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Abstract Associations of the FokI, BsmI, ApaI, and TaqI 
polymorphisms of the vitamin D receptor (VDR) gene with 
the bone mineral density (BMD) of the lumbar part of the 
spinal column (BMD LS) and the neck of the femur (BMD 
FN), and with the occurrence of fractures, were studied 
using the polymerase chain reaction (PCR) and restriction 
fragment length polymorphism (RFLP) analysis on DNA 
isolated from peripheral blood of 239 women and 40 men 
from the region of western Poland. Three polymorphisms 
of the 3′ end of the VDR gene (BsmI, ApaI, TaqI) indicated 
a strong linkage disequilibrium. Association analysis of the 
VDR gene FokI polymorphism with BMD LS showed a 
dose effect of allele f. The association of the bAT haplotype 
of the BsmI, ApaI, and TaqI polymorphisms of the VDR 
gene with BMD FN was statistically signifi cant. The asso-
ciation of the ApaI polymorphism with the occurrence of 
fractures was observed. Associations were also observed 
between the occurrence of fractures and the baT haplotypes 
of the VDR gene.
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Introduction

Osteoporosis affects nearly 40% of women and 12% of men 
(data for the USA) [1,2], and the resulting fractures, which 
entail long treatment, frequently end in permanent disabil-

ity. In cases of fracture of the neck of the femur, it may even 
lead to death caused by secondary changes in the vascular 
system [3,4]. Care of patients with fractures is diffi cult and 
expensive. Bone fractures are not generally associated with 
serious trauma, but occur as a result of ordinary daily activi-
ties and worsening bone quality [5]. The disease usually 
develops over many years before the bone is weakened and 
can no longer carry normal loading.

Numerous studies have demonstrated that a high pro-
portion (up to 85%) of genetic factors are involved in 
changes in the bone mineral density (BMD) [6–18]. One of 
the most frequently investigated genes is the vitamin D 
receptor (VDR) gene, but investigations carried out in dif-
ferent populations yielded contradictory results [19–38].

The aim of this investigation was to analyze the associa-
tions of the FokI, BsmI, ApaI, and TaqI polymorphisms of 
the VDR gene with the BMD of the lumbar part of the 
spinal column (BMD LS) and the neck of the femur (BMD 
FN), and with the occurrence of fractures in a group of 239 
women and 40 men from the region of Western Poland. 
Polymorphism FokI ( fF or Mm), c.2T > C, results in T > C 
transition in codon 1 and a shortening of the protein by 3 
amino acids. Polymorphisms BsmI (bB), 1024 + 283G > A, 
and ApaI (aA), 1025 − 49G > T, are located in intron 8, 
while silent polymorphism TaqI (Tt), c.1056T > C, is located 
in exon 9 (Ile > Ile).

Materials and methods

Patients examined and control group

The experimental material comprised DNA isolated from 
peripheral blood of 304 consecutive subjects from the region 
of western Poland, who were treated in the Department of 
Family Medicine of the University of Medical Sciences at 
Poznan. The clinical data included the bone mineral density 
of the neck of the femur, the bone mineral density of the 
lumbar part of the spinal column (L1–L4), information 
from the patients and their medical records about the 
absence or occurrence of fractures, age at densimetric 
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examination, height, and body weight. The densimetric 
examinations involved dual-energy X-ray absorptiometry 
(DEXA). People suffering from diseases which infl uence 
the bone mineral density, such as hyperthyroidism, rheuma-
toid joint infl ammation, endocrine and kidney diseases, dis-
orders associated with the pituitary gland after strumectomy, 
etc., were excluded from the investigations. A total of 279 
people (239 women and 40 men) were subjected to the 
investigations, and their clinical data were subsequently 
used to analyze any associations with the occurrence of 
fractures. This group was further subdivided into two 
groups: 163 women (group A) for whom the BMD FN was 
found, and a group of 99 women (group B) for whom the 
BMD LS (L1–L4) was found. Table 1 gives the general 
characteristics of the groups examined. Since data concern-
ing the fracture occurrence (low energy or strong trauma) 
were not available in 25 cases, the means of these parame-
ters were not calculated.

Genotyping

Following the isolation of DNA from the peripheral blood 
by the standard method with guanidinium thiocyanate 
(GTC), the polymerase chain reaction (PCR) was carried 
out in 20 µl with 200 ng genomic DNA, 50 mM KCl, 10 mM 
Tris-HCl (pH 8.3), 1.5 mM MgCl2, 0.25 mM dNTP, 7.5 pmol 
of each primer, and 0.5 units of Taq polymerase (Sigma). 
The reaction was conducted in the following conditions: 
initial denaturation at 94°C for 4 min; denaturation at 94°C 
for 40 s; primer annealing for 40 s; elongation at 72°C for 
100 s; fi nal incubation at 72°C for 180 s. For FokI polymor-
phism of the VDR gene, 267 bp fragment was amplifi ed 
using primers F AGC TGG CCC TGG CAC TGA CTC 
TGC TCT and R ATG GAA ACA CCT TGC TTC TTC 
TCC CTC, and 31 cycles were performed at the annealing 
temperature of 60°C [39]. For BsmI polymorphism, 837 bp 
fragment was amplifi ed at an annealing temperature of 
55°C for 35 cycles using primers F GGC AAC CAA GAC 

TAC AAG TAC C and R TCT TCT CAC CTC TAA CCA 
GCG. For ApaI and TaqI polymorphisms of the VDR gene, 
745 bp fragment was amplifi ed at an annealing temperature 
64°C for 35 cycles using primers F CAG AGC ATG GAC 
AGG GAG CAA and R GCA ACT CCT CAT GGC TGA 
GGT CTC [25]. The PCR product was then subjected to 
restriction fragment length polymorphism (RFLP) analysis 
using the following restriction enzymes: TaqI, restrictase 
TaqI (Fermentas); ApaI, restrictase Bsp120I (Fermentas); 
BsmI, restrictase Mva1269I (Fermentas); FokI, restrictase 
BseGI (Fermentas). All analyses were carried out according 
to the manufacturer’s recommendations, and the products 
of hydrolysis were separated in 1.5% agarose gels.

Statistical analysis

The analysis of the linkage disequilibrium of the polymor-
phisms examined was performed using the Haploview v.3.11 
program [40]. The analysis of the compliance of the distri-
bution of genotypes and haplogenotypes with the distribu-
tion in the Hardy–Weinberg equilibrium was carried out 
with the assistance of the programs available at http://ihg.
gsf.de/cgi-bin/hw/hwa1.pl and the STATISTICA 6.0 (Stat-
Soft). Hardy–Weinberg equilibrium was shown for all the 
polymorphisms and haplogenotypes analyzed.

In order to present the relationships between the bone 
mineral density and the remaining major clinical parame-
ters, i.e., age, body weight, and height, a correlation analysis 
was performed. The association analysis was performed for 
three possible effects: the allele or haplotype dose, the 
recessive activity, or the dominating action. Apart from the 
analysis carried out on the raw (uncorrected) BMD, analy-
ses were also carried out for the BMD corrected against age 
only, or corrected against age, body weight, and height. The 
signifi cance of the differences for age, body weight, height, 
and body mass index (BMI) between groups of different 
genotypes were analyzed using analysis of variance. The 
impact of the allele or haplotype dosage on the bone mineral 

Table 1. Characteristics of the patients and the control groups. For quantitative traits, mean values ± standard deviation are given, with minimal 
and maximal values in parentheses

Characteristics Women with measurements Women with measurements Women and men investigated
 of the bone mineral density of the bone mineral density for associations of
 of the neck of the femur of the lumbar segment of polymorphisms with
 (BMD FN) the spinal column the occurrence of
  (BMD LS) fractures

Women (No.) 163 99 239
Men (No.) – –  40
Age (years)  65.5 ± 9.9 (47.0–89.0)  63.0 ± 9.3 (38.0–84.0) 64.4 ± 10.9 (24.0–89.0)
Body weight (kg)  59.8 ± 10.1 (39.0–95.0)  61.3 ± 9.7 (41.0–95.0) –
Height (m) 1.589 ± 0.057 (1.440–1.730) 1.591 ± 0.063 (1.405–1.720) –
BMI (kg/m2)  23.7 ± 3.9 (16.8–40.6)  24.2 ± 3.7 (17.5–40.6) –
BMD FN (g/cm2) 0.711 ± 0.092 (0.517–1.080) – –
BMD LS (g/cm2) – 0.828 ± 0.143 (0.565–1.306) –
Subjects in FN group (No.) – 71 163
Subjects in LS group (No.)  71 –  99
Subjects in group with fractures (No.) 163 99 –

BMD FN, bone mineral density of the neck of the femur; BMD LS, bone mineral density of the lumbar segment of the spine; BMI, body mass 
index
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density was analyzed by simple regression (raw BMD) or 
by multiple regression (corrected BMD). The impact of the 
effect of recessiveness and dominance on the bone mineral 
density was analyzed by analysis of variance (raw BMD) or 
by analysis of covariance (corrected BMD). In addition, an 
analysis of associations (case-control type) with the occur-
rence of fractures was also performed. The analysis was 
carried out for the following three possible effects of action, 
the allele dose (χ2 Armitage test for trend), and the reces-
sive and dominant action (χ2 Pearson’s and the odds ratio 
at the signifi cant test value χ2). In addition, frequencies of 
alleles were also compared between the groups without and 
with fractures (χ2 Pearson’s and the odds ratio for the risk 
alleles of all polymorphisms). The results were treated as 
statistically signifi cant when P was lower than or equal to 
0.05.

Results

From four polymorphisms of the VDR gene, the polymor-
phisms at the 3′ end of the gene (BsmI, ApaI, TaqI) exhib-
ited a strong linkage disequilibrium with respect to one 
another: D′ ranged from 0.98 to 1.0 (Table 2) forming three 
frequent haplotypes: baT, BAt, and bAT, which jointly rep-
resent nearly 99% of all haplotypes (Fig. 1). The FokI poly-
morphism does not exhibit linkage disequilibrium with the 
polymorphisms of the 3′ end of the VDR gene from which 
it is separated by over 33 kbp; D′ ranged from 0.01 to 0.11.

The presence of three frequent haplotypes allowed the 
determination of haplogenotypes for 276 out of 279 sub-
jects, with very minor errors for a few haplogenotypes. For 
example, the identifi cation of heterozygosity at the geno-
typing for all three polymorphisms may be due to the pres-
ence in a given person of frequent haplotypes baT and BAt, 
or a frequent haplotype bAT and rare haplotype Bat. 
However, the probability of a second case is [2 × frequency 
of the frequent haplotype × frequency of the rare haplo-
type], which in this case equals 2 × 0.126 × 0.002 = 0.000504. 
This means that out of a population of 2000 people in 
Poland, only one person has such a haplogenotype. The 
identifi cation of haplogenotypes for the polymorphisms of 
the VDR gene made it possible to carry out an analysis of 
associations for haplotypes later in the study.

The results of the power calculations are given in Table 
3 as the smallest changes in bone mineral density, the small-
est correlation coeffi cient, or the smallest relative risk for 
which the statistical power is 0.8.

Association analysis of the VDR gene FokI polymor-
phism with the BMD of the L1–L4 (BMD LS) showed the 
dose effect of allele f (Table 4, Fig. 2). In ff homozygotes, 
the BMD value (corrected for age, body weight, and height) 
is lowest, i.e., 0.792 g/cm2, in Ff heterozygotes it reaches 
0.826 g/cm2, while in FF homozygotes it is 0.875 g/cm2, (P = 
0.047). This effect is also visible for the raw BMD data and 
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Fig. 1. Linkage disequilibrium analysis between the FokI, BsmI, ApaI, 
TaqI polymorphisms of the VDR gene using the Haploview v.3.11 
program. a Schematic presentation of the block of polymorphisms in 
a linkage disequilibrium. Values in individual fi elds represent the 
linkage strength as Lewontin’s D′ expressed as a percentage; b haplo-
types in the group examined and their estimated frequency

Table 2. Distance between polymorphisms and the strength of the 
linkage disequilibrium (LD) for the FokI, BsmI, ApaI, TaqI polymor-
phisms of the VDR gene

Polymorphism Distance between Linkage disequilibrium
 polymorphisms (LD)

  r2 Lewontin’s D′

FokI vs. BsmI 33 060 bp 0.0 0.08
FokI vs. ApaI 34 058 bp 0.0 0.01
FokI vs. TaqI 34 138 bp 0.01 0.11
BsmI vs. ApaI    998 bp 0.58 0.98
BsmI vs. TaqI  1 078 bp 0.95 1.0
ApaI vs. TaqI    80 bp 0.57 0.99

a b

Fig. 2. Comparison of the bone mineral density (BMD) between 
groups of women with a different genotype for the FokI polymorphism 
of the VDR gene. a BMD of the lumbar segment of the spinal column. 
b BMD of the neck of the femur. These diagrams give the results of 
the analysis for allele dose (multiple regressions). The BMD was 
corrected against age, body weight, and height. Error bars represent 
95% confi dence intervals
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Table 3. Results of statistical power tests. The results for individual polymorphisms and haplotypes are presented as the minimal difference of 
the parameters analyzed, for which the power of the statistical tests equals 0.8. For the dose effect, the minimal deviation of the correlation 
coeffi cient from value 0 is given. For domination and recessiveness effects, the minimal difference in the BMD between the groups analyzed is 
given. In cases where an analysis of the minimal relative risk of an association with the occurrence of fractures was provided, its value exceeded 
1. In cases where haplotypes were also given a maximal relative risk value, the value was lower than 1. The lack of a value in one of the fi elds 
for the VDR bAT haplotype is due to the small number in the group analyzed

Polymorphisms 
or haplotype 
analyzed

Bone mineral density Occurrence of fractures

Allele dose effect (“min” 
correlation coeffi cient)

Dominance – recessiveness 
0 + 1 vs 2 (min BMD
differences in g/cm2)

Dominance – recessiveness 
0 vs 1 + 2 (min BMD
differences in g/cm2)

Association for allele 
frequency (min relative 
risk, and by haplotypes 
max and min relative 
risk)Neck of 

the 
femur

Lumbar segment 
of the spinal 
column

Neck of 
the 
femur

Lumbar segment 
of the spinal 
column

Neck of 
the  
femur

Lumbar 
segment of the 
spinalcolumn

VDR FokI ±0.219 ±0.280 ±0.042 ±0.092 ±0.043 ±0.960 2.105
VDR TaqI ±0.219 ±0.280 ±0.054 ±0.110 ±0.038 ±0.078 2.262
VDR ApaI ±0.219 ±0.280 ±0.044 ±0.086 ±0.045 ±0.092 2.105
VDR BsmI ±0.219 ±0.280 ±0.038 ±0.080 ±0.054 ±0.110 2.242
VDR baT ±0.220 ±0.281 ±0.044 ±0.087 ±0.045 ±0.091 0.474, 2.111
VDR BAt ±0.220 ±0.281 ±0.054 ±0.114 ±0.038 ±0.080 0.441, 2.091
VDR bAT ±0.220 ±0.281 ±0.799 – ±0.044 ±0.103 0.232, 2.55
ESR1 px ±0.219 ±0.280 ±0.044 ±0.10 ±0.042 ±0.083 0.477, 2.111
ESR1 PX ±0.219 ±0.280 ±0.070 ±0.123 ±0.038 ±0.082 0.437, 2.088
ESR1 Px ±0.219 ±0.280 ±0.137 ±0.399 ±0.041 ±0.084 0.268, 2.438

for the data corrected for age only (Table 4). However, 
there is no association of this polymorphism with the BMD 
in the neck of the femur (BMD FN) (Fig. 2). No signifi cant 
associations were found for the TaqI, ApaI, BsmI polymor-
phisms of the VDR gene with BMD FN or BMD LS.

Association analysis with BMD FN and BMD LS for the 
three most frequent haplotypes of the VDR gene was also 
performed. The results obtained were statistically signifi -
cant for an association of the bAT haplotype of the BsmI, 
ApaI, and TaqI polymorphisms of the VDR gene with 
BMD FN. The effect of the bAT haplotype dose was found 
(Fig. 3). For homozygous bAT women, the lowest mean 
BMD of the neck of the femur was 0.671 g/cm2, in the case 
of heterozygotes with only one copy of the bAT haplotype, 
the BMD reached 0.686 g/cm2, whereas in homozygotes 
without the bAT haplotype it was 0.719 g/cm2 (P = 0.031). 
This effect is not signifi cant for the raw BMD data or for 
the BMD corrected for age only. For this haplotype, it is 
also possible to see the effect of domination irrespective of 
whether the BMD is raw or corrected. Women with haplo-
type bAT on one or both chromosomes have a lower BMD 
(0.685 g/cm2, corrected for age, body weight, and height) 
than women without this haplotype (0.719 g/cm2) (P = 
0.031). However, the effect of the bAT haplotype is not 
visible in the lumbar segment of the spinal column, where 
the trend is reversed (Fig. 3).

An analysis of associations (case-control type) was per-
formed with the occurrence of fractures for the polymor-
phisms of the VDR genes examined. An association of the 
ApaI polymorphism with the occurrence of fractures was 
observed. This association was linked with the effect of 
recessiveness for the a allele. Fractures occurred in nearly 
41% of people with the aa genotype, and in only 29% and 
26.6% of subjects with the AA and Aa genotype, respec-

tively, which corresponds with the following odds ratio: OR 
= 1.83; P = 0.034 (Fig. 4). No signifi cant association was 
found for the remaining polymorphisms.

An analysis of association (case-control type) was per-
formed with the occurrence of fractures for the 3 most 
frequent haplotypes of the VDR gene. Associations were 
observed with the occurrence of fractures with the baT 
haplotypes of the VDR gene. This effect is linked with the 
association presented earlier of the allele a of the ApaI 

a b

Fig. 3. Comparison of the BMD between groups of women with a dif-
ferent number of copies of the bAT haplotype of polymorphisms of 
the 3′end VDR gene. a BMD of the neck of the femur; b BMD of the 
lumbar segment of the spinal column. These diagrams give the results 
of the analysis for haplotype dose (multiple regressions). The BMD 
was corrected against age, body weight, and height. Error bars repre-
sent 95% confi dence intervals
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polymorphism of the VDR gene which constitutes part of 
the baT haplotype. The recessive effect is also visible in this 
case. Among subjects homozygotic for the baT haplotype, 
people with fractures constitute 41.4% of the group com-
pared with 26.5% and 28.6% in the group of subjects with 
one or without the baT haplotype, respectively, which cor-
responds to the following odds ratio: OR = 1.9; P = 0.026 
(Fig. 5). No signifi cant associations were found for the 
remaining haplotypes. When analyzing haplogenotypes, 
precisely the same association with the baT baT haplogeno-
type is apparent (Table 5).

Discussion

Research concerning diseases with a complex, multifacto-
rial background, such as osteoporosis, have been aimed at 
establishing both the environmental factors and the genetic 
background affecting disease development. Early detection 
of a genetic predisposition to osteoporosis should allow 
appropriate prophylaxis, and delay and/or limit unfavour-
able changes in the bone tissue. The examination of several, 
or perhaps even several, hundred, polymorphic sites would 
give a relatively accurate picture of susceptibility, and at the 
same time allow effective genotype-adjusted prevention. 
Polymorphisms of the vitamin D receptor gene (VDR) have 
been widely investigated in various populations. The fi rst 
investigations regarding its associations with osteoporosis 
were carried out in 1994 on an Australian population of 
European origin [19]. The widespread interest in the VDR 
gene is due primarily to the signifi cant impact of vitamin D 
on calcium take-up. Shortages of vitamin D lead to hypo-
calcemia caused by reduced absorption of calcium. In 
addition, the vitamin stimulates calcium resorption in the 
kidneys, and increases calcium release from bones via the 
induction of the expression of the osteoclast differentiation 
factor RANKL in osteoblasts [41]. The most commonly 
analyzed polymorphisms of the VDR gene in other popula-
tions were also selected for this investigation: FokI, TaqI, 
ApaI, and BsmI. The FokI polymorphism elongates protein 
by three amino acids, and may affect the activity of the 
vitamin D3 receptor [42,43].

Measurements of the BMD FN or BMD LS or both 
were performed for the majority of the 279 subjects in 
our group. The results of genotyping of all subjects, irre-
spective of their sex, were used for an analysis of the asso-
ciations with the occurrence of fractures. The investigations 
included 163 people for FN and 99 people for LS. Women 
for whom BMD measurements were carried out in the areas 
of both the FN and the LS were included in both groups. 
Since age, body weight, and height exert a signifi cant infl u-
ence on BMD, as well as the analysis of the associations for 
the raw (uncorrected) BMD, we also carried out an analysis 
for the BMD corrected in relation to age, as well as the 
BMD corrected simultaneously for age, body weight, and 
height.

In the case of the VDR gene, a strong linkage disequi-
librium was found for the polymorphisms at the end of 3′ T
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a b

Fig. 4. Graphic representation of the results of the analysis 
of the association of the ApaI polymorphisms of the VDR 
gene with the occurrence of fractures. a The occurrence of 
fractures relative to the ApaI polymorphism genotype. The 
top diagram shows the results of the analysis for the allele 
dose effect (χ2 for the trend) and for the recessive effect of 
the a allele (χ2 Pearson’s and odds ratio (OR)). b The fre-
quency of the alleles of the ApaI polymorphism in the 
groups of subjects without and with fractures. No. of Chr, 
number of chromosomes

a b

Fig. 5. Graphic representation of the results of the analysis 
of the association of the baT haplotype of the polymor-
phisms of the 3′end VDR gene with the occurrence of frac-
tures. a Occurrence of fractures relative to the number of 
copies of the baT haplotype. The top diagram shows the 
results of the analysis for the haplotype dose effect (χ2 for 
the trend) and for the recessive effect of the baT haplotype 
(χ2 Pearson’s and OR). b Frequency of the baT haplotype 
in comparison with the frequency of the remaining haplo-
types in the groups of subjects without and with fractures

Table 5. An analysis of the association of haplogenotypes of the 3′ end polymorphisms of the VDR gene with the occurrence of fractures. The 
percentage of patients with fractures relative to the total number of patients with a given genotype is shown. Haplogenotypes BAt Bat, bAT 
BAT, and baT BaT were omitted in the statistical analysis because of the lack of patients with fractures for those haplogenotypes

Number of patients and percentage of 
patients with fractures relative to the 
total number of patients with a given 
genotype

χ2 analysis for a given genotype against the sum of 
other genotypes

Patients without 
fractures

Patients with 
fractures

n n n (%)

Polymorphisms of the 3′ end 
 of the VDR gene

191 85 df = 1

Haplogenotype 
 BAt BAt 42  32 10 (23.8%) χ2 = 1.14 P = 0.286
 BAt bAT 19  11  8 (42.1%) χ2 = 1.22 P = 0.269
 baT BAt 98  71 27 (27.6%) χ2 = 0.75 P = 0.386
 bAT bAT  6  4  2 (33.3%) χ2 = 0.02 P = 0.892
 bAT baT 37  28  9 (24.3%) χ2 = 0.84 P = 0.359
 baT baT 70  41 29 (41.4%) χ2 = 4.97 P = 0.026 OR = 1.9 (1.08–3.34)
 BAt Bat  1  1  0  (0.0%)
 bAT BAT  2  2  0  (0.0%)
 baT BaT  1  1  0  (0.0%)

χ2 Pearsons χ2 = 6.96 df = 5 P = 0.224

gene, BsmI, ApaI, and TaqI. The FokI polymorphism, 
which is located over 33 kbp upstream from the BsmI, ApaI, 
and TaqI polymorphisms, fails to show linkage disequilib-
rium. These results are consistent with investigations carried 
out for the Danish population [24]. The association is full 

(D′ = 1.0) for the BsmI and TaqI polymorphisms, since the 
r2 coeffi cient in this case is 0.95. With some exceptions, the 
b allele of the BsmI polymorphism occurs with the T allele 
of the TaqI polymorphism. In the case of the ApaI poly-
morphism, the linkage is weaker: D′ = 0.99 in relation to 
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TaqI and D′ = 0.98 against BsmI. However, in this case, it 
is not possible to determine the allele of the ApaI polymor-
phism accurately on the basis of knowledge of only the 
allele of TaqI or BsmI polymorphism: r2 = 0.57 and 0.58, 
respectively. The three haplotypes of polymorphisms at the 
end of 3′ of the VDR gene occurring most frequently in the 
population examined include baT, BAt, and bAT. Together, 
they make up nearly 99% of all haplotypes. These results 
are in agreement with the fi ndings for other European 
populations [44–46]. On the other hand, in the case of Asian 
populations, the most frequent haplotypes include baT, 
bAT, and BaT [46].

Each polymorphism and haplotype was examined with 
respect to the association with BMD FN and BMD LS, as 
well as with the occurrence of fractures. Statistically signifi -
cant associations were discovered for the FokI and ApaI 
polymorphisms, and for the bAT and baT haplotype of the 
VDR gene. We observed the f allele dose effect of the FokI 
polymorphisms of the VDR gene on the BMD LS. Women 
with the ff genotype have the lowest BMD, those with the 
Ff an intermediate BMD, and those with the FF homozy-
gote the highest BMD, irrespective of the analysis of the 
raw BMD, corrected for age only or corrected jointly for 
age, body weight, and height. However, the effect is not 
visible for the BMD of the neck of the femur. The observed 
association of the FokI polymorphism with the bone mineral 
density in the lumbar segment of the spinal column only 
is consistent with the results obtained for the Caucasian 
American population and the American population of 
Mexican origin, as well as the Taiwanese and Italian popu-
lations [39,47–49]. The association of the f allele with the 
lowest BMD of the lumbar segment of the spinal column 
was also reported in the Japanese population [42]. However, 
in those investigations, the BMD of the neck of the femur 
was not measured. It is possible that the FokI polymor-
phism exerts an infl uence on the spongy bone tissue which 
is more evident in the lumbar segment of the spinal column 
than in the neck of the femur. However, this assumption is 
not confi rmed by investigations carried out on a Danish 
population and some American subjects from the Boston 
area, where the association was apparent for the neck of the 
femur and much less so (statistically nonsignifi cant) for the 
lumbar segment of the spinal column [50,51]. On the other 
hand, many investigations have failed to confi rm the exis-
tence of the association of this polymorphism with the bone 
mineral density [24,31,33,52–54]. Such contradictory results 
between different populations, and even within the same 
population reported in different papers, may be due to envi-
ronmental factors. An example is provided by a study of a 
Danish population where they reported that the impact of 
the FokI polymorphism was dependent on the body weight 
index (BMI) [50]. The association of the f allele with the 
lowest BMD was visible in very slim women only (BMI < 
25 kg/m2). The signifi cance of the f allele association with 
the lower BMD L1–L4 in this study is weakened by a 
reverse trend which becomes apparent when analyzing the 
association of the FokI polymorphism with fractures. In this 
case, the risk allele is the F allele, which occurs more fre-
quently in people with fractures.

Another observed association concerned the bAT hap-
lotype of the BsmI, ApaI, and TaqI polymorphisms of the 
VDR gene with the lower bone mineral density of the neck 
of the femur. Both the impact of the haplotype dose and 
the effect of the domination of this haplotype are apparent. 
The impact of the haplotype dose is evident only for the 
BMD FN corrected in relation to age, body weight, and 
height. On the other hand, the effect of the domination is 
signifi cant for both the raw as well as the corrected BMD. 
This fi nding is in agreement with that from a large Dutch 
population, where the association of the bAT haplotype 
with lower BMD FN was reported [34]. However, the asso-
ciation of this haplotype is not visible for the BMD LS. A 
stronger impact of the polymorphism effect of the 3′ end of 
the VDR gene on the mineral density of the neck of the 
femur was also observed among young white women in a 
Canadian population, where subjects with the bAT bAT 
haplogenotype have the lowest BMD FN [38].

In the analysis of fractures, an association with the baT 
haplotype was observed. The same effect was found for the 
a allele of the ApaI polymorphism, which in the Polish 
population is almost identical with the baT haplotype due 
to a very low frequency of the BaT and Bat haplotypes. 
These results are consistent with those obtained for a Dutch 
population [55]. The baT haplotype shows an association in 
a recessive manner. Subjects with the baT baT haplogeno-
type (or with the aa genotype) are characterized by nearly 
twice as great a risk of fractures than subjects with other 
haplogenotypes. The above-mentioned observations are, to 
a considerable extent, consistent with the results from a 
Greek population [37]. Numerous examples of investiga-
tions can be found in literature which either do not report 
associations, or indicate associations with the B allele [21–
33]. The association of the baT haplotype (or a allele of the 
ApaI polymorphism) with the occurrence of fractures 
appears to be independent of the impact on the BMD. No 
signifi cant infl uence of this haplotype was observed on the 
BMD of the group examined.

In this study, no signifi cant impact of a single polymor-
phism from the 3′ end of the VDR gene on the bone mineral 
density was observed. The haplotype analysis is favorable, 
especially for polymorphisms which do not directly affect 
the activity or expression of the protein product, and act 
only as markers in the linkage disequilibrium with other 
functional polymorphisms. The 3′ end polymorphisms of 
the VDR gene do not change the protein product, and their 
infl uence on the gene expression remains open to discussion 
[56]. The most recent studies performed in Europe with 
26 242 participants, involving the FokI, BsmI, ApaI, and 
TaqI VDR polymorphisms, showed no association with 
BMD or with fractures. The analysis of the Cdx2 promoter 
polymorphism may be associated with risk of vertebral frac-
tures [57]. The inconsistencies in the case of the results for 
the polymorphisms from the 3′ end of the VDR gene can 
be attributed to different linkage disequilibrium in differ-
ent populations, or the infl uence of environmental factors. 
In the Canadian population, interactions were observed 
between the 3′ end polymorphisms of the VDR gene with 
physical activity and calcium intake on the infl uence on the 



  317

BMD [38]. A similar interaction was also observed for 
Caucasian women in the American population with the 
intake of calcium [36] and caffeine [58]. Some interesting 
studies of relationship between polymorphisms in the 
vitamin D receptor and estrogen receptor-α genes and 
BMD, bone mineral content, and markers of bone turnover 
were conducted by Cusack et al. [59] with a group of 224 
Danish girls aged 11–12 years. No signifi cant differences in 
anthropometrical variables, physical activity, and dietary 
calcium among genotype groups were observed. XX and PP 
ERα genotypes were associated (P < 0.05) with reduced 
levels of urinary pyridinium cross-links, whereas serum 
osteocalcin was similar among genotypes. These fi ndings 
suggest that the rate of bone resorption was infl uenced by 
ERα genotypes.

In our study, a statistically signifi cant association was 
observed of the VDR gene polymorphisms and haplotypes 
with the BMD and with the occurrence of fractures. Differ-
ences between the association with the BMD FN, BMD LS, 
and the occurrence of fractures may indicate the existence 
of very specifi c interrelations of individual alleles with a 
given effect. The association of the baT haplotype (or the 
a allele of the ApaI polymorphism) with fractures appears 
to be independent of the impact on the BMD. In preven-
tion, the most important thing is to avoid fractures. It 
appears that in diagnostics, the most effective and advisable 
measure would be an analysis of the presence of the baT 
haplotype of polymorphisms from the 3′ end of the VDR 
gene which, for practical purposes, could be limited to an 
analysis of the a allele presence of the ApaI polymorphism 
only. In order to limit the risk of statistical error, we did 
not carry out association analyses of the BMD with poly-
morphisms depending on the age and body weigh index 
(BMI) of the subjects examined, because further division 
into subgroups would lead to very small experimental 
groups, and an additional risk of the occurrence of sampling 
errors.

Acknowledgment These investigations were supported by grants 
4P05B11715 and 4P05A11218 from the State Committee for Scientifi c 
Research awarded to W.H-S. and R.K.

References

 1. Kanis JA, Melton LJ 3rd, Christiansen C, Johnston CC, Khaltaev 
N (1994) The diagnosis of osteoporosis. J Bone Miner Res 9:
1137–1141

 2. Walker-Bone K, Walter G, Cooper C (2002) Recent developments 
in the epidemiology of osteoporosis. Curr Opin Rheumatol 14:
411–415

 3. Jalava T, Sarna S, Pylkkanen L, Mawer B, Kanis JA, Selby P, 
Davies M, Adams J, Francis RM, Robinson J, McCloskey E 
(2003) Association between vertebral fracture and increased 
mortality in osteoporotic patients. J Bone Miner Res 18:1254–
1260

 4. Browner WS, Pressman AR, Nevitt MC, Cummings SR (1996) 
Mortality following fractures in older women. The study of osteo-
porotic fractures. Arch Intern Med 156:1521–1525

 5. Nguyen T, Sambrook P, Kelly P, Jones G, Lord S, Freund J, 
Eisman J (1993) Prediction of osteoporotic fractures by postural 
instability and bone density. BMJ 307:1111–1115

 6. Pocock NA, Eisman JA, Hopper JL, Yeates MG, Sambrook PN, 
Eberl S (1987) Genetic determinants of bone mass in adults. A 
twin study. J Clin Invest 80:706–710

 7. Dequeker J, Nijs J, Verstraeten A, Geusens P, Gevers G (1987) 
Genetic determinants of bone mineral content at the spine and 
radius: a twin study. Bone 8:207–209

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

 9. Ioannidis JP, Ralston SH, Bennett ST, Brandi ML, Grinberg D, 
et al. (2004) Differential genetic effects of ESR1 gene polymor-
phisms on osteoporosis outcomes. JAMA 292:2105–2114

10. Sano M, Inoue S, Hosoi T, Ouchi Y, Emi M, Shiraki M, Orimo H 
(1995) Association of estrogen receptor dinucleotide repeat poly-
morphism with osteoporosis. Biochem Biophys Res Commun 217:
378–383

11. Gerdhem P, Brandstrom H, Stiger F, Obrant K, Melhus H, 
Ljunggren O, Kindmark A, Akesson K (2004) Association of the 
collagen type 1 (COL1A 1) Sp1 binding site polymorphism to 
femoral neck bone mineral density and wrist fracture in 1044 
elderly Swedish women. Calcif Tissue Int 74:264–269

12. Grant SF, Reid DM, Blake G, Herd R, Fogelman I, Ralston SH 
(1996) Reduced bone density and osteoporosis associated with a 
polymorphic Sp1 binding site in the collagen type I alpha 1 gene. 
Nat Genet 14:203–205

13. Koller DL, Ichikawa S, Johnson ML, Lai D, Xuei X, Edenberg HJ, 
Conneally PM, Hui SL, Johnston CC, Peacock M, Foroud T, Econs 
MJ (2005) Contribution of the LRP5 gene to normal variation in 
peak BMD in women. J Bone Miner Res 20:75–80

14. Langdahl BL, Knudsen JY, Jensen HK, Gregersen N, Eriksen EF 
(1997) A sequence variation: 713-8delC in the transforming growth 
factor-beta 1 gene has higher prevalence in osteoporotic women 
than in normal women, and is associated with very low bone mass 
in osteoporotic women and increased bone turnover in both osteo-
porotic and normal women. Bone 20:289–294

15. Lau EM, Wong SY, Li M, Ma CH, Lim PL, Woo J (2004) Osteo-
porosis and transforming growth factor-beta-1 gene polymorphism 
in Chinese men and women. J Bone Miner Metab 22:148–152

16. Mann V, Ralston SH (2003) Meta-analysis of COL1A1 Sp1 poly-
morphism in relation to bone mineral density and osteoporotic 
fracture. Bone 32:711–717

17. Styrkarsdottir U, Cazier JB, Kong A, Rolfsson O, Larsen H, 
Bjarnadottir E, Johannsdottir VD, Sigurdardottir MS, Bagger Y, 
Christiansen C, Reynisdottir I, Grant SF, Jonasson K, Frigge ML, 
Gulcher JR, Sigurdsson G, Stefansson K (2003) Linkage of osteo-
porosis to chromosome 20p12 and association to BMP2. PLoS Biol 
1:E69

18. Wynne F, Drummond F, O’Sullivan K, Daly M, Shanahan F, 
Molloy MG, Quane KA (2002) Investigation of the genetic infl u-
ence of the OPG, VDR (Fok1), and COLIA1 Sp1 polymorphisms 
on BMD in the Irish population. Calcif Tissue Int 71:26–35

19. Morrison NA, Qi JC, Tokita A, Kelly PJ, Crofts L, Nguyen TV, 
Sambrook PN, Eisman JA (1994) Prediction of bone density from 
vitamin D receptor alleles. Nature 367:284–287

20. Morrison NA, Qi JC, Tokita A, Kelly PJ, Crofts L, Nguyen TV, 
Sambrook PN, Eisman JA (1997) Prediction of bone density from 
vitamin D receptor alleles. Erratum. Nature 387:106

21. Gennari L, Becherini L, Masi L, Mansani R, Gonnelli S, Cepollaro 
C, Martini S, Montagnani A, Lentini G, Becorpi AM, Brandi ML 
(1998) Vitamin D and estrogen receptor allelic variants in Italian 
postmenopausal women: evidence of multiple gene contribution to 
bone mineral density. J Clin Endocrinol Metab 83:939–944

22. Yanagi H, Tomura S, Kawanami K, Hosokawa M, Tanaka M, 
Kobayashi K, Tsuchiya S, Amagai H, Hayashi K, Hamaguchi H 
(1996) Vitamin D receptor gene polymorphisms are associated 
with osteoporosis in Japanese women. J Clin Endocrinol Metab 
81:4179–4181

23. Marc J, Prezelj J, Komel R, Kocijancic A (2000) Association of 
vitamin D receptor gene polymorphism with bone mineral density 
in Slovenian postmenopausal women. Gynecol Endocrinol 14:
60–64

24. Langdahl BL, Gravholt CH, Brixen K, Eriksen EF (2000) 
Polymorphisms in the vitamin D receptor gene and bone mass, 
bone turnover and osteoporotic fractures. Eur J Clin Invest 30:
608–617



318 

25. Francis RM, Harrington F, Turner E, Papiha SS, Datta HK (1997) 
Vitamin D receptor gene polymorphism in men and its effect on 
bone density and calcium absorption. Clin Endocrinol (Oxford) 
46:83–86

26. Hansen TS, Abrahamsen B, Henriksen FL, Hermann AP, Jensen 
LB, Horder M, Gram J (1998) Vitamin D receptor alleles do not 
predict bone mineral density or bone loss in Danish perimeno-
pausal women. Bone 22:571–575

27. Hustmyer FG, Peacock M, Hui S, Johnston CC, Christian J (1994) 
Bone mineral density in relation to polymorphism at the vitamin 
D receptor gene locus. J Clin Invest 94:2130–2134

28. Tsai KS, Hsu SH, Cheng WC, Chen CK, Chieng PU, Pan WH 
(1996) Bone mineral density and bone markers in relation to 
vitamin D receptor gene polymorphisms in Chinese men and 
women. Bone 19:513–518

29. Vandevyver C, Wylin T, Cassiman JJ, Raus J, Geusens P (1997) 
Infl uence of the vitamin D receptor gene alleles on bone mineral 
density in postmenopausal and osteoporotic women. J Bone Miner 
Res 12:241–247

30. Willing M, Sowers M, Aron D, Clark MK, Burns T, Bunten C, 
Crutchfi eld M, D’Agostino D, Jannausch M (1998) Bone mineral 
density and its change in white women: estrogen and vitamin D 
receptor genotypes and their interaction. J Bone Miner Res 
13:695–705

31. Braga V, Sangalli A, Malerba G, Mottes M, Mirandola S, Gatti D, 
Rossini M, Zamboni M, Adami S (2002) Relationship among VDR 
(BsmI and FokI), COLIA1, and CTR polymorphisms with bone 
mass, bone turnover markers, and sex hormones in men. Calcif 
Tissue Int 70:457–462

32. Kubota M, Yoshida S, Ikeda M, Okada Y, Arai H, Miyamoto K, 
Takeda E (2001) Association between two types of vitamin D 
receptor gene polymorphism and bone status in premenopausal 
Japanese women. Calcif Tissue Int 68:16–22

33. Morita A, Iki M, Dohi Y, Ikeda Y, Kagamimori S, Kagawa Y, 
Matsuzaki T, Yoneshima H, Marumo F; JPOS Study Group (2004) 
Prediction of bone mineral density from vitamin D receptor poly-
morphisms is uncertain in representative samples of Japanese 
women. The Japanese Population-based Osteoporosis Study 
(JPOS). Int J Epidemiol 33:979–988

34. Uitterlinden AG, Pols HA, Burger H, Huang Q, Van Daele PL, 
Van Duijn CM, Hofman A, Birkenhager JC, Van Leeuwen JP 
(1996) A large-scale population-based study of the association of 
vitamin D receptor gene polymorphisms with bone mineral density. 
J Bone Miner Res 11:1241–1248

35. Houston LA, Grant SF, Reid DM, Ralston SH (1996) Vitamin D 
receptor polymorphism, bone mineral density, and osteoporotic 
vertebral fracture: studies in a UK population. Bone 18:
249–252

36. Salamone LM, Ferrell R, Black DM, Palermo L, Epstein RS, Petro 
N, Steadman N, Kuller LH, Cauley JA (1996) The association 
between vitamin D receptor gene polymorphisms and bone mineral 
density at the spine, hip and whole body in premenopausal women. 
Osteoporos Int 6:63–68

37. Douroudis K, Tarassi K, Ioannidis G, Giannakopoulos F, Mout-
satsou P, Thalassinos N, Papasteriades C (2003) Association of 
vitamin D receptor gene polymorphisms with bone mineral density 
in postmenopausal women of Hellenic origin. Maturitas 45:
191–197

38. Rubin LA, Hawker GA, Peltekova VD, Fielding LJ, Ridout R, 
Cole DE (1999) Determinants of peak bone mass: clinical and 
genetic analyses in a young female Canadian cohort. J Bone Miner 
Res 14:633–643

39. Gross C, Eccleshall TR, Malloy PJ, Villa ML, Marcus R, Feldman 
D (1996) The presence of a polymorphism at the translation initia-
tion site of the vitamin D receptor gene is associated with low bone 
mineral density in postmenopausal Mexican–American women. 
J Bone Miner Res 11:1850–1855

40. Barrett JC, Fry B, Maller J, Daly MJ (2005) Haploview: analysis 
and visualization of LD and haplotype maps. Bioinformatics 
21:263–265

41. Tsukii K, Shima N, Mochizuki S, Yamaguchi K, Kinosaki M, 
Yano K, Shibata O, Udagawa N, Yasuda H, Suda T, Higashio K 
(1998) Osteoclast differentiation factor mediates an essential 
signal for bone resorption induced by 1 alpha,25-dihydroxyvitamin 
D3, prostaglandin E2, or parathyroid hormone in the micro-

environment of bone. Biochem Biophys Res Commun 246:
337–341

42. Arai H, Miyamoto K, Taketani Y, Yamamoto H, Iemori Y, Morita 
K, Tonai T, Nishisho T, Mori S, Takeda E (1997) A vitamin D 
receptor gene polymorphism in the translation initiation codon: 
effect on protein activity and relation to bone mineral density in 
Japanese women. J Bone Miner Res 12:915–921

43. Jurutka PW, Remus LS, Whitfi eld GK, Thompson PD, Hsieh JC, 
Zitzer H, Tavakkoli P, Galligan MA, Dang HT, Haussler CA, 
Haussler MR (2000) The polymorphic N terminus in human 
vitamin D receptor isoforms infl uences transcriptional activity by 
modulating interaction with transcription factor IIB. Mol Endocri-
nol 14:401–420

44. Colin EM, Uitterlinden AG, Meurs JB, Bergink AP, van de Klift 
M, Fang Y, Arp PP, Hofman A, van Leeuwen JP, Pols HA (2003) 
Interaction between vitamin D receptor genotype and estrogen 
receptor alpha genotype infl uences vertebral fracture risk. J Clin 
Endocrinol Metab 88:3777–3784

45. van der Sluis IM, de Muinck Keizer-Schrama SM, Krenning EP, 
Pols HA, Uitterlinden AG (2003) Vitamin D receptor gene 
polymorphism predicts height and bone size, rather than bone 
density in children and young adults. Calcif Tissue Int 73:
332–338

46. Thakkinstian A, D’Este C, Attia J (2004) Haplotype analysis of 
VDR gene polymorphisms: a meta-analysis. Osteoporos Int 
15:729–734

47. Deng HW, Shen H, Xu FH, Deng HY, Conway T, Zhang HT, 
Recker RR (2002) Tests of linkage and/or association of genes for 
vitamin D receptor, osteocalcin, and parathyroid hormone with 
bone mineral density. J Bone Miner Res 17:678–686

48. Chen HY, Chen WC, Hsu CD, Tsai FJ, Tsai CH (2002) 
Relation of vitamin D receptor FokI start codon polymorphism to 
bone mineral density and occurrence of osteoporosis in postme-
nopausal women in Taiwan. Acta Obstet Gynecol Skand 81:
93–98

49. Gennari L, Becherini L, Mansani R, Masi L, Falchetti A, Morelli 
A, Colli E, Gonnelli S, Cepollaro C, Brandi ML (1999) FokI poly-
morphism at translation initiation site of the vitamin D receptor 
gene predicts bone mineral density and vertebral fractures in 
postmenopausal Italian women. J Bone Miner Res 14:1379–
1386

50. Tofteng CL, Jensen JE, Abrahamsen B, Odum L, Brot C (2002) 
Two polymorphisms in the vitamin D receptor gene: association 
with bone mass and 5-year change in bone mass with or without 
hormone replacement therapy in postmenopausal women: the 
Danish Osteoporosis Prevention Study. J Bone Miner Res 17:
1535–1544

51. Harris SS, Eccleshall TR, Gross C, Dawson-Hughes B, Feldman 
D (1997) The vitamin D receptor start codon polymorphism (FokI) 
and bone mineral density in premenopausal American black and 
white women. J Bone Miner Res 12:1043–1048

52. Ferrari S, Rizzoli R, Manen D, Slosman D, Bonjour JP (1998) 
Vitamin D receptor gene start codon polymorphisms (FokI) 
and bone mineral density: interaction with age, dietary calcium, 
and 3′-end region polymorphisms. J Bone Miner Res 13:
925–930

53. Lucotte G, Mercier G, Burckel A (1999) The vitamin D recep-
tor FokI start codon polymorphism and bone mineral density in 
osteoporotic postmenopausal French women. Clin Genet 56:
221–224

54. Vidal C, Grima C, Brincat M, Megally N, Xuereb-Anastasi A 
(2003) Associations of polymorphisms in the vitamin D receptor 
gene (BsmI and FokI) with bone mineral density in postmeno-
pausal women in Malta. Osteoporos Int 14:923–928

55. Den 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 I alpha1 gene in sus-
ceptibility for fracture. J Bone Miner Res 16:379–385

56. Verbeek W, Gombart AF, Shiohara M, Campbell M, Koeffl er HP 
(1997) Vitamin D receptor: no evidence for allele-specifi c mRNA 
stability in cells which are heterozygous for the Taq I restriction 
enzyme polymorphism. Biochem Biophys Res Commun 238:
77–80

57. Uitterlinden AG, Ralston SH, Brandi ML, Carey AH, Grinberg 
D, et al. (2006) The association between common vitamin D 



  319

recepto r gene variations and osteoporosis: a participant-level 
meta-analysis. Ann Intern Med 145:255–264

58. Rapuri PB, Gallagher JC, Kinyamu HK, Ryschon KL (2001) Caf-
feine intake increases the rate of bone loss in elderly women and 
interacts with vitamin D receptor genotypes. Am J Clin Nutr 
74:694–700

59. Cusack S, Molgaard C, Michaelsen KF, Jakobsen J, Lamberg-
Allardt CJ, Cashman KD (2006) Vitamin D and estrogen recep-
tor-alpha genotype and indices of bone mass and bone turnover in 
Danish girls. J Bone Miner Metab 24:329–336


