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Abstract

We demonstrated previously that there is a correlation between glucagon-like 
peptide-1 (GLP-1) single-nucleotide polymorphism (SNP) and bone mineral density in 
postmenopausal women. Both GLP-1 and glucose-dependent insulinotropic peptide are 
incretins. The glucose-dependent insulinotropic peptide receptor (GIPR) SNP rs10423928 
has been extensively studied. However, it is not clear whether GIPR gene mutations 
affect bone metabolism. The aim of this study was to investigate the association between 
rs10423928 and bone mineral density in postmenopausal women in Shanghai. rs10423928 
was detected in 884 postmenopausal women in Shanghai, and the correlation between 
the GIPR SNP and bone mineral density was assessed. The dominant T/T genotype of 
rs10423928 was found to be related to the bone mineral density of the femoral neck 
(P = 0.035). Overall, our findings indicate that the dominant T/T genotype of rs10423928 in 
postmenopausal women is significantly associated with a higher bone mineral density and 
that the T/T genotype exerts a bone-protective effect.

Introduction

Postmenopausal osteoporosis is related to aging and has 
serious health effects. Bone mineral density (BMD) is the 
most common diagnostic indicator of osteoporosis, and 
60–80% of BMD variations are determined by genetic 
factors (1). Some drugs commonly used to regulate blood 
sugar, such as glucagon-like peptide-1 (GLP-1) receptor 
agonists and DPP-4 inhibitors (DPP-4is), can inhibit bone 
resorption and improve bone formation (2, 3, 4, 5, 6, 7). 
GLP-1 is a DPP-4 substrate; other substrates of DPP-4, 
such as glucose-dependent insulinotropic peptide (GIP) 
and GLP-2, can also affect bone metabolism, promote 
bone formation, or reduce bone resorption by osteoclasts  
(8, 9, 10, 11).

Glucose-dependent insulinotropic peptide (GIP) 
plays a biological role by binding to the corresponding 
GIP receptor (GIPR) on the cell surface. GIPR is located on 
chromosome 19 q13.3 and comprises 14 exons, having the 

size of approximately 14 kb (12). GIPR, which is widely 
expressed in various tissues and organs, is also expressed 
in extra-pancreatic cells, such as osteoblasts and the small 
intestine (13, 14). Mutations in GIPR may lead to abnormal 
GIPR expression and function, which may be related to the 
risk of osteoporosis. Furthermore, phenotypic differences 
in the human body and susceptibility to drugs or diseases 
may be related to single-nucleotide polymorphisms 
(SNPs). There are 13 SNPs in GIPR. Among them, 
rs10423928 has been studied extensively. It involves the 
replacement of thymine with an adenine base (T/A) (15). 
Research on rs10423928 mainly focuses on type 2 diabetes 
and impaired insulin secretion (16, 17). In this study, we 
screened the CHBS (Genetic Variation Database of Han 
Nationality Population in Beijing, China) for GIPR SNP  
rs10423928 using second-stage HapMap data (ftp://ftp.
ncbi.nlm.nih.gov/hapmap/).
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Both GLP-1 and GIP are incretins. Previously, we 
demonstrated a correlation between GLP-1 receptor gene 
(GLP-1R) polymorphisms and BMD in postmenopausal 
women in Shanghai, China (18). Therefore, we aimed 
at elucidating whether there is a correlation between  
GIP/GIPR and BMD and whether GIPR mutations affect  
the effects of GIP/GIPR.

Materials and methods

Subjects

The study was approved by the Ethics Committee of the 
Sixth People’s Hospital, Shanghai Jiaotong University 
(2014-KY-001(K)). Han women who are being treated for 
osteoporosis at Shanghai Sixth People’s Hospital were 
enrolled in this study. All subjects signed informed consent 
forms. BMD and other clinical data were analyzed.

The inclusion criteria were as follows: (i) 
natural menopause for more than 1 year and (ii) no  

anti-osteoporotic treatment (except for calcium and 
vitamin D supplementation). The exclusion criteria 
were any disease that affects bone metabolism and use of 
medication, except for GLP-1 analogs or DPP4 inhibitors.

We included 907 postmenopausal women in this 
study; however, in order to minimize selection bias, some 
subjects were excluded, some samples were contaminated, 
were of poor quality, or were not successfully typed after 
one failure. Finally, 884 samples from postmenopausal 
women (mean age: 67.2 ± 10.0 years) were subjected to 
SNP detection. The average menopausal age of the 884 
postmenopausal women was 47.41 years, and 90% of 
them had osteopenia/osteoporosis and 307 women had a 
history of fractures. These 307 women were ruled out of 
diseases and external factors that affect bone metabolism, 
accounting for approximately 34.73% of the participants.

SNP detection

Tag SNPs were selected based on the International Human 
Genome Haplotype Program (International HapMap 

Table 1 Basic information of the patients enrolled in this study. Continuous variables with a normal distribution are represented 
by the mean ± s.d. (x ± s), and data with a non-normal distribution are represented by the median and interquartile range.

Characteristics Age < 60 years (n  = 224) Age ≥ 60 years (n  = 660) P

Age (years) 54.9 ± 5.8 71.3 ± 7.4 0.00
Height (cm) 156.2 ± 5.2 152.0 ± 5.4 0.00
Weight (kg) 57.6 ± 8.4 55.2 ± 8.5 0.027
BMI (kg/m2) 23.6 ± 3.3 23.9 ± 3.5 0.497
Blood calcium (mmol/L) 2.34 (2.27–2.40) 2.32 (2.26–2.39) 0.718
Blood phosphorus (mmol/L) 1.14 (1.03–1.23) 1.12 (1.01–1.23) 0.700
Albumin (g/L) 47.00 (46.00–49.00) 46.00 (44.00–48.00) 0.008
Alkaline phosphatase (U/L) 69.00 (56.00–80.00) 72.00 (60.00–90.00) 0.004
Creatinine (µmol/L) 54.00 (49.00–60.75) 59.00 (52.00–66.00) 0.00
25(OH)D (ng/mL) 20.92 (16.28–26.86) 21.36 (15.56–27.97) 0.87
Parathyroid hormone (pmol/L) 40.65 (32.82–53.34) 42.37 (31.63–56.22) 0.128
β-Collagen-specific sequence (ng/L) 403.50 (223.00–5630) 366.00 (216.75–551.00) 0.68
L1–4 BMD (g/cm2) 0.894 (0.806–0.992) 0.859 (0.773–0.968) 0.008
Neck BMD (g/cm2) 0.758 (0.708–0.848) 0.692 (0.623–0.761) 0.00
Total BMD (g/cm2) 0.801 (0.727–0.895) 0.742 (0.662–0.817) 0.00

Table 2 Information related to SNP sites in the GLP-1R and GIPR genes.

SNPs Chromosome position SNP property Alleles HWE P value MAF in CHBS MAF in this study

rs2268657 39020542 Intron 1 C/T 0.1902 0.34 0.326
rs2295006 46182304 Nonsynon_exon2 G/A 0.7755 0.07 0.06
rs3765467 46182304 Nonsynon_exon4 G/A 0.5521 0.23 0.255
rs6923761 39055485 Nonsynon_exon5 G/A 1 0.01 0.01
rs1042044 39041502 Nonsynon_exon7 C/A 1 0.47 0.46
rs2268641 39050266 Intron 12 C/T 0.5249 0.39 0.417
rs4714210 39055485 3′-UTR_exon13 G/A 0.1432 0.29 0.317
rs10423928 46182304 Intron 12 T/A 0.9107 0.20 0.208

CHBS, Genetic Variation Database of Han Nationality Population in Beijing, China; HWE, Hardy–Weinberg equilibrium; MAF, minimum mean allele 
frequency; Non-synon, non-synonymous. 
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Project (ftp://ftp.ncbi.nlm.nih.gov/hapmap/), with the 
following criteria: (i) minimum mean allele frequency 
(MAF) > 0.01; (ii) coefficient of linkage disequilibrium 
(LD) r2 > 0.8; and (iii) SNPs reported in a previous genome-
wide association study. The GIPR rs10423928 locus was 
characterized.

Amplification was achieved by performing multiplex 
PCR. Each measurable allele locus-ligation product 
was obtained after two ligation reactions. The raw 
data files were analyzed using the GeneMapper 4.1 

software (Applied Biosystems). The iMLDR® multiple 
SNP typing system (Shanghai Tianhao Biotechnology 
Co., Ltd., Shanghai, China) (19) was used to classify 
the GIPR rs10423928 SNP site in 884 samples from  
postmenopausal women.

BMD

The BMD of the lumbar spine 1–4 (L1–4), left femoral 
neck, and total hip was measured for postmenopausal 
female subjects, expressed in g/cm2, using dual-
energy x-ray absorptiometry (GE Lunar Prodigy Bone 
Densitometer, Little Chalfont, UK). Following strict 
quality-control requirements, the instrument was 
tested once daily before use with a standard phantom 
to evaluate the stability of the system. The coefficient 
of variation of the lumbar spine, left femoral neck, and 
total hip BMD measurements was 1.39, 2.22, and 0.70%, 
respectively.

Statistical analysis

Statistical analysis was performed using the SPSS 
software (version 24.0; SPSS, Inc.). Continuous 
variables with a normal distribution are expressed as 
mean ± s.d. (x ± s). Continuous variables between groups 
were compared using the t-test. Chi-squared tests were 
used to compare categorical variables. The Haploview 
software (version 4.2) was used to calculate the D’ value 
and LD coefficient (r2) between SNPs. After adjusting for 
age, linear regression was used to assess the relationship 
between GIPR SNP and BMD in postmenopausal 
women. P < 0.05 was considered to reflect a statistically  
significant difference.

Results

To determine the effect of aging on osteoporosis in 
elderly women, the subjects were divided into different 
age groups according to a recognized age classification 
system (<60 and ≥60 years) (20). Table 1 shows the baseline 
characteristics of these subjects. No significant difference 
was detected in the serum calcium and phosphorus levels 
between the groups. Alkaline phosphatase (AKP) was 
significantly higher in the group aged ≥60 years than 
in the group aged <60 years (P = 0.004). The BMD in the 
group aged ≥60 years was lower than that in the group 
aged <60 years (P < 0.001).

Figure 1
No linkage disequilibrium relationship between GIPR SNP rs10423928 and 
GLP-1R SNPs.
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Allele frequencies

The GIPR rs10423928 locus was analyzed. The genotype 
distribution met the Hardy–Weinberg equilibrium. 
The MAF of rs10423928 in the CHBS (representing the 
national database) is 20%, and in the present study, it 
was 20.8% (Table 2). There was no linkage disequilibrium  
relationship between rs10423928 and GLP-1R SNPs 
(0.908 < D’ < 1) (Fig. 1).

Table 3 shows the clinical data corresponding to 
rs10423928 in postmenopausal women. The rs10423928 
locus has three genotypes: T/T, A/T, and A/A. Among them, 
the T/T genotype was detected in 556 patients (62.9%), the 
A/T genotype was detected in 289 patients (32.7%), and 
the A/A genotype was detected in 39 patients (4.4%).

Based on the linear regression analysis, the rs10423928 
locus was unrelated to age, height, weight, BMI, Ca, P, PTH, 
AKP, ALB, and Scr (P > 0.05; Table 4). A close correlation was 
noted between the rs10423928 locus and BMD. The T/T 
genotype positively correlated with the femoral neck BMD 
and Ward’s triangle area BMD in postmenopausal women 
(P < 0.05; Table 5).

Discussion

Genome-wide association analysis has confirmed that 
BMD is associated with multiple genetic-susceptibility 
regions (21, 22). Correlations between vitamin D receptor 

gene polymorphisms and osteoporosis were discovered 
in 1994 (23). Subsequently, >100 gene polymorphisms 
related to bone metabolism regulation have  
been identified.

Currently, there are no relevant data from clinical 
research showing that GIPR polymorphism is related to 
bone metabolism. In our previous research, we found 
that GLP-1R SNP is related to bone metabolism. Both GIP 
and GLP-1 are incretins, and both of them are related 
to glucose and lipid metabolism. The purpose of our 
research was to determine whether there is a correlation 
between GIPR SNP and bone metabolism.

Some clinical and animal studies have shown that GIPR 
has a relationship with bone metabolism. Patients with 
type 2 diabetes express low levels of GIPR or have defective 
GIPR (24, 25). In GIPR knockout mice, the cortical bone 
becomes thinner, the number of endosteal osteoclasts 
increases, and BMD decreases, indicating that there is a 
decrease in bone strength and bone quality (11). GIPR 
knockout mice exhibited an increased plasma calcium 
concentration after feeding, indicating that GIP may 
play a role in calcium homeostasis (26). GIP can guide 
the absorption of skeletal nutrients through the gut–
bone axis and regulate bone turnover. There is a close  
relationship between bone turnover and intestinal 
hormones (27, 28, 29).

GIP can affect bone metabolism directly and indirectly 
(30, 31, 32, 33, 34), and it plays a biological role by binding 

Table 3 Clinical data corresponding to GIPR rs10423928 SNP locus in postmenopausal women.

rs10423928 
genotype n Age (years) Height (cm) Weight (kg) BMI (kg/m2)

L1–4 BMD  
(g/cm2)

Femoral neck 
BMD (g/cm2)

Total hip BMD 
(g/cm2)

T/T 556 67.1 ± 10.1 152.7 ± 5.5 55.5 ± 8.9 23.8 ± 3.6 0.877 ± 0.161 0.708 ± 0.120 0.755 ± 0.132
A/T 289 67.6 ± 9.8 153.7 ± 5.7 56.1 ± 8.2 23.7 ± 3.3 0.896 ± 0.155 0.728 ± 0.119 0.769 ± 0.130
A/A 39 65.4 ± 9.7 152.0 ± 5.8 56.5 ± 6.1 24.5 ± 3.0 0.882 ± 0.148 0.719 ± 0.124 0.773 ± 0.143

Table 4 Linear-regression analysis of correlations between the GIPR gene rs10423928 locus and ordinary index in 
postmenopausal women.

Mark
Dominant Recessive Addictive

β P β P β P

Age 0.220 0.753 −1.806 0.271 −0.075 0.898
Height 0.842 0.176 −1.038 0.449 0.431 0.403
Weight 0.597 0.527 0.795 0.702 0.522 0.504
BMI 0.009 0.982 0.747 0.377 0.112 0.725
Ca −0.012 0.443 −0.000 0.998 −0.009 0.514
P 0.024 0.376 0.049 0.102 0.023 0.192
PTH −1.870 0.208 −7.173 0.312 −2.228 0.076
AKP −0.619 0.158 −0.564 0.594 −0.511 0.168
ALB −0.448 0.839 −2.703 0.620 −0.647 0.731
Scr 0.090 0.939 −2.095 0.424 −0.023 0.817

β, regression coefficient.
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to the corresponding GIPR on the cell surface. GIPR SNP 
rs10423928 has been studied frequently. It consists of the 
major allele T and the minor allele A. Individuals with the 
T/T genotype who consume a high-carbohydrate/low-fat 
diet have a lower risk of type 2 diabetes (16). The minor 
allele A is associated with an impaired insulin secretion 
stimulated by glucose and GIP and a decreased BMI, lean 
body mass, and waist circumference (17). In the present 
study, we found that the BMD in the group aged ≥60 years 
was lower than that in the group aged <60 years (P < 0.001). 
This indicates that with age, the bone mass of women 
decreases (35, 36). We neither find that the genotypes of 
rs10423928 are associated with BMI and body weight nor 
did we find an association of each genotype with Ca, P, 
PTH, and AKP.

Studies have found that there is a strong linkage 
disequilibrium between the SNPs rs10423928 and 
rs1800437 (Glu 354Gln located in exon 10, E354Q) of the 
GIPR locus (r2 = 0.99). rs1800437 can reduce the expression 
of GIPR in carriers (37, 38). In the Danish Osteoporosis 
Prevention Study (39), rs1800437 was associated with BMD 
and fracture risk. Compared with those with the major 
allele G, the femoral neck BMD and total hip bone BMD of 
women with the minor allele C were significantly reduced. 
Women who are homozygous for the variant C allele have 
an increased risk of non-vertebral fractures. Our study 
revealed that the dominant T/T genotype of rs10423928 
in postmenopausal women was significantly associated 
with a higher BMD of the femoral neck. This indicated 
that the T/T genotype of GIP has a protective effect against 
osteoporosis.

Our study was not a prospective study but a cross-
sectional cohort study. We found that the dominant T/T 
genotype of rs10423928 was significantly associated with a 
higher BMD, unlike the other genotypes in postmenopausal 
women. This does not indicate that this genotype can 
prevent or warn of osteoporosis. The T/T genotype seems 
to have a bone-protective effect, but the mechanism needs 
to be further explored.

Taken together, our study showed that the dominant 
T/T genotype of rs10423928 in postmenopausal women 
is significantly associated with a higher BMD and that the 
T/T genotype seems to have a bone-protective effect.
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Table 5 Linear-regression analysis of correlations between the GIPR gene rs10423928 locus and BMD in postmenopausal women.

BMD
Dominant Recessive Addictive

β P β P β P

L1 0.014 0.180 −0.004 0.860 0.010 0.289
L2 0.017 0.150 0.002 0.930 0.012 0.216
L3 0.021 0.123 0.000 0.988 0.015 0.194
L4 0.026 0.053 0.015 0.639 0.020 0.073
L1–2 −0.019 0.296 0.018 0.671 −0.011 0.468
L1–3 −0.023 0.271 0.039 0.426 −0.011 0.522
L1–4 −0.021 0.331 0.050 0.331 −0.009 0.639
L2–3 −0.010 0.603 0.038 0.407 −0.002 0.888
L2–4 −0.010 0.611 0.050 0.297 −0.001 0.956
L3–4 0.010 0.581 0.044 0.293 0.013 0.402
Neck 0.018 0.035a 0.007 0.737 0.013 0.059
Ward’s 0.019 0.033a 0.016 0.466 0.016 0.040a

Troch 0.009 0.278 0.005 0.802 0.007 0.317
Inter 0.017 0.140 0.032 0.234 0.016 0.096
Total 0.014 0.118 0.017 0.427 0.012 0.111

aP ≤ 0.05.
β, regression coefficient.
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