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Abstract

Background: This prospective randomized, multicenter, open-label, 
comparative study was performed to analyze the effects of sitagliptin 
on glycemic control and maintenance of beta-cell function in patients 
with poorly controlled type 2 diabetes treated with low-dose glime-
piride.

Methods: Forty-one patients with type 2 diabetes mellitus treated 
with low-dose glimepiride (≤ 2 mg/day) were prospectively enrolled 
in this study (age: 20 - 75 years; hemoglobin A1c (HbA1c): 7.4- 
9.4%). The patients were randomized into two groups: the glimepiri-
de (G) group, in which glimepiride dose was increased gradually to 6 
mg/day, and the sitagliptin (S) group, in which sitagliptin was added 
at a dose of 50 mg/day.

Results: HbA1c level was significantly decreased after 24 weeks, 
but not 12 weeks, in the G group, while a significant decrease was 
seen after 12 weeks in the S group. Although there were no signifi-
cant differences in HbA1c level at 24 weeks between the two groups 
(P = 0.057). The overall trend of changes in HbA1c level suggested 
that the glucose-lowering effects were superior in the S group. Fur-
thermore, a significant change in fasting glucose was seen in the S 
group, but not in the G group. Glycemic control target was achieved 
in 36.7% and 16.7% patients in the S group and the G group, respec-
tively. The proinsulin/insulin (P/I) ratio was significantly increased in 
the G group, whereas it tended to decrease in the S group. After 24 
weeks of treatment, no significant difference was observed in the P/I 
ratio between the two groups, whereas a significant difference was 
noted in the ΔP/I (amount of change). Albuminuria tended to increase 
in the G group compared with the S group.

Conclusion: The results of the present study suggested that sitaglip-
tin effectively lowered hyperglycemia and that it may have a protec-
tive effect on pancreatic beta-cells when combined with a low dose 
of glimepiride. Therefore, sitagliptin may represent a useful combi-
nation therapy with low-dose sulfonylurea, not only for achieving 
glycemic control but also for protection of pancreatic beta-cells.
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Introduction

The high prevalence and rapid increase in numbers of patients 
with type 2 diabetes mellitus represent major public health con-
cerns, both worldwide and in Japan, because this disease can 
cause various complications and adversely affect quality of life. 
Thus, primary and secondary preventive measures against diabe-
tes mellitus are becoming increasingly important. Improvement 
of lifestyle, such as a diet and exercise therapy, is a cardinal op-
tion for the treatment of type 2 diabetes mellitus. With regard 
to pharmacotherapy, metformin is recommended as the first-line 
drug for type 2 diabetes mellitus globally, and several treatment 
options for use in combination with metformin have been re-
ported [1]. On the other hand, there are no definitive guidelines 
regarding first-line pharmacotherapy in Japan, and the treatment 
regimen is decided at the discretion of the attending physician 
taking into consideration the clinical condition of the patient 
and the mechanisms of action of the drugs [2]. Conventionally, 
sulfonylurea (SU) is often prescribed as the first-line antihyper-
glycemic drug in Japan as there were no other alternatives until 
reevaluation of biguanides, and Japanese type 2 diabetes patients 
usually do not have severe obesity. Although the main concerns 
regarding SU treatment are the occurrence of hypoglycemia and 
undesirable weight gain, SU is an important therapeutic drug for 
type 2 diabetes mellitus, as it has been shown to be safe for long-
term use; the UK Prospective Diabetes Study showed that SU 
can suppress the progression of diabetes-related complications, 
and it is associated with low medical costs [3]. However, SU 
may cause hypoglycemia when administered in high doses or 
when administered in elderly patients, and the committees of the 
Japan Diabetes Association recommended use of low-dose SU 
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in such cases [4].
Dipeptidyl peptidase 4 (DPP4) inhibitors, which do not cause 

hypoglycemia when administered alone, have been increasingly 
used in Japan based on studies showing sufficient glucose-low-
ering effects when given in combination with DPP4 inhibitors 
and various hypoglycemic agents. Sitagliptin, one of the major 
DPP4 inhibitors, is eliminated primarily by renal excretion and 
only 16% of dose excreted as metabolites [5]. On the other hand, 
glimepiride, a second-generation sulfonylurea, is converted into 
M1 by CYP2C9 and carboxyl derivatives M2 by cytosolic en-
zymes [6]. Although several studies have demonstrated the safety 
of DPP4 inhibitors, studies directly comparing the effects and 
safety of SU upward titration treatment and combination treat-
ment with low-dose SU and DPP4 inhibitors in Japanese diabetes 
patients have not been performed. In addition, the protective ef-
fect of DPP4 inhibitors on pancreatic beta-cell function has been 
demonstrated in animal models but not yet in human trials [7]. 
Therefore, we performed a multicenter, prospective, randomized, 
open-label, comparative study to examine the differences in 
glucose-lowering effect and proinsulin/insulin (P/I) ratio as in-
dicators of beta-cell function, in two different ways to manage 
hyperglycemia, i.e. SU upward titration therapy and combination 
therapy consisting of low-dose SU and DPP4 inhibitor.

Materials and Methods

The study protocol was approved by the ethics committee of 

Shinshu University School of Medicine and the study was 
performed in accordance with the tenets of the Declaration of 
Helsinki, as amended in Edinburgh in 2000. The study was 
registered with CMIN-CTR as UMIN000004985. All patients 
provided informed consent to participate in the study. Outpa-
tients with type 2 diabetes mellitus, aged 20 - 80 years, with 
hemoglobin A1c (HbA1c) level of 7.4-9.4%, and receiving 
glimepiride at a dose of ≤ 2 mg/day, were eligible for inclu-
sion in the study. Patients taking oral antihyperglycemic agents 
except SU, glinides or DPP4 inhibitors continued taking the 
drug without changing the dose during the study period. The 
exclusion criteria were significant renal impairment (proteinu-
ria > 1.5 g/day, glomerular filtration rate < 60 mL/min), pro-
liferative diabetic retinopathy and malignancy. We enrolled 
consecutive patients fulfilling the above inclusion criteria and 
who were regularly treated at the participating institutions for 
more than 1 year.

The patients were randomly divided into two groups: 
glimepiride (G) group, in which the glimepiride dose was 
increased gradually to 6 mg; and the sitagliptin (S) group, in 
which 50 mg/day sitagliptin was added. The target glycemic 
control was set as HbA1c < 6.9% or fasting blood glucose < 
130 mg/dL. The increase in glimepiride dose in the G group 
was determined at the discretion of the chief physician while 
considering the risk of hypoglycemia. Fasting blood samples 
were obtained at baseline and after 24 weeks of treatment. The 
primary outcome measurements were the differences in post-
treatment blood C-peptide immunoreactivity (CPR) and P/I 

Figure 1. Study protocol.
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ratio. Secondary outcome measurements included differences 
in HbA1c, fasting glucose, Homeostatic Model Assessment-
beta-cell function (HOMA-β), target achievement quotient, 
lipids, B-type natriuretic protein (BNP), cystatin C and urine 
albumin/creatinine ratio. The details of the study protocol are 
shown in Figure 1. All data are presented as means ± SEM. For 
statistical analysis, Student’s t-test, Mann-Whitney U test and 
χ2 test were performed. In all analyses, P < 0.05 was taken to 
indicate statistical significance.

Results

The baseline characteristics of the patients are shown in Ta-

ble 1. Numbers of patients in G group and S group were 19 
and 22, respectively. Mean age (62.9 ± 9.0 years in G group 
and 63.4 ± 5.9 years in S group, respectively), body mass in-
dex (BMI) (24.6 ± 3.5 kg/m2 in G group and 24.0 ± 2.4 kg/
m2 in S group, respectively), and other characteristics were 
no significantly different in baseline clinical or biochemical 
measurements between the groups. After 24 weeks, HbA1c 
level decreased significantly from 8.2 ± 0.5% to 7.9 ± 0.6% 
in the G group (P < 0.01) and from 8.4 ± 0.6% to 7.6 ± 0.7% 
in the S group (P < 0.01) (Fig. 2a). However, there was no 
significant difference in HbA1c level between the two groups 
after 24 weeks of treatment. HbA1c level was decreased in the 
G group at 12 weeks, although the extent of the change was 
not significant. In the S group, however, the HbA1c level was 

Table 1.  Clinical Characteristics

G group (n = 19) S group (n = 22) P value
Age (years) 62.1 ± 9.0 63.4 ± 5.9 0.940
Disease duration (years) 11.9 ± 4.9 12.9 ± 6.8 0.699
Body mass index (kg/m2) 24.6 ± 3.5 24.0 ± 2.4 0.432
Systolic blood pressure (mm Hg) 137 ± 17 130 ± 9 0.481
Diastolic blood pressure (mm Hg) 80 ± 8 78 ± 9 0.207
Fasting blood glucose (mg/dL) 176 ± 43 175 ± 34 0.504
Immunoreactive insulin (IU/mL) 8.9 ± 5.7 7.2 ± 4.0 0.687
HbA1c (%) 7.8 ± 0.5 8.0 ± 0.6 0.423
Urinary albumin (mg/g Cr) 43.7 ± 76.2 33.8 ± 45.2 0.852
Total cholesterol (mg/dL) 209 ± 40 202 ± 35 0.447
HDL-cholesterol (mg/dL) 56 ± 14 59 ± 19 0.339
Triglyceride (mg/dL) 220 ± 226 136 ± 49 0.085
Non-HDL-cholesterol (mg/dL) 153 ± 49 143 ± 34 0.394

G group: glimepiride group; S group: sitagliptin group.

Figure 2. (a) Changes in HbA1c level over the 24-week treatment period. Actual mean values of HbA1c in the two groups at 0, 
12 and 24 weeks are shown. The values are expressed as means ± SEM. A statistical analysis was performed by paired t-test. 
*P < 0.01 versus 0 week. (b) The amount of change in HbA1c from 0 to 24 weeks of the examination.



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org18

Sitagliptin Protects Beta-Cell Function J Clin Med Res. 2019;11(1):15-20

significantly decreased at 12 weeks, and the lowering effect 
of the treatment remained at 24 weeks. The mean changes in 
HbA1c (ΔHbA1c) were -0.32% in the G group and -0.71% in 
S group, but the difference between the two groups was not 
significant (Fig. 2b).

Figure 3a shows the changes in fasting plasma glucose 
level over the 24-week treatment period. While there was no 
significant change in the G group compared to baseline, the S 
group showed a significant decrease in fasting plasma glucose 
level from 175 ± 34 mg/dL to 155 ± 33 mg/dL. The target 
achievement ratio was 16.7% in the G group and 36.7% in the 
S group.

Figure 3b shows the changes in fasting insulin concentra-
tion over the 24-week treatment period. While there was no 
significant change in either group, a decreasing tendency was 
observed in the G group and an increasing tendency was seen 
in the S group.

As shown in Figure 3c, the P/I ratio in the G group was 
significantly increased from 0.56 ± 0.33 at baseline to 0.64 ± 
0.34 at 24 weeks (P < 0.01). In contrast, in the S group, the 
P/I ratio decreased from 0.52 ± 0.28 to 0.47 ± 0.24, although 
the difference was not statistically significant. There was no 
significant difference in P/I ratio at 24 weeks between the two 
groups. However, the change in P/I ratio was significantly 
higher in the G group than in the S group (G group: +0.08 
± 0.12, S group: -0.05 ± 0.20, P < 0.01). There were no sig-
nificant differences in CPR, HOMA-β, lipid profile, BNP or 
cystatin C over the 24-week treatment period or between the 
two groups (data not shown). As shown in Figure 3d, urinary 
albumin excretion tended to increase in the G group over time, 
although this was not statistically significant. Neither group 
showed any incidences of severe hypoglycemia, defined as 
hypoglycemic symptoms requiring assistance to recover. One 
patient in the G group and two patients in the S group showed 

Figure 3. Changes in fasting plasma glucose level (a), fasting insulin concentration (b), proinsulin/insulin ratio (c) and urinary al-
bumin (d) over the 24-week treatment period. The fasting plasma glucose level was decreased significantly in the S group (a). No 
significant changes in fasting insulin concentration were observed in either group, although a decreasing tendency was observed 
in the G group and an increasing tendency was seen in the S group (b). P/I ratio in the G group was significantly increased, while 
that in the S group was decreased although the difference did not reach statistical significance (c). The urinary albumin excretion 
tended to increase in the G group, although the difference was not statistically significant (d).
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mild hypoglycemic symptoms during the study period.

Discussion

This study demonstrated that adding 50 mg of sitagliptin in pa-
tients with poorly controlled type 2 diabetes treated with low-
dose glimepiride resulted in comparable glycemic control to 
treatment with increasing glimepiride dose. The glucose-low-
ering effects tended to be faster and stronger in the S group. 
No severe hypoglycemia was reported during the study. There-
fore, this combination appears to be both safe and effective for 
the treatment of type 2 diabetes.

An interesting result was obtained regarding P/I, which 
was defined as one of the primary outcomes of this study. The 
P/I ratio was significantly increased after the 24-week study 
period in the G group where the glimepiride dose was in-
creased, while the P/I ratio showed a tendency to decrease in 
the S group. Furthermore, the change in P/I ratio after the study 
was significantly higher in the G group than in the S group. A 
high P/I ratio suggests that there is a high proportion of proin-
sulin (pre-stage peptide of insulin) among the secreted insulin, 
which may indicate beta-cell dysfunction. Recently, Terauchi 
et al reported that sitagliptin exhibited a lowering effect on P/I, 
whereas glimepiride had no such effect in Japanese elderly type 
2 diabetes patients [8]. Although this head-to-head comparison 
between 0.5 mg glimepiride and 50 mg sitagliptin for 52 weeks 
highlighted the usefulness of both drugs in elderly type 2 diabe-
tes patients, our results further suggest benefits associated with 
combination of low doses of SU and DPP4 inhibitors, which 
could achieve marked reduction without serious hypoglycemia 
and may protection beta-cells. In this study, as we increased the 
dose of SU while taking care not to cause hypoglycemia, the 
glucose-lowering efficacy was mild and safe. However, with 
regard to the P/I ratio, combination therapy with low-dose SU 
and a DPP4 inhibitor may be superior when considering long-
term maintenance of pancreatic beta-cells.

Previous studies showed that the glucose-lowering effi-
cacy of DPP4 inhibitors was not inferior to that of SU [8-12]. 
Moreover, we reported that favorable glycemic control was 
obtained even if we changed the regimen from high-dose SU 
to combination therapy with a DPP4 inhibitor and low-dose 
SU in poorly controlled patients with type 2 diabetes mellitus 
[13]. Therefore, along with the increased use of DPP4 inhibi-
tors, we do not recommend markedly increasing the dose of 
SU. However, the long-term safety of DPP4 inhibitors must 
still be confirmed. In some recent studies, DPP4 inhibitors 
were shown to be non-inferior to the existing treatment with 
regard to the development of cardiovascular events over a rela-
tively short term [14-16]. However, it should be noted that the 
rate of hospitalization for heart failure was increased in the 
study using the DPP4 inhibitor, saxagliptin [14]. The results 
with alogliptin, another DPP4 inhibitor, raised doubts regard-
ing cardiac safety in patients with acute coronary syndrome 
[15]. Nevertheless, it should be emphasized that a similar RCT 
with sitagliptin contradicted these concerns about increasing 
rates of heart failure [16]. In addition, DPP4 inhibitor-related 
pancreatitis is a rare but real event [17].

The present multicenter prospective randomized trial 
yielded novel findings regarding the changes in P/I ratio. DPP4 
inhibitors were previously suggested to have favorable effects 
on P/I ratio [8, 18]. To our knowledge, this is the first report to 
compare the effects of SU alone versus combination of DPP4 
inhibitor and low dose of SU on changes in P/I ratio. No firm 
conclusions could be drawn regarding the glucose-lowering 
efficacy and hypoglycemic risk due to the limited number of 
cases included in this study. In particular, while the target blood 
glucose level and HbA1c were set by the upward titration pro-
tocol of SU, this treatment regimen resulted in relatively mild 
hypoglycemia, unlike the findings of a previous overseas study 
[3], partly because the rate of the dose increase was left to the 
discretion of each attending physician who considered the risk 
of hypoglycemia. The observation that P/I ratio increased un-
der these conditions in the G group is notable. Although poten-
tial limitation of our data is the small number of sample size, 
it is reasonable to use DPP4 inhibitors in combination with a 
low dose of SU based on our findings. Taking into account the 
results of the SAVOR-TIMI study on saxagliptin [14], a dif-
ference in urine albumin level between the two groups would 
have been more likely if greater numbers of cases had been 
included in this study.

Conclusions

Combination therapy with DPP4 inhibitor and a low dose of 
SU showed a rapid and profound effect on glycemic control 
compared to SU monotherapy. Furthermore, our results sug-
gested that DPP4 inhibitors had a protective effect on beta-cell 
function.
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