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Highlights of the Study

• Serum vitamin D and glucagon-like peptide-1 (GLP-1) levels were assessed in elderly patients with 
bone fractures. 

• Serum GLP-1 levels were significantly lower in elderly patients with bone fractures than in healthy el-
derly adults. 

• A significant correlation was found between decreased vitamin D and GLP-1 levels.
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Abstract
Objectives: To evaluate the correlation between levels of se-
rum vitamin D and glucagon-like peptide-1 (GLP-1) in elder-
ly patients with bone fractures. Materials and Methods: This 
study included 56 patients and 31 control subjects. The pa-
tients included were those aged ≥65 years who were admit-
ted to our hospital with a diagnosis of bone fracture. The 
control group comprised age-matched, healthy individuals. 
Levels of serum vitamin D and GLP-1 were measured and 
compared between the 2 groups. Results: Significant differ-
ences were noted between the groups in terms of serum lev-
els of vitamin D (p < 0.001) and serum levels of GLP-1 (p < 
0.001). A positive correlation was observed between serum 

levels of vitamin D and GLP-1. Conclusion: Serum levels of 
GLP-1 were found to be significantly lower in elderly patients 
with bone fracture compared to healthy adults. In addition, 
a significant correlation was found between decreased vita-
min D and GLP-1 levels. These results may therefore demon-
strate the protective effects of GLP-1 on bone structure and 
metabolism, similar to those of vitamin D.

© 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

Aging is defined as time-dependent changes in an or-
ganism leading to a functional decline and an increased 
risk of disease [1]. It is estimated that the elderly popula-
tion will grow dramatically in the next 20 years in most 
Western countries [2]. With an increased life expectancy, 
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there is a parallel increased risk of developing debilitating 
diseases [3]. Aging causes adverse medical outcomes in 
bone metabolism, including decreased skeletal fragility 
and bone turnover. Therefore, the elderly are at a high 
risk of bone fractures [4].

There is increased interest in the effects of gut hor-
mones on metabolism, and this relationship has been 
defined as the “gut-bone axis” [5]. The gut peptides se-
creted when food is ingested are defined as incretins. 
Glucose-dependent insulinotropic polypeptide (GIP; 
gastric inhibitory polypeptide) is a well-known incretin 
[6]. Overall, studies in both humans and rodents have 
indicated that GIP is a pivotal and direct regulator of 
bone metabolism, with direct anabolic effects on osteo-
blasts and an antiresorptive effect on osteoclasts [7]. 
Glucagon-like peptide-1 (GLP-1) is also a member of 
the incretin hormone family, which plays an important 
role in regulating energy metabolism by stimulating in-
sulin secretion [8], and GLP-1 receptor agonists are 
used in the management of type 2 diabetes mellitus. 
GLP-1 is also a potent modulator in the regulation of 
bone mass, quality, and strength [9]. In experimental 
animal models, it has been shown that inhibition of 
GLP-1 decreases bone resorption [10]. However, little 
is known about the relationship between serum levels 
of GLP-1 and bone fractures in elderly patients. Vita-
min D is important for bone health and calcium hemo-
stasis [11]. Low levels of 25-hydroxyvitamin D are as-
sociated with a loss of muscle strength, a low or de-
creased physical performance, functional limitations 
and decline, falls, and fractures [12]. Previous studies 
have revealed a strong correlation between GLP-1 and 
vitamin D; however, the relationship between serum 
levels of GLP-1 and vitamin D in bone fractures has not 
been fully elucidated. 

In this study, serum vitamin D and GLP-1 levels were 
assessed in elderly patients with bone fractures. The cor-
relation between serum vitamin D and GLP-1 levels in 
these patients was also evaluated. This study was aimed at 
contributing to the knowledge regarding GLP-1 and vita-
min D levels in elderly patients with bone fractures. 

Materials and Methods

Study Population
This study included patients who were admitted to our univer-

sity hospital and diagnosed with a bone fracture between May and 
October 2017. The exclusion criteria for the control group includ-
ed: clinical suspicion of infections, the presence of liver disease, 
kidney disease, diabetes mellitus, alcohol consumption, rheumatic 

disease, malignancy, and smoking. Patients with a history of dia-
betes mellitus, thyroid or parathyroid disorders, or impaired renal 
or kidney function were excluded from this study. 

Collection and Analysis of Blood 
Overnight fasting blood samples were collected from all of the 

participants into serum tubes (Becton Dickinson, UK). The blood 
was allowed to clot and then centrifuged at 4  ° C for 15 min at 3,500 
rpm; the serum was aliquoted and immediately frozen at –80  ° C 
(WiseCryo, South Korea). The quantitative sandwich enzyme-
linked immunosorbent assay technique (YHBioscience, Shanghai, 
China) was used to determine serum levels of GLP-1. Tests were 
performed according to the manufacturer’s instructions. Serum 
25-hydroxyvitamin D levels were measured using the electroche-
miluminescence immunoassay method (Cobas e601, Roche, Ger-
many).

Statistical Analysis
Statistical analyses were performed using SPSS 22.0 software 

(SPSS Inc., IBM, USA). Numerical continuous variables were stat-
ed as means ± SD and categorical variables as numbers (%). Com-
parison of variables was performed using Student’s t test or the 
Mann-Whitney U test according to the results of the Shapiro-Wilk 
normality test. Comparisons of frequencies were made with Pear-
son’s χ2 test. The correlation between serum vitamin D levels and 
GLP-1 levels was examined using Spearman’s correlation test. p < 
0.05 was considered statistically significant. The figures were ob-
tained using R software (version R-3.5.2 for Windows).

Table 1. Bone fracture locations

Bone n %

Femur proximal 35 40.2
Femur diaphysis 6 6.9
Forearm and hand 4 4.6
Humerus proximal 3 3.4
Foot and ankle 3 3.4
Tibia diaphysis 3 3.4
Pelvis 2 2.3

Total 56 100

Table 2. Comparison of GLP-1 and vitamin D levels between fe-
male and male fracture patients

Parameter Females (n = 29) Males (n = 27) p values

Age, years 77.79±8.29 76.85±7.67 0.662
BMI 26.56±3.82 25.75±3.51 0.292
GLP-1, ng/mL 125.86±67.64 121.94±57.95 0.817
Vitamin D, ng/mL 10.25±8.98 10.25±8.98 0.903

Values are presented as means ± SD.
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Results

A total of 56 patients (29 females and 27 males; mean 
age: 77.25 ± 7.7) were studied. The control group of 31 
subjects comprised 14 females and 17 males (mean age: 
71.58 ± 4.8). No statistically significant differences were 
found between the groups in terms of age (p > 0.05) or 
gender (p > 0.05). Thirty-five patients had a proximal fe-
mur fracture and 6 patients had a femur diaphysis frac-
ture. The distribution of fracture locations is shown in 
Table 1. Mean GLP-1 concentrations were measured as 

123.9 ± 62.6 ng/mL in the patient group and 186.4 ± 48.0 
ng/mL in the control group (p < 0.001) (Fig. 1). The mean 
serum concentration of vitamin D was 10.3 ± 8.8 ng/mL 
in the patient group and 21.0 ± 12.1 ng/mL in the control 
group (p < 0.001) (Fig. 2). No statistically significant dif-
ferences were observed between female and male patients 
in terms of GLP-1 and vitamin D concentrations or the 
mean BMI (Table 2). A positive correlation was deter-
mined between serum vitamin D and GLP-1 concentra-
tions. (p = 0.024, r = 0.241) (Fig. 3).
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Fig. 1. Comparison of GLP-1 concentra-
tions between the patient and control 
groups. Central lines show median values; 
box limits indicate the 25th and 75th per-
centiles as determined by R software; whis-
kers extend 1.5 times the IQR from the 25th 
and 75th percentiles, and outliers are rep-
resented by dots; data points are plotted as 
circles.
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Fig. 2. Comparisons of vitamin D concen-
trations between the patient and control 
groups. Central lines show median values; 
box limits indicate the 25th and 75th per-
centiles as determined by R software; whis-
kers extend 1.5 times the IQR from the 25th 
and 75th percentiles, and outliers are rep-
resented by dots; data points are plotted as 
circles. n = 53; 45 sample points.
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Discussion

The most important findings of this study were the 
decreased serum levels of GLP-1 and vitamin D in elder-
ly patients with bone fracture. These results suggest the 
importance of GLP-1 levels in bone metabolism. Bone 
fractures require expensive and difficult treatments, en-
tailing high costs of treatment and rehabilitation, a loss of 
workforce, and potential complications [13]. Under-
standing fracture metabolism is an important prerequi-
site for the development of potential therapeutic targets 
and the prevention of some fracture types such as osteo-
porotic hip fracture [14]. 

To the best of our knowledge, no study to date has in-
vestigated serum GLP-1 in patients with and without 
bone fracture. The results of this study are of value as they 
indicate that the serum levels of GLP-1 were significantly 
decreased in the bone fracture group. GLP-1 is secreted 
by intestinal L cells [15], regulated by intraluminal con-
tents, neural stimuli, and hormones. GLP-1 receptors are 
found in the pancreas, the gastrointestinal tract, the lungs, 
the heart, the kidneys and several regions of the brain, the 
liver, and skeletal muscles [16]. The presence of these re-
ceptors in bone was controversial until it was demonstrat-

ed in the study by Pereira et al. [17]. Animal studies have 
shown that GLP-1 activity is necessary for musculoskel-
etal system physiology. It has been shown that GLP-1 re-
ceptor knockout mice have reduced trabecular bone vol-
ume, bone strength, and cortical bone thickness [6, 18]. 
These data suggest that a functional level of GLP-1 is re-
quired not only for the control of bone resorption but also 
for the preservation of optimal bone matrix quality [19]. 

The correlation between fractures and GLP-1 is con-
troversial. In studies on patients using GLP-1 agonists, 
the fracture risk was observed to neither increase nor de-
crease [10, 20]. Previous studies have also emphasized 
that the fracture risk varies according to the type of GLP-
1 agonist used. For example, diabetic patients using lira-
glutide have been observed to have a reduced fracture risk 
compared to those using other antidiabetics or placebo 
[10]. This variability of the effects of types of GLP-1 ago-
nists may be attributed to the fact that liraglutide is most 
similar to endogenous GLP-1 [10]. The current literature 
is insufficient to explain the effect of GLP-1 and the as-
sociated medications on bone fracture risk. The results of 
the current study showing lower serum levels of GLP-1 in 
the bone fracture group contributes new information to 
the literature.

On the other hand, the insulotropic and bone resorp-
tion protective effects of GIP, which is a member of the 
incretin hormone family, have been shown in previous 
studies [5]. The effect of GLP-1 on bone metabolism is 
less clear according to the available data in the literature, 
although Bergmann et al. [7] showed that GIP and GLP-1 
together have partially additive bone resorption inhibi-
tory effects. Furthermore, the demonstration of a rela-
tionship between insulin, GLP-1, and osteocalcin re-
vealed the function of bone as an endocrine organ [21, 
22]. A better understanding of the effects of GIP and 
GLP-1 on bone metabolism could revolutionize future 
treatment of osteoporosis [23]. 

Lower median levels of vitamin D were observed in the 
bone fracture group in this study. This finding is in ac-
cordance with the study by Thompson et al. [24]. A meta-
analysis by Sprague et al. [25] revealed that vitamin D 
deficiency is widespread among patients with fractures. 
The relationship between vitamin D and bone is complex. 
Maintaining optimal vitamin D levels is important for 
bone health [11], and a reduced vitamin D level is known 
to increase the risk of fractures [24]. In addition, a meta-
analysis of double-blinded randomized controlled trials 
showed that oral vitamin D supplementation reduced the 
risk of fractures [26].

Serum GLP-1 level, ng/mL
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Fig. 3. Scatterplot matrix between serum vitamin D and GLP-1 
levels.
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In the current study, a correlation was noted between 
serum vitamin D and GLP-1 levels in fracture patients. 
Enciso et al. [27] reported that vitamin D increased GLP-
1 secretion in both in vivo and in vitro environments with 
an insulinotropic effect. Similarly, a correlation between 
serum vitamin D and GLP-1 levels was noted in the cur-
rent study. It can be seen that there could be beneficial 
effects for fracture patients in the correlation between vi-
tamin D and GLP-1 with respect to new therapeutic ap-
proaches.

There are some limitations to this study. First, there 
was no evaluation of bone mineral density or the dietary 
conditions of the patients to determine the cause of low 
vitamin D levels. However, patients with endocrine dis-
orders were excluded in order to identify those with im-
paired metabolic vitamin D and GLP-1. The strength of 
this study is that it is the first prospective case-control 
study in the literature to evaluate serum vitamin D and 
GLP-1 levels in elderly patients with bone fractures in 
comparison to healthy individuals. It is also the first study 
in the literature to show a correlation between serum vi-
tamin D and GLP-1 levels. Further well-designed ran-
domized studies in large populations are required to 
reach a higher level of evidence to prove the relationship 
between vitamin D and GLP-1 metabolisms and their im-
pact on bone metabolism. 

Conclusion

Our results demonstrated that serum GLP-1 levels 
were significantly lower in elderly patients with bone 
fractures than in healthy elderly adults. In addition, a sig-
nificant correlation was found between decreased vita-
min D and GLP-1 levels. We infer that the protective ef-
fects of GLP-1 on bone structure and metabolism are sim-
ilar to the effects of vitamin D. This study can also be 
taken as a guide for future studies investigating the effect 
of GLP-1 metabolism and GLP-1 agonists with vitamin D 
and bone metabolism in the prevention of fractures in 
elderly patients due to impaired bone quality. 
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