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We read with interest the recent paper of Scho¨llnberger et al. (2012), which assesses the nature of the dose
response for blood circulatory system diseases following exposure to ionizing radiation during the atomic
bombings of Hiroshima and Nagasaki. They reach the conclusions that for cerebrovascular disease, risk
estimates are compatible with no risk below a threshold dose of 0.62 Gy, while for cardiovascular disease, risk
estimates are consistent with no risk below a threshold dose of 2.19 Gy. Clearly, this is pertinent to the
current scientific deliberations as to whether low-level exposure to ionizing radiation increases the risk of
circulatory disease.

The conclusions of a recent meta-analysis of ours of circulatory disease risk following moderate and
low-dose radiation exposure (Little et al. 2012) have some bearing on the conclusions of Scho¨llnberger et al.
(2012). The biology of radiation-associated atherosclerosis has been subject to several extensive and recent
reviews (Advisory Group on Ionising Radiation 2010; Little et al. 2008, 2010). As we state in our paper (Little
et al. 2012), there are ‘‘biological data suggesting that many inflammatory end points potentially relevant to
circulatory disease may be differentially regulated below and above about 0.5 Gy (AGIR 2010), emphasizing
the importance of assessing  risks associated with exposures of  <0.5 Gy.’’ It was for this reason that in
attempting to assess low-dose and low-dose rate circulatory disease risk, we chose to study groups  with
‘‘exposures [with] moderate- or low-dose (cumulative mean <0.5 Sv) whole-body exposure, or exposures at a
low dose rate (i.e., <10 mSv per day)’’. It should be emphasized that even though cumulative doses >0.5 Gy
were of importance in generating the dose response in the occupational studies that  we considered, these
cumulative doses were, in general, received at a low-dose rate over many years, in contrast to the brief
exposures experienced by the Japanese atomic bomb survivors.

Scho¨llnberger et al. (2012) suggest a novel method for assessing low-dose circulatory disease risk based
on the established statistical technique of multi-model inference (MMI) (Burnham and Anderson 1998;
Claeskens and Hjort 2008), used also in other contexts. Although not explicitly Bayesian, MMI is somewhat
related to Bayesian model averaging and similar Bayesian techniques (Wang et al. 2012); these Bayesian
methods have the advantage of assessing the parameter  uncertainty distribution more thoroughly, albeit at
somewhat greater computational cost. In particular, we are concerned that the method of Scho¨llnberger et al.
may not adequately assess the uncertainties in model parameters, which Bayesian techniques can better
address (Wang et al. 2012), although clearly better than what can be obtained using just a single model.

However, we doubt that models incorporating thresholds as employed by Scho¨llnberger et al. (2012) should
be fitted to the Japanese atomic bomb survivor Life Span Study (LSS) cohort’s circulatory disease endpoints
or any other data of this sort. There are no biological data to persuasively suggest the existence of a
threshold (below which there is no modulation of effect) for inflammation or other markers relevant to
circulatory disease (Advisory Group on Ionising Radiation 2010; Little et al. 2008, 2010), and so the statistical
fits, while of interest, could be misleading as to the nature of the underlying dose response.

Moreover, Scho¨llnberger et al. (2012) do not analyze the current version of the LSS data (Shimizu et al.
2010) employed elsewhere (Little et al. 2012), instead using the older Preston et al. (2003) data, and restricting
attention to deaths in proximal survivors from 1968 onwards, due to possible ‘‘healthy survivor’’ selection
effects (Scho¨ llnberger et al. 2012). However, the evidence for these selection effects (absence of, or negative,
dose response in the pre- 1968 data) is only manifest in relation to certain categories of non-cancer disease apart
from circulatory disease, so that there is little justification for applying such restrictions for circulatory disease
(or cancer). Also, although the later paper (Shimizu et al. 2010) has only six more years of follow-up, there
is a substantial increase in numbers of deaths, so that with the more current data and removing the restriction
to proximal survivors from 1968 onwards, for stroke, the total goes from 3,954 to 9,622 (12,139 if
contributing causes are included) deaths, and for heart disease from 4,477 to 8,463 (14,018 if contributing causes
are included). This means that their analysis loses considerable statistical power, and some of the inferences are
we suspect inconsistent with the later data (e.g., the suggested threshold of 2.19 Gy for cardiovascular diseases)
(Scho¨ llnberger et al. 2012).

The efforts of Scho¨llnberger et al. (2012) are to be applauded in attempting a more quantitative strategy
for determining the shape of the dose response for circulatory disease, and thereby making inferences on low-
dose risk. However, Scho¨llnberger et al. (2012) apply models that do not have a biological basis, fitted to a



single (LSS) data set. As such, Scho¨llnberger et al. (2012) effectively ignore the evidence that can be gleaned
by comparison of radiation- induced circulatory disease risks in a number of different populations with
moderate and low cumulative doses, exposed at a low-dose rate, as carried out elsewhere (Little et al. 2012). It
is the broad range of scientific evidence, epidemiological and experimental, that will eventually provide an
answer as to whether low-level ionizing radiation increases the risk of circulatory disease rather than an
exercise of statistical fits to the data from one, albeit  important,  population briefly  exposed to  ionizing
radiation



References

Advisory Group on Ionising Radiation (2010) Circulatory disease risk. Report of the independent Advisory
Group on Ionising Radiation. Health Protection Agency, Holborn Gate, 330 High Holborn, London, pp 1–
116

Burnham KP, Anderson DR (1998) Model selection and multimodel inference: a practical information-theoretic
approach, 2nd edn. Springer, New York, pp 1–496

Claeskens G, Hjort NL (2008) Model selection and model averaging. In: Cambridge series in statistical and
probabilistic mathematics. Cambridge University Press, Cambridge, pp 1–312

Little MP, Tawn EJ, Tzoulaki I, Wakeford R, Hildebrandt G, Paris F, Tapio S, Elliott P (2008) A systematic
review of epidemiological  associations between low and moderate doses of ionizing radiation and late
cardiovascular effects, and their possible mechanisms. Radiat Res 169:99–109

Little MP, Tawn EJ, Tzoulaki I, Wakeford R, Hildebrandt G, Paris F, Tapio S, Elliott P (2010) Review and meta-
analysis of epidemiological associations between low/moderate doses of ionizing radiation and circulatory
disease risks, and their possible mechanisms. Radiat Environ Biophys 49:139–153

Little MP, Azizova TV, Bazyka D, Bouffler SD, Cardis E, Chekin S, Chumak VV, Cucinotta FA, de Vathaire F,
Hall P, Harrison JD, Hildebrandt G, Ivanov V, Kashcheev VV, Klymenko SV, Kreuzer M, Laurent O,
Ozasa K, Schneider T, Tapio S, Taylor AM, Tzoulaki I, Vandoolaeghe WL, Wakeford R, Zablotska LB,
Zhang W, Lipshultz SE (2012) Systematic review and meta-analysis of circulatory disease from
exposure to low-level ionizing radiation and estimates of potential population mortality  risks. Environ
Health Perspect 120:1503–1511

Preston DL, Shimizu Y, Pierce DA, Suyama A, Mabuchi K (2003) Studies of mortality of atomic bomb
survivors. Report 13: solid cancer and noncancer disease mortality: 1950–1997. Radiat Res 160:381–407

Scho¨llnberger H, Kaiser JC, Jacob P, Walsh L (2012) Dose-responses from multi-model inference for the non-
cancer disease mortality of atomic bomb survivors. Radiat Environ Biophys 51:165–178

Shimizu Y, Kodama K, Nishi N, Kasagi F, Suyama A, Soda M, Grant EJ, Sugiyama H, Sakata R, Moriwaki H,
Hayashi M, Konda M, Shore RE (2010) Radiation exposure and circulatory disease risk: Hiroshima and
Nagasaki atomic bomb survivor data, 1950–2003. Br Med J 340:b5349

Wang C, Parmigiani G, Dominici F (2012) Bayesian effect estimation accounting for adjustment uncertainty.
Biometrics 68:661–671




