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Purpose: Diabetes increases the risk of fragility fractures. As a result, when choosing a diabetes treatment, whether the drug affects 
bone density should be taken into account. The goal of this study was to determine how switching from dipeptidyl peptidase-4 
inhibitors (DPP-4i) to glucagon-like peptide-1 receptor agonists (GLP-1RA) influenced bone mineral density (BMD) in diabetic 
patients.
Patients and Methods: In this retrospective cohort study, diabetic patients with osteoporosis or osteopenia who used DPP-4i but not 
anti-osteoporosis medications were divided into two groups: those who switched to GLP-1RA (n = 132) and those who did not (control 
group, n = 133). We compared changes in glycemic control and BMD with and without conversion from DPP-4i to GLP-1RA.
Results: Prior to switching, there was no difference between the groups in terms of age, gender, glycosylated hemoglobin (HbA1c), or 
BMD. HbA1c was 8.7% in the participants (mean age 62.7 years, 17.4% female). Despite the fact that there was no difference in 
femoral neck BMD, the GLP-1RA group had a greater decrease in lumbar spine BMD (−0.028 g/cm2 versus −0.019 g/cm2, p = 0.041) 
than the control group. Furthermore, HbA1c levels in the GLP-1RA-treated group were considerably lower than in the control group 
(7.5% versus 8.0%, p = 0.027).
Conclusion: While switching to GLP-1RA improves glycemic control, it appears to have a less favorable effect on bone density than 
continuing DPP-4i. More research is needed, however, to determine whether diabetic patients with low bone density should be 
switched from DPP-4i to GLP-1RA.
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Introduction
Type 2 diabetes mellitus (T2DM) and osteoporosis are chronic metabolic disorders that cause significant morbidity, 
increased mortality, and higher health-care expenses.1,2 As a result of the general population’s aging, both are soon 
becoming global epidemics. Although osteoporosis and type 2 diabetes are commonly thought to be separate diseases, 
mounting evidence suggests that they may be linked by common pathophysiological processes such as insulin resistance, 
hyperglycemia, oxidative stress, the release of inflammatory agents from visceral fat, and increased bone marrow 
adiposity.3 Furthermore, fragility fractures caused by diminished bone strength are becoming more well recognized as 
diabetes-related skeletal disorders. As a result, the potential function of T2DM therapy drugs in abnormal bone 
metabolism has received a lot of attention recently.4,5
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Intestinal hormones enhance glucose absorption by stimulating pancreatic insulin production.6 The finding that 
enteral feeding triggered a higher insulin secretion response than intravenous sugar infusion supported the existence of 
incretins as insulin-inducing elements stimulated by dietary glucose. The two principal incretin hormones produced from 
the intestine in response to glucose or nutrient ingestion are gastric inhibitory polypeptide (GIP) and glucagon-like 
peptide-1 (GLP-1). These hormones may stimulate insulin production from pancreatic cells. However, both endogenous 
and exogenous GLP-1 and GIP have limited pharmacologic effects due to their short plasma half-life, as they are rapidly 
degraded and inactivated by dipeptidyl peptidase-4 (DPP-4), which is widely expressed on cell surfaces and present in 
the circulation.7

GLP-1 binds to the GLP-1 receptor, increasing insulin synthesis and secretion while suppressing appetite.8 GLP-1 
receptor agonists (GLP-1 RA) are peptide analogs of exendin-4 or human GLP-1 that are designed to resist DPP-4 
activity and hence have a longer half-life.9 GLP-1RA are widely used as glucose-dependent glucose-lowering treatment 
in type 2 diabetes. Because the GLP receptor is expressed in osteoblasts, GLP-1RAs may affect bone mineral density 
(BMD).10 GLP-1RA would improve bone metabolism by enhancing osteoblast proliferation and differentiation while 
decreasing advanced glycation end products accumulation.11 Although a previous study found that GLP-1RA may benefit 
BMD, other meta-analyses have found that GLP-1RA does not reduce fractures.12

DPP4 inhibitors (DPP-4i) limit DPP-4 enzymatic activity, hence blocking the breakdown of incretins (GLP-1 and GIP) 
that trigger insulin release as a means of controlling blood glucose levels.13 DPP-4i may have similar effects on bone as GLP- 
1RA since it prolongs the effects of GLP-1 by preventing DPP-4 incretin inactivation. As a result, DPP-4i has the potential to 
improve bone density, bone quality, and bone turnover markers. Furthermore, when compared to other diabetic drugs, DPP- 
4i is associated with a lower risk of fracture in diabetic patients, according to various studies.14,15

Despite the fact that GLP-1RA is more effective than DPP-4i at lowering blood glucose in persons with poorly 
managed diabetes, no research has been done to see if the switch affects patients’ BMD. The goal of this study was to see 
if, rather than focusing solely on good or bad blood glucose control, the effect on BMD of switching to GLP-1RA in 
diabetic patients who had previously used DPP-4i should be taken into account.

Materials and Methods
Study Design
In this investigation, a retrospective matched-cohort analysis was performed. We retrieved 2218 diabetic patients with 
concurrent osteoporosis or osteopenia [T-score < −1 by dual-energy X-ray absorptiometry (DXA) (Prodigy; GE Medical 
Systems Lunar, Madison, WI, USA)] from a patient database at a regional hospital in Yilan County, Taiwan, who were 
treated with DPP-4i for at least one year between May 2013 and April 2020. After excluding patients taking anti- 
osteoporosis or alfacalcidol medications (which improve bone mass), hormones (eg, thyroxin facilitates bone turnover), 
insulin (which increases sugar fluctuation), proton pump inhibitors (which suppress calcium resorption), and antiepileptic 
drugs (which disrupt vitamin D metabolism), 132 patients (study group) who switched from oral DPP-4i (sitagliptin, 
linagliptin, and vildagliptin) to GLP-1RA (liraglutide and dulaglutide) injection were matched to 133 patients (control 
group) who were regularly taking DPP-4i based on age, body mass index (BMI), and glycosylated hemoglobin (HbA1c). 
DXA was used to assess the study group twice, with the second measurement taking place at least one year following the 
switch. In addition, the control group underwent two DXA scans (at least two years apart).

Except for the conversion of DPP-4i to GLP-1RA, no other additions or deletions to the individual’s prescription of 
oral diabetes medications occurred between DXA exams in our chosen patients (In Taiwan, sodium-glucose cotransporter 
2 inhibitors cannot be combined with DPP-4i or GLP-1RA due to health insurance reimbursement restrictions). The 
variations in BMD and HbA1c between the study and control groups were then compared. Figure 1 depicts the research 
design as well as the data gathering process that was used.

Ethics
This study was approved by the Institutional Review Board (IRB) of the National Yang-Ming University Hospital 
(YMUH2020A023) in accordance with the Declaration of Helsinki. The study involves no prospectively collected data so 
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there is no access to patients or opportunity to seek informed consent. A waiver of consent was approved by IRB as re-contacting 
this number of patients to obtain informed consent would be impracticable. The study is no greater than minimal risk and will 
have no direct impact on patient’s rights and clinical care. Finally, we guarantee the confidentiality of all patient data.

Statistical Analysis
Descriptive statistics were used to summarize the basic characteristics. IBM SPSS Statistics for Windows, version 22 
(IBM Corp., Armonk, N.Y., USA) was used to conduct formal statistical studies. Differences between means were tested 
by independent-samples t-test using Levene’s test for equality of variances. The paired t-test was used to determine 
whether the variables differed before and after the switch. Furthermore, an analysis of covariance (ANCOVA) adjusted 
for confounding factors was used to investigate the relationship between switching from DPP4-i to GLP-1RA and BMD 
in the control and study groups. The minimum total sample size in this study is 88, with at least 44 subjects for each 
independent variable, for an effect size of d = 0.5, power = 0.8, and α = 0.05.

Results
When the baseline parameters of the patients were compared, such as gender, age, weight, HbA1c, BMD, and other biochemical 
markers, there were no statistically significant differences between the study and control groups, as shown in Table 1.

The duration between two DXA tests in the GLP-1RA group was 3 ± 0.4 years and 3.3 ± 0.6 years in the control 
group. The average transition time from DPP4-I to GLP-1RA was 1.8 ± 0.3 years. When compared to baseline, the GLP- 
1RA group had a decrease in lumbar spine BMD but not in femoral neck BMD. The BMD of the lumbar spine and 
femoral neck, on the other hand, did not change appreciably in the control group (Table 2). Notably, while the body 

Figure 1 Flow chart for study subject selection. 
Abbreviations: DPP-4i, dipeptidyl peptidase-4 inhibitors; DXA, dual-energy X-ray absorptiometry; GLP-1RA, glucagon-like peptide-1 receptor agonists.
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weight of the GLP-1RA group decreased significantly compared to the baseline (−2.25 ± 0.68 kg, p = 0.012) but not the 
control group (−0.81 ± 0.56 kg, p = 0.168), the ANCOVA analysis with age and BMI adjustment still discovered that the 
lumbar spine BMD decreased significantly in the GLP-1RA group. Furthermore, when compared to baseline, HbA1c 
declined substantially in both the GLP-1RA and control groups, though the reduction was more pronounced in the GLP- 
1RA group (Table 2).

Discussion
The study discovered that switching from DPP-4i to GLP-1RA reduced lumbar spinal bone density in diabetics with 
untreated osteoporosis or osteopenia.

Previous study has discovered that diabetes-related hyperglycemia or insulin insufficiency may contribute to 
a deterioration in bone quality.3 The imbalance of the advanced glycation end product accumulation axis directly affects 
osteoblast activity by lowering their numbers and function.16 Furthermore, hyperglycemia impairs bone quality by 
interfering with osteocalcin production and the Wnt signaling pathways through an imbalance in osteoblast/osteoclast 
activity. However, switching from DPP-4i to GLP-1RA improved blood sugar control but had no discernible effect on 
BMD in our study. Blood glucose control may not be a determinant in BMD changes.

Table 1 Baseline Characteristics of Subjects

Characteristics Study Group (DPP-4i to GLP-1RA) Control Group (DPP-4i to DPP-4i) p value

Sample size (n) 132 133
Age, years, mean (SD) 61.9 (6.7) 63.4 (5.9) 0.112

Women, % (n) 18.2 (24) 16.5 (22) 0.388

Weight, kg, mean (SD) 69.3 (6.1) 66.3 (4.5) 0.224
BMI, kg/m2, mean (SD) 26.8 (1.3) 26.2 (1.2) 0.311

HbA1c, %, mean (SD) 8.8 (0.6) 8.7 (0.7) 0.269

TC, mg/dL, mean (SD) 188.2 (21.9) 195.7 (18.6) 0.083
TG, mg/dL, mean (SD) 211.2 (32.8) 215.4 (39.7) 0.452

Creatinine, mg/dL, mean (SD) 1.2 (0.3) 1.2 (0.4) 0.788
Using metformin, % (n) 83.3 (110) 85.7 (114) 0.192

Using sulfonylureas, % (n) 59.8 (79) 51.1 (68) 0.087

BMD, g/cm2, mean (SD)
Lumbar spine 0.822 (0.151) 0.792 (0.147) 0.081

Femoral neck 0.791 (0.144) 0.788 (0.148) 0.477

Abbreviations: BMD, bone mineral density; BMI, body mass index; DPP-4i, dipeptidyl peptidase-4 inhibitors; GLP-1RA, glucagon-like peptide-1 receptor 
agonists; HbA1c, glycosylated hemoglobin; SD, standard deviation; TC, total cholesterol; TG, triglycerides.

Table 2 Clinical Data Comparison with and without Switching from DPP-4i to GLP-1RA

Differences Between Two DXAs DPP-4i to GLP-1RA (n = 132) DPP-4i to DPP-4i (n = 133) Difference Between-Groupb

Duration, years, mean (SD) 3.0 (0.4) 3.3 (0.6)
HbA1c, %, mean (SD) −1.3 (0.5) −0.7 (0.4) p = 0.027b

p < 0.001a p = 0.033a

BMD, g/cm2, mean (SD)
Lumbar spine −0.028 (0.013) −0.019 (0.021) p = 0.041b

p = 0.002a p = 0.083

Femoral neck −0.007 (0.015) −0.004 (0.005) p = 0.183
p = 0.433 p = 0.171

Notes: aThe paired t-test revealed a difference when compared to the baseline. bThe differences were adjusted for age and BMI by ANCOVA. 
Abbreviations: BMD, bone mineral density; DPP-4i, dipeptidyl peptidase-4 inhibitors; DXA, dual-energy X-ray absorptiometry; GLP-1RA, glucagon-like peptide-1 receptor 
agonists; HbA1c, glycosylated hemoglobin; SD, standard deviation.
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Among the hypoglycemic medications currently available are biguanides, sulfonylureas, thiazolidinediones, GLP- 
1RA, DPP-4i, and insulin, which may have varying effects on BMD.4 Metformin did not affect bone density in a clinical 
trial, and sulfonylureas had no effect on bone metabolism or BMD in a meta-analysis. Thiazolidinediones, on the other 
hand, have been linked to bone loss. Previous research has discovered that both DPP-4i and GLP-1RA have bone- 
protective properties, but the effect of GLP-1RA on fracture prevention is debatable.12 Our findings suggest that GLP- 
1RA have a better effect on blood sugar control than DPP-4i, but they may increase the consequences of bone fragility 
after switching from DPP-4i, resulting in a significant BMD decrease in lumbar spine. Trabecular bone dominates the 
lumbar spine, while cortical bone dominates the femoral neck. Trabecular bone is more vulnerable to pharmacological 
effects than cortical bone because it has a faster rate of bone turnover.

GLP-1RA has previously been shown to protect against bone mineral content loss and increase levels of bone 
formation indicators (procollagen type 1 N-terminal peptide and osteocalcin).17 GLP-1RA may stimulate osteogenic 
differentiation of bone marrow stromal cells by regulating β-catenin signal transduction and increasing the expression of 
osteoprotegerin genes, thereby influencing nuclear factor-κB ligand-receptor activator to reverse bone mass loss and 
boost bone formation. Furthermore, the GLP-1 receptor is present on the surface of osteocytes, where it inhibits the 
synthesis of sclerostin, a protein known to limit osteoblastic activity while increasing catabolic activity on bone. GLP-1 
receptors are also located on the surface of thyroid C cells, where they increase calcitonin, reducing osteoclast activity 
and preventing calcium from being released into the bloodstream. Our study, on the other hand, discovered that GLP- 
1RA impacts both body weight and lumbar spine BMD at the same time. Because bone loss is commonly associated with 
weight loss, GLP-1RA’s positive effect on bone density may be partially reversed.18

DPP-4i has the potential to enhance serum 25 (OH)-D levels, which could lead to an increase in bone mass.19 

Furthermore, because adiponectin inhibits pre-osteoclast development and decreases osteoclastic bone resorption, DPP-4i 
may promote bone formation while inhibiting bone resorption inhibition by reducing the drop in adiponectin receptor 
expression in diabetics. GIP receptor activation upon GIP binding can increase intracellular Ca2+ and cAMP concentra-
tions, as well as alkaline phosphatase activity and type I collagen mRNA expression in osteoblasts.20 DPP-4i, in addition 
to inhibiting GLP-1 degradation by selectively cleaving alanine and proline, can also inhibit GIP degradation, suggesting 
that it may have a stronger potential to prevent bone fragility.13 In this study, the average duration of DPP-4i use in the 
control group was 3.3 years. Even though aging is the most significant risk factor for bone loss, there was no significant 
reduction in BMD in the control group, demonstrating DPP-4i’s potential benefit on bone.

For the first time, the research suggests that while switching to GLP-1RA improves glycemic control, it appears to 
have a less favorable effect on bone density than continuing DPP-4i. However, this retrospective cohort study has some 
limitations, including the fact that it recruited more men and that postmenopausal women are often the primary 
population affected by osteoporosis. It is unknown whether switching from DPP-4i to GLP-1RA is associated with an 
increase in spinal fragility fractures, even in patients with lower BMD. Furthermore, Clinicians may have switched 
therapy for a presumably medically motivated reason related to bone density. Also, GLP-1RA are only considered as 
a valid alternative for patients in generally worse health conditions. In addition, the inability to provide information on 
comorbidity status and other drug use associated with osteoporosis, including proportion and subgroups analysis, is 
a potential confounding factor. Finally, the study was limited to a single hospital, the sample size was small, and it used 
a retrospective observational design, making it difficult to confirm causality.

Conclusion
The study first demonstrates that prescription changes in diabetes may influence BMD in specific bones. Aside from 
blood sugar control, patients switching from DPP-4i to GLP-1RA should be aware of the less favorable effect on BMD in 
the lumbar spine, and clinicians should regularly assess bone quality change in these patients.
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