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1.
Introduction


Whilst most of the evidence for late health effects following radiation exposure relates to the induction of cancer, there has been increasing interest in recent years in the development of non-cancer diseases.  This note summarises some of the key epidemiological findings.  It should be mentioned that the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) has initiated a detailed review of this topic, although it will be some time before its report is complete.

2.
Japanese A-bomb Survivors

 QUOTE "[Preston et al., 2003]" 
Preston et al (2003
) have recently reported on mortality from both cancer and non-cancer diseases up to the end of 1997 in the Life Span Study (LSS) of around 86,000 Japanese atomic bomb survivors.  Previous analysis of non-cancer disease mortality in this group had suggested raised risks at high doses (eg.  QUOTE "[Shimizu et al., 1999]" 
Shimizu et al, 1999
).  With longer follow-up and more deaths, the latest analysis has strengthened the statistical evidence for an association with dose, particularly for heart disease, stroke, and for digestive and respiratory diseases.  In addition, it does not appear that either misclassification of the cause of death or confounding by non-radiation factors (eg. smoking) can explain this association (Shimizu et al, 1999).  However, there is uncertainty in the shape of the dose-response at low doses.  In particular, the data are consistent both with there being no dose threshold for the risk of non-cancer disease mortality and with a dose threshold of about 0.5 Sv.

Preston et al (2003) estimated that the risk of mortality from non-cancer diseases was increased by 14% (90% confidence interval (CI): 9%-19%) at a dose of 1 Sv during the last 30 years of follow-up.  This relative increase is lower than the corresponding value for cancer.  When account is taken of baseline mortality rates – which are higher for all non-cancer diseases combined than for all cancers combined – the number of radiation-associated non-cancer deaths was estimated to be 273 (90% CI 176-375) over 1968-97 based on a linear dose-response model.  This compares with a total of over 14,000 non-cancer disease deaths and an estimated number of radiation-associated cancer deaths of around 450 in the LSS over the same period.

In addition to the studies of mortality, clinical and laboratory studies have been conducted on a subset of the LSS.  These have allowed analysis of the incidence of cardiovascular disease, stroke, chronic liver disease and other diseases (eg.  QUOTE "[Wong et al., 1993]" 
Wong et al, 1993
), which show associations with dose that are comparable to those seen in the corresponding mortality data.  Furthermore, these studies have also found correlations between radiation dose and indicators of atherosclerotic changes and hypertension ( QUOTE "[Kodama et al., 1996]" 
Kodama et al, 1996
), as well as effects on age trends for cholesterol  QUOTE "[Wong et al., 1999]" 
(Wong et al, 1999)
 and blood pressure  QUOTE "[Sasaki et al., 2002]" 
(Sasaki et al, 2002)
.  Recent analyses showing an association between subclinical inflammation and dose in the LSS  QUOTE "[Neriishi et al., 2001;Hayashi et al., 2003]" 
(Neriishi et al, 2001; Hayashi et al, 2003)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ü\00\00\00-G:\5CEpidemiology\5CJapanese A-bomb survivors.pdt%Hayashi, Kusunoki, et al. 2003 #17830\00%\00 
 may provide some insight into potential mechanisms for effects of radiation on non-cancer diseases.

3.
Medical exposures
Various studies of patients who received radiotherapy for Hodgkin’s disease (eg.  QUOTE "[Hancock et al., 1993]" 
Hancock et al, 1993
) or breast cancer (eg.  QUOTE "[Darby et al., 2003;Early Breast Cancer Trialists' Collaborative Group, 2000]" 
Darby et al, 2003; Early Breast Cancer Trialists' Collaborative Group, 2000

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00‡\01\00\00%G:\5CEpidemiology\5CMedical exposures.pdt>Early Breast Cancer Trialists' Collaborative Group 2000 #17880\00>\00 
) have shown raised risks of mortality from cardiovascular disease.  For example, Darby et al (2003) found that a 10% higher risk among women treated for a left-sided breast cancer when compared with women treated for a right-sided breast cancer, during the period more than 10 years after diagnosis.  Radiation doses to the heart and surrounding areas have not always been reported in these studies.  However, the doses are likely to have been of the order of several tens of Gy generally.

Studies of patients treated for non-cancer diseases have generally involved lower doses.  Some studies have suggested raised risks of cardiovascular disease (eg.  QUOTE "[Griem et al., 1994]" 
Griem et al, 1994

 QUOTE "{Davis, Boice, et al. 1987 #2980}" 
), whilst others have not (eg.  QUOTE "[Davis et al., 1987]" 
Davis et al, 1987
); the UNSCEAR review will examine the literature on this topic in detail.  An issue that requires careful consideration here is whether there might be any association between the condition that gave rise to the exposure and the risk of subsequent non-cancer diseases.  For example, the risk of mortality from cerebrovascular disease and other circulatory disease among UK ankylosing spondylitis patients treated with x-rays was higher than expected from national rates ( QUOTE "[Darby et al., 1987]" 
Darby et al, 1987
), but the risk was also raised among spondylitis patients who did not receive radiotherapy (Radford et al, 1977).

4.
Occupational exposures
Studies of early radiologists  QUOTE "[Matanoski et al., 1975]" 
(Matanoski et al, 1975
) and radiological technologists  QUOTE "[Hauptmann et al., 2003]" 
(Hauptmann et al, 2003
) in the United States have indicated raised risks of cardiovascular and circulatory disease respectively, but similar increases have not been seen in the long-term follow-up of UK radiologists  QUOTE "[Berrington et al., 2001]" 
(Berrington et al, 2001
).  Results among more recent groups of radiation workers have also been mixed.  For example, an analysis of workers from Canada, the UK and USA  QUOTE "[Cardis et al., 1995]" 
(Cardis et al, 1995)
 reported a statistically significant association between radiation dose and mortality from circulatory disease, but - unlike the LSS- not for respiratory diseases.  On the other hand, a large study of UK radiation workers did not find an association between dose and mortality from circulatory diseasea, although there was an association with respiratory diseases not related to smoking  QUOTE "[Muirhead et al., 1999]" 
(Muirhead et al, 1999)
.  Analysis of Russian workers involved in the clean-up following the Chernobyl accident gives some indication of an increase in the incidence of, but not mortality from non-cancer diseases ( QUOTE "[Ivanov et al., 2001;Ivanov et al., 2000]" 
Ivanov et al, 2000, 2001

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00 \00\00\00\1DG:\5CEpidemiology\5CChernobyl.pdt%Ivanov, Maksioutov, et al. 2000 #9590\00%\00 
), although the impact of non-radiation factors is not clear.

As indicated earlier, the review that is being conducted by UNSCEAR may provide a clearer picture.  In addition, work is planned to look at non-cancer risks in workers at the Mayak plant in Russia, where substantial internal exposures were received.

5.
Environmental exposures
Some studies have reported raised rates of non-cancer diseases in populations exposed following the Chernobyl accident (eg.  QUOTE "[Lomat et al., 1997;Cwikel et al., 1997]" 
Lomat et al, 1997; Cwikel et al, 1997

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00G\00\00\00\1DG:\5CEpidemiology\5CChernobyl.pdt%Cwikel, Goldsmith, et al. 1997 #10170\00%\00 
).  One of the issues that requires careful consideration in this context is whether non-radiation aspects such as stress related to relocation following the accident may have affected – for example - the risk of circulatory disease.  More generally, comparisons of disease rates in different locations may be difficult to interpret without information on lifestyle factors.  Work is planned to look at non-cancer risks in people living near the Techa River in Russia who received external and internal exposures.

6.
Conclusion
At present, the strongest evidence for raised risks of mortality from non-cancer diseases following radiation exposure comes from the Japanese atomic bomb survivors and from studies of cancer patients given radiotherapy.  These studies indicate increased risks following high dose exposure, particularly for cardiovascular disease.  However, it is unclear at present whether risks persist down to low doses.  Even if the risks could be extrapolated in a linear manner down to low doses, the LSS findings would suggest a small relative increase in risk; perhaps of the order of 1% at a dose of 100 mSv.  It would be very difficult to identify a relative risk of this magnitude in low dose studies.  Nevertheless, the high baseline rate of non-cancer disease mortality would imply that, if the above extrapolation could be made, then the absolute excess risk might be of a similar order to that for cancer deaths.

A more detailed evaluation of the available data and undertaking further studies may provide additional insight into the consistency of findings and into patterns of risk.  In addition, a better understanding of potential mechanisms would be of considerable value in examining whether and how risks might be extrapolated to low doses.
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a Preston et al (2003) incorrectly stated that there was a significant association between mortality from circulatory disease and radiation dose in the UK worker study.
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