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Abstract
BACKGROUND
Omarigliptin is one of several once-weekly dipeptidyl peptidase-4 inhibitors (DPP-4is). Despite the high frequency of switching from various daily DPP-4is to omarigliptin in actual clinical practice, data regarding its efficacy in patients with type 2 diabetes (T2D) after switching are limited.

AIM
To analyze the efficacy of omarigliptin in Japanese patients with T2D who had previously received treatment with other glucose-lowering agents.

METHODS
Forty-nine T2D patients treated for the first time with omarigliptin were recruited retrospectively and divided into four groups defined as either add-on or switched from daily DPP-4is: switched from linagliptin, switched from sitagliptin, and switched from vildagliptin. During a 3-mo follow-up, the clinical parameters among these groups were assessed and compared, with the impact of the switch on glycemic variability as measured by continuous glucose monitoring also being evaluated in the switched groups.

RESULTS
Hemoglobin A1c levels saw a significant decrease of -0.32% ± 0.41% in the add-on group (P = 0.002). However, the other groups’ variables depended on the pre-switch daily DPP-4i: switched from linagliptin, -0.05% ± 0.22%; switched from sitagliptin, -0.17% ± 0.33%; and switched from vildagliptin, 0.45% ± 0.42%, which saw significant worsening (P = 0.0007). Multivariate logistic regression analysis revealed that switching from vildagliptin to omarigliptin was independently associated with worsening glycemic control (P = 0.0013). The mean and standard deviation of sensor glucose value, the mean amplitude of glycemic excursions, and the mean of daily difference significantly improved when switching the patient from either linagliptin or sitagliptin to omarigliptin. However, in patients switched from vildagliptin, not only did the glucose variability indices see no improvements, the mean of daily difference even underwent significant worsening.

CONCLUSION
Administering omarigliptin as add-on therapy or switching to it from sitagliptin and linagliptin, but not vildagliptin, improves glycemic control and thus should help in decision making when selecting DPP-4is for T2D patients.
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Core Tip: This paper reported on the efficacy of omarigliptin in Japanese patients with type 2 diabetes who had previously received treatment with other glucose-lowering agents. The present study demonstrated that administering omarigliptin as add-on therapy or switching to it from sitagliptin and linagliptin, but not vildagliptin, provides more effective glycemic control. Ultimately, these findings should help decision-making in the actual clinical setting when selecting and using dipeptidyl peptidase-4 inhibitors in patients with type 2 diabetes.



INTRODUCTION
Type 2 diabetes (T2D) is a chronic metabolic disease characterized by hyperglycemia, predominantly associated with varying degrees of β-cell dysfunction, and insulin resistance. Although medical nutrition therapy and exercise are central to managing T2D, many patients require pharmacological treatment to achieve their glycemic targets. Over the past decade, we have witnessed a rapid development in antidiabetic agents, including, but not limited to, once-weekly medications. Among a range of currently available oral hypoglycemic agents, the most frequently prescribed in Japan belong to the dipeptidyl peptidase-4 inhibitors (DPP-4is) class of medication, with more than 70% of patients with oral hypoglycemic agents receiving DPP-4is[1]. 
Recently, several once-weekly DPP-4is, which may improve patient adherence to a medication regimen due to a lower medication burden, received approval in Japan. Omarigliptin is one such once-weekly DPP-4i, whose non-inferiority in efficacy and safety as add-on therapy to glucose-lowering agents has been demonstrated in comparison with daily DPP-4is[2]. However, despite the high frequency of switching from daily DPP-4is to omarigliptin in actual clinical practice, data regarding its efficacy in patients with T2D after switching are limited. Therefore, we carried out the present retrospective study in real-world practice to explore the efficacy of omarigliptin as add-on therapy to other oral hypoglycemic agents or in switching to omarigliptin from daily DPP-4is in patients with T2D. Additionally, we examined the impact of the switch from daily DPP-4is to omarigliptin on glycemic variability using a continuous glucose monitoring (CGM) devise.

MATERIALS AND METHODS
Patients
Forty-nine T2D patients who received treatment with omarigliptin for the first time, either with or without other hypoglycemic agents for a course lasting at least 3 mo, were retrospectively recruited. The study consisted of 35 males and 14 females, with the mean age at examination and mean duration of diabetes being 68.2 ± 11.9 and 12.4 ± 7.8 years, respectively. All patients received omarigliptin 25 mg on an outpatient basis and had no changes made to their diabetes treatment (e.g., medical nutrition therapy, exercise, medication) for at least 3 mo after being administered omarigliptin. Patients were divided into four groups according to add-on to other glucose-lowering agents or switched from daily DPP-4is: add-on (AO, n = 18), switched from linagliptin 5 mg (L→Om, n = 6), switched from sitagliptin 50 mg (S→Om, n = 10), and switched from vildagliptin 100 mg (V→Om, n = 15). The clinical characteristics of these groups are described in Table 1.
To analyze the effect switching from daily DPP-4is to omarigliptin has on glucose variability, an additional ten outpatients with T2D treated with daily DPP-4is (sitagliptin, linagliptin, and vildagliptin) for a course greater than 3 mo were enrolled in the CGM study. These additional subjects consisted of 6 males and 4 females, with the mean age at examination, mean duration of diabetes, and mean hemoglobin A1c (HbA1c) being 66.1 ± 10.6 years, 13.2 ± 7.1 years, and 7.0% ± 0.8 %, respectively. Of these additional patients, 3 had been treated with sitagliptin 50 mg, 2 with linagliptin 5 mg, and 5 with vildagliptin 100 mg. All patients received a written or verbal explanation of the study before providing informed consent. This study’s protocol has been approved by the ethics committee of Shin-Koga Hospital.

Assessment of treatment efficacy
In evaluating the efficacy of omarigliptin, clinical and laboratory data were collected through a review of electronic medical records at baseline and after 1, 2, and 3 mo of omarigliptin treatment. The study’s primary objective was to evaluate the efficacy of omarigliptin as add-on to or switched from daily DPP-4is (sitagliptin, linagliptin, or vildagliptin) over 3 mo by assessing the change in HbA1c from baseline. In one analysis, we divided the patients into three groups: improved (more than 0.3% decrease in HbA1c), worsened (more than 0.3% increase in HbA1c), and stable (-0.3% < change in HbA1c < 0.3%) and compared the clinical characteristics. Additionally, we examined the parameters affecting the therapeutic response to omarigliptin in the patients who were switched from daily DPP-4is.

Assessment of glucose variability using CGM
The impact of switching from daily DPP-4is to omarigliptin on glycemic variability as measured by CGM, FreeStyle Libre Pro™ (Abbott Diabetes Care, Alameda, CA, United States) was also assessed in the additional 10 T2D patients treated with daily DPP-4is (sitagliptin, linagliptin, or vildagliptin). On day 1, using a self-adhesive pad, the FreeStyle Libre Pro™ was placed on the back of the patient’s upper arm and worn for 14 d. From days 1 to 7, all ongoing diabetes treatments using daily DPP-4is were maintained. On day 8, while still being assessed by CGM, daily DPP-4is were replaced with 25 mg of omarigliptin and administered once weekly.
Since sensor glucose values as determined by FreeStyle Libre Pro™ from days 2 to 14 have been reported to be comparable in accuracy to self-monitoring blood glucose devises in obtaining capillary blood glucose levels[3], the FreeStyle Libre Pro™ was used to collect and analyze the variability of daily DPP-4is data from days 2 to 7. Data were also collected to analyze the glucose variability of omarigliptin; however, to eliminate any residual effects of daily DPP-4is, the data was only taken from days 9 to 14. We then compared the mean sensor glucose levels, standard deviation (SD) of glycemic variability, mean amplitude of glycemic excursion (MAGE), and the mean of daily difference (MODD) for each period using the Glycemic Variability Analyzer Program in MATLAB (MathWorks, Natick, MA, United States).

Statistical analysis
Data are presented as a mean ± SD and as n (%) for frequencies unless otherwise specified. Where appropriate the prevalence was compared using the 2 test or Fisher’s exact test, and differences in nonparametric data were tested using the Mann-Whitney U test or Kruskal-Wallis test. A comparison of different time points within the same group was made using Friedman’s analysis of variance test for repeated measures, and multiple logistic regression analysis was used to determine the parameters affecting the therapeutic response to omarigliptin. Additionally, changes in glycemic variability parameters before and after administering omarigliptin were analyzed using the Wilcoxon signed-rank test within the groups, with P values of less than 0.05 being considered statistically significant. Statistical analysis for this study was performed using StatView statistical software (version 5.0, SAS Institute, Cary, NC, United States).

RESULTS
Patient characteristics
No significant difference was observed among the four groups (AO, L→Om, S→Om, and V→Om) relating to sex, age at examination, duration of diabetes, body mass index, or HbA1c (Table 1). Furthermore, there were no significant differences regarding the frequency of metformin, insulin secretagogues, or insulin use among the four groups. However, the mean estimated glomerular filtration rate at baseline in the L→Om group was significantly lower than the S→Om group due to the tendency for linagliptin to be used in patients with renal impairment since the elimination of this DPP-4i is primarily through non-renal routes.

Efficacy of omarigliptin
As shown in Figure 1, HbA1c levels improved significantly in the AO group (P = 0.002), with the maximum change from baseline after administering omarigliptin being -0.32% ± 0.41%. At the same time, however, there was some variability in the other three groups depending on the pre-switch daily DPP-4is; -0.05% ± 0.22% in the L→Om group, -0.17% ± 0.33% in the S→Om group, and 0.45% ± 0.42% in the V→Om group, which saw significant worsening (P = 0.0007). The change in HbA1c levels among the four groups revealed a statistically significant difference (Figure 2).
Three months after being administered omarigliptin, 13 patients (26.5%) showed an increase in HbA1c levels of more than 0.3% (worsened group). On the other hand, 36 patients (73.5%) revealed either no change or decreased HbA1c levels compared with the baseline value (improved/stable group). Of note, 10 of the 13 patients (76.9%) in the worsened group belonged to the V→Om group (Figure 3), indicating that vildagliptin may be more effective than omarigliptin concerning glycemic control.
The varying clinical characteristics of the improved/stable and worsened glycemic-control patients after switching from vildagliptin to omarigliptin are shown in Table 2. There was no significant difference in sex, age at examination, duration of diabetes, body mass index, HbA1c, estimated glomerular filtration rate, or the frequency of metformin, insulin secretagogues, and insulin use between the two groups (Table 2). Furthermore, multivariate logistic regression analysis revealed that switching from vildagliptin to omarigliptin was independently associated with worsening glycemic control (P = 0.0013, Table 3).

Change of glucose variability after switching from daily DPP-4is to omarigliptin
In determining the efficacy in glucose variability after switching from daily DPP-4is to omarigliptin, CGM analyses were performed in the 10 additional subjects who had been treated with either sitagliptin 50mg (n = 3), linagliptin 5mg (n = 2), or vildagliptin 100mg (n = 5). As shown in Figure 4, both the mean and SD of the sensor glucose value, MAGE, and MODD significantly improved when patients were switched from either linagliptin or sitagliptin to omarigliptin. However, except in the case of MODD, which worsened significantly after switching, no other significant changes were observed in any of the glucose variability indices when patients were switched from vildagliptin to omarigliptin.

DISCUSSION
In the present study, we demonstrate that: (1) Treatment using omarigliptin as add-on to other glucose-lowering agents decreased HbA1c levels; (2) There was a distinct drug effect regarding the efficacy of omarigliptin when switching from daily DPP-4is; and (3) Vildagliptin was more effective than omarigliptin for glycemic control.
DPP-4is that ameliorate β-cell dysfunction with low hypoglycemic risk are now widely used in the glycemic control of patients with T2D and are rapidly becoming a first-line antidiabetic drug in Japan. Moreover, recent technological advances have enhanced existing drugs and enabled prolonged actions such as in once-weekly DPP-4is. Due to the lower medication burden of once-weekly DPP-4is, there may also be improved patient adherence and satisfaction to these medication regimens[4]. In recent publications, omarigliptin, one such once-weekly DPP-4i medication, has been determined to be safe and effective as monotherapy or add-on therapy to other glucose-lowering agents[2,5-9]. Furthermore, reports have shown that T2D patients with non-alcoholic related fatty livers or non-alcoholic steatohepatitis are positively affected by omarigliptin through improved insulin resistance and reduced inflammation[10].
As current drug adherence rates among diabetic patients following a daily medication regimen are reported to be less than 70%[11], it is conceivable that switching from daily DPP-4is to once-weekly DPP-4is may lead to better glycemic control. However, data regarding the efficacy of omarigliptin after switching from various daily DPP4is in patients with T2D are still limited. While the present study is not definitive and did not reach statistical significance (P = 0.06), it demonstrates a decrease from baseline in mean HbA1c after switching patients from sitagliptin to omarigliptin exists and sets a precedent for future studies. Additionally, the mean and SD of the sensor glucose value, and the value of MAGE and MODD significantly improved when either linagliptin or sitagliptin was switched to omarigliptin (Figure 4). In contrast, switching from vildagliptin to omarigliptin resulted in significantly aggravated glycemic controls (P = 0.0007), no improvement in the glucose variability indices, and even significantly worsened MODD (Figure 4). These results indicate that vildagliptin may be more effective than omarigliptin concerning glycemic control.
DPP-4is possess distinct chemical structures categorized into three binding patterns (classes 1, 2, 3) based on the inhibitor binding subsites known as the S1, S2, S1’, S2’, and S2 extensive subsites[12-14]. The binding patterns of the DPP-4is used in this study are as follows: (1) Vildagliptin binds to S1 and S2 subsites (class 1); (2) Linagliptin binds to S1 and S2 as well as S1’ and/or S2’ subsites (class 2); while (3) Sitagliptin and omarigliptin bind to the S1, S2, and S2 extensive subsites (class 3)[15]. According to the previous study, the increased inhibitory activity of DPP-4is on DPP-4 tends to correlate with an increased number of binding subsites[13]. Furthermore, a recent meta-analysis revealed that the factor that explains most of the variance in HbA1 was baseline HbA1c levels: higher baseline HbA1c levels were associated with the greater fall in HbA1c seen after administering various DPP-4is[16]. However, contrary to this, the present study showed that the HbA1c levels increased after switching from class 1 DPP-4i (vildagliptin) with fewer binding subsites to class 3 DPP-4i (omarigliptin) with multiple binding subsites and that baseline HbA1c was similar among the V→Om, L→Om, and S→Om groups. Similar results published by other research groups have shown that switching from class 1 to class 3 DPP-4i worsened HbA1c levels by 0.33% in patients with T2D[17]. These results suggest the estimated reduction in the HbA1c levels does not correlate with the inhibitory activity of each DPP-4i and alludes to the number of binding subsites utilized by the various DPP-4is being a factor in determining selectivity between DPP-4 and other related enzymes.
This study has several limitations to report. To begin with, the number of patients in each study group was relatively small, and it was carried out retrospectively in the actual clinical setting and did not include a control group. Furthermore, we were unable to include some daily DPP-4is such as anagliptin, alogliptin, teneligliptin, and saxagliptin due to a lack of availability in our facility. Finally, no evaluation of medical nutrition therapy was carried out. Therefore, a further prospective study using a larger cohort that includes a control group and the effects of medical nutrition therapy is warranted to investigate the efficacy and safety of all types of daily DPP-4is.

CONCLUSION
In conclusion, the current study revealed that the change in HbA1c variables is dependent on the daily DPP-4i medication regimen followed before switching to a once-weekly DPP-4i. This study’s findings should help physicians in decision making regarding the selection and use of DPP-4is in patients with T2D by bringing awareness to the possibility of worsening glycemic control when switching from vildagliptin to omarigliptin.

ARTICLE HIGHLIGHTS
Research background
Dipeptidyl peptidase-4 inhibitors (DPP-4is) have become standard medications for glycemic control in patients with type 2 diabetes (T2D). Despite the high frequency of switching from various daily DPP-4is to once-weekly DPP-4is in actual clinical practice, data regarding its efficacy in patients with T2D after switching are limited.

Research motivation
Compound-specific effects can be present and influence the efficacy of daily DPP-4is in patients with T2D.

Research objectives
The authors analyzed the efficacy of omarigliptin, one of several once-weekly DPP-4is, in Japanese patients with T2D who had previously received treatment with other glucose-lowering agents. 

Research methods
The 49 patients in this study were divided into four groups defined as either add-on or switched from daily DPP-4is (linagliptin, sitagliptin, and vildagliptin), and the clinical parameters among these groups were assessed and compared during a 3-mo follow-up. Additionally, glycemic variability measured by continuous glucose monitoring was also assessed in the switched groups.

Research results
The glycemic control saw significant improvement in the add-on group, while the switched from vildagliptin to omarigliptin group experienced significant worsening. Multivariate logistic regression analysis revealed that switching from vildagliptin to omarigliptin was independently associated with worsening glycemic control (P = 0.0013). However, the mean of daily difference significantly improved when the patient was switched from either linagliptin or sitagliptin to omarigliptin but significantly worsened when patients were switched from vildagliptin.

Research conclusions
Administering omarigliptin as add-on therapy or switching from sitagliptin and linagliptin, but not vildagliptin, provides more effective glycemic control. These results should help in decision-making regarding the selection and use of DPP-4is in patients with T2D.

Research perspectives
To investigate the efficacy and safety of all types of daily DPP-4is, a prospective study using a larger cohort and inclusive of a control group should be conducted in the future.
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Figure 1 Changes in hemoglobin A1c levels in the subgroups at 3 mo follow-up. A comparison of different time points within the same group was made using Friedman’s analysis of variance test for repeated measures. AO: Add-on; HbA1c: Hemoglobin A1c; L→Om: Switch from linagliptin to omarigliptin; S→Om: Switch from sitagliptin to omarigliptin; V→Om; Switch from vildagliptin to omarigliptin; SD: Standard deviation.
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Figure 2 Maximum changes in hemoglobin A1c from baseline in the subgroups after omarigliptin administration. The Kruskal-Wallis test was used to determine the differences and degree of significance (P < 0.05). AO: Add-on; HbA1c: Hemoglobin A1c; L→Om: Switch from linagliptin to omarigliptin; S→Om: Switch from sitagliptin to omarigliptin; V→Om; Switch from vildagliptin to omarigliptin; SD: Standard deviation.

[image: F:\期刊工作间\2020-English journals workshop\2021-制作PDF和XML\63646-12.2 PDF\63646-g003.png]
Figure 3 The prevalence of the improved/stable and worsened glycemic control after omarigliptin administration. AO: Add-on; L→Om: Switch from linagliptin to omarigliptin; S→Om: Switch from sitagliptin to omarigliptin; V→Om; Switch from vildagliptin to omarigliptin.
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Figure 4 Change of glucose variability indices from baseline. A: Mean sensor glucose; B: Standard deviation of sensor glucose; C: Mean amplitude of glycemic excursion (MAGE); D: Mean of daily difference (MODD). The Wilcoxon signed rank test was used to determine the differences and degree of significance. L→Om: Switch from linagliptin to omarigliptin; S→Om: Switch from sitagliptin to omarigliptin; V→Om; Switch from vildagliptin to omarigliptin; NS: Not significant; SE: Standard error.
[bookmark: _Hlk80560154]
Table 1 Clinical characteristics of patients with type 2 diabetes who received omarigliptin divided according to add-on to or switched from daily dipeptidyl peptidase-4 inhibitor
	
	AO (n = 18)
	L→Om 
(n = 6)
	S→Om 
(n = 10)
	V→Om 
(n = 15)

	Male : Female
	13 : 5
	4 : 2
	5 : 5
	13 : 2

	Age (yr)
	66.8 ± 12.1
	75.2 ± 9.0
	63.6 ± 15.7
	70.1 ± 8.7

	Duration (yr)
	12.0 ± 10.1
	15.5 ± 10.7
	11.2 ± 5.6
	12.9 ± 4.8

	BMI (kg/m2)
	24.1 ± 3.3
	24.9 ± 1.6
	23.5 ± 2.4
	23.7 ± 3.4

	eGFR (mL/min/1.73 m2)
	63.6 ± 19.5
	45.0 ± 22.2a
	76.1 ± 17.5
	63.3 ± 15.7

	HbA1c (%)
	7.48 ± 1.28
	6.33 ± 0.79
	6.88 ± 0.37
	7.14 ± 0.66

	Metformin use
	8 (44%)
	1 (17%)
	4 (40%)
	6 (40%)

	Insulin secretagogues1 use
	5 (28%)
	0 (0%)
	4 (40%)
	8 (53%)

	Insulin use
	2 (11%)
	0 (0%)
	1 (10%)
	3 (20%)


1Insulin secretagogues include sulfonylurea and glinide, but not dipeptidyl peptidase-4 inhibitor.
[bookmark: _Hlk80560330]Data are shown as mean ± SD or n (%) unless otherwise indicated. AO: Add-on; BMI: Body mass index; eGFR: Estimated glomerular filtration rate; HbA1c: Hemoglobin A1c; L→Om: Switch from linagliptin to omarigliptin; S→Om: Switch from sitagliptin to omarigliptin; V→Om: Switch from vildagliptin to omarigliptin. aP < 0.05 vs S→Om group (multiple comparison).

Table 2 Clinical characteristics of patients with type 2 diabetes between the improved/stable and worsened glycemic control after switching from vildagliptin to omarigliptin
	
	Improved/stable 
(n = 5)
	Worsened 
(n = 10)
	P value

	Male : Female
	4 : 1
	9 : 1
	NS

	Age (yr)
	67.8 ± 10.2
	71.2 ± 8.1
	NS

	Duration (yr)
	9.8 ± 4.1
	14.5 ± 4.5
	NS

	BMI (kg/m2)
	25.1 ± 4.3
	23.0 ± 2.8
	NS

	eGFR (mL/min/1.73 m2)
	71.2 ± 19.2
	59.4 ± 12.9
	NS

	HbA1c (%)
	7.48 ± 0.97
	6.97 ± 0.41
	NS

	Metformin use
	2 (40%)
	4 (40%)
	NS

	Insulin secretagogues1 use
	3 (60%)
	5 (50%)
	NS

	Insulin use
	2 (40%)
	1 (10%)
	NS


1Insulin secretagogues include sulfonylurea and glinide but not dipeptidyl peptidase-4 inhibitor. 
[bookmark: _Hlk80560552]Data are shown as mean ± SD or n (%) unless otherwise indicated. BMI: Body mass index; eGFR: Estimated glomerular filtration rate; HbA1c: Hemoglobin A1c; NS: Not significant.
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Table 3 Multivariate logistic regression analysis on worsening of glycemic control after omarigliptin administration
	
	Odds ratio
	95%CI
	P value

	Sex (male)
	0.837
	0.03-24.30
	NS

	Age
	1.004
	0.82-1.23
	NS

	Insulin secretagogues1 use
	0.575
	0.04-7.72
	NS

	Insulin use
	0.038
	0.001-1.460
	NS

	BMI at omarigliptin administration
	0.757
	0.45-1.26
	NS

	eGFR at omarigliptin administration
	0.941
	0.84-1.06
	NS

	HbA1c at omarigliptin administration
	5.862
	0.86-39.80
	NS

	Switching from vildagliptin
	146.62
	7.00-3072.60
	0.0013


1Insulin secretagogues include sulfonylurea and glinide, but not dipeptidyl peptidase-4 inhibitor. 
BMI: Body mass index; eGFR: Estimated glomerular filtration rate; HbA1c: Hemoglobin A1c; NS: Not significant; CI: Confidence interval.
[bookmark: _Hlk85017148]
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