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The objective of this study was to identify, through a systematic review of the literature, Vitamin D receptor gene (VDR)
polymorphisms related to osteoporosis and their effects on bone mineral density (BMD). The articles dated between January
2000 and December 2011 in the Scielo and PubMed databases were reviewed. A total of 23 articles that studied the association
between the BsmlI, Apal, Fokl, and Taql polymorphisms and bone mineral density in postmenopausal women were selected. We
found systematic studies/meta-analysis (level E-I) and case-control/cohort (level E-IV) studies. No definite conclusions can be
made regarding the association of BsmI, Apal, FokI, and Tagl polymorphisms with BMD among postmenopausal women. Larger
and more rigorous analytical studies with consideration of gene-gene/environment interactions are needed to further dissect the

mechanisms by which VDR alleles influence BMD.

1. Introduction

Osteoporosis is a systemic skeletal disease characterised by
low bone mineral density (BMD) and the deterioration of the
bone microarchitecture that leads to increased bone frailty
and high-risk fractures [1]. It is the most common metabolic
bone disease in the world, affecting one in three women and
one in eight men over 50 years of age [2]. Postmenopausal
osteoporosis is a major health problem due to its high preva-
lence and the large social health costs it incurs because of its
clinical manifestations, specifically fractures. Approximately
200 million people worldwide suffer from this disease. The
treatment of this disease has a direct annual cost of 54 billion
dollars in Europe, the United States, and Canada alone, not
including the additional ten million dollars in indirect costs.
In Europe, the direct cost of this disease reached 48 billion
Euros in the year 2000; the costs incurred solely in the
hospitals have increased by 33% over the last three years.

In Spain, osteoporosis is the most prevalent metabolic bone
disease.

Studies in twins [3, 4] and relatives [5, 6] estimate that
genetic factors account for up to 50-90% of the total factors
that determine bone mass [7-9] and contribute significantly
to the following processes: peak bone mass acquisition [4, 5,
10], turnover [11, 12], and loss of bone mass throughout the
lifetime of the patient [13]. Four polymorphisms (BsmI, Taql,
Apal, and FokI) in the Vitamin D receptor (VDR) gene have
been studied more frequently because of their associations
with BMD and osteoporosis. The VDR gene is located on the
long arm of chromosome 12 (12q12.11) and is a member of the
genetic receptor superfamily. The polymorphisms in the VDR
gene were first postulated to predict the spinal and femoral
BMD in Caucasian women in 1994 [14].

Although several studies on polymorphisms in the VDR
gene have been published, the results have been contradic-
tory, possibly because of variations in study design, small



sample sizes, varying ethnic backgrounds, or environmental
factors. The mechanism by which the VDR gene influences
bone mass has not been fully elucidated [15]. The discrepan-
cies in the results on the importance of this gene suggest that
the control of bone mass is polygenic [16, 17]. Based on the
previous considerations, osteoporosis is considered a “com-
plex” genetic trait, as it is multifactorial and multigenic. Gen-
etic risk factors, certain alleles or genetic variants, are trans-
mitted from one generation to the next. However, the pheno-
typic expression will depend on the interactions with other
genetic variants and with environmental factors. It is necess-
ary to investigate whether polymorphisms in the VDR gene
may influence the pathogenesis of osteoporosis. It is essential
to find a marker that identifies the women that will develop
poor bone prognosis to facilitate early treatment for the pre-
vention of the loss of bone mass. The identification of genetic
markers that predict the risk of developing osteoporosis
enables the prevention and treatment of this disease, which
should be integrated into the development of nursing care
plans.

2. Methods

An integrative literature review is one of the research methods
used in evidence-based practice (EBP) that allows the incor-
poration of evidence into clinical practice. This method is
designed to collect and synthesise the results of research on a
specific, systematic, and methodical topic and deepens the
knowledge on the research topic.

In the present study, the following classification for the
levels of evidence [18] was used: (I) evidence generated from
systematic reviews or meta-analysis of controlled trials or
clinical practice guidelines established from evidence based
on systematic reviews of randomised controlled trials, (II)
evidence generated from at least one well-designed random-
ised clinical trial, (IIT) evidence obtained from well-designed
controlled trials without randomization, (IV) evidence from
well-designed studies on cases-controls and cohorts, (V) evi-
dence from systematic reviews of qualitative and descriptive
studies, (VI) evidence from only one qualitative or descriptive
study, and (VII) evidence from the authorities or reports from
expert committees. The development of this review followed
previously described steps [19]. The PubMed (2000-2011) and
Scielo (2000-2011) databases were mined. All genetic associa-
tion studies investigating the relationship between the BsmlI
[rs1544410], Apal [rs7975232], Fokl [rs10735810], and Tagql
[rs731236] polymorphisms and the VDR gene and osteoporo-
sis development were considered in the integrative review.
Combinations of the following words were used to identify
studies: “VDR” or “Vitamin D Receptor” and “BMD” or
“Bone Mineral Density” The search was restricted to articles
published in English and Spanish. A total of 81 articles were
initially identified in the databases, and the final sample integ-
rated 23 articles. The articles were adjusted to the following
inclusion criteria: (1) assessment the association between
VDR and BMD in postmenopausal women; (2) inclusion the
number of subjects assigned to the sample and mean and
standard deviation of the BMD for each VDR genotype; and
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(3) subjects without chronic diseases affecting BMD and no
record of treatments affecting bone metabolism.

3. Results

The final sample contained 23 articles that studied the asso-
ciation between the BsmlI, Apal, Fokl, and Tagl (VDR) poly-
morphisms and BMD; 2 articles focused on level E-I and 21
articles focused on level E-IV (13 case-control studies and 8
cohort studies). Based on the inclusion criteria outlined
above, no articles were identified in the remaining levels. The
articles included in this review were referenced with the fol-
lowing numbers: 17 and 20 to 41.

3.1. BsmI . A total of 11 articles (2 articles in level E-I and 9
articles in level E-IV) were found that showed that the BsmI
polymorphism affected the loss of BMD. In contrast, 4 articles
reported that the BsmI polymorphism did not affect BMD; all
of the articles were level E-IV (Table 1). There were 8 studies (2
articles in level E-I and 6 articles in level E-IV) supporting an
association between the BB genotype and BMD; this was the
largest amount of data supporting an association between a
polymorphism and BMD. However, 4 articles reported no
evidence that this polymorphism affected BMD. Further-
more, 2 studies on the genotype Bb showed an effect on BMD,
as opposed to 4 studies that showed the same genotype had no
effect on BMD (both in level E-IV). Two studies on the bb
genotype showed an effect on BMD, whereas 4 studies
showed that no evidence of this effect (both in level E-IV).

3.2. Apal. The effect of the Apal polymorphism on BMD was
analysed (Table 2). Four studies (1 article in level E-I and 3
articles in level E-IV) reported evidence of the effect of this
polymorphism on BMD; in contrast, 2 studies showed no evi-
dence of an effect (level E-1V). Likewise, 3 studies (1 article in
level E-I and 2 articles in level E-IV) showed that the AA gen-
otype had an effect on BMD, whereas 2 articles showed no
evidence of this effect (both in level E-IV). There was less evi-
dence indicating an association between the aa genotype and
BMD in level E-IV; 1 article showed an effect, but 3 articles
showed no evidence of an affect. Three articles (level E-1V)
showed no evidence that the Aa genotype affected BMD.
There were no cohort studies that examined the effect of the
Apal polymorphism on BMD.

3.3. FokI. A total of 8 articles (level E-IV) studying the asso-
ciation of the FokI genotype with BMD were found; of the 8
articles, 6 articles reported evidence of an effect, but 2 articles
showed no evidence of an effect on BMD (Table 3). There
were several articles supporting the association between the ff
genotype and BMD (6 articles showed an effect, whereas 2
articles did not find a relationship). We did not find any article
that showed that the Ff and FF polymorphisms affected
BMD. However, we found 2 articles rejecting such evidence
(case-control studies).

3.4. Tagql . A total of 9 articles studying the effect of the Tagl
polymorphism on BMD were found; 7 articles reported
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TaBLE 1: Distribution of studies by the level of evidence and the effect of the BsmI polymorphism.

Level of BsmlI polymorphism
evidence Genotype bb Genotype Bb Genotype BB
ypP yP YP
Low values of BMD at femoral head
E-I [20] and low BMD values in spine
%
[21].
[ ;\310;;1{1:563]11 TZV?;;];/[I\I/I)DVL}E::; No influence on BMD values No influence on BMD values
C-Cc* fore;lrm [ 22] and hich incidence [33, 43-45] and high incidence of ~ [33, 43-45] and high incidence of
of oste’oporosigs 23] osteoporosis [24]. osteoporosis [24].
E-Iv Low BMD values in spine [27, 28],
cb Low BMD values in trochanter low BMD levels in spine with low

[26]. calcium intake [29], and high
incidence of osteoporosis [30].

?Case-control; ®cohort.

TaBLE 2: Distribution of studies by the level of evidence and the effect of the Apal polymorphism.

Level of Apal polymorphism

evidence Genotype aa Genotype Aa Genotype AA

E-I Low BMD values in spine [21].
No influence on BMD values No influence on BMD values sus\g;eili(l?i’lictor‘ltge;st:i)w;tr}ésis

E-IV C-C* [24, 33, 43] and low BMD values P Y P

in forearm [22].

[24, 33, 43]. [33, 45] and no influence on BMD

values [24, 43].

?Case-control; ®cohort.

evidence of such an effect, whereas 2 articles did not show an
effect. All of the articles were included in level E-IV. Several
studies showed that the #t genotype affected BMD; 3 of the
articles showed an effect, whereas 2 studies did not show an
effect (Table 4). The literature also supported an association
between the TT genotype, the Tt genotype, and BMD. Two
articles showed that the TT genotype affected BMD, whereas
2 did not show an effect; all of the articles were case-control
studies. One article showed that the Tt genotype had an effect
on BMD, whereas 2 studies did not show an effect.

3.5. Interactions. Although some studies did not show evi-
dence of an effect of the aforementioned polymorphisms on
BMD, they did report an effect on their interactions. We
observed that the haplotypes AaBb and BBAAtt and homozy-
gote bAT conferred an increased risk of osteoporosis
(Table 5). They also conferred low BMD values for the
femoral neck, whereas the haplotype BbaaTT conferred a
protective effect. These studies were found in level E-IV.

4. Discussion

Osteoporosis is a disease with a genetic basis and an unknown
aetiology. There is, however, evidence demonstrating the im-
portance of age, lifestyle, gene interaction, and environmental
conditions in the development of the disease [17]. Vitamin D
plays an important role in calcium homeostasis, bone meta-
bolism, and intestinal calcium absorption. VDR regulates the
transcription of other genes (e.g., calcium-binding protein

and osteocalcin) that are vital for calcium absorption and
bone formation.

Our study uncovers scientific evidence in the literature
(mainly in levels E-I and E-IV) that the BsmI polymorphism
affected BMD. The polymorphism was associated with de-
creased BMD levels in each of the body areas studied (prin-
cipally the femoral neck and spine), and there is an increased
incidence of this genotype in patients with osteoporosis [20-
30]. In general it seems that a lower BMD was observed in the
BB homozygotes compared to heterozygotes [20], and there
was an association between the homozygous bb genotype and
high BMD values [29, 30]. In other studies in women, the bb
genotype has been associated with high calcium absorption in
low calcium intake situations, compared to the BB genotype
[31]. With low calcium intake, the presence of the B allele
increased the risk of osteoporosis by 118%. Meanwhile, the
presence of the t allele increased the risk of osteoporosis by
132% [29]. These associations remained constant even after
adjusting for age, weight, and size. Smaller studies on samples
from postmenopausal Caucasian women also confirmed the
results regarding the effect of both the BsmI and Tagl poly-
morphisms [24]. The alleles of the VDR gene are hypothesised
to function differently and contribute to the physiologically
diverse levels of osteocalcin (the most abundant noncollage-
nous bone protein) because the expression of osteocalcin is
induced by calcitriol through VDR [32]. The functional dif-
ference between the VDR alleles caused by the presence of the
polymorphism differentially regulated the transcriptional of
the osteocalcin gene. Additionally, these polymorphisms have
also been associated with bone remodelling; women with the
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TaBLE 3: Distribution of studies by the level of evidence and the effect of the FokI polymorphism.
Level of FokI polymorphism
evidence Genotype ff Genotype Ff Genotype FF
Low BMD values in spine [35].
a Lower‘ Val}les of BMD in hip, No influence on BMD values No influence on BMD values
C-C after adjusting for age and body (24, 43] 24, 43]
mass index [33] and no influence > >

E-IV

on BMD values [24, 43].

Low BMD values in spine
ch [36, 37, 39]. High incidence of
osteoporosis [30, 39].

®Case-control; ®cohort.

TaBLE 4: Distribution of studies by the level of evidence and the effect of the Tagl polymorphism.

Level of Tagl polymorphism
evidence Genotype tt Genotype Tt Genotype TT
Low BMD values in spine [38] High risk of osteoporosis in
c.c and no influence on BMD values No influence on BMD values postmenopausal women [34], low
33, 43] [33, 43]. BMD values in forearm [22], and no
E-IV »o influence on BMD values [33, 43].

Low BMD levels in spine with
cb low calcium intake [29] and high
incidence of osteoporosis [30].

Low BMD values in spine [26].

?Case-control; ®cohort.

TaBLE 5: Distribution of studies by the level of evidence and the
related interactions within VDR gene polymorphisms.

Level of
evidence

Interaction of haplotypes on the VDR
gene polymorphisms

AaBb confers an increased risk of
osteoporosis [17], BBAAtt confers a
higher risk of osteoporosis [41], and

BbaaTT confers a protective effect against
osteoporosis [41].

c-c*
E-IV

bAT homozygote confers low BMD

b
c values for the femoral head [36].

2Case-control; ®cohort.

BB genotype have reduced lumbar bone mass compared to
those with the bb genotype. Additionally, the women with the
BB genotype experienced accelerated bone remodelling with
increased bone resorption, higher observed degradation of
collagen type I, and increased calcitriol and phosphate values.
These observed phenomena produce long-term mineral loss
from the skeleton and low BMD.

There were fewer studies that met the inclusion criteria
proposed in our study for the BsmI polymorphism compared
to the Apal polymorphism in levels E-I and E-IV. In general
and particularly in a study positioned at level E-I, higher
BMD was observed in the postmenopausal women who were
Aa heterozygotes [20]. In contrast, lower BMD was observed
in the individuals with the AA genotype [20, 30]. These results
are similar to some previous studies in Finnish and Lebanese
populations but are different from results reported in previ-
ous meta-analysis. There are several possible explanations for

these differences: there are differences in allelic frequencies
of the BB and AA genotypes, as there are much lower fre-
quencies in Asians than in Caucasians according to HapMap,
and ethnic differences may affect genetic susceptibility to the
disease [20].

There are several studies on the FokI and Tag! polymor-
phisms, that prove the association between VDR and BMD
(22, 26, 27, 29, 30, 33-38]. The data supporting this associa-
tion were found to be in level E-IV, whereas none were iden-
tified in level E-I. The FokI polymorphism, resulting from
a'T/C transition in exon 2, created a new start codon (ATG) in
the VDR gene. The changes in the DNA sequences encoding
Vitamin D receptor proteins may indicate functional conse-
quences; for example, the FokI polymorphism extends the
protein by three amino acids and can affect the activity of
Vitamin D3 receptor [33]. In most of the identified scientific
studies, the ff genotype was associated with alower BMD [30,
33, 39] and a high prevalence of osteoporosis; the cause of the
latter association is still under debate [33]. Some studies sug-
gest the possibility that the FokI polymorphism influenced
spongy bone tissue, which is more evident in the lumbar
segment of the spine than in the neck of the femur [36]. Vita-
min D has been used in antiresorptive therapies as the non-
hypercalcemic analogues of 1,25-dihydroxyvitamin D. Vita-
min D increased the response to estradiol levels and to the
decrease in oestrogens used to treat osteoporosis in post-
menopausal women. Thus, increases in bone mass after
hormone replacement therapy were significantly associated
with the TT genotype [40].

The associations of the different polymorphisms have also
been studied. The haplotype BBAAtt has been described as a
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risk factor for osteoporosis; the haplotype BbaaTT has been
described as a protective factor in Spanish populations [41].
The haplotype combination AaBb conferred a fivefold greater
risk when clinical parameters such as body mass index (BMI)
were adjusted. Accordingly, studies suggest that candidate
genes affecting metabolic parameters as well as BMI can alter
the risk of osteoporosis [17]. An investigation of 75 analysed
studies on VDR gene polymorphisms and BMD concluded
that these polymorphisms were significantly associated with
BMD. Additionally, the investigation concluded that the
genotypic effect was more prominent in premenopausal
women than in postmenopausal women [42].

The VDR gene regulates the transcription of target genes
(e.g., calcium-binding protein and osteocalcin) that are cru-
cial for calcium absorption and bone formation. The mecha-
nism by which the VDR gene affects BMD remains unknown.
In addition, polymorphisms in the VDR gene and other genes
and pathways, such as the oestrogen signalling pathway, Wnt/
B-catenin, transforming growth factor superfamily, and the
activating receptor of the nuclear factor kB (RANK) signall-
ing pathway, can affect BMD and regulate the effect of the
VDR gene polymorphisms on BMD. One of the current and
most probable reasons might be varying hormone levels,
which can influence the effect of the VDR gene polymor-
phisms on BMD.

In addition, environmental factors such as diet, physical
activity, smoking, and alcohol consumption have been
proven to influence BMD and osteoporosis. Therefore, these
gene-environment factors may act as confusing elements that
affect the association between VDR polymorphisms and
BMD [20]. However, different genotypes may also have
diverse effects on different parts of the skeleton. This might
explain why several studies did not find an association bet-
ween VDR polymorphisms and BMD [26].

This study has several limitations because it was per-
formed on a limited sample of studies on postmenopausal
women. Hence, our findings cannot be generalised to specific
populations, geographiclocations, or different age subgroups.
Parallel research on large-scale familial studies of postmeno-
pausal women and younger individuals can help to clarify the
exact role of genetic markers (including VRD alleles) on bone
mass loss.

5. Conclusion

From our comprehensive survey of the current available lit-
erature it can be concluded that VDR polymorphisms do not
appear to directly confer any significant BMD benefit. Indeed,
no definite conclusions can be made regarding the association
of Bsml, Apal, Fokl, and Taql polymorphism with BMD
among postmenopausal women. These findings show the im-
portance of establishing suitable criteria, including genetic
epidemiologic, phenotypic, and clinical criteria, to improve
quality control of study design and methods in genetic studies
related to VDR gene polymorphism and BMD. Based on these
criteria, larger and more rigorous analytical studies with con-
sideration of gene-gene/environment interactions are needed
to further dissect the mechanisms by which VDR alleles influ-

ence BMD and interact with the other genetic and environ-
mental factors.
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