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Introduction 
Osteoporosis and obesity are two common and complex dis-
eases.  Interestingly, the correlation between osteoporosis and 
obesity has been established both genetically and phenotypi-
cally[1–4].  In addition, genes associated with osteoporosis may 
also be candidates for obesity.  The low-density lipoprotein 
receptor-related protein 5 (LRP5) functions as a cell membrane 
co-receptor for Wnt and plays an important role in the Wnt 
signaling pathway[5].  It is expressed in many tissues, includ-
ing bone and liver, and it regulates bone and cholesterol 
metabolism[5–8].  From a molecular perspective, the LRP5/
Wnt signaling pathway plays a key role in the switch between 
osteogenesis and adipogenesis[9, 10].  

Because LRP5 is a key regulator of osteoblast proliferation 
and bone formation, loss-of-function mutations of the LRP5 

gene have been associated with osteoporosis-pseudoglioma 
syndrome (OPPG), an autosomal recessive disorder character-
ized by low bone mass, spontaneous fractures and blindness[5].  
In contrast, gain-of-function mutations of the LRP5 gene, such 
as dominant G171V, cause high bone mass and increased bone 
biomechanical properties[11].  Because of its crucial role in bone 
development, common variations such as single nucleotide 
polymorphisms in the LRP5 gene and their relation to bone 
phenotypes have been extensively studied.  LRP5 polymor-
phisms have been shown to determine bone mass variation in 
the general population[12–15].

LRP5, a member of the low-density lipoprotein receptor 
family, is also important for glucose and cholesterol metabo-
lism[7, 8].  Several studies have found that LRP5 polymorphisms 
are associated with complex diseases or traits that are related 
to obesity[16, 17].  However, only one study has reported the 
relationship between LRP5 polymorphisms and obesity in 
Caucasian nuclear families[18].  

Therefore, the LRP5 gene could be a pleiotropic genetic fac-
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tor influencing both osteoporosis and obesity phenotypes.  
However, a clear relationship between LRP5’s single nucle-
otide polymorphisms (SNPs) and peak BMD and obesity 
phenotypes has not been elucidated, and studies on men are 
especially lacking.  Here, focusing on the well-characterized 
polymorphisms of the LRP5 gene related to osteoporosis 
(Q89R, N740N, and A1330V), we investigated the relationship 
of these polymorphisms with peak BMD, BMI, total fat mass, 
total lean mass and the percentage of fat mass in Chinese male 
offspring of nuclear families using a quantitative transmission 
disequilibrium test (QTDT).

Materials and methods
Subjects
The study was approved by the Ethics Committee of the 
Shanghai Jiaotong University affiliated Sixth People’s 
Hospital(Shanghai, China).  All the subjects involved in the 
study were selected from the local population of Shanghai City 
by the Department of Osteoporosis, and they signed informed 
consent forms before entering the project.  We recruited 427 
nuclear families from 2004 to 2007.  However, only 411 fami-
lies were analyzed because the genotypes of 15 individu-
als could not be determined due to poor DNA quality and 
one family deviated from Mendelian inheritance.  These 411 
nuclear families were composed of both parents and at least 
one healthy male child whose age was largely between 20 and 
40 years old.  The great majority of the families (400) had one 
child, and 11 families had two children.  All the recruited sons 
were healthy.  The following criteria were used to exclude 
individuals from the study: (1) serious consequences from 
a cerebral vascular disease; (2) diabetes mellitus; (3) chronic 
renal disease; (4) serious chronic liver disease or alcoholism; 
(5) significant chronic lung disease; (6) corticosteroid therapy 
at pharmacologic levels for more than 6 months; (7) treat-
ment with anticonvulsant therapy for more than 6 months; (8) 
evidence of other metabolic or inherited bone disease such as 
hyperparathyroidism or hypoparathyroidism, Paget’s disease 
of bone, osteomalacia and osteogenesis imperfecta; (9) rheu-
matoid arthritis or collagen disease; (10) a significant disease 
of any endocrine organ that would affect bone mass; (11) 
hyperthyroidism; and (12) any neurological or musculoskel-
etal condition that would cause a nongenetic low bone mass.

Phenotype measurements
The BMD (g/cm2) of the anteroposterior lumbar spine (L1-4) 
and the left proximal femur (including the femoral neck, the 
trochanter and the total hip), the total fat mass and the total 
lean mass were measured with a dual-energy X-ray absorp-
tiometry densitometer.  The coefficient of variation (CV) was 
obtained from three repeated measurements on 15 individu-
als.  The CV values of the BMD in L1-4, the femoral neck, the 
trochanter and the total hip were 1.39%, 2.22%, 1.41%, 0.70%, 
respectively [19].  For body composition, the CVs were 3.72% 
and 1.18% for total fat mass and total lean mass, respectively.  
Height and body weight were measured using standardized 
equipment.  The BMI was defined as the weight/height2 in 
kg/m2.  The percentage of fat mass (PFM) was calculated as 
the total fat mass divided by weight.

Genotyping
The DNA was isolated from peripheral blood leukocytes using 
conventional methods.  Polymerase chain reaction (PCR) was 
performed in the following steps: 95 °C for 5 min and then 
32 cycles of 95 °C for 30 s, 65°C for 30 s, 72 °C for 45 s, and 
finally 72 °C for 5 min (Okubo et al[20]).  The PCR primers and 
the restriction endonucleases used for genotyping are sum-
marized in Table 1.  The PCR products were digested with Ava 
II, Ase I and Dra III restriction endonucleases, respectively.  
The Q89R genotypes (c.314A>G) were separated by electro-
phoresis in a 2% agarose gel.  The AA genotype produces a 
436-bp fragment, the GG genotype produces two fragments 
of 274 bp and 162 bp, and the heterozygous AG genotype 
produces three fragments of 436 bp, 274 bp, and 162 bp.  The 
N740N (c.2268T>C) and A1330V (c.4037C>T) genotypes were 
separated by electrophoresis in a 12% polyacrylamide gel.  
The N740N CC genotype produces a 237-bp fragment, the TT 
genotype produces two fragments of 216 bp and 21 bp, and 
the heterozygous CT genotype produces three fragments of 
237 bp, 216 bp, and 21 bp.  The A1330V CC genotype produces 
a 143-bp fragment, the TT genotype produces two fragments 
of 119 bp and 24 bp, and the heterozygous CT genotype pro-
duces three fragments of 143 bp, 119 bp, and 24 bp [15].

Statistical analysis
A Chi-square test assessed if the genotype frequencies of every 

Table 1.  Information of the analyzed LRP5 SNPs in this study.

              
SNP	                          Location	     Amino acid change	                         PCR primer 

                                               Restriction
                                                                                                                                                                                                                                             enzyme
 
	 Q89R (c.314A>G)	 Exon 2	 Gln [Q]>Arg [R]	 Forward: 5′-TCTGGGCATAGTGCTCCATC-3′	 Ava II
				    Reverse: 5′-TTCCGGGATGTGCCATTGAG-3′ 
	 N740N (c.2268T>C)	 Exon 10	 Asn [N]>Asn [N]	 Forward: 5′-CTACTGGGCCGACACTGGGATTAA-3′	 Ase I
				    Reverse: 5′-ACAGCTCTAATCACTGAGGG-3′ 
	 A1330V (c.4037C>T)	 Exon 18	 Ala [A]>Val [V]	 Forward: 5′-GACTGTCAGGACCGCTCACACG-3′	 Dra III
				    Reverse: 5′-AAGGTTTTCAGAGCCCCTAC-3′ 
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SNP were in Hardy-Weinberg equilibrium.  The Shapiro–
Wilks test and the Bartlett test were used to assess if the vari-
ables of BMD, BMI, fat mass and lean mass had a normal dis-
tribution and to test the homogeneity of variances within each 
of the three SNPs genotypes.  Haplotypes were constructed 
from the three common SNPs in LRP5 using Phase software 
version 2.0.2[21].  We examined the Lewontin D and linkage 
disequilibrium (LD) coefficient r2 between all pairs of biallelic 
loci using Haploview version 3.2[22].  The QTDT was used to 
measure the population stratification, total association and 
within-family association between SNPs and BMD and obesity 
phenotypes.  The QTDT software package is available on the 
Internet (http://www.sph.umich.edu/csg/abecasis/QTDT/).  
As indicated by Abecasis et al[23], total association effects are 
partitioned into between- and within-family components.  The 
between-family component of association is specific to each 
nuclear family and could be influenced by population stratifi-
cation.  The within-family association tests are immune to the 
stratification of the population and, therefore, they are signifi-
cant only in the presence of linkage disequilibrium.  Because 
all of the children in our nuclear families were sons and the 
effects of the parents’ phenotypes were excluded in the QTDT, 
sex was not used as a covariate to adjust the sons’ bone and 
obesity phenotypic values.  Raw BMD values were adjusted by 
age, height and weight as covariates.  BMI, total fat mass, total 
lean mass and percentage of fat mass values were adjusted 
by age as a covariate.  Because false-positive results might be 
generated in multiple tests, 1000 simulations were performed 
to generate empirical P values[24] to assess the reliability of 
the results.  The significance level was set at P<0.05 for all the 
analyses.  The statistical analyses were conducted using SPSS 
package version 11.5.

Results
The distribution of genotype and haplotype
A total of 1244 individuals from 411 nuclear families com-
prising 822 parents and 422 offspring were recruited.  The 
basic characteristics of the study subjects are summarized in 
Table 2.  Parental total fat mass and total lean mass were not 
obtained.  All the study subjects were men with an average 
age of 30.6±6.3 (mean±SD) years.  The three SNP genotypes 
and allele frequencies in the son group are presented in Table 
3.  All SNPs had a minor allele frequency (MAF) greater than
10% in our population, and the genotype frequencies of these 
SNPs did not deviate from the Hardy–Weinberg equilibrium.  
Each pair of biallelic SNPs had intermediate values of LD 
(0.432<D’<0.729, 0.109<r2<0.510).  The most common haplo-
type was ACC, which had a frequency of 72.3%.  The charac-
teristics of the 411 unrelated sons were classified according to 
the three SNP genotypes and are summarized in Table 4.  All 
the raw phenotypic values of the son group followed a normal 
distribution.  The genotype data of each family were verified 
for Mendelian inheritance.  

Association between SNPs in the LRP5 gene and peak BMD
There were 127, 212, and 223 informative nuclear families 

for the QTDT analyses of the Q89R, N740N and A1330V 
sites, respectively, and each of those families had at least one 
heterozygous parent.  The results of the QTDT analysis are 
presented in Table 5.  No significant population stratification 
was found for BMD at any bone site.  Regarding the total asso-
ciation, N740N was significantly associated with BMD at the 
total hip, and A1330V was significantly associated with BMD 
at L1-4, the femoral neck and the total hip.  However, we did 
not find significant associations between SNPs in LRP5 and 
peak BMD at any bone site for the within-family data.  The 
1000 permutations were in agreement with these within-fam-
ily association results for all the tested parameters.  Further-
more, we observed an association between the most common 
haplotype (ACC) and peak BMD using QTDT.  There were 272 
informative nuclear families for the QTDT analysis at haplo-
type ACC.  None of the tests for population stratification, total 
association and within-family association between haplotype 
ACC and peak BMD were significant.

Association between SNPs in LRP5 and obesity
The results of the QTDT analysis are presented in Table 6.  
No population stratification was identified for BMI, total fat 
mass, total lean mass and percentage of fat mass.  Regarding 

Table 2.  Basic characteristics of parents and son groups (mean±SD).

                                              Father            	     Mother 	                 Son 
                                             (n=411)                 (n=411)               (n=422)
 
Age (years)	   61.1±7.0	   58.2±6.3	   30.6±6.3
Height (cm)	 167.9±5.9  	 155.8±5.4	 173.0±6.0
Weight (kg)	   69.9±9.4	   58.3±8.1	    71.1±11.1
BMI (kg/m2)	   24.8±3.1	    24.0±3.1	   23.7±3.4
L1-4 (g/cm2)	 1.142±0.173	 0.995±0.172	 1.139±0.137
Femoral neck BMD 	 0.893±0.131	 0.801±0.144	 0.998±0.144
  (g/cm2)
Trochanter BMD 	 0.819±0.141	 0.692±0.149	 0.825±0.147
  (g/cm2)
Total hip BMD (g/cm2)	 0.969±0.129	 0.872±0.149	 1.016±0.139
Total fat mass (kg)	 -	 -	   16.0±7.0
Total lean mass (kg)	 -	 -	   51.4±5.8
PFM (%)	 -	 -	   21.9±7 

Table 3.  The three SNPs genotypes and allele frequencies in unrelated 
son group (n=411).

Polymor-                     
Genotype frequencies

                                Allele 
phism                                                                                         frequencies
 
Q89R	 AA	 AG	 GG	 A	 G
		 325 (79.1%)	 81 (19.7%)	 5 (1.2%)	 0.889	 0.111
N740N	 CC	 CT	 TT	 C	 T
		 279 (67.9%)	 121 (29.4%)	 11 (2.7%)	 0.826	 0.174
A1330V	 CC	 CT	 TT	 C	 T
		 271 (65.9%)	 126 (30.7%)	 14 (3.4%)	 0.813	 0.187 
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the obesity phenotypes, no significant total association and 
within-family association was detected.  The subsequent 1000 

permutation tests confirmed these negative within-family 
association results.  In addition, we also investigated the 

Table 4.  Characteristics of the sons (n=422) classified according to the three SNPs genotypes.

                                                        Q89R			                          N740N			                               A1330V 
	               AA	     AG	            GG	                     CC	          CT	                   TT	         CC	                CT	      TT
 
n	        334	         83	           5	        287	       124	         11	        279	       129	        14
Age (years)	   30.5±5.8	   30.9±6.4	   32.4±8.8	   30.3±5.9	   31.4±6.0	    28.9±5.3	   30.2±5.9	   31.4±5.8	   30.1±7.0
Height (cm)	 173.0±6.1	 172.6±5.1	 172.4±6.0	 172.7±6.0	 173.6±5.6	  171.5±5.6	 172.7±6.1	 173.5±5.6	 172.9±4.8
Weight (kg)	    71.1±11.0	   69.5±10.7	   70.1±10.3	   70.9±11.0	   71.0±11.0	   66.2±8.5	   70.5±10.9	   71.7±11.3	   68.5±8.7
BMI (kg/m2)	   23.8±3.4	   23.3±3.4	   23.8±5.0	   23.8±3.4	   23.5±3.4	   22.5±2.9	   23.7±3.4	   23.8±3.5	   23.0±3.0
L1-4 BMD 	

1.140±0.138	 1.127±0.138	 1.173±0.039	 1.142±0.137	 1.132±0.142	 1.090±0.095	 1.140±0.136	 1.136±0.144	 1.112±0.114(g/cm2)	
Neck BMD	

1.002±0.139	 0.980±0.161	 1.052±0.115	 1.004±0.140	 0.991±0.154	 0.940±0.090	 1.006±0.143	 0.984±0.149	 0.971±0.085
 

(g/cm2)	
Trochanter 	

0.823±0.142	 0.814±0.152	 0.816±0.102	 0.826±0.137	 0.816±0.162	 0.760±0.072	 0.824±0.139	 0.819±0.160	 0.788±0.086BMD (g/cm2)	
Total hip 	

1.017±0.134	 1.002±0.154	 1.066±0.113	 1.024±0.137	 1.000±0.142	 0.960±0.088	 1.022±0.138	 1.001±0.140	 0.984±0.092BMD (g/cm2)	
Total fat 	   

16.1±7.1	   15.3±6.0	   13.3±7.4	   15.8±6.9	   16.4±6.9	   13.0±5.9	   15.6±6.9	   16.6±7.1	   15.3±5.7mass (kg)	
Total lean 	   

51.5±5.5	   50.6±5.9	   51.8±8.1	   51.4±5.4	   51.6±6.0	    47.9±3.2	    51.2±5.6	   51.8±5.8	   49.8±4.0mass (kg)	
PFM(%)	   22.0±7	   21.5±7	   18.4±8	   21.8±7	   22.3±7	   19.7±7	    21.6±7	   22.4±7	   21.8±6

Table 6.  P value of tests for population stratification, total association, and 
within-family association between LRP5 SNPs and obesity phenotypes.  
BMI, total fat mass, total lean mass and PFM values were adjusted by age 
as a covariate. 

                                                      Q89R	            N740N	  A1330V  
 
	 Tests of population stratification
  	BMI	 0.4588	 0.8774	 0.3393
  	Fat mass	 0.6145	 0.5621	 0.5837
  	Lean mass	 0.2699	 0.7653	 0.8126
  	PFM	 0.5204	 0.7361	 0.5028
	
	 Tests of total association
  	BMI	 0.2141	 0.3195	 0.8180
  	Fat mass	 0.1876	 0.8340	 0.2456 
  	Lean mass	 0.6004	 0.6035	 0.7569
 	 PFM	 0.3762	 0.7813	 0.5047
	
	 Tests of within-family association
  	BMI	 0.8871	 0.5397	 0.4746
  	Fat mass	 0.6754	 0.7736	 0.2276
  	Lean mass	 0.5868	 0.5691	 0.9509
  	PFM	 0.9643	 0.9511	 0.3444
		
	 P 1000 permutation of within-family association
  	BMI	 0.8730	 0.5470	 0.5010
  	Fat mass	 0.7590	 0.8350	 0.3630 
  	Lean mass	 0.6640	 0.6420	 0.9730 
 	 PFM	 0.9750	 0.9570	 0.3770

Table 5.  P value of tests for population stratification, total association, 
and within-family association between LRP5 SNPs and peak BMD.  Bold 
indicates significant P value.  BMD values were adjusted by age, height 
and weight as covariates.  

                                                      Q89R	            N740N	  A1330V  
 
	 Tests of population stratification
  	L1-4 BMD	 0.0711	 0.4160	 0.4438
 	 Femoral neck BMD	 0.8255	 0.2695	 0.7829  
  	Trochant er BMD	 0.0590	 0.2141	 0.4719  
  	Total hip BMD	 0.1585	 0.2111	 0.4345

	 Tests of total association
  	L1-4 BMD	 0.2093	 0.2629	 0.0170
  	Femoral neck BMD	 0.1443	 0.2668	 0.0227
 	 Trochanter BMD	 0.8298	 0.1669	 0.0566
  	Total hip BMD	 0.3663	 0.0471	 0.0162

	 Tests of within-family association
  	L1-4 BMD	 0.2782	 0.8628	 0.5468
  	Femoral neck BMD	 0.4148	 0.6528	 0.3853
  	Trochanter BMD	 0.0656	 0.7239	 0.6944
  	Total hip BMD	 0.3803	 0.9189	 0.5943

	 P 1000 permutation of within-family association
  	L1-4 BMD	 0.1950	 0.8440	 0.5270
  	Femoral neck BMD	 0.4350	 0.6330	 0.3430
  	Trochanter BMD	 0.0750	 0.6890  	 0.6880
  	Total hip BMD	 0.3900	 0.9160	 0.5630
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association between the most common haplotype (ACC) and 
obesity phenotypes using QTDT.  No significant population 
stratification, total association and within-family association 
were found between haplotype ACC and BMI, total fat mass, 
total lean mass and percentage of fat mass.

Discussion
A number of studies have investigated the association between 
LRP5 polymorphisms and BMD, revealing inconsistent results.  
Most of the association studies used the traditional association 
approach in a random population.  The regular association 
approach may yield spurious results due to population stratifi-
cation.  In addition, the linkage approach is often short on sta-
tistical power with the currently used sample sizes.  The TDT, 
a family-based association approach, is immune to population 
stratification and is more powerful when compared with the 
traditional linkage approach.  The TDT has been proposed by 
Spielman et al[25] and, when extended to quantitative traits[26], 
can be used in nuclear families with or without parental phe-
notypes.  

The LRP5 cooperates with members of the frizzled family 
of seven-pass transmembrane receptors to bind Wnt proteins 
and forms a functional ligand–receptor complex that activates 
the canonical Wnt/β-catenin pathway.  The LRP5/Wnt signal-
ing pathway is important for osteoblast differentiation, and 
mutations in the YWTD/EGF domains of the LRP5 gene are 
associated with low bone mass syndromes.  Numerous studies 
have revealed the association of exonic and intronic SNPs of 
LRP5 with BMD variation.  Most of the studies that test these 
associations have been performed in old women; few studies 
have investigated the relationship between LRP5 gene poly-
morphisms and peak BMD variation in young men.  Koh et 
al[27] reported that the Q89R polymorphism was significantly 
associated with BMD in the femoral neck in 219 young Korean 
men.  After adjusting for age, weight and height, a marginal 
association was observed in the femoral neck (P=0.098).  No 
statistically significant relationship was found between the 
A1330V polymorphism and BMD in the lumbar spine or the 
hip.  In another study, the polymorphic valine variant at posi-
tion A1330V of the LRP5 gene was significantly associated 
with reduced bone mineral content (BMC) and BMD values in 
healthy young Finnish men[28].  The Gothenburg Osteoporosis 
and Obesity Determinants (GOOD) Study (n=1068 aged 18–20 
years) showed no association between the A1330V genotype 
and bone phenotypes in men[14].  In the present study, after 
adjusting for the covariates of age, height and weight, we 
failed to find significant associations between Q89R, N740N, 
and A1330V in the LRP5 gene and peak BMD variation in 
young Chinese men.  Our results did not provide evidence 
to suggest that Q89R, N740N, and A1330V were quantitative 
trait loci (QTLs) or were in strong disequilibrium with a QTL 
underlying spine and hip BMD variation in young Chinese 
men.  Our previous study found that Q89R and N740N were 
significantly associated with BMD in the femoral neck in post-
menopausal Chinese women[15].  Sex-specific factors might be 
related to the action of LRP5 on BMD.  

Although the importance of the LRP5 gene to bone biology 
is widely acknowledged, its importance to obesity has seldom 
been reported.  Fujino et al[7] found that LRP5 was required 
for cholesterol and glucose metabolism.  Guo et al[18] reported 
a significant association between SNPs and haplotypes in the 
LRP5 gene and human obesity, but the associations observed 
were found mainly in women.  We measured whole-body fat 
mass, lean mass and BMI as indices of the degree of obesity.  
Our study did not find a significant association between LRP5 
polymorphisms and obesity in young Chinese men.  These 
results seem to agree with Guo et al[18].

Our study has several limitations.  We investigated only 
three common polymorphisms in the LRP5 gene.  We cannot 
rule out the possibility that an association may exist between 
other polymorphisms in the LRP5 gene and bone and obesity 
phenotypes.  Despite the relatively large number of nuclear 
families (411), we tested only the most common haplotype 
(ACC) in the haplotype analyses because a limited number of 
subjects had the other haplotypes.  

Our study also has some strengths.  First, we selected young 
men aged between 20 to 40 years because they were expected 
to have reached their peak BMD.  Second, we measured total 
fat mass and total lean mass as indices of obesity.  Third, we 
investigated the relationship between LRP5 gene polymor-
phisms and peak BMD and obesity phenotypes in 411 male 
offspring of nuclear families using QTDT.  Due to our large 
sample size, the power to test a candidate gene as a QTL was 
greater than 80%, which can explain about 10% of the varia-
tion in BMD and obesity phenotypes.

In summary, we failed to find a significant association 
between three common polymorphisms in the LRP5 gene and 
peak BMD and obesity phenotypes in young Chinese men.  
Further studies with denser markers and larger sample sizes 
might shed light on the role of the LRP5 gene in osteoporosis 
and obesity.
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