




The Bradford-Hill criteria (J Roy Soc Med 1965:58:295-300)



• Criterion suggests that a larger association increases 
the likelihood of causality.

Strength of the 
Association 

• The credibility of findings increases with repetition of 
findings, including consistency of study findings across 
different populations and geographical locations.

Consistency of 
Findings

• The argument for causality is stronger in the presence of a 
dose–response relationship, where higher or longer 
exposure leads to an increased risk of disease.

Biological Gradient

(Dose Response)



• A conceivable mechanism for causation between 
exposure and disease exists.

Biological 
Plausibility

• Causality is more likely if the exposure causes only 
one specific disease or syndrome, or if a specific 
location or population are being affected.

Specificity of the 
Association 

• Exposure must occur before the disease, and not after 
a latency period that is too long. This criterion must 
always be fulfilled for causality to be concluded.

Temporal 
Sequence of 
Association



• The association agrees with previous knowledge 
available about the disease and/or exposure.Coherence

• “Experiment” relates to the decrease in disease 
risk when the exposure is removed and often 
involves animal models.

Experiment

• Previous evidence of an association between a 
similar exposure and disease outcome to 
strengthen the current argument for causation.

Analogy



• Lung cancer rates higher for individuals with higher  
cumulative radon decay product exposure

Strength of the 
Association 

• Different “types” (case-control, cohort, and 
experimental) studies produce similar findings 

Consistency of 
Findings

• Increased lung cancer risk is observed with 
increasing protracted radon decay product exposure

Biological Gradient

(Dose-Response)



• It is very plausible that protracted radon decay 
product exposure causes DNA damage to the 
lung (resulting in cancer).

Biological 
Plausibility

• Lung cancer rates are observed in miners with 
high radon exposures

Specificity of the 
Association 

• Radon exposure precedes onset of disease

Temporal 
Sequence of 
Association



• Theory ‘makes sense’ given existing evidence 
about the carcinogenicity of alpha particlesCoherence

• Animal exposed to high radon concentrations 
develop lung  tumorsExperiment

• Other alpha particle emitting radionuclides are 
known human carcinogens Analogy



CA: A Cancer Journal for Clinicians, Volume: 70, Issue: 1, Pages: 7-30, First published: 08 January 2020, DOI: (10.3322/caac.21590) 



United States Cancer Mortality 2020



0

20000

40000

60000

80000

100000

120000

140000

160000

LUNG

COLON

PANCREAS

Breast

ESTIMATED CANCER DEATHS IN THE U.S. 2020

CA: A Cancer Journal for Clinicians, Volume: 70, Issue: 1, Pages: 7-30, First published: 08 January 2020, DOI: (10.3322/caac.21590



Uranium

Radium

Radon

1,600 years

4.5 billion years 

3.8 days

Radon from Geologic Sources





https://canceriowa.org/breathing-easier/

https://canceriowa.org/breathing-easier/




1985 ??





Stanley Watras at the 

Limerick Nuclear Power 

Plant, Christmas 1984

"I just thank God that if it was

going to be anybody living in that 

house, it would be me, somebody 

who could, through their work 

activities, discover the situation,”

Philadelphia Inquirer March 20, 1985
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Radon Decay Products

Radon
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Alpha Tracks



• Highly radioactive particles 

adhere to lung tissue, where they 

can irradiate sensitive cells.

• Radiation can alter the cells, 

increasing the potential for 

cancer.Double Strand DNA Breaks



Ionizing radiation can directly and 

indirectly damage DNA

Alpha 

Particle

Defects in tumor 

suppressor genes – p53

At risk individuals–GSTM1

(glutathione S-transferase M1)



From NCRP Report No. 160, “Ionizing 

Radiation Exposure of the Population of the 

United States” (2009)





Cohort Studies (15) of Radon-Exposed Miners

Radium Hill

Czech Republic (2)
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Lubin  et al. 1995, NRC BEIR VI, 1999
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Lubin  et al. 1995, NRC BEIR VI, 1999
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Lubin  et al. 1995, NRC BEIR VI, 1999
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In 2003, the EPA updated the BEIR VI 

risk estimates to 21,000 radon-related 

lung cancer deaths each year in the 

United States.

http://www.epa.gov/radon/risk_assessment.html

Based on its analysis, EPA estimates that out of a total of 157,400 lung 

cancer deaths nationally in 1995, 21,100 (13.4%) were radon related.

http://www.epa.gov/radon/risk_assessment.html
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Pooled Analyses Agreement at 3 pCi/L ??
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National and International  

Guidance on Radon



The International Radon Project 

WHO  - IRP Website 2005 

" The consistency of the findings from the latest pooled 

analyses of case-control studies from Europe and North 

America as well as China provides a strong argument for 

an international initiative to reduce indoor radon risks."

https://www.who.int/ionizing_radiation/env/radon/en/



• Georgia

• Germany

• Greece

• Hungary

• India

• Ireland

• Italy

• Japan

• Lithuania

• Luxembourg

• Norway

• Poland









http://www.canceriowa.org/BreathingEasier.aspx
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Availability of Guide and Reference Material
Radon Leaders -
http://www.radonleaders.org/resources/

reducingtheriskfromradon

http://breathingeasier.info website  

http://www.radonleaders.org/resources/reducingtheriskfromradon
http://breathingeasier.info/


American Academy of 
Family Physicians







Please feel free to contact with questions

bill-field@uiowa.edu


