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Abstract
Genetic determinants of bone mineral
content in prematurely born children at 3
months and 9–11 years of age were
studied. The findings suggest that multiple
genes are involved in the regulation of site
specific bone mass accumulation during
childhood.
(Arch Dis Child Fetal Neonatal Ed 2001;85:F214–F216)
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Peak bone mass in early adulthood is an
important determinant of risk of fracture
through the rest of life.1 It is influenced by
environmental factors such as calcium intake
and exercise, but genetics is considered to play
a major role.2 In preterm infants, the environ-
mental influence on bone mineral content
(BMC) is strong and well established.3 This
study is the first attempt to shed light on the
genetic eVect on bone mineral accretion in
children born preterm.

Methods
Thirty nine children born before the
gestational age of 37 weeks were enlisted in a
study to assess the eVect of early diet on BMC.4

Except for minor illnesses, the children were
free from any chronic diseases. BMC of the left
forearm, specifically at a site one third of the
ulnar length measured proximally from the
distal ulnar styloid (one third site), was
measured by single photon absorptiometry5 at
3 months of age in 16 of these infants (mean
(SD) gestational age 29.6 (3.0) weeks and birth
weight 1263 (415) g). At 9–11 years of age,
BMC was measured in all children by dual
energy x ray absorptiometry (Norland XR-26,
Norland Corp, Fort Atkinson, Wisconsin,
USA)6 at the lumbar spine (L2–L4) and distal
left forearm in addition to the one third site.
The mean (SD) gestational age of the whole
group was 31.3 (3.2) weeks and the mean (SD)
birth weight was 1483 (442) g.

Genomic DNA was extracted and purified
from EDTA blood samples using a QIAamp
Blood Kit (Qiagen GmbH, Hilden, Germany).
For restriction fragment length polymorphism
studies of vitamin D receptor (VDR) and oes-
trogen receptor (ERá) genes carrying the poly-
morphic restriction sites, genomic DNA was
amplified by polymerase chain reaction (PCR)
using gene specific primers.7 8 After amplifica-
tion, the PCR products were digested with
restriction endonucleases (ApaI, TaqI, and FokI
for VDR; PvuII for ERá), and the resulting

fragments were separated in 2% agarose gel.
The alleles were defined by capital letters in the
absence of a restriction site and small letters in
the presence of a given restriction site. The 569
bp fragment of genomic DNA containing the
polymorphic portion (a G to T substitution) of
the Sp1 binding site in intron 1 of the collagen
type I á1 (COLIA1) gene was amplified by
PCR under similar reaction conditions to those
described above. The upstream primer was
5’-GGAAAGTAAAGCCAGGGATG-3’ and
the downstream primer was 5’-
AACTCCAACCTCAGCCCATT-3’. After
amplification, the PCR product was digested
with PflMI endonuclease producing 379 bp
and 190 bp fragments. The PflMI recognises
the sequence CCANNN/NTGG where the last
G represents the polymorphic site of the Sp1
binding region.9 According to Grant and
coworkers,10 the allele S was designated as
absence of the G to T transition (the presence
of a restriction site in this study).

The polymorphic dinucleotide repeat up-
stream of the transcription start site of the
insulin-like growth factor (IGF)-I gene was
also amplified using gene specific primers.11

One primer was fluorescently labelled (Cy5;
Amersham Pharmacia Biotech, Little Chal-
font, Bucks, UK). The variation in length of
labelled PCR products was analysed using an
ALFexpress DNA sequencer and ALFwin
Fragment Analyser software (Amersham
Pharmacia Biotech AB, Uppsala, Sweden).

Between group diVerences were tested by
analysis of covariance. The genotype was used
as a factor and the weight at the time of the
BMC measurement was used as a covariate.
For the analysis of the eVect of the IGF-I
genotype, all diVerent base pair lengths were
separately analysed. The children were classi-
fied into three groups: (a) homozygotes for a
certain length of DNA; (b) heterozygotes for
that length of DNA; (c) those who did not have
that length of DNA. Analysis of variance was
performed with these groups for all basepair
lengths. When the eVect of diVerent genotypes
on the change in BMC was being evaluated, the
diVerence between the BMC at 3 months and
9–11 years of age was used as a factor and the
change in body weight during the same time
period was used as a covariate. Because of the
multiple comparisons, the á level was set at
0.01. The prevalences of VDR genotypes were
compared by cross tabulation and ÷2 test.

The study was approved by the ethics
committee of Tampere University Hospital,
and written informed consent was obtained
from the parents.
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Results
At 3 months of age, children with the VDR
polymorphism TaqI genotype tt tended to have
higher BMC than those with the genotype Tt
or TT (table 1). The VDR ApaI genotype had
no impact on BMC at 3 months of age. The
distributions of the VDR FokI and ERá PvuII
and COLIA1 genotypes were not representa-
tive at 3 months of age and no conclusions
could be drawn from these genotypes.

As to IGF-I polymorphism, the size of the
PCR product varied from 182 to 196 bp, a
length of 190 bp being the most common in
our study population. This genetic determi-
nant had no influence on BMC at 3 months of
age (data not shown).

At 9–11 years of age, the TaqI and ApaI
genotypes were associated with each other
(p < 0.01), whereas the FokI genotype was not
associated with TaqI or ApaI (p = 0.38 and
p = 0.45). The VDR genotype FokI was the
only genetic determinant significantly
(p < 0.01) associated with BMC at the distal
forearm (table 1).

The 190 bp allele of the IGF-I gene tended
to have an eVect on the increase in forearm
shaft BMC from 3 months to 9–11 years of age
(p = 0.02). The children who were homo-
zygotes or heterozygotes for the 190 bp allele of
the IGF-I allele showed a slower increase in
forearm shaft BMC from 3 months to 9–11
years of age than those without this allele (374
g/cm v 493 g/cm, p < 0.01). None of the other
genotypes studied were related to the change in
BMC of the forearm shaft from 3 months to
9–11 years of age.

Discussion
Most studies of genetic influence on BMC have
been performed on perimenopausal and post-
menopausal women. Some studies have been
carried out on young adults and children, but

to our knowledge this is the first study to con-
sider the eVect of genetics on BMC in prema-
turely born children. We found a tendency
towards higher BMC at 3 months of age in the
children with the VDR TaqI tt genotype
compared with those with the Tt or TT geno-
type (table 1). The TaqI polymorphism was not
related to birth weight or weight at 3 months of
age. In contrast, in infants born at term, the
VDR genotype tt has been shown to be associ-
ated with higher body weight adjusted total
BMC at 1 year of age.12 This genotype is also
related to a higher body weight in 1 year old
term infants, but both of these associations dis-
appear later in childhood.13 The present
insignificant association of VDR TaqI polymor-
phism with BMC in early life may be related to
the small sample size, but one cannot exclude
the possibility that the strong environmental
factors3 present during the neonatal period of
preterm infants may well conceal a potential
genetic eVect.

At 9–11 years of age, only the polymorphism
at the FokI site of the VDR gene was associated
with bone mineral status (table 1). The VDR
ApaI and TaqI genotypes were closely related to
each other. ApaI and TaqI enzymes identify
polymorphisms at the 3’ end of the VDR gene
and do not alter the coding sequence of this
gene, in contrast with FokI which identifies the
polymorphism at the start codon of the VDR
gene.8 If the FokI restriction site is present
(presence denoted by f), the VDR protein is
three amino acids longer than if the restriction
site is absent (absence denoted by F). This may
result in a greater eVect of FokI polymorphism
than ApaI and TaqI polymorphism on VDR
function and thus BMC. The longer VDR pro-
tein has been speculated to result in mild calci-
triol resistance.8 In accord with this, the
children in the present study with the genotype
V had lower body weight adjusted BMC at the

Table 1 Bone mineral content (BMC) of the radial shaft, forearm shaft, and distal forearm in prematurely born children with diVerent vitamin D
receptor (VDR), oestrogen receptor (ERá) and collagen type I á1 (COLIA1) genotypes

At 3 months At 9 to 11 years

Radial shaft BMC (g/cm) Forearm shaft BMC (g) Distal forearm BMC (g) Lumbar BMC (g)

n Mean (SD) p Value n Mean (SD) p Value Mean (SD) p Value Mean (SD) p Value

VDR
ApaI

aa 4 0.09 (0.03) 8 0.80 (0.19) 0.86 (0.20) 19.53 (5.57)
Aa 7 0.11 (0.04) 0.46 19 0.80 (0.17) 0.88 0.90 (0.25) 0.87 19.60(4.58) 0.39
AA 5 0.09 (0.02) 12 0.79 (0.21) 0.91 (0.30) 20.95(4.93)

FokI
V 2 0.09 (0.05) 5 0.86 (0.23) 0.93 (0.32) 22.19(6.99)
Ff 10 0.10 (0.04) 21 0.72 (0.17) 0.12 0.82 (0.25) <0.01 18.49(4.63) 0.74
FF 4 0.08 (0.02) 13 0.88 (0.13) 1.00 (0.21) 21.60(3.53)

TaqI
tt 2 0.11 (0.01) 6 0.76 (0.26) 0.94 (0.40) 21.01(6.39)
Tt 6 0.09 (0.04) 0.02 20 0.80 (0.16) 0.53 0.91 (0.25) 0.43 20.44(4.60) 0.34
TT 8 0.09 (0.03) 13 0.80 (0.19) 0.85 (0.18) 18.86(4.51)

ERá
Pvu II

pp 1 0.12 8 0.81 (0.24) 0.90 (0.36) 21.29(7.37)
pP 12 0.09 (0.04) 23 0.81 (0.17) 0.65 0.91 (0.25) 0.36 20.00(4.20) 0.87
PP 3 0.09 (0.01) 8 0.72 (0.13) 0.83 (0.14) 18.74(2.99)

COLIA1
ss 1 0.16 1 0.98 0.91 19.08
Ss 1 0.10 6 0.86 (0.18) 1.07 (0.36) 21.70(5.61)
SS 14 0.09 31 0.78 (0.18) 0.86 (0.23) 19.63(4.81)

p Values were obtained by analysis of covariance with genotypes aa, Aa, and AA, V, Ff, and FF, tt, Tt, and TT, pp, pP, and PP, or ss, Ss, and SS as factors and
weight at time of measurement of bone mineral status as covariate.
The p values for the VDR FokI, ERá PvuII and COLIA1 genotypes are not reported because the distributions are not representative.
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distal radius at 9–11 years of age than the chil-
dren with the genotype FF. In contrast, the Ff
heterozygotes in our study had the lowest BMC
at the distal radius, a finding that we cannot
explain. The fact that no eVect of FokI
polymorphism was seen at the lumbar site is in
agreement with the suggestion that the genetic
influence is not uniform over the skeleton.14

Rosen and coworkers11 found that the IGF-I
192/192 homozygotes had lower levels of
serum IGF-I than the other genotypes. Low
serum levels of IGF-I have been shown to be
associated with low BMC.15 In the present
study, only one child was found to be a 192/192
homozygote, thus the eVect of this genotype
was impossible to evaluate. The children who
were homozygotes or heterozygotes for the 190
bp allele of IGF-I showed a significantly slower
increase in forearm shaft BMC from 3 months
to 9–11 years age compared with those without
this allele.

In conclusion, multiple genes may be
involved in the regulation of site specific accu-
mulation of bone mass during childhood.
However, it must be kept in mind that the small
sample size of this study limits its statistical
power to detect true associations, and a type II
error cannot be excluded.
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