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ABSTRACT  

Purpose: Parathyroid hormone (PTH) is a principal regulator of calcium homeostasis. 

Previously, we studied single nucleotide polymorphisms (SNPs) present in the major genes in 

the PTH pathway (PTH, PTHrP, PTHR1, PTHR2) in relation to bone mineral density (BMD) 

and fracture incidence. We found that haplotypes of the PTH gene were associated with 

fracture risk independent of BMD. In this present study, we evaluated the relationship 

between PTH haplotypes and femoral neck bone size. 

Methods: Hip structure analysis (HSA) and BMD of the femoral neck was assessed by DXA 

in elderly women from the Malmö Osteoporosis Prospective Risk Assessment (OPRA) study. 

Data on hip fracture, sustained as the result of low trauma after the age of 45 years, was also 

analysed. Haplotypes derived from six polymorphisms in the PTH locus were analysed in 750 

women. 

Results: Carriers of Haplotype 9 had lower values for hip geometry parameters: Cross 

Sectional Moment of Inertia (p=0.029), Femoral Neck Width (p=0.049) and Section 

Modulous (p=0.06) suggestive of increased fracture risk at the hip. However, this did not 

translate into an increased incidence of hip fracture in the studied population. Women who 

suffered a hip fracture compared to those who had not, had longer hip axis length (HAL) (p 

<0.001). HAL was not significantly different among haplotypes. 

Conclusions: Polymorphisms in the PTH gene associate to differences in aspects of femoral 

neck geometry in elderly women; however, the major predictor of hip fracture in our 

population is HAL to which PTH gene variation does not contribute significantly.
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INTRODUCTION 

Osteoporosis is a common skeletal disease characterised by low bone mineral density (BMD) 

and microarchitectural deterioration of bone tissue. The ultimate outcome of osteoporosis is 

fracture, the most serious of that is hip fracture in terms of morbidity, mortality and economic 

costs [1-2]. 

Bone strength is influenced by bone mass and bone quality, which encompasses both 

structural and biomechanical aspects. Bone strength is determined by a combination of 

genetic and environmental factors. Family and twin studies have shown a significant heritable 

component, accountable for up to 80% with both BMD and femoral structure [3-4], between 

51% and 79% for hip axis length [5] and from 60%-80% for the other aspects of bone 

geometry as well as bone quality [3, 6-7].  Data modelled in twins indicates that both specific 

and shared genetic factors act on individual bone phenotypes [8-9] and may explain the 

partially BMD-independent associations often observed with fracture [10-11]. 

Parathyroid hormone (PTH) is a key regulator of calcium metabolism, maintaining the levels 

of calcium ion in serum by modulating osteoclastic bone resorption and calcium reabsorption 

in the kidneys [12]. PTH secretion is induced by low serum calcium levels, resulting in the 

activation of osteoclasts. In the case of hyperparathyroidism, a continuously elevated PTH 

level may lead to osteoporosis and fracture. However PTH has a dual action and when 

elevation is intermittent, PTH promotes bone formation. Consequently, when administrated 

intermittently through stimulation of osteoblast proliferation and differentiation. PTH has 

been proven to be a useful bone anabolic agent [12-14]. Associated with PTH treatment are 

beneficial micro-architectural changes affecting trabecular width, connectivity and a denser 

trabecular structure leading to increased bone strength, particularly in the vertebrae [15-16]. 

However, a differential effect on cortical bone has also been noted, with initially decreasing 
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BMD values at the hip and distal forearm [13, 17-18]. Another protein in the PTH pathway, 

the parathyroid hormone related peptide (PTHrP), has been shown to be important for skeletal 

development during early bone growth and as a para-malignant phenomenon [19-20]. 

Previously we studied several genes within the PTH complex (PTH, PTHrP, PTHR1 and 

PTHR2) in a cohort of elderly Swedish women and reported an association between 

haplotypes of PTH and fracture, while no such association was found for the other genes in 

the pathway [21]. The relationship with fracture was independent of an effect on bone mass. 

 

Given the evidence for the effects of PTH on bone size and the fact that bone size itself is an 

independent risk factor for fracture, the aim of this study was to investigate whether the SNPs 

within PTH play a role in the regulation of femoral neck geometry and bone quality in elderly 

women. Additionally, within this cohort whose age confers a high risk of fracture, we also 

evaluated the contribution to hip fracture risk. 
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MATERIALS AND METHODS 

Subjects 

The study cohort comprises the Malmö Osteoporosis Prospective Risk Assessment study 

(OPRA) of 1604 women aged 75 years at invitation which has been previously described in 

detail [22]. Briefly, these women were randomly selected from the city files in Malmö and 

included between December 1995 and May 1999. 1044 (65%) subjects accepted baseline 

investigation and no exclusion criteria were used. The vast majority were self ambulatory 

[23], and of Caucasian origin [22]. At baseline, bone mineral density (BMD) was assessed 

and blood samples were collected for DNA analysis and determination of serum PTH 

concentration. The participants also answered a questionnaire regarding general health, 

medication and previous falls and fractures. The Ethics Committee of Lund University 

approved the study. 

Fracture  

At the baseline visit, data on self-reported fractures sustained between the age of 20 and 75 

years were collected by questionnaire and verified from radiological files as previously 

reported [24]. Prospective fracture data was also collected and similarly verified [25]. The 

mean prospective follow-up time was 7.0 years (range 5.4 – 9.0 years). In this study, we 

report only on hip fractures.  

Bone mineral density and hip structure analysis 

All image files were reanalysed by a single operator, who was blinded for fracture status, 

using hip strength analysis software provided by Lunar Instruments Corporation (Madison, 

WI, USA). The x-ray absorption data of the proximal femur are, with this software, extracted 
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from the output image data file and the amount of bone mineral and its distribution within the 

femoral neck is calculated. The reproducibility of the hip strength analysis was determined by 

five repeated scans in six young healthy subjects after repositioning of the subject. The 

standard error of the measurement (SEM) and the coefficient of variation (CV) of BMD and 

the hip strength indices were calculated. On average, the SEM of hip strength measurements 

was between 0.02 to 0.06 of their mean and the CV was between 0.6 to 3.7 %. 

 

CSMI is an estimate of the ability of the femoral neck to withstand bending forces and was 

calculated using the mass distribution of the absorption curve[26]. The CSMI estimated with 

DXA has been found to be highly correlated with the CSMI measured directly on cadaver 

specimens (r2=0.96)[26]. The automatic identification of the weakest cross-section of the 

femoral neck is the central part of the hip strength analysis software and this cross-section 

level is then used for the subsequent calculations of section modulus (SM, cm3) and the 

femoral neck width (FN width, cm). The section modulus is also an estimate of the ability of 

the femoral neck to withstand bending forces, and is calculated as CSMI divided by the 

distance from the center of the mass to the superior neck margin. The hip axis length (HAL, 

cm) is defined as the linear distance from the pelvic rim to the lateral aspect of the femur 

along the femoral neck axis defined in the hip strength analysis and measured using the DXA 

ruler option. 

 

Quantitative Ultrasound  

Ultrasound measurements, speed of sound (SOS), broadband ultrasound attenuation (BUA), 

and stiffness index (SI), a derivative of BUA and SOS, were performed using a Lunar 

Achilles® system. The right calcaneus was measured unless there was a history of previous 
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injury or fracture on the right side. Precision of ultrasound in our hands was 1.5%[27]. The 

long-term stability of the apparatus was checked by daily calibrations. 

DNA genotyping 

Genotyping of the PTH gene as described in detail previously  was performed using Taqman 

allelic discrimination assay (Applied Biosystems, Foster City, CA, USA) [21]. All 

polymorphisms were amplified according to standard conditions (50°C for 2 min, 10 min at 

95°C followed by 40 cycles of 15 seconds at 95°C and 1 min at 60°C). After PCR 

amplification, genotypes were determined using an ABI Prism 7900HT sequence detector 

(Applied Biosystems). In this report we present data on 750 women for whom complete 

genotype data for all six PTH polymorphisms was available.  

PTH Polymorphisms and haplotypes 

We studied 6 single nucleotide polymorphisms (SNPs) in and around the region of the PTH 

gene (11p15.3-p15.1). These SNPs were selected from Ensemble representing the most 

commonly occurring haplotypes according to Haploview. The polymorphisms selected were: 

rs307253 located ~4kb downstream; rs307247 located ~100bp downstream; rs6254 in intron 2 

(also known by its restriction enzyme recognition site BstBI); rs1459015 which lies ~5kb 

upstream, rs10500783 located ~56kb upstream and rs10500784 located 56.2kb upstream. 

As previously reported, 5 common haplotypes defined by the 6 SNPs in LD were identified, 

reported in the order rs307253 (C/T) –rs307247 (C/T) – rs6254 (A/G) – rs1459015 (G/A) – 

rs10500783 (C/T) – rs10500784 (A/C)): haplotype 5, CCAACC (36.7%), haplotype 9, 

TTGGCA (19.3%), haplotype 2, CCGATA (15.3%),  haplotype 8, TTGACA(14.8%), 

haplotype 1,CCGACA(13.1%) (Table 1). 
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Statistics 

Statistical analysis was performed using SPSS version 17.0 (SPSS Inc.).  Hardy-Weinberg 

equilibrium (HWE) was calculated by the Chi2 test. PTH Haplotypes were inferred from the 

population genotype data using the program PHASE version 2.02 

(http://stephenslab.uchicago.edu/software.html) [28]. Haplotype analyses were performed, 

according to whether individuals possessed 0, 1 or 2 copies of the haplotype allele. 

Association between genotypes and bone variables were made using GLM ANOVA 

correcting, as appropriate, for confounding factors. Spearman's correlation was used to 

identify relationships between clinical measurements, bone geometry as well as quality 

parameters. Significance was set at p<0.05 and the p-values reported are nominal without 

correction for multiple testing. 

http://stephenslab.uchicago.edu/software.html�
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RESULTS 

Subject characteristics 

The clinical characteristics of the OPRA study participants including BMD, ultrasound and 

femoral neck geometry measurements are shown in Table 2. In brief, all women were 75 

years old (range 75.01 and 75.98 yrs) and only 14% were current smokers. Serum PTH levels 

were normally distributed for age and all no exclusions were made. The PTH genotype 

distribution was in Hardy-Weinberg equilibrium and the five common haplotypes, which 

accounted for >98% of alleles at the PTH locus are reported in Table 1. 

 

Relationship between femoral neck geometry and anthropometric variables 

Correlations between femoral neck geometry, BMD and height and weight were evaluated. 

Significant positive correlations were observed between all the variables (p<0.01). Current 

weight correlated more strongly with femoral neck width (R=0.43; p<0.001) CSMI (R=0.51; 

p<0.001) and SM (R=0.50; p<0.001) than did current height (Table 3). 

Femoral neck geometry, bone quality and hip fracture 

We compared women who had suffered a hip fracture during their lifetime (n=117/750) 

(includes retrospective and prospective fractures) against those who had not (n=633/750) 

(Table 4). Weight and current height were not significantly different between the two groups, 

although women who suffered a hip fracture were significantly taller at age 20 (p<0.001). 

HAL was greater while SM was lower, as was BMD in the women with hip fractures (p<0.01) 

but there were no significant differences in either FN width or CSMI.  Of those women who 

had sustained a hip fracture, three women suffered the fracture between the ages of 45-54 yrs 
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and excluding them from the analysis did not appreciably alter the results. All ultrasound 

measures at the calcaneus were lower in the hip fracture women. 

Haplotype associations with femoral neck geometry and ultrasound 

Measures of femoral neck geometry in relation to PTH haplotype are reported in Table 5. We 

observed modest associations between Haplotype 9 and femoral neck width (p=0.029), CSMI 

(p=0.049) and trends towards association for SM (p=0.063) after correction for current height 

and weight. No association was observed with HAL (p=0.78). Individuals with 2 copies of 

haplotype 9 had the lowest values and the relationship was dose dependent.  Comparison of 

those with >1 copies against 0 copies of the haplotype increased the significance of these 

associations (p=0.008, 0.018 and 0.029 for femoral neck width, CSMI and SM respectively). 

Although the haplotype 5 was associated with current height (p=0.038), no significant 

association between femoral neck geometry and the other PTH haplotypes was observed,. 

Individually, PTH polymorphisms were not associated with femoral neck geometry, with the 

exception of rs1459015 which was associated with femoral neck width (34.4 vs 33.9 vs 32.8; 

p=0.046). 

We found no association between PTH haplotypes or individual genotypes and measures of 

BUA, SoS or stiffness index (Table 5). However, for all the haplotypes studied, all values 

were lowest in those carrying two copies of the haplotype. 

Haplotype associations with hip fracture 

A hip fracture was sustained by 117 women and all of these were the result of low energy 

trauma and occurred after the age of 45. Individuals carrying one or more copies of haplotype 

9 were found to be under-represented among those who had sustained a hip fracture compared 
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to those who had not fractured (Chi2 analysis, χ2=4.1, p=0.043). No differences in 

distribution were observed for the other haplotypes analysed. 

Compared to the population as a whole, among the women who had sustained a hip fracture, 

measures of femoral neck geometry were not significantly different between individuals who 

carried or did not carry haplotype 9 (Table 6). 
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DISCUSSION 

In addition to BMD, other bone phenotypes also have a strong genetic component and several 

genes like RANKL, eNOS, TNFα, WNT10b, FZD1, IGF-1, ESR 1 and ESR2 have been 

associated with aspects of femoral neck geometry or indices of bone strength [29-35].  

 PTH is an important modulator of skeletal regulation and we have shown recently that 

genetic variation within the PTH locus is associated with fracture through 

mechanisms/pathways independent of BMD [21]. Furthermore, another study suggests a 

possible effect of PTH polymorphisms on bone dimensions in middle aged women [36]. In 

light of these observations, we evaluated variation in the PTH locus in relation to measures of 

bone quality and femoral neck bone geometry in elderly Swedish women at risk of fracture. 

Age and BMD are the major contributing factors for fracture risk, but a number of other risk 

factors also need to be taken into account. Bone strength is a complex trait that is not captured 

by BMD alone and both macro- and micro-structural components play an important role. One 

facet of this structural component is hip geometry that has been implicated as an independent 

risk factor for fracture [37-38]. 

Hip structure analysis allows the extraction of geometric bone strength information from hip 

DXA scans [39]. The analysis relies on three main variables; hip axis length, femoral neck 

diameter and distribution of bone mass, from which a number of other indices are derived. 

We analysed variables shown to be most relevant to fracture in other studies. In a large 

Australian study, smaller femoral neck diameter and CSMI were found to be independent risk 

factors for hip fracture [37]. Another study in Caucasian and South American women found 

that the hip axis length and femur strength index were, alongside BMD, independent 

predictors of hip fracture.[38]. 
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In our study, we report that PTH haplotype 9 displays lower values for all measures of 

femoral neck geometry, although only significantly associated with femoral neck width, 

CSMI and SM. Despite these findings that might suggest a higher susceptibility to hip 

fracture, through reduced mechanical strength individuals carrying this haplotype were not 

over-represented among those who had suffered a hip fracture. This is in keeping with our 

previous observation of a slight protective effect of this haplotype on fracture overall. We also 

reported previously that PTH haplotypes 1 and 5 were at slightly increased risk of fracture 

overall, however this does not appear to extend to fractures sustained at the hip. Furthermore, 

these haplotypes do not appear to make a significant contribution to bone dimensions at this 

site. 

The literature relating to femoral neck width and its relationship with hip fracture is 

conflicting, with both increased and decreased widths reported among fracture patients, 

mirroring the fact that mechanical strength is dependant on both size and distribution of bone 

mass [40-41]. In our cohort of elderly women, hip axis length was significantly longer in 

women with a hip fracture, and the bending strength index (section modulus) was lower yet 

femoral neck width and CSMI were similar in both fracture and non-fracture groups. This 

may be explained by counter-actions between femoral neck diameter and thinning of the 

cortices in hip fracture patients [42], alternatively femoral neck diameter may be 

dichotomously distributed in hip fracture patients. 

Only a limited number of studies have examined PTH gene variations and bone phenotypes, 

and only two other studies have examined bone size. Gong et al reported a significant 

association between PTH genotype and radiogrammetric bone dimensions, however analyses 

were restricted to the hand i.e. cross-sectional cortical area of the metacarpal and annual rate 

of change in radial cortical area [36]. In contrast, Lei et al found no association with bone size 
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at the lumbar spine and hip [43]. These results are suggestive of skeletal site-specific genetic 

effects of PTH on bone size. 

The anabolic effect of PTH is exploited as a treatment for osteoporosis contributing both to 

aspects of bone strength and BMD. Animal studies indicate that changes in iliac crest bone 

biopsies after PTH treatment correlate with microstructure in both femoral neck and vertebrae 

[15]. In a prospective randomized multi-centre study, teriparatide has been shown to 

positively influence HSA parameters such as section modulus and cross-sectional area [44]. 

There is no effect however on hip axis length, since this is determined by the end of 

adolescence and is unchanged with age whereas, expansion of the circumference of the 

femoral neck and cortical thickness increases with age and varies in response to the 

magnitude of biomechanical loading. This is in keeping with our observed association that 

haplotypes of PTH affect only those aspects of femoral neck geometry (femoral neck 

diameter, CSMI and SM) which can be altered, suggesting that variation in the PTH gene may 

affect bone geometry throughout life. However, since not all patients respond to PTH 

treatment, it is likely that there is a complex mechanism involving other genetic and 

environmental factors in the response to PTH. 

Our study is of interest since it is the only one to evaluate PTH genotype in relation to femoral 

neck geometry and hip fracture in an age-relevant cohort of elderly women whose age confers 

a high risk of fracture. The proportion with hip fracture is relatively high at 16% in the cohort, 

although it may still be considered low in the context of genotype distribution. However, the 

study population is large and ethnically homogenous and the narrow age band eliminates age 

associated confounding factors. Other strengths include the comprehensive selection of SNPs 

encompassing the PTH locus, capturing genetic variation in both the 5′ and 3′ regions, thus 

ensuring capture of as much as possible of the genetic variation across the region of the gene. 
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Since none of the SNPs included in our study has a known function, we must assume linkage 

disequilibrium with other functional polymorphisms within or close to the gene. A mutation at 

an intron-exon donor splice site, resulting in the loss of the signal peptide encoding exon 2, 

has been described in familial hypoparathyroidism [45] while mutations in the 3’UTR may 

affect mRNA stability [46]. The genes in the immediate vicinity of PTH have not been 

implicated in bone metabolism, but interactions between polymorphisms in other calcium 

regulatory pathway genes e.g. Calcium sensing receptor (CaSR), Klotho and fibroblast growth 

factor-23 (FGF23) should be considered and further explored.  

There are a few potential limitations to our study. Although HSA of femoral neck geometry 

has been shown to be prognostic of hip fracture [47], QCT measurements would have 

enhanced the information obtained relating to microstructure and biomechanical parameters 

since QCT gives 3-dimensional information [39]. The number of hip fractures in the 

population is not sufficiently high to be able to further sub-divide them by type i.e trans-

cervical or inter-trochanteric, which may have provided useful insight into the relationship 

between specific HSA parameters and fracture. Finally, our findings in elderly, Caucasian 

women may not be applicable to women of other ethnicities or to men. 

Conclusions 

This study was performed on the basis of our previous finding that variation in the PTH gene 

contributed to fracture risk in elderly women, independent of an effect on bone mass, thus we 

studied femoral neck bone geometry, a phenotype contributing to bone strength. We conclude 

that polymorphisms in the PTH gene contribute to differences in femoral neck geometry in 

elderly women; however, this does not translate into a discriminatory ability between those 

with and without hip fracture. 

 



16(25) 

Acknowledgements 

Support for the study was received from the Swedish Research Council (Grant K2009-53X-

14691-07-3) , Greta and Johan Kock Foundation, A Påhlsson Foundation, A Osterlund 

Foundation, Malmö University Hospital Research Foundation, Research and Development 

Council of Region Skåne, Sweden and the Swedish Medical Society. Thanks are also 

extended to Jan-Åke Nilsson for statistical advice. 

 

 

Statement of disclosure 

DISCLOSURES: NONE 

 



17(25) 

REFERENCES 

1. Melton, L.J., 3rd, Hip fractures: a worldwide problem today and tomorrow. Bone, 
1993. 14 Suppl 1: p. S1-8. 

2. Cooper, C., G. Campion, and L.J. Melton, 3rd, Hip fractures in the elderly: a world-
wide projection. Osteoporos Int, 1992. 2(6): p. 285-9. 

3. Arden, N.K., et al., The heritability of bone mineral density, ultrasound of the 
calcaneus and hip axis length: a study of postmenopausal twins. J Bone Miner Res, 
1996. 11(4): p. 530-4. 

4. Koller, D.L., et al., Genome screen for quantitative trait loci underlying normal 
variation in femoral structure. J Bone Miner Res, 2001. 16(6): p. 985-91. 

5. Flicker, L., et al., Determinants of hip axis length in women aged 10-89 years: a twin 
study. Bone, 1996. 18(1): p. 41-5. 

6. Slemenda, C.W., et al., The genetics of proximal femur geometry, distribution of bone 
mass and bone mineral density. Osteoporos Int, 1996. 6(2): p. 178-82. 

7. Deng, F.Y., et al., Genome-wide copy number variation association study suggested 
VPS13B gene for osteoporosis in Caucasians. Osteoporos Int, 2009. 

8. Howard, G.M., et al., Genetic and environmental contributions to the association 
between quantitative ultrasound and bone mineral density measurements: a twin 
study. J Bone Miner Res, 1998. 13(8): p. 1318-27. 

9. Beamer, W.G., et al., Genetic variability in adult bone density among inbred strains of 
mice. Bone, 1996. 18(5): p. 397-403. 

10. Nordstrom, A., et al., Interleukin-6 promoter polymorphism is associated with bone 
quality assessed by calcaneus ultrasound and previous fractures in a cohort of 75-
year-old women. Osteoporos Int, 2004. 15(10): p. 820-6. 

11. Langdahl, B.L., et al., Polymorphisms in the transforming growth factor beta 1 gene 
and osteoporosis. Bone, 2003. 32(3): p. 297-310. 

12. Brommage, R., et al., Daily treatment with human recombinant parathyroid hormone-
(1-34), LY333334, for 1 year increases bone mass in ovariectomized monkeys. J Clin 
Endocrinol Metab, 1999. 84(10): p. 3757-63. 

13. Neer, M., et al., Treatment of postmenopausal osteoporosis with daily parathyroid 
hormone plus calcitriol. Osteoporos Int, 1993. 3 Suppl 1: p. 204-5. 

14. Hodsman, A.B., et al., Efficacy and safety of human parathyroid hormone-(1-84) in 
increasing bone mineral density in postmenopausal osteoporosis. J Clin Endocrinol 
Metab, 2003. 88(11): p. 5212-20. 

15. Chen, P., et al., Increases in BMD correlate with improvements in bone 
microarchitecture with teriparatide treatment in postmenopausal women with 
osteoporosis. J Bone Miner Res, 2007. 22(8): p. 1173-80. 

16. Recker, R.R., et al., Cancellous and cortical bone architecture and turnover at the 
iliac crest of postmenopausal osteoporotic women treated with parathyroid hormone 
1-84. Bone, 2009. 44(1): p. 113-9. 

17. Body, J.J., et al., A randomized double-blind trial to compare the efficacy of 
teriparatide [recombinant human parathyroid hormone (1-34)] with alendronate in 
postmenopausal women with osteoporosis. J Clin Endocrinol Metab, 2002. 87(10): p. 
4528-35. 

18. Stroup, J.S., et al., Two-year changes in bone mineral density and T scores in patients 
treated at a pharmacist-run teriparatide clinic. Pharmacotherapy, 2007. 27(6): p. 779-
88. 

19. Kronenberg, H.M., Developmental regulation of the growth plate. Nature, 2003. 
423(6937): p. 332-6. 



18(25) 

20. Stewart, A.F., et al., Biochemical evaluation of patients with cancer-associated 
hypercalcemia: evidence for humoral and nonhumoral groups. N Engl J Med, 1980. 
303(24): p. 1377-83. 

21. Tenne, M., et al., Genetic variation in the PTH pathway and bone phenotypes in 
elderly women: evaluation of PTH, PTHLH, PTHR1 and PTHR2 genes. Bone, 2008. 
42(4): p. 719-27. 

22. Gerdhem, P., et al., Association of the collagen type 1 (COL1A 1) Sp1 binding site 
polymorphism to femoral neck bone mineral density and wrist fracture in 1044 elderly 
Swedish women. Calcif Tissue Int, 2004. 74(3): p. 264-9. 

23. Gerdhem, P., et al., Association between 25-hydroxy vitamin D levels, physical 
activity, muscle strength and fractures in the prospective population-based OPRA 
Study of Elderly Women. Osteoporos Int, 2005. 16(11): p. 1425-31. 

24. Gerdhem, P. and K. Akesson, Rates of fracture in participants and non-participants in 
the Osteoporosis Prospective Risk Assessment study. J Bone Joint Surg Br, 2007. 
89(12): p. 1627-31. 

25. Gerdhem, P., et al., Associations between homocysteine, bone turnover, BMD, 
mortality, and fracture risk in elderly women. J Bone Miner Res, 2007. 22(1): p. 127-
34. 

26. Yoshikawa, T., et al., Geometric structure of the femoral neck measured using dual-
energy x-ray absorptiometry. J Bone Miner Res, 1994. 9(7): p. 1053-64. 

27. Karlsson, M.K., et al., Bone mineral density assessed by quantitative ultrasound and 
dual energy X-ray absorptiometry. Normative data in Malmo, Sweden. Acta Orthop 
Scand, 1998. 69(2): p. 189-93. 

28. Stephens, M., N.J. Smith, and P. Donnelly, A new statistical method for haplotype 
reconstruction from population data. Am J Hum Genet, 2001. 68(4): p. 978-89. 

29. Dong, S.S., et al., Association analyses of RANKL/RANK/OPG gene polymorphisms 
with femoral neck compression strength index variation in Caucasians. Calcif Tissue 
Int, 2009. 85(2): p. 104-12. 

30. Cho, K., et al., Polymorphisms in the endothelial nitric oxide synthase gene and bone 
density/ultrasound and geometry in humans. Bone, 2008. 42(1): p. 53-60. 

31. Rivadeneira, F., et al., Estrogen receptor beta (ESR2) polymorphisms in interaction 
with estrogen receptor alpha (ESR1) and insulin-like growth factor I (IGF1) variants 
influence the risk of fracture in postmenopausal women. J Bone Miner Res, 2006. 
21(9): p. 1443-56. 

32. Moffett, S.P., et al., Tumor necrosis factor-alpha polymorphism, bone strength 
phenotypes, and the risk of fracture in older women. J Clin Endocrinol Metab, 2005. 
90(6): p. 3491-7. 

33. Yerges, L.M., et al., Functional characterization of genetic variation in the Frizzled 1 
(FZD1) promoter and association with bone phenotypes: more to the LRP5 story? J 
Bone Miner Res, 2009. 24(1): p. 87-96. 

34. Zmuda, J.M., et al., Association analysis of WNT10B with bone mass and structure 
among individuals of African ancestry. J Bone Miner Res, 2009. 24(3): p. 437-47. 

35. Rivadeneira, F., et al., The influence of an insulin-like growth factor I gene promoter 
polymorphism on hip bone geometry and the risk of nonvertebral fracture in the 
elderly: the Rotterdam Study. J Bone Miner Res, 2004. 19(8): p. 1280-90. 

36. Gong, G., et al., Association of bone dimensions with a parathyroid hormone gene 
polymorphism in women. Osteoporos Int, 1999. 9(4): p. 307-11. 

37. Ahlborg, H.G., et al., Contribution of hip strength indices to hip fracture risk in 
elderly men and women. J Bone Miner Res, 2005. 20(10): p. 1820-7. 



19(25) 

38. Faulkner, K.G., et al., Femur strength index predicts hip fracture independent of bone 
density and hip axis length. Osteoporos Int, 2006. 17(4): p. 593-9. 

39. Beck, T.J., Extending DXA beyond bone mineral density: understanding hip structure 
analysis. Curr Osteoporos Rep, 2007. 5(2): p. 49-55. 

40. Gregory, J.S. and R.M. Aspden, Femoral geometry as a risk factor for osteoporotic 
hip fracture in men and women. Med Eng Phys, 2008. 30(10): p. 1275-86. 

41. Gluer, C.C., et al., Prediction of hip fractures from pelvic radiographs: the study of 
osteoporotic fractures. The Study of Osteoporotic Fractures Research Group. J Bone 
Miner Res, 1994. 9(5): p. 671-7. 

42. Duan, Y., et al., Structural and biomechanical basis of sexual dimorphism in femoral 
neck fragility has its origins in growth and aging. J Bone Miner Res, 2003. 18(10): p. 
1766-74. 

43. Lei, S.F., et al., The VDR, COL1A1, PTH, and PTHR1 gene polymorphisms are not 
associated with bone size and height in Chinese nuclear families. J Bone Miner 
Metab, 2005. 23(6): p. 501-5. 

44. Uusi-Rasi, K., et al., Effects of teriparatide [rhPTH (1-34)] treatment on structural 
geometry of the proximal femur in elderly osteoporotic women. Bone, 2005. 36(6): p. 
948-58. 

45. Parkinson, D.B. and R.V. Thakker, A donor splice site mutation in the parathyroid 
hormone gene is associated with autosomal recessive hypoparathyroidism. Nat Genet, 
1992. 1(2): p. 149-52. 

46. Kilav, R., J. Silver, and T. Naveh-Many, A conserved cis-acting element in the 
parathyroid hormone 3'-untranslated region is sufficient for regulation of RNA 
stability by calcium and phosphate. J Biol Chem, 2001. 276(12): p. 8727-33. 

47. Kaptoge, S., et al., Prediction of incident hip fracture risk by femur geometry 
variables measured by hip structural analysis in the study of osteoporotic fractures. J 
Bone Miner Res, 2008. 23(12): p. 1892-904. 

 
 
 
 
 



20(25) 

Table 1. PTH haplotypes observed in the OPRA population. 
 

 

 

Number of women with 

Copies of the Haplotype  

PTH  

Haplotype 

Frequency in the 

Population 0 1 2 Total 

Hap 5 36.7% 309 332 109 750 

Hap 9 19.3% 490 230 30 750 

Hap 2 15.3% 536 199 15 750 

Hap 8 14.8% 539 200 11 750 

Hap 1 13.1% 560 183 7 750 
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Table 2. Clinical characteristics of the OPRA cohort 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* Number (Percentage)

Variable  Mean ± SD 

Age (years) 75.2 ± 0.1 

Height at baseline (cm) 160.7 ± 5.9 

Height at age 20 years (cm) 164.2 ± 5.6 

Weight (kg) 67.8 ± 11.6 

BMI (kg/m2) 26.2 ± 4.1 

Serum PTH (pmol/L) 4.69 ± 1.99 

No of current smokers 101 (13.5%)* 

Spine BMD (g/cm2) 0.989 ± 0.195 

Femoral neck BMD (g/cm2) 0.747 ± 0.129 

HAL (mm) 105.4 ± 6.0 

Femoral neck width (mm) 34.1 ± 3.5 

CSMI (cm4) 11035 ± 4660 

Section modulus (cm3) 630 ± 203 

SoS (m/s) 1512 ± 25 

BUA (db/mHz) 101 ± 10 

Stiffness Index 71 ± 13 
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Table 3. Spearman’s Correlations between anthropometric variables and femoral neck 
geometry 

 Height Weight FN BMD FN 

width 

CSMI SM 

Height  0.37 0.21 0.31 0.34 0.33 

Weight   0.49 0.43 0.51 0.50 

FN BMD    0.23 0.52 0.58 

FN width     0.82 0.74 

CSMI      0.98 

SM       

Correlations are all significant at the level p<0.01
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Table 4. Measures of femoral neck geometry and ultra sound parameters in women with hip 

and women with no hip fracture 

Variable 

Hip Fracture 

(n=117) 

No Hip Fracture 

(n=633) p-value 

 Mean (SD) Mean (SD)  

Weight (kg) 66.27 (11.7) 68.13 (11.5) 0.11 

Height (cm) 161.2 (6.18) 160.6 (5.80) 0.31 

Height at age 20 yrs (cm) 165.8 (5.80) 163.9 (5.5) 0.001 

FN BMD (g/cm2) 0.673 (0.124) 0.761 (0.126) <0.001 

HAL (mm) 108.3 (6.7) 104.9 (5.8) <0.001 

Fem Neck width (mm) 34.23 (3.95) 34.13 (3.47) 0.681 

CSMI (cm4) 10415 (5128.4) 11151 (4561.4) 0.13 

Section modulus (cm3) 586.2 (217.7) 638.4 (198.8) 0.014 

SoS (m/s) 1499.7 (27.18) 1513.9 (24.4) <0.001 

BUA (db/mHz) 96.9 (11.9) 102.1 (9.6) <0.001 

Stiffness Index 64.01 (14.34) 71.94 (12.70) <0.001 
Values are mean (Standard Deviation). 
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Table 6. PTH haplotype 9 and measures of femoral neck geometry in women with hip 
fracture  

Women With 

Hip Fracture HAL  FN width  CSMI SM 

Haplotype 9     

0 copies 108.4 (6.6) 34.5 (3.9) 10628 (4859) 597 (209) 

1 copy 107.6 (7.4) 33.9 (4.3) 10076 (6043) 566 (246) 

2 copies 111.4 (5.0) 31.5 (3.4) 7666 (4068) 474 (2) 

 p=0.65 p=0.39 p=0.58 p=0.55 

 
Values are means (SD) adjusted for BMI, smoking and femoral neck BMD 
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