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Abstract We examined the association between vitamin D
receptor (VDR) gene FokI polymorphism and bone mineral
density and quantitative ultrasound parameters in Finnish
adolescents. We assessed bone mineral density at the distal
sites of radius and ulna, quantitative ultrasound of the cal-
caneus, serum concentration of 25-hydroxyvitamin D (25-
OHD), calcium intake, physical activity, and BsmI and FokI
polymorphisms of the vitamin D receptor gene in 86 girls and
38 boys aged 14 to 16 years. In girls, FokI polymorphism was
not significantly associated with bone mineral density or quan-
titative ultrasound parameters. In adolescent boys, the Ff
genotype was associated with higher forearm BMD and calca-
neal ultrasound values, when adjusted for body and bone size,
BsmI polymorphism, calcium intake, vitamin D status, smok-
ing, and physical activity.
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Introduction

Twin studies and parent–offspring studies have shown
that genetic predisposition explains a significant amount
of the variance in peak bone mass, and broadband ultra-
sound attenuation (BUA) and hip axis length have a
strong genetic component independent of bone mineral
density (BMD) [1–4]. Peak bone mass is an important
determinant of the risk for osteoporosis and susceptibil-
ity to fractures later in life [5], and genetic susceptibility
to osteoporosis has been suggested to be already detect-
able in early childhood [6]. The genes regulating the
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genetic effects on bone mass acquisition have not been
determined, and bone gain in adolescence is also influ-
enced by several hormonal and lifestyle factors that are
in complex interaction with genetic control of peak
bone mass.

Morrison et al. were the first to report that the BsmI
polymorphism of the vitamin D receptor (VDR) gene is
responsible for part of the genetic effect on peak bone
mass [7]. Subsequent studies of the role of VDR poly-
morphism in the regulation of bone mass have produced
rather modest results [8]. At a young age the differences
in bone mass are likely to be more genetic in origin,
with age and lifestyle factors playing a less important
role. Nevertheless, most of the studies of the genetic
regulation of bone mass have been done on adult and
elderly women. Some studies on younger subjects have
indicated an association of BsmI, ApaI, and TaqI
polymorphisms of the VDR gene with BMD [9,10],
but contradictory results have also been published
[11,12].

FokI polymorphism at the translation initiation site in
exon 2 of the VDR gene causes a change in the length of
the receptor protein and is therefore a potential regula-
tor of bone and calcium metabolism. Some evidences
suggest that the shorter receptor protein (F allele) may
play a more active role in the VDR responsive gene
expression because it interacts more efficiently with the
transcriptional factor IIB compared to the full-length
receptor protein (f allele) [13,14]. Some studies have
found a relationship between BMD and FokI polymor-
phism [14–22], but several others have not reported
any such association [23–27]. FokI polymorphism is
suggested to predict calcium absorption and BMD in
children aged 7–12 years [28].

In Finland, the association between BsmI polymor-
phism and BMD has been studied in young adults and
premenopausal and postmenopausal women [29–33].
Viitanen et al. have reported a significant association
between BsmI polymorphism of the VDR gene and
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BMD in young adult Finns (n � 75, age 20–29) [29], but
other Finnish studies on VDR polymorphism and BMD
have not shown any significant results. In the present
study we have examined VDR gene polymorphism and
BMD, quantitative ultrasound, and calcium metabolism
in adolescent Finnish girls and boys. In our study,
we also considered the regulatory effects of lifestyle
factors on the association between VDR genotypes and
BMD.

Materials and methods

Subjects

The subject group consisted of 38 healthy boys and 86
girls who had been enrolled in a study on determinants
of bone and calcium metabolism in 1997 [34]. The
principals of the largest comprehensive schools in the
Helsinki area were contacted for the permission to visit
the school and give information about our study. We

visited schools and explained the study protocol to
pupils at the highest level classes. Participation in the
study was voluntary, and written informed consent was
obtained from the adolescents, their parents, and the
school authorities. The research personnel measured
BMD and collected blood and urine samples, food dia-
ries, and questionnaires at the school building. The sub-
jects were Finnish from their genetic background and
were 14–16 years old at the time of the data collection.
All the participants were healthy, with no medications
or known conditions affecting bone health. The Com-
mittee of Human Studies at the University of Helsinki
approved the study design. We decided to analyze girls
and boys as separate groups because we did not mea-
sure the phase of puberty. The marked difference in
peak bone mass accretion between girls and boys [35]
could confound the results if the data for girls and boys
were analyzed together. The growth velocity of girls had
decelerated by this age, but the boys were still growing
rapidly (Tables 1, 2).

Table 1. Background characteristics of the girls with respect to VDR genotypes

P value
Characteristic FF Ff ff (ANOVA)

n (%) 36 (42) 34 (39.5) 16 (18.5) —
Age (years) 14.8 (0.6) 14.7 (0.6) 14.6 (0.5) 0.6
Height (cm) 165 (6.5) 166 (4.5) 164 (5.6) 0.5
Weight (kg) 56.0 (9.5) 55.3 (6.3) 53.2 (7.3) 0.4
Growth (cm/year) 2.0 (2.0) 2.8 (2.4) 2.5 (2.0) 0.4
Arm length (cm) 25.7 (1.3) 25.4 (1.1) 25.3 (1.5) 0.5
Calcium intake (mg) 1461 (686) 1179 (526) 1149 (356) 0.09
Vitamin D intake (µg) 4.23 (2.7) 3.60 (2.2) 4.04 (1.7) 0.6
Serum 25-hydroxyvitamin D3 (S-25-OHD) (nM) 36.6 (11.9) 41.0 (18.4) 38.2 (10) 0.6
Smoking (cigarettes/month) 45.6 (83.5) 14.2 (43.6) 9.4 (24.3) 0.3
physical activity (min/day) 74.6 (36.1) 77.5 (41.5) 74.0 (36.3) 0.9

Values are expressed as mean (SD)
ANOVA, analysis of variance

Table 2. Background characteristics of the boys in respect to VDR genotypes

P value
Characteristic FF Ff ff (ANOVA)

n (%) 17 (45) 19 (50) 2 (5) —
Age (years) 14.9 (0.6) 15.0 (0.8) 14.5 (0.7) 0.8
Height (cm) 175 (7.5) 174 (10) 180 (13) 0.6
Weight (kg) 59.8 (8.2) 60.2 (8.2) 69.5 (0.7) 0.3
Growth (cm/year) 8.0 (3.2) 6.8 (2.5) 5.0 (2.8) 0.3
Arm length (cm) 27.8 (1.7) 27.2 (1.8) 28.8 (0.4) 0.4
Calcium intake (mg) 1670 (707) 1609 (896) 2049 (497) 0.8
Vitamin D intake (µg) 4.45 (2.0) 3.86 (2.5) 6.95 (3.2) 0.3
S-25-OHD (nM) 37.6 (10.7) 37.9 (11.6) 37.5 (10.6) 0.9
Smoking (cigarettes/month) 19.3 (70) 48.0 (110) 0 0.6
Physical activity (min/day) 108 (73) 118 (51) 118 (51) 0.9

Values are expressed as mean (SD)
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Background data

Standing height, length of the nondominant arm, and
body weight were measured for each subject. Subjects
completed a questionnaire on physical activity including
hours spent in leisure time activities, in organized sports
at sports clubs or at school, and in physical activity on
the way to school (e.g., walking, cycling). Dietary cal-
cium and vitamin D intake from the past month was
estimated with a food-frequency questionnaire that had
also been used previously in a study of young adult men
and women [36]. Samples of peripheral venous blood
and 24-h urine were collected from each subject for
analyses of VDR genotypes and markers of calcium and
bone metabolism. The samples were taken in the win-
ter, when the sunlight exposure in Finland is too low
for skin synthesis of vitamin D precursors. The serum
concentrations of 25-hydroxy vitamin D3 (25-OHD)
were measured by radioimmunoassay (Incstar,
Stillwater, MN, USA).

BMD measurements

Bone mineral density (g/cm2) was measured with a
DTX-200 Osteometer (Osteometer MediTech A/S,
Denmark) at the distal sites of radius and ulna in the
non-dominant arm. The precision of the DTX-200
Osteometer is 0.7%, and the quality of these measure-
ments was checked daily with phantoms provided by the
manufacturers. We used only distal BMD values of
the radius and ulna in the statistical analysis because the
ultradistal site is more susceptible to measurement arti-
facts due to inaccurate detection of the radial endplate
[37]. Quantitative ultrasound (QUS) of the calcaneus
was measured (Sahara; Hologic, Waltham, MA, USA)
to determine broadband ultrasound attenuation (BUA,
db/MHz) and ultrasound transit velocity (SOS, m/s).

Genotyping

Genomic DNA was isolated from peripheral venous
blood using a non-enzymatic extraction method. The
DNA served as a template for the polymerase chain
reaction method (PCR) using primers and PCR condi-
tions as previously described [7,15]. We digested the
PCR product with 6U FokI restriction enzyme (New
England Biolabs, Beverly, MA, USA) at 37°C for 3h
or with 4U BsmI restriction enzyme (New England
Biolabs) at 65°C for 3h. The digested products were
electrophoresed in 2.5% agarose gels containing
Tris-boric acid (TBE) buffer and ethidium bromide
(1.6µg/ml). The genotype of each subject was deter-
mined from the digestion pattern, and alleles were des-
ignated according the presence (b or f) or absence (B or
F ) of the restriction enzyme cleavage site.

Statistical analysis

We recorded descriptive statistics and tested for normal
distributions of the variables for girls and boys as sepa-
rate groups. We compared the subject characteristics,
forearm BMD, and calcaneal QUS across FokI geno-
types using analysis of variance (ANOVA). For BMD
and QUS parameters, we performed analyses of covari-
ance (ANCOVA) adjusting for age, BsmI polymor-
phism, body weight, ratio of forearm length to height
(arm length/height), habitual calcium intake, number
of cigarettes smoked per month, physical activity, and
serum concentrations of 25-OHD. We used the ratio
of forearm length to height as a covariate, because it
reflects the stage of skeletal growth in relation to body
size. At puberty, growth in height is directly propor-
tional to growth in trunk length, but the growth of the
peripheral skeleton is regulated by estrogen-dependent
maturation of the epiphysis in both genders [38]. To
meet the assumptions for the analysis of variance, we
used natural logarithmic transformation for variables
that did not meet the criteria for normal distribution
(weight, ratio of arm length/height, physical activity,
serum concentrations of 25-OHD). Only two of the
boys represented genotype ff, and because these two
subjects were heavier and taller compared to the boys in
FF and Ff genotypes, we tested the difference in BUA
and SOS values between the FF and Ff genotypes with
the Scheffe post hoc method. All data shown are ex-
pressed as means and standard deviations. Statistical
analyses were made using SPSS 10 statistical software. P
values lower than 0.05 were considered as statistically
significant in all analyses.

Results

The background characteristics of the study group are
shown in Tables 1 and 2. For some of the statistical
analyses the number of subjects is lower than the num-
ber of original recruits owing to missing data. The geno-
type grouping of girls and boys separately did not differ
significantly in age, height, weight, arm length, calcium
and vitamin D intake, smoking, serum concentrations
of 25-OHD, or amount of physical activity. For both
genders the mean habitual calcium intake was over
1000mg/day, which is more than the reference intake
of 700 mg recommended by the Commission of the
European Community [39] and the adequate intake of
1000mg recommended by the US Institute of Medicine
[40]. The dietary vitamin D intake was below the daily
recommendation (5µg/d), and 14% of the girls and
5% of the boys were classified as vitamin D deficient
when serum 25-OHD (S-25-OHD) concentration of
25nM was used as a cutoff value.
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For the pooled group, the observed proportions of
FokI genotypes were 40% for FF, 43% for Ff, and 17%
for ff, and the proportions of BsmI genotypes 18% for
BB, 42% for Bb, and 40% for bb. The prevalence of
FokI and BsmI genotypes separately did not differ sig-
nificantly from Hardy–Weinberg equilibrium, although
the number of Ff genotypes was 10% lower and Bb
genotypes 12% lower than expected. There was no evi-
dence for linkage between the start codon and 3�-end
loci polymorphisms.

Neither the forearm BMD nor the calcaneal BUA
and SOS values differed between the FokI genotypes
in girls, and the result was similar after adjustment
with covariates (Table 3). However, in girls there was a
nonsignificant trend of higher forearm BMD, BUA,
and SOS values for the genotypes with the f allele. The
BMD values of the distal radius and the ulna did not
differ significantly in boys, but after adjustment for
covariates the differences were statistically significant
(Table 4). We found no significant differences between
the FokI genotypes in the Scheffe post hoc comparisons
for the BMD values of radius and ulna. Variance
and covariance analyses of boys showed that BUA and
SOS values varied significantly between the FokI geno-

types. In the Scheffe post hoc comparisons, calcaneal
BUA was significantly higher for boys with the Ff geno-
type compared to boys with the FF genotype (P � 0.02),
and SOS was highest for the Ff genotype compared
to other genotypes (Ff vs FF, P � 0.003; Ff vs ff,
P � 0.03).

Discussion

The association of VDR FokI polymorphism with BMD
is controversial. Several studies have shown lower
bone mineral densities for ff genotype [14–22], but our
study suggest that the Ff genotype is associated with
highest forearm BMD and calcaneal QUS values in
Finnish adolescent boys. The discrepancies between
different studies could be explained by a number of
reasons.

The influence of the genetic component of BMD may
change with age. If this is the case, some polymorphisms
may be associated with peak bone mass and others with
bone loss. It is more likely that the association between
genetic factors and bone strength is most distinct at a
young age, slowly diminishing later in life due to the

Table 3. Forearm BMD, calcaneal ultrasound values BUA, and SOS across the FokI genotypes in girls

Parameter FF (n) Ff (n) ff (n) P value

BMD distal radius (g/cm)2 0.419 (0.05)a [36] 0.415 (0.05)a [34] 0.423 (0.07)a [16] 0.9a

0.415 (0.05)b [33] 0.416 (0.05)b [32] 0.423 (0.07)b [16] 0.6b

BMD distal ulna (g/cm2) 0.342 (0.05)a [36] 0.346 (0.04)a [34] 0.340 (0.05)a [16] 0.9a

0.339 (0.05)b [33] 0.345 (0.04)b [31] 0.340 (0.05)b [16] 0.9b

BUA calcaneus (db/MH2) 60.6 (15.1)a [34] 63.4 (11.7)a [34] 66.5 (15.9)a [16] 0.4a

60.7 (15.7)b [31] 63.5 (12.1)b [32] 66.5 (15.9)b [16] 0.7b

SOS calcaneus (m/s) 1576 (30.6)a [34] 1576 (29.7)a [34] 1592 (29.5)a [16] 0.2a

1577 (31.9)b [31] 1576 (30.5)b [32] 1592 (29.5)b [16] 0.2b

Values are expressed as mean (SD) [number of subjects]
BMD, bone mineral density; BUA, broadband ultrasound attenuation; SOS, speed of sound
a Analyses of variance (ANOVA)
b Analyses of covariance (ANCOVA) adjusted for BsmI polymorphism, body weight, ratio of forearm length to height (arm length/height),
dietary calcium intake, physical activity, smoking, and serum concentrations of 25-OHD

Table 4. Forearm BMD, calcaneal ultrasound values BUA, and SOS across the FokI genotypes in boys

Parameter FF Ff ff P value

BMD distal radius 0.401 (0.08)a [17] 0.428 (0.08)a [19] 0.423 (0.08)a [2] 0.6a

0.408 (0.07)b [16] 0.447 (0.07)b [16] 0.423 (0.08)b [2] 0.01b

BMD distal ulna 0.346 (0.05)a [17] 0.374 (0.07)a [19] 0.377 (0.08)a [2] 0.4a

0.350 (0.05)b [16] 0.385 (0.07)b [16] 0.377 (0.08)b [2] 0.01b

BUA calcaneus 46.9 (11.7)a [15] 62.8 (17.9)a [17] 40.2 (11.7)a [2] 0.01a

46.0 (11.5)b [14] 61.9 (18.1)b [16] 40.2 (11.7)b [2] 0.02b

SOS calcaneus 1552 (12.4)a [16] 1580 (28.1)a [17] 1535 (17.0)a [2] 0.001a

1553 (11.2)b [15] 1579 (28.8)b [16] 1535 (17.0)b [2] 0.001b

Values are expressed as mean (SD) [number of subjects]
a Analyses of variance (ANOVA)
b Analyses of covariance (ANCOVA) adjusted for BsmI polymorphism, body weight, ratio of forearm length to height (arm length/height),
dietary calcium intake, physical activity, smoking, and serum concentrations of 25-OHD
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effects of lifestyle factors and age-related bone loss. The
nongenetic variance in BMD is influenced by several
lifestyle factors such as nutrition, physical activity, and
smoking, all of which can modify the genetic regulation
of BMD. For example, the calcium intake in our study
population is high, which may have masked the effect of
FokI polymorphism on BMD. Adjustment of analysis
with background and lifestyle factors and bone size
affected our results for association between BMD and
FokI genotypes.

The association between VDR genotypes and BMD
might differ according to the site and composition of the
bone. Our results showed that the calcaneal QUS values
had a stronger association with FokI polymorphism
than did the forearm DXA measurements. We per-
formed DXA measurements at the radius and ulna,
which consist mostly of cortical bone. Cortical bone
may be less influenced by genetic factors than trabecu-
lar bone-rich sites such as the lumbar spine [41,42]. The
calcaneus consists of at least 90% of trabecular bone
tissue, which is metabolically more active and could
therefore be more responsive also to age-, disease-, or
therapy-induced changes in bone tissue [43]. Although
it is not yet clear what bone characteristics ultrasound
measures, it has been suggested to provide information
about trabecular bone structure and material properties
of bone that are independent of bone mineral density
[44–46]. Our findings with DXA and ultrasound support
the hypothesis that FokI polymorphism could be associ-
ated more with bone morphology and quality than with
bone mineral content.

Variations have been established in the prevalence of
VDR genotypes between races [8]. The prevalence of
FokI genotypes in our subject group was not signifi-
cantly different from Hardy–Weinberg equilibrium,
although the frequencies of homozygotes were slightly
higher than expected for both FokI and BsmI polymor-
phisms. The frequencies of BsmI and FokI genotypes in
previous Finnish reports [29–33] also suggest that ethnic
Finns may have a higher number of homozygotes as a
consequence of natural genetic selection in the Finnish
population. Most Finns have ancestors who came to the
region long ago and whose genetic pool has not been
remarkably influenced by later immigration [47], thus
increasing homozygosity.

In our study girls had higher values for calcaneal
ultrasound parameters but lower values for forearm
BMD compared to boys, probably due to different
stages of bone development. The maximal gain of bone
mass during puberty is at age 11–14 years in females and
13–17 years in males [35]. As our subjects were aged 14–
16 years, we could assume that most of the girls had
already passed the age of peak bone mass accretion,
while most of the boys were reaching the peak of bone
mass increment. Similar to our results, Wünsche et al.

have shown significantly higher SOS and BUA values in
girls than in boys between ages 13 and 17 years [48].
They concluded that the difference in ultrasound bone
parameters between girls and boys is caused by the
different onset of growth and puberty, which makes
ultrasound bone densitometry a useful measuring
method in childhood and adolescence.

The dietary intake of vitamin D in our subjects did
not meet recommendations, and the vitamin D status
measured was low as well. Outila et al. studied the
vitamin D status in 178 healthy female adolescents, in-
cluding the girls in our study [34]. They found that in
winter 62% of the girls and 74% of the boys had S-25-
OHD concentrations equal to or lower than 40nM,
which was considered a cutoff value for vitamin D
insufficiency. Low winter values of serum concentra-
tions of 25-OHD for adolescents have been reported in
other Finnish studies as well [49,50].

Fischer et al. have found an association of FokI poly-
morphism with nutritional rickets in Nigerian children
and suggested that the children carrying the F allele had
an increased risk of developing rickets [51]. Our results
correspond with those of Fischer et al., because girls
and boys with the F allele had lower forearm BMD and
calcaneal values of QUS, and girls with F allele had also
lower S-25-OHD concentrations. Allele F is suggested
to function better in transactivation of the VDR respon-
sive gene [14] owing to its better ability to dimerize with
retinoid X receptors and bind to transcription factor IIB
[13]. However, Gross et al. found no difference in VDR
affinity, mRNA stability, or transactivation activity be-
tween FF and ff genotypes [15]. If the FF genotype is
presumed to be more advantageous for bone health,
there is no explanation why a better-functioning VDR
variant is associated with lower BMD or an increased
risk of developing rickets. It is possible that other modi-
fying genetic loci or lifestyle factors explain these incon-
sistent results.

Our results suggest that the f allele could be more
advantageous for bone health, but we do not know the
physiological mechanism explaining why this genetic
variant is associated with higher BMD. We could not
find a clear dose–response relationship between FokI
genotypes and BMD in boys, because BMD was highest
in boys with Ff genotype, followed by that with the ff
genotype. Only two boys represented genotype ff, so
the number of boys was inadequate for examining the
dose–response relationship between the genetic marker
and BMD. In girls, the dose relationship between BMD
and QUS parameters and FokI polymorphism was
more distinct compared to boys, indicating that the
genetic component of bone strength may change during
bone maturation.

In addition to a small sample size, there are also other
limitations to our study. It would have been necessary to
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evaluate the stage of puberty and bone growth using
Tanner’s method because the boys in our study were a
very heterogeneous group in respect to skeletal matura-
tion. In addition, the ultrasound measurements were
made with the Sahara device, which does not adjust the
values for heel width. To correct these limitations, we
used the ratio of arm length to height as a covariate to
correct the analyses for the stage of skeletal growth and
bone size.

In conclusion, in growing Finnish boys the genotype
Ff of VDR start codon polymorphism was associated
with higher forearm BMD and calcaneal QUS values
compared to the genotype FF. In boys, we could not
make reliable comparisons between the FF and ff geno-
type because we had only two boys with ff genotype. In
adolescent girls, we found a nonsignificant trend for
higher calcaneal SOS and BUA and distal radius BMD
for the genotype with the f allele, which is in concor-
dance with the boys’ results. However, these results
should be interpreted with caution because the number
of subjects is very small for an epidemiological study. It
is noteworthy that adjustment with weight and bone
size, BsmI polymorphism, and lifestyle factors modified
the association between FokI polymorphism of the
VDR gene and bone strength.
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