448  B5308 41471 7113 8928 11341 B187 a847 1173 408 574
0-9 38618 17015  ll1e02 2151 2681 3096 1386 786 252 B8 BE
10-19 31242 16141 6395 1713 1648 2410 1328 B48 109 140 210
20-29 10022 41838 2202 578 620 773 488 357 85 30 a0
30-38 16225 7918 3436 829 893 1443 795 482 107 51 78
40-49 22193 10496 4586 1230 1654 1851 1213 750 185 40 108
a0+ 18145 8900 4270 111z 1334 |BEY 478 523 138 50 66
1961-B5 Total 127636 60703 297569 7184 8278 10487 5734 3522 1065 467 528
0-9 38288 16861 11030 2137 2687 3078 1371 118 228 B8 H]
10-19 30804 15919 6307 16986 i6a7 2381 1296 832 401 135 210
20-29 9776 4736 2124 568 Bl 753 477 345 83 28 a0
30-33 15563 76837 3268 889 938 1386 780 462 100 45 70
40-49 19893 3434 4097 1111 1504 1702 1095 658 162 36 92
50+ 13302 BI17 2935 793 931 1173 735 448 89 40 41
1966-70 Total 117796 566150 27432 BEGY T879 89523 5205 3180 978 343 477
-9 38048 16723 10934 2123 2849 3062 1365 71 223 i1 G4
10-19 30377  l5722 6202 1679 1595 2348 1272 813 289 132 210
20-29 8457 4603 2044 547 380 723 467 327 85 25 al
30-39 14553 7182 2994 829 883 1320 B98 438 a7 45 B1
40-49 16943 Bo23 3436 a76 1341 1455 a7 562 127 33 73
a0+ 8417 38E8 1833 516 626 708 485 264 58 24 19
1871-75 Total 108256 51573 25483 6138 7028 8851 4676 2872 a10 326 418
0-9 a7760 16583 10924 2092 2835 3037 1354 765 220 85 60
10-19 249804 15438 5049 1681 1574 2318 1244 805 389 130 189
20-28 4084 4432 1965 531 539 702 452 309 85 25 5
30-39 13179 6518 2694 71 797 1219 BOS 404 80 41 48
40-43 13861 5408 2770 806 1103 1170 772 452 a7 30 52
50+ 4768 2189 1062 21 378 108 248 137 40 15 12
1976-80 Total 98828 47058 23608 hE28 B3RY B129 4107 2560 825 293 348
0-9 37474 16472 10833 2076 2623 3010 1342 755 220 84 GO
10-13 29087 15074 5902 1618 1558 2267 1204 88 373 124 1Bl
20-29 8564 4162 1880 511 508 B71 415 272 a3 25 40
30-33 11563 5718 2363 691 684 1108 511 360 70 32 34
40-49 10033 4656 2123 590 ao04 872 540 320 B5 25 34
50+ 2202 a17 504 142 191 202 85 B8 14 3 ]
1981-85 Total 0034 42888 21683 5043 5712 7430 3670 2274 753 256 316
0-9 37057 16287 10709 2056 2596 2380 L323 40 220 80 B0
10-19 28187 14597 5721 1545 1525 2217 1185 770 362 1186 170
20-29 7871 3839 1747 467 458 609 387 231 7% 25 a3
30-39 9708 4836 1978 578 540 458 423 297 54 23 27
40-48 6415 3028 132a 343 521 583 332 213 36 12 27
50+ 796 314 207 58 T2 84 33 23 5 ] 0
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Appendix Table 2C. Number of person-years at risk, females

Radiation Dose (Gray)
Period Age ATE

Total 0 0l .08 .10 .20 .50 1.00 2.00 3.00  4.00+
-.08 -.09 -.19 -.49 -.99 ~-1.99 -2.93 -3.93

Total Tota]l 1350441 O5HBBBH0 357888 73022 HG5EB86 119643 BB180 32877 11285 3483 3548
D-9 280810 120337 83603 15862 19347 23339  1026§ 5148 1770 497 743
10-13 284827 133024 BB242 14266 17514 23329 15680 7787 2871 1346 868
20-29 254420 108696 BG326  136BE 18362 22238 13445 7381 2728 723 84

30-33  236b57 97073 Ba324 13358 18206 23173 115684 5854 1947 421 608
40-49  1B4259  T8357 46400 9797 14728 17101 3981 4500 1548 463 382
50+ 108369 48403 28024 6073 7528 10464 52135 2008 429 13 212
1960-65 Total 234182 101606 B2151 12689 18630 20813 11545 5650 1959 n88 642
0-9 42388 18168 12589 2388 2934 3523 1552 784 272 1 115
10-13 43768 20417 10461 2185 2679 3608 2404 1225 446 206 137
20-29 30846 16981 10396 2128 2855 3513 2091 1187 451 1LE 127
30-39 39023 15834 10693 2218 2981 3750 1943 955 350 79 105
40-44 35230 16045 BH549 1857 2818 3282 1508 B75 288 a7 a3
50+ 33917 15061 8053 1827 2353 3137 1638 B24 142 13 68

18966-60 Total 213308 924749 56515 11534 16184 18015 10533 5181 1786 a3l 572
0-3 40199 17237 11048 2263 2772 J3aa 147¢ 743 2565 70 105
10-18 41224 18208 49851 2070 2530 3387 2272 1153 417 195 130
20-23 37402 15941 9758 2008 2681 3288 1875 1104 415 i10 115

30-39 36358 14850 2928 2070 2608 3517 17483 598 320 7l 47
+0-48 da14q08 13827 8083 1680 25448 2975 1743 801l 275 a5 80
50+ 26219 11614 6939 1444 1624 2488 1263 483 105 0 15
1961-B5 Totml 203154 88113 53743 10882 14465 18112 9997 4965 1727 510 542
0-9 40050 17164 11813 2258 21781 4419 14E7 749 254 0 105
10-18 40816 18018 9775 2047 2520 3339 2250 1128 415 195 130
20-29 3BBTT 18732 g608 1883 2851 3238 1951 1088 408 108 118
30-39 35083 14474 9632 2000 2149 448 1743 883 308 BS a5
40-49 30010 12859 7541 1581 2421 2821 1633 747 265 78 66
50+ 20033 #2867 5213 1113 1394 1947 954 a8l B0 Q 30
1966-70 Total 182616  B3744 50891 10431 |36z 17072 3454 1ERH 1641 500 all
0-9 39888 17073 11883 2250 2758 3310 1458 735 250 70 105
10-148 40483 18880 8700 20139 2497 3305 2232 11058 414 183 128
20-29 36323 15521 3458 1860 2EB28 3180 1918 1054 351 105 112
30-38 34200 14022 9283 1935 2637 3354 1687 864 287 61 g1
40-49 27738 11883 BBET 1458 2243 2599 1517 681 244 T2 55
50+ 13983 6256 3702 &10 g2z 1324 642 250 55 il 21

1971-75 Total 181325 7B8GE5S 47996 9873 12880 15989 8874 4309 1520 1B 483
0-9 39692 16971 11833 2245 2739 3303 1448 727 250 70 105
10-18 40077 18717 3807 2012 2466 3264 2210 LDBS 40B 150 120
20-29 35625 15238 8313 1908 2574 3094 192 1025 373 100 110

30-39 32770 13479 8870 1866 2523 3220 1588 Bl4 261 52 &5
40-49 24435  1DETI 6107 1320 1979 2248 1321 588 203 55 43
ai+ BT26 3888 2265 524 500 B40 404 159 26 0 20
1976-80 Total 169208 73672 44880 g138 11808 143818 g2al 4061 1393 445 451
0-9 99483 16808 11760 2233 2714 3286 1444 715 247 70 105
10-19 39564 18522 4500 1884 2429 3227 2171 1058 383 186 114
20-29 34720 14888 084 18EB 2508 3016 1837 985 57 85 107
30-39 0860 12744 8338 1728 2368 o062 1496 755 231 50 76
40-49 20009 8677 5087 1088 1570 1834 1073 472 150 44 32
B0+ 4563 1852 1241 244 318 488 210 (g 15 0 18
1981-85 Total  156G4T 68412 41702 8465 10858 13745 7948 3733 1268 424 HaE
-4 38200 16816 11677 2228 2672 3286 1421 708 242 70 103
10-19 38875 18251 9347 1850 2304 3188 2ldl 1032 380 151 110
20-29 33628 14419 8782 1815 2466 2809 17681 841 43k 83 a7
30-39 27994 11564 75498 1545 2180 2823 1321 EBS 183 44 1]
40-49 14928 6595 3747 816 1148 1338 786 336 113 36 17
50+ 1922 T68 550 111 116 232 a7 34 il i 10
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Appendix Table 3A. Number of deaths from all diseases except neoplasm and
blood disease, sexes combined

Radiation Dose {Gray)

Period Age ATB

Total 0 .01 .06 .10 .20 .50 1.00 2.00 3.00  4.00+
-.05 -.09 =:1d -.43 -.89 -1.99 -2.99 -3.89

Total Total 20777 3400 5158 1108 1411 1786 1032 508 148 15 B0
0-9 324 158 78 13 26 32 9 3 3 l |

10-19 814 402 189 44 34 b1 42 24 B 3 4

20-29 329 435 230 42 a9 78 36 a1 Bl 2 7

30-39 2441 1068 630 144 168 187 142 B1 a0 7 13

40-49 5995 2676 1441 310 448 540 326 167 52 13 22

90+ 10274 2760 2591 996 676 638 877 220 19 19 28

1950-58 Total 2801 1360 768 143 174 227 135 54 18 g 13
0-9 53 22 13 l 1 g 3 0 1 0 0

10-13 149 B3 39 4 § 8 2 B 0 | 0

20-29 143 63 35 6 14 12 1 & 0 1] 2

30-30 196 B4 52 13 0 16 L4 5 3 1 1

40-49 438 201 113 24 24 42 20 7 6 0 !

b+ 1922 307 516 95 120 139 a1 32 8 7 L]

1956-60 Total 2939 1430 725 154 194 283 105 75 17 6 10
0-9 i5 23 11 1 4 5 1] i] 1 0 0

10-19 108 1] 16 3 1 13 3 3 2 L ]

20-29 108 47 31 3 5 13 3 5 1 0 0

30-39 183 78 43 10 18 16 [ 3 a 1 3

40-49 515 239 118 a1 38 4B 20 5 1 2 1

50+ 2040 983 G508 108 128 188 65 47 ] 2 B

1961-65 Total 2969 1319 76 151 187 252 171 66 139 [ 12
0-9 28 20 L} 1 2 0 0 1 0 0 a

10-19 B4 28 26 it 5 10 2 5 1 0 0

20-29 a0 44 24 3 5 0] 3 1 0 0 0

30-39 212 BS 62 17 10 15 17 4 2 0 0

40-49 B0S 2173 158 20 41 47 42 15 ] I il

b0+ 1950 869 504 103 134 170 107 40 11 5 17

1966-T0 Total 2958 1357 725 143 201 268 138 a8 23 5 il
0-9 41 23 7 2 4 3 2 0 0 0 a

10-19 86 10 22 | T T 4 3 2 0 1]

20-29 103 50 23 | ] 7 4 6 1 0 2

30-39 285 136 5l 9 21 18 12 2 5 0 1

40-49 811 361 194 38 55 74 40 a0 8 3 5

60+ 1632 747 398 94 105 154 (i 47 7 2 1

1871-75 Total 2988 1378 E92 164 212 250 175 77 22 6 12
0-9 40 17 12 4 1 4 2 0 0 0 0

10-13 118 &0 28 g 3 6 1o 3 0 0 3

20-29 124 GO 26 8 11 8 5 4 1 1 0

30-39 361 1533 B7 15 31 28 23 13 2 2 3

40-43 1018 475 218 52 11 43 54 35 10 1 4

50+ 1328 613 324 79 89 113 75 22 Bl 2 2

1976-80 Total 3057 1401 717 181 246 242 148 78 27 B 11
0-8 56 29 10 gl g 7 0 1 0 L o

10-19 117 60 28 8 8 1 L 3 1 0 2

20-23 173 78 44 10 11 11 a 4 4 Y] 2

30-34 ald 233 137 37 34 27 20 14 3 1 2

40-48 1275 581 28BS 69 117 108 71 a1 8 a 2

50+ 922 420 213 o4 T4 85 42 25 5 1 3

1981-85 Total 2805 1245 756 173 187 274 158 BB 23 7 13
0-9 61 24 21 1 B 4 2 1 1 0 i

10-19 151 71 30 15 8 12 3 1 0 1 4

20-23 188 83 47 11 4 17 5 7 2 1 L

30-38 B90 290 168 43 47 69 42 20 ] 2 3

40-49 1335 o48 360 T8 1 123 78 32 14 3 4

50+ 480 221 130 25 26 49 22 1 ] 0 0
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Appendix Table 3B. Number of deaths from all diseases except neoplasm and
blood disease, males

Radiation Dose (Gray)
Period Age ATH

Total 0 .0l .06 10 .20 .50 1.00 2.00 3.00  4.00+
-.09 -.09 -.18 -.449 -.88 -1.89 -2.99 -3.99

Total Total 9344 4469 2085 504 628 773 463 272 64 29 54
0-9 189 a7 54 8 12 21 il 2 1 | 0

10-13 453 235 108 24 185 28 26 11 3 2 8

20-29 349 163 69 20 30 29 19 13 2 0 4

30-33 1023 486 233 53 73 70 60 30 10 9 9

10-49 2746 1330 687 153 135 242 147 83 2§ i 14

50+ 4512 2158 1027 246 a0l 383 208 128 26 16 13

1850-b5 Total 1413 T04 3l B& B7 112 BE 29 7 5 k]
0-9 30 12 g 0 2 6 1 0 ] 0 0

10-14 65 il 18 2 l 4 1 3 1} 0 ]

20-29 51 25 6 2 § § 7 | 0 ] il

30-33 74 42 16 4 2 i 4 2 1 1 1

40-49 221 107 45 11 14 24 13 3 § 0 i

50+ 267 477 242 46 B3 64 40 20 2 § 5

1856-60 Total 1458 723 ala 71 a1 146 a0 46 i1 4 B
0-9 26 13 1 1 1 3 ] ] 1 1] 1]

10-13 50 25 9 1 0 6 5 2 | 1 0

20-29 34 15 12 1 1 4 | 0 0 0 0

30-39 B3 36 14 4 8 9 4 3 1 1 3

40-49 284 137 o4 17 20 32 12 i1 1 0 0

50+ 881 497 222 417 61 92 28 a0 7 2 5

1861-65 Total 1425 662 329 77 93 114 86 a8 12 B 8
0-9 17 13 3 0 1 0 i ] 0 1] 0

10-13 40 13 16 2 4 2 1 1 1 ] 0

20-29 29 13 ] l 4 2 2 1 1] ] 0

30-38 34 i1 28 | ] 7 3 2 0 0 0

40-49 350 170 77 13 18 27 2B 10 4 1 3

b0+ 890 412 201 .52 [:11] 76 48 24 7 b B

1966-70 Total 1366 652 308 65 g0 116 63 52 1 3 7
0-8 17 B 2 2 3 2 0 1] 0 i} 0

10-19 55 27 14 1 3 4 2 2 2 0 0

20-28 &0 18 7 1 B 2 1 4 1] i] 1

30-39 148 73 a9 2 12 10 6 2 3 0 1

40-49 421 207 a8 19 21 a4 18 15 3 i 4

50+ B85 319 148 40 45 B4 35 29 2 2 l

1971-756 Total 1289 617 278 70 88 108 80 39 8 3 10
0-9 28 13 8 3 0 3 1 0 0 a 0

10-19 80 a9 21 4 0 & 7 2 0 0 3

20-29 54 24 10 3 B 5 3 2 0 0 0

30-39 173 a5 a7 7 10 11 14 B 0 1 2

40-439 452 220 91 22 34 42 20 18 ) 1 a

50+ 512 238 111 30 38 4l 35 11 4 2 2

1976-80 Total 1275 B22 266 B2 36 893 57 35 14 i B
0-9 a7 18 8 1 3 5 0 l ] 1 0

10-13 75 46 19 3 2 1 ] a 1 0 1

20-24 76 38 12 6 4 4 4 3 2 0 2

30-39 204 101 &8 15 15 g 9 B 4 1 1

10-49 542 260 108 35 45 43 28 18 5 1 1

a0+ 336 139 Tl 22 25 31 15 9 2 1 1

1981-85 Total 1098 469 255 T4 B1 BB B1 33 7 4 [
b-9 44 20 17 1 2 2 1 1 0 D ]

10-19 a4 44 14 11 & 7 ] 1 0 1 4

20-29 6S 30 18 5 2 7 2 2 ] 1] 1

30-39 238 108 53 12 21 18 14 ] 1 1 1

40-49 526 228 124 36 42 41 23 15 B 2 2

a0+ 131 58 a2 9 3 11 7 5 0 0 0
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Appendix Table 3C. Number of deaths from all diseases except neoplasm and

blood disease, females

Radiation Dose (Gray)

Period Age ATE
Total 0 .01 .06 .10 .20 .50 1.00 2.00 3.00 4.00+
-.08 -.08 -.13 =.43 -.98 -l1.89 2.9 -3.99
Total Total 11433 021 3074 605 785 1023 69 234 80 16 26
0-8 125 Bl 24 8 14 11 & 1 2 0 |
10-19 355 167 B4 20 19 33 16 13 1 1 1
20-29 580 272 1B 22 29 49 17 18 3 2 3
30-33 1412 573 387 31 45 117 82 a1 20 2 4
40-43 3198 1348 844 157 253 298 179 18 27 8 8
50+ 5762 2602 1564 310 375 B15 289 92 23 3 L]
1950-55 Tetal 1488 B56 437 78 a7 115 69 25 I8} 4 B
0-4 23 10 4 1 2 a 2 0 1 0 0
10-189 a4 42 28 2 4 5§ 1 3 ] 1 0
20-23 92 it} 23 4 9 7 0 3 1] 0 2
30-39 117 42 36 9 ] 10 10 3 2 0 0
40-43 217 94 Ba 13 10 19 7 1 2 0 0
50+ 455 430 274 49 57 T1 43 12 B 3 4
1956-B0 Total 1531 707 407 83 103 137 55 29 B 2 2
0-3 19 10 4 0 3 2 0 0 i} 0 0
10-19 58 35 7 2 1 1 1 1 1 0 0
20-29 74 32 18 2 4 9 2 5 1 0 0
30-39 100 42 29 i 10 7 4 0 2 0 0
40-43 231 102 B4 14 18 18 8 B 0 2 1
50+ 1048 486 284 59 B7 86 a7 17 2 0 1
1961-85 Total 1544 657 447 T4 104 138 80 28 T 0 4
0-9 11 7 1 1 1 i] il 1 0 0 0
10-19 44 15 10 § 1 8 1 4 0 o ]
20-23 Bl 31 18 2 1 8 1 ] 0 0 0
30-39 113 i4 36 8 5 8 8 2 2 0 i]
40-49 255 103 79 1 22 20 6 5 1 ] 2
50+ 1060 457 a0d 51 T4 84 58 1B 4 0 2
1966-70 Total 1582 705 417 78 111 152 6 36 13 2 2
0-3 24 15 S 0 1 1 2 1] 0 1] 1]
10-18 31 13 8 1} 1 3 2 1 0 0 0
20-29 B3 32 16 [1} 3 5 3 2 1 0 1
30-35 137 63 42 7 9 B 6 0 2 0 0
40-49 380 194 EL| 17 34 45 2] 1§71 Kl 2 1
50+ 847 428 250 54 1] 80 42 18 5 ] 0
1971-75 Total 1668 761 414 94 124 144 85 38 14 3 2
0-9 12 4 4 1 1 1 1 0 0 0 0
10-19 39 21 9 2 3 2 3 1 0 0 0
20-29 70 a6 18 1 5 3 e 2 I 1 0
30-38 168 [i%:] 50 8 21 15 1a s 2 1 L
40-49 564 258 124 a0 &3 51 34 17 B 1 I
50+ 816 a7 213 %] 51 12 40 11 3 0 0
1976-80 Total 1782 779 451 99 150 149 31 43 13 2 5
0-9 18 11 2 2 2 2 0 0 0 0 0
10-19 42 14 g 5 3 3 4 3 0 0 1
20-29 a7 40 32 L] 5 7 B 1 2 0 0
30-33 305 132 B4 22 18 18 il B 5 ] I
40-48 733 321 177 34 72 B5 43 15 3 2 1
50+ 586 261 142 32 48 55 27 1B 3 0 2
1881-86 Total 1807 756 501 a9 106 188 98 a5 18 3 5
0-9 17 4 4 0 3 2 | 0 1 0 1
10-13 57 27 17 1 3 5 1 0 0 0 0
20-29 123 54 31 8 2 1 3 8 2 ] 0
30-38 452 182 115 a1 28 51 28 11 5 1 2
40-48 808 317 236 42 54 g2 50 17 8 1 2
50+ 3449 163 98 18 L7 38 15 2 0 0 0
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Appendix Table 4A. Number of deaths from infectious disease, sexes combined

Radiation Dose (Gray)

Period Age ATB

Total 1] .01 0B i .20 .50 1.00 2.00 3.00  4.00+
-.05 -.09 -.18 -.43 -.99 -1.89 -2.88 -3.89

Total Total 1413 651 367 1 85 126 B4 a8 L0 5 3
0-9 51 19 16 1 8 5 3 il 1] 1 0

10-19 197 105 Ly B 10 11 8 B 2 2 1]

20-28 184 T8 52 7 12 19 8 7 1 0 1]

30-39 219 101 58 10 12 18 B B B 0 1

40-49 368 162 104 20 20 34 ] 3 0 1 2

50+ 394 186 B3 20 25 39 23 10 1 1 1]

1950-55 Teotal 504 226 139 22 28 47 24 13 2 2 1
0-9 14 3 4 1 3 1 2 0 1] 1] ]

10-19 87 47 28 1 3 8 i 5 0 1 0

20-29 82 38 21 2 7 7 5 2 0 0 0

30-39 77 33 22 B 3 7 2 1 2 0 i

40-49 107 44 3 4 B 15 3 1 0 0 0

b+ 137 B1 32 8 B L4 L1 4 1] 1 1}

1956-60 Teotal 333 152 19 15 24 33 13 10 6 1 0
0-8 14 5 6 0 2 1 i] i] 0 0 0

10-19 417 26 7 1 l 4 4 | 2 1 0

20-29 48 18 15 3 2 7 1 1 1 0 0

30-39 42 13 11 1 6 4 2 2 3 0 o

40-48 ad 44 20 B 4 8 4 4 0 0 0

50+ 92 45 20 § 9 9 2 2 0 0 1]

1861-65 Total 187 84 65 3 16 18 10 4 1 0 o
0-9 [} 4 1 0 1 0 i] ] 0 1] 0

10-19 25 13 k) 3 3 2 | 0 0 0 a

20-29 22 il 7 1] 2 3 1] 1 0 0 ]

30-39 29 13 ] 1 0 3 2 1 0 '] ]

40-49 53 18 20 2 [ 3 2 2 0 0 0

50+ 62 217 15 3 4 7 5 1] 1 0 0

1966-70 Total 138 8 29 4 § 13 S 3 0 I 1
0-4 ] 5 0 0 0 2 1 0 0 ] 0

10-14 14 B 4 0 0 1 1 1] 0 0 a

20-23 7 4 1 0 0 '] 1 L 0 0 0

30-39 23 14 6 0 1 2 ] ] 0 0 0

40-44 41 22 8 2 2 4 1 0 0 1 1

50+ 46 25 10 2 2 4 | 2 0 a 0

1871-75 Total 114 47 a3 G g ] & 3 0 i] 1
0-4 [ 1 4 0 0 1 1] 0 0 0 0

10-19 8 2 2 0 2 1 1 ] 0 0 a

20-29 11 2 5 1 0 1 1 1 i] 0 a

30-39 18 12 5 0 1 0 ] 0 0 0 a

40-49 32 16 8 2 2 2 1 0 1] 0 1

50+ BE] 14 g 3 4 & 3 2 0 0 0

1976-80 Total 3153 a7 17 3 2 2 3 0 1 1 0
a-8 i 0 0 0 0 0 0 0 0 1 0

10-19 & 3 4 /] a 0 ] 0 0 1] 0

20-29 3 2 o 1] 1 0 0 0 0 1] 0

30-34 18 12 2 l L L 0 0 1 0 0

40-44 28 13 10 2 1] 1 3 0 Q 0 a

50+ 9 7 2 0 ] 0 0 a 0 0 ]

1981-86 Total 60 27 15 g 1 4 3 § a i} ]
0-4 2 1 1 ] 0 ] a 0 o} ] ]

10-18 10 B 2 1 l a Q 0 ] 0 0

20-23 11 5 3 1 Q 1 0 1 0 0 i}

30-89 12 4 4 1 a 1 0 2 0 0 0

40-43 16 S 4 2 0 1 2 2 0 0 0

50+ ] B 1 0 0 1 1 0 0 0 i
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Appendix Table 4B. Number of deaths from infectious disease, males

Radiation Dose (Gray)

Period Age ATB

Total 0 .01 .08 W10 .20 .50 1.00 2.00 3.00 4.00+
-.08 -.08 =.19 -.48 -89 -1.:88 -2.88 -3.9%9

Total Total 774 aro 183 a1 a8 11 38 217 3 4 3
0-9 28 13 ] 0 2 3 0 ] 0 l 0

10-18 36 52 22 3 4 4 5 4 | l i

20-29 B6 27 13 & 3 8 B b 0 ] [}

30-38 110 54 25 T 4 T 3 6 2 0 1

40-43 230 103 ED 12 10 25 12 b 0 1 2

50+ 244 121 53 11 15 24 12 7 0 1 1]

1950-685 Total 2683 125 B3 13 g 27 16 3 1 1 it
0-9 B 2 2 0 1 1 0 0 1] 0 1]

10-18 39 23 10 1 ] | 1 3 ] 0 0

20-29 33 18 4 1 1 3 5 L 0 0 0

30-39 32 14 3 3 0 z 1 L 1 L} 1

40-48 B0 24 16 3 3 10 3 /) 0 0 0

50+ 85 44 22 & 4 10 B 3 0 1 0

1856-60 Totul 178 81 42 9 13 17 T 6 2 1 0
0-9 9 § 4 0 | 1] 0 ] il 0 1]

10-19 22 10 4 1 4] 2 2 I 1 1 0

20-29 10 3 4 1 0 2 0 0 0 0 0

30-3% 19 7 3 1 3 1 1 2 1 0 ]

40-489 B0 28 14 4 3 [ 3 2 0 0 0

50+ 58 29 13 2 6 B | 1 ] 0 0

1961-65 Total 109 4B 29 ] 9 1l 7 2 1] 0 0
0-9 4 4 0 1] 0 a 1] ] 1] 1] 0

10-13 13 B 2 0 3 l 1 0 0 0 0

20-23 5 1 1 0 1 1 0 1 0 0 0

30-38 11 4 3 1 0 1 1 ki 0 1] 0

40-49 a2 12 12 2 2 3 1 1] 0 0 0

50+ 44 19 11 2 3 5 ) 1] 1] o 1]

1966-70 Total 84 52 14 1 1 9 2 3 0 1 1
0-8 2 ! 0 ] il I 0 i 0 0 0

10-19 8 5 3 0 0 0 ] 0 1] 0 0

20-29 g 2 1 0 0 0 1 1 0 0 1]

30-33 15 9 4 0 0 2 0 0 0 0 0

40-43 28 18 3 0 1 4 1 0 0 1 1

S50+ 25 17 d 1 0 2 ] 2 0 0 0

1971-75 Total 63 29 18 4 3 4 2 2 0 0 I
0-3 4 1 2 0 [t} 1 0 0 0 1] 0

10-19 4 2 1 ] [V 0 1 0 0 0 0

20-29 5 L 1 1 0 1 i} 1 0 0 ]

30-39 11 8 3 ] 0 0 0 0 0 0 1}

40-43 23 10 il 2 1 1 1] 0 0 ] 1

a0+ 18 i 3 1 2 | 1 1 0 1] 0

1976-80 Total sl 24 9 2 2 1 2 0 0 I 0
0-3 0 0 1] ] 0 0 0 (1] | 0

10-18 6 3 2 0 0 0 0 o 0 b} ]

20-29 I ] a 0 1 1] 1] 0 U (1] 0

30-39 14 ;) 2 1 1 1 0 1] 1] 1] a

40-49 17 g B 1 o] 0 2 a 0 1] 1]

50+ 3 i} 0 1] 1] 0 0 0 0 0

1981-85 Total 34 13 B 3 1 2 2 5 ] il ]
0-3 2 1 1 0 0 i} 0 0 ] 1 ]

10-18 S 3 0 1 ] 0 0 0 a a 0

20-28 7 2 2 1 0 1 0 i 0 0 0

30-39 g 3 2 1 0 0 0 e ] 1} 0

40-49 9 2 2 0 0 1 2 2 0 ] 0

50+ 3 2 1 0 0 0 o 0 0 0 1]
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Appendix Table 4C. Number of deaths from infectious disease, females

Radiation Dose (Gray)

Period Age ATB
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Appendix Table 5A. Number of deaths from circulatory disease, sexes combined

Radiation Dose (Gray)

Period Age ATHB
Total 0 .01 .08 L1 .20 .50 1.00 2.00 3.00 4.00+
-.05 -.08 . 8 -.43 -.99 -1.89 -2.88 -3.99
Total Total 11164 5025 2787 605 775 381 590 273 85 20 43
0-9 106 52 24 3 10 10 1 2 2 0 1
10-19 247 116 52 18 19 23 | 5 1 0 3
20-28 336 186 102 12 28 28 18 14 5 0 3
30-39 1378 588 68 B0 a8 85 &8 33 19 B 8
40-49 3574 1577 a58 177 276 335 205 a5 34 B 11
B0+ B4E3 2508 1363 314 346 490 271 124 24 8 17
1950-55 Total 1046 485 286 85 B& 78 48 14 8 3 B
0-3 12 B 4 0 0 2 0 0 0 0 0
10-18 14 7 1 2 2 1 0 1 0 0 0
20-23 17 B 8 0 2 2 | 1 0 0 0
30-39 ol 19 12 5 2 4 4 3 1 I i}
40-48 161 73 L] 11 11 14 T 1 4 ] 0
50+ 791 a4 224 317 48 53 a8 8 3 2 &
1856-B0 Total 1320 835 288 8 84 126 62 a4 8 1 5
0-3 12 8 0 0 2 1 0 0 i 0 0
10-13 15 9 1 1 ] 3 1 "] 0 0 0
20-29 17 7 1 0 0 1 2 '] 1] 0 0
30-39 B0 25 16 2 7 5 4 0 0 1} I
40-49 261 119 58 17 18 25 13 9 0 i 1
60+ 865 467 2117 56 57 91 32 25 g Q 3
1961-65 Total 1585 6ao 403 11 101 142 108 33 11 3 7
0-4 4 i 1 1 0 '] 0 1 0 0 0
10-19 24 B 9 0 2 B I ] i} 0 0
20-29 25 14 L] 0 2 3 1 0 0 0 0
40-39 112 45 a2 7 5 8 11 2 2 ] 0
40-44 385 187 a7 9 27 BE] 28 S 5 1 3
50+ 1035 447 269 60 65 a2 57 25 1 2 4
1966-70 Total 1762 787 420 81 128 11 B3 48 17 3 4
a-1 10 3 2 | 1 L 0 il 0 il 0
10-18 28 15 5 0 4 2 1 1 0 0 0
20-29 48 13 3 1 7 3 2 ] 1 0 1
30-38 170 8 50 T 12 8 10 L 5 1] |
40-43 482 230 116 20 33 4B 26 13 8 1 1
G0+ 1004 452 238 B2 71 101 44 28 5 2 |
1971-75 Total 1834 BS7 425 83 134 157 108 50 g 3 4
0-9 13 B 5 o o 2 0 0 0 1} 0
10-19 38 25 5 2 1 1 2 1 0 ] 1
20-29 BS 33 13 4 8 4 1 Z ] 0 0
30-39 221 92 58 B 21 14 14 T 2 2 3
40-49 GES 311 137 28 51 69 317 25 5 1] 2
S0+ B3z 390 207 47 53 67 5l 15 1 1 0
1976-80 Total 1861 823 444 112 148 151 a3 53 2l 3 9
0-8 21 13 2 1 3 Z 0 0 1] 0 0
10-18 850 21 13 3 5 3 1 2 1 0 1
20-29 107 52 29 3 7 4 17 3 3 0 1
30-39 318 140 88 28 18 18 15 i B 1 2
40-43 BIB 357 187 87 76 15 45 21 7 1 2
50+ 547 246 127 34 36 51 26 20 § 1 3
1981-85 Total 1786 742 430 105 117 168 101 41 12 4 5}
0-9 33 13 10 0 4 2 1 1 1 0 1
10-19 8 33 18 11 5 7 3 0 0 0 1
20-29 LLT 65 34 B 2 11 4 3 1 0 1
30-39 447 191 114 25 30 40 28 13 3 2 1
40-49 Bl2 320 233 45 i11] 73 49 21 1 2 2
50+ 293 130 8l 18 18 35 18 3 i i] 0
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Appendix Table 5B. Number of deaths from circulatory disease, males

Radiation Dose (Gray)
Poriod Age ATB

Total i .01 .08 .10 .20 .50 1.00  2.00 3.00  4.00+
-.05 -.09 -.19 -.48 -.99 -1.88 -2.83 ~-3.99

Total  Total 4797 2278 1063 269 329 391 250 139 12 12 24
0-9 85 34 18 t 4 5 1 1 1 0 0

10-18 143 74 29 11 8 it B 1 1 0 2

20-29 151 69 33 5 17 g 7 7 2 0 2

30-49 521 251 124 24 38 29 a6 10 B 4 5

40-49 1606 1760 335 90 121 134 88 51 19 2 3

50+ 2305 1080 524 138 141 204 12 B t3 6 a

1950-55 Total 448 248 119 26 38 32 24 ] 3 1 3
0-9 7 3 " 0 0 i 0 0 o 0 0

10-19 7 4 0 1 1 1 0 0 0 0 0

20-29 4 1 0 0 2 i 1 0 0 0 0

40-39 20 11 2 0 2 2 I 1 0 1 0

10-49 74 38 12 5 7 & 3 1 2 0 0

50+ 386 191 101 19 28 23 18 § 1 0 K|

1956-80 Total 839 318 129 34 a8 ] 23 24 7 0 a
0-9 4 3 0 0 0 0 0 0 1 0 0

10-18 5 4 0 0 0 1 0 ) 0 ] 0

20-29 8 2 5 0 0 0 1 0 0 0 0

30-39 24 9 5 1 3 3 2 0 0 0 1

40-48 136 67 24 | q 13 7 7 0 ] 1]

50+ 462 233 95 24 26 46 13 17 8 0 2

1961-65 Total 167 345 185 4l 47 83 53 20 7 3 3
0-9 1 0 I 0 i 0 0 0 0 0 0

10-18 12 4 8 0 1 1 0 0 0 0 0

20-29 11 5 3 i 2 1 0 0 0 0 0

30-39 48 22 13 2 2 2 B 1 0 0 0

$0-49 214 108 41 7 14 20 19 4 4 1 1

B0+ 481 211 121 32 28 39 28 i5 3 2 2

1986-70 Total 188 369 183 a9 54 65 38 30 5 2 3
0-9 B 3 0 1 1 1 0 0 0 0 0

10-19 21 1l 4 0 2 2 1 1 0 0 0

20-29 20 8 2 1 5 1 0 3 0 0 0

30-39 79 36 24 1 8 2 5 1 3 0 1

40-49 250 127 62 ] 12 17 13 7 2 0 1

50+ 412 164 a1 27 28 42 19 18 0 2 1

1971-75 Total 746 368 156 6 48 84 43 22 2 2 5
0-9 10 4 4 0 0 2 0 0 0 0 0

10-19 26 17 4 1 0 1 2 0 0 0 1

20-29 30 15 6 1 4 2 1 1 0 0 0

30-39 89 47 28 3 7 B 5 2 i 1 2

40-49 279 137 55 12 19 30 1 12 1 0 2

50+ 302 148 81 19 18 23 24 7 1 1 0

1976-80 Tatal 731 353 144 48 55 56 6 22 13 2 4
0-9 14 10 1 0 2 1 0 0 0 0 i

10-19 29 15 g 1 2 ) 1 0 1 0 i

20-29 44 23 7 1 ¢ 1 2 3 2 0 1

30-39 118 60 24 9 5 5 9 1 3 i 1

10-49 34l 155 66 24 32 28 18 12 5 0 1

50+ 185 90 a7 i 10 2l ] [ 2 1 1

1981-85 Total 628 21 147 48 49 48 34 15 5 2 3
0-8 23 11 B 0 1 1 1 ] 0 0 0

10-18 43 19 B 8 2 5 2 0 0 0 1

20-29 34 15 10 2 0 4 2 0 i 0 1

30-38 139 86 30 8 13 9 8 4 0 1 0

40-48 312 133 75 24 28 20 17 8 5 1 1

50+ 77 a3 18 ] 5 9 4 2 0 0 0
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Appendix Table 5C. Number of deaths from circulatory disease, females

Radiation Dose (Gray)

Feriod Age ATB

Total 0 .01 .06 .10 .20 .50 1.00 2.00 4.00  4.0G0+
-.05 -.09 -« 13 -oh3 -.99 -1.89 -2.99 -3.99

Total Total G3BT 2747 1704 336 146 590 340 i34 43 a 19
0-4 40 18 6 2 B 5 0 I 1 0 L

10-19 104 42 24 i 11 L2 3 4 0 0 1

20-29 245 117 83 7 11 19 11 7 3 0 1

30-33 852 337 244 b6 58 6B 50 23 13 2 3

40-48 1968 817 h23 B7 155 201 117 44 15 4 5

50+ 3158 1416 839 176 205 287 158 55 11 2 8

1950-56 Total 548 237 167 30 27 44 25 8 8 2 3
0-9 5 3 Q 0 0 2 0 0 0 a ]

10-19 7 3 1 1 I 0 0 I 0 1] 0

20-29 13 5 5 0 0 2 i] 1 0 ] 0

30-39 3l 8 10 5 0 2 3 2 1 0 1]

40-49 87 35 24 B 4 8 4 0 2 0 0

50+ 405 183 123 18 22 30 L& i 2 2 3

1956-60 Total BBL 317 170 42 46 B3 23 10 | | 2
0-9 8 § 0 0 2 1 0 ] 0 ] 0

10-19 10 § 1 1 0 2 1 0 0 0 0

20-29 9 8 2 0 0 1 1 0 0 0 0

30-38 36 16 11 1 4 2 2 1] 0 0 0

40-49 125 52 34 8 9 i2 B 2 0 1 I

50+ 493 234 122 3z a1 45 19 B 1 0 1

1961-65 Total 798 435 218 a6 o4 13 59 13 4 0 L
D-8 3 1 0 1 0 0 0 1 Y] 0 0

10-18 12 2 3 0 1 5 1 0 0 0 0

20-23 14 9 2 0 0 2 1 0 1] 0 0

30-39 64 23 19 5 3 B 5 1 z 0 0

40-49 151 64 46 2 13 13 9 1 | 0 2

50+ 554 238 148 28 37 53 39 10 1 0 2

1966-70 Total J64 428 231 52 74 36 45 18 12 1 l
0-3 4 2 2 0 0 0 0 0 0 0 a

10-19 7 i 1 0 2 0 0 0 0 0 0

20-28 28 11 7 0 2 2 2 2 1 0 1

30-38 al 40 28 [} B [ 5 0 2 0 0

40-49 242 103 54 11 21 29 13 B & 1 0

50+ 592 288 147 a5 43 53 25 10 5 0 ]

1971-75 Total 1088 489 2859 53 86 93 B2 28 B I l
0-3 3 2 i 0 0 0 i] 0 a ] 0

10-18 12 8 i 1 1 1] 0 1 0 0 ]

20-29 35 18 7 3 4 2 0 1 ] 0 g

30-39 122 45 32 5 14 8 9 5 2 1 l

40-49 386 174 B2 16 az a9 26 13 4 o 0

S+ 530 242 146 28 HE] 44 27 B 0 i} 0

1976-80 Total 1130 476 300 B& a1 45 57 41 8 1 §
0-9 7 3 1 1 1 1 0 ] 0 1] a

10-19 21 ) 4 2 3 3 0 2 1] 0 1

20-28 64 29 22 0 3 3 5 0 L 0 a

30-39 200 80 62 17 14 11 B B 3 0 ]

40-49 477 202 121 23 43 47 27 g 2 1 !

50+ 362 156 80 23 26 30 13 14 2 1] 2

1981-85 Total 1158 465 343 87 B8 120 67 26 7 2 k]
0-9 10 2 2 i} 3 1 0 o 1 0 1

10-189 35 14 12 3 3 2 1 0 0 0 g

20-29 83 40 24 4 2 7 2 3 | 0 d

30-39 Jo8 125 84 17 17 a1 20 ] 3 l 1

40-49 500 187 158 21 a2 53 32 13 2 1 i

o0+ 222 a7 83 12 11 28 12 1 0 ] 0
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Appendix Table 6A. Number of deaths from respiratory disease, sexes combined

Radiation Dose (Gray)
Period Age ATE

Total ] 01 .08 .10 .20 .50 1.00 2.00 3.00 4.00+
-.05 -.08 - 18 -.45 -,88 ~-1.88 -2,88 -3.89

Total Total 2038 BER 528 135 162 150 95 15 17 & 12
0-4 25 11 9 2 3 0 0 0 0 a 0

10-19 41 23 B 1 i] 4 5 1 0 0 1

20-24 BY 27 20 7 5 4 3 1 1 ] L

30-34 221 80 56 2] 20 23 14 3 1 1 2

40-49 BB 308 160 RE] 54 47 28 18 8 1 5

80+ 1013 441 277 E5 80 72 44 22 T 2 J

8950-55 Total 167, 70 48 11 14 i 7 4 1 0 !
0-9 2 1 1 1] ] 0 0 0 1] ") 1]

10-19 7 5 0 0 0 2 0 0 0 0 0

20-29 4 3 1 0 0 0 0 0 0 0 0

30-39 8 3 3 1 0 0 1 0 0 0 0

40-49 7 B 5 2 0 2 i 0 ] 0 L

50+ 123 52 a8 8 14 7 8 4 1 ] ]

1956-60 Total 216 g2 :E3 9 i 18 7 7 L | 1
-4 [ B} 1 0 0 0 0 0 0 0 0

10-18 7 2 2 0 0 l 1 1 0 0 ]

20-29 7 3 3 0 0 o 0 L 0 0 0

30-39 16 7 2 2 1 0 1 ! 0 1 1

40-49 26 12 7 0 4 3 0 0 0 0 0

S0+ 154 63 43 7 11 14 5 4 1 0 0

1961-65 Total 249 117 B4 19 13 13 13 8 1 1 k|
0-9 | 0 il 0 0 0 0 0 0 0 Q

10-19 2 | 1] 1 '] 0 ] 0 0 ] 0

20-29 8 a a ! a 1 ] 0 0 a a

30-39 12 3 5 2 0 | I 0 1 0 0

40-48 40 20 10 1 1 2 3 2 0 g 1

50+ 186 90 45 14 12 9 9 3 1 | 2

1966-70 Total 271 114 80 14 18 21 14 a 1 1] |
0-9 1 0 1 /] 0 0 0 0 0 0 1]

10-19 2 0 1 0 0 0 1 g ! 0 il

20-29 13 5 1 a 1 0 1 Q 0 ] 1

30-34 21 10 5 0 2 2 2 0 0 0 0

40-48 73 28 27 2 B 5 1 4 1 0 1]

50+ 161 71 41 12 8 14 4 il 0 ] 0

1971-75 Total 321 142 74 24 25 20 17 g ) 1 3
0-9 a 3 L] 1 1 0 0 0 0 0 0

10-14 ] 5 2 0 0 0 l 1] {1 0 1

20-23 g 3 1 1 2 a 1 0 1 0 0

30-39 24 7 [ 1 2 5 3 l [} 0 0

40-49 115 57 23 8 9 4 4 1 i 0 1

50+ 159 67 43 12 11 11 8 1 i 1 1

1976-80 Total 402 178 93 3l 4l 30 22 6 2 1] 0
0-8 B 2 2 1 l a 0 0 ] ] 0

10-18 11 8 ] 0 g 1 2 0 0 1] 0

20-23 10 2 4 3 a 1 0 0 ] ] 0

30-39 54 19 16 7 7 2 2 ] 1 ] ]

40-49 172 B4 32 10 18 15 12 2 1 0 0

50+ 149 53 39 10 17 11 B 3 1] 0 0

1B81-85 Total 410 179 105 21 35 37 18 7 5 1 3
n-9 4 0 3 0 1 1] (1] 0 0 il o

10-19 3 2 1 Q 0 0 0 0 0 0 0

20-29 18 8 4 2 2 2 1 0 0 0 0

30-39 86 31 20 8 8 13 4 1 0 0 1

40-44 224 39 o6 15 18 16 8 4 5 1 2

50+ 15 35 22 2 ) 6 2 2 0 0 1]

47
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Appendix Table 6B. Number of deaths from respiratory disease, males

Radiation Dose (Gray)

Pericd Age ATB

Total 1] .01 .08 .10 .20 .50 1.00 2.00 d4.00  4.00+
-.08 -.08 -.19 -.48 -.88 -1.89 -2.89 -3.89

Total Total 1025 454 246 B4 a4 10 44 25 8 4 10
0-9 14 5 7 1 | 0 0 0 1] ] 0

10-13 25 13 4 0 0 2 § 1 0 0 1

20-29 29 12 9 3 3 1 ] 0 0 ] 1

30-39 108 43 25 g 15 6 5 2 0 1 2

40-49 a8 177 75 19 24 28 18 10 3 1 3

50+ 488 204 126 31 48 34 24 12 5 2 a

1850-55 Total it} 33 23 8 10 B i 2 0 0 1
0-8 1 0 1 ] a ] 0 i} 0 0 0

10-19 2 1 0 0 0 1 0 0 0 0 0

20-29 i 3 1 0 0 0 0 0 1] 0 ]

30-39 3 i L l 0 0 0 0 0 0 0

40-49 ] 3 1 1 0 2 1 D ] 0 1

60+ 69 25 14 B 10 3 1 2 0 0 0

1956-60 Total 1a 47 31 1 14 11 4 4 | 1 I
0-9 2 2 0 0 a 0 0 0 0 0 0

10-19 6 2 2 0 0 0 1 1 0 0 ]

20-23 2 1 1 0 0 0 0 0 0 0 ]

30-39 B 2 0 0 1 ] i 1 o 1 |

40-49 17 g 2 Q 3 3 ] ] 0 0 0

60+ BS 31 28 4 10 B 3 2 1 1] 0

1961-B5 Total 122 B4 27 7 5 1 4 3 1 l 3
0-8 1 0 | 0 0 ] 0 0 0 0 0

10-19 1 1 0 0 0 0 1] 0 0 0 0

20-29 4 2 1 1 0 0 0 ] 0 0 0

30-39 B 1 3 1 0 1 0 0 0 0 0

40-49 a7 18 7 0 ] il 1 2 ] ] 1

50+ B3 44 15 5 § B 3 1 1 ! 2

1966-70 Total 148 B7 a7 7 11 2 B 4 1 0 1
0-9 1 0 1 1] 0 0 0 0 0 0 0

16-19 1 0 0 0 0 0 i 0 0 1] 0

20-29 3 a 2 ] 0 0 i] ] 0 0 l

J0-33 16 | 2 ] 2 2 1 0 ] ] ]

40-48 41 18 14 2 3 2 ] 0 1 0 0

50+ B4 39 18 5 [ B 3 4 0 0 0

1871-75 Total 169 70 38 12 15 B 12 7 4 1 2
0-9 3 2 i 1 0 0 1] 0 0 0 0

10-19 G 3 1 0 0 0 | 0 0 1] 1

20-29 3 7 0 1} 1 0 ] 0 0 ] 0

J0-39 13 ] i | 0 0 2 1 0 ] 0

403-49 it} a0 14 5 7 3 3 6 1 0 0

50+ 76 27 21 5 7 5 G 0 3 1 |

1976-80 Total 131 88 42 16 21 12 10 2 0 0 0
0-9 4 1 2 0 1 0 0 0 0 0 0

10-19 & 6 0 1] 0 1 1 0 0 0 ]

20-29 4 i 2 1 0 i} 0 0 i o 0

30-39 28 7 ] 4 § 1] 0 0 0 0 ]

40-49 i3] 47 12 5 1 9 B 0 0 1] 0

a0+ i 28 20 B 7 2 3 2 0 0 0

1981-85 Total 181 BS 48 k] 20 14 8 3 1 L 2
0-3 2 0 2 ] i} 1] 0 0 0 ] ]

10-18 1 0 1 0 0 ] i] 0 0 0 a

20-23 g 3 2 l 2 1 0 0 0 0 0

30-39 41 17 10 2 B 3 2 ] 0 0 1

40-48 113 54 28 B ) ] 5 2 1 | i

50+ 25 12 7 0 3 1 i 1 0 i] 0
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Appendix Table 6C. Number of deaths from respiratory disease, females

Radiation Dozse (Gray)
Period Age ATE

Total o .01 .06 .10 .20 .50 1.00 2.00 3.00  4.00+
-.05 -9 -.19 -.43 -.89 -1.99 -2.89 -3.99

Total Total 11 434 282 72 BB 80 46 20 9 0 2
0-9 11 i 2 1 2 0 0 i} il 1] 1]

16-19 186 10 2 | 1] 2 1 0 0 0 0

20-29 40 15 11 4 2 3 3 1 1 0 0

30-39 113 37 31 12 5 17 9 1 1 0 0

40-43 308 129 85 20 25 19 13 8 i 0 2

90+ 525 237 151 34 32 39 20 10 2 0 0

1350-55 Total 79 37 25 4 4 5 2 2 1 0 0
0-3 1 l 0 Q Q 0 0 1] ] ] 0

10-19 5 4 0 0 Q 1 0 ] 0 0 0

20-23 0 0 0 0 | 0 0 0 0 0 0

30-39 5 2 2 0 Q ] | 1] 0 0 0

40-43 8 3 4 1 0 0 ] 0 0 0 0

50+ 50 27 19 2 4 i | 2 1 0 0

L956-60 Total a8 45 33 5 2 7 k| ] 0 0 0
0-9 4 3 l g 0 Q a 0 0 0 0

10-19 1 1] 0 0 0 1 ] 0 0 0 0

20-29 5 2 2 0 ] a 0 1 ] 0 0

30-39 10 5 2 2 ] 0 | 0 0 0 0

40-49 9 3 5 a 1 0 0 0 0 0 0

50+ 69 32 23 | l B 2 2 ] 0 0

1081-65 Total 127 53 37 12 8 3 E 2 0 0 0
0-9 ] 0 0 0 ] 0 a 0 0 0 0

10-19 1 0 0 1 ] 0 0 0 0 0 0

20-29 4 L 2 0 ] 1 a 0 0 1] ]

30-39 '] 2 2 1 0 ] 1 0 0 0 0

40-49 13 4 4 1 1 2 2 0 0 0 ]

50+ 103 46 30 g 7 3 6 2 0 0 0

1866-70 Total 128 47 43 7 7 g 8 4 0 0 0
0-9 0 0 0 0 0 0 0 0 0 0 0]

10-19 1 0 1 0 0 0 0 0 0 0 0

20-29 10 g 3 0 | 0 | 1] 0 0 0

30-39 5 | 3 0 0 0 1 0 0 0 0

40-49 32 L] 13 0 3 d 1 3 0 0 0

50+ 7 32 23 7 3 B b 1 0 0 0

1971-75 Total 152 T2 36 12 10 12 5 2 2 0 1
0-8 2 1 0 0 1 ] 0 0 0 0 0

10-189 3 2 1 0 0 0 0 Q 0 0 0

20-29 B 1 1 1 1 0 1 0 1 0 0

30-38 11 I 2 0 2 5 l a a a 0

40-49 47 27 10 [} 2 l l 1 ] Q 1

50+ 83 10 22 7 4 B 2 l 1 a 0

14976-80 Total 211 g0 51 15 20 18 12 | 2 a 0
0-9 2 1 '] L 0 0 0 1] 0 0 a

10-19 3 2 /] 0 0 0 1 0 0 0 0

20-24 6 i 2 2 0 i 0 0 0 ] 0

30-39 al 12 10 3 4 2 2 0 1 g Q

40-49 86 a7 20 5 g B B 2 1 g 0

60+ &3 37 18 4 10 ] 3 I 0 a a

1981-85 Total 218 0 57 18 15 23 7 4 4 0 1
0-9 2 0 1 0 L 0 0 0 0 0 a

10-19 2 2 0 0 0 0 0 0 0 0 0

20-29 9 5 1 i ] 1 1 0 0 0 0

30-38 45 14 10 B 2 10 2 I 0 0 g

40-49 111 46 30 a g i 3 2 4 0 I

50+ 50 23 15 2 3 § 1 1 0 0 a
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Appendix Table 7A. Number of deaths from digestive disease, sexes combined

Radiation Dose {(Gray)

Period Age ATE

Total 0 .01 .08 W10 .20 .50 1.00 2.00 3.00  4.00+
-.05 -.09 =18 -.48 .99 -1.88 -2.88 -3.89

Total Total 2148 1002 510 105 142 194 98 B3 14 B 13
0-9 55 26 13 1 2 9 3 1 0 0 0

10-19 157 70 38 11 | 11 14 4 2 i 5

20-29 127 68 18 7 8 14 6 3 0 2 I

30-39 282 114 78 g 22 2B 14 13 1 o 2

40-489 587 270 130 35 &4 48 29 21 b a 2

50+ G4l 4449 235 42 65 86 a2 21 6 2 3

1950-55 Total 393 187 93 14 28 32 21 10 2 0 o
0-8 10 5 i 0 0 3 1 i] 0 0 0

10-19 [ 3 1 0 0 | 1 ] 0 0 0

20-28 8 2 1 0 2 2 1 0 0 '] 1]

30-39 28 11 9 1} 2 1 3 0 0 4] 0

40-49 79 4l 18 3 6 3 3 4 1 0 0

o0+ 264 125 69 11 8 22 12 6 L 0 0

1956-60 Total 327 160 73 14 23 33 9 10 1 2 2
0-3 5 2 2 0 0 1 0 0 0 0 0

10-19 13 g 2 1 0 1] 1 0 0 0 0

20-28 13 8 1 0 0 2 0 2 0 0 ]

30-39 29 12 7 1 3 5 0 0 0 1] 1

40-49 57 25 11 L4 B 5 2 2 l 1 0

b+ 210 104 50 B 14 20 ] B 1] 1 1

1961-65 Total 310 145 717 18 23 24 13 B 2 l |
0-8 2 2 i} 0 0 0 1] 0 0 0 0

10-19 a 0 & i 0 1 0 2 o 0 a

20-29 15 g 2 0 1 2 l 0 ] 1] a

30-39 31 12 9 a 3 i 2 1 1} 0 0

40-49 80 38 23 5 2 4 3 3 0 0 0

50+ 174 84 39 ] 17 16 5 ] 2 1 1

1866-70 Total 298 130 4| 14 1B a2 11 12 4 | 2
0-9 B 2 2 0 1 0 1 o 0 0 0

10-19 18 [+ i} 0 0 3 0 1 2 0 0

20-29 17 10 3 ] 1 3 0 0 0 0 0

30-39 36 19 12 0 3 2 0 0 0 0 0

4#0-49 35 a5 16 B B 13 B 5 1 l 2

50+ 127 58 a8 B 5 11 2 B L 0 0

1971-75 Total 268 10 B5 20 18 21 20 8 3 1 2
0-9 4 2 1 0 0 0 1 0 0 0 0

10-19 33 14 10 2 0 2 4 1] 0 0 1

20-29 19 9 3 2 1 0 2 1 0 | 0

30-39 38 15 [ 4 3 3 3 4 0 0 i

40-49 93 36 27 ) B 7 6 2 1 0 0

B0+ 81 34 18 B B 3 4 1 2 0 1

1976-80 Total 300 150 G 13 24 21 10 10 1 1 2
0-9 15 7 4 0 1] 3 0 1 0 0 0

10-19 35 20 8 4 1} 0 2 o 0 0 i

20-29 33 16 5 & 3 2 2 0 0 0 1

30-39 56 20 19 i 4 4 3 § i Q 1]

40-49 97 55 17 3 12 3 1 3 0 1 0

b0+ B4 a2 15 2 5 i 2 l 0 a 0

1981-85 Total 252 120 51 Iz 10 41 14 7 i 2 4
0-9 13 B 3 1 1 2 0 0 0 a a

10-19 44 18 i 3 1 4 B 1 0 1 3

20-28 22 14 3 1 0 3 o i] 1} l 0

30-39 B6 30 14 1 4 10 3 3 0 a 1

40-19 86 40 18 B 4 11 4 2 1 0 0

50+ 21 12 B 0 0 i 1 L 0 o] 0
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Appendix Table 7B. Number of deaths from digestive disease, males

Radintion Dose {(Gray)

Period Age ATB

Total a 0l .06 .10 .20 .50 1.00 2.00 3.00  4.00+
-.05 -.08 =18 -.48 -.98 -1.98 -2.99 -3.99

Total Total 1108 543 23¢ 5l 1] 105 54 33 8 3 1l
0-9 44 20 10 1 2 8 2 1 0 0 0

10-19 118 5B 29 5 1 T 10 2 2 1 5

20-29 1] 36 3 4 4 7 5 0 0 o 1

30-39 133 11 32 5 11 13 (] B 1 0 1

40-49 280 141 o4 17 18 22 15 10 2 0 l

50+ 460 230 100 18 a0 46 ig 12 3 2 3

1950-55 Total 208 107 43 B 13 23 9 B 1 0 1]
0-9 7 4 1] 0 ] 3 1 0 0 0 0

10-19 4 2 i 0 0 1 1] 0 ] 0 1]

20-29 4 0 1 0 0 2 | 0 0 0 0

30-39 12 B 2 1] ] 1 1 0 0 0 a

40-49 43 23 ] 1 4 2 2 1 1 0 o

50+ 138 71 a0 5 3 14 4 3 0 0 "]

1856-60 Total 181 a2 38 7 8 13 7 B 1 1 2
0-9 5 2 2 0 0 | 0 0 0 a 0

10~19 B B 1 0 0 0 1 0 0 0 1]

20-28 [} & 1 0 1] 1 0 0 0 0 0

30-39 17 ) L3 | 1 1 0 0 0 0 L

40-49 a0 14 3 3 2 4 1 2 1 0 0

50+ 115 B 27 3 5 a 5 4§ 0 1 l

1961-65 Total 153 7 32 11 12 13 B 3 l 1 1
0-9 2 2 0 0 0 0 0 0 0 0 0

10-19 3 0 3 0 0 0 0 0 0 0 0

20-29 5 3 0 0 1 0 1 0 0 0 0

30-38 L8 7 4 2 2 1 2 0 0 0 0

40-49 47 24 12 3 1 1 3 3 0 0 0

G0+ 84 §1 13 ] 8 11 2 0 | 1 l

19668-70 Total 142 66 29 7 11 14 5 6 3 0 1
0-9 3 1 1 0 1 ] ] ] 0 0 0

10-19 14 [ 3 0 0 2 0 1 2 a 0

20-29 T 4 l: 0 1 I 0 0 ] 0 0

30-39 16 10 3 0 2 L 0 0 a 0 0

40-43 52 23 7 g 3 g 3 4 0 0 i

50+ 50 22 14 2 4 4 2 1 1 0 0

1971-75 Total 136 63 30 8 8 9 13 2 1 0 2
0-3 4 2 1 0 0 0 1 0 ] il [1}

10-19 28 11 9 2 0 2 3 0 ] 0 I

20-29 11 4 2 2 1 0 2 0 0 0 1]

30-39 22 11 1 2 2 2 2 2 0 0 0

40-49 35 17 8 1 3 2 4 0 0 0 0

50+ a6 18 ] 3 2 4 1 0 1 0 1

1976-80 Total 160 81 36 T | 15 3 - 1 0 2
0-9 13 5 & 0 0 3 0 1 0 il 0

10-189 26 16 7 2 0 0 0 0 0 0 1

20-29 22 13 2 2 1 2 1 0 0 0 |

30-39 28 B 11 ] 3 2 0 4 1 0 0

40-49 39 24 6 2 3 d 1 0 0 i 0

G0+ a1 15 B 1 2 3 l l 0 il 0

1981-85 Total 122 57 26 5 § 12 4 4 0 1 3
0-9 10 5 2 1 1 1 0 a 0 1] i]

10-19 38 15 5 2 l 2 G | [} 1 3

20-28 11 8 2 0 0 1 0 a 0 1} 0

30-38 25 10 £ 0 1 4 1 2 0 1} 0

40-43 a4 1B 9 Z 2 4 1 0 0 1] 0

50+ B 3 L 0 0 a I i 0 0 0
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Appendix Table 7C. Number of deaths from digestive disease, females

Radiation Dose (Gray)

Period Age ATB

Total 0 .01 .08 10 .20 .00 1.00 2.00 3.00 4.00+
-.08 -.09 -.18 =48 -.58 -1.98% -2.99 -3.99

Total Total 1041 459 276 54 78 BY 44 30 i 5 2
-8 1§ B 3 0 0 i 1 0 0 1} 0

10-19 38 14 9 5 0 4 4 2 0 0 i

20-29 B1 a2 9 3 4 7 I 3 0 2 0

30-34 143 59 44 4 i1 11 8 8 a 1} 1

40-49 307 129 76 18 26 26 14 1 3 k) 1

S0+ 481 213 139 24 da 10 16 g a 0 0

1850-656 Total 185 80 56 8 15 g 12 4 1 0 0
0-9 3 2 | 0 0 0 0 0 0 0 0

10-19 2 i 0 0 0 1] 1 1] a 1] 0

20-239 4 2 0 0 2 0 0 0 0 0 0

30-39 14 3 7 0 2 0 2 0 0 1] 0

40-49 36 18 9 2 2 1 l 3 0 0 0

50+ 126 o4 39 5 8 8 a 1 1 Q 0

1956-60 Total 146 (i1 35 7 15 14 2 4 0 1 0
0-9 0 ] 0 0 0 0 1] 0 0 0 0

10-19 5 3 1 1 0 0 '] 0 0 [} 1]

20-29 7 ] 0 1] 0 1 0 2 g 0 0

30-39 12 3 0 2 1 0 0 0 0 0

40-49 27 11 8 1 4 1 1 o Q | 0

50+ a5 44 23 - 9 B | 2 0 0 0

1961-85 Total 151 BB 45 7 11 11 5 3 1 0 0
0-9 0 1] 0 0 0 0 0 0 Q ] 0

10-19 5 0 1 1 0 1 0 2 0 0 0

20-29 10 B 2 0 0 2 0 0 0 0 0

30-39 13 5 5 1 1 0 0 1 q 0 0

40-49 33 11 L1 2 1 3 2 0 ] 1} 0

G0+ a0 43 26 3 9 8 3 ] l 1] 0

1966-70 Total 157 B4 48 7 5 18 ] B 1 1 1
0-9 3 1 1 0 0 1] 1 0 0 a 0

10-18 1 0 3 0 0 1 a 0 ] ] 0

20-29 10 B 2 ] 0 2 0 0 ] 0 0

30-39 20 9 3 0 1 1 a 0 0 a ]

40-48 43 12 9 3 3 ™ 5 1 1 1 1

50+ 77 a6 24 4 1 7 o S 0 a o

1871-76 Total 132 47 35 12 10 12 T & 2 1 0
0-8 0 0 1] 0 0 0 0 0 0 a 0

10-19 5 3 1 0 0 0 1 1} 0 0 0

20-29 8 5 1 0 0 0 a 1 ] 1 i}

30-38 18 4 b 2 1 1 1 2 0 a4 0

40-49 58 19 13 3 2 3 2 2 1 a ]

S50+ 45 L6 g 5 4 B 3 L l 0 0

1976-80 Total 140 69 32 B 15 B T 4 0 1 0
-9 2 2 i] 0 1] o 0 0 0 0 0

10-18 9 4 1 2 0 o 2 0 0 Q 0

20-29 11 3 3 2 2 0 l 0 0 0 0

30-39 27 12 B 1] 1 H 3 L ] ] ]

40-48 o8 3l 11 1 g 2 0 i 0 1 0

50+ 33 17 ] 1 d 2 l o g 0 0

1981-85 Total 130 B3 25 T 5 18 5 a 1 1 i
0-8 3 1 1 ] 0 1 ] 1] 0 0 0

10-18 8 3 2 1 0 2 1] 1] g ] ]

20-29 11 6 | 1 0 2 0 o 0 I i]

30-39 41 20 7 1 3 B 2 l ] Q 1

40-39 52 24 ] 4 2 7 3 2 1 a 0

50+ 15 ) ] 0 i] 1 0 i] 0 0 0
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Appendix Table 8A. Number of deaths from other disease, sexes combined

Radiation Dose (Gray)
Period Age ATH

Total 1] .01 .06 .10 .20 .90 1.00 2.00 3.00  4.00+
-.08 -.09 =18 -.44 -.98 -1.99 -2.89 -3.89

Total Total 4015 1824 987 200 247 345 185 87 23 8 g
0-8 88 50 16 B 5 8 2 0 1 0 a

10-19 172 88 48 7 4 12 B 8 L g a

20-28 153 76 38 ] 6 13 I [} 2 a 2

30-33 340 171 71 24 18 25 22 6 3 0 a

40-49 798 361 188 38 54 76 7 24 § 2 2

a0+ 2483 1178 627 118 160 21t 107 43 1 E 5

1950-55 Total 741 392 198 11 39 61 35 13 S 4 g
0-9 15 7 3 a 1 3 0 ] 1 g 0

10-19 a5 21 11 1 a 2 ] 0 o a 0

20-29 32 14 7 L 3 l 0 I 0 0 2

30-39 a4 18 B 1 '] & 4 I 0 0 0

40-49 T4 a7 18 & 1 8 B i 1 ] Q

50+ 601 295 153 31 a4 43 25 10 3 4 d

1956-60 Total 803 381 210 40 47 73 24 14 1 l 2
0-3 8 3 2 1 1] 2 0 0 0 0 0

10-19 28 14 4 0 a 5 2 ! 0 0 a

20-29 23 11 5 o 3 3 0 i ] 0 a

30-39 36 21 7 4 i 2 | 0 0 0 a

10-49 a1 39 22 4 B 7 I 2 0 0 0

50+ 6249 303 170 31 a7 54 20 10 1 1 2

1961-65 Total 648 293 177 28 11 B 27 8 4 l 1
0-9 15 13 1 ] I 0 0 0 "] 0 g

10-14 25 8 10 2 0 § 0 3 1 0 0

20-23 20 g T 2 ] L 1 0 g g 0

30-33 28 12 T 4 2 2 1 0 a 0 0

40-48 67 30 16 3 5 5 4 3 0 Q 1

50= 483 221 136 17 38 L1 21 12 Kl 1 0

1966-70 Total 497 238 113 20 34 &l 26 17 1 0 |
0-9 16 11 2 1 2 0 0 0 g i 0

10-18 o4 11 B 1 3 1 1 1 g 0 0

20-23 ig 12 6 0 0 1 0 a a 0 ]

30-38 35 17 8 2 3 [ 1 0 0 ]

40-43 110 i8 a7 4 8 11 4 4 Q 0 1

50+ 294 141 71 12 18 24 21 B 1 0 ]

1071-76 Total 451 222 88 26 26 43 27 7 b I ]
0-3 12 1 2 3 0 1 1 0 0 0 0

10-189 4l 14 g 2 0 2 2 2 aQ 1] ]

20-29 20 13 4 0 a 3 0 0 a ] 1]

30-33 60 27 13 2 4 4 g 1 Q 0 0

40-40 111 55 20 7 7 11 B l 3 1 1]

50+ 217 108 47 11 15 22 g 3 2 0 1]

1976-60 Total 428 207 95 22 33 38 20 10 2 1 0
D-9 13 7 2 1 1 2 ] 1] 0 0 0

10-19 15 8 4 l ] g l l a a 0

20-23 20 B B 2 0 4 g l 1 0 0

30-38 ..} 42 14 3 3 4 0 2 (] 0 0

40-49 159 72 39 7 13 12 10 5 0 1 1]

50+ 153 12 30 d 18 18 g 1 1 0 ]

1981-85 Tolal 397 181 85 24 24 34 2B 8 5 0 0
0-9 9 4 4 Q 0 0 1 0 0 ] 0

10-139 18 12 Z a 1 1 0 0 0 0 0

20-29 20 1L 4 1 0 0 ] 3 1 0 0

30-39 79 34 16 8 5 § 7 1 3 0 0

40-43 197 B2 49 10 14 22 18 3 | ] il

50+ 8 38 20 5 i B 2 1 0 0 0
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Appendix Table 8B. Number of deaths from other disease, males

Radiation Dose (Gray)

Period Age ATB

Total 0 .01 06 10 .20 .50 1.00 2.00 3.00  &.00+
-.08 -.08 s«18 -.48 -.98 -1.8% -2.88 -3.89

Total Total 1640 B24 358 B4 a7 | 38 Ta 48 8 B B
0-9 L] 25 10 5 3 5 0 0 0 i] 1]

10-19 76 40 21 4 2 4 1 3 1 0 1]

20-28 a7 19 5 4 3 4 l | 1] a 0

30-33 145 78 26 8 5 13 10 4 1 0 0

40-48 319 148 73 15 17 33 168 12 1 1 2

50+ 1015 513 224 . 48 67 71 44 28 5 5 4

1950-55 Total 354 191 83 13 17 24 13 [} 2 3 2
0-9 3 4 2 V] 1 2 o g Q 0 ]

10-18 13 11 2 0 ] 0 0 0 ] 0 1]

20-29 6 3 0 1 2 0 0 0 0 il ]

30-39 12 8 2 0 1] 1 1 o Y 1] 1]

40-48 35 19 7 1 n 3 4 0 1 0 1]

0+ 279 145 70 11 14 18 8 6 1 3 2

1856-80 Total 352 185 8 17 18 38 | B 0 1 2
0-9 ) 2 1 1 0 2 a a 0 0 0

10-19 3 3 2 1} 0 3 1 0 0 0 0

20-29 8 5 1 0 1 I 0 il ] 0 o

30-33 17 12 2 1 0 1 1 0 0 1] 0

40-43 41 18 11 | 3 B 1 0 i 0 0

50+ 271 144 Bl 14 14 23 (i g8 0 1 2

|861-B5 Total 268 130 5B 13 20 20 14 10 3 1 1
0-9 k] T 1 0 1 a 0 0 0 0 0

10-13 11 2 § 2 0 0 0 1 1 0 0

20-29 [3 2 1 0 0 0 1 0 0 0 0

30-39 16 7 3 3 1 2 0 0 ] 0 0

40-49 30 15 5 1 2 k| 2 1 0 0 1

50+ 198 97 &1 7 16 15 11 8 2 1 i]

1866-70 Total 208 a8 45 11 13 18 12 8 1 0 1
0-9 S 3 0 I 1 ] 0 0 0 0 0

10-19 1 5 4 | 1 0 0 0 0 0 0

20-28 5 4 I 0 0 a 0 0 i] 0 0

30-30 22 g [ 1 2 3 0 1 0 0 ]

40-49 49 20 12 3 2 § 2 4 0 0 1

H0+ 114 87 22 5 T a 10 1 1 0 o

1371-76 Total 185 B7 36 10 14 21 14 B 1 0 1]
0-3 7 4 | 2 0 0 0 0 il 1] 0

10-19 18 6 B 1 0 1 0 2 0 0 0

20-23 8 2 1 0 0 2 0 il 1] 1] 0

30-39 28 13 4 1 l 3 ) 1 ] 0 0

40-43 47 28 7 2 4 L] 2 0 1] 0 0

50+ 82 36 17 4 g g k) kil 1 0 1]

1876~80 Total 152 76 35 11 g g B 5 ] i 0
0-3 5 2 L 1 0 1 il 0 1] 0 1]

10-18 7 B I 0 0 1] 1} 0 1] a 1]

20-29 5 1 1 2 L1} 1 a i} i] 0 1]

30-38 25 17 5 1 0 1 0 1 0 0 ]

40-43 59 25 19 3 3 3 1 4 ] 1 0

50+ 5l 25 8 4 g 3 ] 0 ] 0 0

1981-85 Total 123 57 2B 9 B 10 i G 1 0 o
0-9 7 3 4 0 0 0 0 0 0 ] 1]

10-13 9 7 1 1] 1 0 ] 0 1] 0 ]

20-29 4 2 0 1 ] 1] 0 1 ] ] ]

30-38 25 12 4 1 1 2 3 1 1 0 0

40-48 68 25 12 4 k) 7 4 3 ] 0 o

50+ 20 8 il 3 | 1 1 1 0 0 0
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Appendix Table 8C. Number of deaths from other disease, females

Radintion Dose (Gray)
Period Aze ATE

Total 0 .01 .06 10 .20 a0 1.00 2.00 3.00 4.00+
-.05 -.08 -.19 -.49 -89 -1.83 =2.99 -3.93

Total Total 2375 1100 B28 116 150 209 113 39 15 2 4
0-9 40 25 i 1 2 3 2 1] 1 0 o

10-18 a6 48 25 3 2 8 5 5 0 0 0

20-29 116 57 33 5 3 3 0 ] 2 0 2

30-39 195 33 45 1B 1 12 12 2 2 0 0

4D-49 480 212 116 24 317 43 a1 12 4 1 0

50+ 1443 665 403 67 83 134 B3 15 B 1 1

1850-55 Total 37 20 113 26 22 a7 22 7 3 1 3
0-9 b 4 1 0 1] 1 ] 0 1 0 ]

10-19 22 10 3 1 1] 2 1} 0 i 0 i]

20-23 26 11 7 3 1 1 0 | 0 0 2

30-39 22 10 i 1 0 3 3 1 0 0 1]

40-49 34 18 ] 3 1 5 2 1 0 0 0

50+ 322 143 83 20 20 25 17 4 2 1 L

18966-B0 Total 451 206 132 23 29 a7 15 B 1 a 0
0-9 2 1 1 1] 0 0 0 0 '] 0 5}

10-19 17 11 2 0 i] 2 1 1 o 0 0

20-29 15 B 4 0 2 2 0 1 0 0 0

30-34 19 g 5 3 1 1 0 0 ] 0 0

40-49 40 20 11 3 3 1 0 2 0 0 0

50+ 358 159 109 17 23 3l 14 § 1 0 0

1861-65 Total 380 163 121 15 2¢ 35 13 8 1 0 a
0-9 i & 0 0 o 0 1] o 0 o 0

10-14 14 B 5 0 0 1 0 2 0 0 0

20-29 16 7 B 2 0 1 a 0 ] 1} a

30-39 12 5 L 1 1 0 1 o 0 0 0

40-49 37 15 11 4 3 2 2 2 0 Q 0

G0+ 285 124 95 10 20 3l 1o 4 1 0 0

1966-70 Total 291 140 T4 9 21 25 14 8 0 0 o
0-9 11 B 2 ] 1 0 0 0 0 0 (1

10-19 13 6 2 ] 2 1 1 1 0 0 0

20-29 13 8 4 ] 0 1 0 ] 0 0 0

30-39 13 B 2 1 1 1 0 0 a ] (1]

40-48 Bl 2B 15 1 B B 2 g 0 0 0

50+ 180 84 43 7 11 18 11 2 0 0 0

1971-75 Total 266 135 58 15 12 22 17 1 4 1 0
0-9 § 1 1 1 0 1 L 0 0 0 o

10-18 15 8 3 1 0 1 2 0 0 0 0

20-29 15 11 3 0 a 1 a 0 0 ] 0

30-39 32 14 g 1 a 1 i il ] 0 ]

10-48 B4 23 13 § a 3 4 1 3 1 il

50+ 135 72 30 T B 13 B Q 1 ] ]

1976-80 Tolal 276 131 60O 11 24 29 14 5 2 0 1]
0-9 8 § l a 1 1 a4 0 0 0 0

10-13 8 2 3 I 0 0 | 1 a 0 0

a0-219 15 5 § a 1] 3 0 1 1 0 ]

30-39 43 25 g 2 4 3 0 | 0 0 0

40-43 100 41 20 4 10 ] 9 1 1] 1] 0

50+ 102 47 22 L] 10 13 4 1 1 0 0

1881-8B5 Total 274 124 64 15 18 24 18 2 4 1] i]
0-9 2 1 0 i] 1] 0 1 0 ] 0 ]

10-13 7 g i 0 0 1 il 1] ] 0 ]

20-29 18 | i 1] 0 1] 0 2 1 i] 0

30-39 54 22 12 7 4 3 4 1] 2 ] 0

40-49 139 57 37 ] 11 L5 12 1] 1 0 0

50+ 58 30 15 2 3 3 1 0 0 0 0
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Appendix Table 9. Regression coefficients of the linear-quadratic model* for age
= 40 at the time of the bombings (ATB) by period

Age ATB
Period =40 40-49 =50
% o, Gy %2 % oy
1950-55 -0.2400 0.0715 -0.1162 0.0113 -0.2707 0.0875
1956-60 -0.1986 0.0379 -0.0199 -0.0201 -0.2463 0.0548
1961-65 -0.0420 0.0330 -0.0227 0.0333 -0.0472 0.0318
1966-70 0.1615 -0.0326 0.1700 -0.0058 0.1547 —0.0505
1971-75 0.0836 -0.0171 0.1448 -0.0179 0.0335 -0.0190
1976-80 0.0362 -0.0075 0.0058 -0.0100 0.0938 -0.0049

1981-85 0.0635 -0.0199 0.1877 -0.0324 -0.3716 0.0342

*Relative risk = 1 + aqd+ 02d 2, where d is the radiation dose in gray.
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Appendix Table 10. Estimated coefficients of regression models for all diseases
except neoplasm and blood disease

Age
Model ATB oy oy Og By Bo Deviance  df
{yr)
Null 2372.2 2681
Model 1 0.0288 2368.7° 2680
Model 2 —-0.0309  0.0189 2364.0 2679
Model 3 0.0115 2365.0 2680
Model 4 0.0042 1.976 2359.0 2679
Model —-0.1208  0.0149  0.0214 2357.9 2678
5-1
Model —-0.0641  0.0123 0.0079 0.8490 2356.5 2677
5-2
Model -0.1177 0.0123 0.0218 0.8397 -2.649 2354.1 2676
5-3
Model <40 0.0606 0.0425 -0.0537 2346.0 2675
5-4 >40 —-0.1597 0.0008  0.0461
Model <50  -0.0058 0.0259 -0.0231 2345.8 2675
5-5 >50 —0.1905 -0.0113  0.0698
Model <40 0.0606  0.0425 -0.0537 2341.7 2672

5-6 40-49 -0.0665 0.0110 0.0044
=50 =0.1905 -0.0113  0.0698

Model -0.1701 0.0141 0.0328 2355.7 2678
6-1

Model -0.1656 0.0136 0.0299 0.2310 2355.6 2677
6-2

Model -0.2584 0.0054 0.0671 1.789 —4,503 2346.7 2676
6-3

Model <40 0.0499 0.0319 -0.0223 2347.4 2675
6-4 =40 -0.2181 0.0062  0.0479

Model <50 -0.0145 0.0222 -0.0171 23471 2675
6-5 250 —-0.2590 -0.0016  0.0732

Model <40 0.0499 0.0319 -0.0223 2342.3 2672

6-6 40-49 -0.0709 0.0138 =0.0177
250 -0.2580 -0.0016 0.0732

Continued
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Appendix Table 10. Continued

Age
Model ATB oy o O3 B4 B Deviance  df
(yr)
Model -0.1067  0.0149  0.0110 2358.6 2678
7-1
Model -0.0532  0.0136 0.0017 0.6912 2357.89 2677
7-2
Model -0.1071 0.0131  0.0082 0.7357 -237.4 2356.0 2676
7-3
Model <40 0.1733  0.0425 -0.0703 2339.7 2675
7-4 =40 -0.1683  0.0008  0.0363
Model <50 -0.0041  0.0258 -0.0238 23458 2675
7-5 =50 -0.1879 -0.0113  0.0575
Mode! <40 0.1733  0.0425 -0.0703 23354 2672

7-6 40-49 -0.1407 0.0110 0.0061
=50 -0.1879 -0.0113  0.0575

NOTE: ATB = at the time of the bombings. The definitions of the models follow.
Models 1, 2, 3, and 4: RR =1 + (o - d+ vp - d?) - exp[B+] (A < 40)].

Models 6-1t0 3: RR =1 +[ay - d-T(T<1965) + 0p - 0 + aig - d2 - I (T < 1965)] -
exp[Bq - I (A<40)+Ba-I(A<50)-1(T<1960)].

Models 6-1t0 3: RR =1+ oy - d -I(T<1960) + 02 - d2 + ag - 02 - I (T < 1960)] -
exp[(B1 - I (A <40)+ By - I (A<50)-I(T<1960)).

Models 7-110 3: RR=1+[aq - d - I(T<1960)+ ap-d? + 0z - d2 - I (T < 1965)] -
exp[(B1 - I (A<40) + B2 - T(A<50)-I(T<1960)].

Models 5-4 to 6: RR =1+ oiqj - d - I (T< 1965) + 0 - d? + agj - d2 - I (T < 1965).
Medels 6-4to 6: RR=1+ 0y, - d - I(T= 1960) + vy - d? +0gj - d? - I(T<1960).
Models 7-4t0 6: RR =1 + 0y - d- I (T< 1960) + aip; - 02 + ag; - d2 - I (T < 1965).

Where j= age ATB category and dis in gray. I (T < 1960) = 1 if the period is 1950~60
and 0 if the period is 1961-85. I (A < 40) = 1 if age ATB < 40 and 0 if age ATB > 40.
I (721965) =1 if the period is 195065 and 0 if the period is 1966-85. I (A < 50) = 1 if
age ATB < 50 and 0 if age ATB = 50,
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Appendix Table 11. Estimated coefficients of regression models for various
causes of death

Ccaj:z?hd Model* :-?; o1 o2 a3 Deviance df
(yr)
Circulatory  Null 1881.9 2681
dse850 el 4 0.0464 1877.4 2680
Model 2 0.0233  0.0073 1877.1 2679
Model 3 0.0129 1877.3 2680
Model 5-1 -0.0716  0.0118 0.0199 1876.4 2678
Model 5-4 <40 0.3204 0.0513 -0.1264 1864.3 2875
>40  -0.1134 -0.0043  0.0485
Stroke Null 1450.5 2681
Model 1 0.0260 1449.7 2880
Model 2 -0.0199  0.0145 14488 2679
Model 3 0.0098 1448.9 2680
Model 5-1 -0.1114  0.0067 0.0335 1447.3 2678
Model 5-4 <40 0.5546  0.0567 -0.1521 14353 2675
>40  -0.1657 -0.0139  0.0649
He.art Null 1546.7 2681
disesse’ i 0.0733 1542.0 2680
Model 2 0.0782 -0.0016 1542.0 2679
Model 3 0.0169 1543.4 2680
Model 5-1 -0.0034 0.0172 -0.0002 1543.4 2678
Model 5-4 <40 0.0566 0.0390 -0.0762  1539.1 2675
>40  -0.0180 0.0057  0.0259
Respiratory  Null 1055.1 2681
aiseEss:  sadig 0.0595 10535 2680
Model 2 -0.1562  0.0683 1047.8 2679
Model 3 0.0304 1050.1 2680
Model 5-1 -0.2442  0.0238 0.0827 1048.1 2678
Model 5-4 <40  -0.1109  0.0405 0.0648 1047.5 2675
540  -0.2629 0.0168 0.0878
Continued
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Appendix Table 11. Continued

Cause of  Model* AL . @ @a  Deviance  df
(yr)
Digestive Null 1448.0 2681
disease  \ogel 1 0.0958 14450 2680
Model 2 -0.0316  0.0420 1442.9 2679
Model 3 0.0340 14430 2680
Model 5-1 -0.1052  0.0719 -0.0526 1436.8 2678
Model 5-4 <40 0.0677 0.0956 -0.1142 14356 2675
>40  -0.1407 0.0437 -0.0143
Other Null 1438.0 2681
diseas®  wrsdert -0.0543 1435.4 2680
Model 2 ~0.1270  0.0222 14339 2679
Model 3 ~0.0076 1437.3 2680
Model 5-1 —0.2942 -0.0263 0.1081 1424.0 2678
Model 5-4 <40  —-0.3091 -0.0276 0.1059 1423.9 2675
>40  —0.2852 -0.0276  0.1041

NOTE: ATB = at the time of the bombings.
*See Appendix Table 10 for definitions of these different models.
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Appendix Table 14. Proportion of deaths confirmed by clinical diagncses
among those exposed to 22 Gy and examined in the Adult Health Study (AHS)

No. of deaths

Cause of death Compared Confirmed
Total Undetermined* with clinical by clinical
diagnoses diaghoses

Total 125 59 66 55
(83.3%)

Tuberculosis 2 — 2 2
(100.0%)

Stroke 34 22 12 12
(100.0%)

Heart disease 42 23 19 17
(89.5%)

Digestive disease 18 3 15 12
(80.0%)

Other 29 14 18 12
(66.7%)

NOTE: The total number of deaths from all diseases except neoplasm among
individuals exposed to 22 Gy and examined in the AHS is 140. Of these 140
subjects, 7 died from blood disease and 8 have inadequate diagnoses for cause
of death. The results based on the remaining 125 deaths are shown in the table.

*These deaths were excluded because of either the possible sudden occurrence
of an event (e.g., stroke or heart attack) or because a long period (>10 years)
intervened between the last AHS examination and death.
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Appendix Table 15, Confirmation of liver cirrhosis on the death certificate
among members of the Adult Health Study (AHS) sample, Hiroshima

A. When all sources of information were used

Total no. of deaths with liver cirrhosis 77
1. Confirmed by autopsy (any pathological diagnosis) 19
2. Confirmed by AHS diagnosis as liver cirrhosis 18
3. Confirmed by AHS diagnosis as chronic hepatitis 10
4. Confirmed by AHS diagnosis as probable liver cirrhosis 4
5. Confirmed by AHS diagnosis as probable chronic hepatitis 1
6. Confirmed by past histary in Epidemiological Survey Sheet 5

B. When autopsy findings were used
Total no. of autopsies among 77 deaths with liver cirrhosis 23
Confirmed by principal pathological diagnosis 16
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Appendix Table 17A. Number and proportion of cancers
reported in the Hiroshima and Nagasaki tumor registries
among noncancer deaths by radiation dose

N - Cancer" found in
Radiation dose

(Gy) No. of deaths tumor registry
No. %

All ages ATB,1950-85
Total 20,777 889 4.3
0 9490 353 3.7
0.01-0.99 10,507 476 4.5
1.00-1.99 506 39 .7
=2.00 274 21 FiF

<40 ATB, 1966-85

Total 3109 179 5.8
0 1417 73 52
0.01-0.99 1543 96 6.2
1.00-1.99 82 5 6.1
>2.00 67 5 7.5

NOTE: ATB = at the time of the bombings.

*Latent cancers are excluded.
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Appendix Table 17B. Number and proportion of cancer cases reported in the
Hiroshima and Nagasaki tumor registries among deaths stated to be due to noncancer
causes on the death certificate by cause of death

Cancer™* found

Cause of death é“e‘;ﬁ?; in tumor registry
No. %

All ages ATB, 1950-85
All diseases except neoplasm and blood diseass 20,777 889 4.3
Circulatory disease 11,164 431 3.9
Stroke 6202 208 3.4
Heart disease 4962 223 4.5
Respiratory disease 20386 120 5.9
Digestive disease 2149 156 7.3
Liver cirrhosis 697 63 9.0

<40 ATB, 1966-85

All diseases except neoplasm and blood disease 3109 179 5.8
Circulatory disease 1764 76 4.3
Stroke 884 38 4.3
Heart disease 880 38 4.3
Respiratory disease 276 22 8.0
Digestive disease 455 48 10.5
Liver cirrhosis 281 27 9.6

NOTE: Data for infections and other diseases are not shown. ATB = at the time of the
bombings.

“Latent cancers are excluded.
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Appendix Table 18B. Relative risk at 1 Gy for mortality due to

major causes of death by place of death

Cause of death

Place of death

Hospital

Home

Noncancer
Stroke

Heart diseasse

Digestive disease

Other

Leukemia

All cancers except leukemia

1.20 (1.15, 1.26)
1.18 (1.08, 1.29)
1.30 (1.18, 1.44)
1.23 (1.11, 1.38)
1.07 (0.99, 1.17)
4.61 (3.57, 6.07)
1.38 (1.29, 1.47)

0.96 (0.93, 1.02)
0.96 (0.91, 1.02)
0.96 (0.91, 1.03)
0.95 (0.87, 1.06)
0.95 (0.90, 1.00)
7.92 (4.02, 18.7)
1.14 (1.05, 1.25)

NOTE: The values within parentheses are the 90% confidence limits.

Appendix Table 18C. Accuracy of cause of death on death certificate
by place of death

Place of Confirmation Detection Correction factor
Cause of death death rate (%) rate (%) for death certificate

Stroke Hospital 48.9 62.2 0.79
Home 35.7 70.1 0.51
Heart disease Hospital 39.7 52.2 0.76
Home 39.9 32.6 1.22
Liver cirrhosis Hospital 58.5 60.2 0.97
Home 341 35.9 0.95
Tuberculosis Hospital 63.4 64.5 0.98
Home 60.0 30.3 1.98
Leukemia Hospital 82.9 90.6 0.92
Home 100.0 100.0 1.00
Malignant neoplasms Hospital 92.7 81.5 1.14
except leukemia Home 93.5 64.8 1.44

SOURCE: Yamamoto et al.28
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RERF TR 2-91

P340 SR OB T3, Fol oA (1976-854F) Tl OMMAFED ST 5, ZOHIR
TRPMLELEFLE D GIHRIEEF V(LT ER QEFL)OHR L BET A2 L5 TH
%o L LEHIOMK(1950-654) Tit, SRRHERA 405501 E 0T O R BIG f#R Iz U
FHTH 5, (THHLEHRETIAD FEMDH, SRETIER ERHEINTS 5.)

T4 ITHIRFERA 40K OB & 4052 LOB T > W TZ hZFhIRB o RFHEH D
ZAEER Uiz, A0BKRIBOBMOQEF LS LULT EFLOBREEILIBAN®ICEZIZLEK
2L AHMAD L, = 2OWEIOFRBOERZIFETH VA, o0l oA (19654 %
TEL1966 LI EHWVWB L, QEFLBLULT EFILOMHFIZDWNTE DESUTEETIH
HEEZRBELTWS (0 =0.06), #ERFERI40EE EOBOLQ € FILOHEHIR=>
OB THERICRAL > TV, T 19654 F T 19664 LIBDERICL 5, 19654
VIR, MIEQIHTRAOTRMENNS D, _ROHTIH LAENLIED S L, Ih
BEHBRTR IR ZEF UEBRETIR Y RAZOMALTVEZEERLTLS, 19664
DI BSROEHEEH SN0, 1965FF TOMME BT SEDRFRICIT, SRR
FE A0 E OB A 40-49 5% & S0 Bz 3 &, USRS RGO ARG 1950
—60 F D THARBER A 50U LOBTA X B->TWE (14 9),

LRO LB, Fiid LUWBBIORETA &, BERIG <8 — > EHHRI TR & OBE
MER XD REZENRehi, ChEDOFRM? S, RARF -2 2kicBe “BE"
HAHET L ELTRDANOBIT LT COEFLTHR, ¥HTORRREIZLQESF
Wl L, BoLOMIRITE QETUANBEET 2%, HREIIHEITRIC X > TRE 2 &R
W Uiz

Bt /-oic, BEURS & CBHRIERZ X Uc, BIEKIIRA 1965411 & 1966
SELIES 1985 4R & TIZ/NT, WHBIRFEER%: 40 ot & 400800 Eizsid o, LQ#RRBINE, 19654FL]

& 4. WEHREE RO ZL

W W AR AT 35 40 B R i 1l KR W 4F B 40 58 2L
Q Test LT Test e Test
a, U
195065 0.0028 0.0249 —0.1689 0.0468
196675 0.0310 {0.13 0.2152 ; 0.10 0.1248 —0.0248 | 0.008
197685 0.0508 0.3977 0.0482 —0.0132

I CARZ 20O RBOY - HOoRETH B, —K(Q)EFNL : RR=1+ad?, #
ELIOBMI /L1 TH 2, SE-ME(LT)EF NV : RR=1+ a,(d-1.5) ; #§-_&
(LQ)EF N :RR=1+ad + a,d®
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il TR 40 152 E O BE X D b 1960 41T MR T W R E 6 50 iU L OB o J
MF—F Itk MTIE > 2DT, 1960445 & O BARIFFR 5088 bR M E LTV,

1R 10 RN OERER LIz ZhE6DF =5, FIcBVT, Y A2 LENE
BICATQHOAEEICTEOLQ EFMICiEL, Fhid, HEEHER SO LS - &4 H
T3, LAL, Bz 0T, QEFADSF—2Ick{BE L, fuE0 Y 2 7 DA
BUEREEBAECEIc L 2 b, BRAOBIRLAZEFLUTRIODEFT L G-4)1E,
TidotbbhThs,

VMR AE RS 40 BSoKA, 1950-654F RR =1+ 0.0606d — 0.0112d”
MR AEM 405800 1, 1950654 RR=1-0.1597d + 0.04694*
MR ARG 40 55K, 1966-854 RR =1+ 0.04254%
WREISAERS 40800 L, 1966-854 RR =1+ 0.00084*

183 1 iz, EF A 5-4 2RIz LU0 BRIGHIER %R L7,

LQ & F VI 1960 FELIFT B & CHBHER S0 L L TF -7 ik bES L, QEF IR
19664 LUK &k ORIl 405 R T TH 0%, F—F 2" >OXA (F75H 5 19604F
PR & 196 1 AELIME % 7213 1965 4ELART & 1966 4E LA O WIS, HtRIFAEM 40 SRR & 40 5%
DL E# 7213 506k & 508REL ) i shid -2 FALLER, =20 A0EF IV ER] - 19604F
Lliil, 1961-654F, 196685 4F, WIEFFFH : 40 5EAM, 40—49%, 50k b)) &k <l
HLEEWSZEREN o Te 2FD, F=F %2 OWDHOERMEDALEEFILG=ED
OXB/OEFNEEREEICES LR 10DE T IV 54, 5-5, 6-4, 6-5),

FERIBE

ZF U b MIcEE TRV, fFERBOBEBISHART, LT "JHEEs X g
HRERTRTORR” LABETHZ, 2WRTRIETS D, FBFATHRIER
I D T OWIRREE OBV I IC B W 2R TR L TW 5, #licid, UFRRER
J& BRI TR R, SR T LR ERD 2 BAR EROE LRI LW TR S,

I35 & F MR EA R LED S B, HEOERIZX 25T DN Y X 7 B X A
JEOE HIAT EMRE O#5 R A, 2UIc B 280, #, BB STHC OV TESITR U,
F/o “EE L MR EER 2R TERETOH oh iz 196685 [ D BT
A0 EERM IS O W TRBITR L, KB "Bl QMR TOFERME" & "9 0Lk
TOWIREETRE OGS VWE" O ORIz WT, BHRRIEE R Ui, BRI T L EHE
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Wiic k2 22 OBACIcPd 2 EF L0 PRTESEIIMNRILIZRE U,

R AE

1965 4ELIRT O BRI FEh 40 Ll OB T 13 FRMERNIMI TG ELRE L TO A,
JEHUE OFE T LA B LT 0 2 R %2 R aEilid 7 — 7 262 S 3B S h T, i
Bt i g s R, 1, ABURIARNC & - TEME LW (X 3) . RRGHEIC & BT DA%
E B ORI, R EOMBRZD ShEh o1, (F—FRBERIRLTVE
Vs )

TEmRzEE

1950-85 EDIFRABH BT L 2 TR, R L OHFARIMAETR Lice MATIZL S
FEERITIEZ D & 5 RBALIIFED S s d - 7oas, IMEhRAA DB E (2 TR0
BEL)ELNBETEEEMEEER L&), Lo LEI(1966-864F) i/ % & #ili
REAE B A E OB (40 5K T 1, FIRAKBREOIL IR S e lMzsth & 7243 LR
DOIELRI, B AEABGRER U, SRS P2 K & 7o 3 ARIE - BN 2R
L7c(&B)e "DRIE" DS bR GLTHSZ L HIRBIIREEOBE" OIETHIE, [ U
AR - B CH R IR 0 DRA" EE LERERLTHNS (F6),

“MEESE K CIMEER B E R 2KE" KX FRERIKBB SN L S I, HERFEHE X
UHEHMIc L 5 ) 27 DED, IGRGREL2E, L Uarh, "0ERE" TOHEE N,
sl DRI 31 2 BB TF R O WH T Q 7L, IS E T 2R FiO S WA TU
THORBRIGZRET H2ERGET VG, 2UETQEFLERETZ LD b, BREKE
PURB L UNBEPT, BRICEVBEEER L& LD, Ik, #illick i 2 UFRER
BRESSHETH D, RUcE T 2 BRI OKREBIKENERS, X3),

MEIR PR R

TP AR ABIT K 2 R 2 TR o it bOG 2 R4 (% 5),, B REH wTO
Fk b K& (RAMMIED EH, ZOMERISITERIREIIC X > TEDb ST, LaL,
1966—85 HOUBE TG 40 O & OB IGHEFNIcEE TR L,

B AR

195085 D LB AR BOIETRITIF, HALCHE > FELENLRAFED 51 5 (&R5),
Z DM F RO PR ER RO TR o h 5 (K6), H{EHKED D b, FELEOE
LR LR B Ak &[5 LRSS 2R LT 5 (R 6) . IO BIRIERANE W OH
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RERF TR 2-91

(LR B ORISR ISR & Mg B4R 2Em” SHEUL TV 2 3).
AtEICIE, FITIR LQ, B TR QOWRKIGEHRET 2 EF VI, 2T QEF L L
DECBELTVWE, ZOWBHIKEEF VI HIERFERICE > TELLB L (&R 11),

ZOMOES

COATITN —BBRABRBZE0, ERICLIREHFEHELD B, "FofiogR"
W& BT 2R TR it & ORIRIZED S (#E5), LiL, YO EREIG
BLQEFMZRY, LARERICATQHIEEIETH 2, BYTIE, AoGRKIGH
RO ONSHY, RENTPE S MH &R TN EAERE 20 (X 3),

BESLUMREBER(SERBICL DETY A V#EEE

WMDY A7 EOWRET 2T, 2% EE KT 196685 0 HyHERFFH 40 Bk
HIZ2WT S L CIMEEREE R 2RE" 0V X7 OREOHREE,T7405,2 Gy T
DX Y 22, 10° PYGy, %51 X2 (%) &R L7z (ET)o

Y R 2B EUFESY 2 73~ 0{EL, 1.4 Gy K Ofp IR cldBRET
PO EERILT, HAFC SOz b0 0b o T E8REECHII S hEI - /o,

E7. WE-MEETcED C L X MR EZR 2KE™ KX 5HTRD
Y27 HERERME, MiEgREE 1.4 Gy &RE

% B 2 Gy ToHEE 10 PYGy Yt h @ HEYRY
XY 27 R (%)°

JS s & TRl R IR R B K 2R E

& &t 1.06(1.02, 1.09) 1.18°¢0.51, 1.19) 0.36(0.16, 0.59)
ggﬂffﬁs’_gﬁ 1.19(1.10, 1.29)  1.69(0.90, 2.62)  1.49(0.79, 2.30)
4 C 1.78(1.64, 1.92)  10.00(8.36, 11.8)  10.2 (8.50, 12.0)
1l 5% 8.84(6.78, 11.8) 2.29 (1.18, 2.73) 55.4 (45.7, 66.3)

HiliFE L O£ S 1.58(1.48, 1.72) 7.41 (5.83, 9.08) 7.86(6.19, 9.64)

A 14 90 % (2 B R o
%0.01 Gy kL (219 0.295 Gy) lcBiIE L 12 41,719 A0S FHiz -5 <,

SETE R € F LS D O TR BT BRIk F T 5. (THROLEERN <14 Gy & 2 3HH
TR0, >1.4 GyD & %2123.26THD, FHIL1.18TH 5.)

CRZHEEMBLHBERLSDVTEEEFMRESOTITbME?
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RERF TR 2-91

BLiAl, RN 1.4 Gy UTFCRBARATROTED, AN 1.4 Gy XD EHWL3.26T
35’3#—0 ifl%mﬁﬁf‘ﬁi' SFﬁJii 1.18 Téﬁ")to

ETEE ]

LHTEEFOT RIS CNETOL S LED LN TELOR, BUADOERNICK S
HmOEHI b S - dTHH 5, TD L) UHMERMERLFFITRT HOE,
e, BT MO OFERIC & B EMMATROMNTS 5 5, FIATED
W TH 5 Gompertz BIEE, ADE ORI X 2 TCREBMYNCRT T LAY
LTV 3, SERMATECROMBIRIHICH D, HfEfiid Gompertz BI® LHIZ & » TR
MaNb, 2 Gy MLLOWERE O & UM RZE R MR FRRAE AR ) i3k <
Gomperts [I$ % 6 BHEE(0 Gy) L HBd 5 &, BUNERASHR Ui S, ML oS5
DHTEE L, MOLBERMZHEKRLTWSEZ Enh 5 (X4), EEHOGHLZ, 0 Gy #
HA > 2 Gy BRTRERA—E L TH L @BOBESERIR R 520 Th 2 (K5A),
=W, +#b b 1950-654F, 1966—754E, 197685 4 (K 5B 1 THIRIFEEH;
PAOKIGOBABET 2 L, 2 Gy UL ETOHTEOU] S0 il 1966 F % Tl
Shd, HIRERERD 40550 OB T, I, 37845 1950-65F T (50ELL LD T
)b EN AR D SN G,

LTI RMIEH LR TR T, BeRIhE2PRMOEMTE LK, 2 Gy L
Ll Lm0 TS & OB ER 2R OBRECISERT 2 F 8RO
T 2 AR EAESITR L, 220k, FUMRE (22 Gy) DEMEHATIC X
ZEH R OER bR L, RGO 2 S S IEETT O ReOEL LTE
FHid 5. EWBEOFHARME 1985 FOAAADEMREMOTHRIN Lic, 2 Gy ED
WARE CEX 3.3 Gy)izo Wik, BEHY 2 21X eEmB L UBLEBLT—ETH 2
LR Lo B Y X2 1E, “MEb L OMEEEER SRE 50,10, EHEREE
1.29TH - 72,2 “[ifH L CIMEEEEBC £EE" © 0RO B TB5R M ORI
0.4 LB E ML, EMEETIE3ETH -1,

#8. 2 Gy PLE (5485 3.3 Gy) ic #ilk L 7o 8 O PR M e O HEE GF)

. A i
10 20 30 40 50 60 70

M B k DR R C 2

B 0.42 0.42 0.42 0.40 0.37 0.30 0.21 0.06

7 0.32 0.31 0.31 0.30 0.28 0.25 0.18 0.05
L T

Ll 2.91 2.90 2.87 2.19 2:65 1.92 1.03 0.17

s 2.17 2.16 2.12 1.99 LTl 1.27 0.68 0.12
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R4, ey, MEBE, M4 & OF MR A 2% Bk ¢

io0p
U O PE T, B AL
50 -
e
1 10
8
o 57
“
M
)
o 1r
s
—~.g5
0.1k
n-oa= 1 1 1 L 1 1 J
<20 20- 30— 40~ 50- 60— =70
290 39 49 59 69
P (5F)
100 Jifi 355 100 ¢ MRS & IR EBR < 2R
50 | 0 Gy 50 [ oGy
—eee 220 === 220 g
i 2 1 -
e 10 e 10
e Q
= 5k = 5 E
& 4
jﬂ] M
&
= Al 2 Lk
g g
T~ 05E &Y
01 C M 1 1 1 0'1 g L 1 1 1L L L 1
0.08 <20 20~ 30~ 40- 50- 60—~ =70 003 <20 20- 30- 40- 50- 60- 70
29 39 49 59 69 29 39 49 59 69
SEM (5F) i ()
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BLADREIC L BECORBRIGLBC  ro0op e 0 o

LBET-DBRLOERTHIDON o S =i
DEEA LD, MEFER>wTR 28 L /
® 5 BRI R, TIEROBB I ﬁm-
X550, FubLAMEENER TS B}
DHFTY AN Z EIELEH0TH 5 |
o Foo IS & MR LR  SHBI ﬁ [
DWT b, Mo THH L f BRI O ¥ é!:
EPAEESD B &k b, BOEOBIRK § ;

WWAEC DG %, (a) REHTR LA DTN

Iz &k BT ORISR 78 & A7 A3

s, (b)BFREY X 7Rty e———— e
<20 20- 30- 40- 50- 60- =70

e 2o TL ORAERIEL b I Lre, 29 39{{ ﬂ;smss 69

LA LA & N ATELH L, f ik

PIAOERIC L 2 U RoMEgaa ) 2 B5A. TS & CMHIK IR < £IRBOF
kg . - n?_ Rt BIZE L5, BRI UM BRI A i 1)
2B L, Zonlfigtt2#HAE L.

£z, S L CIMEEEER RTERICL B0 S BEIMRTRYD S0l

i LTce BIMIBHIZIIC L BT TH B 2 A LEUAORRI L 5T 0HEEE
HTI0%TH D, ZORERIRRITPEOININ U BRI EE T, - fo. BLUAD
B0 5 & OO 10% (<1 G2 5 18% (=21 Gy)cifind 2 0i, =1 Gy
GRS 2.1 Gy) OB FE OMBEHXT U 2 7 L8 SIRF s fu a1 & 13IFEI
FTHB, TN O™ ) ORERIFIEITERT Lis by, @0 oWRFYR oY ) 2
FHIMZ O 2 2 LERBELTNS, KI10ICEEADOERIC X 2ELCD D LEHIRT
&L A EEERBICR Lz, £ 0# &1 5.5 % (IMAd) 5 5 19.8 % (%) i 5
ATWS,

LA O TET W) i RO AR B 28R O S RGE L, IRD & 5 ITfEh & - TREA
OERTH 2 LBHEhicBa0, BUADEKRIC K AT O Y X7 2RIH U

1+ GEOBRHN Y R 7) x EEAOTELTHIT LD 2 ROFNAE)

BB OAICHES CHIFHEN Y 27 2R T 5720, B2 ) —X DR 232 THIE L2
MEFIOHENY 22, 974bb1 Gy, 2 Gy, 3 Gy TE4 1.4, 1.8, 2.2 W fEEM W,
BONC b HBENFENTV S ZEEFBMICTANT, £5RHIC L0 28 OFE 9.9 % 24l
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BISB. NS &5 & OF a2 A% Bk < R 850 AR I TE 5, SRad 40, B R AE @, IR 9

100F 1950-654F ; 100 f 1966-754F
C BOREE BT (Gy) C WORDBER R (Gy)
----- =40 =20 [ enne 240 22.0
>40 0 L —— 240 0
I — ] 220 R — =20
B | =<0 0 B[ — <40 0
1ok iak
B OE o
& F S F
= F / =
ok 2 [
i / B
é 15 ~ é 1k
g8k 7 s
_‘ A I i L L 1 L J 0.1 L L] 1 i 1 L L
<20 20- 30- 40~ 50- 60~ =70 <20 20- 30— 40- 50~ 60— 270
20 39 49 59 69 20 39 49 59 69
MG (4E) Ml (5F)
100p 1976-851F
o pEkRRERE R (Gy)
f=— =— =40 =20
b —— <40 0 /
RI10E
S F
= [
4 L
]I
g
o 1E
] C
=B
0.1 3 5 L 1 M 1 3 1

<20 20— 30- 40- 50- 60— =70
29 39 49 59 69

il (£F)
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£ 9. REUA QK TZ NP O JRAE R, ML L MR EREZ R 2K E

BUsRIE (Gy) B o SRR (%) BlBRTRRIN
Bl % %
& it 20,777 2610 12.6 251 9.6
0 9490 908 9.6 102 11.2
0.01-0.99 10,507 1561 14.9 124 79 l &
1.00—1.99 508 93 18.4 19 20.4
>2.00 274 48 175 6 125 ’17'7

F10. KTRZWEH CRUAOKKIC L 3 LElS hic T D 3 BEHIM TR &

BHiE o EO LR

o TR L X Ayt

oA T8 1) b 3 ,
#l & %
L35 & CIMBIR A B { 288 20,777 2610 251 9.6
WB AR 11,164 1368 84 6.1
e 4% 6202 798 44 55
L 4962 570 40 7.0
IR I 25 £ 1 2036 244 31 127
ML R 2149 308 59 19.2
HF fi 2 697 121 24 19.8

H:BYEBLUEOMOEROT — 2 3BT T L,

11 WBLAOTECIE@BAE O & E LB S 0B ERoMB2 O A IS ¢
BLADOFINIZ L 2FEC 0N Y 24

1
% I e m;ﬂ(;yzﬁ =
g;’iguﬁmmg&m&ﬁﬁ 1.04 (1.04) 1.07(1.17) 1.11(1.38)
WHBES 1.02 (1.05) 1.05(1.21) 1.07 (1.46)
i & e 1.02 1.04 1.07
L i 1.03 1.05 1.08
ekl 330! 1.07 (1.09) 1,14 (1.38) 1.22 (1.86)
LIRIEN 1.07 115 1.22

BEMPEARI0B L1 OEF U545 BUAOTERIC & 2 ROHEEHE Y % 7, BB
fE s 40 ki, 1966-854F. & 10, 11 DEFAGARKOEENTHE,

RR=1+ay;d-J(T<1965)+ ay+d+ as+d* (T <1965)

L, JIRIRNEERA 7 T ) — T, dOBLZ 7 LA, (T < 1965) 14, 1950-654ECI3 1, 1966—854F
Td 0,
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Ch o OFRX A OFEERENE 0, 0.15, 2.1 Gy T b, BIEEREISICE S (ol )
A21%1.0, 1.06, 1.8 TH %, Lizd»T, (0.5x1)+(0.45 x 1.06) + (0.05 x 1.8)
= 1.067 &7 5, ]
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UL, 2 Gy %720 3 Gy Tk, BARHIX U X 7 WHEEZ Lt > T B, Lokt T,
SCHES N AT, HOB - 2 MO AIET bOTHE .

B

BN O 2 SRR DRI & » TS T mERAT 2 L0 S R EF S Z LI1kE
WTH 5D, WAl TOSMEHEE A IS LI oRT T, edRkEAl v TciHs hi
MRS B < 2RI & B RRPET R, WU TREBICHEOENUE» 5. i, e DK
BATT) ORI TL 20 LI WERRTREWEd -7/, UL, BEA ORI L 25
LR D TR A OME— D FE#LIE, &0 TESDRGEE, 74 bb 24 Gy #ic
B BHLKIZ b, FL=Zo0MA G (RS, K, BRI 35-49 %8
IZH AR INAEESD S,

Vi ot &8 7N OB B A Z Nk U, ¥ L OsatiE AxXNER W2 2 &ick b,
2 Gy U Lo TRLIADKINI L 25100 A 2 O @ fl%E Rd s/ far A S, MR
Bz W THEI AT HEL, FIol ORBICHIEEMAEZSR - TaBlo tits 3
HROBZICENT 2 2 &A%, LpioEFRATEHAORT Clafis ni.> ARIFco, “l
PRI 1T R AHET % 1950-82 F O HIMEGH LT 5 &, B URRAG O ((T412),
Lo T, R cR LA ORREIC & 2 D o Mk EERA Ui, "ML & U0l
WP A B A5R” OFETHRIZ 195085 FF D M TR ICEWE RSN AR L (&2),
L L, CoOMINMEmIEIE TR CHRIE-BMENTH 5, Wiz, HaUS R &
MR IC & » THRIL 5, #ITH, LIERERICAT, QHBABIKIETESLQEF M
Wo. Lo Ltk MIEMEROBESISO AP TF—5 Ik M TIRE 5, BuLDly
IFAAE R (< 405D ICiER4 32 & Bbh s (K2), FEOHEB GEES KRR, FFERIRE
B ESRERE ENCO VT 21T &, TS ORBOMERIGIP LT “MEe L
MR B ZERC 2B LECBRERLTWVS (X 3),

AT IR AP ERO 5 b TE5DRGEIHEE SN TV 2 91,000 AD 83 % izli-—S W
TWa, LAL, BEEIZH 12,000 Alc2oWTHDS8EEAHEEINTH Y, WAETIE
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77\ = AL~ QR AT IR OO TR & LTRDNERETH L LER
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HEE 5 & ORI R i A b < L tsENT 2 Uic B4 A %L 4 Gompertz dh#s G
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D\.T—\::ffé.if?ﬂlm‘ O LA (PXI bAE L UIP(] 5B)u

i X RN QEKBOWAIC 20T, LHROGOEHEII L, S LA 0EoFY
RMOEHRTFT 5 &, BLAOKREBICE 2E/HET0.44, B X BERN3ETH -7,
AR CREELUADEBOIBENE OH(S~A45), ik 2 EHRGEHIPASVT &
R D) 2 7RO MR E N (T & &, BUADIERIZ XK 2T sk, #OTE
UARBIRI 3 &2 RM L TW B, AT T, 1985FO AAANEGEDOEHAL L
1985 FE O H L RN ORI L 2 TREH W e ERREIHT LAcHRICDAES
o HMMEAEMOHEMIE, ML OMEEMITEVLDITBEETHEAI N2 R LTI
We 2.0 Gy BLECGER 3.8 Gy ) Io o WTIHLA ORI & 2 0l & Lid 2 5o
ez X A FMEIR A HEE U, BRI 1.4 Gy LHEESh-0T, | Gy TO ik
BIELIADIERIC L BT TOETH » 70, BICKBHLETIRO09ETH -1, COKE
DOfiiid UNSCEAR S THEE S M T 28NS 5," UL U, IOHERBLER I & 2 HE
TEFFMEMAE N REMOERBIR SR ORELSETELEEZOND, Licdia
T, BA05H LcHEE Mo { BEAADHITY T E 2 M SHERIcfEtn &
Rd~R&THA9,

BUADEBOECEAOHRBEEE R > TR LBIER

AP INFTTENTELHRER, HCBEFICE S bOUOTREN S Y, B
AOHZ CHET bWUADIERIZ L Z2HT DR Lo HFS LS5, Bod bo
ELEHELOE, BNHEEDER T %> ThORR LT AL TH B9, BWUAOKER
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ZRA L,

RO THRER D Wb, bOWEE LT, BLUAOER I L 2RO
ERBRIEHBAETONHOBOOHIZL 25D TH 20BN %N T 548, Sposto 52
BEICF— 7 2WH LT - HEHBIF S WTIBNTOW B, 5 b, BUAOFRIZ L 2
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LD, ZMORHEEEHZO TN TEABHLAEWI LRIHL A TH L, TDOI &3, §Fiz,
AR Z s R AKNETIHWIECHITOWTER 5,

DB E
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DLLAKBZDLO LIRS 20 LOWEERSTTHWS, L L, HEHRE IS Lo
S BREDBRIEFEOS IR oh, LETR, XIRETREZT L BHOBRN L <, ks
RIS 2 LS » o B TRBARREON LB o1z, O &1, SR 7rHE 28 1o Bl
OB LA OHREIC L BT E & MEHREREOBITMFEIS 5 EE2RB LTV S,
KEOBFHRE & 2O OEME & £ B LB a, fr2 0 o COBIME RS X U
DEFELUADKBICEZHETCHLEV I EPREINTV S, LA, HEOME#HE"S I
SWTH, WA DRI X2 CEMMRBH o T,

185840 5 19744 F TOMREIZ T b A HUETT O AMRETIEH S E o uashs L or
R OB B R R B 29 ORE T i3, AP DBEBIZ SV TR TE /R
ZEMI TV 2, TOFEE, DERS L OHRE SRR R A B O TR o2t
I - THER LAEPN D W TiThh, BT AREHERZ R CITh RS 0 & iz
BHETLHOTERY, TOHEATRE, @fiE, 7455 2.0 Gy Lo Te5 %2t/
IKEDEMDRERSERIST O RS iy, BIFO LS & ORI O B o 345
DEBHED SNIE D o foe LB TEHEIITHWER Ul O BRI E N & W S FERLAT
OB, BE MG VAT o— U)o 5, SIMFEEORER &, Ea0MMmE Y
Z7EFOVTHEDTRBITL > THINMHPTER VI b DD EF, ZoMEAHD
bOTHLLEB—RIZEZ SN TR, ZORERZNLIE LS N 1958 4F (B AR
ARG Q) 2 5 1986 F & TOMIMASL £ 5 1c/ » 72, FTLOEERS 3, KB TEE
SR U7 TN ) 2 2 N L C & AR 2 b DO TH 24, B CHERD
PPET S Y X2 OFERMARD 5N TO 5. BEIRZKNICHS I O fRE
IO ARBGHEH R ETHML TV A5 L2 & 5 HBEEG,"Y ShooiEi,
IS NS WRENZH S {28, FREEEMSKOTEE RT3 ML - LT0 2,
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Stewart & ©f Kneale ##icxtddaX v b

Stewart ¥ & 0¥ Kneale® ! {3 f5ill O > O T, ISR EHITT S #HA LT 25
IBEDHMPRIRO B E20H LAV EERBLTVS, oF b, HMFAERM 1950
FICRES N, BHAAEZMET 2L, ¢85 19465-50 FOMicd T L
FBRWBI LD, WHROBEH LB 2 B0 EREhich b Lhinins
FEAIESVTWS, TE5 RIS 6 o T, OIRINERE BRIz BEHR O HER
ERBD o s/, L L, DRINEREDAOIIEER SEBEVSIEOWAT T —
TRIETHRIZ UFRRIRBUSOED Sz, B0 E 7o, (BT B o TR 111
BT, K HEFET, KEOREBICHEVEDTEIE, 2UT 25 BHibEcERT 3
T O _EFER I B, BN L 2 AL -7c 2 L BRD TV S, WLOTIR
iChad, O &R, WICE SISz &, ERBROBENFIBEREOREY 22
OBNFHlil D L WS FELEDELE—TT LTV A,

Stewart ¥ & U Kneale {3 “[EEH & OIS FERAR 2R % "RQEHE" LIFA
TWEY, COHRTI) —RREETLBBEREEVEEDNEIZ L OEREESLOT, 20O
ATTN—2RESFEIERBLOILIEEIRETH S, LrL, ICDHEHED B
iE" 1 R BXU "ZofhoRGME AN LTV, AR INASOEREBETIE
AECRBIEER2 L3 TEED - 1, HORALAOCHLT T 2 WO Tl
FRCHEEOIND Lo C LI b BETRETH D, TOWMETI, 1940 FEREFEOA
OO 7 — & AV S 41, M LM I L B0 & oRlIcBfRdED Sl - oo

FUSHEEOF— 2 Icfib ) d 3 & 15 Stewart 5 &£ ¥ Kneale DEB 2 A DA,
195085 F DI THICHT 2 BB L it 2 O TH & O Kie % L DRIz~

BLU19T6-854F T4 it o #ERELITFCENT 5,

(1) S TR ci o Wi B 2 FEGE2 OB (ORBIERE) I L B 0EN
BEUT VT EICNT 2, MR E Xk N EIA D REEESEKE (F8b B0 E) DT
HElE & b Eo YR TE ERIEMERN 2R~ d . < O RIEOIRIEREEIC X 5T R
OWBRFEIL OV ETEESOFRREG—H LT,

(2) M), LIS REEB L OMBEELZIR 2EBICX 2RI (KRB T2
Wil ic i -0 BiE OB RIS VD RN, 2HRITE UFRRERITEHBZ R L TE
by, Stewart 5L U Kneale DHEZE LBt W THLIMCEETH 2, LA L IOH
44 195065 DM, BARIFERSS40RKE LD DI >V TOABD Sz, ZOKE
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AFTY —FHEIHET 3 &, EEEOREG USRS, KiBarERicafizns
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&4 2 Stewart B L X Kneale DEIEL 3 —H LI,
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THENTH 5, BEUADINIZ L3R, FHOAEL L >TWEDT, BILTHR
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7%, MFRLA DTS % D& LH L7z.® Little & U Charles® bifull, A& Ehic
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FLU Kneale DEskE—EH LA,
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Fo 7S W GE DR IR X3 0 | I BB A HIc &l T 5.
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%24, WEAE, BRAT

oMo R (Gy)

BN R
a8 U] .01 .06 .10 .20 .50 1.00 2.00 3.00 =4.00
.06 -.08 -.19 -.49 -.48 -1.88 -2.88 -3.99
a i & B 2185336 984271 553960 1198931 149669 188322 102709 55261 1831l 5823 6919
0-9 549016 238281 160917 30765 38031 44878 19879 10577 3405 1050 1193
10-19 497893 243257 111856 25888 28781 389838 24623 13561 hB34 2278 2269
20-29 320042 140542  B0T40 17483 22348 27328 1BBBO BB1L 3317 g12 1104
30-99 335011 145483 84791 19039 24128 32187 16248 8827 2669 T2 1017
40-49 298752 133394  B9823 16267 23522 27095 16207 Bato 2444 681 889
Z 50 184622 83313 45835 10430 12850 16838 f08z 4374 842 241 447
1960-56 & #f 388882 175299 96148 21183 26618 33632 18496 9877 3272 1056 1302
0-8 B3250 36166 24322 4654 5787 R794 3020 1621 Had 168 181
10-18 77233 37758 17298 3995 4430 6177 3839 2140 876 361 357
20-29 bOBS4 22217 12778 2745 3628 4365 2819 1675 541 148 180
30-39 GBBBI 24529 14432 3213 074 5323 2810 1484 474 142 198
40-49 BOBBE 27038 14168 3281 4678 bh42 3287 1729 522 139 210
=50 G0540 27588 15149 3287 4143 5426 2941 1427 15 a8 166
1956-60 #& #F 350765 157785  BAABE 18247 240893 30355  167)9 Jo0z28 2959 936 1146
0-9 78817 34252 23050 4414 5452 B428 2861 1528 507 155 170
10-19 72466 35350  1B246 3783 4178 5807 600 2001 826 338 340
20-29 47424 20780 118568 2586 3301 L] 2463 1461 500 140 165
30-39 52562 22765 13384 2999 asot 48953 2584 1380 428 122 172
40-49 54101 24124 12659 2910 4204 4928 2086 1561 460 125 184
Z & 45364 20514 11209 2556 3158 4185 2245 1108 241 B0 110
1861-85 & 3 330790 148916 8350l 18175 22744 28599 16730 B4R 2781 a77 1070
0-4 78348 34025 22943 4385 9428 6399 2838 1514 482 155 170
10-18 71620 34936 16082 3742 4148 B720 3545 1961 816 330 40
20-29 46663 20468 11733 2551 3261 3981 2428 1431 493 131 165
30-39 50026 22111 12897 2888 3657 4844 2503 1346 105 110 165
40-49 49502 22292 11638 2692 3925 4525 2728 1405 427 11 159
Z 50 33341 14384 8208 1906 2325 3120 1688 B30 189 40 7l
19686-70 4 BF 310411 139893 78383 17100 21361 26694 14859 T8ED 26189 843 388
0-9 77836 33786 22866 4373 59405 6371 2823 1505 473 155 188
10-19 T0B6D 34612 15002 3648 40893 6853 3504 1924 813 325 338
20-29 45780 20124 11500 2507 azo7 3309 2385 1381 478 130 162
a0-34 48752 21214 12258 2764 3525 4673 2385 1302 74 106 152
40-49 44682 20007 10323 2434 3684 4055 2434 1243 371 104 128
=50 22400 10142 5535 1328 1548 2033 1127 514 112 24 40
1971-75 & # 289580 130438 73458 16011 19907 24820 13651 7271 2431 743 a0l
0-9 77452 33560 22757 4337 5374 6339 2802 1482 470 155 165
10-19 BYB81I 34155 15656 3672 4040 5580 454 1880 795 320 319
20-29 44700 19870 11277 2437 3112 3736 2344 133¢ 458 125 155
d0-349 45948 19997 11564 2637 3320 1438 2204 1219 341 93 133
40-49 38086  1B9VH 8876 2127 3082 3418 2093 1040 301 85 96
=50 13494 EDTT 3327 80t 978 1248 B54 296 68 15 a2
1976-80 & B 288137 120730 BBGA8  I476B 18279 23046 12338 6621 22189 738 800
0-8 76956 33380 22593 4308 5337 6295 2788 1470 468 154 165
10-10 BEBT1  936BE 15402 3EDZ 3987 5405 3375 1844 766 a10 285
20-29 43284 19026 10863 2378 30186 3687 2252 1257 440 120 147
30-39 42419 18466 10702 2417 30562 41683 2007 1115 a0l B2 1o
40-49 ano42 13333 7190 1676 2378 2711 1612 792 218 it BS
=50 BTBE 2928 1750 388 510 B0 306 144 28 2 18
1081-86 4 #F 248881 111310 63385 13508 16668 21175 11216 BOOT 2021 BEO 712
0-9 762568 33102 22386 4284 5ZR7 G246 2750 1445 462 150 163
10-19 67162 32848 15068 3405 918 5405 3305 1802 742 297 280
20-28 41499 18268 10529 2281 2024 3508 2168 1"t 410 118 130
30-39 a7702 16400 3574 2120 2700 3181 1745 382 247 BE 87
40-48 21314 a621 5070 1158 1669 1819 I118 H4ed 149 48 43
Z 50 2718 1080 756 183 188 316 131 87 10 0 10
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3% 2B. B AFE, Bk
W H B R (Gy)

0 .01 .08 .10 20 .50 1.00 2.00 3.00 =z4.00
-.05 -.09 -.19 -.44 -.99 ~-1.88 -2.89 -3.99

LI e e

& & fF 834895 397381 195972 46989 53883  BBETY 06520 22583 7016 2460 aazg
0-4 268107 117945 77314 14803  18BB3 21540 A614 5429 1635 593 450
10-19 21208 110233 43413 11721 11278  |GS08 B943 5774 2763 932 1401
20-29 BEB22 31847 14343 Jale 3985 5088 3218 2230 587 184 az0
30-39 08454 48410 20487 SEB0 6823 9014 4654 2973 622 a0l 108
40-49 114493 54037 23524 5430 8792 9994 B226 3810 LEH] 218 508
Z50 76263 34811 16811 4357 5322 6534 3877 2387 514 227 235

1950-56 & #F 154800 73692 35906 BEB4 qg88 12819 6851 4328 1313 468 660

0-9 40852 17988 11733 2269 2833 3277 14587 838 272 89 il
10-18 33465 17342 6838 1810 1751 2569 1434 918 431 155 221
20-28 10848 5236 2383 €18 BT0 852 524 388 89 33 53
30-38 17658 8685 79 997 1083 1573 861 530 124 B3 94
40-49 26355 11904 5208 1433 1861 2260 1358 855 223 43 121
=00 26623 12527 6036 1460 1741 2289 1302 803 173 85 a7
195660 & Bf 137446  B5306 31871 7714 8929 11341 G187 3847 1173 106 674
0-8 38618 17015  l1l02 2151 2681 3088 1388 186 252 85 ES
10-19 31242 16141 6395 1713 1648 2410 1328 848 409 140 210
20-29 log22 4838 2202 578 B20 73 488 357 85 30 RO
30-39 16225 7915 3436 929 f93 1443 785 482 107 51 75
40-49 22183 10498 1566 1230 LG54 1951 1213 750 186 40 108
=50 19145 8900 4270 Lz 1334 | RE3 376 623 136 B0 RE&
1961-65 & B 127838 60703 29759 7194 8278 10487 5744 3522 1085 367 h28
0-g 38298 16861 11030 2137 2667 3079 1371 715 228 a5 i3
10-189 30804 15919 B307 1696 1627 2381 1288 B32 401 1495 210
20-29 3776 4736 2124 568 Bl1 763 477 345 85 2B 50
ap-39 16563 7637 J266 889 a38 1398 760 462 100 45 70
40-49 189883 8434 4087 L1l 1504 1704 1095 B58 162 38 i o4
z 50 13302 BIL7 2035 743 431 1173 7348 443 89 40 &1
1866-70 & ¥ 117795 GBIGD 27482 GB6I 7679 9623 5205 3180 q78 343 477
0-9 38048 16723 10984 2123 2649 qo062 1385 771 223 B5 B4
10-19 30377 18722 6202 1679 1595 2348 1272 818 398 132 210
20-29 9467 4503 2044 947 280 729 467 az27 BS 25 60
30-39 14553 7182 2994 524 B&8 1320 698 438 87 45 Bl
40-449 16943 8023 3436 a7s 1341 1455 a17 b82 127 33 Ta
2 50 8417 3886 1833 515 626 7049 485 264 56 24 19
1971-75 & M 108255 G573 25463 6138 7028 BROI 1678 2872 a10 326 418
0-9 37760 16583 10924 2092 2635 3037 1354 765 220 BS RO
10-19 29004 15438 6049 1861 1574 2318 1244 BOG 369 130 199
20-29 3084 4432 1965 541 539 702 452 308 85 28 85
a0-34 13174 BGLE 26494 771 787 1219 B0S 404 80 41 ia
40-49 13661 G408 2770 BOB 1103 170 T2 452 87 30 53
Z 50 4768 2189 1062 27 378 408 249 137 40 15 12
1976-80 & Bt 98920 47059 23609 5628 6369 8128 L1107 2560 825 283 348
0-8 37474 16472 10833 2078 2623 oo 1342 759 220 64 60
1o-19 28087 15074 5902 1618 1558 2287 1204 TBR 373 124 181
20-29 8564 4162 18230 511 506 BTl 415 272 B 25 40
30-39 11668 5718 2363 691 i3 1106 51t 360 70 3z 34
40-40 10033 4856 2123 H80 808 872 540 320 1] 25 34
=50 2202 a7 508 142 181 202 a5 it 14 q 0
1981-85 & It 0034 42888 21683 hi4d 5712 7430 3870 2271 7o 256 a16
0-9 37057 16287 10709 2056 2536 2980 1329 740 220 1] 1]
10-18 28187 14597 5721 1545 1525 2217 1165 770 52 116 170
20-29 7871 3838 1747 467 458 ROS a87 231 75 25 KA}
30-29 g708 4838 1978 578 540 458 424 297 54 24 21
40-43 B415 3028 1323 343 02l 583 132 213 36 12 27
=50 796 a4 207 58 72 84 34 24 § 0 i}
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i 2C. W% A, ik

M E R (cy)

W PR

& o 0 .01 .06 1o .20 .50 1.00 2.00 3.00 =4.00
-.05 -.08  -.18  -.48 -89 -1.89 -2.89 -3.99

& I 4 B 1350441 588890 357888 73022 0586 119643 66180 32677 11205 3483 3596
0-9 280910 120337 83603 15862 19347 23339 10285 5148 1770 487 743
10-19 284927 133024 68242 14268 17514 23329 15880 7787 2871 1346 888
20-29 254420 i0BG96 6636 13668 18362 22288 18845 7381 2729 723 784
30-39 238557 97073 64324 13358 18205 23173 11594 5854 1947 421 608
40-49 184259 79357 46400 9797 14729 17101 9981 4500 1549 183 382
=50 109369 48403 29024  BO7T3 7528 104B4 6215 2008 429 13 212
1950-55 & & 234182 1016068 62151 12599 16630 20813 11645  6B50 1959 588 42
0-9 423098 8188 12689 2385 2934 4523 1662 7814 212 i 115
10-19 43788 20417 10461 2185 2870 3508 2404 1225 148 206 137
20-29 39846 16981 10396 2129 2855 3513 2001 1187 151 116 127
30-39 39023 15934 106898 2216 2981 3760 1948 955 350 79 105
40-49 35230 15045 8959 1857 2818 3282 1909 875 299 a7 89
250 33817 15081 9054 1827 2353 4137 16389 524 142 13 58
1956-60 & # 213309 92479 56515 11534 15184 19015 10533 5181 1786 531 572
0-9 40189 17237 11948 2283 2772 3332 1474 743 255 70 108
10-19 41224 19209 9851 2070 2530 3397 2272 1153 417 195 130
20-28 37402 15841 0766 2008 2681 3208 1878 1104 415 110 118§
30-93 36358 14850 9928 2070 2808 3517 1799 898 320 71 97
40-49 31808 13627  BO9I 1680 2549 2976 1743 801 276 85 0
=50 26218 11614 8939 1444 1824 2498 1289 483 10§ 0 45
1961-85 & # 203154 8B113 63743 10982 14465 18112 9997 4985 1727 510 542
0-9 40050 17184 11813 2268 2781 3319 1487 734 254 70 108§
10-19 40816 19018 9776 2047 2520 3339 2250 1128 415 195 130
20-29 36877 15732 9609 1983 2651 3238 1951 1086 108 105 115
30-33 35363 14474 9832 2000 2719 3444 1743 883 305 65 95
40-48 30010 12858 7541 1581 2421 2821 1633 747 285 75 86
Z 50 20038 8857 5279 1113 1384 1947 954 3sl 80 0 30

1966-70 & & 192616 83744 50891 10431 13682 17072 9454  4B8Y 1641 500 51
0-9 39888 17073 11883 2250 2756 3310 1458 735 250 70 105
10-19 40483 18890 8700 2019 24897 3305 2232 1105 414 193 128
20-29 36323 15521 9456 1960 2626 3180 1918 1054 391 105 112

30-39 34200 14022 9263 1935 2637 3353 1687 964 287 51 91
40-49 27738 11883 G887 1458 2243 2599 1617 681 244 72 55

Z50 13983 G256 3702 810 922 1324 642 250 55 0 21
1971-76 & B 181325 7E8EE 478908 9873 12880 15969 8874 4289 1520 46R 483
0-9 39692 16971 11833 2245 2739 3303 1448 727 250 70 10§
10-18 40077 18717 3607 2012 2466 32R4 2210 1085 408 190 120
20-29 35625 15238 9313 1906 2574 3094 1892 1025 373 100 110
30-33 32770 13478 8870 1866 2523 3220 1599 814 251 52 85
10-49 24435 10571 BIOT 1320 1979 2248 1321 588 203 55 43
250 A726 3888 226G 524 800 840 404 159 26 0 20

1976-80 & % 159208 73672 44890 9139 11909 14818 8231 4061 1393 445 451
0-9 39483 18908 11760 2233  R714 3286 1444 716 247 70 105
10-19 39584 18522 0500 1984 2428 3227 2171 1058 393 1886 14
20-20 34720 14864 0084 1866 2509 3016 1837 965 357 95 107
30-39 30850 12748 8339 1726 2368 3062 1498 756 231 50 6
$0-49 20008  BBT7T  GOB7 1086 1570 1838 10732 472 150 44 32
Z 50 1563 1952 1241 244 319 488 210 77 15 0 18
1981-85 & 8 156647 BB4I2 41702  B4B5 10958 13745 7546 3733 1268 424 396
0-9 39200 (B8IE 11877 2228 2672 3268 1421 708 242 70 103
10-19 38876 18251 9347 1950 2394 3188 2141 1032 180 181 1o
20-20 33628 14419 8782 1815 2466 2899 1781 941 335 93 97
30-39 278994 11584 7598 1545 2180 2823 1321 B85 193 44 50
40-49 14928 6505 3747 ale 1148 13236 785 336 11a 36 17
=50 1922 768 650 11 118 232 97 34 5 0 10
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3 3A. LB L I E R E IR 2R

Ik AR, BLER

oM m R (Gy)
M EERER

0 .01 0B .10 .20 .50 1.00 2.00 3.00 =4.00

-.05 -.08 -.18 -.48 -.49 -1.88 -2.89 -3.99
a & i 20777 9480 5159 1109 1411 1786 1052 606 149 45 a0
0-3 az24 168 T8 13 26 a2 9 3 3 1 1
10-189 ald 402 189 44 34 B1 42 24 B a 8
20-29 a29 435 230 42 59 78 1] al 9 2 7
30-38 2441 1053 630 144 168 187 142 1 a0 7 13
40-48 5948 2678 1441 310 448 o940 326 167 52 13 22
=50 10274 4760 2581 G5B B7R 848 477 220 43 13 28
1950-55 & 2 2801 1360 768 143 174 227 135 54 18 a 13
0-9 53 22 13 1 4 El 3 o 1 0 1]
10-19 149 83 a8 4 5 a 2 B 0 ! 0
20-29 143 63 35 B 14 12 7 4 0 4] 2
30-39 196 84 62 13 T 16 14 2 3 1 1

40-43 438 201 113 24 24 42 20 7 L 0
] 18922 07 618 95 120 139 89 a2 B 7 9
1956-60 & &l 2599 1430 725 154 194 283 105 5 17 B 10
i 0-9 45 23 i1 1 4 5 0 0 1 1] 0
10-19 108 B0 16 3 1 13 9 a 2 1 U]
20-29 108 47 31 3 5 13 3 5 1 /] 0
30-39 183 78 43 10 18 16 8 d a 1 3
40-48 819 239 118 a1 a8 48 20 17 1 2 l
Z 60 2040 EEE] 506 106 128 188 G5 47 a 2 B
1961-86 & 2969 1318 176 151 197 252 171 66 19 B 12
0-9 28 20 4 1 2 0 o 1 0 0 0
10-19 84 28 26 7 5 10 2 b ! 0 0
20-28 80 44 24 3 5 10 3 1 ] 1] 0
30-39 212 a5 B2 17 1o 15 17 4 2 0 0
40-49 605 273 156 20 4 47 42 16 i | 5
Z 50 1960 B6Y 004 103 134 170 107 40 11 5 7
1966-70 & #F 2958 1857 125 143 201 268 138 88 23 b 9
0-9 41 23 7 2 4 3 2 0 0 0 0
10-19 86 40 22 1 T 7 L d 2 0 0
20-29 103 50 23 1 9 7 & 5} 1 0 2
a0-39 285 138 a1 9 21 18 12 2 1 0 1
40-49 811 381 194 hili] 55 79 40 30 8 a 5
50 1632 747 398 g4 106 154 7 47 T 2 |
1971-78 & 2988 1378 592 164 212 250 178 77 22 B 12
0-9 40 17 12 4 1 4 2 0 0 0 0
10-18 119 B0 28 B 3 [ 10 3 o 0 3
20-28 124 B0 28 8 I 8 § 4 1 l 0
30-39 361 153 a7 15 31 28 29 13 2 2 3
40-48 1018 475 219 g2 77 93 54 35 10 | 4
Z60 1328 B3 324 78 ik 113 il 22 9 2 2
1976-80 & BF a067 1401 717 181 248 24z 148 78 27 B 11
0-9 56 29 10 3 ] 7 0 l 0 | [
10-19 117 G0 28 8 5 4 B a 1 0 2
20-29 173 8 44 10 11 11 ] 4 4 0 2
a0-349 5l4 243 137 ar 34 27 20 14 g 1 2
40-49 1275 581 285 68 17 108 " al 8 3 2
=60 322 420 213 54 74 BS 42 25 B l 3
1981-85 & &t 2905 1245 758 173 187 274 159 B8 23 7 14
0-8 61 24 21 I 6 4 2 1 1 Q 1
10-19 151 71 30 18 ] 12 1 1 i 1 4
20-24 188 a3 47 11 4 17 § 7 2 1 I
30-39 840 280 168 43 47 BY 42 20 i 2 3
40-49 1335 546 360 T8 86 123 74 32 14 3 4
=50 480 221 130 25 26 49 22 7 0 0 0
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& 3B. WE P L FMBRE LR 2RBIC & TR, Ik

®Om oM R (Gy)

M6 BIRREE R
L3 1] .01 .08 .10 .20 .50 1.00 2.00 3.00 Z4.00
-.08 -.09 g L -.49 -.99 -1.88 -2.58 -3.98
& i & i 344 4488 2085 604 B2 773 463 272 1] 28 54
0-0 199 a7 54 8 12 21 3 2 ! 1 ]
10-19 459 235 108 24 15 28 26 11 5 2 8
20-29 349 183 69 20 30 29 19 13 2 0 4
30-38 1028 488 233 53 73 70 5O a0 10 § g
40-49 2796 1330 597 158 195 242 147 88 25 ] 14
Z 50 4512 2158 1027 248 a0l 383 208 128 28 16 19
1950-55 & & 1413 T04 a3l BS 87 112 66 29 7 5 7
0-8 30 12 8 0 2 B 1 0 0 0 0
10-19 65 41 13 2 1 4 1 3 0 0 ]
20-29 51 25 G 2 5 b 7 | 0 0 0
30-30 79 42 16 4 2 6 4 2 1 1 L
40-43 221 107 45 11 14 23 13 3 4 ] 1
=50 a67 477 242 46 G i1 40 20 2 4 5
1956-60 & 2t 1468 723 318 Tl al 146 50 46 11 L3 8
0-8 26 13 7 1 1 il 0 0 | 0 ]
10-19 50 25 ! 1 0 B il 2 l 1 0
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10-48 39 18 9 3 I 5 2 1 0 0 0
Z 50 322 148 83 20 20 25 17 4 2 1
1956-60 & B 451 208 132 23 28 37 15 8 1 0 0
0-9 2 1 L 0 0 0 0 0 0 0 0
10-18 17 1 2 0 0 2 l l 0 0 0
20-29 15 & L3 0 2 2 0 1 0 0 0
a0-38 19 g 5 3 I I 0 0 0 0 0
40-48 40 20 1 3 3 1 0 2 0 0 0
=50 358 168 109 17 23 31 14 4 I 0 0
1861-85 & B 380 163 121 15 24 35 13 8 1 0 0
0-9 B 8 0 0 0 0 0 0 0 0 0
10-13 14 B § 0 0 1 0 2 0 0 (1]
20-28 18 7 B 2 0 | 0 0 0 0 0
30-33 12 5 4 1 1 0 1 0 0 0 0
40-493 3 15 [ 2 3 2 2 2 0 0 0
Z 50 295 124 95 10 20 31 10 4 1 0 0
19BB-70 & B 291 140 T4 9 21 25 14 8 0 0 0
0-9 Il 8 2 1 | 0 ] 0 0 0 0
10-15% 13 ] g 0 2 1 1 1 0 0 0
20-28 13 8 4 a 0 1 0 0 0 0 0
30-39 13 8 2 1 1 1 0 0 0 0 0
£0-43 61 26 15 1 B [} & 5 0 0 0
=50 180 B4 49 7 11 16 1 2 0 0 0
1971-75 & & 266 135 59 18 12 22 17 1 4 1 0
0-8 5 1 | 1 0 1 l 0 0 0 0
10-10 15 8 3 1 0 1 2 0 0 0 0
20-29 15 11 3 0 0 1 0 0 0 0 0
a0-38 32 14 9 | 3 1 4 0 0 0 0
40-43 64 28 12 5 3 [} 4 1 3 | 0
=560 135 12 30 7 [ 13 B 0 I 0 0
19768-80 & & 276 131 60 11 24 29 14 5 2 0 0
0-9 8 5 1 0 1 1 0 0 0 0 0
10-19 8 2 3 1 a 0 1 1 0 0 0
20-29 18 9 5 0 0 3 0 1 1 0 [
30-39 43 25 g 2 3 q ] 1 0 0 0
40-49 100 47 20 i 10 g 8 1 0 0 0
=50 102 47 22 ) 10 13 4 1 1 0 0
1981-85 & 274 124 69 15 18 24 18 2 4 0 0
0-9 2 1 0 0 0 0 1 0 0 0 0
10-19 7 5 1 0 0 1 0 0 0 0 0
20-29 16 a 4 0 0 0 0 2 1 0 0
30-39 54 22 12 Ki 4 3 4 0 2 0 0
40-49 139 57 a7 6 11 15 12 0 1 0 0
260 b a0 L5 2 3 5 1 1] 0 0 i
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0. BHIHER 40 5L 1o LQ £ F U o IR B[] 45 5 #

e 15 A
b1V 240 40-49 =250
a, as @, @y @, a
1950-55  —0.2400 0.0715 -0.1162 0.0113 —-0.2707 0.0875
185660  —0.1988 0.0379 -0.0199  —0.0201 -0.2463 0.0549
1961-65  —0.0420 0.0330 -0.0227 0.0333 -0.0472 0.0318
1966—70 0.1615 —0.0326 0.1700  —0.0058 0.1547 —0.0505
1971-75 0.0836 —0.0171 0.1448  —0.0179 0.0335 —0.0190
1976—80 0.0362 -0.0075 0.0058  —0.0100 0.0938 —0.0049
1981-85 0.06835 —0.0199 0.1877 —0.0324 -0.3716 0.0342

MY A =1+ ad+ ayd® oL, d BEHERE (F LA,

58



RERF TR 2-91

12 10. Ji 6 & MK BB < BB ORI £ 7 L O HEE R

ET I Hﬂ?[ﬁ_}?m a, a, ay B, B, Deviance dr
Null 2372.2 2681
Model 1 0.0288 2368.7 2680
Model 2 —0.0309  0.0189 2364.0 2679
Model 3 0.0115 2365.0 2680
Meodel 4 0.0042 1.976 2359.0 2679
Model 5-1 —0.1208  0.0149  0.0214 23579 2678
Model 5-2 —0.0641 0.0123  0.0079 0.8480 2366.5 2677
Model 5-3 —0.1177  0.0123  0.0218 08397 -—2649 23541 2676
Model &5-4 <40 0.0606  0.04256 —0.0537 2346.0 2875

240 —0.1587  0.0008  0.0461
Model 5-5 <50 —0.0058  0.0259 -0.0231 2345.8 2675
250 —0.1805 -0.0113  0.0698
Model 5-6 <40 0.0606 00425 —0.0537 23417 2672
40-48  —0.0665 00110 00044
250 -0.1806 -0.0113  0.0698
Model 6-1 —0.1701 0.0141 0.0328 2365.7 2678
Model 6-2 —0.1556 00136  0.0289 0.2310 2355.8 2877
Model 6-3 —0.2594  0.0054  0.0871 1.789 —4503  2346.7 2676
Model 6—4 <40 0.0488  0.0319 -0.0223 23474 2675
=40 —0.2181 0.0062  0.0479
Model 6-5 <b0 —0.0145  0.0222 -0.0171 2347.1 2875
=50 -0.2580 -0.0016 00732
Model 6—6 <40 0.0499 00319 -0.0223 2342.3 2672
40-49 —-0.0708  0.0138 -0.0177
250 -0.2590 -0.0016  0.0732
Model 7-1 —-0.1067  0.0149  0.0110 2358.6 2678
Model 7-2 -0.0532 00136 00017 08912 2357.9 2877

2794
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F#10. > T &
+ 41
EFIN %‘ﬁ?ﬁ’shm a iy ag B, B Deviance df
Model 7-3 -0.1071 0.0131 0.0082 0.7357 —237.4 2356.0 2676
Model 7-4 <40 0.1733 0.0425 —0.0703 2339.7 2675
240 —-0.1683  0.0008 0.0383
Model 7-5 <50 —0.0041 0.0259 —-0.0239 2345.8 2675
=50 -0.1879 00113 0.0575
Maodel 7—6 <40 0.1733 0.0425 -0.0703 2335.4 2872

40—49 —0.1407  0.0110 0.0061
250 —0.1879 -0.0113 0.0575

ETNOEREROLBY,
Models 1,2,3, and 4: RR =1 + (a;*d+a,+d% ~exp [8 /(A <40)].

Models 5—1 to 3: RR =1 + [, *d-] (T <1965)+ay-d®+ ag-d®-1 (T <1965)] -exp (8,°]
(A <40) + By HA<BO)-HT<1960)].

Models 6—1 to 3: RR = 1 + [a,~d+J (T<1960)+ a,+d®+ az-d®+1 (T<1960)]-exp (B,
(A<40) + B,+I(A <50)« (T<1960)].

Models 7-1 to 3: RR = 1+ [a,~d+/ (T<1960)+ ay~d?+ ag+d®+I (T <1965)] ~exp (8,
(A <40) + B, -4 <B0) - (T<1960)].

Models 5—4 to 6 : RR

1+ ayedel (T<1985) + ay+d® + aged?+1 (T <19865).

Models 6-4 to 6: RR = 1 + a,;*d*] (T<1960) + ay+d® + ag+d®+1 (T <1960).

Models 7-4 to 6: RR = 1 + ajd+l (T<1960) + ay +d? + ag-d®-1 (T <1965).
AL, § AR R MO 4}, d &Y Lo BT, 1950—B0SEDIMITIZI (T <1960) = 1, 1961—854E
OWHTIHOTEH Bo # NI R M A0E R MO &, (A <40).= 1, 40a% Ll Lo 5130, 7:1960—
65 % O HICI3 [T >1965) = 1°C, 1966—854F DN TI30 T Bo iHH I 4F i SORE KMGOBS ;
(A<50) = 1 T5062L LB BROTSH 5,
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2 11. ZER BRI € 7 L OHESE FREL

fileedbaad

JATS| Model® ) | a,y ay Deviance df
(B2 g Null 1881.9 2681
Model 1 0.0464 1877.4 2680
Model 2 00233  0.0073 1877.1 2679
Model 3 0.0129 1877.3 2680
Model 5-1 -0.0716  0.0118  0.0199 1876.4 2678
Model 5—4 <40 0.3204 0.0513 —0.1264 1864.3 2675
=40 -0.1134 —0.0043 0.0485
N 2 e Null 1450.5 2681
Model 1 0.0260 1449.7 2680
Model 2 -0.0199  0.0145 1448.8 2679
Model 3 0.0098 1448.9 2680
Model 5-1 -0.1114  0.0067  0.0335 14473 2678
Model 5—4 <40 0.5546 0.0567 —0.1521 1435.3 2875
=40 —0.1657 -0.0139  0.0848
IRy 3 Null 1548.7 2681
Model 1 0.0733 1642.0 2680
Model 2 0.0782 —0.0016 1542.0 26878
Model 3 0.0168 1543.4 2680
Model 5-1 —0.0034 0.0172 —0.0002 16434 2678
Model 5—4 <40 0.0566  0.0880 -—0.0762 1539.1 2675
=40 -0.0180  0.0057  0.0259
IF: B 2 £ £ Null 1055.1 2681
Model 1 0.0595 1053.5 2680
Model 2 —0.1562  0.0883 1047.8 2679
Model 3 0.0304 1050.1 2680
Model 5-1 —0.2442 00238 00827 10481 2678
Model 5-4 <40 —0.1109 0.0405  0.0648 1047.5 2675
240  —02629 00168  0.0878
b e 1.3
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fi#11. oo %
AN Model™* ﬁﬁ?ﬁ?m a, ay @y Deviance df
LS Null 1449.0 2681
Model 1 0.0958 1445.0 2680
Model 2 00316  0.0420 1442.9 2679
Model 3 0.0340 1443.0 2680
Model 5-1 -0.1052 00719 -00526 14368 2678
Model 5-4 <40 0.0877 00956 —0.1142 14356 2675
240  —0.1407 0.0437 —0.0143
TOfho#E  Null 1438.0 2681
Model 1 ~0.0543 14354 2680
Model 2 -0.1270  0.0222 1433.9 2679
Model 3 —0.0076 1437.3 2680
Model 5-1 —0.2942 —0.0263  0.1031 14240 2678
Model 5-4 <40  -0.3081 -0.0276 01058 14239 2675
240  -0.2852 -0.0276  0.1041

*EFLOEH oV TIRAE 108,
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RERF TR 2-91

f1& 17A. T ZHE THUA ORI L 2 Ll hicfir o5 5
55 « BB QBRI RAES &GS hicHOR G, B

Mg g sdic it < h T o

H%}ﬁ? s LA %
ARG iR B, 1960—864F

& # 20,777 889 4.3

0 9490 353 3.7

0.01-0.99 10,507 476 45

1.00-1.99 506 39 7.7

= 2.00 274 21 T

MR IHRAE S 40 B8 R BE, 196685 4F

p— 3109 179 58
0 1417 73 53
0.01-0.99 1543 9% 6.2
1.00-1.99 82 5 6.1
> 2,00 67 5 75
TRETERLERR < o
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f#& 17B. HTUBMATREADREIZ & 5 LGS VT D 5 BIAK « RO ML B &%
TRIEM &S s hcH oG, R

iR TN T R NP i

LIS PET %
SE BB %
PR IFAEH Y, 195085 4F
HES 35 o O I e 1R 2 B 2R HR 20,777 889 43
W AR 11,164 431 39
I 6202 208 34
e 4962 223 45
I 3 B 1 2036 120 5.9
Hkdgeib 2149 166 7.3
IR 697 63 9.0
B BEIRE AR i 40 SR MGRY, 196685 1)
Mg & IR B =R 2 KREB 3109 179 5.8
S 1764 76 43
Iy 2 884 38 43
DR 880 38 43
I IR A 276 22 8.0
b A e i 455 48 10.5
T et 5 281 27 9.6

T R B & O F OOBRIEIAT S i - 72,
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RERF TR 2-91

f+# 18B. FELUBIAAIO L EARIC L 2 TO 1 Gy Ot Y 22

& i FELB3HT
obe Ed
WIS OB 1.20 (1.15, 1.26) 0.96 (0.93, 1.02)
JeizErh 1.18 (1.08, 1.29) 0.96 (0.91, 1.02)
LB 1.30 (1.18, 1.44) 0.96 (0.91, 1.03)
LR 1.23 (L.11, 1.38) 0.95 (0.87, 1.06)
£ Ofth 1.07 (0.99, 1.17) 0.95 (0.90, 1.00)
E1 1M 461 (357, 6.07) 792 (402, 18.7)
EIME 2B < X TOM 1.38 (1.29, 147) 1.14 (105, 1.25)

TE : FEA o B3 90 % (3 IR M.

% 18C. FETSFTBIDOFELCZWrIE s IkIEN O 1EfEvE

Yy i 15 500 (0 5 [ 52 (0 e Wit o R fEE i
M PEIJ%E? Wén‘}${f{>) ﬁ”.:g(é) ﬂ?‘%ﬁﬁﬂ;ﬁ:ﬁ
fhaac WHoBe 489 62.2 0.79
£ 35.7 70.1 0.51
LA, Er= 39.7 52.2 0.76
H 39.9 326 1.22
IRTEN Er 7 58.5 60.2 0.97
£ 34.1 359 0.95
575 bR 63.4 645 0.98
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