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1. Introduction

Osteoporosis is a multifactorial disease influenced by multiple factors and characterized by
an imbalance in the regulation of bone remodeling that cause microarchitectural
deterioration which compromises the bone strength and leads to bone fragility increasing
the fracture risk. Since several years ago, the World Health Organization has considered
osteoporosis as one of the most important public health issues worldwide, with a great
repercussion in patients’ life quality and in their familiar, social and work environments.
Osteoporosis is an important problem in Latin America, currently its prevalence is similar to
that in South Europe and slightly lower than in North Europe and among white population
in the USA; World Health Organization estimates that in the forthcoming 50 years,
osteoporosis prevalence will increase in Latin America until reach those of the currently
observable in Europe and USA (World Health Organization [WHO], 1994; National Institute
of Health [NIH], 2001 Consensus Development Panel on Osteoporosis Prevention, Diagnosis
and Therapy; Cole ZA et al., 2008). During the last decades, the life expectancy has been
increased notoriously and the number of subjects older than 60 years old has been increased.
This situation in combination with the adverse environmental conditions and the life style,
will cause a notorious increment in the incidence of chronic-degenerative diseases in the
next decades, as will occur with osteoporosis. Certainly, primary osteoporosis use to be
more frequent in posmenopausal women (Greespan et al., 1993); however occasionally it
appears in premenopausal women which present several risk factors and even males may
be affected by this disorder. It is important to mention that the actual life style favours the
inadequate bone quality of children and young people (Asociacion Mexicana de
Metabolismo Oseo y Mineral, 2001). There are two forms of osteoporosis; primary OP,
named posmenopausal or senile form and secondary OP, which is related to diverse
endocrine, renal, rheumatic and genetic diseases, and with the prolonged administration of
some drugs which induce bone loss (Riggs et al., 1986; Elliot-Gibson et al., 2004).

Discussing about osteoporosis it is necessary to mention the term “peak bone mass” (PBM),
which refers to the maximum bone mass that an individual reaches in his life and it occurs
between 20-30 years old approximately. PBM is the result of the interaction of multiple
genetic and environmental factors; upon the PBM is reached, progressive loss of bone mass
occurs naturally, depending on the magnitude and speed of subsequent bone loss (Burclar
et al,, 1989; Kanis et al., 1994; Guéguen et al.,, 1995.). The annual average bone loss in
posmenopausal women is estimated in 1-2%, and 0.2.-0.5 % in males. It is considered that
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about 30% of women at this phase shows an accelerated bone loss (approximately 5% per
year) during the first 5 years after menopause, which represents higher risk to suffer
osteoporotic fractures at this moment of their lives (Elliot -Gibson V et al., 2004).
Osteoporosis has been characterized for having a very discrete clinic behavior; it is practically
“silent” remaining latent for years or could get worsen without causing significant symptoms.
Nevertheless, one of the most frequent clinic manifestations is the back chronic pain, which
may be attributed to the presence of vertebral micro-fractures, frequently it can be noted
progressive height loss due to vertebral compression and/or slimming; this anomalies can be
heterogeneous and cause loss of the spine natural conformation causing abnormal curvatures
and scoliosis (Ismail et al., 1999). Fractures are the most frequent and dangerous complication
of osteoporosis and may occur practically in all bones, even with a discrete trauma and
spontaneously. As has been documented in LAVOS (Latin American Vertebral Osteoporosis
Study) (Clark et al.,, 2009). and EVOS (European Vertebral Osteoporosis Study) (Raspe et al.,
1998) studies, the spine is the most common site in which fracture occur. Booth studies showed
that, the frequency of these fractures are related to gender and age, but also to races
geographic distribution. Apparently they are more common in Scandinavian and North
American population, whereas they are less frequent in South of Europe. Interestingly, the
frequency is higher in urban areas than in rural ones, which outstands the importance of
environmental factors in this disease besides of the genetic predisposition. After vertebral
fractures, hip fractures occur, followed by forearm. It is estimated that about 25% of
individuals showing this kind of fractures die due to complications, and other 25% (even the
after the surgery), never recover the life quality they have before the fracture. On the other
hand, patients who have suffered one or more fractures (in any place) predispose to have new
fractures, independently of their bone mineral density (BMD). The risk for new fractures is
higher in individuals who have suffered first fractures at early age and in those who have
higher number of previous fractures.

2. Genetic susceptibility in osteoporosis

There are several elements that suggest that bone phenotype is under of an important
genetic influence. The first observation is the familial aggregation detected in the clinical
practice, in which can be observed the segregation of some phenotypic characteristics, like
family history of bad bone quality of osteoporotic fractures (Guéguez et al 1995; Fox et al.,
1998; Kannus et al., 1999). On the other hand, description in literature of several diseases of
genetic origin with monogenetic inheritance, which phenotype includes the loss or gain of
mineral bone density, supports the hypothesis that bone phenotype has an important
genetic component. Some of the most studied diseases are the different forms of
osteogenesis imperfecta, the diverse varieties of osteopetrosis, pyknodisostosis,
sclerostenosis and osteoporosis syndrome accompanied by pseudoglioma (Barros et al.,
2007), among others. Besides, there are reports of severe osteoporosis cases in which
mutations have been detected in genes which have been previously associated with the
genetic control of mineral bone density, as the genes for estrogens receptors 1 and 2 (ESR1,
ESR2), androgens receptor (AR) and vitamin D receptor (VDR). Changes in the normal
sequence of those genes could cause osteoporosis. However, the primary osteoporosis
represents the most common form in all populations (Duncan et al., 2005, 2008, 2010).
Primary osteoporosis has a multi-factorial and polygenic origin and the evidences that it
shows clearly genetic susceptibility are family history of bad bone quality and fractures,
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familial or demographic similarity during the natural history development of the disease or
even differences in the pharmacological management response. In accordance to National
Osteoporosis Foundation (IOF) 2008 statements, fractures family history represents an
important risk factor independently of the bone mineral density and the presence of
osteoporosis in first degree relatives has been related to the decrease in peak bone mass.

The analysis of genetic susceptibility to osteoporosis has been complicated because it is
caused by the effect of multiple genes that exert their effect on the bone phenotype, taking in
account that a great number of environmental factors acting on BMD are involved; however,
despite all these difficulties, a large amount and variety of worldwide investigations suggest
that BMD heritability ranges between 40-70% in spine, between 70-85% in hip and between
50-60% in wrist (Andrew et al, 2005, Michaelsson et al 2005; Deng et al., 2002).
Densitometric studies in monozygotic twins (MC) and dicygotic twins (DC) have revealed
that spine and femoral neck BMD consistency is higher (6-8:1) in MC twins than in DC
twins. Family studies have estimated that fractures heritability ranges between 20-60%,
depending on the anatomic region where those occur (Michaelsson et al 2005; MacGregor
et al., 2000; Deng et al., 2002). In these cases, classic segregation studies have facilitated
identifying new genes related to the BMD genetic control.

In the other hand, association studies have also been very helpful to associate particular
phenotypic characteristics, such as bone mineral density or the occurrence of fractures, with
very specific genetic variants (gene polymorphisms, specially single nucleotide variants).
Besides, there are other bones characteristics with evident heritable component, among
them are: geometry and length of the femoral neck, bone ultrasonic properties (which
represent the trabecular interconnectivity degree), growth and speed of bone remodeling,
bone dimensions and other conditions that have an impact on bone quality (Slemenda et al.,
1996; Arden et al., 1996); for example body mass index and age at which menopause occurs.
It is convenient to mention that family history of hip fractures has consistently been shown
to be a risk factor for osteoporosis(Andrew et al., 2005).

The functioning of osteoarticular system is extremely dynamic and complex, it is constantly
under remodeling and it have multiple and varied mechanisms to maintain homeostasis;
therefore, its genetic regulation mechanisms are also complex to understand and integrate.
Genes that have been linked with BMD genetic control are distributed along all the human
genome and, they are in practically all chromosomes, each of them fulfills different
functions and contributes in a different way to the genetic control of bone phenotype
(Stewart et al., 2006; Xiong et al., 2006; Marini et al., 2010). There are some genes with
important roles in bone homeostasis because their products are involved in elemental
functions related to bone structure and metabolism (formation, growth, differentiation,
resorption, maintenance, etc.) (Ralston et al., 2002; Williams et al., 2006).

Since long time ago, we know that bone metabolism has a great hormonal influence; therefore,
genes that encode for its receptors are elemental in bone metabolism genetic regulation, among
them we have genes ESR1 and ESR2 which encode for estrogens a and P receptors and are
expressed in various bone cells types (osteoblasts, octeocytes and osteoclasts), both receptor
types show a different expression pattern in the cortical and trabecular bones. Estrogens
represent one of the most important regulators for bone metabolism, they regulate bone
growth and maturation, and they also influence the differences between bone maturation and
bone consolidation in men and women. These hormones have the capacity to block the
osteoclastogenesis process, can interfere with the function of osteoclasts, induce them to
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apoptosis, and may also modify the expression of genes involved in the bone remodeling
process (Slemenda et al, 1996; Kameda et al., 1997, Cummings et al., 1998)). Moreover,
hormones contribute to down the expression of the Tumoral Necrosis Factor (TNF), and
thereby reducing osteoclasts response to the RANK and RANKL activity (the ligand binding
to the activator receptor for the kappa B factor and its ligand) (Hughes et al., 1996).

It is already known that vitamin D, through the interaction with its receptor, plays an
important role in calcium homeostasis for the regulation of growth and differentiation of
bone cells; that is the reason why the gene that encodes for the vitamin D receptor (VDR) is
quite important in bone metabolism. Another important gene is IL6, which codifies for
interleukin 6, which is a proinflammatory cytokine that has been related to several biologic
processes, as bone resorption, osteoporosis and other diseases as rheumatoid arthritis,
diabetes mellitus, cardiovascular diseases, cancer, etc. LRP5 gene, which encodes for protein
5 related to the low density lipoprotein receptor that participates in the development and
maintenance of several tissues and represent one of the regulators for the development and
proliferation of the osteoblasts (Gong et al., 2001). Other genes relevant for bone metabolism
are RANK, RANK-L and OPG which encode for key proteins for bone remodeling process
(Capellen et al., 2002). Other genes with higher impact on bone phenotype is the COL1A1
gene, which encodes for one of the most abundant structural proteins in bone (collagen
1A1). A great number of investigations have analyzed the association among osteoporosis
and allelic and genotypic variants of these genes (Ralston et al., 2002).

There are some characteristics, for example the body mass index, that could have an impact
on bone phenotype. These traits are also under genetic influence so we found genes that are
related with more than one phenotype. Since several years ago it is clear that there is an
important relation between bone mineral density and body mass, we already know that
overweight individuals should support higher weight opposite to individuals with a lower
body weight, therefore, bone mineral density is higher in overweight subjects, while thinner
subjects, including the ones with alimentary disorders as anorexia or malnutrition, could
present low bone quality. Some of the genes with impact on these phenotypes are ESR1,
ESR2, VDR, LRP5, IL6 and OPG between others (Deng et al-. 2002; Jie et al., 2009; Frenkel et
al.,, 2010)K. During the last years, the leptin gene and its receptor (LEP and LEPR) have been
revealed as an important hormonal factors for the regulation of appetite and energetic
metabolism; besides, leptin has an osteogenic effect by stimulating osteoblasts formation
and plays a direct osteogenic role on bone marrow stromal cells, which allows its
differentiation and maturation to osteoblasts (Esteppman et al., 2000).

Other important genes in both phenotypes are the proinsulin gene (INS), its receptor (INSR),
and probably too the gene family of growth factors similar to insulin, since apparently
insulin exerts a mitogenic effect on osteoblasts, which could partially explain bone mass
increment that is usually noticed in obese individuals.

Table 1 despicts some of the genes related to the bone phenotype and the function that has
been attributed to their products. It is evident the genetic influence on different aspects of
metabolism and homeostasis of bone tissue (structure, formation, resorption and
remodeling) and the number of genes involved is large and their functions are diverse. In
the case of bone structure highlights the COL1A1 and COL1A2 genes which code for the
type I colagen protein, which represents over 90% of the organic matrix of bone. The
osteocalcin and osteopontin are also important, the first one is a calcium binding protein
which is secreted by osteoblasts and is encoded by the gene OC, while the phosphoprotein
known as osteopontin, encoded by the gene OPN, is essential in the mineralization process.
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Hormones and their receptors

Gene Chromosomal location Product
ESRa 6925 Estrogens receptor a
ESRp 14q22 Estrogens receptor 3
AR Xql1 Androgens receptor
VDR 12q12 D vitamin receptor
PTH 11p15 Paratohormone
PTHR1 3p22 Paratohormone receptor 1
CT 11p15 Calcitonin
CTIR 7p21 Calcitonin receptor
CYP1A1l 15921 Aromatase
CASR 3q13 Receptor sensitive to calcium
ADPN 3q27 Liponectin
GR 5q31 Glucocorticoids receptor
PRL 6p22 Prolactin
LEP 7q31 Leptine
LEPR 1p31 Leptine receptor
INS 11p15 Insulin
INSR 19p13 Insulin receptor
Matrix components
COL1A1 17p21 Collagen 1A1
COL1A2 7q22 Collagen 1A2
ocC 1925 Osteocalcin
OPN 4921 Osteopontin
With participation in
osteoblastogenic processes
ALOX12 17p13 Araquinodate 12 lipoxigenase
ALOX15 17p13 Araquinodate 15 lipoxigenase
BMP2 20p12 Morphogenetic protein of bone 2
BMP4 14q22 Morphogenetic protein of bone 4
BMP7 20q13 Morphogenetic protein of bone 7
IGF-1 12q22 Growth factor similar to insulin
LRPS5 11q13 Receptor rel.ated to lipoprotein
of low density 5
LRP6 12p13 Sfe;:jv}\),tgre izlietl}t]egl to lipoprotein
SOST 17q12 Sclerotin
NOG 17q22 Protein antagonist of

morphogenetic proteins
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With participation in
osteoclastogenesis processes

Gene Chromosomal location Product

P53 17p13 Tumor suppressor P53 protein

CPK 1921 Catepsine K

ocC 1925 Osteocalcin

OPN 4q21 Osteopontin

OPG 8q24 Osteoprogeterin

RANK 18922 Ilii:ggi)fBactivator of NF-

RANK-L 13q14 I(:;gf]gi:}((i ItD}[lfjA r—e],’sceptor activator

CLC7 16p13 Chlorine channel 7

Cytokines and their receptors

IL1a 2q14 Interleukin 1A

IL1B 2q14 Interleukin 1B

IL6 7p21 Interleukin 6

TNF 6p21 Tumoral necrosis factor

TNFR2 1p36 ;umoral necrosis factor receptor

Others functions

MTHER 1p36 5,10-Methylenetetrahydrofolate
reductase

APOE1 19q13 Apolipoprotein E

MMP-1 11q22 Metalloproteinase

MMP-2 16q13 Metalloproteinase

MMP-9 20q11 Collagenase

PON-1 7921 Esterase
Hedgehog protein

SHH 7q36 (it participates in skeleton
embryogenesis)

Table 1. Genes related to bone phenotype, their chromosomal location and their products

The osteoclastogenesis and the osteoblastogenesis are fundamental processes for the
homeostasis of bone tissue as the speed and intensity of bone formation and bone resorption
depending on several conditions. Both mechanisms show a significant genetic influence, so
the amount of genes and therefore of proteins with participation in both processes is very
significant. Among them are genes that encode for the family of bone morphogenetic
proteins (BMP’s), the LRP5 and LRP6 genes that code for receptors for low density
lipoproteins, which are involved in the osteoblastogenesis most likely to regulate the level of
bone mineralization. The osteoclastogenesis is determined by the differential expression of
genes of the RANK/RANK-L/OPG route. The P53 oncogene which product is very
important for multiple biological processes and the cathepsin K gen (CPK) wich codes for a
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collagenase with preferential expression in osteoblasts, indubitably play a crucial role in
bone resorption.

Different hormones involved in the bone formation and remodeling, including the sex
hormones (estrogen, progesterone, androgens), growth hormone, insulin, parathyroid
hormone, calcitonin, cortisol and thyroid hormones. These hormones are implicated in
different ways in bone metabolism according to the different stages, including intrauterine life,
in such a way that the different hormones impact on linear growth of bones, bone maturation,
bone homeostasis and the size that will be achieved in adulthood. That's why there are
hormonal conditions such as hypothyroidism, hyperthyroidism, postmenopause, andropause
and glucocorticoid prolonged intake which are capable to impact on the quality of the bone.
Finally we can not ignore that various interleukins, growth factors and their receptors have
been identified and the participation in the genetic control of bone mineral density of other
proteins are still under study, as in the case of ILa, IL(, IL6, TNF, TNFR2 among others.

On the other hand, it is important to mention that during the last years some investigations
have pointed out that some of the genes related with bone phenotype have been related to
other disorders as cardiovascular diseases; for example, genes such as osteoprotegerin
(OPG), the receptor activator for nuclear factor kappa B ligand (RANKL) and bone
morphogenetic protein 2 (BMP) have been associated with osteoporosis and with
cardiovascular diseases, particularly atherosclerosis, which suggest that products of these
genes take part in the calcification process (Collin-Osdoby et al., 2004; Marini et al., 2010).

3. Linkage analysis as strategy in the study of osteoporosis

Linkage studies are well validated for identification of responsible genes in monogenic
diseases, since the inheritance of marker alleles is related to the inheritance of a bone trait
within family members. Combining the use of statistical approaches in quantitative trait loci
(QTL) and genome-wide association studies (GWAS), it is possible to establish a strategy to
identify chromosomal regions which contain regulating genes of some important traits in
complex polygenic diseases with genetically heterogeneous traits as osteoporosis, making
possible to evaluate how many of the hundreds of proposed candidate genes are really
associated. Most of linkage studies in osteoporosis selected the bone mineral density as the
trait of interest; however regions that regulate other relevant phenotypes, such as bone mass
and skeletal geometry, have been investigated.

Former studies identified important loci linked to bone mass and geometry. A genome
search study in sib pairs recruited from families with a history of osteoporosis, obtained
data suggestive of linkage of 1p36, 2p23-24 and 4q32-34 with spine and hip BMD (Devoto et
al., 1998; Devoto et al., 2001). Studies with healthy female sib pairs demonstrated linkage of
locus 11q12-13 with BMD variation (Koller et al., 1998) and evidence suggestive of linkage of
1921-23, 5g33-35 and 6pl-12 to femoral neck or lumbar spine BMD was obtained in a
genome-wide search study performed in Caucasian and African-American healthy female
sib pairs (Koller et al., 2000). Other study identified loci in 5q and 4q that showed linkage to
regulation of important aspects of femoral neck geometry (Koller et al., 2001). A QTL not
previously described in 22q11 showed suggestive linkage in a study with families from
Belgium and France (Kaufman et al., 2008). The presence of genes controlling BMD on 1p36
was suggested too in a multivariate linkage analysis in osteoporosis pedigrees (Zhang et al.,
2009). One genome-wide scan for bone loss showed that change in femoral neck BMD in
Mexican-American families is significantly linked to 1q23 (Shaffer et al., 2009). Interestingly
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a study with pairs of brothers suggested that QTL on 7q34, 14932 and 21q21 were male-
specific (Peacock et al., 2009) and other report provides evidence of gender specific QTL on
10921 and 18p1l1 (Ralston et al., 2005). Suggestive evidence of linkage of novel regions
related with BMD and hip geometry on chromosomes 4, 5, 11, 16 and 20 was obtained in a
sample of Caucasian Europeans (Karasik et al., 2010).

Two important large scale studies with a cohort of more than 19,000 european subjects,
identified SNPs in previously proposed osteoporosis candidate genes and in regions not
previously associated with femoral neck and lumbar spine BMD. SNPs from ESR1, LRP4,
ITGA1, LRP5, SOST, SPP1, TNFRSF11A, TNFRSF11B AND TNFSN11 associated with either
femoral neck or lumbar spine BMD in a cohort of more than 19,000 subjects. In the same study,
SNPs from LRP5, SOST, SPP1 and TNFSF11A, were associated with fracture risk (Richards et
al., 2009). The other study, confirmed the significant association of previously known BMD
loci: ESR1, TNFRSF11B, LRP5, SP7, ZBTB40, TNFSF11 and TNFRSF11A, but interestingly they
identified several loci in regions not previously associated with BMD (Rivadeneira et al., 2009).
Recently, variants in CATSPERB (Koller et al., 2010), MATNS3, IGF1 (Li et al., 2011), SOD2
(Deng et al.,, 2011) and FONG (Kou et al,, 2011) genes between many others, have been
involved in BMD regulation and in the pathogenesis of osteoporosis. Evidences for genes or
loci association with BMD are controversial in many cases (Ralston & Uterlinden, 2010).
Further large scale studies will be necessary to address the role of gene variants on BMD and
osteoporosis, but the importance of this studies lies in the potential uses and clinical
implications since, besides of differences in the effect of variants, the identified genes might be
important for drugs design to prevention and treatment of osteoporosis.

4. Association studies

During the last years, association studies among natural variations of our genome (gene
polymorphisms) and particular phenotypic characteristics such as OP, have shown that the
mechanisms that condition this heritable susceptibility are defined by the presence of
mutations or polymorphisms in one or several genes that influence bone phenotype. In this
case, it is important clarifying that the term polymorphism refers to the presence of two or
more gene variants in the same allele, in such a way that the less common variant must have a
frequency equal or higher on 1% of the population, otherwise, the variation is considered as a
mutation. These changes in the normal sequence may involve several bases, as in case mini-
satellites or VNTR (variable number of tandem repeat), where the size of repeated fragments
range from 15 to 70 pairs of bases in tandem. Other kind of polymorphisms are of micro-
satellite also known as STR (short tandem repeats), which characterize for showing variations in
the nucleotide number (2-6 base pairs). Recently, single nucleotide variations also known as
SNPs (single nucleotide polymorphisms) have been analyzed; in this case, the analysis of these
variations represents a very commonly used tool in studies that intend associating certain
allelic variants with phenotypic characteristics, specially the ones attributed to polygenic
diseases (multi-factorial and complex). Table 2 shows several single nucleotide
polymorphisms studied in relation to osteoporosis and bone mineral density. It can be
observed that some polymorphisms have been consistently studied with respect to particular
bone traits, such as BMD in specific anatomic regions and in some cases with fracture risk.

Polymorphisms in genes as ER a and P, IL6, VDR, Aromatase (CYP19), COL IA1, RANK
and RANKL are between the most studied. There are several polymorphic sites which
association with BMD or with osteoporosis has been demonstrated in many different
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populations. The results in many cases have been controversial, for example the SNP G/A
in ERa gene exon 8, have been associated with osteoporosis in Thailander
(Ongphiphadhanakul et al., 2001) and in Mexican women (Goémez et al., 2007), but
association was denied when it was studied in Spanish women (Riancho et al., 2006), in
spite all three investigations were performed with posmenopausal women. The T/C SNP of
ERa gene was associated with low BMD in Japanese women, but not in Afro-American,
Caucasian or Chineese women and the A/G SNP of the same gene, was associated with low
BMD only in Afro-American Women, but not in Caucasian, Chinese nor in Japanese women
(Greendale et al., 2006). The differences between studies results might be due to the genetic
background of studied populations, which emphasize the importance of performing studies
to explore the polymorphisms in specific groups with the same characteristics to avoid the
incorrect use of genetic markers. Differences between races were evident too in studies with
the IL6 G572C polymorphism in which the results in Korean (Chung et al., 2003) and
Japanese (Ota et al., 2001) populations were consistent associating the G allele with low
BMD, meanwhile in the study performed with Caucasian US women (Ferrari et al., 2003),
the G allele appears as a protective factor from bone resorption.

Discordances can certainly be seen due to the frequencies of some alleles in different
populations. It is important to determine the frequency of the polymorphism in a general
population study before to perform a case-control study, since some genetic sites could be
not polymorphic in some populations or the variant might be present in very low
frequencies and their analysis could give spurious or no association results. An example of a
SNPs which could not be used as osteoporosis genetic markers in Korean population are the
G174C and G/ A polymorphisms in the promoter of the IL6 gene because they show a very
low frequency of this polymorphisms which difficult to found associations (Chung et al.,
2003). However, the same G174C SNP was analyzed in Caucasian American healthy women
(Ferrari et al., 2003) and in Mexican osteoporotic and non osteoporotic women as well as in
general population (Magafia, et al., 2008), obtaining that the C allele is a protective factor
from bone resorption and from osteoporosis respectively. However, most of the VDR gene
SNPs showed in table 2, were consistently associated with low BMD or with osteoporosis in
a great variety of populations. SNPs in intron 10, exon 2 and promoter of the gene, have
resulted associated in European (Bustamante et al., 2007b; Utterlinden et al., 2001) American
(Kiel et al., 2007; Pérez et al., 2008; Moffet et al., 2007) and Asiatic (Mencej et al., 2009)
populations and even in large scale studies with world’s population (Morrison, 2004). The
colagen IA1 is one of the most studied genes involved in osteoporosis. Many SNPs have
been consistently associated with BMD and osteoporosis in several populations in this gene.
The G/T change has been associated with osteoporosis in almost all studied populations, for
example in Mexican (Falcén-Ramirez et al., 20011) and in British (Stewart et al., 2006). Not
all the polymorphisms have a functional effect on bone traits, but the presence of the
polymorphism G/T in Spl site, alters the recognition of the Spl factor having effects on
transcription, protein production and mechanical strength of bone.

The appropriate expression of the genes of the route of signaling RANK/RANK-L/OPG is
essential in osteoclastogenesis process, and makes them some of the most investigated genes
performing studies with specific allelic, genotypic and haplotypic variants in this genes
searching for associations with bone mineral density. In this case, variations of a single
nucleotide in the intron 1, 9, and others located in the 3°del region gene RANK have
consistently shown their association with low bone mineral density in spine and hip in
European populations (Paternoster et al., 2010; Styrkarsdottir et al., 2009, Xiong et al., 2006).
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GEN |[POLYMORPHISM| LOCATION REFERENCES OUu
CALCR C/T Exon 13 Xiong et al., 2006. Associated with spine osteoporc
C/T Intron 12
ER a G/A Exon 8 Ongphiphadhanakul et al., 2001. |Associated with osteoporosis in
Riancho et al., 2006 Not associated with BMD in pos
Gomez et al., 2007. Associated with spine osteoporc
Cc/T Intron 1 Ongphiphadhanakul t al., 1998. [Associated with high BMD of sp
Wang et al., 2008. No association in Chinese of bo
C/T 152234693 Greendale et al., 2006. Low BMD in spine in Afro-Ame;
Bustamante et al, 2007b Low BMD in femoral neck in Sp:
C/G rs1884052 Kiel et al., 2007. Associated with hip/spine osteo
C/T 13778099 geometry in US families of Euro
Cc/T rs3020314 Wang et al., 2008. Associated with hip fracture in C
C/T rs1884051
T/C 3'UTR Greendale et al., 2006. Low BMD in hip and/or spine ir
A/G 15728524 women, respectively.
C/A 18726282 Limer et al., 2009. Low BMD in European males.
C/G rs1801132
ER B G/C Intron 3 Wang et al., 2008. Associated with hip fracture in (
G/A Intron 8 Massart et al., 2009. AA and AC genotypes associat
C/T Intron 2 Greendale et al., 2006. Associated with low spine BMD
C/A Intron 8 Chinese women.
T/C Intron 3 Rivadeneira et al., 2006. Vertebral fracture risk in carrier
Cc/T Intron 8 population.
Cc/T Intron 7 Shearman et al., 2004. Low hip BMD in US population
T/C Promoter Ichikawa et al., 2005. Associated with spine BMD norr
A/G Promoter and women.
IL-6 G/C Promoter Chung et al., 2003. C allele and increased BMD in p
(G572C) Ota et al., 2001. G allele associated with low BM

Ferrari et al., 2003

Magana et al., 2008.

women
G allele as protective factor fron
Caucasian US women older thar
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1L-6 G/C Promoter Chung et al., 2003. No association with BMD of Koz
(G174C) its low frequency among Korear
Ferrari et al., 2003. The C allele as a protective facto
Caucasian US women older thar
Magana et al., 2008. The C allele is associated as a pr
G/A Promoter Chung et al., 2003. Korean premenopausal women.
low frequency among Korean p
IL6R C/T Promoter Bustamante et al., 2007a. C/T and G/ A polymorphisms a
G/A Promoter body mass ratio; A/C associatec
A/C Exon 9 postmenopausal women.
VDR C/T 3' UTR Kiel et al., 2007. Associated with low BMD of fen
population (Framingham).
Bustamante et al., 2007b. Associated with low BMD in Spe
A/C Intron 10 Kiel et al., 2007. Associated with low BMD femo:
(Framingham).
Morrison, 2004. Associated with low BMD. Worl
A/C Intron 10 Bustamante et al., 2007b. Associated with low BMD in Spe
Uitterlinden et al., 2001. Not associated with BMD or frac
population.
A/G Intron 10 Kiel et al., 2007. Associated with osteoporosis an
US population (Framingham).
Bustamante et al., 2007b. Associated with low BMD in Sps
Morrison, 2004. Associated with osteoporosis. W
Pérez et al., 2008. Low BMD in spine and/or femo
menopausal Argentinean wome
C/T Exon 2 Bustamante et al., 2007b. Associated with BMD; not clearl
Pérez et al., 2008. Low BMD in spine and/or femo
menopausal Argentinean wome
A/C/G/T Exon 2 Kiel et al., 2007. Associated with osteoporosis an

Morrison, 2004.
Moffett et al., 2007.

US population (Framingham).

Associated with osteoporosis. W
C/C genotype Associated with
Caucasian postmenopausal US v




wo2 uadoyaayur MMM

GEN POLYMORPHISM| LOCATION REFERENCES ou
VDR Cc/T Exon 2 Uitterlinden et al., 2001. Associated with a larger numbe
significant differences as risk fac
women.
A/G Promoter Kiel et al., 2007. Associated with osteoporosis an
US population (Framingham).
Morrison, 2004. Associated with osteoporosis. W
Mencej et al., 2009. Associated with osteoporosis in
A/G Promoter Uitterlinden et al., 2001. Associated with fractures but no
region
A/C 152189480 Kiel et al., 2007. Associated with low BMD of fen
population (Framingham).
Bustamante et al., 2007b. Associated with low BMD of fen
postmenopausal Spanish womer
CYP19 ins/del TTC Intron 4 Limer et al., 2009. Low heel BMD with 1 or 2 copie
countries.
Riancho et al., 2005. Low hip and spine BMD with TT
Mendoza et al., 2006. Low hip and spine BMD with T1T
T/C Exon 3 Riancho et al., 2007. Associated with higher vertebra
Riancho et al., 2009. Associated with low hip and spi
women.
Cc/T 3' UTR Limer et al., 2009. Low heel BMD in males of many
Mendoza et al., 2006. Low hip and spine BMD in Span
Cc/G 5' UTR Riancho et al., 2007. Associated with vertebral fractu
Riancho et al., 2009. Higher hip BMD with GG genot
C/T Exon L.6 Riancho et al., 2009. Associated with high hip BMD v
A/G Between Riancho et al., 2007. Associated with vertebral fractu
exons
12 y 16
Cc/G 3'UTR Kiel et al., 2007. Associated with osteoporosis ar
G/A Intron 2 of European origin (Framinghar
Cc/T 3' UTR Xiong et al., 2006. Associated with hip/spine osteo
T/C Intron 8 Xiong et al., 2006. Associated with hip/spine osteo
C/T Intron 2 families.
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GEN [POLYMORPHISM| LOCATION REFERENCES Oou
CYP19 T/C Intron 3 Hong et al., 2007. Associated with low (T/C) and
G/A Intron 4 Chinese men.
C/T Intron 5
PTHR1 A/T Intron 1 Vilarifio-Giiell et al., 2007. As haplotype, they are associate
C/T Intron 2 and/or loss of BMD in spine anc
A/G Intron 8 (FAMOS), in Caucasian and Bri
T/C Intron 10
OoPrPG G/A 3' UTR Richards et al., 2008. Associated with low BMD in spi
(Rotterdam study).
Paternoster et al., 2010. Associated with low BMD cortic
Kingdom (ALSPAC) and Swedis
G/C Exon1 Garcia-Unzueta et al., 2008. High BMD with CC genotype in
Kim et al., 2008. High BMD with CC genotype; d
Lee et al., 2010. women.
Low spine BMD in European ang
A/G 5' proximal Geng et al., 2007. BMD high con AA genotype in (
region
ITGA1 C/T Exon 3 Lee et al., 2007. Associated as alleles and also as
T/G Intron 5 Korean women.
A/C Intron 28
COLIA1 G/T Intron 1 Stewart et al., 2006. Low BMD with haplotype -1997¢
spine in British women.
Jin et al., 2009. Low BMD and increment of fraci
women.
Falcon-Ramirez et al., 2011. Associated with spine osteoporc
G/T Promoter Stewart et al., 2006. Low BMD in hip and spine of Br
haplotype with other SNPs of th
Ins/del T Promoter Stewart et al., 2006. Low BMD in hip and spine in Br
Jin et al., 2009. Low BMD and increment of hip
women.
C/A Intron 11 Kiel et al., 2007. Associated with the width of the
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GEN [POLYMORPHISM| LOCATION REFERENCES Oou
RUNX2 A/T Intron 3 Ermakov et al., 2006. Associated with anthropometric
A/T Intron 4 in Israel.
T/C Intron 4
c/T Promoter 2 Lee et al., 2009. CC genotype shows a low BMD
in spine and hip.
A/G Exon 2 Vaughan et al., 2002. The A allele was associated with
women.
Unknown G/T 156696981 Styrkarsdottir et al., 2008. Associated with hip and spine fr
gene A/G 157524102 Danish women.
RANK 153018362 Paternoster et al., 2010. Associated with low cortical BM
Kingdom (ALSPAC) and Swedis
Styrkarsdottir et al., 2009. Associated with low BMD in hig
A/G Intron 1 Xiong et al., 2006. Analyzed as haplotypes, these 1’
A/G Intron 1 association with osteoporosis ar
A/C Intron 1 in European families.
C/G Intron 1
A/G Intron 1
A/G Intron 2
A/T Intron 3
G/T Intron 3
A/T Intron 4
C/T Intron 7
A/G Intron 7
G/T Intron 9
G/T Intron 9
C/T Intron 9
C/G Intron 9
G/T 3' region
c/T 3' region
A/G Intron 6 Koh et al., 2007. Polymorphism associated with ]

trocanter and femur, in Korean |
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RANKL C/T Intron 1 Xiong et al., 2006. Associated with hip BMD decrea
Mencej et al., 2006. CC genotype Associated with a
Slovenia women.
Mencej et al., 2008. Associated with low spine BMD
Mencej et al., 2009 Associated with spine BMD decr
women.
C/T Intron 2 Xiong et al., 2006. Associated with hip BMD decrea
c/T Intron 1 Mencej et al., 2006. CC genotype associated with lo
postmenopausal Slovenia wome
Mencej et al., 2008. Association to low spine BMD o
C/G Intron 1 Mencej et al., 2008. Associated with a BMD decrease
Slovenia women.
C/T 159594738 Styrkarsdottir et al., 2008. Associated with low spine BMD
c/T 159594759 fractures, in Australian, Danish
HDC Cc/T 3' region Xiong et al., 2006. Polymorphisms associated with
A/C 3' region families.
A/C 5' region
Cc/T 5' region
ADCY10 G/A Exon7 Ichikawa et al., 2009. Positive association to spine BM
spine of US population (sisters s
C/T Intron 14 Ichikawa et al., 2009. US men presented association to
spine BMD.
TWIST1 A/G 3' region Hwang et al., 2010. Associated with osteoporosis in

Table 2. Gene polymorphisms associated with osteoporosis and bone mineral density.
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Other variations of a single nucleotide in intron 1 of the RANK-L gene have repeatedly been
associated with low BMD of hip and spine in European, Asiatic and European populations
(Xiong et al., 2006; Mencej et al., 2006, Mencej et al., 2008; Styrkarsdottir et al., 2008). The
presence of these polymorphisms on human genome, are relatively easy to identify since
birth or even in prenatal stage. These polymorphisms show a well defined inheritance
pattern and their distribution may show differences not only among family groups but
among populations and ethnic groups. However, in this kind of studies, we must be
extremely careful and constantly consider the potentially confusing effect of some variables,
such as: heterogeneity of populations, caused by genetic admixture, specially product of
population's migration, the number of individuals included in studies is very important as
well as the proper selection of cases and controls, and finally, the method to analyze data
(Spencer et al., 2009; Duncan et al.,, 2002; Macarty et al., 2008). Not considering these
elements in association studies would easily led us to establish spurious associations (Koller
et al., 2004). Defining the genetic basis of primary osteoporosis in any population is not a
simple task, we face a multi-factorial and polygenic entity present in populations that may
have a great genetic heterogeneity; however the exploration of bone structure and
metabolism genetic control, would allow to know the molecular basis of diseases such as
osteoporosis, which represents a new window to explore therapeutic opportunities that
would facilitate management of bone disorders.

5. Epigenetics and osteoporosis

During the last years attempts have been made to analyze the relation between
environmental and genetic factors in the so called "complex diseases" using epigenetic
studies. Epigenetics studies causal interactions among “genes” and their “products” which
give place to the “phenotype”, which represents the body manifestation of a specific genetic
profile. Epigenetics analyzes hereditary changes in the gene expression without changes in
the DNA sequence, thus representing an important nexus between genotype, environment
and the presence of a disease (Dupont et al., 2009). In osteoporosis, as a polygenic entity in
which environmental component plays a determinant role, several risk conditions of
maternal origin as bad nutrition of the mother, particularly the lack of vitamin D, habits as
smoking and exposition to chemical agents (possibly including some drugs that impact bone
quality), have the capacity to induce hereditary changes on future generations, which may
occur in very early stages of the embrionary development, even during the neonatal period
and they can generate an “imprinting” in the pattern of gene expression; this pattern is
hereditary and “semi-permanent” because epigenetic modifications are reversible (Jiang et
al., 2004; Dupont et al., 2009). On the other hand, apparently there is a relationship between
low weight and size at time of birth and a higher risk of osteoporotic fractures during adult
stage. Then we should understand that besides genetic and environmental factors,
“epigenetic” can influence genome expression, so the prevention of some maternal
conditions represents a valuable opportunity to develop preventative strategies aimed to
improve bone quality in future generations.

6. Conclusion

Increment in life expectancy in some populations, ageing, changes in life style, especially the
ones related to nutrition quality and physical activity, plus the vertiginous technological
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development are characteristics of modern civilizations. This fact generates without a doubt
a glaring increment in the incidence of several chronic degenerative diseases which may
become crippling as occurs with osteoporosis, where the complications directly or indirectly
cause great social and economic costs; thereby, they represent a social and health services
challenge. Considering environment effects on the bone phenotype and the modifications in
life style of populations in present time, osteoporosis could be in the future a disorder that
occurs in younger population, rather than preferentially in elder people. This situation could
overpass the medical services answer capacity and the governmental budget assigned to the
medical care and rehabilitation of these patients; so it is important to intensify the
investigations leading to elucidate the physiopathology of this disorder and the most
relevant processes in bone metabolism.

Genetic association studies enable identification of new genes related to bone metabolism.
Knowledge of the function of its products will allow us attaining a better understanding of
some aspects of bone metabolism not entirely explored yet and will open new opportunities
for therapeutic development in osteoporosis. On the other hand, clinical research from
which results association studies, makes possible to identify and associate genotypic profiles
(haplotypes) of risk in families and populations and even in ethnic groups. There is no
doubt that progress in this scientific knowledge field, technological progress and especially
the various preventative strategies at different stages of life, including prenatal stage
through the integral care of maternal health, will surely contribute to achieve a better
understanding of the disease, a better care and especially a better prevention.

7. References

Andrew T, Antioniades L, Scurrah KJ, Macgregor AJ & Spector TD. (2005). Risk of wrist
fracture in women is heritable and is influenced by genes that are largely
independent of those influencing BMD. | Bone Miner Res, Vol. 20, No. 1, (January
2005), pp. (67-74).

Arden NK, Baker J, Hogg C, Baan K & Spector TD. (1996). The heritability of bone mineral
density, ultrasound of the calcaneus and hip axis length: a study of
postmenopausal twins. | Bone Miner Res, Vol. 11, No. 4, (April 1996), pp. (530-534).

Asociacion Mexicana de Metabolismo Oseo y Mineral. (2001). Consenso Mexicano de
Osteoporosis. Rev Invest Clin, Vol. 5, No. 53, (September-October 2001), pp. (469-495).

Barros ER, Dias da Silva MR, Kunii IS, Hauache OM & Lazaretti-Castro M. (2007). A novel
mutation in the LRP5 gene, is associated with osteoporosis-pseudoglioma
syndrome. Osteoporos Int, Vol. 18, No. 7, (July 2007), pp. (1017-1018).

Burckardt P. (1989). The peak bone mass concept. Clin Rehumatol, Vol. 8, No. S2, (June 1989),
pp. (16-21).

Bustamante M, Nogués X, Enjuanes A, Elosua R, Garcia-Giralt N, Pérez-Edo L, Céceres E,
Carreras R, Mellibovsky L, Balcells S, Diez-Pérez A & Grinberg D. (2007). COL1A1,
ESR1, VDR and TGFB1 polymorphisms and haplotypes in relation to BMD in
Spanish postmenopausal women. Osteoporos Int, Vol.18, No.2, (February 2007), pp.
(235-243).

Bustamante M, Nogués X, Mellibovsky L, Agueda L, Jurado S, Céceres E, Blanch ], Carreras
R, Diez-Pérez A, Grinberg D & Balcells S. (2007). Polymorphisms in the interleukin-
6 receptor gene are associated with bone mineral density and body mass index in

www.intechopen.com



50 Osteoporosis

Spanish postmenopausal women. Eur | Endocrinol, Vol. 157, No. 5, (November
2007), pp. (677-684).

Cappellen D, Luong-Nguyen NH, Bongiovanni S, Grenet O, Wanke C & Susa M. (2002).
Transcriptional program of mouse osteoclast differentiation governed by the
macrophage colony-stimulating factor and the ligand for the receptor activation of
NFkappa B. ] Biol Chem, Vol. 277, No. 24, (June 2002), pp. (21971-21982).

Chung HW, Seo JS, Hur SE, Kim HL, Kim JY, Jung JH, Kim LH, Park BL & Shin HD. (2003).
Association of interleukin-6 promoter variant with bone mineral density in pre-
menopausal women. | Hum Genet, Vol. 48, No. 5, (April 2003), pp.(243-248).

Clark P, Cons-Molina F, Delezé M, Ragi S, Haddock L, Zanchetta JR, Jaller JJ, Palermo L,
Talavera JO, Messina DO, Morales-Torres J, Salmerén ], Navarrete A, Sudrez E,
Pérez CM & Cummings SR. (2009). The Prevalence of radiographic vertebral
fractures in Latin American countries. The Latin American Vertebral Osteoporosis.
Study (LAVOS). Osteoporos Int, Vol. 9, No. 20, (November 2009), pp. (275-282).

Cole ZA, Dennison EM & Cooper C. (2008). Osteoporosis epidemiology update. Curr
Rheumatol Rep, Vol. 10, No. 2, (April 2008), pp. (92-96).

Collin-Osdoby P. (2004). Regulation of vascular calcification by osteoclast regulatory factors
RANKL and osteoprotegerin. Cir Res, Vol. 95, No. 11, (November 2004), pp. (1046-
1057).

Cummings SR, Browner WS, Bauer D, Stone K, Ensrud K, Jamal S and Ettinger B. (1998).
Endogenous hormones and the risk of hip and vertebral fractures among older
women. Study of Osteoporotic Fractures Research Group. N Engl | Med, Vol. 339,
No. 11, (September 1998), pp. (733- 738).

Deng FY, Lei SF, Chen XD, Tan L], Zhu XZ & Deng HW. (2011). An integrative study
ascertained SOD2 as a susceptibility gene for osteoporosis in Chinese. | Bone Miner
Res, (July 2011), doi: 10.1002/jbmr.471. Epub ahead of print.

Deng HW, Chen WM, Recker S, Stegman MR, Li JL, Davies KM, ZhouY, Deng H, Heaney R
& Recker RR. (2000). Genetic determination of Colles’ fracture and differential bone
mass in women with and without Colles” fracture. | Bone Miner Res, Vol. 15, No. 7,
(July 2000), pp. (1243-1252).

Deng HW, Mahaney MC,Williams JT, Li J, Conway T, DaviesKM, Li JL, Deng H & Recker
RR. (2002). Relevance of the genes for bone mass variation to susceptibility to
osteoporotic fractures and its implications to gene search for complex human
diseases. Genet Epidemiol, Vol. 22, No. 1, (January 2002), pp. (12-25).

Devoto M, Shimoya K, Caminis ], Ott J, Tenenhouse A, Whyte MP, Sereda L, Hall S,
Considine E, Williams CJ, Tromp G, Kuivaniemi H, Ala-Kokko L, Prockop DJ &
Spotila LD. (1998). First-stage autosomal genome screen in extended pedigrees
suggests genes predisposing to low bone mineral density on chromosomes 1p, 2p
and 4q. Eur ] Hum Genet, Vol. 6, No. 2, (March-April 1998), pp. (151-157).

Devoto M, Specchia C, Li HH, Caminis J, Tenenhouse A, Rodriguez H & Spotila LD. (2001).
Variance component linkage analysis indicates a QTL for femoral neck bone
mineral density on chromosome 1p36. Hum Mol Genet, Vol. 10, No. 21, (October
2001), pp. (2447-52).

Duncan EL & Brown MA. (2010). Clinical review 2: Genetic determinants of bone density
and fracture risk-state of the art and future directions. | Clin Endocrinol Metab, Vol.
95, No. 6, (June 2010), pp. (2576-2587).

www.intechopen.com



Genetics and Osteoporosis 51

Duncan EL & Brown MA. (2008). Genetic studies in osteoporosis- the end of the beginning.
Arthritis Res Ther, Vol. 10, No. 5, (September 2008), pp. (214-225).

Duncan EL & Brown MA. (2010). Mapping genes for osteoporosis-Old dogs and new tricks.
Bone, Vol. 46, No. 5, (May 2005), pp. (1219-1225).

Dupont C, Armant DR & Brenner CA. (2009). Epigenetics: Definition, Mechanisms and
Clinical Perspective. Semin Reprod Med, Vol. 27, No. 5, (September 2009), pp. (351-
357).

Elliot-Gibson V, Bogoch ER, Jamal SA & Beaton DE. (2004). Practice patterns in the diagnosis
and treatment of osteoporosis after a fragility fracture: a systematic review.
Osteoporos Int, Vol. 15, No. 10, (July 2004), pp. (767-778).

Ermakov S, Malkin I, Kobyliansky E & Livshits G. (2006). Variation in femoral length is
associated with polymorphisms in RUNX2 gene. Bone, Vol.38, No. 2, (February
2006), pp. (199-205).

Falcon-Ramirez E, Casas-Avila L, Miranda A, Diez P, Castro C, Rubio J, Gomez R & Valdés-
Flores M. (2011). Sp1 polymorphism in collagen I alphal gene is associated with
osteoporosis in lumbar spine of Mexican women. Mol Biol Rep, Vol. 38, No. 5, (June
2011), pp. (2987-2992).

Ferrari SL, Ahn-Luong L, Garnero P, Humphries SE & Greenspan SL. (2003). Two promoter
polymorphisms regulating interleukin-6 gene expression are associated with
circulating levels of C-reactive protein and markers of bone resorption in
postmenopausal women. | Clin Endocrinol Metab, Vol. 88, No. 1, (January 2003), pp.
(255-259).

Fox KM, Cummings SR, Powell-Threets K & Stone K. (1998). Family history and risk of
osteoporotic fracture. Study of Osteoporotic Fractures Research Group. Osteoporos
Int, Vol. 8, No. 6, (November 1998), pp. (557-562).

Frenkel B, Hong A, Baniwal SK, Coetzee GA, Ohisson C, Khalid O & Gabet Y. (2010).
Regulation of adult bone turnover by sex steroids. ] Cell Physiol, Vol. 224, No. 2,
(August 2010), pp. (305-310).

Garcia-Unzueta MT, Riancho JA, Zarrabeitia MT, Safiudo C, Berja A, Valero C, Pesquera C,
Paule B, Gonzélez-Macias ] & Amado JA. (2008). Association of the 163A/G and
1181G/C osteoprotegerin polymorphism with bone mineral density. Horm Metab
Res, Vol. 40, No. 3, (March 2008), pp. (219-224).

Geng L, Yao ZW, Luo JY, Han LL & Lu Q. (2007). Association between Val80 polymorphism
of the CYP19 gene, A163G polymorphism of the OPG gene and bone mineral
density in post-menopausal Chinese women. Yi Chuan, Vol. 29, No. 11, (November
2007), pp. (1345-1350).

Gomez R, Magana JJ, Cisneros B, Pérez-Salazar E, Faugeron S, Véliz D, Castro C, Rubio J,
Casas L & Valdés-Flores M. (2007). Association of the estrogen receptor alpha gene
polymorphisms with osteoporosis in the Mexican population. Clin Genet, Vol. 72,
No. 6, (December 2007), pp. (574-581).

Gong Y, Slee RB, Fukai N, Rawadi G, Roman-Roman S, Reginato AM, Wang H, Cundy T,
Glorieux FH, Lev D, Zacharin M, Oexle K, Marcelino ], Suwairi W, Heeger S,
Sabatakos G, Apte S, Adkins WN, Allgrove ], Arslan-Kirchner M, Batch JA,
Beighton P, Black GC, Boles RG, Boon LM, Borrone C, Brunner HG, Carle GF,

Dallapiccola B, De Paepe A, Floege B, Halfhide ML, Hall B, Hennekam RC, Hirose
T, Jans A, Juppner H, Kim CA, Keppler-Noreuil K, Kohlschuetter A, LaCombe D,

www.intechopen.com



52 Osteoporosis

Lambert M, Lemyre E, Letteboer T, Peltonen L, Ramesar RS, Romanengo M, Somer
H, Steichen-Gersdorf E, Steinmann B, Sullivan B, Superti-Furga A, Swoboda W, van
den Boogaard MJ, Van Hull W, Vikkula M, Votruba M, Zabel B, Garcia T, Baron R,
Olsen BR & Warman ML. (2001). LDL receptor-related protein 5 (LRP5) affects
bone accrual and eye development. Cell, Vol. 107, No. 4, (November 2001), pp. (513-
523).

Greendale GA, Chu J, Ferrell R, Randolph JF Jr, Johnston JM & Sowers MR. (2006). The
association of bone mineral density with estrogen receptor gene polymorphisms.
Am | Med, Vol. 119, Suppl 1, (September 2006), pp. (S79-586).

Greespan SL, Maitland LA, Krasnow MB & Kido TH. (1994). Femoral bone loss progresses
with age: a longitudinal study in women over age 65. | Bone Miner Res, Vol. 9, No.
12, ( December 1994), pp. (1959-1965).

Gu JM, Xiao WJ, He JW, Zhang H, Hu WW, Hu YQ, Li M, Liu Y], Fu WZ, Yu JB, Gao G, Yue
H, Ke YH & Zhang ZL. (2009). Association between VDR and ESR1 gene
polymorphisms with bone and obesity phenotypes in Chinese male nuclear
families. Acta Pharmacol Sin, Vol. 30, No. 12, (Dicember 2009), pp. (1634-1642).

Guéguen R, Jouanny P, Guillemin F, Kuntz C, Pourel ] & Siest G. (1995). Segregation
analysis of bone mineral density in healty families. ] Bone Miner Res, Vol. 10, No. 12,
(December 1995), pp. (2017-2022).

Hong X, Hsu YH, Terwedow H, Arguelles LM, Tang G, Liu X, Zhang S, Xu X & Xu X. (2007).
CYP19A1 polymorphisms are associated with bone mineral density in Chinese
men. Hum Genet, Vol. 121, No. 3-4, (May 2007), pp. (491-500).

Hughes DE, Dai A, Tiffee JC, Li HH, Mundy GR & Boyce BF. (1996). Estrogen promotes
apoptosis of murine osteoclasts mediated by TGF-beta. Nat Med, Vol. 2, No. 10,
(October 1996), pp. (1132-1136).

Hwang JY, Kim SY, Lee SH, Kim GS, Go M]J, Kim SE, Kim HC, Shin HD, Park BL, Kim TH,
Hong JM, Park EK, Kim HL, Lee JY & Koh JM. (2010). Association of TWIST1 gene
polymorphisms with bone mineral density in postmenopausal women Osteoporos
Int, Vol. 21, No. 5, (May 2010), pp. (757-764).

Ichikawa S, Koller DL, Peacock M, Johnson ML, Lai D, Hui SL, Johnston CC, Foroud TM &
Econs MJ. (2005). Polymorphisms in the estrogen receptor beta (ESR2) gene are
associated with bone mineral density in Caucasian men and women. | Clin
Endocrinol Metab, Vol. 90, No. 11, (November 2005), pp. (5921-5927).

Ichikawa S, Koller DL, Curry LR, Lai D, Xuei X, Edenberg HJ, Hui SL, Peacock M, Foroud T
& Econs MJ. (2009). Association of adenylate cyclase 10 (ADCY10) polymorphisms
and bone mineral density in healthy adults. Calcif Tissue Int, Vol. 84, No. 2,
February 2009), pp. (97-102).

Ismail AA, Cooper C, Felsenberg D, Varlow ], Kanis JA, Silman AJ & O’Neill TW. (1999).
Number and type of vertebral deformities: epidemiological characteristics and
relation to bake pain and height loss. European Vertebral Osteoporosis Study
Group. Osteoporos Int, Vol. 9, No. 3, (March 1999), pp. (206-213).

Jiang YH, Bressler ] & Beaudet AL. (2004). Epigenetics and human disease. Annu Rev
Genomics Hum Genet, Vol. 5, ( September 2004), pp. (479-510).

Jin H, Stewart TL, Hof RV, Reid DM, Aspden RM & Ralston S. (2009). A rare haplotype in
the upstream regulatory region of COL1A1 is associated with reduced bone quality
and hip fracture. | Bone Miner Res, Vol. 24, No. 3, (March 2009), pp. (448-454).

www.intechopen.com



Genetics and Osteoporosis 53

Kameda T, Mano H, Yuasa T, Mori Y, Miyasawa K, Shiokawa M, Yukiya Nakamaru, Emi
Hirol, Kenji Hiura, Akira Kameda, Na N. Yang, Yoshiyuji Hakeds & Masayushi
Kumegaea. (1997). Estrogen inhibits bone resorption by directly inducing apoptosis
of the bone-resorbing osteoclasts. | Exp Med, Vol. 186, No. 4, (August 1997), pp.
(489-95).

Kanis JA, Melton L] 3rd, Christiansen C, Johnston CC & Khaltaev N. (1994). The diagnosis of
osteoporosis. | Bone Miner Res, Vol. 9, No. 8, (August 1994), pp. (1137-1141).

Kannus P, Palvanen M, Kaprio J, Parkkari ] & Koskenvuo M. (1999). Genetic factors and
osteoporotic fractures in elderly people: prospective 25 year follow up of a
nationwide cohort of elderly Finnish twins. BMJ, Vol. 319, No. 7221, (November
1999), pp. (1334-1337).

Karasik D, Dupuis J, Cho K, Cupples LA, Zhou Y, Kiel DP & Demissie S. (2010). Refined
QTLs of osteoporosis-related traits by linkage analysis with genome-wide SNPs:
Framingham SHARe. Bone, Vol. 46, No. 4, (April 2010), pp. (1114-1121).

Kaufman JM, Ostertag A, Saint-Pierre A, Cohen-Solal M, Boland A, Van Pottelbergh I, Toye
K, de Vernejoul MC & Martinez M. (2008). Genome-wide linkage screen of bone
mineral density (BMD) in European pedigrees ascertained through a male relative
with low BMD values: evidence for quantitative trait loci on 17q21-23, 11q12-13,
13q12-14, and 22q11. ] Clin Endocrinol Metab, Vol. 93, No. 10, (October 2008), pp.
(3755-3762).

Kiel DP, Demissie S, Duppuis J, Lunetta KL, Murabito JM & D Karasik. (2007). Genome-
wide association with bone mass and geometry in the Famingham Heart Study.
BMC Medical Genetics, Vol. 8, Suppl 1, (September 2007), pp.(S14-527).

Kim JG, Kim JH, Lee DO, Kim H, Kim JY, Suh CS, Kim SH & Choi YM. (2008). Changes in
the serum levels of osteoprotegerin and soluble receptor activator for nuclear factor
kappaB ligand after estrogen-progestogen therapy and their relationships with
changes in bone mass in postmenopausal women. Menopause, Vol. 15, No. 2,
(March-April 2008), pp. (357-362).

Koh JM, Park BL, Kim DJ, Kim GS, Cheong HS, Kim TH, Hong JM, Shin HI, Park EK, Kim
SY & Shin HD.(2007). Identification of novel RANK polymorphisms and their
putative association with low BMD among postmenopausal women. Osteoporos
Int, Vol. 18, No. 3, (March 2007), pp. (323-331).

Koller DL, Econs M]J, Morin PA, Christian JC, Hui SL, Parry P, Curran ME, Rodriguez LA,
Conneally PM, Joslyn G, Peacock M, Johnston CC & Foroud T. (2000). Genome screen
for QTLs contributing to normal variation in bone mineral density and osteoporosis. |
Clin Endocrinol Metab, Vol. 85, No. 9, (September 2000), pp. (3116-3120).

Koller DL, Ichikawa S, Lai D, Padgett LR, Doheny KF, Pugh E, Paschall J, Hui SL, Edenberg
HJ, Xuei X, Peacock M, Econs M]J & Foroud T. (2010). Genome-wide association
study of bone mineral density in premenopausal European-American women and
replication in African-American women. | Clin Endocrinol Metab, Vol. 95, No. 4,
(April 2010), pp. (1802-1809).

Koller DL, Liu G, Econs MJ, Hui SL, Morin PA, Joslyn G, Rodriguez LA, Conneally PM,
Christian JC, Johnston CC Jr, Foroud T & Peacock M. (2001). Genome screen for
quantitative trait loci underlying normal variation in femoral structure. | Bone
Miner Res, Vol. 16, No. 6, (June 2001), pp. (985-991).

www.intechopen.com



54 Osteoporosis

Koller DL, Peacock M, Lai D, Foroud T & Econs M]J. (2004). False Positive Rates in
Association Studies as a Function of Degree of Stratification. | Bone Miner Res, Vol.
19, No. 8, (August 2004), pp. (1291-1295).

Koller DL, Rodriguez LA, Christian JC, Slemenda CW, Econs MJ, Hui SL, Morin P, Conneally
PM, Joslyn G, Curran ME, Peacock M, Johnston CC & Foroud T. (1998). Linkage of a
QTL contributing to normal variation in bone mineral density to chromosome 11q12-
13. ] Bone Miner Res, Vol. 13, No. 12, (December 1998), pp. (1903-1908).

Kou I, Takahashi A, Urano T, Fukui N, Ito H, Ozaki K, Tanaka T, Hosoi T, Shiraki M, Inoue
S, Nakamura Y, Kamatani N, Kubo M, Mori S & Ikegawa S. (2011). Common
variants in a novel gene, FONG on chromosome 2q33.1 confer risk of osteoporosis
in Japanese. PLoS One, Vol. 6, No. 5, (May 2011), pp. (€19641).

Krall EA & Dawson-Hughes B. (1993). Heritable and life-style determinants of bone mineral
density. | Bone Miner Res, Vol. 8, No. 1, (January 1993), pp. (1-9).

Lee HJ, Kim SY, Koh JM, Bok J, Kim KJ, Kim KS, Park MH, Shin HD, Park BL, Kim TH,
Hong JM, Park EK, Kim DJ, Oh B, Kimm K, Kim GS & Lee JY. (2007).
Polymorphisms and haplotypes of integrinalphal (ITGA1) are associated with bone
mineral density and fracture risk in postmenopausal Koreans. Bone, Vol. 41, No. 6,
(December 2007), pp. (979-986).

Lee HJ, Koh JM, Hwang JY, Choi KY, Lee SH, Park EK, Kim TH, Han BG, Kim GS, Kim SY
& Lee JY. (2009). Association of a RUNX2 promoter polymorphism with bone
mineral density in postmenopausal Korean women. Calcif Tissue Int, Vol. 84, No. 6,
(June 2009), pp. (439-445).

Lee YH, Woo JH, Choi 5], Ji ]D & Song GG. (2010). Associations between osteoprotegerin
polymorphisms and bone mineral density: a meta-analysis. Mol Biol Rep, Vol. 37,
No. 1, (January 2010), pp. (227-234).

Li GH, Deng HW, Kung AW & Huang QY. (2011). Identification of genes for bone mineral
density variation by computational disease gene identification strategy. | Bone
Miner Metab, (June 2011), doi: 10.1007/s00774-011-0271-y. Epub ahead of print.

Limer KL, Pye SR, Thomson W, Boonen S, Borghs H, Vanderschueren D, Huhtaniemi IT,
Adams JE, Ward KA, Platt H, Payne D, John SL, Bartfai G, Casanueva F, Finn JD,
Forti G, Giwercman A, Han TS, Kula K, Lean ME, Pendleton N, Punab M, Silman
AJ, Wu FC & O'Neill TW. (2009). EMAS Study Group. Genetic variation in sex
hormone genes influences heel ultrasound parameters in middle-aged and elderly
men: results from the European Male Aging Study (EMAS). | Bone Miner Res, Vol.
24, No. 2, (February 2009), pp. (314-323).

MacGregor A, Snieder H & Spector TD. (2000). Genetic factors and osteoporotic fractures in
elderly people. Twin data support genetic contribution to risk of fracture. BM]J, Vol.
320, No. 7225, (June 2000), pp. (1669-1670).

Magafa JJ, Gémez R, Cisneros B, Casas L & Valdés-Flores M. (2008). Association of
interleukin-6 gene polymorphisms with bone mineral density in Mexican women.
Arch Med Res, Vol. 39, No. 6, (August 2008), pp. (618-624).

Marini F & Brandi ML. (2010). Genetic Determinants of osteoporosis: common bases to
cardiovascular ~ diseases?. Int | of Hypertens, (March 2010), doi:
10.4061/2010/394579. Epub ahead of print.

Massart F, Marini F, Bianchi G, Minisola S, Luisetto G, Pirazzoli A, Salvi S, Micheli D, Masi
L & Brandi ML. (2009). Age-specific effects of estrogen receptors' polymorphisms

www.intechopen.com



Genetics and Osteoporosis 55

on the bone traits in healthy fertile women: the BONTURNO study. Reprod Biol
Endocrinol, Vol. 7, No. 1, (April 2009), pp. (32-40).

McCarthy MI & Hirschhorn JN. (2008). Genome-wide association studies; potential next
steps on a genetic journey. Hum Mol Genet, Vol. 17, No. 2, (October 2008), pp.
(R156-R165).

Mencej S, Albagha OM, Prezelj J, Kocjan T & Marc J. (2008). Tumour necrosis factor
superfamily member 11 gene promoter polymorphisms modulate promoter
activity and influence bone mineral density in postmenopausal women with
osteoporosis. ] Mol Endocrinol, Vol. 40, No. 6, (June 2008), pp. (273-279).

Mencej S, Prezelj ], Kocijancic A, Ostanek B & Marc ]. (2006). Association of TNFSF11 gene
promoter polymorphisms with bone mineral density in postmenopausal women.
Maturitas, Vol. 55, No. 3, (October 2006), pp. (219-226).

Mencej S, Prezelj ], Kocjan T, Teskac K, Ostanek B, Smelcer M & Marc J. (2009). The
combinations of polymorphisms in vitamin D receptor, osteoprotegerin and
tumour necrosis factor superfamily member 11 genes are associated with bone
mineral density. | Mol Endocrinology, Vol. 42, No. 3, (March 2009), pp. (239-247).

Mendoza N, Morén FJ, Vazquez F, Quereda F, Sdez ME, Martinez-Astorquiza T, Gonzalez-
Pérez A, Sanchez-Borrego R & Ruiz A. (2006). Weighting the effect of CYP19A
gene in bone mineral density of postmenopausal women. Bone, Vol. 38, No. 6, (June
2006), pp. (951-953).

Michaelsson K, Melhus H, Ferm H, Ahlbom A & Pedersen NL. (2005). Genetic liability to
fractures in the elderly. Arch Intern Med, Vol. 165, No. 16, (September 2005), pp.
(1825-1830).

Moffett SP, Zmuda JM, Cauley JA, Ensrud KE, Hillier TA, Hochberg MC, Li ], Cayabyab S,
Lee JM, Peltz G & Cummings SR. (2007). Association of the VDR translation star
site polymorphism and fracture risk in older women. | Bone Mineral Res, Vol. 22,
No. 5, (May 2007), pp. (730-736).

Morrison N. (2004). Commentary: vitamin D receptor polymorphism and bone mineral
density: effect size in Caucasians means detection is uncertain in small studies. Int |
Epidemiol, Vol. 33, No. 5, (October 2004), pp. (989-994).

NIH Consensus Development Panel On osteoporosis Prevention, Diagnosis and Therapy.
(2001). JAMA, Vol. 285, No. 6, (February 2001), pp. (785-795).

Ongphiphadhanakul B, Chanprasertyothin S, Payattikul P, Saetung S, Piaseu N, Chailurkit
L & Rajatanavin R. (2001). Association of a G2014A transition in exon 8 of the
estrogen receptor-alpha gene with postmenopausal osteoporosis. Osteoporos Int,
Vol. 12, No. 12, (December 2001), pp. (1015-1019).

Ongphiphadhanakul B, Rajatanavin R, Chanprasertyothin S, Piaseu N & Chailurkit L.
(1998). Serum oestradiol and oestrogen-receptor gene polymorphism are associated
with bone mineral density independently of serum testosterone in normal males.
Clin Endocrinol (Oxf), Vol. 49, No. 6, ( December 1998), pp. (803-809).

Ota N, Nakajima T, Nakazawa I, Suzuki T, Hosoi T, Orimo H, Inoue S, Shirai Y & Emi M.
(2001). A nucleotide variant in the promoter region of the interleukin-6 gene
associated with decreased bone mineral density. | Hum Genet, Vol. 46, No. 5,
(February 2001), pp. (267-272).

Paternoster L, Ohlsson C, Sayers A, Vandenput L, Lorentzon M, Evans DM & Tobias JH.
(2010). OPG and RANK polymorphisms are both associated with cortical bone

www.intechopen.com



56 Osteoporosis

mineral density: findings from a metaanalysis of the Avon longitudinal study of
parents and children and gothenburg osteoporosis and obesity determinants
cohorts. | Clin Endocrinol Metab, Vol. 95, No. 8, (August 2010), pp. (3940-3948).

Peacock M, Koller DL, Lai D, Hui S, Foroud T & Econs M]J. (2009). Bone mineral density
variation in men is influenced by sex-specific and non sex-specific quantitative trait
loci. Bone, Vol. 45, No. 3, (September 2009), pp. (443-448).

Pérez A, Ulla M, Garcia B, Lavezzo M, Elias E, Binci M, Rivoira M, Centeno V, Alisio A &
Tolosa de Talamoni N. (2008). Genotypes and clinical aspects associated with bone
mineral density in Argentine postmenopausal women. | Bone Miner Metab, Vol. 26,
No. 4, (July 2008), pp. (358-365).

Ralston SH. (2002). Genetic control of susceptibility to osteoporosis. | Clin Endocrinol Metab,
Vol. 87, No. 6, (June 2002), pp. (2460-2466).

Ralston SH, Galwey N, MacKay I, Albagha OM, Cardon L, Compston JE, Cooper C, Duncan
E, Keen R, Langdahl B, McLellan A, O'Riordan ], Pols HA, Reid DM, Uitterlinden
AG, Wass ] & Bennett ST. (2005). Loci for regulation of bone mineral density in men
and women identified by genome wide linkage scan: the FAMOS study. Hum Mol
Genet, Vol. 14, No. 7, (April 2005), pp. (943-951).

Ralston SH & de Crombrugghe B. (2006). Genetic regulation of bone mass and susceptibility
to osteoporosis. Genes Dev, Vol. 20, No. 18, (September 2006), pp. (2492-2506).

Ralston SH & Uitterlinden AG. (2010). Genetics of osteoporosis. Endocr Rev, Vol. 31, No. 5,
(October 2010), pp. (629-662).

Raspe A, Matthis C, Scheidt-Nave C & Raspe H. (1998). European study of vertebral
osteoporosis (EVOS): design and implementation in 8 German study centers. Med
Klin (Munich), Vol. 93, No. 2, (March 1998), pp. (12-18).

Riancho JA, Safiudo C, Valero C, Pipaén C, Olmos JM, Mijares V, Fernandez-Luna JL &
Zarrabeitia MT. (2009) Association of the aromatase gene alleles with BMD:
epidemiological and functional evidence. ] Bone Miner Res, Vol. 24, No. 10,
(October 2009), pp. (1709-1718).

Riancho JA, Valero C, Naranjo A, Morales DJ, Saftudo C & Zarrabeitia MT. (2007).
Identification of an aromatase haplotype that is associated with gene expression
and postmenopausal osteoporosis. | Clin Endocrinol Metab, Vol. 92, No. 2, (February
2007), pp. (660-665).

Riancho JA, Zarrabeitia MT, Valero C, Safiudo C, Herndndez JL, Amado JA, Zarrabeitia A &
Gonzalez-Macias J. (2005). Aromatase gene and osteoporosis: relationship of ten
polymorphic loci with bone mineral density. Bone, Vol. 36, No. 5, (May 2005), pp.
(917-925).

Riancho JA, Zarrabeitia MT, Valero C, Safiudo C, Mijares V & Gonzélez-Macias J. A. (2006).
Gene-to-gene interaction between aromatase and estrogen receptors influences
bone mineral density. Eur | Endocrinol, Vol. 155, No. 1, (July 2006), pp. (53-59).

Richards JB, Rivadeneira F, Inouye M, Pastinen TM, Soranzo N, Wilson SG, Andrew T, Falchi
M, Gwilliam R, Ahmadi KR, Valdes AM, Arp P, Whittaker P, Verlaan DJ, Jhamai M,
Kumanduri V, Moorhouse M, van Meurs ]JB, Hofman A, Pols HA, Hart D, Zhai G,
Kato BS, Mullin BH, Zhang F, Deloukas P, Uitterlinden AG & Spector TD. (2008).
Bone mineral density, osteoporosis, and osteoporotic fractures: a genome-wide
association study. Lancet, Vol. 371, No. 9623, (May 2008), pp. (1505-1512).

www.intechopen.com



Genetics and Osteoporosis 57

Richards ]JB, Kavvoura FK, Rivadeneira F, Styrkarsdoéttir U, Estrada K, Halld6rsson BV,
Hsu YH, Zillikens MC, Wilson SG, Mullin BH, Amin N, Aulchenko YS, Cupples
LA, Deloukas P, Demissie S, Hofman A, Kong A, Karasik D, van Meurs ]B,
Oostra BA, Pols HA, Sigurdsson G, Thorsteinsdottir U, Soranzo N, Williams FM,
Zhou Y, Ralston SH, Thorleifsson G, van Duijn CM, Kiel DP, Stefansson K,
Uitterlinden AG, loannidis JP & Spector TD. (2009). Genetic Factors for
Osteoporosis Consortium. Collaborative meta-analysis: associations of 150
candidate genes with osteoporosis and osteoporotic fracture. Ann Intern Med,
Vol. 151, No. 8, (October 2009), pp. (528-537).

Riggs BL & Melton LJ. (1986). Involutional osteoporosis. N Engl | Med, Vol. 314, No. 26,
(June 1986), pp. (1676-1686).

Rivadeneira F, Styrkérsdottir U, Estrada K, Halldérsson BV, Hsu YH, Richards JB, Zillikens
MC, Kavvoura FK, Amin N, Aulchenko YS, Cupples LA, Deloukas P, Demissie S,
Grundberg E, Hofman A, Kong A, Karasik D, van Meurs ]JB, Oostra B, Pastinen T,
Pols HA, Sigurdsson G, Soranzo N, Thorleifsson G, Thorsteinsdottir U, Williams
FM, Wilson SG, Zhou Y, Ralston SH, van Duijn CM, Spector T, Kiel DP, Stefansson
K, Ioannidis JP & Uitterlinden AG. (2009). Genetic Factors for Osteoporosis
(GEFOS) Consortium. Twenty bone-mineral-density loci identified by large-scale
meta-analysis of genome-wide association studies. Nat Genet, Vol. 41, No. 11,
(November 2009), pp. (1199-1206).

Rivadeneira F, van Meurs JB, Kant ], Zillikens MC, Stolk L, Beck TJ, Arp P, Schuit SC,
Hofman A, Houwing-Duistermaat JJ, van Duijn CM, van Leeuwen JP, Pols HA &
Uitterlinden AG. (2006). 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. | Bone
Miner Res, Vol. 21, No. 9, (September 2006), pp. (1443-1456).

Shaffer JR, Kammerer CM, Bruder JM, Cole SA, Dyer TD, Almasy L, Maccluer JW, Blangero
J, Bauer RL & Mitchell BD. (2009). Quantitative trait locus on chromosome 1q
influences bone loss in young Mexican American adults. Calcif Tissue Int, Vol. 84,
No. 2, (February 2009), pp. (75-84).

Shearman AM, Karasik D, Gruenthal KM, Demissie S, Cupples LA, Housman DE, Kiel DP.
(2004). Estrogen receptor beta polymorphisms are associated with bone mass in
women and men: the Framingham Study. | Bone Miner Res, Vol. 19, No. 5, (2004
May), pp. (773-781).

Slemenda C, Longcope C, Peacock M, Hui S & Johnston CC. (1996). Sex steroids, bone mass
and bone loss. | Clin Invest, Vol. 97, No. 1, (January 1996), pp. (14-21).

Slemenda CW, Turner CH, Peacock M, Christian JC, Sorbel J, Hui SL & Johnston CC. (1996).
The genetics of proximal femur geometry, distribution of bone mass and bone
mineral density. Osteoporos Int, Vol. 6, No. 2, (March 1996), pp. (178-182).

Spencer CC, Su Z, Donnelly P & Marchini J. (2009). Designing Genome-Wide Association
Studies: Sample Size, Power, Imputation, and the Choice of Genotyping Chip. PLoS
Genetics, Vol. 5, No. 5, (May 2009), doi: 10.1371/journal.pgen.1000477. Epub ahead
of print.

Steppan CM, Crawford DT, Chidsey-Frink KL, Ke HZ & Swick AG. (2000). Leptin is a
potent stimulator of growth in ob/ob mice. Regul Pept, Vol. 92, No. 1-3, (August
2000), pp. (73-78).

www.intechopen.com



58 Osteoporosis

Stewart TL, Jin H, McGuigan FE, Albagha OM, Garcia-Giralt N, Bassiti A, Grinberg D,
Balcells S, Reid DM & Ralston SH. (2006). Haplotypes defined by promoter and
intron 1 polymorphisms of the COLIA1 gene regulate bone mineral density in
women. | Clin Endocrinol Metab, Vol. 91, No. 9, (September 2006), pp. (3575-3583).

Styrkarsdottir U, Halldorsson BV, Gretarsdottir S, Gudbjartsson DF, Walters GB, Ingvarsson
T, Jonsdottir T, Saemundsdottir J, Center JR, Nguyen TV, Bagger Y, Gulcher JR,
Eisman JA, Christiansen C, Sigurdsson G, Kong A, Thorsteinsdottir U & Stefansson
K. (2008). Multiple genetic loci for bone mineral density and fractures. N Engl |
Med, Vol. 358, No. 22, (May 2008), pp. (2355-2365).

Styrkarsdottir U, Halldorsson BV, Gretarsdottir S, Gudbjartsson DF, Walters GB, Ingvarsson
T, Jonsdottir T, Saemundsdottir ], Snorradottir S, Center JR, Nguyen TV,
Alexandersen P, Gulcher JR, Eisman JA, Christiansen C, Sigurdsson G, Kong A,
Thorsteinsdottir U & Stefansson K. (2009). New sequence variants associated with
bone mineral density. Nat Genet, Vol. 41, No. 1, (January 2009), pp. (15-17).

Thomas DC & Witte JS. Point: Population Stratification: A Problem for Case-Control Studies
of Candidate-Gene Associations?. (2002). Cancer Epidemiol Biomarkers Prev, Vol. 11,
No. 6, (June 2002), pp. (505-512).

Uitterlinden AG, Weel AE, Burger H, Fang Y, van Duijn CM, Hofman A, van Leeuwen JP &
Pols HA. (2001). Interaction between the vitamin D receptor gene and collagen type
Ialphal gene in susceptibility for fracture. | Bone Miner Res, Vol. 16, No. 2,
(February 2001), pp. (379-385).

Vaughan T, Pasco JA, Kotowicz MA, Nicholson GC & Morrison NA. (2002). Alleles of
RUNX2/CBFAL1 gene are associated with differences in bone mineral density and
risk of fracture. | Bone Miner Res, Vol. 17, No. 8, (August 2002), pp. (1527-1534).

Vilarifio-Gtiell C, Miles L], Duncan EL, Ralston SH, Compston JE, Cooper C, Langdahl BL,
Maclelland A, Pols HA, Reid DM, Uitterlinden AG, Steer CD, Tobias JH, Wass JA &
Brown MA. (2007). PTHR1 polymorphisms influence BMD variation through
effects on the growing skeleton. Calcif Tissue Int, Vol. 81, No. 4, (October 2007), pp.
(270-278).

Wang JT, Guo Y, Yang TL, Xu XH, Dong SS, Li M, Li TQ, Chen Y & Deng HW. (2008).
Polymorphisms in the estrogen receptor genes are associated with hip fractures in
Chinese. Bone, Vol. 43, No. 5,( November 2008 ), pp.(910-914).

Williams FM & Spector TD. (2006). Recent advances in the genetics of osteoporosis. |
Musculoskelet Neuronal Interact, Vol. 6, No. 1, (January-March 2006), pp. (27-35).

World Health Organization. (1994). Assessment of fracture risk and its aplication to
screening for postmenopausal osteoporosis. Technical Report series, 843 Genova:
World Health Organization.

Xiong DH, Shen H, Zhao L], Xiao P, Yang TL, Guo Y, Wang W, Guo YF, Liu Y], Recker RR &
Deng HW. (2006). Robust and comprehensive analysis of 20 osteoporosis candidate
genes by very high-density single-nucleotide polymorphism screen among 405
white nuclear families identified significant association and gene-gene interaction. |
Bone Miner Res, Vol. 21, No. 11, (November 2006), pp. (1678-1695).

Zhang H, Sol-Church K, Rydbeck H, Stabley D, Spotila LD & Devoto M. (2009). High
resolution linkage and linkage disequilibrium analyses of chromosome 1p36 SNPs
identify new positional candidate genes for low bone mineral density. Osteoporos
Int, Vol. 20, No. 2, (February 2009), pp. (341-346).

www.intechopen.com



Osteoporosis
OSTEOPOROSIS Edited by PhD. Yannis Dionyssiotis

Edlted by Yannis Diofyssions
r'._. }
A

&

Osteoporosis is a public health issue worldwide. During the last few years, progress has been made
concerning the knowledge of the pathophysiological mechanism of the disease. Sophisticated technologies
have added important information in bone mineral density measurements and, additionally, geometrical and
mechanical properties of bone. New bone indices have been developed from biochemical and hormonal
measurements in order to investigate bone metabolism. Although it is clear that drugs are an essential
element of the therapy, beyond medication there are other interventions in the management of the disease.
Prevention of osteoporosis starts in young ages and continues during aging in order to prevent fractures
associated with impaired quality of life, physical decline, mortality, and high cost for the health system. A
number of different specialties are holding the scientific knowledge in osteoporosis. For this reason, we have
collected papers from scientific departments all over the world for this book. The book includes up-to-date
information about basics of bones, epidemiological data, diagnosis and assessment of osteoporosis,
secondary osteoporosis, pediatric issues, prevention and treatment strategies, and research papers from
osteoporotic fields.

™

ISBN 978-953-51-0026-3

Hard cover, 864 pages

Publisher InTech

Published online 24, February, 2012
Published in print edition February, 2012

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Margarita Valdés-Flores, Leonora Casas-Avila, Valeria Ponce de Ledn-Sudrez and Edith Falcdn-Ramirez
(2012). Genetics and Osteoporosis, Osteoporosis, PhD. Yannis Dionyssiotis (Ed.), ISBN: 978-953-51-0026-3,
InTech, Available from: http://www.intechopen.com/books/osteoporosis/genetics-and-osteoporosis

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia HE EBTERAERKES S HEERR ARG M AK4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0

