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December 1945 death rate for first-day survivors in
Nagasaki compared with Hiroshima and the higher
radiation dose experienced by the Nagasaki
survivors. This is taken by Stewart to in some sense
support her hypothesis. Nevertheless, the SMR for
cerebrovascular accidents is higher in Nagasaki than
in Hiroshima so one must assume that higher
mortality rates imply less selection. Alternatively,
one can assume that cerebrovascular accidents are
affected by radiation but show no dose response with
increasing exposure in either city. Again, Stewart's
argument lacks internal consistency.

Stewart's error in overestimating her correction
factor-that is 30% v 16%-is magnified by being
applied to all deaths, regardless of dose category.
This ignores the fact that most survivors had
relatively low doses. Indeed, about a third of
Stewart's additional "radiogenic" deaths are
attributed to people with zero dose! Stewart's
estimate is therefore by her own model much too
high. Aside from this, one is led to the unlikely
conclusion that very small doses of radiation (less
than 10 rad) can cause a 30% differential in mortality
from diseases such as tuberculosis or digestive
disease.

Stewart's most serious error, however, is one of
omission. There was an additional group of 27 000
individuals included in the atom bomb survivor
studies who were not in the cities when the bombs fell
(the "not in city" cohort). These individuals were
thus neither exposed to radiation nor subject to
selection. An SMR of 75 was calculated for
cerebrovascular accidents in the not in city cohort of
Hiroshima.4 This is almost identical to the overall
SMR (76) for cerebrovascular accidents shown by
the actual survivors. It seems more credible to
attribute the low SMR in Hiroshima to some
unidentified set of variables than to embrace a "silent
forces hypothesis" which is itself logically
inconsistent.

To recapitulate, there are four main objections to
Dr Stewart's model. Firstly, it is predicated on
somewhat arbitrary and implausible assumptions.
Secondly, it is internally inconsistent in that the data
she presents do not behave as they should under her
model. Thirdly, the model is misapplied to yield
larger estimates of excess radiation-induced deaths
than would be the case if it were valid, including many
radiogenic deaths among those receiving little or no
radiation. Finally, it is based on a biased data set,
omitting the vital information from the not in city
cohort. For these reasons we believe that Dr Stewart
has not presented credible evidence that present
estimates of radiation-induced health effects are
seriously low.
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Dr Stewart replies:
Ginevan and Puskin are right to insist that "it is
arguably implausible that two such strong silent
forces should balance almost exactly across a variety
of diseases." In the definitive report of 1950-74
deaths, however, there is ample evidence of opposing
forces that are not exactly matched.' In this report all
diseases other than neoplasms are compressed into
six diagnostic groups and for a residual group (which
is larger than any of the disease specific ones) there
has been no attempt to distinguish between the two
cities, the two sexes, or five exposure age groups.
Even so, many dose reponse curves are more
supportive of the "silent forces" than the "cancer
only" theory (table 1).

If there had been no radiation effects apart from
cancer there would have been no difficulty in fitting
the dose-response curve for each group of non-cancer
deaths to a smooth horizontal line. Two opposing
forces of roughly equal strength would often have
evoked this type of dose response, but there would
have been other alternatives, such as a curve
depicting a rising or falling trend with dose or a curve
that failed to pass a homogeneity test because there
was a significant peak or trough in the middle of the
dose scale. Therefore, given several groups of
non-cancer deaths, it would be reasonable to expect
more than one type of curve. In fact, all five
alternatives can be found in the 1977 report. For
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example, besides many curves that are within a hair's
breadth of failing a homogeneity test, several show a
significant peak or trough and a few show either a
rising or a falling trend (see blood and digestive
diseases in table 1, also suicide).
Even among people who have age, sex, and city in

common there are wide variations in resistance to
common causes of death. Therefore, survivors- from
the two bombs that devastated Hiroshima and
Nagasaki were necessarily biased in favour of those
who, in normal circumstances, would have had
exceptionally low rates of general mortality (table 2).
We also know that the radiation caused extensive
damage to bone marrow2 and that such damage can
induce a permanent decrease in the proliferative
capacity of haemopoietic stem cells which does not
show either in peripheral blood counts or bone
marrow cellularity.3 Therefore, in any study of

delayed effects of the A-bomb radiations it is
essential to make some allowance for the healthy
survivor effect and to maintain a distinction not only
between cancer and other diseases but also between
diseases that have strong and weak associations with
marrow insufficiency.
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I eventually allowed cerebrovascular deaths in
Hiroshima to serve as a temporary index of the
healthy survivor effect because (a) at least four of the
six groups of non-cancer deaths with SMRs had
stronger associations with marrow insufficiency; (b)
thrombosis of cerebral vessels is less closely
associated with infections than thrombosis of other
vessels, and (c) there were more cerebrovascular
deaths (4280) than deaths for other cardiovascular
diseases (2865). Finally, there was better
representation of low dose levels in the Hiroshima
than the Nagasaki component of a life span study
population, and in Hiroshima alone there were
3355 cerebrovascular deaths.
There must have been at least one winter after the

air raids when the risk of dying from natural causes
was increased for all inhabitants of Hiroshima and
Nagasaki. We can say this with confidence because
(a) the 1950-69 death rate was much lower for
people who entered the cities with 30 days of the
bombing (early entrants with an SMR of 75) than for,
other members of the not in city cohort (late entrants
with an SMR of 91)4 and (b) there was a similar but
less extreme difference between inner and outer city

Table 1 Abnormal dose-response curves for non-cancer deaths in the life span study population ofA-bomb survivors.
(Large groups only)

Test ofdose response
Diagnostic Age No of
category Sex City group Period Homogeneity Rising trend deaths

All diseases £ Y. 1 0-0067 t 0-8428 2323
except cancer I Y 5 1 0-0117 t 0-7946 1481

M Y Y. 1 0-0040 t 0-8658 1193
I H 1 1 0-0107 t 0-8333 1749
£ H 1 3 0-0425 t 0-6379 1832
£ H Y 4 0-0258 p 0-2660 1929
I N . 0-0513 t 0-6671 3180

Tuberculosis £ £ I I 00353 t 0-5991 1089

Cerebrovascular 1 1 1 1 0-0190 t 0-8383 508
accidents F 1 1 1 0-0509 t 0-5978 254

I£H 1 1 0-0154 t 0-9201 410
I£H 1 4 0-0569 p 0 1892 624

Other cardiovascular Y H 1 4 0 0418 p 0-7312 425
M H 1 4 0-0149 p 0-5775 205

Digestive diseases Y. 1 4 0-0441 p 0-0608 244
£ 1 1 6 0-0002 0O0000 r 207
M 1 1 6 0-0004 0-0000 r 104
F £ £ 4 0-0536 p 0-1736 109
I; H 1 4 0-0040 0-0460 r 199
£ I; 1 6 0-0017 0-0002 r 167

Blood diseases £ I 1 1 0 0000 0-0000 r 117

Suicide Y. £ I 0-0032 0-9989 f 395
M £ £ £ 0-0132 0-9992f 210

Residual group I 1 1 0-0069 t 0-8751 4488
I I; £ 1 0-0308 t 0-6282 836
I £ 1 3 0-0130 t 0-9749 805

t = Trough; p = Peak; r = Rising; f = Falling.
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Table 2 A-bomb survivors. Observed and expected numbers assuming five levels ofdifferential mortality. (From Ohkita
and Japanese National Statistics)

Deaths Five-year survivors

First day 1945 1946-S50
SMR survivors
levels No. Obs Exp Obs Exp Obs Exp O:E (xl00)

50 72 400 3 600 450 4 100 1 800 64 700 70 150 92-2
75 72 400 5 400 675 6 150 2 700 60 850 96 025 88-2
100 72 400 7 200 900 8 200 3 600 57 000 67 900 83-9
125 72 400 9 000 1125 10 250 4 500 53 150 66 775 79-6
150 72 400 10 800 1350 12 300 5 400 49 300 65 650 75-6
Totals 362 000 36 000 4500 41000 18 000 285 000 339 500 83-9

'Assuming an even distribution between five levels of differential mortality.

survivors.5 Thus for at least eight years after the life
span study population was assembled 4990 survivors
from the innermost zone (under 2000 metres from
the hypocentre) recorded fewer deaths than 4993
survivors of the same age and sex from an outer zone
(3300-4000 metres) despite the fact that everyone in
the first group and no one in the second group had
experienced some radiation effects. We do not know
what eventually happened to these two groups of
survivors or to the many high dose survivors whose
blood abnormalities persisted for several years after
1950.2 Nevertheless, from what we do know about
early entrants, low dose survivors, and the sheer
numbers of 1946-50 deaths, we can be reasonably
certain that the selection factor affected all 1945-6
residents of the two cities, and can also hazard a guess
that there were some residual disabilities stemming
from aftermath illnesses and injuries as well as more
direct effects of the radiation, since all SMRs were
higher for tuberculosis than other causes of death,
including the not in city cohort (105).

Finally, the fact that early entrants had only 75% of
the expected number of deaths between 1950 and
1970 makes it reasonable to assume that if there had
been no radiation effects apart from cancer the
observed number of non-cancer deaths in the life
span study population would have been at least 30%

below expectation. Furthermore, in these
circumstances there would have been no need for the
repeated insinuations that Japanese doctors are
constantly mistaking leukaemia for aplastic anaemia,
since even in the zero dose group the blood disease
SMR was 136 and the corresponding ratio of the
not in city cohort was only 82.
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