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Background and aim: Bone mineral density (BMD) is under strong genetic regulation, but it is not clear which
genes are involved in the regulation, particularly in Asian populations. This study sought to determine the asso-
ciation between 29 genes discovered by Caucasian-based genome-wide association studies and BMD in a
Vietnamese population.
Methods: The study involved 564 Vietnamese men and women aged 18 years and over (average age: 47 years)
who were randomly sampled from the Ho Chi Minh City. BMD at the femoral neck, lumbar spine, total hip and
whole bodywasmeasured byDXA (Hologic QDR4500, Bedford,MA, USA). Thirty-two single nucleotide polymor-
phisms (SNPs) in 29 genes were genotyped using Sequenom MassARRAY technology. The magnitude of associ-
ation between SNPs and BMDwas analyzed by the linear regressionmodel. The Bayesianmodel averagemethod
was used to identify SNPs that are independently associated with BMD.
Results: The distribution of genotypes of all, but two, SNPs was consistent with the Hardy–Weinberg equilibrium
law. After adjusting for age, gender and weight, 3 SNPs were associated with BMD: rs2016266 (SP7 gene),
rs7543680 (ZBTB40 gene), and rs1373004 (MBL2/DKK1 gene). Among the three genetic variants, the SNP
rs2016266 had the strongest association, with each minor allele being associated with ~0.02 g/cm2 increase in

BMD at the femoral neck and whole body. Each of these genetic variant explained about 0.2 to 1.1% variance of
BMD. All other SNPs were not significantly associated with BMD.
Conclusion: These results suggest that genetic variants in the SP7, ZBTB40 and MBL2/DKK1 genes are associated
with BMD in the Vietnamese population, and that the effect of these genes on BMD is likely to be modest.
© 2015 Elsevier Inc. All rights reserved.
Introduction

Osteoporosis is a skeletal disorder characterized by reduced bone
strength and compromised bone microarchitecture, leading to an in-
creased risk of fragility fracture [1]. Bone strength is largely determined
by bonemineral density (BMD). Indeed, variation in BMD accounted for
more than 70% of variation in bone strength [2]. Low BMD is also recog-
nized as themost important risk factor for fracture, such that each stan-
dard deviation decrease in BMD measured at the femoral neck is
associated with 2 to 3-fold increase in fracture risk [3]. This magnitude
of association is equivalent to that of the association between blood
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pressure and the risk of cardiovascular diseases [3]. Therefore, femoral
neck BMD has been used as a tool for the diagnosis of osteoporosis [4].

Numerous studies during the past three decades have consistently
shown that BMD is under strong genetic effect. Twin studies showed
that between 70 and 80% of variance in BMD is attributable to genetic
factors [5–7], making BMD one of the most heritable traits in human.
However, it is a considerable challenge to identify specific genes that
are linked to BMD, because it is expected that there exists many genes
that are involved in the genetic regulation. Genome-wide association
study (GWAS) is a powerful hypothesis-free approach for identifying
genes. Three meta-analyses of GWAS, mostly in European descents,
showed that variants in the ZBTB40, ESR1, LRP5, TNFSF11, TNFRSF11A
and TNFRSF11B genes were associated with BMD [8–10]. Moreover, re-
sults from aGWAS in the Korean population yielded two additional new
loci (i.e. FAM3C and SFRP4) that are associatedwith BMD variation [11].
Other GWAS in the Chinese population reported that variants in the
JAG1 and ALDH7A1 genes were associated with BMD [12,13].
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Genetic findings, even from GWAS, require independent validation.
It is not clear whether the association between genetic variants and
BMD in Caucasians is also present in Asian populations (or vice versa).
Moreover, very few studies have identified genes influencing on BMD
variation in populations other than Caucasian populations. Indeed,
there have been no studies on the genetics of osteoporosis in the
Vietnamese populationwhomay have different geographic characteris-
tics of ancestry [14–16]. Thus, in this study, we sought to investigate
whether BMD-related genetic variants previously reported in GWAS
on populations with European ancestry are associated with BMD in
the Vietnamese population.
Study design and methods

Study design and participants

The study was designed as a cross-sectional investigation, with the
setting beingHoChiMinhCity, amajor city of Vietnam. The recruitment
procedure has been described previously [17]. Briefly, we approached
community organizations, including church and temples, and obtained
the list of members aged 18 years and above. In the next step, we
used simple random sampling technique to identify potential partici-
pants. We sent a letter of invitation to the selected individuals. Approx-
imately 5% did not respond to our letter of invitation, thus we contacted
them via phone. The participants did not receive any financial incentive,
but they received a free health check-up, and lipid analyses. Participants
were excluded if they reportedwith diseases deemed to affect boneme-
tabolism such as hyperthyroidism, hyperparathyroidism, renal failure,
malabsorption syndrome, alcoholism, chronic colitis, multiple myelo-
ma, leukemia and chronic arthritis.

The research protocol and study procedures were approved by the
Medical Ethics Committees of the People's Hospital 115 and Pham
Ngoc ThachUniversity ofMedicine. All volunteer participantswere pro-
vided full information about the study's purpose and gave informed
consent prior to participating in the study.
Measurements and data collection

Data collection was conducted by trained research doctors and
nurses using a structured questionnaire. The questionnaire solicited in-
formation concerning anthropometry, lifestyle factors, dietary intakes,
physical activity and clinical history. Anthropometric parameters in-
cluding age, weight, and standing height were obtained. Body weight
was measured on an electronic scale with indoor clothing without
shoes. Height was determined without shoes on a portable stadiometer
with mandible plane parallel to the floor. Body mass index (BMI) was
calculated as weight in kg over height in meter squared.

Each participant was asked to provide information on current and
past smoking habits. Alcohol intake in average numbers of standard
drinks per day, at present as well as within the last 5 years, was obtain-
ed. Clinical data including blood pressure, pulse, reproductive history
(i.e. parity, age of menarche and age of menopause), and medical histo-
ry (i.e. previous fracture, previous and current use of pharmacological
therapies) were also obtained.
Bone mineral density measurement

Areal BMD was measured at the lumbar spine, femoral neck, total
hip and whole body using a Hologic QDR 4500 (Hologic Corp, Bedford,
MA, USA). For the lumbar spine, we measured BMD from L2 to L4. The
densitometer was standardized by phantom before eachmeasurement.
Themeasurementwas done by a qualified radiology technologist. Based
on 20 individuals, the coefficient of variation in BMD at our labwas 1.8%
for the lumbar spine and 1.5% for the hip.
Marker selection and genotyping

Thirty-two single nucleotide polymorphisms (SNPs) were selected
from previous studies which were identified to be associated with
BMD in populations with European ancestry (Table S1). The SNPs
were selected based on their strength of association with BMD, P-
value, and allelic frequency. Multiplexed assays were designed for all
SNPs using the SequenomMassARRAY Assay Design software (version
4.0.0.2). SNPs were genotyped using iPLEX™ Gold chemistry and ana-
lyzed using a Sequenom MassARRAY Compact Mass Spectrometer
(Sequenom Inc., San Diego, CA, USA). All reactions were carried out
using standard conditions. The post-PCR products were spotted on a
Sequenom SpectroChip 2, and the data was processed and analyzed
using Sequenom MassARRAY TYPER 4.0.20.65 software.

Sample size and statistical analysis

Sample size determination was formally determined prior to the
study. Based on results of previous meta-analysis of GWAS [8–10], we
assumed that the effect size (i.e. difference in BMD between genotypes
in relation to its standard deviation) is varied between 0.03 and 0.05
which is considered clinically relevant. We estimated that a sample
size of between 350 and 550 should have at least 80% chance to detect
the effect size at the significance level of 5%.

The allelic frequency distribution of each SNP was tested for devia-
tion from the expected frequency by the Hardy–Weinberg equilibrium
(HWE) law using the “HardyWeinberg” package in R [18]. Two SNPs
were excluded from the analysis because the P-value from the test
was less than 0.05. We reported minor allele frequency (MAF) for
each study SNP to enable the comparison with its frequency in
European or Chinese descents (available at http://www.ncbi.nlm.nih.
gov).

The linear regression model was used to analyze the association
between each SNP and BMD. The SNP's genotypes were coded as the
number of minor alleles (e.g., 0, 1, and 2). Therefore, the regression co-
efficient associated with each SNP can be interpreted as the effect size.
We performed the analysis separately for BMDmeasured at the lumbar
spine, femoral neck, total hip and whole body. Age, sex and weight,
which are known to be strong determinants of BMD, were included in
the model as covariates in the multivariate linear regression model.

In the presence of multiple genetic variants, the selection of rele-
vant variants is a challenge, because there are many competing
models. For 30 SNPs, the number of possible models can be more
than 1 billion (e.g. 230). In this study, we used the Bayesianmodel av-
erage (BMA) approach [19] to identify genetic variants that were as-
sociated with BMD. This approach has been shown to have superior
performance compared to “traditional” approaches such as stepwise
regression [20,21]. If M = (M1, M2, M3, …, Mk) denotes the set of all
possible models considered, the idea is to find the “optimal” models
in that space. In the Bayesian approach, the idea is to find the poste-
rior probability distribution of a model Mk or a set of models that op-
timally explains the data. This posterior probability is actually a
function of a prior distribution of Mk and marginal distribution of ac-
tual data. Prior probability distribution is assigned to the model pa-
rameters which include β and σ2, and the model Mk. We assume
that the model Mk has a prior probability of P(Mk), and that the vec-
tor of model parameters is generated from the conditional distribu-
tion of σ 2|Mk ~ P(σ 2|Mk) and βw|σ 2, Mk ~ P(βw|Mk, σ 2), where w1,
w2, w3,…, wp is a vector of 1 and 0 indicating the inclusion or exclu-
sion of SNPs in model Mk. The posterior probability of model Mk can

be written as: P MkjDð Þ ¼ P DjMkð Þ�P Mkð Þ

∑
p

k¼0
P DjMkð Þ � P Mkð Þ

, where P(D|Mk) is the

marginal distribution of the data D under model Mk. In this study,
given the large number of genetic variant and there is
little information available for eliciting prior distributions, we used
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the “uninformative” prior distributions, that a priori, make all
models and parameters equally likely are appealing. BMA produces
a posterior probability of each possible model and posterior proba-
bility for regression coefficient associated with each genetic variant.
The “best” model was identified if it has the posterior probability of
at least 1/C, where C was set to 20 [22]. The analysis was done with
the R statistical environment [23] and the BMA package [24].

Results

The study involved 564 individuals; however, 3 individuals were ex-
cluded from the analysis because they had more than 8 SNPs (25% of
total SNPs) with missing data. Ultimately, data from 180 men and 381
women were used in the analysis. Baseline characteristics of all partici-
pants stratified by gender are shown in Table 1. Sixty-eight percent of
participants were women. The average age of all participants was
47 years (SD 17). As expected, the proportion of current smokers in
men (54%) was higher than in women (0.5%). Also, more men reported
to be alcohol users than women (54% vs 5%). There was no significant
difference in BMI between genders. However, men had significantly
greater BMD (by between 5 and 10%) than women in all skeletal sites.

The distribution of genotypes of all SNPs, except for rs2010281
(MARK3) and rs87938 (CTNNB1), was consistent with the Hardy–
Weinberg (HW) equilibrium law (P N 0.05). The two SNPs deviated
from the HW law were excluded from subsequent analyses. A list of
SNPs and their genotypic frequency distribution is shown in Table S1.

Table 2 presents the two “best” models identified by the BMA
analysis for each BMD outcome. After adjusting for age, gender, and
body weight, we identified 3 genetic variants that were associated
with BMD: rs2016266 (SP7 gene), rs7543680 (ZBTB40 gene), and
rs1373004 (MBL2/DKK1 gene). However, not all three genetic variants
were associated with all BMDs, but there were BMD-specific variants.
For example, for whole body BMD, the best genetic variant was
rs2016266, with each minor allele being associated with a 0.025 (SE
0.007) g/cm2 in BMD; the second most parsimonious model included
both rs2016266 and rs7543680 variants. For total hip and femoral
neck BMDs, rs2016266 or rs1373004 was found to be associated with
BMD. For lumbar spine BMD, a model with rs7543680 and a model
with rs2016266 were found to have equal contribution to the variation
in BMD. Each of the three SNP accounted for between 0.2 and 1.8% total
variance in BMD.

Discussion

Bone mineral density is the most important predictor of fracture,
and is used as a surrogate to define “osteoporosis”. Although it has
Table 1
Characteristics of participants.

Men (N = 180) Women (N = 381) P value

Age (year) 45.4 (18.3) 47.9 (16.7) 0.10
Weight (kg) 61.1 (9.5) 52.4 (9.4) b0.0001
Height (cm) 164.4 (6.8) 153.5 (5.4) b0.0001
BMI (kg/m2) 22.6 (3.3) 22.2 (4.0) 0.24
Femoral neck BMD (g/cm2) 0.73 (0.15) 0.67 (0.13) b0.0001
Total hip BMD (g/cm2) 0.91 (0.15) 0.82 (0.13) b0.0001
Lumbar spine BMD (g/cm2) 0.91 (0.15) 0.87 (0.16) 0.001
Whole body BMD (g/cm2) 1.05 (0.10) 0.98 (0.11) b0.0001
Current smoker, n (%)

No 81 (45.8) 379 (99.5)
Yes 96 (54.2) 2 (0.5) b0.0001

Alcohol use, n (%)
No 81 (45.8) 364 (95.5)
Yes 96 (54.2) 17 (4.5) b0.0001

Notes: Values were mean (standard deviation) or n (%) as specified. BMD: bone mineral
density; BMI: body mass index.
long been known that genetic factors play an important role in the de-
termination of bone density, it is a challenge to identify specific loci or
genes that are linked to variation in this phenotype. A number of
GWAS have identified several genetic variants that were associated
with variation in bone density in Caucasian populations [25,26]. In this
study, we analyzed the association between those genetic variants and
BMD in a cohort of Vietnamese adults, and found that only 3 variants
(i.e. rs2016266, rs7543680, and rs1373004) were significantly associat-
ed with BMD. The association was independent of age, gender and
weight.

Genetic susceptibility to BMD is complex with only few loci have
been replicated in GWAS. A meta-analysis pooling five GWAS con-
firmed the association between genetic variants in SP7, ZBTB40, ESR1,
LRP5, RANKL and RANK genes and BMD [9]. Another meta-analysis
found similar relationship with ESR1, LRP5, RANKL and RANK but not
for other genes [8]. Different findings between large-scale GWAS and
the subsequent meta-analyses could be due to the effect of population
stratification or heterogeneity in phenotypes. In this study, out of 32
SNPs validated, only 3 SNPs were significantly associated with BMD in
the Vietnamese population. It is interesting to note that two recent val-
idation studies also found that the rate of replication of Caucasian asso-
ciated SNPs in Korean populations was low [27–29]. The lack of
association for the majority of tested SNPs could likely be due to inade-
quate power (i.e., modest sample size) in the present study. Indeed,
most of the observed effect sizes were lower than the effect size that
we assumed in the determination of sample size. Based on our results,
the real effect sizes are likely between 0.01 and 0.02 g/cm2 perminor al-
lele. This effect size should serve as a referent point for future validation
studies.

Of the three genes found to be associated with BMD in this popula-
tion, the SP7 gene was the most robust predictor. The SP7 gene, also
known as Osterix gene (on 12q13) is involved in the regulation of oste-
oblast differentiation [30]. The gene was originally found to be associat-
ed with lumbar spine BMD [31] and whole body BMD [32] in Caucasian
populations. The direction and magnitude of association in this study
are concordant with those observed in Korean populations.

The rs1373004 is located in the downstream of the MBL2 gene
(mannose-binding lectin 2 gene) and the DKK1 gene (dickkopf WNT
signaling pathway inhibitor 1). MBL2 and DKK1 genes are relatively
“new” in osteoporosis research in the sense that they were only identi-
fied a few years ago. While there is no published data concerning the
function ofMBL2 gene on bonemetabolism, the gene has been reported
as a gene encoding protein associated with infectious conditions [33].
Because the pathogenesis of osteoporosis is involvedwith inflammatory
characteristics [34] and MBL protein is considered a modifier of inflam-
matory response, there may be a biological reason for the relationship
between heterogeneity in the MBL2 gene which could alter its serum
concentration and osteoporosis [35]. This is, of course, a hypothesis
that remains to be tested in future studies.

Nevertheless, the mechanism for the association between DKK1
gene and BMD is largely unknown. It is known that LRP5 is a critical
regulator of bone mass, and that DKK proteins are involved in the
regulation. Inmice, it has been shown that DKK1 protein is a negative
regulator of osteoblasts, and that DKK1 expression can induce signif-
icant increase in bonemass [36]. In a study on patients with rheuma-
toid arthritis, it was noted that up-regulated gene expression pattern
of the DKK1 gene was associated with bone fragility [37]. Thus, al-
though the mechanism of the association between MBL2/DKK1
gene and BMD is not clear, the association appears to have biological
basis.

The direction of association between MBL2 gene and BMD in this
cohort is in contrast with a previous GWAS study. In this cohort, we
found that the minor allele of the SNP rs1373004 was associated with
greater BMD, and this was in contrast with a previous meta-analysis
which found that the minor allele of the gene was associated with
lower BMD and increased risk of low-trauma fracture [10]. Another



Table 2
Association between genetic variants at the SP7, ZBTB40 and MBL2 genes, and measures of BMD.

Outcome Model SNP (gene) Regression coefficient
(SE) (g/cm2)

P-value Coefficient of
determination (%)

Femoral neck BMD I rs1373004 (MBL2) 0.015 (0.006) 0.029 1.8
II rs2016266 (SP7) 0.015 (0.007) 0.034 0.2

Total hip BMD I rs2016266 (SP7) 0.020 (0.008) 0.022 0.4
II rs1373004 (MBL2) 0.017 (0.008) 0.024 1.7

Lumbar spine BMD I rs2016266 (SP7) 0.024 (0.009) 0.015 0.4
II rs7543680 (ZBTB40) −0.018 (0.009) 0.042 0.1

rs2016266 (SP7) 0.024 (0.009) 0.015 0.4
Whole body BMD I rs2016266 (SP7) 0.025 (0.007) 0.0005 1.1

II rs2016266 (SP7) 0.025 (0.007) 0.0004 1.1
rs7543680 (ZBTB40) −0.015 (0.006) 0.026 0.2
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study on the Southern Chinese population also found that the minor al-
lele of rs1373004 (frequency 19%)was associatedwith lower BMD [38].
While it is not clear why there was difference between our finding and
the previous finding, such a difference could reflect a gene–ethnicity in-
teraction effect. Themeta-analysis was largely based on Caucasian pop-
ulations, among whom the minor allele frequency of rs1373004 was
about 12% [10]. In our population, the minor allele frequency of
rs1373004 was 23%. In other words, the effect of the gene on BMD
could be dependent on ethnicity.

We also observed a significant association between rs7543680
(ZBTB40 gene) and BMD, and to our knowledge, this is the second find-
ing in an Asian population. A recent validation study in a Korean popu-
lation [29] also found that theminor allele of this gene was significantly
associated with lower BMD at the spine and femoral neck. This associa-
tion was first observed in Caucasian populations [25] and validated in
another study [39], but the underlying mechanism of this association
is still unknown.

It is increasingly clear that the variation in BMD is determined by
multiple genes, but it is not known howmany genes are involved. How-
ever, all SNPs identified so far explained less than 10% of total variation
in BMD in Caucasian populations [10], raising the issue of “missing
heritability”. It should be noted that GWAS assumes that multiple
genetic variants, each will small effect size, are associated with BMD.
There is a possibility that rare variants with large effect sizes contribute
to the variation in BMD. In the present study, a single genetic variant
rs1373004 explained ~2% of variation in BMD. Although this effect
size is very modest, it suggests that there are other genes, including
rare genes, remained to be identified in this population. Current tech-
nology (such as next generation sequencing technology) can help un-
ravel the putative BMD-associated genes in this population.

The present study's finding should be considered within the context
of strengths and weaknesses. We used candidate gene approach to
directly test the variation in genes identified to be involved in the
pathogenesis of osteoporosis which might decrease the possibility of
chance findings. Traditionally, the selection of “optimal” models are
done with the stepwise regression method, in which SNPs are added
one at a time (i.e. forward elimination), or SNPs are removed one at a
time (i.e. backward elimination), and the final result is a single “best”
model. However, stepwise regression method has been demonstrated
to yield misleading and/or false positive results [40]. In this study, we
used the Bayesian model average approach which has been shown to
have better performance than the traditional stepwise method [20,21]
in terms of identification of relevant variables in the regression model.
The Bayesian approach produces a posterior distribution for a model
and parameters of the model, and there is no need for adjustment for
multiple tests of hypothesis.

In summary, the present study suggests that there is a modest
association between genetic variants in the SP7, MBL2, and ZBTB40
genes and BMD in the Vietnamese population. These results suggest
that Caucasian andVietnamesepopulationshave some commongenetic
risk factors for osteoporosis.
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