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Retrospective Study

Significance of serum glucagon-like peptide-1 and matrix Gla protein 
levels in patients with diabetes and osteoporosis
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Abstract
BACKGROUND 
Osteoporosis is a systemic bone disease characterized by decreased bone mass, 
impaired bone mass, and reduced bone strength that leads to increased bone 
fragility and fracture. Type 2 diabetes mellitus (T2DM) complicated with 
osteoporosis is a common systemic metabolic bone disease, and reduced bone 
mass and bone strength are considered the main clinical features; however, the 
pathogenesis of this disease has not been fully clarified. Its occurrence is 
considered related to sex, age, and genetic factors. There are many risk factors for 
diabetes complicated with osteoporosis. Therefore, exploring these risk factors 
will help prevent it.

AIM 
To investigate the relationships among serum glucagon-like peptide-1 (GLP-1) 
levels, matrix Gla protein (MGP) levels, and diabetes with osteoporosis.

METHODS 
Sixty patients with T2DM complicated with osteoporosis confirmed by the 
endocrinology department of our hospital were selected as the case group. Sixty 
T2DM patients with bone loss were selected as the control group. Sixty healthy 
participants were selected as the healthy group. The general data, bone mineral 
density index, and bone metabolic markers of the three groups were compared. 
The relationships among GLP-1 levels, MGP levels, and the bone mineral density 
index of the case group were analyzed using linear correlation analysis and a 
logistic regression model.

RESULTS 
Differences in sex, smoking, and drinking among the case group, control group, 
and healthy group were not statistically significant (P > 0.05). The mean age of the 
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case group was older than those of the control and healthy groups (P < 0.05). The 
body mass index, fasting plasma glucose level, HbA1c level, hypertension rate, 
and coronary heart disease rate of the case and control groups were higher than 
those of the healthy group (P < 0.05). The serum GLP-1 and MGP levels of the case 
group were lower than those of the control and healthy groups; these differences 
were statistically significant (P < 0.05). The serum GLP-1 and MGP levels of the 
control group were lower than those of the healthy group; these differences were 
statistically significant (P < 0.05). The serum GLP-1 and MGP levels of the case 
group were significantly positively correlated with the bone mineral density 
values of the hip and lumbar spine (P < 0.05). The results of the logistic regression 
model showed that age and duration of diabetes were independent risk factors for 
osteoporosis in diabetic patients (P < 0.05) and that increased GLP-1 and MGP 
values were protective factors against osteoporosis in diabetic patients (P < 0.05).

CONCLUSION 
Serum GLP-1 and MGP levels of diabetic patients with osteoporosis were 
significantly decreased and positively correlated with bone mineral density and 
were independent risk factors for osteoporosis in diabetic patients.

Key Words: Glucagon-like peptide-1; Matrix Gla protein; Diabetes mellitus; Osteoporosis; 
Bone mineral density; Systemic bone disease

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Serum glucagon-like peptide-1 (GLP-1) and matrix Gla protein (MGP)levels 
were significantly positively correlated with bone mineral density values of the hip 
joint and lumbar vertebrae. They were significantly negatively correlated with type 1 
procollagen amino-terminal propeptide, osteocalcin, and special sequence of carboxy-
terminal peptide β of type 1 collagen. Older age and duration of diabetes were 
independent risk factors for osteoporosis for diabetic patients. Increased GLP-1 and 
MGP levels were protective factors against osteoporosis for diabetic patients. GLP-1 
and MGP levels should be used as auxiliary evaluation indexes to evaluate the risk of 
osteoporosis for patients with diabetes to enable early detection of and intervention for 
diabetes with osteoporosis and improve its prognosis.

Citation: Xie FF, Zhang YF, Hu YF, Xie YY, Wang XY, Wang SZ, Xie BQ. Significance of 
serum glucagon-like peptide-1 and matrix Gla protein levels in patients with diabetes and 
osteoporosis. World J Clin Cases 2022; 10(5): 1527-1535
URL: https://www.wjgnet.com/2307-8960/full/v10/i5/1527.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i5.1527

INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a systemic metabolic disorder that can cause 
metabolic abnormalities of sugar, lipids, and proteins. It can also cause an imbalance of 
water and electrolytes and abnormal metabolism of bone minerals, resulting in 
massive losses of calcium, magnesium, phosphorus, and other trace elements, 
resulting in osteopenia. Additionally, the relative lack of insulin leads to decreased 
bone matrix synthesis, thereby causing decreased bone mineral density. Therefore, 
patients with T2DM are more likely to have osteoporosis[1]. When fracture healing 
occurs slowly in patients with T2DM, they are prone to infectious complications that 
have adverse effects on their physical and mental health. Therefore, early detection of 
and interventions for osteoporosis are particularly essential for patients with T2DM[2].

Glucagon-like peptide-1 (GLP-1) is an endocrine hormone that can stimulate insulin 
secretion in a glucose-dependent manner and protect islet β cells through various 
mechanisms. It has been widely used for the diagnosis and treatment of T2DM. Recent 
studies have suggested that GLP-1 can inhibit bone resorption by promoting the 
secretion of calcitonin[3]. Matrix Gla protein (MGP) is a circulating protein related to 
vitamin K that can inhibit calcium and phosphorus deposition and play a role in the 
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regulation of bone metabolism[4]. However, there are few studies of its effect on 
diabetic patients. This study explored the relationships among serum GLP-1 Levels, 
MGP levels, and diabetes with osteoporosis.

MATERIALS AND METHODS
Data
Sixty patients with T2DM complicated with osteoporosis diagnosed by the staff of the 
endocrinology department of our hospital from April 2019 to January 2020 were 
selected as the case group. Sixty patients with T2DM complicated with osteopenia 
were selected as the control group. Sixty healthy participants were selected as the 
healthy group. The flow chart of the selection of the three groups of study participants 
is presented in Figure 1. Inclusion criteria were as follows: T2DM diagnosed according 
to the criteria of the Guidelines for the Prevention and Treatment of Type 2 Diabetes in 
China (2017 edition)[5]; age 52 to 81 years; and bone mass reduction indicated by a 
bone mineral density T value of 1 to -2.5 (the diagnostic criteria for osteoporosis were a 
bone mineral density T value < -2.5 and/or one or more fractures)[6]. The healthy 
group included volunteers who underwent a physical examination. Exclusion criteria 
were as follows: complicated infectious diseases; thyroid disease; long-term use of 
hormone drugs; malignant tumors and tuberculosis; and use of drugs related to bone 
metabolism within 6 mo.

Patients and their families were advised about this study before its implementation 
and signed informed consent forms. This study was performed after approval was 
obtained from the medical ethics committee of our hospital. The baseline data of the 
participants in the three groups are shown in Table 1. The case group and control 
group had good equilibrium and comparability.

Serum GLP-1 and MGP testing methods
Venous blood samples (2 mL) were extracted from all participants during the morning 
after fasting for more than 8 h; they were kept at room temperature for 2 h after centri-
fugation. Serum was obtained after centrifugation at 3000 rpm for 10 min, and GLP-1 
and MGP were detected using an enzyme-linked immunoassay. Serum samples were 
encapsulated, sealed, combined, incubated with the primary antibody, washed, 
incubated with the secondary antibody, washed, colored, and analyzed. The optical 
density was read using a 450-nm wavelength and substituted into the standard curve 
to calculate the concentration (the kit was from Wuhan Youersheng Technology Co., 
Ltd., Wuhan, China; the test instrument was the Elx88 automatic enzyme label 
instrument from Bertin Corporation, Rockville, MD, USA).

Measurement of bone density and bone metabolic marker levels
The bone mineral density values of the lumbar spine (L1-L4) and hip joint and levels 
of serum bone alkaline phosphatase (BALP), type 1 procollagen amino-terminal 
propeptide (P1NP), osteocalcin (BGP), and special sequence of carboxy-terminal 
peptide β of type 1 collagen (β-CTX) of the three groups were measured.

Venous blood samples (5 mL) were extracted from all participants during the 
morning after fasting for more than 8 h; they were kept at room temperature for 2 h 
after centrifugation. After centrifugation at 3000 rpm for 10 min, the serum was 
obtained. BALP, P1NP, BGP, and β-CTX were detected using electrochemilumin-
escence (the kit was from Beijing Boorsen Biological Co., Ltd., Beijing, China; the 
detection instrument was the Unicel DxI800 automatic chemiluminescence 
immunoassay analyzer from Beckman-Coulter, Brea, CA, USA).

All participants underwent testing to determine the bone mineral density values of 
the lumbar spine (L1-L4) and hip joint. Low-energy and high-energy photon peaks 
were obtained using an X-ray tube ball, and the data were transferred to the computer 
for processing and converted to bone mineral density values (DiscoveryA dual-energy 
X-ray bone mineral density instrument; GE, Madison, WI, USA).

Statistical analysis
Data processing software SPSS (v21.0; IBM, Cary, NC, USA) was used. The 
measurement indexes, including body mass index (BMI), fasting plasma glucose (FPG) 
level, and HbA1c level, during this study were tested using the normal distribution 
test, and the results were in line with the approximate normal distribution or normal 
distribution represented by mean ± SD. The t-test or single-factor analysis was used for 
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Table 1 Single factor analysis of general data of the three groups of study participants, n (%)

Factors Case group (n = 60) Control group (n = 60) Healthy group (n = 60) F/χ2/t P value

Age (yr) 66.78 ± 5.85 61.83 ± 5.36 61.92 ± 5.48 15.563 0.000

Course of disease (yr) 12.99 ± 4.01 8.98 ± 3.83 - 5.601 0.000

BMI (kg/m2) 24.52 ± 2.32 24.73 ± 2.49 23.68 ± 2.05 3.510 0.032

FPG (mmol/L) 8.50 ± 1.50 8.27 ± 1.24 5.77 ± 0.61 99.314 0.000

HbA1c (%) 9.18 ± 1.12 8.76 ± 1.26 5.89 ± 0.70 184.683 0.000

Sex 5.896 0.052

Male 15 (25.00) 25 (41.67) 27 (45.00)

Female 45 (75.00) 35 (58.33) 33 (55.00)

Smoking 2.553 0.279

Yes 9 (15.00) 16 (26.67) 14 (23.33)

No 51 (85.00) 44 (73.33) 46 (76.67)

Drinking 2.182 0.336

Yes 7 (11.67) 11 (18.33) 13 (21.67)

No 53 (88.33) 49 (81.67) 47 (78.33)

Hypertension 23.054 0.000

Yes 15 (25.00) 20 (33.33) 0 (0.00)

No 45 (75.00) 40 (66.67) 60 (100.00)

Coronary heart disease 9.449 0.009

Yes 5 (8.33) 9 (15.00) 0 (0.00)

No 55 (91.67) 51 (85.00) 60 (100.00)

BMI: body mass index; FPG: Fasting plasma glucose.

Figure 1 Flow chart of the selection of the three groups of study participants. T2DM: Type 2 diabetes mellitus.

comparisons between groups, and the least significant difference t-test was used for 
comparisons at any time point. The enumeration data were analyzed and compared 
using the χ2 test. The Pearson linear correlation method was used for correlation 
analyses and the logistic regression model was used for multivariate analyses (α = 
0.05).
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RESULTS
Single-factor analysis of general data of the three groups
Differences in sex, smoking, and drinking among the case group, control group, and 
healthy group were not statistically significant (P > 0.05). The mean age of the case 
group was higher than those of the control and healthy groups (P < 0.05). The BMI, 
FPG level, HbA1c level, hypertension rate, and coronary heart disease rate of the case 
and control groups were higher than those of the healthy group (P < 0.05) (Table 1).

Comparison of serum GLP-1 and MG levels among the three groups
The serum GLP-1 and MGP levels of the case group were lower than those of the 
control and healthy groups; these differences were statistically significant (P < 0.05). 
The serum GLP-1 and MGP levels of the control group were lower than those of the 
healthy group; these differences were statistically significant (P < 0.05) (Table 2).

Comparison of bone mineral density and bone metabolic markers among the three 
groups
The bone mineral density values of the lumbar vertebrae (L1-L4) and hip joint of the 
case group were lower than those of the control and healthy groups; these differences 
were statistically significant (P < 0.05). The bone mineral density values of the lumbar 
vertebrae (L1-L4) and hip joint of the control group were lower than those of the 
healthy group; these differences were statistically significant (P < 0.05). The serum 
P1NP, BGP, and β-CTX levels of the case group were higher than those of the control 
and healthy group; these differences were statistically significant (P < 0.05). The serum 
P1NP, BGP, and β-CTX levels of the control group were higher than those of the 
healthy group; these differences were statistically significant (P < 0.05) (Table 3).

Correlations of serum GLP-1 and MGP levels with bone mineral density of the case 
group
The serum GLP-1 and MGP levels of the case group were significantly positively 
correlated with the bone mineral density values of the hip joint and lumbar vertebrae (
P < 0.05) (Table 4).

Correlations of serum GLP-1 and MGP levels with bone metabolic markers of the 
case group
The serum GLP-1 and MGP levels of the case group were significantly negatively 
correlated with the serum P1NP, BGP, and β-CTX levels (P < 0.05) (Table 5).

Multivariate analysis
The logistic regression model was established with osteoporosis as the dependent 
variable and BMI, FPG level, HbA1c level, hypertension, coronary heart disease, GLP-
1 Level, MGP level, P1NP level, BGP level, and β-CTX level as the independent 
variables. The results showed that older age and duration of diabetes were 
independent risk factors for osteoporosis in diabetic patients (P < 0.05) and that 
increased GLP-1 and MGP levels were protective factors against osteoporosis in 
diabetic patients (P < 0.05) (Table 6).

DISCUSSION
T2DM is characterized by reduced insulin secretion or decreased insulin sensitivity 
resulting in elevated blood glucose levels; it is often accompanied by metabolic 
disorders involving fat, protein, water, and electrolytes[7]. An epidemiological survey 
found that the worldwide incidence of T2DM exceeded 6.87%. Furthermore, diabetic 
complications result from disease progression and can cause disability or death[8]. The 
bone metabolism of patients with osteoporosis is abnormal, and their bone loss is 
aggravated, thus leading to decreased bone strength and increasing their risk of 
fractures. If patients with T2DM develop osteoporosis, then their risk of disability is 
increased, thereby adversely affecting their prognosis[9].

During this study, the lumbar vertebrae (L1-L4) and hip bone mineral density 
values were grouped and compared with the general data. Patients with T2DM 
complicated with osteoporosis were older than patients with T2DM complicated with 
decreased bone mass and healthy participants. The BMI, FPG level, HbA1c level, 
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Table 2 Comparison of serum glucagon-like peptide-1 and matrix Gla protein levels in the three groups of study participants (mean ± 
SD)

Group n GLP-1 (pmol/L) MGP (nmol/L)

Case group 60 9.19 ± 1.10 7.88 ± 0.92

Control group 60 13.88 ± 1.65 9.77 ± 1.52

Healthy group 60 17.07 ± 2.48 10.79 ± 1.63

F 280.527 67.487

P value 0.000 0.000

GLP-1: Glucagon-like peptide-1; MGP: Matrix Gla protein.

Table 3 Comparison of bone density and bone metabolic marker levels of the three groups of study participants (mean ± SD)

Group n Lumbar spine (g/m2) Hip joint (g/m2) BALP (μg/mL) P1NP (ng/mL) BGP (μgmL) β-CTX (ng/mL)

Case group 60 0.69 ± 0.08 0.66 ± 0.09 4.08 ± 1.20 49.16 ± 4.08 15.92 ± 4.08 0.49 ± 0.08

Control group 60 0.95 ± 0.14 0.83 ± 0.10 4.03 ± 0.84 44.41 ± 2.75 14.40 ± 2.75 0.44 ± 0.08

Healthy group 60 1.08 ± 0.16 0.99 ± 0.14 4.07 ± 0.82 31.59 ± 2.38 12.14 ± 2.38 0.41 ± 0.10

F 142.637 130.422 0.036 122.211 21.822 14.496

P value 0.000 0.000 0.965 0.000 0.000 0.000

BALP: Bone alkaline phosphatase; P1NP: Type 1 procollagen amino-terminal propeptide; BGP: Osteocalcin; β-CTX: Special sequence of carboxy-terminal 
peptide β of type 1 collagen.

Table 4 Correlation analysis results

Index Relativity Lumbar spine (g/m2) Hip joint (g/m2)
r 0.707 0.691GLP-1 (pmol/L)

P value 0.000 0.000

r 0.571 0.546MGP (nmol/L)

P value 0.000 0.000

GLP-1: Glucagon-like peptide-1; MGP: Matrix Gla protein.

Table 5 Correlation between serum glucagon-like peptide-1, matrix Gla protein levels, and bone metabolism marker levels

Index Relativity BALP (μg/mL) P1NP (ng/mL) BGP (μgmL) β-CTX (ng/mL)

r 0.192 -0.401 -0.386 -0.377GLP-1 (pmol/L)

P value 0.163 0.000 0.003 0.005

r 0.155 -0.421 -0.419 -0.351MGP (nmol/L)

P value 0.227 0.000 0.000 0.010

GLP-1: Glucagon-like peptide-1; MGP: Matrix Gla protein; BALP: Bone alkaline phosphatase; P1NP: Type 1 procollagen amino-terminal propeptide; BGP: 
Osteocalcin; β-CTX: Special sequence of carboxy-terminal peptide β of type 1 collagen.

hypertension rate, and coronary heart disease rate of diabetic patients were higher 
than those of healthy participants, suggesting that elderly patients with T2DM are 
more likely to have osteoporosis. Diabetes patients have a higher risk of obesity, 
hypertension, coronary heart disease, and other complications. P1NP is a peptide 
secreted by osteoblasts that can sensitively reflect the synthesis rate of type 1 collagen. 
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Table 6 Factor analysis of the logistic regression model

Index SE Walds P value OR 95%CI

Age 0.551 0.225 5.997 0.007 1.735 1.116 2.697

Course of disease 0.494 0.240 4.237 0.048 1.639 1.024 2.623

BMI 0.381 0.211 3.261 0.094 1.464 0.968 2.213

FPG 0.307 0.184 2.784 0.116 1.359 0.948 1.950

HbA1c 0.502 0.316 2.524 0.131 1.652 0.889 3.069

Hypertension 0.484 0.408 1.407 0.248 1.623 0.729 3.610

Coronary heart disease 0.490 0.411 1.421 0.241 1.632 0.729 3.653

GLP-1 -0.616 0.277 4.945 0.039 0.540 0.314 0.930

MGP -0.573 0.254 5.089 0.037 0.564 0.343 0.928

β-CTX 0.184 0.152 1.465 0.237 1.202 0.892 1.619

BALP 0.207 0.182 1.294 0.301 1.230 0.861 1.757

BGP 0.118 0.104 1.287 0.316 1.125 0.918 1.380

BMI: body mass index; FPG: Fasting plasma glucose; GLP-1: Glucagon-like peptide-1; MGP: Matrix Gla protein; BALP: Bone alkaline phosphatase; P1NP: 
Type 1 procollagen amino-terminal propeptide; BGP: Osteocalcin; β-CTX: Special sequence of carboxy-terminal peptide β of type 1 collagen.

BGP is a non-collagen acidic glycoprotein synthesized by osteoblasts and 
chondrocytes. P1NP and BGP are bone formation markers recommended by the 
International Osteoporosis Foundation[10]. BALP can directly reflect the osteoblast 
activity, which is the best indicator of human bone mineralization disorders[11]. β-CTX 
is an index of bone absorption and collagen degradation during bone remodeling[12]. 
During this study, the serum P1NP, BGP, BALP, and β-CTX levels of the three groups 
were compared. These levels were higher in patients with T2DM complicated with 
osteoporosis than in those of patients with T2DM complicated with decreased bone 
mass and healthy participants. The serum P1NP, BGP, and β-CTX levels of patients 
with T2DM complicated with bone loss were higher than those of healthy participants, 
suggesting that diabetic patients with osteoporosis have more severe bone metabolism 
disorders related to their lack of insulin, increased thyroid hormone secretion, 
insufficient collagen synthesis, and decreased osteoblast function. The abnormal bone 
metabolism in diabetic patients is one of the important mechanisms underlying their 
osteoporosis.

GLP-1 is a hormone secreted by ileal endocrine cells that can protect islet β cells, 
stimulate insulin secretion, and inhibit glucagon secretion to reduce blood glucose 
levels. GLP-1 exhibits low expression in patients with T2DM because of the impaired 
incretin effect[13-15]. GLP-1 receptor agonists promote the secretion of GLP-1 by 
binding to the receptor, thereby producing a hypoglycemic effect[16]. MGP is a strong 
inhibitor of calcium and phosphorus deposition that can bind to bone morphogenetic 
protein-2 to inhibit its biological activity and affect the transformation of mesenchymal 
cells into chondrocytes or osteoid cells[17-20]. In this study, serum GLP-1 and MGP 
levels were compared among the three groups. It was found that serum GLP-1 and 
MGP levels of patients with T2DM complicated with osteoporosis were lower than 
those of patients with T2DM complicated with bone loss and healthy participants. 
Furthermore, serum GLP-1 and MG levels of patients with T2DM and bone loss were 
lower than those of healthy participants, suggesting that decreased serum GLP-1 and 
MGP levels may be related to osteoporosis in patients with T2DM. GLP-1 can regulate 
bone metabolism by regulating calcium balance and affecting the proliferation and 
apoptosis of osteoclasts and osteoblasts. The decrease in serum GLP-1 Levels can lead 
to abnormal bone metabolism and osteoporosis. MGP is an inhibitor of vascular and 
cartilage calcification. MGP deficiency can trigger the differentiation of chondrocytes 
and cartilage formation in the middle layer of blood vessels and affect bone formation.

Furthermore, the correlation analysis results indicated that serum GLP-1 and MGP 
levels were significantly positively correlated with the bone mineral density values of 
the hip joint and lumbar vertebrae. The serum GLP-1 and MGP levels were 
significantly negatively correlated with the serum P1NP, BGP, and β-CTX levels. The 
results of the logistic regression model indicated that older age and duration of 
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diabetes were independent risk factors for osteoporosis in diabetic patients and that 
increased GLP-1 and MGP levels were protective factors against osteoporosis in 
diabetic patients. Future clinical studies should involve osteoporosis screening for 
elderly patients with long durations of diabetes, and the serum GLP-1 and MGP levels 
should be used as auxiliary evaluation indexes to evaluate the risk of osteoporosis in 
patients with T2DM to allow early detection of and intervention for diabetes with 
osteoporosis and improve the prognosis.

CONCLUSION
In summary, serum GLP-1 and MGP levels of diabetic patients with osteoporosis were 
markedly decreased and significantly positively correlated with bone mineral density. 
Furthermore, they were independent risk factors for osteoporosis in patients with 
diabetes.

ARTICLE HIGHLIGHTS
Research background
Osteoporosis is a systemic bone disease characterized by decreased bone mass, 
damaged bone mass, and decreased bone strength, leading to increased bone fragility 
and fractures. Type 2 diabetes (T2DM) complicated by osteoporosis is a common 
systemic metabolic bone disease. The reduction of bone mass and bone strength is 
considered to be the main clinical feature; its occurrence is considered to be related to 
gender, age and genetic factors.

Research motivation
Explore the risk factors of T2DM complicated with osteoporosis, and provide 
reasonable guidance for preventing this problem.

Research objectives
This study aimed to investigate the relationships among serum glucagon-like peptide-
1 (GLP-1) levels, matrix Gla protein (MGP) levels, and diabetes with osteoporosis.

Research methods
Sixty T2DM patients with osteoporosis were selected as the case group, and 60 T2DM 
patients with bone loss were selected as the control group. Sixty healthy subjects were 
selected as the healthy group for the study.

Research results
Serum GLP-1 and MGP levels in diabetic osteoporosis patients are independent risk 
factors for osteoporosis in diabetic patients.

Research conclusions
Serum GLP-1 and MGP levels of diabetic patients with osteoporosis were significantly 
decreased and positively correlated with bone mineral density and were independent 
risk factors for osteoporosis in diabetic patients.

Research perspectives
Provide for the prevention of osteoporosis in diabetic patients.
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