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Abstract
Mini-Abstract—Farnesyl diphosphate synthase (FDPS) is the molecular target of nitrogen-
containing bisphosphonates. We analyzed the association between a SNP in the FDPS gene with
bone mineral density (BMD) in post-menopausal Caucasian women. The SNP was associated with
decreased BMD after adjusting for age and BMI. Genetic variation in FDPS may contribute to BMD
in this population.

Objective— We evaluated the association between a single nucleotide polymorphism in the farnesyl
diphosphate synthase gene (FDPS), BMD and bone turnover markers.

Methods— 283 community-dwelling Caucasian women aged 65 or older were screened from the
greater Boston area. A validated FDPS SNP (rs2297480, A/C) was genotyped and evaluated for effect
on bone mineral density (spine, hip, forearm) and bone turnover markers (urine N-telopeptide cross-
linked collagen type 1, osteocalcin and bone-specific alkaline phosphatase).

Results— BMD was lower at all sites measured in women with the C/C or C/A genotypes.
Statistically significant differences (p<0.05) were found at the PA spine, trochanter, distal radius,
and proximal ulna after adjustment for age and BMI. No significant differences were found in bone
turnover markers.

Conclusion— These findings suggest that a single nucleotide polymorphism in the FDPS gene
(rs2297480) may be a genetic marker for lower BMD in postmenopausal Caucasian women.
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Introduction
Osteoporosis is associated with increased morbidity and mortality. The National Osteoporosis
Federation estimates 10 million Americans over the age of 50 have osteoporosis and an
additional 34 million have low bone mass [1]. Forty percent of postmenopausal women are
estimated to have an osteoporotic fracture over their lifetime [2]. The treatment of osteoporosis
and resulting fractures costs $18 billion annually in the United States [3]. Although many
advances have been made in therapeutic interventions, osteoporosis remains a highly prevalent
disease in the postmenopausal population.

Family history is a major risk factor for osteoporosis [4]. Several twin and family studies
suggest that heritability strongly contributes to BMD [5–7] and osteoporotic fracture risk [8–
10]. Genetic factors also play a role in expression of biochemical markers of bone turnover,
skeletal geometry and ultrasound properties of bone [11–14]. These observations led to interest
in finding genes that predispose individuals in the general population to osteoporosis.
Association studies have begun to identify potential susceptibility genes for osteoporosis
[15].

Bisphosphonates are potent inhibitors of osteoclasts which reduce bone turnover, increase bone
mass, and improve bone mineralization [16]. Although this class of compounds has been known
for decades, only recently has its biochemical mechanism of action been explained. Nitrogen-
containing bisphosphonates inhibit farnesyl diphosphate synthase (FDPS), a key enzyme in
the mevalonate pathway (17). Through this mechanism, bisphosphonates inhibit prenylation
and sterol synthesis in osteoclasts and induce osteoclast apoptosis [17]. However, the activity
of farnesyl disphosphate synthase might impact bone mass in women who are not on therapy
by alterations in osteoclast activity. Furthermore, genetic polymorphisms within the FDPS
gene may contribute to bone density and turnover in addition to the response to
bisphosphonates. In the present study, we examined the association of two common validated
polymorphisms in the human FDPS gene (dbSNP: rs2297480; rs10796941) with bone mass
in postmenopausal women.

Materials and Methods
Study Population

573 community-dwelling women aged 65 or older were screened from the greater Boston area
for a single-center clinical trial as previously reported [19]. Participants were excluded if they
had a history of illnesses that could affect bone mineralization or calcium metabolism. After
screening, 373 women were enrolled for a clinical trial. Blood samples were obtained from
300 of the 373 randomized subjects. Of these, 283 were Caucasian and included in our analyses
for homogeneity. This protocol was approved by the institutional review board at the Beth
Israel Deaconess Medical Center in Boston, MA. Participants were advised of the nature of
the initial study and provided written informed consent prior to participation including consent
for genotyping.

Clinical Examination
Bone mineral density of the hip (total hip, femoral neck, trochanter, and intertrochanter),
lumbar spine (posteroanterior and lateral), and radius and ulna (ultra-distal, mid-third, and one-
third distal) were measured by dual-energy X-ray absorptiometry ([DXA] QDR 4500A
densitometer; Hologic, Inc, Bedford, Mass). The coefficients of variation of BMD in elderly
women (mean [SD] age, 71 [7] years) for the densitometer used were 1.7% for the lumbar
spine, 1.2% for total hip, and 1.9% for femoral neck [20–21]. Quality control for bone density
scans was performed by Synarc, Inc (San Francisco, Calif).
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A marker of bone resorption, urine N-telopeptide cross-linked collagen type 1 (NTx), was
assessed with an ELISA (Osteomark7, Ostex International, Inc., Seattle, WA; nmol/liter of
bone collagen equivalents/creatinine, intraassay CV 5–19%). Urine for NTx assessment was
collected upon second void at 0600–0800 h after an overnight fast and was frozen at −20 C.
Serum tests for bone formation were intact osteocalcin (Novocalcin, Quidel Corp., Mountain
View, CA; ng/ml, intraassay CV 4.8–10.0%) and bone-specific alkaline phosphatase (BSAP)
(Alkphase-B, Quidel; U/liter, intraassay CV, 3.9–5.8%). Serum 25-hydroxyvitamin D was
measured by radioimmunoassay (DiaSorin, Stillwater, MN; ng/ml, intraassay CV 10.8%). PTH
was measured by allegro immunoradiometric assay (Nichols Allegro, San Juan Capistrano,
CA; pg/ml, intraassay CV 1.8–3.4%). Serum was drawn after an overnight fast and stored at
−80 C. All assays were simultaneously run at the end of the study by a single laboratory
technician. Additional serum measurements included calcium, albumin, and phosphate.

Genotyping
DNA was isolated from frozen buffy coats by standard methods (22). PCR reactions were
performed in a total reaction volume of 50ul. PCR reaction mixtures consisted of 50ng DNA,
1.5mM MgCl2, 1X NH4

+ buffer, 200uM dNTPs, 1.5U Taq DNA polymerase, distilled H2O,
and 0.6uM of primers. Amplifiction of rs2297480 used forward primer 5′-
AGGAATCCGTATCTGGGAAC-3′ and reverse primer 5′-
CAACTCTAGACACCCCCAGAAG-3′ and genotypes assigned by fluorescence polarization
[18]. Amplification of rs1079641 used primers 5′-ACTACAGGAGCGAGCCTCTA-3′ and 5′
R-AGGTGGAAGGATCGCTTGAG-3′. PCR cycling conditions included an initiated 5
minute step at 95°C followed by 34 cycles of denaturing at 95°C for 30s, annealing at 63°C
for 15s, and extension at 72°C for 30s. For genotyping, 15ul of each PCR product was digested
with 5 units of NlaIII enzyme overnight and fragments resolved on 3% agarose gel for 4 hours
at 100 volts and visualized in the presence of ethidium bromide. Genotypes were assigned by
direct comparison to sequence verified control samples run in parallel.

Statistical Analyses
Baseline data are summarized as means and standard deviations. Hardy-Weinberg equilibrium
was tested using a Chi-square test. We estimated least-square means and their associated
standard error after adjusting for age and BMI, since these factors are known to effect bone
mineral density for two potential models: once comparing results across the three SNP
genotypes, once comparing results between the common homozygote (AA) with the rarer
homozygotes (CC) and heterozygotes combined because of the small number of the less
common homozygote.

Results
Of the two SNPs tested in this study, rs10796941 is located in intron 3 of the FDPS gene while
rs2297048 is located in the promoter of FDPS at position −99 upstream of the translation start
site. Because these two SNPs were found to be in complete linkage equilibrium in this sample,
only the results of the −99 promoter polymorphism are presented. Among subjects with
complete data, one hundred forty-eight (52.3%) women had the AA genotype, one hundred
twenty-one (42.8%) had the CA genotype, and fourteen (4.9%) had the CC genotype. The
distribution was in accordance with Hardy-Weinberg equilibrium (p>0.2). Because of the small
number of subjects with CC genotypes, we examined the effect of the C allele by combining
the CC and CA genotypes.

Clinical characteristics of the study population are shown in Table 1. The mean age of the
women was 71±5 years and the mean body mass index (BMI) was 27±6 kg/m2. There were
no differences in height, weight, dietary calcium or vitamin D intake, levels of serum calcium,

Levy et al. Page 3

Maturitas. Author manuscript; available in PMC 2008 July 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



parathyroid hormone or 25 hydroxyvitamin D between women with or without one or more C
alleles. There were no differences in the markers of bone turnover between these 2 groups.

At the PA spine, trochanter, radius and ulna, the presence of a C allele contributed to significant
reductions in bone mineral density. After adjustment for age and BMI, the C allele continued
to be associated with a diminished BMD at most sites (Table 2). For example, the presence of
a C allele was associated with 0.045 g/cm2 lower bone mineral density at the PA lumbar spine.

We also examined each genotype separately (Table 3). The majority of skeletal sites showed
the lowest bone mineral densities with the CC and CA genotypes and the highest BMD with
the AA genotype. Of these, the PA lumbar spine, trochanter, and proximal ulna reached
statistical significance (p<0.05) and all other sites except the lateral lumbar spine trended
towards significance. After adjustment for age and BMI, only the proximal ulna achieved
statistical significance.

Discussion
This study is the first to examine the association of a common polymorphism in the FDPS gene
with bone mineral density and bone turnover markers. We found that postmenopausal women
with a CC or CA genotype at the polymorphic promoter site had lower BMD at most skeletal
sites compared to the AA genotype. The most pronounced effect was at the PA spine,
trochanter, and proximal ulna. These findings were significant after adjustment for age and
BMI. Bone turnover markers did not show significant associations with the FDPS genotype.

Farnesyl diphosphate synthase, a key branch point enzyme in the mevalonate pathway, is the
molecular target for nitrogen-containing bisphosphonates [17,23–25]. Nitrogen-containing
bisphosphonates inhibit FDPS and prevent post-translational prenylation of small GTPases
such as Ras, Rho, and Rac [26]. These GTPases are important signaling proteins in osteoclast
maintenance including cell morphology, membrane ruffling, trafficking of endosomes, and
cell survival. The lipid prenyl group anchors these proteins in cell membranes and is required
for their function [27–30].

The functional consequences of the FDPS C/A polymorphism (rs2297480) have not been
established. In silico analysis of this polymorphism using the program FastSNP (http://
fastsnp.ibms.sinica.edu.tw) reveals that the A allele may create a binding site for Runx1
(AML1/Cbfa1), a transcription factor essential for hematopoiesis [31]. Runx factors recruit co-
regulatory proteins important for signal transduction mediation [32]. Real-time PCR has
identified Runx1 as the predominant member of the Runx family in mouse osteoclast and
osteoclast-precursor cells [33]. Interestingly, Runx1 mRNA expression decreases with the
addition of NF-kB ligand (RANKL), the major stimulator of osteoclast differentiation and
activity, in these mouse models [33]. By binding to the FDPS promoter site made by the
rs2297480 A allele, Runx1 may decrease osteoclast activity by inhibiting FDPS transcription.
Further in vitro studies are necessary to show the level of transcription inhibition caused by
each rs2297480 C to A allele change.

The molecular mechanisms that explain the differences in BMD but not bone turnover markers
are unclear. A mechanistic explanation for our findings may include timing of the
polymorphism effect. BMD in women is determined by peak bone accrual in adolescence and
early adulthood with postmenopausal bone loss. At least 90% of peak bone mass is acquired
by age 18 [34]. The FDPS SNP studied may influence the expression of the FDPS gene and
enzyme levels during this period of bone accrual. The CC genotype and/or the C allele may
confer higher osteoclast activity during this period and cause a higher bone resorption rate and
a lower peak BMD. Alternatively, the major defect caused by FDPS genetic variation may
occur after menopause. A longitudinal study is needed to assess these hypotheses.
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This study has several strengths and limitations. Participants in the study were community-
dwelling women 65 years or older studied at a single center in Boston, MA. Our analysis
focused on Caucasian women for greater genetic homogeneity. Thus, the findings may not
generalize to other populations at risk for osteoporosis. Population stratification can promote
false-positive results and non-reproducible findings [35]. Our study is the first to examine a
genetic polymorphism in farnesyl diphosphate synthase, the target of inhibition by nitrogen-
containing bisphosphonates and an important enzyme for osteoclast activity. However, we also
only looked at two SNPs in the FDPS gene. Other SNPs may have contributed to our results.

In summary, our findings suggest that genetic variation in the farnesyl diphosphate synthase
gene is associated with bone mineral density in postmenopausal elderly women and may have
a novel role in the development of osteoporosis. These findings require confirmation with larger
cohorts, different populations and multiple FDPS SNPs.

Acknowledgements

Support for this study was provided by NIH grants R01 AG 13069 and K24 DK 062895 awarded to Dr. Susan
Greenspan, NIH grant M01 RR 1032 awarded to the Harvard Thorndike General Clinical Research Center, Beth Israel
Deaconess Medical Center, and NIH grant T32 AG 021885 awarded to Dr. Stephanie Studenski, Dept. of Geriatrics,
University of Pittsburgh Medical Center.

References
1. U.S. Depeartment of Health and Human Services. Bone health and osteoporosis a report of the surgeon

general. US Department of Health and Human Services, Office of the Surgeon General; Rockville,
MD, USA: 2004.

2. Leibson CL, Tosteson AN, Gabriel SE, Ransom JE, Melton LJ. Mortality, disability, and nursing home
use for persons with and without hip fracture: a population-based study. J Am Geriatr Soc
2002;50:644–50.

3. National Osteoporosis Foundation Fast facts on osteoporosis. [Accessed June 21, 2006]. Available at:
http://www.nof.org/osteoporosis/diseasefacts.htm

4. Albagha OM, Ralston SH. Genetic determinants of susceptibility to osteoporosis. Endocrinol Metab
Clin North Am 2003;32:65–81. [PubMed: 12699293]

5. Christian JC, Yu PL, Slemenda CW, Johnston CC Jr. Heritability of bone mass: a longitudinal study
in aging male twins. Am J Hum Genet 1989;44:429–33. [PubMed: 2916585]

6. Pocock NA, Eisman JA, Hopper JL, Yeates MG, Sambrook PN, Eberl S. Genetic determinants of bone
mass in adults: a twin study. J Clin Invest 1987;80:706–10. [PubMed: 3624485]

7. Gueguen R, Jouanny P, Guillemin F, Kuntz C, Pourel J, Siest G. Segregation analysis and variance
components analysis of bone mineral density in healthy families. J Bone Miner Res 1995;12:2017–
22. [PubMed: 8619384]

8. Seeman E, Hopper JL, Bach LA, Cooper ME, Parkinson E, McKay J, Jerums G. Reduced bone mass
in daughters of women with osteoporosis. N Engl J Med 1989;320:554–8. [PubMed: 2915666]

9. Seeman E, Tsalamandris C, Formica C, Hopper JL, McKay J. Reduced femoral neck bone density in
the daughters of women with hip fractures: the role of low peak bone density in the pathogenesis of
osteoporosis. J Bone Miner Res 1994;9:739–743. [PubMed: 8053404]

10. Michaelsson K, Melhus H, Ferm H, Ahlbom A, Pederson N. Genetic liability to fractures in the
elderly. Arch Int Med 2005;165:1825–1830. [PubMed: 16157825]

11. Kelly PJ, Nguyen T, Hopper J, Pocock N, Sambrook P, Eisman J. Changes in axial bone density with
age: a twin study. J Bone Miner Res 1993;8:11–17. [PubMed: 8427043]

12. Harris M, Nguyen TV, Howard GM, Kelly PJ, Eisman JA. Genetic and environmental correlations
between bone formation and bone mineral density: a twin study. Bone 1998;22:141–145. [PubMed:
9477237]

13. Arden NK, Baker J, Hogg C, Baan K, Spector TD. The heritability of bone mineral density, ultrasound
of calcaneous and hip axis length: a study of postmenopausal twins. J Bone Miner Res 1996;11:530–
534. [PubMed: 8992884]

Levy et al. Page 5

Maturitas. Author manuscript; available in PMC 2008 July 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



14. Slemenda CW, Turner CH, Peacock M, Christian JC, Sorbel J, Jui SL, Johnston CC. The genetics of
proximal femur geometry, distribution of bone mineral density. Osteoporosis Int 1996;6:178–182.

15. Liu YZ, Liu YJ, Recker RR, Deng HW. Molecular studies of identification of genes for osteoporosis:
the 2002 update. J Endocrinol 2003;177:147–196. [PubMed: 12740006]

16. Reszka AA, Rodan GA. Bisphophonate mechanism of action. Curr Rheumatol Rep 2003;5:65–74.
[PubMed: 12590887]

17. Bergstrom JD, Bostedor RG, Masarachia PJ, Reszka AA, Rodan G. Alendronate is a specific,
nanomolar inhibitor of farnesyl diphosphate synthase. Arch Biochem Biophys 2000;373:231–241.
[PubMed: 10620343]

18. Chen X, Levine L, Kurk PK. Fluorescence polarization in homogeneous nucleic acid analysis.
Genome Res 1999;9:492–498. [PubMed: 10330129]

19. Greenspan SL, Resnick NM, Parker RA. Vitamin D supplementation in older women. J Gerontol A
Biol Sci Med Sci 2005;60:754–759. [PubMed: 15983179]

20. Greenspan SL, Maitland LA, Myers ER, Krasnow MB, Kido TH. Femoral bone loss progresses with
age: a longitudinal study in women over age 65. J Bone Miner Res 1994;9:1959–1965. [PubMed:
7872062]

21. Greenspan SL, Maitland-Ramsey L, Myers E. Classification of osteoporosis in the elderly is
dependent on site-specific analysis. Calcif Tissue Int 1996;58:409–414. [PubMed: 8661481]

22. Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for extracting DNA from human
nucleated cells. Nucleic Acids Res 1988;16:1215. [PubMed: 3344216]

23. van Beek E, Pieterman E, Cohen L, Lowik C, Papapoulos S. Farnesyl pyrophosphate synthase is the
molecular target of nitrogen-containing bisphosphonates. Biochem Biophys Res Commun
1999;264:108–111. [PubMed: 10527849]

24. van Beek E, Pieterman E, Cohen L, Lowik C, Papapoulos S. Nitrogen-containing bisphosphonates
inhibit isopentenyl pyrophosphate isomerase/farnesyl pyrophosphate synthase activity with relative
potencies corresponding to their antiresorptive potencies in vitro and in vivo. Biochem Biophys Res
Commun 1999;255:491–494. [PubMed: 10049736]

25. Keller RK, Fliesler SJ. Mechanism of aminobisphosphonate action: characterization of alendronate
inhibition of the isoprenoid pathway. Biochem Biophys Res Commun 1999;266:560–563. [PubMed:
10600541]

26. Zhang FL, Casey PJ. Protein prenylation: molecular mechanisms and functional consequences. Ann
Rev Biochem 1996;65:241–269. [PubMed: 8811180]

27. Ridley AJ, Hall A. The small GTP-binding protein rho regulates the assembly of focal adhesions and
actin stress fibers in response to growth factors. Cell 1992;70:389–399. [PubMed: 1643657]

28. Ridley AJ, Paterson HF, Johnston CL, Diekmann D, Hall A. The small GTP-binding protein rac
regulates growth factor-induced membrane ruffling. Cell 1992;70:401–410. [PubMed: 1643658]

29. Zerial M, Stenmark H. Rab GTPases in vesicular transport. Curr Opin Cell Biol 1993;5:613–620.
[PubMed: 8257602]

30. Zhang Zhang D, Udagawa N, Nakamura I, Murakami H, Saito S, Yamasaki K, Shibasaki Y, Morii
N, Narumiya S, Takahashi N. The small GTP-binding protein, rho p21, is involved in bone resorption
by regulating cytoskeletal organization in osteoclasts. J Cell Sci 1995;108:2285–2292. [PubMed:
7673348]

31. Okuda T, van Deursen J, Hiebert SW, Grosveld G, Downing JR. AML1, the target of multiple
chromosomal translocations in human leukemia, is essential for normal fetal liver hematopoiesis.
Cell 1996;84:321–330. [PubMed: 8565077]

32. Lian JB, Javed A, Zaidi SK, Lengner C, Montecino M, van Wijnen AJ, Stein JL, Stein GS. Regulatory
controls for osteoblast growth and differentiation: role of Runx/Cbfa/AML factors. Crit Reve Eukarot
Gene Exp 2004;14:1–41.

33. Saltman LH, Javed A, Ribadeneyra J, Hussain S, Young DW, Osdoby P, Amcheslavsky A, van Winjen
AJ, Stein JL, Stein GS, Lian JB, Bar-Shavit Z. Organization of transcriptional regulatory machinery
in osteoclast nuclei: compartmentalization of runx1. J Cell Physiol 2005;204:871–880. [PubMed:
15828028]

34. Bailey DA, McKay HA, Mirwald RL, Crocker PR, Faulkner RA. A six-year longitudinal study of
the relationship of physical activity to bone mineral accrual in growing children: The University of

Levy et al. Page 6

Maturitas. Author manuscript; available in PMC 2008 July 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Saskatchewan bone mineral accrual study. J Bone Miner Res 1999;14:1672–1679. [PubMed:
10491214]

35. Cardon LR, Palmer LJ. Population stratification and spurious allelic association. Lancet
2003;361:598–604. [PubMed: 12598158]

Levy et al. Page 7

Maturitas. Author manuscript; available in PMC 2008 July 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Levy et al. Page 8

TABLE 1
Baseline Characteristics

FDPS Genotype
Variable (SD) AA (n=148) CA (n=121) and CC (n=14) p-value
Age, yrs 71.06 (5.04) 71.65 (5.57) 0.412
Height, cm 158.91 (6.33) 158.59 (6.48) 0.907
Weight, kg 69.16 (16.58) 67.64 (13.72) 0.629
BMI, kg/m2 27.38 (6.26) 26.85 (4.93) 0.799
Dietary calcium, mg/d 905.88 (428.30) 861.42 (426.88) 0.403
Dietary vitamin D, IU/d 247.00 (201.09) 235.73 (161.34) 0.870
Serum calcium, mg/dL 8.84 (0.36) 8.91 (0.39) 0.122
Serum albumin, g/dL 4.24 (0.25) 4.24 (0.28) 0.904
Serum 25-hydroxyvitamin D, ng/mL 18.23 (8.00) 19.47 (9.06) 0.337
Serum PTH, g/dL 35.94 (13.46) 36.78 (18.11) 0.960
Urinary NTx, nmol/BCE·mmol creatinine 334.51 (276.64) 376.82 (340.61) 0.208
BSAP, U/Liter 23.57 (7.20) 25.30 (8.28) 0.104
Osteocalcin, ng/mL 9.43 (3.77) 10.31 (5.09) 0.201
Serum total cholesterol 227.03 (36.34) 219.05 (34.73) 0.055
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TABLE 2
Bone Mineral Density at Baseline (Adjusted for Age and BMI), by Allele (No order)*

Site No C Allele, g/cm2 [AA] (n=148) Any C Allele, g/cm2 [CC and CA] (n=135) p-value
PA spine 0.904 (0.013) 0.860 (0.014) 0.020
Total Hip 0.799 (0.009) 0.774 (0.010) 0.067
Femoral Neck 0.658 (0.007) 0.640 (0.007) 0.081
Trochanter 0.612 (0.008) 0.588 (0.008) 0.039
Distal Radius 0.351 (0.005) 0.335 (0.005) 0.030
Proximal Ulna 0.544 (0.005) 0.524 (0.006) 0.011
*
Results as predicted mean, g/cm2 (Standard error of the mean)
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TABLE 3
Bone Mineral Density at Baseline (Adjusted for age and BMI), by Genotype*

Site AA Genotype, g/cm2

(n=148)
CA Genotype, g/cm2

(n=121)
CC Genotype, g/cm2

(n=14)
p-value (Across all
genotypes)

PA spine 0.904 (0.013) 0.859 (0.014) 0.861 (0.048) 0.066
Total Hip 0.799 (0.009) 0.776 (0.010) 0.763 (0.030) 0.173
Femoral Neck 0.658 (0.007) 0.640 (0.008) 0.636 (0.023) 0.215
Trochanter 0.612 (0.008) 0.590 (0.009) 0.568 (0.026) 0.088
Distal Radius 0.351 (0.005) 0.334 (0.006) 0.341 (0.017) 0.089
Proximal Ulna 0.544 (0.006) 0.524 (0.006) 0.520 (0.018) 0.038
*
Results as predicted mean, g/cm2 (Standard error of the mean)
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