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Definition of Health 

“A state of complete physical, mental and 

social well-being and not merely the 

absence of disease or infirmity” 

 

 World Health Organization 

 

 What are “radiation health effects”? 



Major Nuclear Disasters 

http://www.theguardian.com/news/datablog/2011/mar/14/nuclear-power-plant-accidents-list-rank#data;  

Hasegawa A, et al. Health effects of radiation and other health problems in the aftermath of nuclear accidents, with an emphasis on Fukushima. Lancet.  

2015 Aug 1;386:479-88. 

Three Mile Island Fukushima 

Kyshtym Chernobyl 
Windscale Piles 
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Table 1: Past severe nuclear accidents (International Nuclear 

and Radiological Event Scale level 5 or higher) 

www.thelancet.com Vol 386 August 1, 2015 Hasegawa, A. et al. 2015. From Hiroshima and Nagasaki to Fukushima 2. 

Are findings transferrable? 

Externally valid? 

http://www.thelancet.com


How Can a Nuclear Disaster Harm People?  

• Acute consequences 

– High-level exposure 

– Psychological stress 

 

• Long-term consequences  

– Radiation exposure 

– Psychological/Social Stress 

Radiation Sickness 

Anxiety/Depression 

Cancer Risk 

PTSD Depression/Anxiety 

Cardiovascular 

disease risk 



From Hiroshima and Nagasaki to Fukushima 3 

Nuclear disasters and health: lessons learned, challenges, and 

proposals 
Ohtsuru, Akira et. al 

www.thelancet.com Vol 386 August 1, 2015 

Figure 2: Nuclear 

disaster cycle 
 
Medical issues in a 

compound disaster. 

Boxes refer to 

measures specifically 

needed in a nuclear 

disaster, those not in 

boxes are measures 

common to any large-

scale disasters. 

 

Research 

 

Actionable 

http://www.thelancet.com


disasters 
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Publication Year 

PubMed Citation Analysis: ‘Disaster’ 
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WHY DO STUDIES? 



Why research? 

• “Known knowns” 

– Refining risk estimates 

• ”Known unknowns” 

– Hazard identification: new outcomes 

– Completing understanding of dose-

response 

• ”Unknown unknowns” 

– Overturning strong priors 

– Finding surprises 

Apologies to Donald Rumsfeld 



Alexander Langmuir, MD, MPH 

1912 – 1993 

“Surveillance, when 
applied to a disease, means 
the continued watchfulness 
over the distribution and 
trends of incidence through 
the systematic collection, 
consolidation and 
evaluation of morbidity and 
mortality reports and other 
relevant data.” 

 
Source: The New England Journal of 

Medicine 1963;268(4):182-192 



Research or Surveillance 

Research 

• Data gathering to 

advance knowledge 

• Implement to take 

advantage of oppor-

tunity to generate 

data 

• Results may/may not 

benefit those exposed 

Surveillance 

• Data gathering to 

track events for 

decision-making 

• Can overlap with 

research 

• Sentinel events may 

be of interest 



Why research after a nuclear disaster 

• Address unanswered questions 

– Risks of specific radionuclides 

– Non-stochastic effects 

– Neuropsychological consequences 

• Refine risk estimates for decision-making 

• Communicate with stakeholder groups 

• Build resources for future research 

– Biorepositories 



Why surveillance after a nuclear 

disaster? 

• Watch for surprises 

• Identify problems needing intervention 

• Evaluate the effectiveness of interventions 

• Have data to communicate to all 

stakeholders 



What have we learned over the 30 

years (that is new)? 

• Thyroid cancer in children story 

• CLL in liquidators 

• Cataract at lower doses than 

expected 

• Lasting neuropsychological 

consequences 



SOME LESSONS LEARNED 



Dosimetry 

• Need for coordination with epidemiologists 

• Need for harmonization across studies 

• There are more exposures than radiation 

• Prospective is better than retrospective 

• The promise of biodosimetry 

 



Source: Bouville et al. Environmental Health Perspectives 2014 



Source: Kunil Y. et al. PLOS ONE 2016. 

Psychological Distress and Radiation Levels 

The Fukushima Health Management Survey 



Analytical Methods 

• Propagation of uncertainty 

• Addressing measurement error 

– Validation studies 

– Models for ME correction 

• New approaches for dose-response 

modeling 



Cancer Risks 

• We have strong evidence on risks for 

some cancers (strong priors established--

CLL for example). 

• We can always refine risk estimates 

• Surprises happen 

• Some new questions will inevitably arise, 

but what populations for new research? 

• When should studies be extended to “get 

the full picture”? 



Non-Cancer Risks 

• ARS:  can we do better with data 

capture and follow-up? 

• CVD: avery important contributor to 

disease burden but MRIN 

• In utero exposures: complex territory 

and of great potential importance; 

what next? 

• Cataract: dose-response and risks at 

lower end of dose range 



Neuropsychological Consequences 

• The ”orphan” of adverse effects 

• Need to use community-based 

methods 

• Need to approach with multi-level 

models that include individuals and 

communities 

• Research needs to be tied to 

interventions and evaluation 



INFLUENCE OF CHERNOBYL 

ON FUKUSHIMA? 



Challenges 
Chernobyl 

• Initially: 

– True impact of the disaster 

– Clean-up activities: minimizing 

radiation exposure 

– Evacuation of people living in 

the 30km exclusion zone 

• Three decades later: 

– Poor mental and physical 

health 

– Impact of resettlement 

– Economic burden 

– Containment of radiation 

(sarcophagus) 

 

Fukushima 

• Initially: 
– Accessing the plant 

– Controlling temperature  

– Dealing with multiple 
disasters at plant and offsite  

 

• Five years later: 
– Management of 

contaminated water 

– Monitoring of seawater 
radioactivity 

– Some areas still not 
accessible due to radiation 

– Displaced populations 

– Medical screening 

 

 



From Chernobyl to Fukushima 

• Broad population survey implemented by 

Fukushima Medical University 

• Thyroid cancer screening implemented for 

at-risk population 

• Worker cohort study underway involving 

medical screening 

• Dosimetry estimation 



LOOKING TO THE FUTURE 



New Opportunities 

• 21st century science 

–Biomarkers of dose 

–Biobanks 

–Genomics and other “omics” 

• Pooling of data  

• Multidisciplinary approaches 

supporting risk assessment 

 



original manuscript  

Carcinogenesis Advance Access published 

October 26, 2016  

Integration of a radiation biomarker into 

modeling of thyroid carcinogenesis and post-

Chernobyl risk assessment  
Jan Christian Kaiser*, Reinhard Meckbach1, Markus Eidemüller, 

Martin Selmansberger2, Kristian Unger2, Viktor Shpak3, Maria Blettner4, Horst Zitzelsberger2 and Peter Jacob5  

Institute of Radiation Protection, Helmholtz Zentrum München, 85764 Oberschleißheim, Germany, 1Boris-

Blacher-Str. 

14, 80939 München, Germany, 2Helmholtz Zentrum München, Research Unit Radiation Cytogenetics, 85764 

Neuherberg, Germany, 3National Academy of Medical Sciences of the Ukraine, Institute of Endocrinology and 

Metabolism, 254114 Kyiv, Ukraine, 4Johannes Gutenberg Universität, Institut für Medizinische Biometrie 

Epidemiologie und Informatik, 55131 Mainz, Germany and 5RADRISK, 83727 Schliersee, Germany  

*To whom correspondence should be addressed. Tel: +49 8931874028; Fax: +49 31873363 Email: 

christian.kaiser@helmholtz-muenchen.de  

 



Logistics 

• Tissue banks 

• Data sharing 

• Strategic agendas 

• Funding 

• Stakeholder engagement and 

communication 



Source: http:www.chernobyltissuebank.com/research-projects-2010-2019.htm 



Source: http://arch.iarc.fr/ 

http://arch.iarc.fr 

 

 

 

 

 

 

 

 

 

 

 

 

 

Strategic Research Agenda 

The Health Consequences of the Chernobyl Accident 

 



Planning Prospectively 

• Are there templates for considering 

research/surveillance in any future 

accident situations? 

• Dosimetry issues have been considered 

• Is broader planning needed? 

• Draw on experiences with other disaster 

situations? 

• Stakeholder roles? 



A FINAL PREDICTION 

 

There will be a 40th Anniversary 

Symposium 




