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Abstract
Objectives—Polymorphism of the vitamin
D receptor (VDR), collagen á I type I (Col
I áI), and oestrogen receptor (ER) genes
have been shown to account for some of
the heritability of bone mineral density
(BMD) in adults. This study examined
this relation in prepubertal children.
Methods and subjects—The relation between genotypes of VDR gene (Taq I, Bsm
I, Fok I), Col I áI gene (Msc I), and ER
gene (Pvu II) with areal BMD, volumetric
BMD, and growth were examined in 114
(68 girls) healthy 7 year old, white children.
Results—The genotype of the VDR gene
(Taq I) correlated with lumbar spine
(L1–4) volumetric BMD in girls only, but
at no other bone sites. In girls, VDR genotype aVected areal BMD at all sites. After
adjusting for height and weight, however,
this eVect was explained completely by the
independent eVect of the VDR genotype
on growth. Girls with genotype TT, were
3.9 kg heavier and 4.1 cm taller than those
with tt, but this relation was not present at
birth. No relation was found between
genotypes of the VDR gene (Fok I), Col I áI
gene (Msc I), or ER gene (Pvu II) and
BMD or growth variables.
Conclusions—In prepubertal girls, VDR
alleles contribute to lumbar spine volumetric BMD variance, but the areal BMD
eVect reflects the relation between areal
BMD and growth. VDR alleles might
aVect postnatal growth regulation.
(Arch Dis Child 1998;79:488–494)
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Twin and family studies suggest that up to 75%
of the variance in bone mineral density (BMD)
is determined genetically and several candidate
genes have been identified that might be
involved in this process.1 Polymorphisms of the
vitamin D receptor (VDR) gene causing diVerences in bone density between the homozygous
haplotypes, were first described by Morrison et
al in twin studies in an older female
population.2 Subsequently, over 50 studies
have been reported, examining the relation
between BMD and VDR genotypes at the
polymorphism (Apa I, Bsm I, and Taq I) sites
at intron 8/exon 9 and the Fok I site at exon 2.3
Variable eVects have been reported: from no
diVerence in BMD being attributable to the
VDR alleles to a diVerence of ∼ 10% between

the homozygous alleles. A meta-analysis of 16
published papers by Cooper and Umbach confirmed a small eVect of VDR alleles of ∼ 2–3%
at the hip and lumbar spine, and less at the
wrist.4 Cooper and other researchers suggested
that the eVect of the VDR allele might be more
apparent in younger populations.4
Similarly, the eVect of the VDR alleles on
BMD in children has been reported to be variable, with no relation being demonstrated in
273 boys and girls, aged 8–16 years, using an
areal density technique.5 However, a significant
eVect was found at the spine and femoral shaft
in 100 prepubertal Mexican–American girls
when quantitative computer tomography, a
volumetric technique, was used to assess
BMD.6 Volumetric density in prepubertal children is independent of age at sites other than
the lumbar spine using either quantitative
computer tomography6 or dual energy x ray
absorptiometry,7 whereas areal BMD is age
and weight dependent in children and
teenagers,8 but inversely related to age in
adults.
Most studies, when examining the relation
between the VDR alleles (Apa I, Bsm I, and
Taq I sites) and areal BMD have not
determined whether the allele has an eVect on
growth variables. Keen et al noted an eVect of
VDR alleles on weight at age 1 year.9 Using the
Taq I restriction enzyme, those with the tt
allele, the allele shown to be associated with
lower bone density in adults, were significantly
heavier (10.04 v 9.34 kg) than those with the
TT allele. In contrast, Barger-Lux et al using
the Bsm I polymorphism in 32 premenopausal
girls, found a significant diVerence between the
homozygote alleles for weight, the allele associated with lower BMD being associated with the
lower weight.10
Polymorphism of the oestrogen receptor
(ER) gene (Pvu II), collagen á I type I (Col I
á1) gene (Msc I), and a further VDR gene (Fok
I) have all been associated with diVerences in
BMD in several adult studies,11 12 but there are
no published data in children.
Our study examines the eVect of polymorphisms of VDR (Taq I, Bsm I, and Fok I), ER
(Pvu II), and Col I áI (Msc I) on areal and
volumetric BMD and growth in prepubertal
boys and girls in a narrow age range, 7.0–7.8
years, to minimise the eVect of age and growth
on areal BMD. We hypothesised that polymorphism of VDR, ER, Col I áI would be related to
volumetric BMD and that the eVect of the
VDR genotypes on BMD might be explained
by the dependence of areal BMD on growth
variables.
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Multiple scans (n = 17, 11, and 17) performed using real bones resulted in volumetric
BMD CVs of 0.6%, 4.7%, and 1.9% for lumbar spine, left mid-femoral shaft, and femoral
neck, respectively. The associated CVs of the
areal BMD measurements were 0.4%, 2.1%,
and 0.9%, respectively.
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(electronic scales) were measured on the day of
the dual energy x ray absorptiometry scans.
Weight was measured with minimal clothing.
The height, weight, and body mass index
(BMI) were calculated as standard deviation
scores (SDS) based on published normative
data according to sex and age.14
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Figure 1 Areal BMD mean values (95% CI) for the total body, femoral shaft, femoral
neck, and lumbar spine in 68 girls. ANOVA analysis was used at four bony sites and p
values are shown in each graph. A significant diVerence was observed for the total body, left
femoral shaft, and lumbar spine 2–4, but not the femoral neck. However, a significant
diVerence (p = 0.003) was seen at the femoral neck when the Student’s t test was applied
on TT and tt genotypes.

Subjects
One hundred and fourteen healthy, white children, aged 7 years, from Western Sydney, New
South Wales, Australia, with no history of
illness likely to impact on bone parameters,
were invited to participate in our study, which
had been approved by the New Children’s
Hospital ethics committee. All were born at
Nepean Hospital, Penrith, between August
1989 and April 1990, and were part of a cohort
whose birth details had been published
previously.13 Written consent was obtained
from their parents.
Methods
Dual energy x ray absorptiometry measurements were made using a LUNAR DPX
(LUNAR Radiation Corp, Madison, Wisconsin, USA). Areal BMD (g/cm2) was assessed for
the total body, left mid-femoral shaft, femoral
neck, and lumbar spine (L1–4). Total body and
left mid-femoral shaft measurements were performed using the “total body acquisition” software and the “fast” scan mode. Separate measurements of the lumbar spine (L1–4), and
femoral neck were made using the relevant
regional software and the “slow” scan mode.
The volumetric BMD (g/cm3) was calculated
from areal BMD at the femoral neck, left midfemoral shaft, and lumbar spine (L1–4).
Detailed methodology has been described
previously.7 All data were analysed using the
LUNAR software version 3.6, by one operator
(TY).
The standard LUNAR spine phantom and
an “in-house” total body phantom were
measured on a weekly basis as part of our quality control programme. CoeYcients of variation (CV) during the period of the study were
1.3% (lumbar spine areal BMD), 1.2% (lumbar spine bone mineral content), 1.3% (lumbar

VDR, COL I áI AND ER GENOTYPING

DNA was extracted from peripheral leucocytes
and amplified by the polymerase chain reaction
(PCR) technique with previously used
primers.2 3 12 15 16 Following restriction endonuclease (Taq I) digestion of the DNA products
for three hours at 65°C, the genotype of the
VDR gene was determined by fragment
separation on a 2% agarose gel. Details have
been described previously.16 The genotypes
were classified as: TT, homozygotes, absence of
the Taq I site results in two fragments of
490 bp and 245 bp; Tt, heterozygotes exhibiting fragments of 490 bp, 290 bp, 245 bp, and
205 bp; tt, homozygotes, presence of the site
results in three fragments of 290 bp, 245 bp,
and 205 bp. The polymorphism (Bsm I) of the
VDR gene2 was also investigated in our study.
The haplotype pattern was identical to the
VDR gene polymorphism identified at the Taq
I site, except in two individuals. Thus, VDR
gene polymorphism (Bsm I) results have not
been included in our paper. In addition,
another polymorphism (Fok I) of the VDR
gene3 was analysed in our study. After amplification of DNA, the PCR products were
digested by the restriction endonuclease Fok I
for three hours at 37°C, the genotype (Fok I) of
the VDR gene was determined by fragment
separation on a 3% agarose gel. The genotypes
were classified as: FF, homozygotes, absence of
the Fok I site results in one fragment of 265 bp;
Ff, heterozygotes exhibiting fragments of
265 bp, 196 bp, and 69 bp; V, homozygotes,
presence of the site results in two fragments of
196 bp and 69 bp.3
The ER gene genotype was determined by
fragment separation on a 2% agarose gel after
restriction endonuclease (Pvu II) digestion of
the DNA as described previously.15 The genotypes were classified as: 1.3 kb, homozygous
absence of the Pvu II site; 1.3/0.85 kb, heterozygotes; and 0.85/0.45 kb, homozygous presence of the Pvu II site.
The Col I áI gene genotype was determined
after restriction endonuclease digestion with
Msc I, as described previously.12 The genotypes
were classified as: SS, homozygotes, absence of
the Msc I site resulting in one fragment of
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Figure 2 Areal BMD mean values (95% CI) for the total body, femoral shaft, femoral
neck and lumbar spine in 46 boys. A relatively large error bar was seen in each graph. No
significant diVerence was shown at any of the four sites in this group.

255 bp; Ss, heterozygotes exhibiting fragments
of 255 bp, 236 bp, and 19 bp; and ss, homozygotes, presence of the Msc I site results in two
fragments of 236 bp and 19 bp.
STATISTICAL ANALYSIS

Data were analysed using SPSS.17 Associations
between variables were examined using linear
regression models. The eVect of the genotypes
on subject characteristics and BMD were compared by analysis of variance (ANOVA). The
diVerences between means were calculated
after adjusting for height and weight using
analysis of covariance (ANCOVA). Significance levels were set at p < 0.05.
Results
Our study population consisted of 114 children, 68 girls and 46 boys. Their mean age was
Table 1
weight

Mean (SE) body mass density by VDR genotype (TaqI) adjusted for height and
Genotype

Girls
Areal body mass density
n
Total body
Left femoral shaft
Femoral neck
Lumbar 2–4
Volumetric body mass density
Left femoral shaft
Femoral neck
Lumbar 1–4
Boys
Areal body mass density
n
Total body
Left femoral shaft
Femoral neck
Lumbar 2–4
Volumetric body mass density
Left femoral shaft
Femoral neck
Lumbar 1–4
p value using ANCOVA test.

7.2 (range, 7.0–7.9 years), the mean height
SDS was 0.41 (range, −2.14 to 4.86), and the
mean weight SDS was 0.68 (range, −1.89 to
5.93). There were several individuals who were
extremely tall and heavy and their data have
been included. There were no statistical diVerences between boys and girls for age, weight
SDS, and height SDS (data not shown). However, a significant sex diVerence in volumetric
BMD was found at the femoral neck (p = 0.01)
and lumbar spine (p = 0.001), but not at the
left mid-femoral shaft.

TT

Tt

tt

p value

24
0.817 (0.008)
1.039 (0.016)
0.661 (0.018)
0.690 (0.016

33
0.811 (0.009)
1.040 (0.017)
0.664 (0.036)
0.685 (0.165)

11
0.785 (0.011)
1.021 (0.023)
0.601 (0.032)
0.638 (0.011)

0.070
0.486
0.284
0.038

0.717 (0.015)
0.657 (0.021)
0.313 (0.007)

0.710 (0.013)
0.614 (0.030)
0.307 (0.006)

0.706 (0.019)
0.580 (0.031)
0.289 (0.007)

0.791
0.167
0.049

11
0.857 (0.016)
1.103 (0.034)
0.751 (0.029)
0.643 (0.024)

26
0.815 (0.012)
1.031 (0.024)
0.683 (0.027)
0.635 (0.018)

9
0.839 (0.012)
1.082 (0.031)
0.700 (0.028)
0.634 (0.021)

0.353
0.703
0.206
0.738

0.780 (0.032)
0.733 (0.030)
0.272 (0.007)

0.710 (0.014)
0.664 (0.017)
0.280 (0.005)

0.762 (0.018)
0.663 (0.029)
0.275 (0.009)

0.596
0.081
0.830

The frequency of the VDR genotype TT was
0.59 in girls and 0.52 in boys. The frequency of
the ER genotype 0.85/0.45 kb was 0.67 in girls
and 0.63 in boys. The frequency of the Col I áI
genotype SS was 0.79 in girls and 0.88 in boys.
There were no sex diVerences in the frequencies
of the VDR genotypes (Taq I) and the ER genotypes (Pvu II). Only one of the 68 girls and none
of the 46 boys had the Col I á1 genotype ss.
AREAL BMD AND VDR GENOTYPES

Figure 1 shows the relation between VDR
genotypes and areal BMD (g/cm2) for the total
body, left mid-femoral shaft, femoral neck, and
lumbar spine sites in girls. Using ANOVA,
those with the tt genotype had significantly
lower areal BMD for the total body, left
mid-femoral shaft, and lumbar spine sites
(p = 0.016, 0.011, and 0.016, respectively),
but not femoral neck BMD (p = 0.18). The
areal BMD results for boys are shown in fig 2.
In contrast to girls, boys with the Tt genotype
were found to have the lowest areal BMD, but
the diVerences were not significant.
Areal BMD is known to be height and weight
dependent.7 At all sites, in both sexes, areal
BMD was significantly related to height and
weight (data not shown). To examine further
the interaction between VDR genotype and
areal BMD, ANCOVA was used to adjust for
the confounders height and weight. Table 1
shows the adjusted means for the genotypes
calculated from the ANCOVA regression
model. After adjusting for weight and height,
there was no significant diVerence between TT
and tt genotypes for areal BMD in either sex,
except at the lumbar spine in girls (p = 0.038)
(table 1).
VOL BMD AND VDR GENOTYPE

Figure 3 shows the volumetric BMD at the
femoral neck and lumbar spine in girls and
boys. No relations were found between left
mid-femoral shaft and femoral neck volumetric
BMD with VDR genotypes and the variables of
height and weight in girls. However, at the
lumbar spine, girls with the tt genotype had a
significantly lower adjusted volumetric BMD
than those with the TT genotype (p = 0.049)
(table 1). No diVerences were found between
the adjusted volumetric BMD means for the
TT and tt genotypes in the boys (table 1).
There was no eVect of VDR (Fok I), ER
(Pvu II), and Col I áI (Msc I) genotypes on
areal or volumetric BMD in either sex (data
not shown).
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Figure 3 Volumetric BMD mean values (95% CI) at the femoral neck and lumbar spine
(1–4 ) in girls and boys. ANOVA testing showed no significant diVerence between VDR
genotypes and volumetric BMD of the femoral neck and lumbar spine (1–4) in girls and
boys. However, significant diVerences were seen at the femoral neck (p = 0.019) and
lumbar spine 1–4 (p = 0.027) when the Student’s t test was applied on TT and tt
genotypes in girls. In contrast, the male group did not show these changes.
GROWTH AND VDR GENOTYPES

Table 2 shows height, weight, BMI, birth characteristics, and midparental height by sex and
genotype of the subjects. Because most of the
variability in areal and volumetric BMD in girls
could be explained by height and weight, rather
than by genotype, we examined the relation
between genotype and growth variables. Interestingly, the results revealed that VDR genotype is involved in the regulation of body
growth, with significant diVerences being
found in girls only (table 2). Girls with the
VDR genotype TT were 3.9 kg (p = 0.03)
heavier and 4.1 cm (p = 0.008) taller than
those with the genotype tt, but no significant
diVerences were found in boys (table 2). No
significant diVerences were found for body
composition (percentage fat and percentage
lean tissue mass), birth length, weight, or midTable 2

Characteristics of subjects
Genotype
TT

Tt

tt

p value

Girls (n = 68)
n
Percentage
Age (years)
Weight (kg)
Height (cm)
Body mass index (kg/m2)
Birth weight (kg)
Birth length (cm)
Midparental height (cm)

24
35.3
7.31 (0.03)
27.65 (0.95)
126.72 (1.02)
17.47 (0.47)
3.43 (0.10)
49.71 (0.42)
163.79 (1.52)

33
48.5
7.26 (0.02)
25.29 (0.75)
123.31 (0.60)
16.59 (0.38)
3.22 (0.79)
49.07 (0.39)
164.31 (0.89)

11
16.2
7.27 (0.04)
23.7 (11.04)
122.64 (1.62)
15.26 (0.41)
3.28 (1.29)
49.04 (0.85)
163.35 (1.58)

0.33
0.03
0.008
0.10
0.27
0.51
0.89

Boys (n = 46)
n
Percentage
Age (years)
Weight ((kg)
Height (cm)
Body mass index (kg/m2)
Birth weight (kg)
Birth length (cm)
Midparental height (cm)

11
23.9
7.28 (0.03)
26.07 (1.40)
125.12 (2.00)
16.58 (1.21)
3.78 (0.15)
51.22 (0.91)
177.17 (2.02)

26
56.5
7.28 (0.01)
26.65 (1.39)
125.05 (1.38)
16.83 (1.05)
3.52 (0.10)
50.36 (0.43)
175.81 (1.07)

9
19.5
7.30 (0.01)
27.27 (1.97)
127.01 (2.86)
16.80 (1.31)
3.28 (0.13)
50.00 (0.89)
171.92 (6.32)

0.85
0.91
0.77
0.97
0.10
0.52
0.38

Values are mean (SE). p value using ANOVA test.

parental height by genotype of the VDR gene
(Taq I) in either sex.
Discussion
Polymorphisms of several candidate genes were
investigated for associations with BMD in a
prepubertal, white population aged 7 years.
Our study found no relation between the polymorphism of the ER gene (Pvu II), the Col I áI
gene, the VDR gene (Fok I), and BMD at three
bone sites. However, we confirm the important
link between VDR gene genotype (Taq I and
Bsm I) and bone density seen previously in
many studies in females, especially in the
premenopausal age group.5 At all bone sites,
there was a consistent eVect of VDR genotype
on areal BMD in prepubertal girls. Using a
volumetric BMD technique, however, the relation with VDR genotype was only shown at the
lumbar spine. This suggests that VDR might
play a more a important role in trabecular bone
than cortical bone in girls; similar results have
been found by Ferrari et al.18
A further sex diVerence between volumetric
BMD was found at the femoral neck and lumbar spine in our study. Previously, we had
shown no sex diVerences at age 5–27 years at
the femoral neck but a significant diVerence at
the left mid-femoral shaft (p = 0.047).7 Gilsanz
et al,19 using quantitative computer tomography, a volumetric technique, found no sex difference at the lumbar spine in the prepubertal
age group. The sex diVerence that we observed
might relate to the large sample size in a narrow
age range in our study compared with the
smaller sample sizes in a comparative age
group in previous studies.7 19
Observations in twin studies suggest that
40–75% of the variance in adult BMD can be
attributed to genetic influences. Conceptually,
genes involved in determining an individual’s
bone mass could influence either bone mass
accrual or bone mass resorption. Several studies have examined the eVect of the VDR alleles
on calcium absorption, with data suggesting
that individuals with the tt genotype, which
predicts low bone density, have lower calcium
uptake, despite higher concentrations of circulating
1,25-hydroxyvitamin
D
and
osteocalcin.20 21 Thus, it is speculated that this
VDR allele could aVect bone mass accrual,
which is normally completed by the late
teenage years in girls, or early in the third decade in boys.8 Therefore, the optimal time to
observe an eVect of the VDR allele might be
during the first 20 years of life.
Recently, Sainz et al have demonstrated, in a
relatively homogenous Mexican–American
population of prepubertal girls, an eVect of the
VDR allele on volumetric density at the lumbar
spine and femoral shaft.6 There was an 8–10%
diVerence between the two homozygous alleles
at the lumbar spine and a 2–3% diVerence at
the mid-femoral shaft. Our data, drawn from a
narrower age range, but a less homogenous
population, has shown a diVerence between
homozygous alleles at a calculated volumetric
site, the lumbar spine, in girls. Using multiple
regression, we were able to estimate that the
VDR genotype in girls explained 7.1%, 5.5%,
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phism and sex dependent processes, both prenatally and postnatally.
An explanation for these findings is not
obvious. Several studies have examined the
eVect of this allele on calcium absorption and
metabolism, with data indicating decreased
absorption, despite higher baseline levels of
1,25-hydroxyvitamin D and osteocalcin, in the
tt allele group.25 If a similar eVect is present in
the prepubertal age group, then this could limit
calcium absorption and consequently growth.
A recent study has demonstrated that giving
Calcitriol, in high dosage, to postmenopausal
women, resulted in higher levels of insulin-like
growth factor 1 (IGF-1), the growth hormone
dependent growth factor.27 Thus, it is possible
that the VDR allele mediates its growth eVects
via IGF-1, an important regulator of growth in
children. Linkage disequilibrium with a growth
related gene needs to be considered. Potential
candidate genes include IGF-1 and HoxC5,
both of which map to the long arm of chromosome 12, in close proximity to the VDR gene.
However, there is no obvious reason why this
would be sex specific.
In conclusion, a diVerence between the
homozygote alleles of VDR was found for
volumetric BMD in prepubertal children at the
lumbar spine (L1–4) in girls. The VDR alleles
were related to height and weight in girls only,
and this association explained the relation
between VDR genotype and areal density. Our
findings suggest that VDR alleles might
participate in the regulation of bone metabolism and also play a role as a postnatal growth
factor in prepubertal children. Ongoing research into the mechanisms by which both
these eVects occur are warranted.
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and 3.8% of the variation in volumetric density
at lumbar spine, femoral neck, and left
mid-femoral shaft sites, respectively.
An even stronger eVect of the VDR alleles
was demonstrated using the technique of areal
density at all sites in the girls. Surprisingly, no
diVerence was found between the homozygous
VDR genotypes in boys using either the areal or
volumetric technique, but the heterozygous
VDR allele was lower at several sites. Because
of the small number of boys in our study, a
homozygous VDR allele eVect might have been
missed, but on inspection of our data there was
not even a trend to suggest such an eVect in
boys.
There have been few publications examining
the eVect of VDR alleles in men. One study of
146 men with an age range of 20–83 years
found an allelic diVerential eVect on areal bone
density.22 A further study including a small
number of men (n = 29; average age 23 years)
showed an eVect of the VDR allele at the femoral neck, but not the lumbar spine, when the
men’s data were combined with that for the
women (n = 43).23 On the other hand, two further studies that included older men could not
detect any eVect of the VDR allele.24 25
Areal BMD in children and teenagers is
growth dependent and any assessment of the
genetic influence on areal density in children
requires adjustment for growth variables. We
found that after adjusting for height and
weight, the VDR allele eVect on areal density in
girls could be explained totally by these growth
variables. This led us to examine the eVect of
VDR genotype on growth. In fact, the diVerence between homozygous alleles was nearly
4 kg for weight and almost 5 cm for height. We
were not able to find any significant relation
between VDR genotype and either birth size or
midparental height, indicating that the growth
eVect is likely to be a postnatal interaction
between VDR genotype and the environment.
The lack of eVect of the VDR allele on growth
in boys is diYcult to reconcile.
A VDR allele eVect on weight has been
observed in two previous adult studies,9 10 one a
retrospective study examining weight at 1 year
in individuals who are now over 60 years.9 In
this study, the homozygote allele associated
with low bone density was found to have a
greater weight at 1 year, but not at birth, and
not in boys. In contrast, a study in 32 healthy
premenopausal women found that those with
the VDR allele associated with low BMD were
significantly lighter than those with the allele
predicting higher BMD.10 In our study, those
girls with the allele predicting lower areal bone
density (tt) were also found to be shorter and
lighter (tables 1 and 2), although allele status
had no growth eVect in boys. In contrast, a
recent study examining children at birth, 10
months, and 24 months found girls with the
same polymorphism to be heavier and taller,
while inversely, boys were shorter and lighter.26
In addition, the longitudinal growth analysis in
full term babies observed sex related diVerences at birth and during infancy, suggesting
some linkage between VDR gene polymor-

Vitamin D receptor alleles in growth and bone density

Commentary
It is becoming increasing clear that an
individual’s risk of developing osteoporosis, a
degenerative skeletal disease that aVects millions of older people throughout the world, is in
part determined by diVerences in peak bone
mass, which is largely achieved by 20 years of
age.1 2 Cross sectional twin and family studies
suggest that genetic factors account for up to
80% of the variation in bone mass between
individuals, whereas environmental factors
such as adequate nutrition (calcium, phosphorus, protein, vitamin D) and physical activity
influence the extent to which individuals
achieve their genetic potential for peak bone
mass.3 The inheritance of peak bone mass is
likely to be under polygenic control, mediated
through genes that influence bone mass acquisition during growth. Recent studies have
examined associations between polymorphisms in and around a number of candidate
genes that are likely to play a role in normal
bone homeostasis and the “phenotype” of bone
mineral density (BMD). The gene coding for
the 1,25-dihydroxyvitamin D receptor (VDR)
has been the most extensively studied.

In 1994 Morrison and co-workers4 were the
first to report an association between BMD
and restriction fragment length polymorphism
in the VDR gene, defined by the Bsm I restriction endonuclease, in perimenopausal women.
Individuals who were homozygous for the VDR
allele lacking the Bsm I restriction site (BB
genotype) had lower BMD at the spine and
femoral neck than those who were homozygous
for the allele having the Bsm I site (bb
genotype). Morrison et al claimed that the
allelic variation in the VDR gene accounted for
up to 75% of heritable variability in bone mass.
However, subsequent studies have yielded
divergent results with some confirming this
association while others have found no association, or the opposite eVect. These conflicting
results might be due to age or ethnic
diVerences in the expression of the VDR gene
eVect on BMD, or interactions between the
VDR gene and environmental factors (nutrition and physical activity). Some of the other
candidate genes studied include the genes for
oestrogen receptor, interleukin 6, insulin-like
growth factor 1, type 1 collagen, and á2 HS
glycoprotein.5
Tao et al examined associations among polymorphisms in genes for VDR (defined by Bsm
I, Taq I, and Fok I endonucleases), oestrogen
receptor, and collagen Iá 1 and BMD in
healthy, 7 year old, Australian children. BMD
was estimated using dual energy x ray absorptiometry (DXA), a technique based on a two
dimensional projection of a three dimensional
structure. Unlike true bone density—defined
as the amount of mass or mineral per unit volume of bone tissue (g/cm3)—“areal BMD”
measured by DXA is the amount of bone mineral content divided by the projected bone
area, and has units of g/cm2. Areal BMD is
confounded by diVerences in bone size; it tends
to underestimate the BMD of small bones and
exaggerate the BMD of large bones. Tao et al’s
study, the eVect of bone size diVerences on
areal BMD was minimised by statistically controlling for height and weight variations. They
also calculated volumetric BMD at the femoral
shaft, femoral neck, and lumbar spine by modelling DXA obtained data (areal BMD and
bone width) at these sites as cylinders. In girls,
Taq I and Bsm I (data not provided) VDR gene
polymorphisms were associated with areal
BMD at nearly all skeletal sites; girls with “tt”
genotype had significantly lower areal BMD
than those with the “TT” genotype. However,
after adjusting areal BMD for height and
weight and calculation of volumetric BMD, the
VDR genotype eVect persisted only at the lumbar spine. The inference made is that, in girls,
VDR genotype has an important eVect on
statural growth through bone lengthening and
volumetric BMD of the spine. In contrast,
none of the genotypes studied were associated
with areal or volumetric BMD at any of the
skeletal sites in boys.
In adults, there is evidence that VDR
polymorphism may have a physiological role in
bone mass homeostasis by modulating intestinal calcium.6 In a recent study, Ferrari et al
examined the interaction between Bsm I VDR
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developing early osteoporosis. Targeting of
intervention strategies for increasing BMD,
such as exercise and calcium supplements
might help these individuals attain a higher
peak bone mass. Short term studies indicate
that such interventions have greater eVects on
BMD before puberty,8 10 suggesting that prevention of osteoporosis should be started
during early childhood. Randomised controlled intervention studies, with follow up of children through to adulthood are needed to
determine whether peak bone mass can
actually be increased through such health education programmes.
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gene polymorphisms and calcium intake in
relation to DXA measured BMD accrual in
prepubertal Swiss girls, enrolled in a trial of
calcium supplements.7 They found that girls
with the BB genotype had significantly lower
BMD than those with Bb or bb genotypes.
Calcium supplementation resulted in increased
BMD accrual in girls with Bb and possibly BB
genotypes, whereas those with bb genotype had
the highest spontaneous BMD accrual and
remained unaVected by the calcium supplements. These data suggest that increasing
calcium intake during childhood in individuals
with “unfavourable BMD genes” might allow
them to achieve a higher peak bone mass.
Mechanical loading of the skeleton during
exercise is known to increase BMD.8 Thus it is
possible that the VDR genotype eVect on BMD
might be mediated through an indirect eVect
on individual muscle mass or muscle strength.
Alternatively, it might modulate the sensitivity
of the skeleton to mechanical loading by muscles. In Tao et al’s study, girls with the VDR
genotype associated with high lumbar spine
volumetric BMD (TT) were almost 4 kg
heavier than those with the genotype associated
with low lumbar spine volumetric BMD (tt). If
the higher body weight in these girls resulted
from increased muscle mass, then their higher
BMD could in part be explained by greater
mechanical loading of their lumbar spine. It is,
therefore, a pity that the authors did not
provide data on lean body mass, which is readily obtainable from total body DXA scans, and
which would have provided an index of the
total amount of muscle in the subjects. The
lack of VDR gene eVect on height, weight, and
BMD in boys is diYcult to explain.
In summary, Tao et al’s results and a few
other paediatric studies7 9 suggest that in girls,
certain VDR alleles (such as BB and tt) may be
markers of low peak bone mass. If these
findings are confirmed, they may allow identification of girls who are at a higher risk of

