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Abstract

Objective: To analyze the relationship between Low density lipoprotein receptor related protein 5 (LRP5) expression,
rs41494349 and rs3736228 polymorphisms and bone mineral density (BMD) and bone metabolism indexes in
postmenopausal women with type 2 diabetes, and to provide the basis for the prevention and treatment of OP in this
population.

Methods: 136 postmenopausal women admitted to our hospital were divided into normal control group (n=26), T2DM group
(n=28), OP group (n=27) and T2DM combined with OP group (n=55) according to 75g glucose tolerance test (OGTT) and
dual energy X-ray bone density determination (DEXA). Fasting blood glucose (FBG), triacylglycerin (TG), calcium and
other clinical indicators were measured. DEXA measures bone mineral density in the lumbar spine (L1-4), hip joint, and
femur neck; LRP5 protein expression was determined by enzyme-linked immunosorbent assay (ELISA). rs41494349 and
rs3736228 polymorphisms of LRP5 gene were detected by matrix-assisted laser desorption/ionisation, time-of-flight mass
spectrometry (MALDI-TOF-MS). Correlation analysis of LRP5 protein and clinical indicators; Multiple stepwise linear
regression analysis of BMD influencing factors.

Results: 1. Compared with Control group, HbAlc and FPG were increased in T2DM group and T2DM+OP group (P <0.01);
TG, BMD(L1-4) and BMD (femur neck) in OP group and T2DM+OP group were decreased (P<0.05 or P<0.01). 2.
Compared with the Control group, the protein concentration of LRP5 in OP group, T2DM group and T2DM+OP group was
decreased (P<0.01). 3. Correlation analysis showed that LRP5 protein concentration was negatively correlated with age,
menopausal years and FPG (r<0, P<0.05). It was positively correlated with BMI, BMD (L1-4) and BMD (femur neck) (r>0,
P<0.05). 4. BMD of AA type (L1-4) in T2DM+OP group at rs41494349 of LRP5 gene was higher than that of AG/GG type.
CC TG of LRP5 gene rs3736228 locus in Control group was higher than TT/TC TG, WHILE CC P and HDL of LRP5 gene
rs3736228 locus in T2DM group were lower than TT/TC TG. CC type BMD (L1-4) was higher than TT/TC type in
T2DM+OP group. (P<0.05). 5. Stepwise multiple linear regression analysis showed that BMI was a positive influence factor
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on BMD (femur neck) and BMD (L1-4) levels, while years of menopause was a negative influence factor. rs41494349
polymorphism was a negative factor of BMD (femur neck). TG was a positive influence factor of BMD (L1-4) level.
Conclusion: LRP5 protein expression and rs41494349 and rs3736228 polymorphism may be related to bone metabolism in
postmenopausal women with type 2 diabetes mellitus, rs3736228 mutation may also be related to lipid metabolism in this
population.
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1. Introduction
Type 2 Diabetes mellitus (T2DM) is a metabolic disease mainly characterized by increased blood glucose levels caused by
insufficient insulin secretion or islet cell dysfunction, which affects multiple systems in the human body. Genetic
susceptibility plays an important role in T2DM [1]. T2DM and its complications seriously affect patients' quality of life and
bring economic and psychological burden [2,3]. Osteoporosis (OP) is one of the common chronic complications in T2DM
patients. OP patients have a significantly increased risk of fracture. Studies have found [4] that decreased estrogen levels in
postmenopausal women are connected with an increased risk of osteoporosis and fracture. Low density lipoprotein receptor
related protein 5 (LRP5) is a transmembrane receptor protein belonging to the low-density lipoprotein receptor family, whose
encoding gene is located on chromosome 11¢12-13 and is the receptor of Wnt signaling pathway [5]. LRP5 can promote
insulin production, islet signal transduction and bone formation of osteoblasts. Studies have found that mice with elevated
LRP5 expression had increased Bone mineral density (BMD) [6]. In addition, other studies have confirmed that LRP5 also
plays a crucial part in lipid metabolism [7]. The relationship between LRP5 gene and OP has been reported in the past [8].
However, there are few reports on the expression of LRP5 protein concentration in T2DM combined with OP at home and
abroad, and the study of rs41494349 and rs3736228 gene polymorphism of LRP5 gene and bone metabolism in
postmenopausal women with T2DM has not been reported. This study aims to explore this problem and provide evidence for

the prevention and treatment of postmenopausal T2DM women with OP.

2. Objects of Research
136 cases of natural postmenopausal women admitted to our hospital from 2020 to 2021 were included. According to OGTT
and dual-energy X-ray detection results, they were divided into Control group(n=26), T2DM group(n=28) and OP group
(n=27), T2DM+ OP group (n=55). This study was approved by the Ethics Committee and all subjects signed informed

consent.

3. Data Acquisition
General data of subjects were collected, and body mass index (BMI) and waist-to-hip ratio (WHR) were calculated.
Triacylglycerol (TG), low density lipoprotein cholesterol (LDL-C), fasting blood glucose (FPG), calcium (Ca), alkaline
phosphatase (ALP) and other indicators were detected by automatic biochemical analyzer. HbAlc was detected by HPLC
affinity chromatography. BMD (lumbar L4-1, g/cm2) and BMD (femur neck, g/cm?) were measured by dual-energy X-ray
bone density measuring instrument. BMD measurements of all patients were performed by the same technician, machine

calibration was performed once a day, and the results were stored in the database. The coefficient of variation of
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anteroposterial-lateral lumbar examination was 0.49% and 0.66%, and the 3-year QC was <1%. The expression of LRP5
protein was determined by enzyme-linked immunosorbent assay (ELISA). rs41494349 and rs3736228 polymorphisms of
LRP5 gene were detected by Sequenom time-of-flight mass spectrometry. A spectrophotometer measures the concentration
and purity of DNA.

4. Statistical Analysis
Statistical software SPSS 22.0 analyzed the data. In accordance with the normal distribution of measurement data. Analysis
of variance (ANOVA) was used for uniform baseline data, and covariance analysis was used for inconsistent baseline data.
The hardy-Weinberg genetic balance test was performed by y2 goodness of fit test. The correlation between LRP5 protein
and clinical indicators was analyzed by correlation analysis. The influence factors of bone mineral density were analyzed by
multiple stepwise linear regression. P<0.05 was considered statistically significant.

5. Results

5.1 Comparison of general data between groups
The results of ANOVA showed that there was no significant difference in BMI and WHR between groups (P>0.05). Age and
duration of menopause in OP group and T2DM+OP group were higher than those in control group (P<0.05 or P<0.01).
Baseline data were of different quality between groups, and covariance was used for other indicators. The results of
covariance analysis showed that there were no significant differences in LDL-C, HDL-C, Ca, P and ALP between groups
(P>0.05). Compared with Control group, HbAlc and FPG were increased in T2DM group and T2DM+OP group (P<0.01).
TG, BMD(L1-4) and BMD (femur neck) in OP group and T2DM+QOP group were decreased (P<0.05 or P<0.01)(TABLE 1).

TABLE 1. Comparison of general data between groups [X £ s].

Parameter Control (n=26) T2DM (n=27) OP (n=28) T2DM+OP (n=55)
Age(years) 65.60 + 8.20 66.50 + 7.50 69.70 + 7.30* 70.50 + 6.40 **
Menopausal period 15.70 £ 8.00 16.70 £ 7.10 19.70 + 7.10* 20.40 £ 6.00 **
WHR 0.87+£0.18 0.90 £ 0.05 0.88+0.10 0.91£0.06
BMI(Kg/m?) 25.70 £ 3.00 27.10 £ 4.00 25.70 £ 4.70 25.68 £ 3.64
HbA1c(%) 5.92 £1.06 7.20£1.10 ** 6.00 £ 1.06 7.50 £1.05 **
FPG(mmol/l) 5.20+2.10 7.60£2.10** 515+2.11 750+2.16 **
LDL-C (mmol/l) 3.06 £1.00 3.18+1.01 3.17+£1.00 3.50£1.00
TG(mmol/l) 2.49+1.49 2.26+1.40 1.49 £ 1.00* 1.70 £ 1.00 **
HDL-C (mmol/l) 1.36 £ 0.30 1.18 £ 0.33 1.31+0.32 1.21+0.33
Ca (mmol/l) 2.26 +0.13 2.25+0.14 2.29+0.14 2.28+0.15
P (mmol/l) 1.10£0.80 1.10+0.79 1.07+£0.78 1.24+0.79
ALP (U/) 80.30 + 21.00 72.40 +21.20 82.10 + 21.00 73.80+21.21
BMD(L1-4) (g/cm?) 1.20+£0.14 1.22+0.15 0.85+0.14 ** 0.91+0.15**
BMD(Femur neck) 0.88+0.18 0.85+0.19 0.72+0.19 ** 0.75+0.19 **
(g/cm?)

Compared with control group, *P<0.05, **P<0.01(BMI: body mass index, WHR: waist-hip ratio)
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5.2 Comparison of LR5 protein expression levels between groups
Covariance analysis showed that compared with the Control group, the protein concentration of LRP5 in OP group, T2DM
group and T2DM+QOP group was decreased (P<0.01). (FIG. 1).
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Compared with control group, **P<0.01
FIG. 1. Comparison of LR5 protein expression levels between groups.

5.3 Correlation analysis between LRP5 protein and clinical indicators
Correlation analysis showed that LRP5 protein concentration was negatively correlated with age, menopausal years and FPG

(r<0, P<0.05). It was positively correlated with BMI, BMD (L1-4) and BMD (Femur neck) (r>0, P<0.05) (TABLE 2).

TABLE 2. Correlation analysis between LRP5 protein and clinical indicators.

LRP5 protein

r P value

Age -0.322 0.001
Menopausal years -0.267 0.008
BMI 0.226 0.024

WHR -0.076 0.454

FPG -0.225 0.025
HbAlc % -0.195 0.053

TG 0.169 0.094

HDL -0.099 0.931

LDL -0.021 0.838

Ga 0.099 0.330

P -0.021 0.838

ALP -0.164 0.105
BMD(L1-4) 0.284 0.004
BMD (Femur neck) 0.297 0.003
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5.4 Genotype and allele frequency distribution of rs41494349 and rs3736228 in LRP5 gene
Genotypes of rs41494349 and rs3736228 of LRP5 gene in 4 groups were examined Hardy-weinberg equilibrium (P>0.05)
and genotype and allele frequency between groups. The difference was not statistically significant (P>0.05). (FIG. 2-3).
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FIG. 2. Genotype and allele distribution frequency of rs41494349 locus of LRP5 gene (n/%b).
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FIG. 3. Genotype and allele distribution frequency of rs3736228 locus of LRP5 gene (n/%b).

5.5 Comparison of different genotypes at rs41494349 and rs3736228 of LRP5 gene
Due to the few research subjects of rs41494349 and rs3736228 mutated genotypes, the mutated genotypes (AG, GG) were

compared with the wild type (AA), and the mutated genotypes (TT, TC) were compared with the wild type (CC). BMD(L1-
4) of AA type in T2DM+OP group was higher than that in AG/GG type (P<0.05).

In Control group, CC type TG was higher than TT/TC type TG (P<0.05), and in T2DM group, CC type P and HDL were

lower than TT/TC type TG (P<0.05). CC type BMD (L1-4) in T2DM+OP group was higher than TT/TC type (P<0.05).
(TABLE 3).
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TABLE 3. Comparison of rs41494349 and rs3736228 genotypes of LRP5 gene [X + S ]

Groups Parameter rs41494349 rs3736228
AA AG/GG CC TT/TC
Control FPG 549+ 249 4.54 +0.35 5.62 + 2.49 4.48 + 0.36
HbAlc 5.97 £ 0.98 5.63 + 0.49 6.08 + 0.97 5.59 +0.32
TG 250+ 1.72 1.98+£1.20 285+191 1.60+0.77*
LDL-C 3.07+111 3.31+0.96 299+1.10 3.41 +0.87
HDL-C 1.38+£0.48 1.23+£041 1.31+£045 1.42 £0.38
Ca 2.27 £ 0.06 2.25 +0.06 2.27 £0.07 2.29 £ 0.05
P 1.09 £0.09 1.05+£0.12 1.07 £0.09 1.10£0.07
ALP 79.58 +16.04 | 81.67 +10.21 81.00 + 16.33 79.86 +12.84
BMD(L1.4) 1.20+0.14 1.10 + 0.05 1.32+0.16 1.22+0.14
BMD(Femurneck) 0.91+0.13 0.85 +0.08 0.97+0.13 0.87+0.11
T2DM FPG 8.26 + 3.55 6.07 £ 1.57 7.73+3.48 6.99 + 1.13
HbAlc 750+ 145 6.73+0.81 7.24 +1.46 7.02+1.20
TG 2.66 + 2.84 1.50£0.93 1.98+£1.92 219+ 1.70
LDL-C 3.22+1.08 269+ 1.16 3.47+£0.94 2.67 £ 0.93
HDL-C 1.21+0.28 1.12+£0.08 1.11+£0.19 1.49 £ 0.29*
Ca 2.25+0.27 2.37£0.36 2.26 £ 0.30 2.24 + 0.06
P 1.11+£0.12 1.15+£0.04 1.07£0.10 1.19 £ 0.15*
ALP 73.14+21.18 | 61.25+13.05 77.00 + 22.39 59.80 + 11.43
BMD(L1.4) 1.24+0.19 1.11+0.10 1.24+0.19 1.16£0.11
BMD(Femurneck) 0.88 + 0.10 0.90 + 0.02 0.89 + 0.08 0.83 + 0.08
OoP FPG 5.17+£0.75 4.66 + 0.59 5.24 + 0.69 4.89 + 0.68
HbAlc 5.96 + 0.37 6.30 + 1.13 5.98 + 0.39 5.95+0.49
TG 1.63+£1.13 1.69£0.22 1.47+£1.06 1.59+0.87
LDL-C 3.09 + 0.58 2.60 £ 0.01 3.27+£0.72 2.97 £0.90
HDL-C 1.27+0.30 1.12+£0.23 1.29+£0.28 1.35+£0.35
Ca 2.29+0.10 2.22 £0.00 2.28 £ 0.09 2.28 £ 0.09
P 1.10£0.12 0.89 + 0.04 1.11+£0.12 1.02+0.12
ALP 79.26 + 16.53 81.50 + 7.78 76.29 + 19.60 90.45 + 22.39
BMD(L1-4) 0.87£0.10 0.86 £0.11 0.82+£0.21 0.88 + 0.09
BMD(Femurneck) 0.71+0.12 0.70 £ 0.02 0.72+0.12 0.69 + 0.05
T2DM+OP FPG 7.47+201 7.24 + 1.67 7.54+2.10 7.10+1.33
HbAlc 7.55+1.23 7.07 £0.82 7.65+1.29 7.18+0.81
TG 1.62+0.72 1.62+1.54 1.77+£0.95 1.65+1.04
LDL-C 3.52+0.94 3.33+1.37 349+1.11 3.39+0.97
HDL-C 1.20+0.28 1.15+0.28 1.23+£0.34 1.18+£0.23
Ca 2.27 £ 0.09 2.28 +0.08 2.27+0.11 2.29 +0.09
P 1.09+£0.12 1.00£0.14 1.37+£152 1.07 £0.12*
ALP 75.33+22.11 | 63.29+22.81 76.56 + 22.11 68.30 + 23.54
BMD(L1-4) 0.92+0.11 0.81 £ 0.10* 1.00+0.15 0.87 + 0.23*
BMD(Femur neck) 0.75+0.12 0.70+0.10 0.74+0.10 0.75+0.14

Compared with control group, *P<0.05

5.6 Stepwise multiple linear regression analysis affecting BMD

BMD (femur neck) and BMD (L1-4) were used as dependent variables, and age, menopausal years, BMI, WHR, FPG,
HbAlc, ALP, TG, HDL-C, LDL-C, Ca, P and genotype were used as independent variables. The results showed that BMI
was a positive influence factor on BMD (femur neck) and BMD (L1-4) levels, while the length of menopause was a negative

influence factor. rs41494349 polymorphism was a negative factor of BMD (femur neck). TG was a positive influence factor

of BMD (L1-4) level (TABLE 4).
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TABLE 4. Stepwise multiple linear regression analysis affecting BMD.

BMD Independent B t value P value
variable
Femur neck BMI 0.018 3.406 0.008
rs41494349 -0.113 -2.557 0.014
Menopausal years -0.008 -2.856 0.019
Lia BMI 0.109 2.969 0.004
TG 0.311 3.379 0.001
Menopausal years -0.063 -3.315 0.001

6. Discussion

Both T2DM and OP are common diseases of the elderly, with complex pathogenesis and influenced by multiple factors such
as genetics and environment [9,10]. At present, studies have confirmed that multiple genes are related to the occurrence and
development of T2DM and OP respectively [11,12]. Studies on T2DM with OP mainly focus on hormones and receptor
genes concerned with calcium and phosphorus regulation, such as nuclear factor kappa-B ligand (RANKL). In recent years,
LRP5, as a receptor of Wnt signaling pathway, has attracted more and more attention for its relationship between gene
polymorphism and bone metabolism. However, there are few reports on the expression of LRP5 protein concentration in
T2DM with OP at home and abroad, and there are also few reports on the correlation between LRP5 gene polymorphism and
T2DM and T2DM with OP. This study aims to investigate the relationship between LRP5 protein expression, rs41494349
and rs3736228 polymorphisms and bone metabolism in postmenopausal women with type 2 diabetes mellitus.

The results of this study showed that the age and duration of menopause in OP group and T2DM+OP group were higher than
those in the control group, suggesting that with the increase of age and duration of menopause, the possibility of abnormal
BMD is greater. John et al [13] found that postmenopausal women are more prone to BMD reduction and OP, and the results
of this study are similar. Therefore, postmenopausal women should pay attention to screening, early intervention, alert to the
occurrence of OP. In this study, it was found that LRP5 protein concentration in postmenopausal T2DM group and abnormal
bone mass group was lower than that in normal population. BMD (L1-4) and BMD (femur neck) in abnormal bone mass
group were both lower than that in normal bone mass group, and LRP5 protein concentration was positively correlated with
BMD (L1-4) and BMD (femur neck). This is consistent with the research views of Deniza et al [14,15]. These results suggest
that the decrease of LRP5 protein concentration is an influential factor for the decline of BMD in postmenopausal women in
this region.

We found that LRP5 protein concentration was negatively correlated with FPG, and compared with normal glucose tolerance
and normal bone mass, LRP5 protein concentration in T2DM patients was reduced. Previous studies have reported that LRP5
protein concentration decreased after knockdown of mouse LRP5 gene. The phosphorylation level of mediating insulin
signaling protein and the cellular response to insulin stimulation are significantly reduced, and the blood glucose increases
[16], which is consistent with our study. These results indicate that LRP5 protein concentration in human body is an
influential factor of glucose metabolism index. However, it is not clear whether T2DM increases the risk of decreased BMD

in postmenopausal women.
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Previous studies have suggested that the occurrence of OP in postmenopausal women with T2DM may be related to gene
polymorphism [17]. The results showed that the genotype of rs41494349 and rs3736228 of LRP5 gene was in line with
Hardy-Weinberg equilibrium, and there was no significant difference in genotype and allele frequency between groups
(P>0.05). However, BMD of the two mutated genotypes (L1-4) was lower than that of the wild genotypes, suggesting that the
occurrence of T2DM with OP may be related to the polymorphism of rs41494349 and rs3736228 of LRP5 gene. Regression
analysis further suggested that the polymorphism of rs41494349 was the influence factor of BMD reduction. Kitjaroentham
A [18] found that LRP5 gene rs41494349 gene polymorphism was associated with decreased BMD in Thai menopausal
women. Xu et al [19] also confirmed that T gene mutation in rs3736228 gene polymorphism was more likely to lead to
osteoporosis and fracture. The results are similar to our study. At the same time, we also observed that P and HDL-C of
rs3736228 mutant genotype were lower in T2DM+OP group than wild type, but higher in T2DM group than wild type,
suggesting that rs3736228 gene polymorphism and mutation are not only involved in bone metabolism of postmenopausal
women with T2DM in Xinjiang. It may also be associated with lipid metabolism in this population, which is similar to the

results of previous studies [20].

Our study found that LRP5 protein concentration was negatively correlated with age and duration of menopause, which may
be related to the decrease of Wnt signaling pathway activity with the increase of age. It was also found that the duration of
menopause in the abnormal bone mass group was higher than that in the normal bone mass group. Regression analysis
showed that the duration of menopause was a negative factor influencing BMD, and BMD decreased with the increase of the
duration of menopause, suggesting that the increase of the duration of menopause may increase the risk of T2DM patients
with OP, which was consistent with the research results of Karlamangla AS [21]. Some scholars believe [22] that BMI is a
positive influence factor of BMD (femur neck) and BMD (L 1-4), and BMD increases with the increase of BMI. We found
similar results, suggesting that increased BMI within a range can delay bone loss. In addition, interestingly, we also found
that TG levels in people with abnormal bone mass were lower than those in the normal population, and TG was a positive
factor influencing BMD level (L1-4), suggesting that the increase of TG may play a protective role in the increase of BMD.
This phenomenon is similar to the research results of Xu et al [23]. The specific molecular mechanism and signal pathway of
TG affecting BMD need further study in the future.

In conclusion, this study confirmed that polymorphism and mutation of rs41494349 and rs3736228 of LRP5 gene may be
related to bone metabolism and decrease LRP5 protein expression in postmenopausal women with T2DM. In addition,
mutation of rs3736228 may also be related to lipid metabolism in this population. In the future, related mechanisms should be

further explored to find new targets for the prevention and treatment of OP in postmenopausal women with T2DM.

REFERENCES
1. International Diabetes Federation (IDF). Diabetes around the world in 2021. IDF Diabetes Atlas. 10th Edition.
https://diabetesatlas.org/

2. American Diabetes Association. Introduction: Standards of Medical Care in Diabetes-2022. Diabetes Care.
2022;45(Suppl 1):S1-S2.

3. ADA Professional Practice Committee. 9. Pharmacologic Approaches to Glycemic Treatment: Standards of Medical
Care in Diabetes-2022. Diabetes Care. 2022;45(Suppl 1):S125-43.


https://diabetesatlas.org/

www.yumedtext.com | December-2022

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Alfayez OM, Almohammed OA, Alkhezi OS, et al. Indirect comparison of glucagon like peptide-1 receptor agonists
regarding cardiovascular safety and mortality in patients with type 2 diabetes mellitus: network meta-analysis.
Cardiovasc Diabetol. 2020;19(1):96.

European Medicines Agency (EMA). RYBELSUS summary of product characteristics. 2020. Available from:
https:// www.ema.europa.eu/en/medicines/human/EPAR/rybelsus. Accessed June 10, 2020.

Thethi TK, Pratley R, Meier JJ. Efficacy, safety, and cardiovascular outcomes of once-daily oral semaglutide in
patients with type 2 diabetes: the PIONEER programme. Diabetes Obes Metab. 2020;22(8):1263-77.

Ma RC, Chan JC. Type 2 diabetes in East Asians: similarities and differences with populations in Europe and the
United States. Ann N Y Acad Sci. 2013;1281(1):64-91.

Yoon KH, Lee JH, Kim JW, et al. Epidemic obesity, and type 2 diabetes in Asia. Lancet. 2006;368(9548):1681-8.
Yabe D, Seino Y, Fukushima M, et al. B cell dysfunction versus insulin resistance in the pathogenesis of type 2
diabetes in East Asians. Curr Diab Rep. 2015;15(6):602.

Aroda VR, Rosenstock J, Terauchi Y, et al. PIONEER 1: Randomized Clinical Trial of the Efficacy and Safety of
Oral Semaglutide Monotherapy in Comparison with Placebo in Patients With Type 2 Diabetes. Diabetes Care.
2019;42(9):1724-32.

Rosenstock J, Allison D, Birkenfeld AL, et al. Effect of Additional Oral Semaglutide vs Sitagliptin on Glycated
Hemoglobin in Adults with Type 2 Diabetes Uncontrolled With Metformin Alone or With Sulfonylurea: The
PIONEER 3 Randomized Clinical Trial. JAMA. 2019;321(15):1466-80.

Zinman B, Aroda VR, Buse JB, et al. Efficacy, safety, and tolerability of oral semaglutide versus placebo added to
insulin with or without metformin in patients with type 2 diabetes: the PIONEER 8 trial. Diabetes Care.
2019;42(12):2262-71.

Yamada Y, Katagiri H, Hamamoto Y, et al. Dose-response, efficacy, and safety of oral semaglutide monotherapy in
Japanese patients with type 2 diabetes (PIONEER 9): a 52- week, phase 2/3a, randomised, controlled trial. Lancet
Diabetes Endocrinol. 2020;8(5):377-91.

Yabe D, Nakamura J, Kaneto H, et al. Safety and efficacy of oral semaglutide versus dulaglutide in Japanese
patients with type 2 diabetes (PIONEER 10): an open-label, randomised, active-controlled, phase 3a trial. Lancet
Diabetes Endocrinol. 2020;8(5):392-406.

Yabe D, Deenadayalan S, Horio H, et al. Efficacy and safety of oral semaglutide in Japanese patients with type 2
diabetes: A subgroup analysis by baseline variables in the PIONEER 9 and PIONEER 10 trials. J Diabetes Investig.
2022;13(6):975-85.

Bando H. Clinical Trials of Novel Perspectives on Semaglutide with Injectable and Oral Formulations. SunText Rev
Endocrine Care. 2022;2(1):107.

Bakdal TA, Breitschaft A, Donsmark M, et al. Effect of Various Dosing Conditions on the Pharmacokinetics of
Oral Semaglutide, a Human Glucagon-Like Peptide-1 Analogue in a Tablet Formulation. Diabetes Ther.
2021;12(7):1915-27.

Rodbard HW, Rosenstock J, Canani LH, et al. Oral Semaglutide Versus Empagliflozin in Patients with Type 2
Diabetes Uncontrolled on Metformin: The PIONEER 2 Trial. Diabetes Care. 2019;42(12):2272-81.

Rybelsus (Semaglutide). [US Prescribing Information]. Available online: http://www.novo-pi.com/rybelsus.pdf.

https://www.novo-pi.com/rybelsus.pdf



https://www.novo-pi.com/rybelsus.pdf

www.yumedtext.com | December-2022

20.

21.

22.

23.

24.

Mosenzon O, Blicher TM, Rosenlund S, et al. Efficacy and safety of oral semaglutide in patients with type 2
diabetes and moderate renal impairment (PIONEER 5): a placebo-controlled, randomised, phase 3A trial. Lancet
Diabetes Endocrinol. 2019;7(7):515-27.

Kim HS, Jung CH. Oral Semaglutide, the First Ingestible Glucagon-Like Peptide-1 Receptor Agonist: Could It Be a
Magic Bullet for Type 2 Diabetes? Int J Mol Sci. 2021;22(18):9936.

Li Y, Zhang W, Zhao R, et al. Advances in oral peptide drug nanoparticles for diabetes mellitus treatment. Bioact
Mater. 2022;15:392-408.

Lewis AL, McEntee N, Holland J, et al. Development and approval of rybelsus (oral semaglutide): ushering in a
new era in peptide delivery. Drug Deliv Transl Res. 2022;12(1):1-6.

Bando H. Clinical Trials of Novel Perspectives on Semaglutide with Injectable and Oral Formulations. SunText Rev
Endocrine Care. 2022;2(1):107.

10



