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Abstract Peak bone mass is a major determinant of os-
teoporosis risk in later life. It is under strong genetic con-
trol; however, little is known about the identity of the genes
involved. In the present study, we investigated the relation-
ship between polymorphisms in the genes encoding the
vitamin D receptor (VDR) (Fokl, Taql) and estrogen
receptor-a. (ERa) (Pvull, Xbal), and bone mineral density
(BMD), bone mineral content (BMC), and markers of bone
turnover in 224 Danish girls aged 11-12 years. BMD and
BMC were measured by dual-energy X-ray absorptiometry.
Serum osteocalcin, 25(OH)D, and parathyroid hormone
(PTH) were measured by ELISA assays and urinary
pyridinium cross-links by HPLC. Physical activity, dietary
calcium, and Tanner stage were assessed by questionnaire.
In general, there were no significant differences in
anthropometrical variables, physical activity, dietary cal-
cium, serum 25(OH)D, or PTH among genotype groups.
BMD or BMC of lumbar spine or whole body (adjusted for
body and bone size and pubertal status) were not associated
with VDR or ERa genotypes or the combination of these
genotypes. This lack of association remained even after
adjustment for dietary and environmental factors. VDR
genotypes had no effect on bone turnover markers. XX and
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PP ERo. genotypes were associated (P < 0.05) with reduced
levels of urinary pyridinium cross-links, whereas serum
osteocalcin was similar among genotypes. These findings
suggest that the rate of bone resorption was influenced by
ERo genotypes, even though these biochemical differences
were not evident in bone mass indices.
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Introduction

The peak level of bone mass, generally attained before the
third decade, is considered to be a major independent indi-
cator of risk of osteoporotic fracture in later life. This peak
bone mass (PBM) is believed to be under strong polygenic
control [1]. Over the past decade, there has been consider-
able research emphasis on the identification of the specific
genes involved. Among the major genes implicated in the
determination of bone mineral density (BMD) are the
genes encoding the vitamin D receptor (VDR) and estrogen
receptor-o. (ERa).

Morrison et al. [2] suggested that a polymorphism at the
VDR gene could be responsible for up to 75% of the total
genetic effect on PBM. Although the results of Morrison
et al. [2] have been confirmed in some studies, other studies
have failed to find a relationship between bone mass and
VDR genotype [3-9]. Furthermore, although the number of
studies that have investigated the relationship between
polymorphisms in the ERa gene and BMD are far fewer
than those for the VDR gene; these studies have also
produced conflicting results [9]. Moreover, much of this
research has been in adult population groups, especially
pre- and postmenopausal women. Even less is known about
the effects of these candidate genes on bone mass in child-
hood, a life stage of critical importance to the achievement
of PBM [10].

Theoretically, bone gain would be a stronger candidate
for an effect of candidate genes, such as the VDR and ERaq,


Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: Yes
     Auto-Rotate Pages: No
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 595.3 785.2 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 600 dpi
     Downsampling For Images Above: 900 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: 4
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: No
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: 
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: Yes
     Preserve Under Color Removal and Black Generation: Yes
     Transfer Functions: Apply
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: No
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: No
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: No

OTHERS ----------------------------------------
     Distiller Core Version: 5000
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice


330

because bone loss has a very low heritability [11]. However,
of the limited number of association studies that have inves-
tigated the effect of VDR genotype on bone mass/bone
turnover in children or adolescents, the results have been
conflicting, with no consistent pattern emerging across stud-
ies indicating how VDR alleles might be involved [12-17].
Similarly, the limited data on the relationship between ERo
genotype and bone mass/bone turnover in children and ado-
lescents are also conflicting [10,13,16,18-20]. Many of these
studies concerned either entirely or largely a group of pre-
pubertal [12-14,18,19] or late-postpubertal children [15-
17,21]. There has been less research emphasis on children
during the peripubertal period. Theintz et al. [22] suggested
that the rate of increment in BMD in childhood can be very
pronounced over the 3-year period from 11 to 14 years of
age in girls.

Therefore, the objective of the present study was to in-
vestigate the relationship between polymorphisms in the
VDR (Fokl, Taql) and ERo (Pvull, Xbal) genes and
BMD, bone mineral content (BMC), and biochemical indi-
ces of bone turnover in 224 Danish girls, aged 11-12 years.
In addition, the potential impact of dietary and environ-
mental factors, such as dietary calcium, vitamin D status,
and physical activity, on the relationship between genotype
and bone mass was also investigated in these girls.

Materials and methods
Subjects

A total of 225 Danish girls, aged between 10.9 and 11.9
years, were included in the study. The girls were recruited
for participation in a 12-month vitamin D intervention trial
on bone health [as part of the Optimal Strategy for Vitamin
D Fortification (OPTIFORD) project; www.optiford.org]
and the BMD, BMC, and bone turnover data reported in
the present work were the baseline values from the inter-
vention study. Subjects were recruited using information
from the Danish National Central Offices of Civil Registra-
tions, which allowed us identify the names and addresses of
all girls born in Denmark with Danish citizenship, aged
10.0-11.0 years, living in the municipalities of Copenhagen
and Frederiksberg (n = 1755). The oldest were recruited
first and we continued until 225 had agreed to participate,
corresponding to 22% of the 1009 who were asked to par-
ticipate by mail. Of the 225 girls participating in the study,
genotypes were successfully obtained for 224 girls, and
these were included in the present work. The distribution of
Tanner score and the mean age, weight, height, and body
mass index (BMI) for the group are shown in Table 1. The
study was approved by the Research Ethical Committee of
Copenhagen and Frederiksberg [J.nr (KF) 01-129/01]. In-
formed consent was obtained from the parent/guardian of
each participant. Girls were excluded on the basis of the
following criteria: chronic diseases, intake of drugs that
could influence bone metabolism, and daily intake of cal-
cium supplements or vitamin/mineral supplements.

Table 1. Baseline characteristics of Danish girls

n 224
Age (years) 11.42 £ 0.01
Height (m) 1.51£0.58
Weight (kg) 41.6 £ 0.6
BMI (kg/m?) 182405
Tanner score
1 (%) 8.93
2 (%) 41.52
3 (%) 48.66
4 (%) 0.89
RFLP Genotype n (%)
VDR:
Fokl FF 89 (39.7)
Ff 109 (48.7)
ff 26 (11.6)
Taql TT 72 (32.1)
Tt 115 (51.3)
1 37 (16.5)
ERou:
Pyull PP 62 (27.7)
Pp 114 (50.9)
pp 48 (21.4)
Xbal XX 35 (15.6)
Xx 110 (49.1)
XX 79 (35.3)

Values are mean = SE
BMI, body mass index; RFLP, restriction fragment length polymor-
phism; VDR, vitamin D receptor, ERa., estrogen receptor-o.

Design

This was an association study that examined the relation-
ship between bone status indices (BMD, BMC, and serum
and urinary-based biochemical markers of bone turnover)
and restriction fragment length polymorphisms (RFLP)
that define the human VDR and ERa (i.e., candidates
genes for low bone density) in a cohort of healthy young
Danish girls aged 10.9-11.9 years. Subjects were instructed
to collect urine samples between 0800 and 1000 after an
overnight fast. In addition, after an overnight fast, two
blood samples (10ml) were also taken between 0800 and
1000 from each subject. On the same day as blood and urine
sampling, each girl, with the help of their parent/guardian
and a trained researcher, completed various questionnaires,
including a general health and lifestyle questionnaire, a
food frequency questionnaire (FFQ), a physical activity
questionnaire, and a pubertal status questionnaire. Anthro-
pometric measurements (weight and height) were also
taken at this time. Measurement of BMD, BMC, and uri-
nary and serum-based biochemical marker levels were
made independently of the RFLP analysis, and results were
stored in a coded fashion.

Assessment of dietary calcium and vitamin D

The subjects filled in, together with their parents/guardians,
a standardized food frequency questionnaire (FFQ) with 12
questions covering nine food items that ascertained the
foods (including fortified foods) contributing to 95% of the
vitamin D intake and 75% of the calcium intake determined
from the most recent dietary intake studies in Denmark.



The questionnaire had nine predetermined possible fre-
quencies (ranging from “less than one time per month” to
“4-5 times per day or more”). A trained dietician checked
the completed FFQ and requested additional information
or clarification on entries, if necessary. The Danish Institute
for Food and Veterinary Research (DFVF) performed the
intake calculations using the General Intake Estimation
System (GIES), a system developed at DFVF [23]. The
FFQ and calculations used have been reported earlier
[24].

Pubertal status

The stage of puberty was assessed in each subject ad
modum Marshall and Tanner [25] by a validated self-
assessment protocol based on the evaluation of breast
development by pictures and timing of menarche (Miiller
et al. 1998; unpublished data).

Physical activity

Physical activity was recorded using a 24-h recall question-
naire (Habitual Activity Estimation Scale, HAES) [26], as
used previously in young Danish girls [27]. In brief, the
HAES questionnaire records the hours per day spent on
each of four activity levels corresponding to supine position
(I), sitting (II), walking (I1I), and running (IV). In the cur-
rent study, hours per day spent on high activity (level IV)
were used as a measurement for activity level, as this has
been shown to correlate well with mean daily activity com-
puter (Caltrac) measurement (counts/day) during a week (7
days) [27]. Activity was recorded during 2 weekdays and 1
weekend day, and the mean of the 3 days activity (level IV)
was used in the analyses.

Bone mineral density and bone mineral content

Bone mineral content (BMC, measured in grams of hy-
droxyapatite), bone size [expressed as anteroposterior pro-
jected bone area (BA), measured in cm’], and bone mineral
density (BMD = BMC/BA in g/cm®), as well as percentage
fat and lean body mass content, were measured by dual-
energy X-ray absorptiometry (DEXA) using the Hologic
1000/W scanner (Hologic, Waltham, MA, USA). The skel-
etal sites assessed were the whole body and the lumbar
spine (L2-L4). Subjects wore only underpants and a cotton
T-shirt during the scan. For whole-body and lumbar analy-
ses, software version V5.73 and V4.76P, respectively, were
used. For quality control, a spine phantom was scanned
daily. The coefficient of variation (CV %) for these BMC,
BMD, and BA measurements on the spine phantom over a
period of 2 years (n = 429) was 0.35%, 0.32%, and 0.32%,
respectively. In adults examined within 8 weeks, an interval
of reproducibility expressed as CV% was 1.6%, 2.2%,
0.9%, 2.3%, and 1.9% for whole-body BMC, BA, BMD,
percentage fat, and lean body mass, respectively (Hansen
D, Astrup A, 1998; unpublished data). The effective dose
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for a whole-body and a lumbar DEXA scan was not more
than 10uSv in total, equal to about daily background radia-
tion in Denmark.

Collection and preparation of samples

Subjects were supplied with suitable collection containers
for urine samples and asked to collect morning void urine
samples between 0800 and 1000 after an overnight fast.
Portions of urine were stored at —20°C from the morning of
collection until required for analysis. Blood was collected
by venepuncture into vacutainer tubes with no additive or
ethylene diamine tetraacetic acid (EDTA). Blood samlpes
collected in tubes with no additive were processed to serum,
which was immediately stored at —80°C until required for
analysis. Genomic DNA was extracted from blood samples
collected in EDTA-containing vacutainer tubes using the
Wizard genomic DNA purification kit (Promega, Madison,
WI, USA). This isolation technique resulted in high mo-
lecular weight DNA (>20kb) that was free of RNA con-
tamination and had a 260/280 absorbance ratio >1.7. The
isolated DNA was then stored at —20°C until required for
analysis.

Restriction fragment length polymorphisms

RFLP in the VDR and ERa genes were determined by
polymerase chain reaction (PCR) techniques followed by
digestion of the amplified PCR products with Tagl [28],
FoklI [29], (VDR) and Pvull and Xbal [30] (ERo) restric-
tion endonucleases (New England Biolabs, Beverly, MA,
USA), as described previously.

Experimental techniques

Serum intact parathyroid hormone and osteocalcin. Serum
intact parathyroid hormone (iPTH) levels were measured
in serum using an enzyme-linked immunoassay (ELISA)
(OCTEIA intact parathyroid hormone; Immuno Diagnos-
tic Systems, Boldon, UK). The intra- and interassay CV was
3.0% and 5.4%, respectively. Osteocalcin levels were mea-
sured in serum samples using an ELISA (Metra Osteocalcin
EIA Kit; Quidel, Santa Clara, CA, USA). The intra- and
interassay CV was 6.0% and 7.6%, respectively.

Serum 25-hydroxyvitamin D. Serum 25-hydroxyvitamin D
[25(OH)D] levels were measured by a HPLC-based
method, as described in detail elsewhere [24].

Urinary  creatinine, pyridinoline, and deoxypyri-
dinoline. Creatinine was determined in urine samples
using a diagnostic kit (Metra Creatinine Assay Kit;
Quidel). Urine samples were analyzed in duplicate for
pyridinoline (Pyr) and deoxypyridinoline (Dpyr) using an
automated HPLC system, as described in detail elsewhere
[31-34].
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Statistical methods

Data for all variables were normally distributed and al-
lowed for parametric tests of significance. Data are pre-
sented as means with their standard errors. To test whether
the allelic distributions of the various candidate gene RFLP
satisfied Hardy-Weinberg equilibrium, a chi-squared (%)
test was used to compare the observed and expected fre-
quencies of the various alleles for each RFLP within a sepa-
rate candidate gene, separately. For each pair of markers
within the candidate genes, linkage disequilibrium was
evaluated using Halpoview software (www.hapmap.org).
The association between the candidate gene RFLP and
physical characteristics (age, weight, height, BMI) as well
as dietary calcium intake, serum 25(OH)D levels, and phy-
sical activity score were assessed by analysis of variance
(ANOVA) for each candidate gene RFLP separately. Dif-
ferences in unadjusted BMD and unadjusted BMC as well
as biochemical indices of bone turnover in relation to each
RFLP within a gene, as well as the cross-genotypes in that
gene (i.e., Fokl and Tagql cross-genotypes and Xbal and
Pvull cross-genotypes), were assessed by ANOVA, with
Bonferroni’s correction of multiple comparisons. Gene-by-
gene interaction effects were tested for VDR and ERa in
models that contained two RFLP and their product, which
represented the interaction effect. Furthermore, differences
in biochemical indices of bone turnover in relation to candi-
date gene RFLP were further assessed by multiple regres-
sion analysis that controlled for pubertal status and other
variables (Tanner score, age, weight, and height). The rela-
tionships between candidate gene RFLP/cross-genotypes
and BMD and BMC were also investigated after all size-
related continuous variables (BMC, BA, BMD, height,
weight) were converted to the natural logarithm before the
analysis [35]. To investigate the influence of candidate gene
RFLP on BMC adjusted for bone and body size (size-
adjusted BMC), BA, height, and weight were included in
multiple linear regression equations as recommended by
Prentice et al. [35]. Furthermore, differences in BMD and
BMC (adjusted and unadjusted) in relation to candidate
gene RFLP were further assessed by multiple regression
analysis that controlled for other potentially confounding
effects of Tanner score, dietary calcium, vitamin D status,
and physical activity score.

Results

Baseline physical characteristics and VDR and ERo
genotype frequencies

Baseline physical characteristics of the girls are presented in
Table 1. The majority (~90%) of girls in the present study
were of early- to midpubertal status.

The percentage frequencies for Pvull and Xbal ERo
and Fokl and Taql VDR genotypes for the group of young
Danish girls are also shown in Table 1. There was no evi-
dence of deviation from Hardy—Weinberg equilibrium for

any of the four polymorphisms (P > 0.05). Although there
was strong linkage disequilibrium between Pvull and Xbal
ERa polymorphisms (D’ > 0.95), there was no linkage dis-
equilibrium between Fokl and Taql VDR polymorphisms
(D’ <0.05).

Baseline physical characteristics, dietary calcium, vitamin
D status, and physical activity score in Danish girls
stratified by VDR and ERo genotype

Age, weight, height, and BMI of the girls were similar
among VDR Tagql and ERa Xbal and Pvull genotype
groups (Tables 2, 3). Although age, weight, and BMI were
not associated with the VDR FoklI genotype, girls with the
ff genotype were significantly (P < 0.05) taller than those
with either the Ff or FF genotype (Table 2). The mean (SD)
daily dietary intakes of vitamin D and calcium by the girls
were 2.6 (1.4) pg and 1030 (617) mg, respectively. The mean
(SD) serum 25(OH)D concentration of the girls was 43.2
(17.1) nmol/l. Dietary calcium intake and physical activity
score for the girls did not vary by RFLP genotype group
within either of the two candidate genes investigated
(Tables 2, 3). Although serum 25(OH)D concentration did
not vary among Fokl, Pvull, or Xbal polymorphism groups
(Tables 2, 3), there was a tendency (P = 0.067) for serum
25(OH)D concentration to vary among 7agl polymorphism
groups (see Table 2).

Effect of VDR and ERo genotype on biochemical indices
of bone turnover

Serum PTH and osteocalcin as well as urinary pyridinium
cross-links (Pyr and Dpyr) levels were unaffected by VDR
Fokl or Taql genotype (see Table 2). Serum PTH was not
associated with ERo Pvull or Xbal genotype (see Table 3).
Urinary pyridinium cross-link and serum osteocalcin levels
were (P < 0.05) or tended to be (P = 0.063; osteocalcin
among Xbal ERo genotype groups) associated with ERo
Pvull or Xbal genotypes (see Table 3). However, although
the associations between urinary pyridinium cross-link (P <
0.05) and ERa Pvull or Xbal genotypes remained after
adjustment for pubertal status (Tanner score), age, weight,
and height, the associations between serum osteocalcin lev-
els and ERa Pvull or Xbal genotypes disappeared (data
not shown). XX and PP genotypes appeared to be associ-
ated with reduced levels of urinary Pyr and Dpyr compared
to those of the other two genotypes (see Table 3). There
were no significant gene—gene interaction effects between
polymorphisms at the ERo and the VDR on bone marker
levels (data not shown).

Effect of VDR and ERa genotype on unadjusted and
adjusted BMD and BMC, including control of potential
dietary and confounding environmental factors

Unadjusted BMD of the lumbar spine or whole body
was not associated with Xbal, Pvull, Fokl, or Tagql
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polymorphisms (Tables 2, 3). This lack of association re-
mained even after the BMD data were adjusted for possible
confounding effects of weight, height, and Tanner score.

Unadjusted BMC of the lumbar spine or whole body was
not associated with Xbal, Pvull, or Taql polymorphisms
(see Tables 2, 3). Furthermore, size-adjusted BMC (at both
sites) was not associated with Pvull or Tagl polymor-
phisms, even after controlling for Tanner score (data not
shown). There was a tendency (P = 0.070-0.083) for unad-
justed BMC (at both sites) to be associated with the Fokl
VDR genotype (see Table 2). However, this tendency dis-
appeared after the BMC data were adjusted for size (i.e.,
bone area, height, and weight) and Tanner score (data not
shown). Size-adjusted BMC of the whole body, but not
lumbar spine, tended (P = 0.084) to be associated with the
Xbal ERo genotype, even after adjustment for Tanner
score (data not shown). Inclusion of other potential con-
founding factors such as physical activity, dietary calcium,
and vitamin D status in the regression models did not alter
the genotype-BMD/BMC findings (data not shown). There
were no significant gene—gene interaction effects between
polymorphisms at the ERo locus and the VDR locus on
either BMD or BMC (data not shown).

Discussion

Although there have been numerous studies of the associa-
tion of polymorphisms in the VDR and ERa genes on bone
mass in adults, and a more limited number of such studies in
prepubertal children or adolescents, the data are conflicting
[2-9,10,13,16,18-20]. In the present study, these relation-
ships were investigated in peripubertal children, a group
seldom investigated despite the dramatic increases in BMD
during this phase of life [22].

The genotype frequencies of VDR (defined by the Tagl
and Fokl endonuclease systems) and ERa (defined by the
Pvull and Xbal endonuclease systems) in the group of
Danish girls in the present study were similar to those pre-
viously reported in Danish populations [36,37] and were in
Hardy—Weinberg equilibrium.

There were no significant associations evident between
BMC and BMD (at whole body and lumbar spine; unad-
justed but also adjusted for confounding factors, as sug-
gested by Deng et al. [38]) and VDR (Tagql or Fokl) or with
ERa (Pvull or Xbal) genotypes. There have been only
three studies published that investigated the effect of ERo
genotype on BMD in children, but all three failed to find
an association [13,16,20]. The present study, which had a
sample size of 224, had sufficient power to detect 7.8%—
9.2% differences in spinal BMD, respectively, between the
extreme homozygotes for Pvull and Xbal ERo genotypes.
It should be noted that Willing et al. [39] reported that
premenopausal women (n = 253) with the PP ERa geno-
type had significantly higher BMD of the spine (6.4%; P <
0.005) compared to women with the pp ERa genotype.
Furthermore, the same authors reported that premeno-
pausal women (n = 248) with the XX ERa genotype had

significantly higher BMD of the spine (6.5%; P < 0.005)
compared to women with the xx ERo. genotype [39]. These
findings in premenopausal women might suggest the sample
size in the studies of children, including the present (which
to our knowledge is the largest study of adolescent children
in terms of subject number), may have been limited to
detect measurable differences in BMD/BMC.

There were no significant associations between the Tagl
VDR genotype and BMD or BMC in the Danish girls in the
present study. A number of studies have investigated the
effect of the Tagl VDR genotype on BMD in children. Tao
et al. [13] reported that adjusted lumbar spine BMD was
significantly (P < 0.05) lower (by 8.3%) in prepubertal girls
(aged 7.0-7.9 years) with the TT VDR genotype (n = 24)
compared to those with the # (n = 11) genotype. Lorentzon
et al. [15] found that lumbar spine BMD in postpubertal
girls (mean age, 16.9 years) with the 7T genotype (n = 29)
was significantly lower (5.1%; P < 0.05) compared to those
with the Tt genotype (n =44). The sample size in the present
study was sufficient to detect 8.9% and 5.5% differences in
lumbar spine BMD between 77 and # and 77T and Tt VDR
genotype groups, respectively.

There were no significant associations between Fokl
VDR genotype and BMD or BMC in the Danish girls in the
present study. A limited number of studies have investi-
gated the effect of VDR genotype on BMD in pre- and
postpubertal children. Some studies have reported a lack of
association between Fokl VDR genotype and BMD in chil-
dren (n = 114; prepubertal) [13]; (n = 143; prepubertal) [19];
(n =91; postpubertal) [15]. On the other hand, Ames et al.
[14] found that differences of the order of 8.2% and 4.8% in
total body BMD exist between FF (n =30) and ff (n = 10),
and FF and Ff (n=32) VDR genotype groups, respectively,
in a mixed group of Caucasian, Mexican-American, and
African-American children, as well as in Caucasian children
only, aged 7-12 years. The sample size in the present study
was sufficient to detect 6.0% and 3.3% differences in total-
body BMD between FF and ff and FF and Ff VDR geno-
type groups, respectively. However, although the children
in the study by Ames et al. [14] were for the most part
prepubertal (79% with Tanner score 1; remainder with Tan-
ner scores of 2 and 3), the children in the present study were
mainly of early- to midpubertal status (92% Tanner scores
2 and 3, with only 8% Tanner score 1). Ferrari et al. [19]
suggested that the significant association found between
Bsml VDR genotype and lumbar spine BMD in prepuber-
tal girls (n = 143) was not present in peri- and postpubertal
girls (age range, 10.0-18.5 years; n = 54). However, the small
sample size of peri- and postpubertal girls would have lim-
ited the potential to detect significant differences in BMD
among VDR genotypes in the study by Ferrari et al. [19].
Furthermore, several, but not all, studies report a significant
association between VDR genotype and BMD in premeno-
pausal adult women [6], suggesting that genotypic effects on
PBM may persist into young to middle adulthood.

It has been suggested that environmental factors such as
dietary calcium [19] and physical activity [21] might affect
the relationship between BMD/BMC and VDR or ERa
gene polymorphisms. However, in the present study, di-



etary calcium intake and high physical activity score did not
influence the lack of relationship between genotype and
bone mass. Ferrari et al. [19] suggested that a relatively high
calcium intake (as was evident in the girls in the present
study) and, thus, BMD accrual may be optimized in subjects
with certain VDR genotypes, which could mask differences
between genotypes.

The rate of bone turnover is also an important determi-
nant of bone mass [40]. The findings of studies in adults that
investigated the impact of VDR and ERa genotype on bone
turnover, as assessed by biochemical markers, have been
conflicting [6,9]. In the present study, VDR genotype had
no influence on markers of bone turnover. On the other
hand, ERa genotype (Pvull and Xbal) influenced markers
of bone resorption, but not those of bone formation, in
Danish girls in the present study. Unfortunately, there are
no available data with which to compare our findings. The
reduced rates of bone resorption in girls with XX and PP
Xbal and Pvull ERa genotypes, respectively, in the present
study might support the findings of low BMD associated
with the pp ERa genotype in premenopausal women [39]
and the findings of a recent meta-analysis that suggested
that the XX ERa genotype was found to confer a higher
BMD, in addition to a protective effect that decreased the
risk of fracture [41]. It is possible the apparent effects of
ERo genotype on bone resorption in the girls in the present
study were translated into measurable effects in BMD or
BMC, but, as mentioned earlier, the sample size may have
been limited to detect these small differences.

There were no apparent interactions between the VDR
and ERo gene polymorphisms on bone mass or turnover in
the present study. Willing et al. [42] reported a significant
interaction between VDR (Tagl) and ERo (Pvull and
Xbal) genes in relation to bone mass in children, but these
were aged 4.5-6.5 years.

In conclusion, the findings of the present study, which to
our knowledge is the largest study in adolescent children in
terms of subject number, suggest that VDR genotype is not
related to BMD, BMC, or bone turnover in healthy young
(11- to 12-year-old) Danish girls, even after controlling for
certain dietary and lifestyle factors. Although the rate of
bone resorption was influenced by ERo genotype, ERo
genotype did not appear to influence BMD or BMC in the
girls. This finding, however, may have been as a conse-
quence of the study being underpowered to detect small
genotype-dependent differences in bone mass. As puberty
is a time during which estrogen levels, the ligand for the
ERo, change considerably, this may influence the interac-
tion between ERo genotype and bone mass and turnover.
Further research on the impact of genotype on bone health
indices during the pubertal growth spurt is warranted.
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