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Impact of Osteoporosis 

• 17% of women over age 50 years 

• 6 million women have osteoporosis, 

and 17 million women have 

osteopenia 

• 269,000 hospital discharges for hip 

fracture in 1991 

• $10-15 billion per year 



Impact of Osteoporosis 

• Nearly 1/3 of patients with 

osteoporotic hip fractures enter a 

nursing home within a year 

• 20% of patients die within 1 year 

after an osteoporotic hip fracture 
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• The association is strong. 

• Studies show consistent results. 

• There is a plausible biological mechanism.  
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Lead and Bone Mineral Density 

NHANES Analysis 
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Lead and Bone Mineral Density 

Occupationally Exposed Chinese  
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Lead and Bone Mineral Density  

Female Lead Smelters  

 
Blood Lead  

Level Percentile 

% Change in BMD 

from 1994 to 2000 

>90 percentile -10.38% 

<90 percentile -1.33% 



Lead and Bone Mineral Density 

Study of Osteoporotic Fractures 

Khalil N, et al. J Bone Miner Res 2008;23:1417–1425 
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Lead and Fracture Incidence 

Study of Osteoporotic Fractures 
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Lead and BMD in Mice 
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Lead & BMD in Mice 
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Lead & Bone Strength in Mice 

Ronis MJ. Toxicol Science. 2001;62:321-329.  



Criteria to Establish Causation 

• The exposure must precede outcome. 

• Studies show an association between 

exposure and outcome. 

• The association shows a dose-response 

relation. 

• The association is strong. 

• Studies show consistent results. 

• There is a plausible biological mechanism.  



Criteria to Establish Causation 

• The exposure must precede outcome. 

• Studies show an association between 

exposure and outcome. 

• The association shows a dose-response 

relation. 

• The association is strong. 

• Studies show consistent results. 

• There is a plausible biological mechanism.  



Study Unexposed 
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Lead & Cartilage Formation 



Lead & Fracture Healing in Rats 

Lead in   
Water                     0 ppm   55 ppm 230 ppm 



Carmouche JJ. Environ Health Perspect. 2005;113:749-755. 

 

 
Lead & Fracture Healing in Rats 







Lead and Cartilage/Bone Formation 

Beier EE. J Orthop Res. 2014:1-9. 
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In a normal skeleton….. 

Bone Resorption  =  Bone formation 
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Lead & BMD in Mice 
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Lead & BMD in Rats 
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Lead & Bone Turnover in Humans 



Lead & BMD in Mice 

Jamieson JA. Toxicol Science. 2006;92:286-294.  



Lead & BMD in Mice  

Measure        Control    Exp      P-value 

  Tr* volume     21.8%      17.8%    0.041 

  Tr number      3.5            2.7         0.001  

  Tr thickness    64            56          0.028  

  Tr space         359          556         0.022 

  

 * Trabecular 
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