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Abstract

Background: The aim of this study was to investigate the efficacy 
and safety of vildagliptin as an add-on therapy for patients with type 
2 diabetes mellitus inadequately controlled with basal insulin.

Methods: Twenty-four patients treated with basal insulin and oral 
anti-diabetes drugs were randomly allocated into two groups: the 
control group (did not receive any add-on drugs) and vildagliptin 
group (received vildagliptin 100 mg/day for 6 months). The primary 
outcome was changes in hemoglobin A1c (HbA1c) from baseline to 
end of study.

Results: Treatment with vildagliptin significantly reduced HbA1c 
from 8.1±0.7% at baseline to 7.1±0.7% (P < 0.01), while there was no 
significant change of HbA1c in the control group. Vildagliptin group 
showed significant reduction of HbA1c compared with control group 
(-1.0±0.3% vs. 0.2±0.8%, P < 0.01). In addition, vildagliptin group 
showed a significant increase in 1,5-anhydroglucitol compared with 
the control group (4.5 ± 3.4 vs. 0.5 ± 4.1 μg/mL, P < 0.05). Mild hy-
poglycemia was reported in one patient of the vildagliptin group and 
two patients of the control group.

Conclusion: Vildagliptin improved glycemic control without increas-
ing hypoglycemia in Japanese type 2 diabetes inadequately controlled 
with basal insulin treatment and other oral anti-diabetes drugs. This 
study was registered with UMIN (University Hospital Medical Infor-
mation Network ID#000010849).

Keywords: Basal insulin; DPP-4 inhibitor; 1,5-anhydroglucitol

Introduction

The main goals of treatment of diabetes mellitus are to pre-
vent diabetic complications and maintain good quality of 
life. For this purpose, intensive treatment using various oral 
anti-diabetes drugs (OADs) is often required in daily practice. 
However, due to the progressive nature of type 2 diabetes mel-
litus (T2DM), many T2DM patients eventually require insulin 
therapy to achieve better glycemic control [1]. However, pa-
tients are often reluctant to be treated with insulin for several 
reasons, such as increased risk of hypoglycemia, fear or in-
convenience to “injection”, and concerns of complex insulin 
regimens. For similar reasons, physicians are also reluctant to 
introduce insulin therapy. It is no exaggeration to say that these 
factors have led to delayed insulin initiation at least in Japan 
[2]. In contrast, treatment regimens that include the addition of 
long-acting basal insulin injection to ongoing treatment with 
OADs have been widely adopted for patients with T2DM [3]. 
The simple and once-daily injection is expected to reduce the 
psychological burden of insulin treatment and is clinically 
effective (more than 1.0% reduction from the baseline) [4]. 
However, among the patients treated with basal insulin and 
OADs, 73.1% patients did not achieve target hemoglobin A1c 
(HbA1c) level (< 7.0%) [3]. This result clearly suggests the 
need for additional treatment.

Dipeptidyl peptidase-4 (DPP-4) inhibitors increase the 
serum concentrations of glucagon-like peptide-1, which pro-
motes glucose-response insulin secretion and inhibits gluca-
gon secretion from α cells [5]. Accordingly, these drugs can 
decrease both fasting and postprandial glucose levels [6] with 
low risk of hypoglycemia and without body weight gain. Addi-
tionally, the glucose-lowering effect is known to be greater in 
Asians than Caucasians [7]. Considering the favorable effects 
of these drugs, DPP-4 inhibitors are frequently added in Japan 
to treatment regimens that contain basal insulin as the next op-
tion for better glycemic control. Furthermore, as vildagliptin 
strongly inhibits DPP-4 activity by covalently binding to DPP-
4 [8], this drug might show superior glucose-lowering effects 
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in uncontrolled patients treated with basal insulin. However, 
there have been only a few randomized control studies that 
investigated the efficacy and safety of DPP-4 inhibitors as an 
add-on drug in patients treated with basal insulin. Therefore, 
we conducted a 6-month randomized control trial to investi-
gate the efficacy and safety of add-on therapy of vildagliptin. 
This is the first randomized controlled trial to investigate the 
effect of vildagliptin, a DPP-4 inhibitor, in Japanese patients 
with T2DM who were inadequately controlled with basal insu-
lin alone and OADs.

Materials and Methods

Subjects

T2DM patients were recruited from the Outpatient Clinic of 
Juntendo University Hospital, Juntendo Shizuoka Hospital, 
Tokyo Joto Hospital and International Goodwill Hospital, 
between May 2013 and April 2015. The following inclusion 
criteria were applied at study registration: 1) T2DM patients 
aged > 20 but < 80 years; 2) T2DM patients on combination 
therapy of OADs, excluding DPP-4 inhibitors, and basal insu-
lin alone; and 3) T2DM patients with HbA1c (National Glyco-
hemoglobin Standardization Program: NGSP) ≥ 7.0% despite 
treatment of targeting fasting blood glucose (FBG) below 110 
mg/dL by titration of basal insulin. The selected T2DM pa-
tients were excluded from the study if any of the following 
conditions was diagnosed at registration: 1) proliferative retin-
opathy, 2) severe neuropathy, 3) serious kidney disease (serum 
creatinine level > 2.0 mg/dL), 4) serious liver disease, 5) acute 

heart failure, 6) pregnancy, 7) serious infectious disease, 8) 
trauma injury, 9) pituitary insufficiency, and 10) not suitable 
for the study. The subjects were screened consecutively, and 
patients that met the above eligibility criteria were asked to 
participate in the present study.

The study protocol was approved by the Human Ethics 
Committee of Juntendo University, and written informed con-
sent was obtained from each patient before enrollment in the 
study.

Study design

Determination of sample size

We performed an open-label, two-arm, randomized controlled 
study. Vildagliptin is known to reduce HbA1c by 0.6% with 
0.1% standard deviation (SD) in T2DM patients on insulin 
treatment [9]. In our study, we adopt 0.5% SD considering data 
variability. With a two-sided α level of 5% and power (1 - β) 
of 90%, at least 24 patients (12 patients in each group) were 
required to confirm the superiority of vildagliptin in reducing 
HbA1c. Therefore, we recruited 24 patients who were assigned 
randomly to either the control group (12 patients) or the vilda-
gliptin group (12 patients) for 6 months. Randomization was 
achieved by the minimization and biased coin method (Soik-
en, Inc., Osaka, Japan). The primary endpoint was a change in 
HbA1c level at the end of the study from the baseline. The sec-
ondary endpoint was daily glucose profile by self-monitoring 
of blood glucose (SMBG). A six-point SMBG (before and 2 
h after the meal) was performed at the baseline and 6 months 

Figure 1. Flow diagram of patient recruitment. Twenty-four patients were randomly allocated to either the control group or the 
vildagliptin group. All patients were followed up for 6 months. 
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after the beginning of the study using glucometer (Glutest Neo 
Super®, Sanwa Kagaku Kenkyusho, Japan). Otherwise, pa-
tients were instructed to measure FBG daily and other blood 
glucose whenever necessary. The frequency and severity of 
hypoglycemia, if any, were evaluated during the study period. 
Severe hypoglycemia was defined as low blood glucose level 
that required assistance from another person to treat.

Add-on vildagliptin

In the vildagliptin group, vildagliptin 100 mg/day was added 
to the current therapy of basal insulin alone. Both groups were 
observed for 6 months and asked to visit the hospital every 
month. In both groups, the change in dosage of the current 
OADs or the addition of new drugs was not allowed during 

the 6-month study period. However, the dose of basal insulin 
was adjusted to achieve the target FBG below 110 mg/dL (110 
≤ FBG < 140 mg/dL: 1 unit increase of basal insulin; FBG ≥ 
140 mg/dL: 2 units increase of basal insulin), and decrease of 
basal insulin was judged by each attending physician in order 
to avoid hypoglycemia.

Biochemical tests

Blood samples were obtained at overnight fasting. C-peptide 
index was calculated as follows: serum C-peptide (ng/mL)/
plasma glucose (mg/dL) × 100. Serum total cholesterol (T-
CHO), high-density lipoprotein cholesterol (HDL-C), triglyc-
eride (TG), FBG, and HbA1c were measured with standard 
techniques. 1,5-anhydroglucitol and urinary albumin were 

Table 1.  Characteristics of Subjects at Baseline

Control Vildagliptin P-value
n 12 12
Gender (males/females) 8/4 11/1
Age (years) 61.7 ± 10.0 60.0 ± 11.4 0.688
BMI (kg/m2) 24.8 ± 5.3 25.6 ± 5.4 0.719
Systolic blood pressure (mm Hg) 132.3 ± 17.7 134.2 ± 17.4 0.816
Diastolic blood pressure (mm Hg) 72.3 ± 13.1 80.1 ± 11.5 0.183
Diabetes duration (years) 10.5 ± 9.1 14.2 ± 8.8 0.327
HbA1c (%) 7.7 ± 0.6 8.1 ± 0.7 0.172
1,5-AG (μg/mL) 6.4 ± 3.4 4.4 ± 3.3 0.183
Fasting blood glucose (mg/dL) 133.1 ± 32.3 144.1 ± 30.1 0.397
C-peptide (ng/mL) 2.7 ± 2.5 1.9 ± 1.1 0.385
C-peptide index 1.89 ± 1.46 1.38 ± 0.76 0.337
Total cholesterol (mg/dL) 194.3 ± 35.8 163.9 ± 26.8 0.056
HDL-C (mg/dL) 54.9 ± 21.7 44.0 ± 12.4 0.158
Triglyceride (mg/dL) 121.2 ± 59.9 120.6 ± 42.2 0.978
UAE (mg/gCre) 9.8 (3.7 - 78.0) 18.8 (12.0 - 21.8) 0.449
Medications for diabetes
  Oral anti-diabetes therapy
    Sulfonyl urea (n) 6 6
    Metformin (n) 9 9
    α-GI inhibitor (n) 3 1
    Thiazolidine (n) 1 2
    Glinide (n) 0 1
  Insulin dose (units) 9.4 ± 2.3 10.4 ± 6.4 0.619
  Insulin type
    Detemir 1 2
    Glargine 8 8
    Degludec 3 2

Data are mean ± SD or median (interquartile range). BMI: body mass index; HDL-C: high-density lipoprotein choles-
terol; UAE: urinary albumin excretion; 1,5-AG: 1,5-anhydroglucitol.
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measured by the enzymatic method and immune nephelomet-
ric method, respectively. These tests were performed at base-
line and after 6-month treatment with vildagliptin.

Statistical analysis

Data were expressed as mean ± SD for normally distributed 
data and median (interquartile range) for data with skewed 
distribution. The Mann-Whitney U test and unpaired t-test 
test were used for data analysis. A P value < 0.05 denoted the 
presence of a statistically significant difference. All statistical 
analyses were conducted using StatView statistical software 
package, version 5.0 (SAS Institute Inc., Cary, NC).

Results

Baseline characteristics of subjects

Of the 24 patients recruited in the study, 12 patients were as-
signed to the control group and 12 to the vildagliptin group. As 

shown in Figure 1, all patients completed the 6-month study. 
The baseline characteristics of those patients who completed 
the study are summarized in Table 1. At baseline, HbA1c lev-
els in the control and vildagliptin group were 7.7±0.6% and 
8.1±0.7%, respectively, and the level was not significantly dif-
ferent between the two groups. The body mass index (BMI) 
and dosage of basal insulin in the control and vildagliptin 
groups were 24.8 ± 5.3 and 25.6 ± 5.4 kg/m2, and 9.4 ± 2.3 
and 10.4 ± 6.4 unit/day, respectively. Again, there were no 
significant differences in these parameters between the two 
groups. The data of these baseline characteristics matched 
those of Japanese patients with T2DM who participated in the 
ALOHA-2 study [3].

Effects of add-on therapy of vildagliptin on HbA1c and 
SMBG

Figure 2 shows the serial changes in HbA1c for both groups. 
At 2, 3, 5 and 6 months after the start of the study, HbA1c 
was significantly lower, relative to the baseline, in the vilda-
gliptin group, but not in the control group. The change in 
HbA1c from baseline to 6 months after the beginning of the 
study was significantly higher (-1.0±0.3%) in the vildagliptin 
group than the control group (0.21±0.81%, P < 0.01) (Fig. 2 
and Table 2).

Figure 3 shows the results of SMBG recorded at baseline 
and study end. In the vildagliptin group, blood glucose levels 
at 2 h after breakfast, before dinner and 2 h after dinner at the 
end of the 6-month study were significantly lower than those 
measured at baseline (215.0 ± 72.3 vs. 163.4 ± 48.3 mg/dL, 
P < 0.05, 154.6 ± 56.8 vs. 102.7 ± 21.4 mg/dL, P < 0.05 and 
207.9 ± 52.4 vs. 163.4 ± 39.9 mg/dL, P < 0.05, respectively). 
In contrast, blood glucose levels showed no such significant 
differences in the control group.

Effects of add-on therapy of vildagliptin on 1,5-anhydro-
glucitol and other parameters

In addition to HbA1c, the change in 1,5-anhydroglucitol from 
baseline to the end of the study was also higher in the vilda-
gliptin group compared to the control group (4.5 ± 3.4 vs. 0.5 

Table 2.  Changes in Clinical Parameters Relative to the Baseline

Control Vildagliptin P-value

BMI (kg/m2) 0.13 ± 0.44 0.51 ± 0.81 0.183
Fasting blood glucose (mg/dL) 6.5 ± 24.6 -6.3 ± 43.6 0.400
C-peptide index (ng/mL) -0.14 ± 1.09 0.83 ± 1.54 0.107
UAE (mg/gCre) 3.95 (-18.5 - 10.8) 0.4 (-6.4 - 5.1) 0.722
Insulin unit (unit/day) 1.0 ± 2.2 2.5 ± 2.2 0.130
HbA1c (%) -1.0 ± 0.3 0.2 ± 0.8 < 0.01
1,5-AG (μg/mL) 4.5 ± 3.4 0.5 ± 4.1 0.03

Data are mean ± SD or median (interquartile range). BMI: body mass index; HDL-C: high-density lipoprotein cho-
lesterol; UAE: urinary albumin excretion; 1,5-AG: 1,5-anhydroglucitol.

Figure 2. HbA1c levels during the study period in the control and vilda-
gliptin groups. *P < 0.01, #P < 0.05, compared with the control group. 
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± 4.1 μg/mL, P = 0.03). On the other hand, changes in BMI, 
FBG, C-peptide index, urinary albumin excretion rate and 
insulin unit were comparable between the two groups (Table 
2). With regard to the secondary outcome, only one patient of 
the vildagliptin group and two patients of the control group 
developed mild hypoglycemia, and this was limited to a sin-
gle episode in each of these patients. Importantly, no severe 
hypoglycemia that required assistance by other person and no 
serious adverse events were reported in both groups during the 
study period.

Discussion

The important finding of this study is that add-on 100 mg/day 
vildagliptin in patients with inadequately controlled T2DM by 
basal insulin and OADs resulted in significant improvement 
of glycemic control without increased hypoglycemia. Vilda-
gliptin treatment in our study reduced HbA1c by about 1.0% 
from the baseline. This improvement is greater compared to 
previous studies that investigated the effect of the combina-
tion of vildagliptin and insulin [9, 10] in Western countries but 
was similar to that reported in a previous Japanese study [11]. 
The baseline HbA1c reported in previous studies in Western 
countries averaged from 8.4% [9] to 8.8% [10], which are 
higher than the baseline HbA1c levels in our patients. A great-
er fall in HbA1c could result from treatment of patients with 
higher baseline HbA1c levels. For this reason, the reduction in 
HbA1c recorded in our study was considered high despite the 
lower baseline HbA1c levels. Considering the greater glucose-
lowering effect of DPP-4 inhibitors in Asians compared with 
Caucasians [7], the high efficacy of DPP-4 inhibitors observed 
in this study is reasonable.

Other reasons for effectiveness of vildagliptin in this study 
include preserved β-cell function, as reflected by C-peptide 
index. Previous studies reported that C-peptide index could 
predict the importance and need of insulin therapy [12, 13]. 
Furthermore, Kozawa et al [14] reported that the mean value 
of C-peptide index required to maintain good glycemic con-

trol after switching from insulin therapy to DPP-4 inhibitors in 
their in-patient study was 1.5 ± 0.5 ng/mL. Therefore, β-cell 
function of the vildagliptin group (mean C-peptide index: 1.38 
± 0.76 ng/mL) was considered to be preserved and sensitive to 
treatment with vildagliptin.

In this study, we investigated the daily glycemic profile by 
SMBG, and reported that the vildagliptin add-on to basal in-
sulin improved mainly postprandial hyperglycemia, although 
FBG levels were not different before and after the add-on 
treatment with vildagliptin. Based on these findings, it can be 
concluded that the reduction in HbA1c was due to improve-
ment in postprandial hyperglycemia. Indeed, we also observed 
an increase in 1,5-anhydroglucitol after vildagliptin. Glucose 
variability is reported to be one of the risk factors for cardio-
vascular diseases [15, 16] and cognitive dysfunction [17, 18]. 
Therefore, the combination therapy of vildagliptin and basal 
insulin is a beneficial option for the treatment of elderly pa-
tients with cardiovascular diseases who do not accept intensive 
insulin therapy and need to avoid hypoglycemia.

Limitations

Our study has the following limitations; the number of study 
subjects was too small to confirm the effects of vildagliptin 
on β-cell function. Previous report showed that DPP-4 inhibi-
tor increased C-peptide index, and patients with increased C-
peptide index were responders of DPP-4 inhibitor [19]. In our 
study, the change in C-peptide index after vildagliptin treat-
ment tended to be higher than the control. Therefore, a larger 
sample size is needed in the future to address this issue.

Conclusions

Our study showed that 100 mg/day vildagliptin add-on to ba-
sal insulin alone improved both glycemic control and glucose 
fluctuation in Japanese patients with T2DM without increased 
hypoglycemia.

Figure 3. Blood glucose profile in the control and vildagliptin groups measured before (0 M) and after 6 months (6 M). 0 and 
2: blood glucose level before and 2 h after the indicated meal. Vildagliptin significantly improved blood glucose levels 2 h after 
breakfast and dinner, and blood glucose levels before dinner compared with the baseline. #P < 0.05, compared with the baseline. 
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