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The low-density lipoprotein receptor-related protein 5 gene (LRP5) was identified to be linked to the variation in bone mineral
density and types of bone diseases. The present study was aimed at examining the association of LRP5 rs3736228 C>T gene with
bone fracture and osteoporosis bymeta-analysis. A systematic electronic search of literature was conducted to identify all published
studies in English or Chinese on the association of the LRP5 gene with bone fracture and osteoporosis risks. All analyses were
calculated using the Version 12.0 STATA software. Odds ratios (ORs) and their corresponding 95% confidence interval (95% CI)
were calculated. An updated meta-analysis was currently performed, including seven independent case-control studies. Results
identified that carriers of rs3736228 C>T variant in the LRP5 gene were associated with an increased risk of developing osteoporosis
and fractures under 4 genetic models but not under the dominant model (OR = 1.19, 95%CI = 0.97∼1.46, and 𝑃 = 0.103). Ethnicity-
subgroup analysis implied that LRP5 rs3736228 C>Tmutation was more likely to develop osteoporosis and fractures among Asians
and Caucasians in majority of subgroups. These results suggest that there is a modest effect of the LRP5 rs3736228 C>T on the
increased susceptibility of bone fracture and osteoporosis.

1. Introduction

Bone fracture, mainly caused by decrease in bone strength
associated with bone loss, has contributed to an increase in
disability, morbidity, death, and health expenses [1, 2]. Accord-
ing to a recent estimation, 200 in every 1000 people would
suffer a bone fracture during their whole lifetime, which
imposes huge burden on public health services worldwide
[1, 3]. It has been reported that a wide range of risk factors,
such as HIV infection, obesity, fibrous dysplasia of bone, age,
and gender, together with genetic factors, have played pivotal
roles in the pathogenesis of bone fractures [2, 4, 5]. In general,
osteoporosis, characterized by a progressive degeneration
of bone tissues and a low bone mineral density, is widely
accepted as a secret as well as systemic skeletal disease, with-
out being detected by a majority of its infected persons [6].
Previous researches have showed that osteoporosis would
increase bone fragility subsequently and is susceptible to
fracture; meanwhile, it has been demonstrated to affect over
75 million people all over the world [6, 7]. As a multifactorial
disease, the etiology of osteoporosis is complicated, mainly

attributed to interactions between family genetic history and
environmental risk factors [8]. Multiple environmental fac-
tors, including physical activity, dietary, age, cigarette smok-
ing, malabsorption, and nutritional status have had huge
effects on the development of osteoporosis [9, 10]. Recently,
many studies have emphasized exploring the relationships of
clinical biomarkers with bone fracture and osteoporosis, and
lipoprotein receptor-related protein 5 (LRP5), whose muta-
tions would reduce bone mineral density, is thought to be
corrected with the susceptibility to osteoporosis [11, 12].

Lipoprotein receptor-related protein 5 (LRP5), as a mem-
ber of the low-density lipoprotein receptor family, is a single-
pass plasma membrane protein secreted in many tissues and
cells, such as breast tissues, bone tissues, endothelial cells,
and stem cells [13, 14]. Human LRP5 gene is located on chro-
mosome 11q13.4 and consists of 22 introns and 23 exons,
spanning approximately 160 kb [15]. It has been revealed that
LRP5 has a huge effect on Wnt signaling pathway, which is
closely related to the regulation of osteoblasts growth and dif-
ferentiation by controlling bone density as well as bonemeta-
bolism [16]. In addition, LRP5 also plays a pivotal role in
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blood lipid metabolism and blood glucose, resulting in pre-
vention of decreased bone formation; thus LRP5 is essential
for bone development and health [17, 18]. However, recent
researches have showed that loss-of-function mutations of
the LRP5 gene contribute to subsequent reduction of bone
mineral density (BMD), indicating a dominant negative effect
on bone mass, which would lead to various bone diseases
[17, 19]. A few common polymorphisms of the LRP5 gene
have been detected in correlation with bone phenotypes,
including fracture risk and BMD, among which a coding
single nucleotide polymorphism (SNP) of the LRP5 gene,
rs3736228 (A1330V), is thought to have a particular suscep-
tibility to osteoporosis [11]. The polymorphism rs3736228,
located in exon 18, would restrict the expression of Tph1 in
the duodenum enterochromaffin cells, which adjusts bone
formation, as well as BMD, and finally lead to osteoporosis
or even bone fracture [20, 21]. Therefore, it can be speculated
that SNP rs3736228 C>T of the LRP5 gene could be regarded
as a useful genetic biomarker for the prediction of osteoporo-
sis and bone fracture [22]. Nowadays, there was no meta-
analysis focused on the relationships between polymorphism
rs3736228C>T in theLRP5 gene and the risk of bone fracture,
as well as osteoporosis. This study aimed to give an overall
viewof this subject and further evaluate its role as a biomarker
in predicting the pathogenesis of osteoporosis.

2. Materials and Methods

2.1. Literature Search and Data Sources. Potential relevant
studies were identified by a comprehensive literature search
in April 30, 2014, which included the following computerized
bibliographic databases: MEDLINE (1966∼2014), Science
Citation Index (1945∼2014), Cochrane Library (Oxford, UK,
Issue 12, 2014), PubMed (1966∼2014), Embase (1974∼2014),
CINAHL (1982∼2014), and Current Contents Index (1995∼
2014). In addition, Chinese Biomedical (1978∼2014), Chinese
Journal Full-Text (1980∼2014), and Weipu Journal (1989∼
2014) were also used to identify Chinese articles. We used
medical subject headings and free language terms with a
highly sensitive search strategy, the search terms were as fol-
lows: “Fractures, Bone” or “Broken Bones” or “Fractures” or
“Fracture” or “Broken Bone” or “Bone Fractures” or “Bone
Fracture” and “OP, Postmenopausal” or “OP” or “Juvenile
OP” or “OP” or “Osteoporoses” or “Age-RelatedBone Loss” or
“Age-Related OP” or “Age-Related OP” and “LRP5 protein,
human” or “LRP5” or “low density lipoprotein receptor-
related protein 5” or “LDL receptor-related protein 5.” No
restrictions were made with respect to language, country, or
data collection. Manual searches were also used to identify
other potential articles. Further trials were sought from
reference lists in the relevant papers to find additional works
which failed to be captured by electronic or manual searches.

2.2. Inclusion and Exclusion Criteria. To be included in the
systematic review, retrieved studies had to be assessed with
two observers (Jia-Li Liu and Yong-Bing Xiang) for their
suitability for meeting the following criteria: (1) case-control
studies published on peer-reviewed journals; (2) only those
studies examining the associations between SNPs in LRP5

(rs3736228) polymorphism and susceptibility to osteoporosis
and fracture were incorporated into the meta-analysis; (3) all
subjects underwent diagnostic evaluations and satisfied the
clinical diagnosis of osteoporosis or fracture confirmed by
the report of the World Health Organization Task-Force for
Osteoporosis [23, 24]; (4) the article must provide original
data and contain sufficient information on the genotype fre-
quencies of the rs3736228 C>T polymorphism within the
LRP5 gene; (5) distributions of genotype frequencies in LRP5
(rs3736228 C>T) were within the range of Hardy-Weinberg
equilibrium (HWE) in the controls; (6) once studies provided
overlapping data, we would choose the study that had the
largest sample size. The major exclusion criteria in this meta-
analysis were as follows: (1) somepublication types presenting
nonoriginal data, such as letters, editorials, abstracts, reviews,
meta-analysis opinion papers or proceedings; (2) unpub-
lished sources of data; (3) duplicated publications or studies
without extractable, numerical data; (4) subgroup analysis
of the included trials. Based on these inclusion/exclusion
criteria, the title and abstract of all the retrieved articles
were evaluated for relevance, and then the full texts of the
selected articles were reviewed, followed by a decision on
their eligibility for inclusion in this systematic review.

2.3. Study Quality and Data Extraction. In order to ensure
consistency in reviewing and reporting results, two reviewers
independently assessed the methodological quality of the
included trials using the Newcastle-Ottawa Scale (NOS)
criteria with study design, content, and ease-of-use in the
explanation of results or the meta-analysis for assessing the
quality [25]. The three broad perspectives were judged: (1)
subject selection: 0∼4; (2) subject comparability: 0∼2; (3)
clinical outcome: 0∼3. The NOS scores ranged from 0 to 9;
a study was in a good quality for the evidence of a score ≥7.

Each of the two reviewers assessed the studies indepen-
dently based on the inclusion/exclusion criteria mentioned
before to the methods section. We used a standardized data
form in duplicate to collect the following descriptive infor-
mation: surname and initials of the first author, the year
of publication or submission, journal, source country, racial
descent of study population, language of publication, study
design, number of cases and controls, source of controls,
demographic variables of the subjects, SNP information,
detection method of genotypes, genotype frequencies, allele
frequencies, HWE test and confirmation of diagnosis, and so
forth. Disagreement on the inclusion of a single study was
settled by discussion, or a third investigator was consulted.

2.4. Statistical Analysis. We calculated the odds ratios (ORs)
and their corresponding 95% confidence interval (CI), for the
purpose of evaluating the relationship of the SNP in LRP5
(rs3736228 C>T) with bone fracture and osteoporosis. A 95%
confidence interval (95% CI) was calculated for the summary
OR by the use of 𝑍 test. The pooled ORs were carried
out for the comparison in allele model (W allele versus M
allele), dominant model (WW +WM versus MM), recessive
model (WW versus WM + MM), homozygous model (WW
versus MM), and heterozygous model (WW versus WM),
respectively. Also, in order to explore for heterogeneity other
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Figure 1: Flow chart shows study selection procedure. Seven case-control studies were included in this meta-analysis.

than threshold effect, a test for heterogeneity between trials
included for each comparisonwas performedby the use of the
Cochran’s 𝑄-statistic and 𝐼2 tests [26]. If the 𝑄-test showed
evidence of a 𝑃 < 0.05 or 𝐼2 test exhibited > 50%, indicating
maximal heterogeneity among the included studies, we did
metaregression analysis to explore sources of heterogeneity
with a random-effectsmodel by relating study level covariates
to diagnostic OR, and otherwise ORs were pooled according
to the fixed-effectsmodel [27, 28].When a substantial hetero-
geneity was found, the differences in genotype/allele frequen-
cies in LRP5 (rs3736228 C>T) (and 95% CI) were evaluated
for subgroups of different explanatory variables. Additionally,
in order to evaluate the impact of single studies on the
overall estimate, a one-way sensitivity analysis was employed
to ensure that no single study was completely responsible for
the overall results. Further, Egger’s linear regression test with
visual inspection of the funnel plot was applied to detect the
potential publication bias [29, 30]. Statistical analyses were
conducted with the STATA statistical software (Version 12.0,
Stata Corporation, College Station, TX, USA).

3. Results

3.1. Description of Included Studies. The combined electronic
andmanual search initially resulted in 278 potentially eligible
articles. After the exception of 2 duplicated studies, 276
retrieved studies were screened by title and abstract for
relevance; subsequently, 161 irrelevant articles were excluded.
Then, we systematically reviewed the remaining 115 articles
qualified for full-text reading, and 106 articles were deemed
unsuitable and were therefore excluded. Thus, 9 articles were
identified to be included in quantitative analysis. In addition,
another 2 studies were excluded due to lack of data integrity
after a more careful assessment of the remaining articles.
Finally, 7 studies composed of 2,772 subjects including 907
patients and 1,865 control subjectswere incorporated into this
meta-analysis [16, 22, 31–35]. Figure 1 presented the progress
of study selection and the main reason for exclusion. All the
enrolled papers showed moderate-high quality.

From the 7 included studies, 2 studies focused on the
genotype/allele frequencies of LRP5 (rs3736228 C>T) in
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Figure 2: Forest plots for the relationships between LRP5 rs3736228 C>T polymorphism and the development of bone fracture and
osteoporosis under the allele and dominant models.

fracture patients and the controls; the other 5 studies were
concerned about the genotype/allele frequencies of LRP5
(rs3736228 C>T) in osteoporosis patients and the controls.
Additionally, of the 7 studies included in the analysis, 3 were
performed in Caucasians and the other 4 were in Asians.
The controls were drawn from population-based sources
and hospital-based sources. With respect to the genotyping
methods, two studies were performed with non-TaqMan
assay (direct sequencing and pyrosequencing), and the other
five studies were conducted with TaqMan assay. The infor-
mation of the SNPs (rs3736228 C>T) in the LRP5 gene was
included to evaluate the association between polymorphic
variants of the LRP5 gene and the risk of osteoporosis and
fractures. Table 1 showed the baseline characteristics and
the genotype/frequencies of rs3736228 C>T SNP in the
individual studies.

3.2. Quantitative Data Synthesis. In this meta-analysis, one
SNP within the LRP5 gene was identified, and the associa-
tion between the allelic and genotypic frequencies of LRP5
rs3736228 C>T and the risk of osteoporosis and fractures
were investigated. Results in this meta-analysis demonstrated
that the carriers of the rs3736228 C>T polymorphism in
the LRP5 gene were associated with an increased risk of
developing osteoporosis and fractures in the allele model,
whereas the dominantmodel of LRP5 rs3736228C>T showed
no statistically significant differences between the cases and
controls derived from the 7 included studies (OR = 1.19, 95%
CI = 0.97∼1.46, and 𝑃 = 0.103) (Figure 2).

In the ethnicity-stratified subgroups, we found that the
LRP5 rs3736228 C>T polymorphism-containing populations
were more likely to develop osteoporosis and fractures in
the Caucasians under both the allele and dominant models
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Figure 3: Continued.
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Figure 3: Continued.
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Figure 3: Subgroup analysis for the relationships between LRP5 rs3736228 C>T polymorphism and the development of bone fracture and
osteoporosis under the allele and dominant models.

(T allele versus C: OR = 1.42, 95% CI = 1.04∼1.95, and 𝑃 =
0.027; CT + TT versus CC: OR = 1.56, 95% CI = 1.08∼2.25,
and 𝑃 = 0.018), yet similar results were not observed among
Asians (𝑃 > 0.05) (as shown in Figure 3). When stratified
by the source of controls, the results yielded increased risk of
osteoporosis and fractures in rs3736228 carriers in the allele,
dominant, and homozygous models in the population-based
subgroup (T allele versus C: OR = 1.26, 95% CI = 1.07∼1.48,
and 𝑃 = 0.006; CT + TT versus CC: OR = 1.29, 95% CI =
1.06∼1.57, and 𝑃 = 0.010; TT versus CC: OR = 1.64, 95% CI =
1.02∼2.65, and 𝑃 = 0.042, resp.) and in recessive model,
homozygousmodel, and heterozygous model in the hospital-
based subgroups (TT versus CC + CT: OR = 2.24, 95% CI =
1.12∼4.46, and 𝑃 = 0.022; TT versus CC: OR = 2.06, 95%CI =
1.02∼4.17, and 𝑃 = 0.045; TT versus CT: OR = 2.56, 95% CI
= 1.23∼5.31, and 𝑃 = 0.012, resp.) (Table 2). For the dis-
ease based-subgroups, subjects with rs3736228 polymor-
phism were more likely to develop osteoporosis in the allele

model (OR = 1.26, 95% CI = 1.01∼1.57, and 𝑃 = 0.037) and
fractures in the in recessive, homozygous, and heterozygous
models (all 𝑃 < 0.05). When concerned about the genotype
method-stratified subgroups, it has been revealed that the
rs3736228C>Tpolymorphism carriers in the allele, recessive,
homozygous, and heterozygousmodels were related to signif-
icantly higher osteoporosis and fractures susceptibility in the
TaqMan assay subgroup (all 𝑃 < 0.05), yet it showed none
significant association regarding the rs3736228 C>T poly-
morphism and higher risks of osteoporosis and fractures in
the non-TaqMan assay subgroup under 5 genetic models (all
𝑃 > 0.05) (Table 2, Figure 3). However, neither univariate nor
multivariate metaregression analyses showed any evidence of
the potential source of heterogeneity in ethnicity, source of
controls, and disease or genotyping method (all 𝑃 > 0.05)
(Table 3).

We further conducted sensitivity analyses to determine
whether review conclusions were affected by the choice of



BioMed Research International 9

Ta
bl
e
2:
M
et
a-
an
al
ys
is
of

th
er

el
at
io
ns
hi
ps

of
LR

P5
rs
37
36
22
8
po

ly
m
or
ph

ism
w
ith

bo
ne

fr
ac
tu
re

an
d
os
te
op

or
os
is.

Su
bg
ro
up

an
al
ys
is

T
al
lel
ev

er
su
sC

(a
lle
le
m
od

el
)

CT
+
TT

ve
rs
us

CC
(d
om

in
an
tm

od
el
)

TT
ve
rs
us

CC
+
CT

(r
ec
es
siv

em
od

el
)

TT
ve
rs
us

CC
(h
om

oz
yg
ou

sm
od

el
)

TT
ve
rs
us

CT
(h
et
er
oz
yg
ou

sm
od

el
)

O
R

95
%
CI

𝑃
O
R

95
%
CI

𝑃
O
R

95
%
CI

𝑃
O
R

95
%
CI

𝑃
O
R

95
%
CI

𝑃

O
ve
ra
ll

1.1
9

1.0
4–

1.3
7

0.
01
4

1.1
9

0.
97
–

1.4
6

0.
10
3

1.7
2

1.1
6–

2.
53

0.
00
7

1.7
6

1.1
9–

2.
62

0.
00
5

1.6
2

1.0
8–

2.
44

0.
02
0

Et
hn

ic
ity

As
ia
n

1.1
4

0.
97
–

1.3
3

0.
10
3

1.0
9

0.
88
–

1.3
3

0.
43
0

1.7
5

1.1
5–

2.
66

0.
00

9
1.7

6
1.1
5–

2.
70

0.
00

9
1.7

2
1.1
1–

2.
67

0.
01
6

Ca
uc
as
ia
n

1.4
2

1.0
4–

1.3
7

0.
02
7

1.5
6

1.0
8–

2.
25

0.
01
8

1.5
1

0.
53
–

4.
32

0.
43
8

1.7
7

0.
61
–

5.
10

0.
29
0

1.1
5

0.
39
–

3.
38

0.
79
5

So
ur
ce

of
co
nt
ro
ls

PB
1.2

6
1.0

1–
1.5

7
0.
03
7

1.2
9

1.0
6–

1.5
7

0.
01
0

1.5
2

0.
95
–

2.
43

0.
08
3

1.6
4

1.0
2–

2.
65

0.
04

2
1.3

2
0.
81
–

2.
16

0.
26
3

H
B

1.1
3

0.
94
–

1.3
7

0.
19
9

0.
87

0.
62
–

1.2
3

0.
44

1
2.
24

1.1
2–

4.
46

0.
02
2

2.
06

1.0
2–

4.
17

0.
04
5

2.
56

1.2
3–

5.
31

0.
01
2

D
ise

as
e

O
P

1.2
6

1.0
1–

1.5
7

0.
03
7

1.3
0

0.
95
–

1.7
7

0.
09
9

1.4
7

0.
79
–

2.
73

0.
21
9

1.6
3

0.
87
–

3.
05

0.
12
4

1.2
4

0.
65
–

2.
35

0.
50
8

Fr
ac
tu
re

1.1
3

0.
94
–

1.3
7

0.
19
9

1.0
6

0.
84
–

1.3
4

0.
61
9

1.9
0

1.1
5–

3.
14

0.
01
2

1.8
6

1.1
1–
3.
10

0.
01
8

1.9
5

1.1
5–

3.
29

0.
01
3

G
en
ot
yp
in
g
m
et
ho

d

N
on

-T
aq
M
an

as
sa
y

1.1
6

0.
74
–

1.8
3

0.
51
3

1.2
1

0.
64

–
2.
30

0.
55
7

1.1
3

0.
40

–
3.
19

0.
81
3

1.2
0

0.
42
–

3.
39

0.
73
5

1.0
0

0.
34
–

2.
92

0.
99
7

Ta
qM

an
as
sa
y

1.2
0

1.0
3–

1.4
0

0.
02
1

1.1
7

0.
97
–

1.4
1

0.
10
8

1.8
4

1.2
1–

2.
80

0.
00
5

1.8
8

1.2
3–

2.
89

0.
00

4
1.7

6
1.1
3–

2.
73

0.
01
2

O
R:

od
ds

ra
tio

an
d
95
%
CI

:9
5%

co
nfi

de
nc
ei
nt
er
va
l.



10 BioMed Research International

 Lower CI limit
 Estimate

 Upper CI limit

 Lower CI limit
 Estimate

 Upper CI limit

(T allele versus C allele)

(CT + TT versus CC)

1.00 1.19 1.37 1.47

0.91 1.190.97 1.46 1.59

1.04

Xuan et al., a (2014)

Xuan et al., b (2014)

Ferrari et al. (2005)

Mizuguchi et al. (2004)

Furuya et al. (2009)

Hartikka et al. (2005)

Liu et al. (2010)

Falcón-Ramı́rez et al. (2013)

Xuan et al., a (2014)

Xuan et al., b (2014)

Ferrari et al. (2005)

Mizuguchi et al. (2004)

Furuya et al. (2009)

Hartikka et al. (2005)

Liu et al. (2010)

Falcón-Ramı́rez et al. (2013)

rs3736228 C>T

rs3736228 C>T

Figure 4: Sensitivity analysis for the relationships between LRP5 rs3736228 C>T polymorphism and the development of bone fracture and
osteoporosis under the allele and dominant models.

single study; the finding suggested that no single study had
the effect on the pooled ORs in the current meta-analysis
(Figure 4). Finally, the Egger’s test applied to the detection
of publication bias presented no evidence of asymmetrical
distribution in the funnel plot, suggesting that publication
bias was not detected in the rs3736228 C>T allele model
(𝑡 = −0.12, 𝑃 = 0.908) and rs3736228 C>T dominant model
(𝑡 = 0.21, 𝑃 = 0.847) in systematic reviews (Figure 5).

4. Discussion

The present meta-analysis aggregated large-scale evidence
from relevant studies in an attempt to determine whether
rs3736228 C>T polymorphism in the LRP5 gene was related
with susceptibility to bone fracture and osteoporosis. The
main findings of our statistical analysis indicated that LRP5
rs3736228 C>T polymorphism might be connected with the
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Table 3: Univariate and multivariate metaregression analyses of potential source of heterogeneity.

Heterogeneity factors Coefficient SE 𝑍 𝑃
95% CI

LL UL
Publication year

Univariate −0.025 0.023 −1.06 0.288 −0.070 0.021
Multivariate −0.022 0.025 −0.91 0.361 −0.071 0.026

Ethnicity
Univariate 0.223 0.179 1.25 0.213 −0.127 0.573
Multivariate 0.194 0.224 0.86 0.388 −0.246 0.633

Source of controls
Univariate −0.199 0.164 −1.21 0.225 −0.521 0.123
Multivariate −0.116 0.180 −0.65 0.518 −0.468 0.236

Disease
Univariate −0.113 0.144 −0.79 0.432 −0.396 0.169
Multivariate −0.006 0.213 −0.03 0.977 −0.425 0.412

Genotyping method
Univariate −0.199 0.164 −1.21 0.225 −0.521 0.123
Multivariate −0.023 0.237 −0.10 0.923 −0.487 0.441

SE: standard error, 95% CI: 95% confidence interval, UL: upper limit, and LL: lower limit.
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Figure 5: Funnel plot of publication biases for the relationships
between LRP5 rs3736228 C>T polymorphism and the development
of bone fracture and osteoporosis under the allele and dominant
models.

pathogenesis of bone fracture and osteoporosis, demonstrat-
ing that this polymorphismmay be implicated in the develop-
ment of bone fracture and osteoporosis, which is manifested
by reduced bone strength and increased susceptibility to
fracture. However, the mechanism underlying the pathogen-
esis of bone fracture and osteoporosis has remained poorly
understood. As a critical member of the low-density lipopro-
tein (LDL) receptor family, LRP5 may bind and internalize
ligands in the process of receptor-mediated endocytosis and
also play a crucial role in skeletal homeostasis [32, 36]. In
general, LRP5 acts as a wingless (Wnt) coreceptor for Frizzled
(Fz) receptors family that is responsible for the activation
of the Wnt/𝛽-catenin canonical pathway [13]. It has been
demonstrated that the Wnt signaling pathway has an impor-
tant role in the formation of bone and the pathogenesis of
osteoporosis, and that LRP5 signaling is necessary for normal
morphology, developmental processes, and bone health [37].
Furthermore, LRP5 is capable of regulating the growth and
differentiation of osteoblasts [38]. Recently, genetic variants
in the LRP5 gene have been reported to be associated with the
risk of bone fracture and osteoporosis [31, 39]. Actually, LRP5
genetic polymorphismsmight cause loss of function of LRP5,
decrease the signaling activity of the canonical Wnt signaling
pathway, and lead to reduced bone formation, thereby con-
ducing to the development of bone fracture and osteoporosis
[39, 40]. Consistent with our findings, van Meurs et al. have
suggested in their study that common genetic variants in
the LRP5 gene might be consistently linked to bone mineral
density and the risk of bone fracture across different white
populations [14]. Ferrari et al. also found that LRP5 genetic
polymorphisms seem to be possible genetic determinants for
susceptibility to idiopathic osteoporosis in males [31].

Results of ethnicity-stratified analysis revealed that
rs3736228 C>T variant might be connected with bone frac-
ture and osteoporosis risks among Caucasians but not among
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Asians. Type of disease-stratified analysis indicated that
rs3736228C>Tmutationmight be related to the development
of osteoporosis, but this polymorphism may not be a predic-
tive factor for the etiology of bone fracture. In summary, the
discovery of the representedmeta-analysis was in conformity
with previous studies that LRP5 rs3736228 C>T polymor-
phismmight be closely implicated in the pathogenesis of bone
fracture and osteoporosis, implying that this polymorphism
may be a helpful biomarker in predicting the occurrence of
bone fracture and osteoporosis.

Indeed, some advantages could be highlighted in this
meta-analysis. One of the major superiorities may be that the
present research shed lights on the relation of genetic poly-
morphisms in LRP5, especially the rs3736228 C>T variant,
and the increased susceptibility to bone fracture and osteo-
porosis, comprehensively and systematically. Additionally, all
included literatures had acceptable quality scores (quality
scores were higher than seven). However, some limitations
of this meta-analysis should also be acknowledged when
interpreting the results. Firstly, the current analysis was only
limited to one single SNP (rs3736228 C>T) that is being
widely discussed in various researches, while other SNPs have
also been researched to be related to bone fracture and osteo-
porosis risk. One of themajor concernsmay be the bias due to
selective publication and language bias derived from the fact
that the screened references of papers published in languages
other than English and Chinese were not included. Secondly,
the crude division criteria of ethnic groups into “Caucasians,”
and “Asians” promoting the study are prone to bias. All
studies were performed in Asians and Caucasians; to capture
the full range of possible ethnic differences in LRP5 rs3736228
C>T polymorphisms, further studies are needed in other
ethnic groups, such as among Africans. Thus, deeper inves-
tigation from different populations is warranted to clarify
the present results. Another important concern should take
into consideration that different diseases have different risk
factors and diverse sensitivities to them. In particular, we
did not evaluate family history and clinical implication of
bone fracture or osteoporosis in our study since we did not
collected those information at baseline. Finally, the present
sample size did limit the power to identify LRP5 rs3736228
polymorphism with a small influence on bone fracture and
osteoporosis.

In summary, this meta-analysis suggests that rs3736228
C>T variant in the LRP5 gene may increase the risk of
bone fracture and osteoporosis. SNP in the LRP5 gene may
considerably act as a potential candidate of biomarker for
bone fracture and osteoporosis screening, diagnosis, and
future treatment. To certain the current results, updated well-
designed researches with larger sample size, in diverse ethnic
populations particularly, are required in the future.
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