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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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Criteria to Establish Causation

The exposure must precede outcome.

Studies show an assoclation between
exposure and outcome.

The assoclation shows a dose-response
relation.

The association Is strong.
Studies show consistent results.
There is a plausible biological mechanism.
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ead and Bone Mineral Density
NHANES Analysis

Female \Male
Measure White African-American White African-American

Adjusted mean [SE) BMD (g/cm?)

Lowest 0.789 (0.006) 0.898 (0.010) 0.961(0.007) 1.036(0.011)
Middle 0.776%(0.006] 0.882 (0.009) 0.944¢(0.008] 1.02310.010)
0.771%(0.007) 0.873(0.012) 0.934¢(0.009) 1.011{0.013)

Campbell JR. Environ Health Perspect. 2007;115:1018-1022.



Lead and Bone Mineral Density
Occupationally Exposed Chinese
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SunY. AmJ Ind Med. 2008:51:436-442



Lead and Bone Mineral Density
Female Lead Smelters

Blood L ead % Change in BMD
Level Percentile  from 1994 to 2000

>90 percentile -10.38%

<90 percentile -1.33%

Potula V. Am JOEM. 2006:48:556-564.



Lead and Bone Mineral Density
Study of Osteoporotic Fractures

Medium

L 2Ve |. |I |_I|l'_l' | .j] :| <

N =533 N=12 N =33

BMD (o/em?)
Tu:utal-]u'p [mean (5D)] 0.7 {0.13) 0.76(0.13) 072(0.12)
Femoral neck [mean (SD)]  065(0.11) 066 (0.12) 0.62(0.09)
Calcaneus [mean (SD)| 041 (009 0.42(0.09) 0,30 (0.09)

Khalil N, et al. J Bone Miner Res 2008:23:1417-1425



| ead and Fracture Incidence
Study of Osteoporotic Fractures

BLL ug/dl
<=3ug/dl

TIME IN YEARS

Khalil N, et al. J Bone Miner Res 2008:23:1417-1425.
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Lead and BMD 1n Mice
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Beier EE. Environ Health Perspect. 2013;121:97-104



| ead & BMD In Mice

y= -0.001x + 0248 r=0.492; p< 0.005
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Puzas JE, Campbell JR. Nutr Bone Health. 2004;363-376.




Lead & Bone Strength in Mice

E Male Pups
L | Female Pups
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Lead Exposure (w/iv in drinking water)

Ronis MJ. Toxicol Science. 2001:62:321-329.
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Study Unexposed

BMD

Campbell, 2005  0.789

Khalil, 2008 0.770
Sun, 2008 0.757
Potula, 2006 1.065

Exposed

BMD

0.771

0.720

0.739

0.968

Percent BMD

of Exposed to

Unexposed

0.98

0.94

0.97

0.91
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Zuscik MJ. Environ Health Perspect. 2007;115:1276-1282.




| ead & Cartilage Formation
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Zuscik MJ. Environ Health Perspect. 2007;115:1276-1282.




| ead & Fracture Healing In Rats

Lead In
Water 0 ppm 55 ppm 230 ppm




| ead & Fracture Healing In Rats

Pb in drinking water (ppm)

Carmouche JJ. Environ Health Perspect. 2005;113:749-755.
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ead and Cartilage/Bone Formation

Day 10

Percent Cartilage Tissue
Percent Bone Tissue
Percent Fibrous Tissue
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Beier EE. J Orthop Res. 2014:1-9.
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In a normal skeleton.....
Bone Resorption = Bone formation

Bone Bone + LLead o

resorption formation formation

Bone
resorption
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L ead & BMD In Mice

Control Treated Control Treated
l.oPb . HIPY .. ;

Gruber H. Miner Electrolyte Metab. 1997;23:65-73



| ead & Fracture Healing in Rats
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Carmouche JJ. Environ Health Perspect. 2005;113:749-755.
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| ead & Bone Turnover in Humans

Blood lead levels Calcanevs-bone lead levels

=9th =0hh = 0{)th =>00th
Variabhle : M M M

Calcitrome hormones
Parathyroid hormone (pg/ml) 59.12 41.83%
Vitamin D (pg/ml) 44.56 46
lonized caleium {mg/dl) 1.C 4.94 5.04
Total calcium (mgfdl) 9.04 0.26
Bone turnover markers
Urinary pynidineline 47.2 47.46 J0.O¥*
Urinary deoxypyridineline 6 I1.50) 17,30
Crsteocalem (ng/ml) 17. 18.98 24,63

Potula V. Arch Environ Occup Health. 2005;60:195-204.



L ead & BMD In Mice
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Jamieson JA. Toxicol Science. 2006;92:286-294.



Lead & BMD 1n Mice

Measure Control  Exp  P-value
Tr volume 21.8% 17.8% 0.041
Trnumber 3.5 2.7 0.001
Tr thickness 64 56 0.028
T space 399 556 0.022

* Trabecular

Escribano A. Calcif Tissue Int. 1997:60:200-3



