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Introduction
Sulfonylurea (SU) is recommended as one of the second-line drugs 

in patients with type 2 diabetes if HbA1c target is not achieved after 
~3 months of metformin monotherapy [1]. Long-term, prospective 
randomized clinical trials, such as the UK Prospective Diabetes Study 
(UKPDS) [2], have demonstrated the fundamental role of intensive 
glycemic control in reducing the microvascular complications. 
Treatment with SUs has remained the main pharmacologic approach 
for the treatment of type 2 diabetes for many decades because 
of their reliable efficacy. However, in spite of the extensive use, 
recommendations in guidelines, and pathophysiologic plausibility, 
concern has grown over the past decade with respect to SU therapy. 
Patients treated with SU are more likely to have severe hypoglycemic 
episodes [3] and weight gain than those with other second-line drugs 
such as dipeptidyl peptidase 4 (DPP4) inhibitors [4,5].

Mitiglinide/voglibose fixed-dose combination is a drug combining 
a short-acting insulin secretagogue (glinide) and a postprandial 
hyperglycemia-improving agent (α-glucosidase inhibitor), which inhibit 
carbohydrate absorption and reduce post-prandial hyperglycemia 
without stimulating insulin secretion [6]. It is known that intervention 
with α-glucosidase inhibitor prevented cardiovascular disease [7] and 
glinide appeared to be associated with a lower cardiovascular risk than 
SU in patients with type 2 diabetes [8], however, they are not located on 
the second-line drug due to their limited evidences.
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Abstract
Objective: This study was to investigate whether switching sulfonylurea to mitiglinide/voglibose could improve glycemic variability and endothelial dysfunction in 
patients with type 2 diabetes. 

Methods: This was a single arm study of 6 Japanese patients with type 2 diabetes (n =6, 5 male, 72 ± 7 year-old). Patients with 0.25-1.0 mg of glimepiride (0.8 ± 0.3 
mg) with HbA1c between 6.5-7.5% were enrolled and were switched from glimepiride to mitiglinide/voglibose (fixed-dose combination of mitiglinide 10 mg and 
voglibose 0.2 mg three times a day) for 3 months.

Results: Mean amplitude of glycemic excursion (MAGE) was significantly decreased from 3.4 ± 1.3 to 1.6 ± 0.6 mmol/l (P = 0.014). Both fasting and postprandial 
FMD also significantly improved (5.3 ± 1.6 vs. 7.1 ± 1.7, P = 0.043 and 3.5 ± 1.5 vs. 5.2 ± 1.1, P = 0.043). The declines of insulin and C-peptide levels at 120 min were 
significantly correlated with the increase in postprandial FMD (r = -0.97, P = 0.013, and r = -1.00, P = 0.004). 

Conclusions: Glycemic variability and endothelial dysfunction at fasting and postprandial states were improved by mitiglinide/voglibose and it may be through the 
attenuation of hyperinsulinemia.

We focused on the potential of the combination treatment to 
ameliorate endothelial dysfunction due to reducing the postprandial 
hyperglycemia [9,10], because previous studies showed that each 
monotherapy of glinide and α-glucosidase inhibitor ameliorated 
endothelial dysfunction [11,12]. In this context, we conducted this 
pilot study to investigate whether switching from SU to mitiglinide/
voglibose could reduce the fluctuation of blood glucose, eventually 
decreasing in the hypoglycemic episodes and amelioration of 
endothelial dysfunction in patients with type 2 diabetes. 

Subjects and methods
Patients with less than 1.0 mg of glimepiride (0.8 ± 0.3 mg) 

with HbA1c between 6.5-7.5% (n =6, 5 male, 72 ± 7 year-old) were 
enrolled. Two patients were treated with metformin and 1 patient with 
vildagliptin at the base line. The patients were switched from glimepiride 
to mitiglinide/voglibose (fixed-dose combination of mitiglinide 10 mg 
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and voglibose 0.2 mg three times a day) for 3 months. 

Mean amplitude of glycemic excursion (MAGE) and hypoglycemic 
episodes were determined by continuous glucose monitoring (CGM) 
for 5 patients. Hyperglycemia and hypoglycemia were defined as 
glucose levels above 10.0 mmol/l and below 3.9 mmol/l and time 
in hyperglycemia and hypoglycemia were determined by CGM. 
Endothelial function was assessed by flow-mediated vasodilation 
(FMD) at fasting and 2 hours after meal tolerance test (592 kcal, 
SARAYA Corp, Osaka, Japan) using a high-resolution ultrasound 
method for 5 patients [13,14]. Glucose, insulin and C-peptide levels 
were also determined at baseline, 60 min and 120 min in meal tolerance 
test. 

Statistical analysis was carried out using programs available in the 
spss version 21.0 statistical package (SPSS Inc., Chicago, IL, USA). Data 
are presented as mean ± standard deviation. Patients characteristics 
and average of 24-hr glycemic variations were analyzed with paired 
t-test. Changes in FMD were analyzed with Wilcoxon signed-rank 
test. Correlation between ΔC-peptide or Δinsulin and ΔFMD were 
evaluated with Pearson’s correlation coefficient. Differences were 
considered to be statistically significant at a P value <0.05. 

Results
MAGE was significantly reduced from 3.4 ± 1.3 to 1.6 ± 0.6 mmol/l 

(P = 0.014) with the trend for reduction of time in hypoglycemic range 
(2.3 vs. 0.3%, P = 0.176) and in hyperglycemic range (22.4 vs. 11.8%, P 

= 0.167); whereas, 24-hour mean glucose (8.1 vs. 7.6 mmol/l, P = 0.500) 
and HbA1c (7.1% vs. 7.1%, P =1.000) levels were unchanged (Tables 
1 and 2) (Figure 1). Both fasting and postprandial FMD significantly 
improved (5.3 ± 1.6 vs. 7.1 ± 1.7, P = 0.043 and 3.5 ± 1.5 vs. 5.2 ± 1.1, P 
= 0.043, respectively) (Figure 2A). There were trends for lower glucose 
(13.5 vs. 11.3 mmol/l, P = 0.111), insulin (44.6 vs. 22.8 µU/ml, P = 
0.183), and C-peptide (7. vs. 3 4.9 ng/ml, P = 0.164) levels at 120 min 
in meal tolerance test after switching to mitiglinide/voglibose. Clinical 
parameters including body mass index, blood pressure, transaminases, 
lipid profile and albuminuria did not change after switching to 
mitiglinide/voglibose. Our analysis showed that both the declines of 
insulin and C-peptide levels at 120 min were significantly correlated 
with the increase in postprandial FMD (r = -0.97, P = 0.013, and r = 
-1.00, P = 0.004, respectively) (Figure 2B and 2C). 

Discussion
In this study, MAGE and the time in hypoglycemic episodes were 

significantly decreased and endothelial dysfunction at fasting and 
postprandial states were improved after switching SU to mitiglinide/
voglibose in patients with type 2 diabetes. Further, meal tolerance 
test showed significant relationships between the attenuation of 
hyperinsulinemia and the improvement of endothelial dysfunction. 
The hyperinsulinemic responses to glucose are markedly exaggerated 
in the patients with SU and they are responsible for hypoglycemic 
episodes and endothelial dysfunction [15]. It is of note that our 
patients were all older than 65 years old. Elderly patients with diabetes, 
especially those with SU are at high risk for hypoglycemia [16]. The 
significant reduction of time in hypoglycemic episodes with unchanged 

Glimepiride Mitiglinide/Voglibose P value
BMI (kg/m2) 23.6 ± 4.7 23.1 ± 4.2 0.258
SBP (mmHg) 131.7 ± 23.9 129.2 ± 23.4 0.665
DBP (mmHg) 79.2 ± 16.1 83.5 ± 13.2 0.202
HR (b.p.m.) 81.8 ± 28.5 76.8 ± 13.3 0.503
FPG (mmol/l) 6.6 ± 0.8 7.5 ± 0.8 0.005
HbA1c (%) 7.1 ± 0.3 7.1 ± 0.8 1.000
AST (IU/l) 18.2 ± 5.0 20.0 ± 10.6 0.658
ALT (IU/l) 20.3 ± 14.2 23.5 ± 17.4 0.637
γ-GTP (IU/l) 41.2 ± 35.7 40.0 ± 36.3 0.666
TG (mmol/l) 1.2 ± 0.5 1.1 ± 0.6 0.683
HDL Chol (mmol/l) 1.4 ± 0.3 1.4 ± 0.4 0.907
LDL Chol (mmol/l) 2.2 ± 0.3 2.3 ± 0.5 0.593
UACR (mg/g) 60.1 ± 113.6 70.7 ± 118.6 0.140

Data are expressed as number or mean ± SD. P values were calculated with paired t-test. 
Abbreviations: BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood 
pressure, HR: heart rate, FPG: fasting plasma glucose, AST: aspartate aminotransferase, 
ALT; alanine transaminase, γ-GTP: γ-glutamyltransferase, TG: triglycerides, HDL Chol: 
high-density lipoprotein cholesterol, LDL Chol: low-density lipoprotein cholesterol, 
UACR: urinary albumin-to-creatinine ratio.

Table 1. Patient profiles before and after switching from glimepiride to mitiglinide/
voglibose.

Case 1 2 3 4 5 Average P value
Mean ± SD Glimepiride 9.5 ± 1.7 7.9 ± 2.3 7.6 ± 1.4 8.7 ± 2.0 6.9 ± 1.2 8.1 ± 1.2

0.500
(mmol/l) Mit/Vog 8.9 ± 1.1 8.1 ± 1.3 6.7 ± 1.0 8.6 ± 1.4 7.3 ± 1.0 7.9 ± 0.7
MAGE ± SD Glimepiride 3.7 ± 2.0 4.8 ± 1.9 4.3 ± 1.3 6.6 ± 2.0 3.6 ± 1.4 3.4 ± 1.3

0.014
(mmol/l) Mit/Vog 2.4 ± 1.3 2.8 ± 1.1 2.0 ± 0.9 4.1 ± 0.8 2.2 ± 1.1 1.6 ± 0.6
Hypoglycemia Glimepiride 0.0 4.9 0.0 4.3 2.1 2.3 ± 2.3

0.176
(%) Mit/Vog 0.0 0.4 1.4 0.0 0.0 0.3 ± 0.6
Hyperglycemia Glimepiride 37.9 20.9 10.1 36.5 6.6 22.4 ± 14.5

0.167
(%) Mit/Vog 25.8 23.4 2.1 2.9 4.9 11.8 ± 11.8

Mean glucose and mean amplitude of glycemic excursion (MAGE) levels in 24-hr continuous glucose monitoring were expressed with standard deviation (SD) in each case with glimepiride 
or mitiglinide/voglibose (Mit/Vog). Hypoglycemic and hyperglycemic episodes were expressed as ratios of time exposed under 3.9 mmol/l and above 10.0 mmol/l, respectively. P values 
were calculated with paired t-test.

Table 2. Results of continuous glucose monitoring.

Figure 1. Average of 24-hr glycemic variations in 5 patients. Dashed blue line means 
glycemic variations in patients with glimepiride and solid red line means those in patients 
with mitiglinide/voglibose (Mit/Vog). 
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HbA1c by mitiglinide/voglibose in this study suggests the possibility 
that improvement in quality of glycemic control can be achieved by 
switching from SU to mitiglinide/voglibose in elderly patients with type 
2 diabetes. Moreover, considering the fact that hypoglycemic episodes 
sometimes result in a fatal cardiovascular outcome [17] and endothelial 
dysfunction causes the progression of microvascular complication in 
patients with diabetes [18], it is also possible that mitiglinide/voglibose 
could be alternative for SU in order to improve endothelial dysfunction 
and prevent future micro- and macrovascular diabetic complications.

Conclusion
We showed the beneficial effects of mitiglinide/voglibose in the 

point of glycemic variability and endothelial function in patients with 
type 2 diabetes. There is the possibility that mitiglinide/voglibose is 
located on the second-line for treatment of type 2 diabetes.
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http://www.ncbi.nlm.nih.gov/pubmed/26807004
https://www.ncbi.nlm.nih.gov/pubmed/9742976
https://www.ncbi.nlm.nih.gov/pubmed/19015168
https://www.ncbi.nlm.nih.gov/pubmed/20456211
https://www.ncbi.nlm.nih.gov/pubmed/17300595
https://www.ncbi.nlm.nih.gov/pubmed/22994875
https://www.ncbi.nlm.nih.gov/pubmed/21471135
https://dx.doi.org/10.1186/1475-2840-11-98
https://www.ncbi.nlm.nih.gov/pubmed/15677794
https://www.ncbi.nlm.nih.gov/pubmed/24225338
http://www.ncbi.nlm.nih.gov/pubmed/1359209


Murakami M (2017) Beneficial effect of combination therapy with mitiglinide and voglibose on fasting and postprandial endothelial dysfunction in patients with 
type2 diabetes: a pilot study

Integr Obesity Diabetes, 2017        doi: 10.15761/IOD.1000164  Volume 3(1): 4-4

14. Kawano H, Motoyama T, Hirashima O, Hirai N, Miyao Y, et al. (1999) Hyperglycemia 
rapidly suppresses flow-mediated endothelium-dependent vasodilation of brachial 
artery. J Am Coll Cardiol 34: 146-154. [Crossref]

15. Del Prato S, Pulizzi N (2006) The place of sulfonylureas in the therapy for type 2 
diabetes mellitus. Metabolism 55(5 Suppl 1): S20-27. [Crossref]

16. Deusenberry CM, Coley KC, Korytkowski MT, Donihi AC (2012) Hypoglycemia 

in hospitalized patients treated with sulfonylureas. Pharmacotherapy 32: 613-617. 
[Crossref]

17. Goto A, Arah OA, Goto M, Terauchi Y, Noda M (2013) Severe hypoglycaemia and 
cardiovascular disease: systematic review and meta-analysis with bias analysis. BMJ 
347: f4533. [Crossref]

18. Tousoulis D, Kampoli AM, Stefanadis C (2012) Diabetes mellitus and vascular 
endothelial dysfunction: current perspectives. Curr Vasc Pharmacol 10: 19-32. 
[Crossref]

Copyright: ©2016 Murakami M. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited.

https://www.ncbi.nlm.nih.gov/pubmed/10400004
https://www.ncbi.nlm.nih.gov/pubmed/16631807
https://www.ncbi.nlm.nih.gov/pubmed/22570146
http://www.ncbi.nlm.nih.gov/pubmed/23900314
https://www.ncbi.nlm.nih.gov/pubmed/22112354

	Title
	Correspondence
	Abstract
	References 

