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Long-Term Efficacy and Safety of Add-On Therapy of 
Sitagliptin to a Very Small Dose of Glimepiride Versus  

a Small Dose of Glimepiride Over Eighteen Months
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 Masafumi Kakeie, Toshihiko Inukaif, Yoshimasa Asog, Shigehiro Katayamah, i

Abstract

Background: In patients associated with type 2 diabetes melli-
tus, sulfonylureas (SUs) are being prescribed less frequently, and 
in smaller doses, to avoid hypoglycemia and body weight gain. On 
the other hand, since dipeptidyl peptidase-4 (DPP-4) inhibitors only 
infrequently induce hypoglycemia and weight gain, more than 60% 
or 70% of Japanese patients associated with type 2 diabetes mellitus 
are currently being treated with DPP-4 inhibitors. However, the long-
term effects of DPP-4 inhibitors on glycemic control and β-cell func-
tion have not been thoroughly elucidated.

Methods: The present study was designed to compare the long-term 
efficacy and safety of a daily administration of 50 mg sitagliptin add-
ed to a very small dose of glimepiride, SUs, of 1.1 mg (SIT group), 
versus a small dose of glimepiride added by 1 mg to its basal dosage, 
i.e., 2.1 mg (SU group) up to 18 months in Japanese patients with 
type 2 diabetes mellitus. Sixty patients, aged 20 to 75 years with he-
moglobin A1c (HbA1c) between 7.4% and 9.0% on glimepiride with 
or without metformin, were randomized into two groups. If the target 

(HbA1c ≤ 6.9% or fasting plasma glucose level ≤ 130 mg/dL) was 
not achieved, sitagliptin or glimepiride, respectively, was increased.

Results: After 18 months, HbA1c had significantly decreased to 7.1-
7.2% in both groups (P < 0.01). Plasma levels of insulin and proinsu-
lin remained unchanged during the study. However, the proinsulin/in-
sulin ratio was significantly lower after 6 months and thereafter only 
in the SU group. Homeostasis model assessment-β cell (HOMA-β) 
demonstrated a significant augmentation at some points during the 
study in both groups. No severe hypoglycemic episodes or body 
weight gain were seen in either group.

Conclusions: Add-on therapy of 50 mg of sitagliptin to a very small 
dose of glimepiride at 1.1 to 1.2 mg/day, or a small dose of glimepir-
ide at 2.1 mg/day, proved effective for improving or maintaining gly-
cemic control without deterioration of β-cell function over 18 months.

Keywords: Type 2 diabetes mellitus; DPP-4 inhibitor; Sulfonylurea; 
β-cell function

Introduction

Type 2 diabetes mellitus (T2DM), due to its progressive na-
ture, requires a succession of different treatment options. Oral 
antidiabetic therapy loses efficacy over time [1], so polyphar-
macy with multiple mechanisms of action is usually necessary 
to achieve and maintain long-term glycemic control. Sulfony-
lureas (SUs) are widely used in Japan as first- or second-line 
treatments; however, SU therapy is associated with weight 
gain and a substantial risk of hypoglycemia. This threat is 
exacerbated when clinical doses are escalated to counteract 
the loss of glycemic control resulting from secondary failure 
[2]. Sitagliptin, a selective dipeptidyl peptidase-4 (DPP-4) in-
hibitor, is a medication for patients with T2DM that improves 
glycemic control through enhancement of the incretin axis [3, 
4], i.e., inhibition of degradation of incretins, glucagon-like 
peptide 1 (GLP-1) and gastric inhibitory polypeptide (GIP) 
through DPP-4. The prolonged activity of intact GLP-1 by 
DPP-4 inhibition is likely to both improve glucose-induced in-
sulin secretion and to decrease glucagon levels, resulting in the 
maintenance of β-cell function [5-10]. In 2009, sitagliptin was 
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the first DPP-4 inhibitor to be approved in Japan as a mono-
therapy as well as an additional therapy to other hypoglycemic 
agents in adults with T2DM and inadequate glycemic control.

SUs are being prescribed less frequently, and in smaller 
doses, to avoid hypoglycemia and body weight gain. For ex-
ample, although glimepiride was administered up to 6 mg/
day in the past 10 - 15 years, the current daily usual doses 
are from 0.5 to 2 or 3 mg. On the other hand, since DPP-4 
inhibitors only infrequently induce hypoglycemia and weight 
gain, more than 60% or 70% of Japanese T2DM patients are 
currently being treated with DPP-4 inhibitors. However, the 
long-term effects of DPP-4 inhibitors on glycemic control and 
β-cell function have not been thoroughly elucidated. The pre-
sent study was designed, therefore, to compare the long-term 
efficacy and safety of sitagliptin added to a very small dosage 
of glimepiride, versus a small increment of 1 mg of glimepiri-
de to its basal dosage, for effect on glycemic control, secretion 
of proinsulin and insulin, and homeostasis model assessment-β 
cell (HOMA-β) reflecting β-cell function, up to 18 months in 
Japanese patients with T2DM.

Patients and Methods

Patients

Male and female Japanese patients with T2DM aged 20 - 75 
years were eligible to participate if they had inadequate gly-
cemic control of hemoglobin A1c (HbA1c), ranging between 
7.4% and 9.0% on screening, and had been taking either oral 
hypoglycemic agents or glimepiride at 1 - 2 mg/day with or 
without metformin at up to 1,000 mg/day for the past 1 month 
or longer. Subjects undergoing treatment with insulin, type 1 
diabetics, subjects with a history of diabetic ketoacidosis and/
or hyperglycemic coma, subjects with severe infectious dis-
ease or wounds, subjects for whom a surgical operation was 
scheduled, subjects who were pregnant or were attempting to 
become pregnant, and subjects with elevated serum creatinine 
of more than 1.5 mg/dL were excluded from the study. Also 
excluded were individuals who had suffered serious adverse 
events while taking DPP-4 inhibitors and/or glimepiride, and 

those with other conditions that led the doctors in charge to 
decide that they were ineligible for this study.

Study design

The present study was a two-arm, randomized, open-label 
study (3S: Saitama Sitagliptin Study). After giving their written 
informed consent, patients were randomized into two groups 
via an interactive web response system. As shown in Figure 1, 
in one group (SIT), 50 mg of sitagliptin was administered daily 
after breakfast with a reduction in glimepiride dosage by 1 mg/
day. In the other group (SU), 1 mg of glimepiride was added to 
the previous daily dosage after breakfast. In both groups, met-
formin was administered at the same dose during the screen-
ing period. The target of glycemic control was HbA1c of less 
than 6.9% or a fasting plasma glucose (FPG) level of less than 
130 mg/dL 3 months after initiation of the study. If the target 
glycemic control was not achieved, sitagliptin was increased 
to 100 mg/day in the SIT group, and glimepiride, up to 6.0 mg/
day in the SU group. If the glycemic target was not obtained 
after another 3 months, metformin was added or increased up 
to 1,500 mg/day and/or pioglitazone was added at a dose of 
15 to 30 mg/day in both groups. If hypoglycemia occurred, 
sitagliptin was reduced up to 25 mg/day in the SIT group, and 
glimepiride, up to 0.5 mg/day in the SU group.

Blood samples were collected after an overnight fast to 
undergo assessment of HbA1c, FPG, insulin, proinsulin and C-
peptide (CPR) levels at the beginning of the study, i.e., time 0 
just before the first dose of study medication, and at 3 months, 
6 months, 12 months and 18 months after initiation of the 
study. Urine samples were also collected to determine urinary 
albumin and creatinine excretion with the same time schedule. 
These parameters, except FPG, were determined at a central 
laboratory (SRL Ltd, Tokyo). Routine laboratory tests, such as 
hematology, blood chemistry including FPG, and urinalysis, 
were performed at each hospital with each visit.

Primary endpoints were CPR levels, proinsulin/insulin 
(PI/I) ratios and HOMA-β to estimate the pancreatic β-cell 
function. Secondary endpoints were glycemic control such 
as HbA1c and FPG. Changes in estimated glomerular filtra-
tion rate (eGFR) and urinary albumin/creatinine ratio (UACR) 

Figure 1. Study design.
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were also analyzed as secondary endpoints. The eGFR was 
calculated using serum creatinine levels and age according to 
the Modification of Diet in Renal Disease (MDRD) formula 
modified for the Japanese population [11]. Safety and toler-
ability were evaluated at each visit from adverse event (AE) 
reports, vital signs, and laboratory tests including hematology, 
blood chemistry and urinalysis.

The study was conducted in compliance with the proto-
col, the Helsinki Declaration, and the Ethical Guidelines for 
Clinical Studies released by the Ministry of Health, Labour, and 
Welfare. The study was approved by Saitama Medical Univer-
sity Hospital’s Institutional Review Board on August 17, 2010 
(Results Notification Number: 10-019) and registered with 
UMIN as R000004713. The study was started on December 
2010 and scheduled to end on June 2013 in seven sites. Howev-
er, because of difficulties in recruitment of the patients treated 
only with SU, the registration period was elongated up to June 
2014, and therefore the study was ended on December 2016.

Statistical analyses

A sample size of 210 (105/treatment arm) was calculated for 
detecting a significant difference in one of the primary end-
points, i.e. PI/I ratio, with a two-sided significance level of 
0.05 and 80% power assuming a drop-out rate to be 10%. All 
data are expressed as mean ± standard deviation (SD) except 
where specified. The primary and secondary efficacy analyses 
were performed in the per protocol set. Repeated measures 
analysis of variance (ANOVA) was used to compare changes 
in C-peptide, PI/I ratio, HOMA-β, FPG, HbA1c and weight 
over time between the groups. If between-group and/or intra-
group differences showed statistical significance (P < 0.05), 
the changes were compared to the basal values in each group 
using the paired Student’s t-test. Missing values were imputed 
using the last observation carried forward (LOCF) method. 
Safety analyses used the full analysis set that included all 
patients with a baseline and at least one post-baseline assess-
ment. For overall AEs, drug-related AEs, hypoglycemia, and 
selected gastrointestinal-related AEs (i.e., nausea, vomiting 
and diarrhea), comparisons between groups were conducted 
using Fisher’s exact test. All comparisons were conducted us-
ing SAS version 9.2 (SAS Institute Inc., Cary, NC, USA). Data 
with P values of < 0.05 were regarded as significant.

Results

Of the 62 patients screened for participation in this study, two 
were not randomized, because one withdrew his/her informed 
consent, and the other had glycemic control of HbA1c of less 
than 7.4% at the beginning of the study. The 60 remaining 
patients were therefore randomized into two groups, with 30 
patients in each. The basal patients’ characteristics are shown 
in Table 1. The mean age, percentage of males, body weight, 
body mass index (BMI) and duration of diabetes mellitus did 
not differ between the two groups. The initial values in HbA1c, 
FPG, systolic blood pressure (SBP), diastolic blood pressure 

(DBP), low-density lipoprotein cholesterol (LDL-C), triglyc-
erides (TG) and high-density lipoprotein cholesterol (HDL-C) 
did not differ between the two groups; the percentage of pa-
tients who had the habit of smoking or drinking did not dif-
fer between the groups; the percentage of patients who had 
comorbidities such as hypertension, dyslipidemia, hyperurice-
mia, myocardial infarction, angina pectoris and arteriosclerosis 
obliterans was also the same in both groups. The daily dosage 
of glimepiride in the SIT group and the SU group was 1.2 ± 
0.5 mg and 2.1 ± 0.8 mg, respectively. Four subjects in the SIT 
group discontinued the study: one to begin treatment by insulin 
injection, and three for AEs (hypoglycemia in one, headache in 
one and skin rush in one); three subjects in the SU group dis-
continued the study, with one for initiation of insulin injection, 
one for poor glycemic control with the hypoglycemic drugs 
used in the study protocol, and one for AE (hypoglycemia in 
one). As a result, 26 subjects in the SIT group and 27 in the SU 

Table 1.  The Patients’ Basal Characteristics

SIT group SU group
Age (years) 65.8 ± 8.6 64.7 ± 6.9
Sex (%) 16 (53.3%) 17 (56.7%)
Body weight (kg) 63.1 ± 12.0 64.5 ± 9.4
BMI 24.0 ± 3.4 25.4 ± 3.3
Duration of diabetes mellitus
  < 1 year 1 (3.3%) 1 (3.3%)
  1 to < 5 years 5 (16.7%) 5 (16.7%)
  5 to < 10 years 10 (33.3%) 5 (16.7%)
  > 10 years 12 (40.0%) 15 (50.0%)
  Not known 2 (6.7%) 4 (13.3%)
HbA1c (%) 7.8 ± 1.1 7.7 ± 0.6
FPG (mg/dL) 162.4 ± 39.9 153.2 ± 27.0
SBP (mm Hg) 127.2 ± 10.2 131.9 ± 16.8
DBP (mm Hg) 72.1 ± 9.6 76.0 ± 10.3
LDL-C (mg/dL) 111.4 ± 31.8 113.8 ± 23.5
TG (mg/dL) 142.4 ± 73.6 132.1 ± 77.5
HDL-C (mg/dL) 52.5 ± 13.3 52.5 ± 10.7
Smoking (%) 5 (16.7%) 1 (3.3%)
Drinking habit (%) 7 (23.3%) 7 (23.3%)
Comorbidities
  Hypertension 17 (56.7%) 22 (73.3%)
  Dyslipidemia 13 (43.3%) 13 (43.3%)
  Hyperuricemia 2 (6.7%) 1 (3.3%)
  Myocardial infarction 0 (0%) 1 (3.3%)
  Angina pectoris 1 (3.3%) 0 (0)
  Arteriosclerosis obliterans 0 (0%) 1 (3.3%)

BMI: body mass index; HbA1c: hemoglobin A1c; FPG: fasting plasma 
glucose; SBP: systolic blood pressure; DBP: diastolic blood pressure; 
LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; HDL-C: 
high-density lipoprotein cholesterol.
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group completed the 18-month study. At the end of the study, 
the daily dosage of sitagliptin in the SIT group had increased 
to 63.3 ± 22.5 mg, while the dosage of glimepiride was 1.1 ± 
0.5 mg/day. The daily dosage of glimepiride in the SU group 
was 2.1 ± 1.3 mg, which was close to the initial dosage. The 
daily dosage of metformin was increased from 718.8 ± 208.6 
mg to 816.7 ± 371.6 mg in the SIT group, and from 750.0 ± 
311.8 mg to 781.3 ± 340.0 mg in the SU group. Pioglitazone 
was added at 15 mg/day in one patient in the SIT group, and to 
two in the SU group.

As shown in Figure 2, FPG in both groups fell slightly, 
although not significantly, after adding sitagliptin or increasing 
the dose of glimepiride. Figure 2 also illustrates the changes in 
HbA1c in both groups. Although there was no difference be-
tween the two groups, there was a very significant intra-group 
difference (P < 0.001). In the SIT group, HbA1c had signifi-
cantly decreased from 7.8±1.1% to 7.1±0.6% at 18 months 
after initiation of the study (P < 0.01), while HbA1c in the SU 
group had fallen from 7.7±0.6% to 7.2±0.8% at the end of the 
study (P < 0.01). Plasma levels of insulin, CPR and proinsulin 
did not show any changes between or within the groups during 
the study period (Table 2). However, as shown in Figure 3, al-
though the ratio of PI/I did not differ significantly between the 
groups, the intra-group difference was significant (P < 0.05). 
In the SU group only, the ratio of PI/I was lower 6 months 
after initiation of the study and thereafter (P < 0.05). Regard-
ing HOMA-β, inter-group difference was not significant, but 

intra-group difference reached a significant level (P < 0.05). As 
illustrated in Figure 3, HOMA-β in the SIT group had signifi-
cantly increased 6 and 18 months after initiation of the study, 
while HOMA-β had also increased after 6 months in the SU 
group. Homeostasis model assessment for insulin resistance 
(HOMA-R) levels did not change in either group after initia-
tion of the study (Table 2).

In regard to urinary parameters, as shown in Table 2, inter-
group difference in eGFR was not significant, but intra-group 
difference was (P < 0.001). eGFR in the SIT group showed a 
significant decrease 12 and 18 months after start of the study, 
while there were no intra-group differences in the SU group. 
However, there were no inter-group or intra-group differences 
in log UACR (Table 2).

Throughout the study, body weight did not show any in-
creases in either group (Table 2). No severe hypoglycemic epi-
sodes were seen in either group except one each in the SIT and 
SU group who discontinued the study as mentioned above.

Discussion

This study evaluated the long-term effects of add-on therapy 
of 50 mg of sitagliptin to a very small dose of glimepiride at 
1.1 - 1.2 mg/day, or a small dose of glimepiride at 2.1 mg/
day, on β-cell function over 18 months. Since we could not 
register the planned number of patients because of difficulties 

Figure 2. FPG and HbA1c levels during the study in the SIT and SU groups. All data were presented as mean ± standard devia-
tion (SD). *P < 0.05, **P < 0.01, ***P < 0.001 versus the basal value in each group. HbA1c: hemoglobin A1c; FPG: fasting plasma 
glucose.
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to recruit the patients treated only with SU, the power to detect 
the difference between two groups in effects of two regimens 
on β-cell function might be not sufficient. However, a signifi-
cant decrease in HbA1c was observed in the group treated with 
add-on therapy of sitagliptin to a very small dose of glime-
piride, from 7.8±1.1% at the baseline to 7.1±0.6% at the end 
of the study. The group treated with glimepiride at 2.1 mg/day 
also showed a significant decrease in HbA1c, from 7.7±0.6 % 
at the baseline, to 7.2 ± 0.8% at the end of the study. However, 
β-cell secretory capacity, which was determined using plasma 
insulin and CPR, showed a slight increase after initiation of 
the study, i.e., with administration of sitagliptin or increased 
dose of glimepiride, but did not reach statistical significance 
within or between groups. HOMA-β in the SIT group was sig-
nificantly higher 6 and 18 months after initiation of the study, 
while HOMA-β in the SU group was also higher 6 months 
after increasing the dose of glimepiride. The glucose-lowering 
effect of sitagliptin might therefore be due to a slight, but not 
significant, increase in insulin secretion from the β-cells. Fac-
tors other than insulin that might be involved in the glucose-
lowering effect of sitagliptin were observed in the present 
study, one of which was the suppressive action of glucagon 
with DPP-4 inhibitor, which has been demonstrated in previ-
ous studies [7-10]. Sitagliptin treatment did not increase body 
weight and did not cause severe hypoglycemic episodes except 
one mild case who discontinued the study.

On the other hand, an 18-month treatment with careful dose 
titration of glimepiride, the dose of which was 2.1 mg/day, re-
sulted in a statistically significant decrease in HbA1c without 

producing severe hypoglycemic episodes or weight gain. Of 
note was that glimepiride at a low dose did not increase plasma 
levels of insulin, CPR or proinsulin. This might be one of the 
reasons why there was no incidence of severe hypoglycemia 
or body weight gain except one mild case who discontinued 
the study. Some post-marketing reports and clinical trials with 
glimepiride treatment have reported a significant increase in 
body weight. However, these observations were noted at high-
er concentrations of glimepiride (4 - 8 mg), titrated rapidly 
over a 1 - 4 week period [12]. However, in another study, the 
effect of another DPP-4 inhibitor, namely saxagliptin, as a 5 
mg/day add-on to metformin, was compared with glimepiride 
at 1 mg/day, titrating to a mean dose of 3.3 mg/day add-on 
to metformin, in 720 T2DM aged 72.6 years over 52 weeks 
[13]. Of the 574 participants who completed the study, the 
proportions of patients achieving HbA1c < 7.0% at 52 weeks 
without confirmed/severe hypoglycemia were similar between 
saxagliptin and glimepiride, or 37.9 vs. 38.2% (odds ratio 
(OR): 0.99, 95% confidence interval: 0.73 - 1.34, P = 0.9415). 
Saxagliptin was superior to glimepiride in terms of primary 
endpoint in patients aged < 75 years, and was numerically in-
ferior in patients aged ≥ 75 years. Whereas the incidence of 
confirmed/severe hypoglycemia was substantially higher with 
glimepiride than with saxagliptin, more patients treated with 
glimepiride achieved the HbA1c target than those treated with 
saxagliptin. Body weight fell by 0.8 kg with saxagliptin, but 
increased by 1.0 kg with glimepiride. Ferreira et al reported 
that sitagliptin at 50 or 25 mg/day and glipizide at 7.7 mg/day 
provided similar HbA1c-lowering effects (-0.8 vs. -0.6%) after 

Figure 3. PI/I ratio and HOMA-β during the study in the SIT and SU groups. All data were presented as mean ± standard devia-
tion (SD). *P < 0.05 versus the basal value in each group. PI/I: proinsulin/insulin; HOMA-β: homeostasis model assessment-β 
cell.
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54 weeks of treatment in 426 T2DM patients with moderate 
to severe chronic renal insufficiency [14]. Sitagliptin was gen-
erally well tolerated, with a lower risk of hypoglycemia and 
weight loss versus weight gain relative to glipizide. In another 
study, in which the efficacy and safety of 50 mg of sitagliptin 
were compared to those for T2DM patients aged ≥ 60 years 
prescribed with 0.5 mg of glimepiride for 52 weeks, and for a 
subsequent 52 weeks in some of the patients who were willing 
to continue the treatment, sitagliptin revealed non-inferiority 
to glimepiride in terms of changes in HbA1c from the baseline 
at 52 weeks [15]. Sitagliptin resulted in a significantly lower 
rate of incidence of non-serious hypoglycemia than glimepir-
ide. Durability of the efficacy and safety over a 2-year period 
of alogliptin was also compared with glipizide in type 2 dia-
betics with a mean age of 55.4 years [16]. HbA1c reductions 
at 104 weeks were -0.68%, -0.72% and -0.59% for alogliptin 
12.5 and 25 mg and glipizide 5.3 mg, respectively (both doses 
met the criteria for non-inferiority to glipizide (P < 0.001), 
and alogliptin 25 mg met the superiority criteria (P = 0.001). 
Weight gain and incidence of hypoglycemia were greater in 
the glipizide group than in the groups treated with alogliptin. 
Taken together with the results of the present study, DPP-4 
inhibitors such as sitagliptin, saxagliptin and alogliptin might 
be able to achieve the same degree of glycemic control as that 
obtained by glimepiride up to 3.3 mg/day or glipizide up to 7.7 
mg/day over 1 - 2 years. However, the risk of hypoglycemia 
and weight gain might be lower during treatment with DPP-4 
inhibitors than with SUs, although the SU group using a small 
dose of glimepiride at 2.1 mg/day did not show any significant 
increases in severe hypoglycemia or body weight. If medica-
tion cost is a major issue, the use of less expensive agent such 
as glimepiride, especially at a very small dose, might be an 
effective option as described in the Consensus Report by the 
American Diabetes Association (ADA) and the European As-
sociation for the Study of Diabetes (EASD) [17].

Regarding β-cell secretory capacity, Karunakaran et al 
[18] demonstrated a significant improvement in β-cell func-
tion with gliclazide treatment at ≤ 160 mg/day for 1 year while 
demonstrating lower FPG and HbA1c without adverse effects 
on body weight. Gudipaty et al also reported a significant in-
crease in β-cell secretory capacity, but only in a group treated 
with glimepiride titrated to about 3 mg/day at 3 months, which 
was continued for another 3 months, in comparison with the 
group treated with exenatide at 10 µg twice daily or sitagliptin 
at 100 mg once a day for 6 months [19]. In the study mentioned 
above, Schernthaner et al observed significant increases from 
baseline in HOMA-β in both treatment groups with sitaglip-
tin and glipizide, with a greater increase seen in the glipizide 
group [13]. Of note in the present study is that HOMA-β ap-
peared to have been augmented and reached statistical signifi-
cance at several time points in both groups. It seems that there 
was a lack of further improvement in β-cell secretory capacity 
with the add-on of DPP-4 inhibitor to a very small dose of 
glimepiride at 1.1 to 1.2 mg/day, in comparison to increasing 
glimepiride up to 2.1 mg/day. We can conclude that such a 
small dose of glimepiride may not cause a sustained insulin 
release from β-cells during a period of 18 months. Secondary 
insufficiency has been a major problem in long-term treatment 
with SUs at the usual dosage, such as 3 - 6 mg/day of glimepir-

ide, which stimulates insulin secretion from β-cells in the islets 
of the pancreas, resulting in an exhaustion of β-cell secretory 
capacities. However, our study protocol, which involved ad-
ministering glimepiride at 2.1 mg/day, might not cause sec-
ondary insufficiency over 18 months.

Of interest is the observation that the PI/I ratio showed a 
significant difference between the SIT and SU groups, with a 
significant decrease 6 months after initiation of the study and 
thereafter in the SU group. It has been established that the PI/I 
ratio reflects β-cell dysfunction associated with the onset and 
progression of T2DM [20, 21]. SUs at a higher dosage, or low-
er dosages down to 0.5 mg of glimepiride/day, have been dem-
onstrated to increase the PI/I ratio [22, 23]. However, in some 
reports, glimepiride administered at 3 mg/day for 6 months or 
at 0.5 mg/day for 2 years did not alter the PI/I ratios [15, 19]. It 
has been also reported that postprandial secretion of proinsulin 
was higher in T2DM patients treated with SU and metformin 
than in those treated with insulin glargine and metformin [24]. 
On the other hand, treatment with DPP-4 inhibitors with or 
without metformin has been reported to reduce the PI/I ratio 
[15, 24]. On the contrary, in another study [19], sitagliptin at 
100 mg/day for 6 months did not change the PI/I ratio. As dis-
cussed above, effects of SUs as well as DPP-4 inhibitors on 
the PI/I ratio are still controversial. Although the reasons for 
the decreased PI/I ratio in the SU group remain to be eluci-
dated, improved glycemic control by glimepiride might have 
positively affected not only the β-cell secretory capacity but 
also the balance between insulin production and release. High-
quality comparative research is needed to investigate not only 
HbA1c reduction after treatment but also the durability of its 
effectiveness, often ascribed to longer β-cell preservation.

The present study has several limitations. First, when the 
study was started in 2010, the target patient number was 210. 
However, the enrollment period was elongated by 1 year and 
the study was terminated in 2016 after enrolling 62 patients 
because of difficulty in patient recruitment. The paucity of 
participants may be explained by the fact that sitagliptin and 
other DPP-4 inhibitors rapidly became the first-line therapy for 
T2DM in Japan during that period. Second, HOMA-β was cal-
culated as one of indexes reflecting β-cell function. However, 
FPG levels of participants in the present study were more than 
140 mg/dL and therefore HOMA-β might be underestimated.

In conclusion, an add-on therapy of 50 mg of sitagliptin to 
a very small dose of glimepiride at 1.1 - 1.2 mg/day or a small 
dose of glimepiride at 2.1 mg/day was effective in improving 
or maintaining the same degree of glycemic control, without 
deteriorating β-cell function or causing serious adverse events 
such as severe hypoglycemia or body weight gain over 18 
months. However, further studies over a longer period may be 
needed to evaluate the durability of a combination therapy of 
DPP-4 inhibitor with a very small dose of a SU or monothera-
py with a small dose of a SU such as glimepiride at about 2 mg/
day, in relation to β-cell function.
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