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Abstract

Background: We examined the effects of combination therapy 
with 50 mg/day of sitagliptin and low-dose glimepiride (1 mg/day) 
in patients with type 2 diabetes.

Methods: Twenty-six patients with poorly controlled type 2 dia-
betes currently taking high-dose glimepiride (≥ 2 mg/day) were 
enrolled in the study. The dose of glimepiride was reduced to 1 
mg/day and 50 mg/day of sitagliptin was added without changing 
the doses of any other antihyperglycemic agents. The patients were 
divided into two groups: the low-dose group (2 or 3 mg glimepiride 
decreased to 1 mg: n = 15) and the high-dose group (4 or 6 mg 
glimepiride decreased to 1 mg: n = 11).

Results: Combination therapy significantly lowered HbA1c after 
24 weeks of treatment in both groups. In the low-dose group, 8.1 ± 
0.2% decreased to 7.0 ± 0.1%; in the high-dose group, 8.4 ± 0.1% 
decreased to 7.3 ± 0.2%. The time course of the degree of HbA1c 
reduction in the high-dose group was almost superimposable on 
that in the low-dose group. There were no changes in body weight 
and no hypoglycemia and in either group during the study period. 
In conclusion, our results suggested that the combination therapy 
used in the study is both well tolerated and effective.

Conclusion: This study indicated the usefulness of dipeptidyl pep-
tidase (DPP)-4 inhibitors in Japanese patients with type 2 diabetes, 
and also reinforces the importance of low doses of sulfonylurea for 
effective glycemic management.
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Introduction

Dipeptidyl peptidase (DPP)-4 inhibitors have emerged as a 
new category of oral hypoglycemic agents for type 2 dia-
betes, which are widely used worldwide [1]. In the position 
statement of the American Diabetes Association and the Eu-
ropean Association for the Study of Diabetes, metformin is 
the first drug of choice for type 2 diabetes, and DPP-4 in-
hibitors are cited as one of second-line drugs [2]. In Japan, 
all classes of oral hypoglycemic agents may be included as 
first-line drugs depending on individual pathophysiological 
features [3]. In particular, sulfonylurea (SU), an insulinotro-
pic agent, is often chosen based on the relative importance 
of insulin deficiency in Japanese type 2 diabetes patients. 
DPP-4 inhibitors increase plasma GLP-1 concentration and 
elevate cellular cAMP levels in pancreatic beta-cells leading 
to potentiate insulin secretion, whereas SU stimulates insulin 
secretion as a result of elevation of cytosolic Ca2+ concentra-
tion in the beta-cells [4]. Therefore, it is anticipated that a 
combination of DPP-4 inhibitor and SU may synergistically 
stimulate insulin secretion and effectively ameliorate hyper-
glycemia in type 2 diabetes mellitus.

However, cases of serious hypoglycemia due to the 
combination of SU and sitagliptin, a DPP-4 inhibitor, accu-
mulated over the first several months after launching sita-
gliptin in Japan [5]. In response to this situation, the Japan 
Association for Diabetes Education and Care recommended 
that the dose of glimepiride should be decreased to at 2 mg/
day to avoid hypoglycemia when DPP-4 is added to the regi-
men in patients treated with higher doses of glimepiride [6]. 
Our preliminary clinical experience suggested that the dose 
of glimepiride could be decreased to 1 mg/day without re-
ducing its efficacy given 50 mg/day sitagliptin is added. To 
test this hypothesis, we performed a prospective observa-
tional study to examine the effects of combination therapy 
of sitagliptin and low-dose glimepiride for poorly controlled 
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type 2 diabetes, despite treatment with various doses of 
glimepiride.

Materials and Methods

The study population consisted of 26 patients with poorly 
controlled type 2 diabetes who were taking a high dose of 
glimepiride (≥ 2 mg/day) at several hospitals or clinics in 
Nagano Prefecture, Japan. Exclusion criteria were patients 
with type 1 diabetes or type 2 diabetes taking insulin therapy, 
significant renal impairment (serum creatinine > 1.5 mg/dL), 
proliferative diabetic retinopathy, apparent cardiac disease 

(New York Heart Association grade > II), or anemia (hemo-
globin ≤ 11.0 g/dL). Type 1 diabetes was excluded by ex-
amination of autoantibodies to glutamic acid decarboxylase. 
We decreased the dose of glimepiride to 1 mg/day and added 
50 mg/day of sitagliptin without changing the doses of any 
other antihyperglycemic agents. The patients were divided 
into two groups: the low-dose group (glimepiride dose was 
decreased from 2 or 3 mg to 1 mg, n = 15) and the high-dose 
group (glimepiride dose was decreased from 4 or 6 mg to 1 
mg, n = 11). HbA1c, casual plasma glucose, body weight, 
and subjective symptoms were checked monthly in each 
group for 6 months. HbA1c values were converted from JDS 
to NGSP values by the conversion formulas [7, 8].

Table 1. Patient Background

Mean ± SEM, *P < 0.05 vs. Low dose group.

Figure 1. HbA1c of each patientbefore and after 24 weeks. Left and right panel shows results of high dose and low 
dose groups, respectively. After 24 weeks of the combination of 1 mg/day glimepiride and 50 mg/day sitagliptin, all 
subjects except one case in the low dose group exhibit improvement of HbA1c.

All High dose group Low dose group

Number (male:female) 26 (17:9) 11 (6:5) 15 (11:4)

Dose of glimepiride 4 mg or 5 mg or 6 mg 2 mg or 3 mg

Age (year) 67.1 ± 1.7 70.3 ± 2.2* 62.8 ± 3.1

Body weight (kg) 66.6 ± 2.2 62.1 ± 2.6* 69.6 ± 3.0

HbAlc (%) 8.2 ± 0.1 8.4 ± 0.1* 8.1 ± 0.2

Casual plasma glucose (mg/dL) 194 ± 10 211 ± 21 182 ± 8
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All patients provided informed consent to participation 
in the study. The study protocol was approved by the ethics 
committee of Shinshu University School of Medicine. The 
study was performed in accordance with the ethical principles 
of the Declaration of Helsinki amended in Edinburgh in 2000.

All data are presented as means ± SEM. For statistical 
analysis, paired t-test and Wilcoxon’s rank sum test were 
performed. In all analyses, P < 0.05 was taken to indicate 
statistical significance.

 
Results

The basal characteristics of the patients are shown in Table 1. 
The combination of 1 mg of glimepiride and 50 mg of sita-
gliptin significantly lowered HbA1c after 24 weeks of treat-
ment in both low- and high-dose glimepiride groups.

As shown in Figure 1, HbA1c decreased from 8.1 ± 
0.2% to 7.0 ± 0.1% in the low-dose group and from 8.4 ± 
0.1% to 7.3 ± 0.2% in the high-dose group (reductions of 
1.1% and 1.1%, respectively). Although HbA1c at registra-
tion was slightly higher in the high-dose group (Table 1), 
combination therapy was similarly effective in both groups. 
HbA1c worsened after 24 weeks of treatment in only 1 of 
the 26 patients.

Figure 2 showed changes in HbA1c over the 24-week 
treatment period. All patients received 1 mg of glimepiride 
and 50 mg of sitagliptin with fixed doses of other hypoglyce-

mic agents. With the combination therapy, HbA1c decreased 
sharply within 12 weeks in both low- and high-dose groups. 
The lowering effect of the treatment lasted for 24 weeks. As 
shown in Figure 3, the time course of the change in degree of 
HbA1c reduction in the high-dose group was almost super-
imposable on that in the low-dose group.

Throughout the study, there was no severe hypoglyce-
mia in either group. None of the patients even showed mild 
hypoglycemic symptoms, although they were asked to report 
symptoms of hypoglycemia, such as palpitation, sweating, or 
unusual feelings of hunger, at each visit. Two patients com-
plained of temporary abdominal fullness, but treatment was 
continued in both cases. Body weight remained unchanged 
in both groups during the study period (69.6 ± 3.0 kg to 69.1 
± 2.9 kg in the low-dose group, 62.1 ± 2.6 kg to 61.9 ± 3.0 
kg in the high-dose group, both P > 0.05).

All patients continued the treatment for 48 weeks with 
the same medication except in 4 cases; 1 patient required 
an increase in glimepiride dose to 2 mg/day and 3 patients 
required an increase in sitagliptin dose to 100 mg/day. The 
time courses of changes in HbA1c for 48 weeks are shown 
in Figure 4. These observations indicated that the efficacy of 
combination therapy lasted for 48 weeks.

Discussion
  
In this study, we demonstrated that the combination of 1 mg 

Figure 2. Changes in HbA1c for 24 weeks. Actual mean values of HbA1c in two groups are shown. The values are mean 
± SEM. A statistical analysis was performed by Paired t-test.* *P < 0.01 vs. 0 week.
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of glimepiride and 50 mg of sitagliptin ameliorated glycemic 
control in Japanese type 2 diabetes patients irrespective of 
prior dose of glimepiride. As no hypoglycemia was reported 
during the study, this combination is both safe and effective 

for the treatment of type 2 diabetes.
Despite a decrease in the dose of glimepiride, the mean 

HbA1c was reduced from 8.2% to 7.1% after 24 weeks of 
treatment with addition of sitagliptin. A decline of 1.05% 

Figure 4. Changes in HbA1c for 48 weeks. Actual mean values of HbA1c in two groups are shown. The values are mean 
± SEM. A statistical analysis was performed by Paired t-test.* *P < 0.01 vs. 0 week.

Figure 3. Degrees of HbA1c reduction are shown. A statistical analysis was performed by the Wilcoxson rank sum test, 
paired t-test.* *P < 0.01 vs. 0 week.
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was reported in a phase III trial of sitagliptin monotherapy 
in Japanese type 2 diabetes patients [9]. These observations 
indicate that combination therapy with SU and DPP4 inhibi-
tor, such as sitagliptin, is useful even when SU monotherapy 
failed to ameliorate hyperglycemia. The efficacy of the com-
bination therapy may have been because most of our patients 
(18 of 26 patients) were on biguanide, which was continued 
during the study period. There are several potential mecha-
nisms for the synergistic effect of biguanide with DPP4 in-
hibitor. Biguanide promotes GLP-1 secretion from intestinal 
L cells [10, 11], inhibits DPP4 activity [12], and reduces the 
effect of glucagon, which is also suppressed by GLP-1, in 
the liver [13].

It is intriguing that we obtained similar therapeutic ef-
fects with 1 mg of glimepiride irrespective of the previous 
dose of glimepiride. Administration of 1 mg of glimepiride 
may be sufficient to increase intracellular calcium concentra-
tion in the beta-cells to the level required to induce insulin 
secretion. This is compatible with the notion that SU should 
be used at low doses to prevent hypoglycemia due to inap-
propriate insulin secretion. As SU is known to stimulate glu-
cagon secretion [14], the reduced SU dose may work in favor 
of the robust hypoglycemic effect.

Glucose stimulates insulin secretion from pancreatic be-
ta-cells via KATP channel-dependent and -independent path-
ways [4]. SU mimics the glucose-induced KATP channel-
dependent pathway. Although the molecular mechanisms 
underlying the KATP channel-independent pathway remain 
unknown [15], an increase in cAMP induced by incretin 
therapy potentiates KATP channel-independent insulinotro-
pic action by glucose [16, 17]. Therefore, SU and DPP4 in-
hibitor may be an effective combination for supporting inap-
propriate insulin secretion in type 2 diabetes.

There were several limitations of our study. First, the 
number of cases was small. Although the purpose of this 
study was to explore the potential efficacy and safety of the 
combination therapy, further studies in larger populations are 
required to confirm our conclusions. The patients were di-
vided into two groups (high-dose and low-dose) depending 
on the amount of glimepiride administered before the combi-
nation therapy, and a comparison was performed between the 
groups. As this was a prospective observational study, it will 
be necessary to include control group in which sitagliptin 
is added without changing the amount of glimepiride. This 
will allow a discussion of the safety and utility of this com-
bination therapy. However, from an ethical standpoint this 
would be difficult to do [6]. With regard to the expression of 
hypoglycemia, at each visit we carefully interviewed to the 
patients regarding whether they experienced hypoglycemic 
symptoms; however, some patients may have been unaware 
of hypoglycemic symptoms.

In conclusion, our results suggest that the combination 
therapy used in this study is well tolerated and effective. The 
favorable results of the combination therapy with DPP4 in-

hibitor and low-dose SU may be because most patients were 
treated with biguanide before and after the study. However, 
it is also possible that the combination therapy effectively or 
synergistically stimulated insulin secretion in our patients. 
This study suggested the usefulness of DPP4 inhibitors in 
Japanese patients with type 2 diabetes, and also reinforces 
the importance of low-dose SU for effective glycemic man-
agement.

Acknowledgement

The work was not funded by any organization. None of the 
authors have any conflict of interest.

 
References

1. Holst JJ, Vilsboll T, Deacon CF. The incretin system and 
its role in type 2 diabetes mellitus. Mol Cell Endocrinol. 
2009;297(1-2):127-136.

2. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Fer-
rannini E, Nauck M, Peters AL, et al. Management of 
hyperglycemia in type 2 diabetes: a patient-centered 
approach: position statement of the American Diabe-
tes Association (ADA) and the European Association 
for the Study of Diabetes (EASD). Diabetes Care. 
2012;35(6):1364-1379.

3. Society TJD. Evidence-based Practice Guideline for the 
Treatment of Diabetes in Japan. Nankodo. 2013.

4. Komatsu M, Takei M, Ishii H, Sato Y. Glucose-stimu-
lated insulin secretion: A newer perspective. J Diabetes 
Invest. 2013;4:511-516.

5. Iwakura T, Fujimoto K, Tahara Y, Matsuoka N, Ishi-
hara T, Seino Y. A case of severe hypoglycemia induced 
by sitagliptin added to ongoing glimepiride therapy 
in patients with type 2 diabetes. J Jpn Diabetes Soc. 
2010;53:505-508.

6. Inagaki N, Iwakura T, Iwamoto Y, Kadowaki T, Seino Y. 
The committee regarding to adequate use for incretin-
based therapy.

7. Seino Y, Nanjo K, Tajima N, Kadowaki T, Kashiwagi 
A, Araki E, Ito C et al. Report of the Committee on the 
Classification and Diagnostic Criteria of Diabetes Mel-
litus. J Diabetes Invest. 2010;1:212-228.

8. Kashiwagi A, Kasuga M, Araki E, Oka Y, Hanafusa T, 
Ito H, Tominaga M et al. International clinical harmoni-
zation of glycated hemoglobin in japan: From Japan Di-
abetes Society to National Glycohemoglobin Standard-
ization Program values. J Diabetes Invest. 2012;3:39-40.

9. Nonaka K, Kakikawa T, Sato A, Okuyama K, Fujimoto 
G, Kato N, Suzuki H, et al. Efficacy and safety of si-
tagliptin monotherapy in Japanese patients with type 2 

   131                                     132



J Clin Med Res. 2014;6(2):127-132Ishii et al

Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org

diabetes. Diabetes Res Clin Pract. 2008;79(2):291-298.
10. Yasuda N, Inoue T, Nagakura T, Yamazaki K, Kira K, 

Saeki T, Tanaka I. Enhanced secretion of glucagon-like 
peptide 1 by biguanide compounds. Biochem Biophys 
Res Commun. 2002;298(5):779-784.

11. Mulherin AJ, Oh AH, Kim H, Grieco A, Lauffer LM, 
Brubaker PL. Mechanisms underlying metformin-in-
duced secretion of glucagon-like peptide-1 from the in-
testinal L cell. Endocrinology. 2011;152(12):4610-4619.

12. Green BD, Irwin N, Duffy NA, Gault VA, O’Harte F 
P, Flatt PR. Inhibition of dipeptidyl peptidase-IV activ-
ity by metformin enhances the antidiabetic effects of 
glucagon-like peptide-1. Eur J Pharmacol. 2006;547(1-
3):192-199.

13. Miller RA, Chu Q, Xie J, Foretz M, Viollet B, Birn-
baum MJ. Biguanides suppress hepatic glucagon signal-
ling by decreasing production of cyclic AMP. Nature. 
2013;494(7436):256-260.

14. Ahren B, Foley JE, Ferrannini E, Matthews DR, Zinman 
B, Dejager S, Fonseca VA. Changes in prandial gluca-
gon levels after a 2-year treatment with vildagliptin or 
glimepiride in patients with type 2 diabetes inadequately 
controlled with metformin monotherapy. Diabetes Care. 
2010;33(4):730-732.

15. Komatsu M, Sato Y, Aizawa T, Hashizume K. KATP 
channel-independent glucose action: an elusive pathway 
in stimulus-secretion coupling of pancreatic beta-cell. 
Endocr J. 2001;48(3):275-288.

16. Yajima H, Komatsu M, Schermerhorn T, Aizawa T, 
Kaneko T, Nagai M, Sharp GW, et al. cAMP enhances 
insulin secretion by an action on the ATP-sensitive K+ 
channel-independent pathway of glucose signaling in rat 
pancreatic islets. Diabetes. 1999;48(5):1006-1012.

17. Ishii H, Sato Y, Takei M, Nishio S, Komatsu M. Glucose-
incretin interaction revisited. Endocr J. 2011;58(7):519-
525.

   131                                     132


