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What Is the Idea of Hormesis? 

• A little bit of a bad thing can be good 
• What are some examples? 

From Saha, p. 17 
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Selenium: Helps or Hurts? 
https://saylordotorg.github.io/text_general-chemistry-principles-patterns-and-applications-v1.0/ 

Courtesy of Saylor Foundation. License CC BY-NC-SA.

https://saylordotorg.github.io/text_general-chemistry-principles-patterns-and-applications-v1.0/
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Arguments For/Against Selenium 

Hormesis 

• Taking megadoses of 200 mcg/day (4x the RDA) of selenium 

may have acute toxic effects, and showed no decreased incidence 

of prostate cancer mortality for low doses, and increased high-

grade prostate cancer rates (~35,533 men) 
 

• Refs: Brasky TM, Kristal AR. J Natl Cancer Inst (2015) 107(1): dju375, 

Kenfield SA, et al. J Natl Cancer Inst (2015) 107 (1): dju360 

 

• Selenium supplements of 200 mcg/day (4x the RDA) greatly 

reduced (63%) secondary prostate cancer evolution (974 men, 13 

Se vs. 35 placebo cases, 11 years follow-up) 
 

• Ref: L. C. Clark et al. British Journal of Urology [1998, 81(5):730-734] 
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Models of Dose-Response 
D. P. Hayes. European Journal of Clinical Nutrition (2007) 61, 147–159 
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Courtesy of Macmillan Publishers Ltd.
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Is Radiation Hormetic? 

Courtesy of Macmillan Publishers Ltd.

D. P. Hayes. European Journal of Clinical Nutrition (2007) 61, 147–159 
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History of Non-Hormetic Models 
J. L. Prekeges, J. Nucl. Med. Technol., 31:11-17 (2003) 

Original image source: Mettler, F.A., and A.C. 

Upton. Medical Effects of Ionizing Radiation. 2nd 

ed. W.B. Saunders, 1995. 

© W.B. Saunders. All rights reserved. This content is excluded
from our Creative Commons license. For more information, see
http://ocw.mit.edu/help/faq-fair-use/.

ttp://ocw.mit.edu/help/faq-fair-use/
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History: The LNT Model 

Linear No-Threshold model states that: 
 
• Radiation exposure is harmful; 
• Radiation exposure is harmful at all exposure levels; 
• Each increment of exposure adds to the overall risk; 
• The rate of accumulation of radiation exposure has no 

bearing on risk. 

J. L. Prekeges, J. Nucl. Med. Technol., 31:11-17 (2003) 
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Checking the LNT Model 

Linear No-Threshold model states that: 
 
• Radiation exposure is harmful; 
• Radiation exposure is harmful at all exposure levels; 
• Each increment of exposure adds to the overall risk; 
• The rate of accumulation of radiation exposure has no 

bearing on risk. 

We know this from LOTS of 
accidental exposure data 

J. L. Prekeges, J. Nucl. Med. Technol., 31:11-17 (2003) 
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Checking the LNT Model 

Linear No-Threshold model states that: 
• Radiation exposure is harmful; 
• Radiation exposure is harmful at all 

exposure levels; 
• Each increment of exposure adds to 

the overall risk; 
• The rate of accumulation of radiation 

exposure has no bearing on risk. 

The ICRP-99 study showed 
this to be false 

J. L. Prekeges, J. Nucl. Med. Technol., 31:11-17 (2003) ICRP Publication 99, p. 32 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com.
Used with permission.

http://www.sciencedirect.com
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Checking the LNT Model 

Linear No-Threshold model states that: 
 

• Radiation exposure is harmful; 
• Radiation exposure is harmful at all exposure levels; 
• Each increment of exposure adds to the overall risk; 

 
 

• The rate of accumulation of radiation exposure has no 
bearing on risk. 

These are the open 
questions today! 

J. L. Prekeges, J. Nucl. Med. Technol., 31:11-17 (2003) 
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Evidence for Hormesis 
J. L. Prekeges, J. Nucl. Med. Technol., 31:11-17 (2003) 

• Ask yourself: 

 
• What study size was 

used? 

 

• How were the error 

bars defined? 

 

• Can hormesis be 

conclusively shown 

from this study? 
Original image source: Mettler, F.A., and A.C. Upton. Medical 

Effects of Ionizing Radiation. 2nd ed. W.B. Saunders, 1995. 

© W.B. Saunders. All rights reserved. This content is excluded
from our Creative Commons license. For more information, see
http://ocw.mit.edu/help/faq-fair-use/.

http://ocw.mit.edu/help/faq-fair-use/


22.01 – Intro to Ionizing Radiation Hormesis, Slide 14 

Evidence for Hormesis 
Cohen B.L. Health Phys. 1995;68:157–174 

• To a point, radon levels in 

homes were found to 

decrease lung cancer deaths 

• 200,000 radon samples 

• 1,600 counties, 

comprising 90% of the 

U.S. population 

© Lippincott Williams & Wilkins. All rights reserved. This content is
excluded from our Creative Commons license. For more information,
see http://ocw.mit.edu/help/faq-fair-use/.

http://ocw.mit.edu/help/faq-fair-use/
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Evidence for Hormesis 
A. B Miller et al. New England J Med. 1989;321:11285–11288 

• Women who received 

multiple x-rays to monitor 

lung collapse during 

tuberculosis treatment 

experienced less breast 

cancer 

• One standard deviation 

displayed 

© Massachusetts Medical Society. All rights reserved. This content is
excluded from our Creative Commons license. For more information,
see http://ocw.mit.edu/help/faq-fair-use/.

http://ocw.mit.edu/help/faq-fair-use/
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CAN Hormesis Be Real? 

• Certainly at the cellular level 
 

• Maybe not at the multicellular/organism 
level 
 

• More data needed? 
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Evidence for a Threshold Model 

Lung cancer deaths from radon in miners. Pooled analysis of 

the relative risks of lung cancer deaths, with 95% confidence 

limits, from 11 underground miner studies 

© source unknown. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.

Refer to BEIR VI Committee. Health Effects of Exposure to Radon. The National Academy Press; 1999.

http://ocw.mit.edu/help/faq-fair-use/
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Evidence for a Threshold Model 
BEIR VI Committee . Health Effects of Exposure to Radon. The National Academy Press; 1999.  

Lung cancer deaths 

from radon in homes. 

Eight case control 

studies of relative 

risks for lung cancer 

death rates of people 

in homes. One 

standard deviation 

shown. 

Courtesy of National Academies Press. Used with permission.
Source: National Research Council. Health Effects of Exposure to Radon:
BEIR VI. The National Academies Press, 1999. doi:10.17226/5499.
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The 22.01 Hormesis Debate 

Together, we will debate whether hormesis 
can actually exist 
1. Split into two groups: Pro and Against 
2. Spend ~30 minutes to find evidence, 

papers, and construct arguments 
for/against hormesis 

3. Present your findings in 10 minutes 
each, with 5 minutes each to rebut 
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