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Introduction

Osteoporosis is a major public health problem character-
ized by fragile bones susceptible to low trauma fractures,
particularly in elderly women. In China, approximately
6.97% of the total 1.3 billion population suffer from primary
osteoporosis1. A major risk factor for osteoporotic fractures
is low BMD2-4, which is under strong genetic control. The
heritability of BMD has been estimated ranging from 50% to
80%5-8. Given the complex biology of the skeleton, it is like-
ly that BMD is under the control of a large number of genes.

Osteocalcin, also called bone Gla protein (BGP), is the
most abundant non-collagenous protein component of bone.

It is synthesized exclusively by osteoblasts under transcrip-
tional regulation through a vitamin D-response element, and
is well known as a marker for differentiated mature
osteoblasts and a determinant of bone calcification process9-15.
In addition, BGP promotes recruitment and differentiation
of osteoclast precursors at the bone surface, suggesting a
potential role in bone resorption and remodeling16-18. The
human BGP gene has been mapped to genomic region 1q25-31.
A whole genome linkage screen for quantitative trait loci
(QTLs) contributing to normal variation in BMD detected a
linkage peak with a maximum LOD score of 3.11 at this
region19. Recently, a polymorphism was identified in the pro-
moter of BGP gene with the restriction enzyme HindIII20.
Association between the HindIII polymorphism and BMD
was tested for BMD variation in different racial popula-
tions20-26. Most of those studies employed population-based
association test and the results are largely inconsistent. 

In this study, we simultaneously test linkage and/or asso-
ciation of the HindIII polymorphism in the BGP gene with
BMD variation at the spine and hip in a large sample of
Chinese nuclear families.
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Abstract

Osteoporosis is a major health problem, mainly characterized by low bone mineral density (BMD). Osteocalcin (also known
as BGP, for bone Gla protein) is a significant biomarker of bone turnover and thus the BGP gene has been considered as an
important candidate gene for osteoporosis. A few studies on the relationship between variants of the BGP gene and BMD vari-
ation, via traditional association and/or linkage methods, have yielded conflicting results. In the present study, we simultane-
ously tested linkage and/or association of the BGP HindIII polymorphism with BMD in a large cohort of pre-menopausal
Chinese women. A total of 1,263 subjects from 402 Chinese nuclear families were examined. Each family consists of both par-
ents and at least one daughter aged between 20-45 years. BMDs at the lumbar spine and hip were measured by dual-energy
X-ray absorptiometry (DXA). Using the QTDT (quantitative transmission disequilibrium test) program, we did not detect sig-
nificant evidence of linkage or association between the BGP HindIII polymorphisms and the BMD variation at any skeletal
site. Our data do not support the BGP gene having a major effect on BMD variation in pre-menopausal Chinese women.
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Materials and methods

Subjects

A total of 402 nuclear families comprising 1,263 subjects
were enrolled from a local population of Shanghai, a mod-
ern city located on the mid-east coast of People’s Republic
of China. All the study subjects belong to the Chinese Han
ethnic group. Each nuclear family is composed of both par-
ents and at least one female child aging between 20 and 45
years. The nuclear families vary in size from 3 to 6 individu-
als, with a mean of 3.14. The numbers of families with one,
two, three, and four daughters are 349, 50, 2, 1, respectively.
The exclusion criteria for the subjects included were the
same as described by Deng et al.26. In brief, individuals who
had any diseases or medication known to have potential
effects on bone and mineral metabolism were excluded from
the study. The study was approved by the Research
Administration Department of Hunan Normal University
and the 6th People’s Hospital of Shanghai, P.R. China.
Before entering the projects, informed written consent doc-
uments were given by all the participants.

Measurement

The BMDs (g/cm2) at lumbar spine (L1-4) and hip (femoral
neck, trochanter, intertrochanteric region and ward’s triangle)
were measured using the Hologic QDR 2000+ dual-energy
X-ray absorptiometry (DXA) scanner (Hologic, Waltham,
MA, USA). The machine is calibrated daily. The co-efficient
of variation (CV) of the BMD measurement obtained by
repeated measures on 7 individuals for five times was 0.9%,
0.8%, 1.93%, 1.48%, 1.31% and 3.85% at the lumbar spine,
total hip, femoral neck, trochanter, intertrochanteric region
and ward’s triangle, respectively. Weight and height were
measured at the time of BMD measurement.

Genotyping

Genomic DNA was extracted using a standard phenol-
chloroform extraction procedure. PCR was performed in a
25 ml reaction mixture with the following final concentra-
tions: 1× PCR buffer, 1.5 mM MgCl2, 12.5 pmol of each
primer, 2.5 mM of each dATP, dCTP, dGTP, and dTTP, 100
ng DNA, and 1 U of Taq polymerase (Promega Corporation,
Madison, USA). PCR conditions were: 30 cycles for 30 s
denaturation at 94ÆC, 30 s annealing at 59ÆC, and 60 s elon-
gation at 72ÆC. After cycling, a final extension at 72ÆC for 10
minutes was performed. The primers used in the PCR reac-
tion were the same as those described by Gustavsson et al.22

(forward, 5’-CCG CAG CTC CCA ACC ACA ATA AGC T-
3’, and reverse, 5’-CAA TAG GGC GAG GAG T-3’) to pro-
duce a 253 bp fragment. After amplification, the PCR prod-
ucts were digested with restriction endonuclease HindIII
(Life Technologies, Grand Island, NY, USA) at 37ÆC for 3
hours and then electrophoresed through a 2% agarose gel

(Shanghai Yito Enterprise Company Limited, Shanghai,
P.R. China) stained by ethidium bromide. The alleles of
BGP gene were designated as the absence (H) or presence
(h) of the HindIII restriction site.

Statistical analysis

Regular statistical analyses were performed using SAS
program (SAS for personal computer 6.12, SAS Institute
Inc., Cary, NC, USA). The contribution of the covariates
(age, height and weight) in each BMD variable was assessed
by employing simple regression analyses in the offspring
group. Agreement of genotype frequencies with Hardy-
Weinberg (H-W) ratios was tested using the ¯2 goodness-of-
fit test in the parent and offspring groups, respectively. H-W
ratios are the ratios of genotypes that involve when mating is
random and neither selection nor drift are operating in a
large population. For two alleles (H and h) with frequencies
p and q, the H-W frequencies for the three genotypes (HH,
Hh and hh) are p2, 2pq and q2, respectively. The frequencies
of alleles and genotypes in the population would remain the
same from one generation to next. The ¯2 goodness-of-fit
test is used to analyze whether the observed genotype fre-
quencies are different from expected genotype frequencies. 

Using the QTDT (quantitative transmission disequilibrium
test) program (http://www.sph.umich.edu/csg/abecasis/QTDT),
we tested linkage and/or association between the BGP
HindIII polymorphism and BMD. The association test used
in QTDT is based on the method described by Abecasis et
al.27, in which association effects are partitioned into orthog-
onal between-family and within-family components. The
between-family component is sensitive to population struc-
ture, while the within-family component is free of confound-

Trait Fathers Mothers Offspring
(n=387) (n=380) (n=459)

Age (year) 62.4±6.6 59.1±6.6 31.4±5.8
Height (cm) 166.2±6.0 154.6±5.6 159.9±5.2
Weight (kg) 68.4±10.0 59.2±8.6 55.1±8.0
BMD (g/cm2)

Spine L1-4 0.930±0.149 0.813±0.152 0.960±0.102
Femoral neck 0.751±0.115 0.678±0.122 0.776±0.107
Trochanter 0.648±0.100 0.545±0.107 0.665±0.088
Intertrochanteric 1.024±0.147 0.880±0.161 0.998±0.130
region
Ward’s triangle 0.553±0.139 0.507±0.159 0.711±0.132
Total hip 0.875±0.123 0.749±0.134 0.855±0.108

Note: all data were presented as mean±SD for the raw phenotype
values without adjustment. Phenotypes are not available for 15 sub-
jects in the fathers group and 22 subjects in the mothers group.

Table 1. Basic characteristics of fathers, mothers and offspring
group.
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ing population-substructure effects and is significant only in
the presence of linkage disequilibrium (LD). Hence, a sim-
ple test of the within-family association would yield a robust
test of association, regardless of the composition of nuclear
families. When there is no population stratification/admix-
ture, total association that tests both between- and within-
family components could be performed. The linkage test
implemented in QTDT is based on allele-sharing probabili-
ties and variance component analysis using the identity-by-
decent (IBD) relationships among family members28. If both
linkage and association are detected in separate analysis, the
QTDT provides a test of linkage while simultaneously mod-
eling association to test whether the locus is a functional
variant or just in LD with the trait locus29. To assess the reli-
ability of the within-family association, permutations (1,000
times simulation) were performed.

In all of the statistical analyses, raw BMD values are
adjusted by covariates of age, weight, and height. Sex is not
used as a covariate because the phenotypes of parents are
excluded in QTDT and all the offspring in our sample are
daughters. By performing the Kolmogowv-Smirnov test, we
found the BMD data in our samples were generally not sig-
nificantly deviate from normal distribution.

Results

A total of 1,263 individuals from 402 nuclear families
comprising 804 parents and 459 offspring were recruited. Of
these, 37 subjects (15 fathers, 22 mothers) did not have phe-
notypes measured. All the children were females aged
31.4±5.8 (mean±SD) years. The basic characteristics of the
daughters are summarized in Table 1.

In offspring group, according to the three BGP genotypes,
there were no significant differences (p>0.05) in age, height
and weight, respectively. But these factors generally have
effects on BMD variation at most skeletal sites, with weight
being the most important predictor, which explains 14.1% of
spine BMD and 18.6% of total hip BMD variations (Table 2).

Due to the failure of PCR amplification or Mendelian
inheritance inconsistency, the genotypes of six subjects (two
mothers and four daughters) were not available. In the par-
ents’ group, the frequencies of genotype HH, Hh, and hh are
7.3%, 41.2%, and 51.5%, respectively. The distribution of
genotypes in the parents’ group is in Hardy-Weinberg equi-
librium (p = 0.322). It is noteworthy that the frequency of
genotypes and alleles in our sample is similar to those of
other ethnicities reported previously20,22,26, suggesting no sig-
nificant racial difference at this marker locus (Table 3). In
our sample, the heterozygosity of the HindIII marker is
41.2%. There are 301 informative nuclear families, each of
which has at least one heterozygous parent, for TDT analysis.

In QTDT analyses, four nuclear families were excluded due
to the deficiency of the genotype of the offspring. Because the
effect of founder’s phenotypes were excluded in the analyses,

Skeletal site Age Height Weight

Spine L1-4 0.016(<0.005) 0.056(<0.005) 0.141(<0.005)
Femoral neck -0.000(0.385) 0.025(<0.005) 0.162(<0.005)
Trochanter 0.009(0.023) 0.013(0.008) 0.118(<0.005)
Intertrochanteric 0.007(0.042) 0.002(0.172) 0.167(<0.005)
region
Ward’s triangle 0.032(<0.005) 0.003(0.125) 0.074(<0.005)
Total hip 0.006(0.058) 0.010(0.018) 0.186(<0.005)

Note: Values are R2 in simple regression analyses. Numbers in paren-
theses are p-values of the corresponding regression co-efficients.

Table 2. Contribution of covariates to BMD variation at each
skeletal site in offspring group.

Chinese (802) Japanese (160) Caucasians (261)

Genotype frequencies
HH 0.073 0.075 0.061
Hh 0.416 0.306 0.318
hh 0.515 0.619 0.621
Allele frequencies
H 0.282 0.230 0.220
h 0.718 0.770 0.780
p value of H-W test 0.322 0.514 0.411

Note: Hardy-Weinberg ratio was tested with ¯2 test. The data within
the parentheses are the number of the study subjects. The data for
Chinese, Japanese, and Caucasians are derived from this study, Dohi
et al.20, and Gustavsson et al.22, respectively.

Table 3. Genotype and allele frequencies of the BGP HindIII poly-
morphism.

Population Within-family Total Linkage
stratification association association

BMD
Spine (L1-4) 1.000 0.806 0.740 1.000
Femoral neck 0.920 0.327 0.566 1.000
Trochanter 0.439 0.888 0.450 0.130
Intertrochanteric 0.777 0.240 0.185 1.000
region
Ward’s triangle 0.383 0.624 1.000 1.000
Total hip 0.920 0.399 0.281 1.000

Note: the tests were all conducted by employing the program QTDT,
the phenotypic values were adjusted for significant covariates of age,
height and weight.

Table 4. P values obtained from QTDT analyses of the BGP
HindIII and BMD.
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all the remaining 398 families were included in the analyses
although there were 37 parents without phenotype data.
Using the QTDT, we did not detect significant population
stratification in our samples. Neither did we find significant
association (including within family association and total asso-
ciation) nor linkage between the BGP HindIII polymorphism
and BMD variation at the spine and hip (Table 4).

Discussion

BGP is the most abundant non-collagenous protein com-
ponent of bone and is involved in bone calcification, resorp-
tion and remodeling. The HindIII marker used here repre-
sents a C→T transition in the promotor region of the BGP
gene and is of potential functional importance in the regula-
tion of the BGP gene expression20.

In this study, we tested linkage and/or association between
the BGP HindIII polymorphism with spine and hip BMD in
402 nuclear Chinese families. We did not detect any signifi-
cant evidence of linkage or association between this variant
and BMD variation. Our study has fairly high statistical
power. For instance, when a marker per se is a function
mutation or in strong LD with a quantitative trait locus
(QTL), our study sample has more than 80% power to detect
a QTL that can explain 10% of BMD variation. In addition,
this power estimation may be conservative in that we assume
that each nuclear family has only one child, whereas among
our 402 nuclear families, there are 50 families with two
daughters and 3 families with more than two children.
Therefore, our results suggest that the BGP HindIII poly-
morphism may not have large effects on BMD variation in
pre-menopausal Chinese women.

Our results are consistent with some earlier studies in
Asian populations. In postmenopausal Japanese women,
Dohi et al.20 did not find a significant association between
lumbar spine BMD and the BGP HindIII genotypes.
Another study carried out in the Japanese, significant asso-
ciation between lumbar spine and hip BMD and the BGP
HindIII genotypes found only in postmenopausal women but
not in pre-menopausal women24. A study in postmenopausal
Chinese women in Taiwan failed to detect the significant
association either23. A recent association study performed
between lumbar spine and hip BMD and the BGP HindIII
genotypes in healthy pre-menopausal and postmenopausal
Chinese women also got negative results reported25. Their
data along with ours do not support that the BGP gene is a
QTL for BMD variation in Asian pre-menopausal women
and even postmenopausal women. So far, significant associ-
ation between the BGP gene and BMD variation is observed
in most Caucasians. Deng et al.26 showed that the allele h of
the BGP HindIII variant was associated with higher hip
BMD values in 630 Caucasians from 53 pedigrees.
Gustavsson et al.22 found that the presence of the H allele
was related to lower BMD at the humerus and the femoral
neck in Caucasian adolescent females. Testing a microsatel-
lite marker (D1S3737) near to the BGP gene, Raymond et

al.30 and Andrew et al.31 also detected a significant associa-
tion between BMD variation and the BGP gene in
Caucasians. It is postulated that ethnic or environmental dif-
ference may account for the conflicting results of the studies
in Asians as well as Caucasians. One possible reason is the
big difference in vitamin K intake between Caucasians and
Asians32. Vitamin K is essential to activate BGP molecules.
The lower vitamin K level in the Caucasians than that in the
Asians may be a possible reason to produce the difference in
the clinical significance of BGP to maintain BMD33.
Nevertheless, whether the BGP activity is differentially
modulated according to BGP HindIII polymorphism and
vitamin K levels remains to be investigated. Also, to eventu-
ally clarify the role of the BGP gene in BMD variation, fur-
ther molecular genetic and physiological studies are needed.

The potential limitation of the present study should be
mentioned here. First, although our study has rather high sta-
tistical power to detect a QTL with relatively large effects,
however, for QTL with smaller genetic effect, the statistical
power decreases considerably. For example, our sample pro-
vides only 25% power to detect a QTL with genetic effect as
low as 1%. In order to achieve 80% power to detect a QTL
with 1% effect on BMD variation, the number of informative
nuclear families (each with only one child) should be greater
than 700. Second, we only examined one marker in this study,
which may have a potential impact on the results. This is
because LD generally exists over a short distance in the
genome, while the TDT employed here depends crucially on
the LD between the marker and the functional variant inside
a gene34. If a functional variant is not in strong LD with the
marker, a genuine association may not be detected. Thus, fur-
ther studies by examining denser SNP markers (~3kb) span-
ning the BGP gene locus are necessary to derive a definitive
conclusion regarding the association of the BGP gene with
BMD variation, with more attention paid on SNPs in coding
and promoter regions or SNPs that define "haplotype tags"35.
Third, despite the large number of nuclear families (402) in
our sample, the majority of them have only one child. Hence,
only 62 sib pairs from 53 nuclear families are informative for
the linkage analysis. The power to detect linkage with this
sample is modest. Therefore, negative results of linkage here
may not necessarily exclude the possibility of a true linkage.

In summary, the present study did not detect any signifi-
cant association or linkage between the BGP HindIII poly-
morphism and BMD variation at the spine and hip in a
Chinese population. Our data suggested that the BGP
HindIII polymorphism may not have major effects on BMD
variation in pre-menopausal Chinese women.
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