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Introduction

Progressive deterioration of pancreatic β-cell function contributes to the worsening of
hyperglycemia in patients with type 2 diabetes mellitus (T2DM). In the UKPDS1 and
ADOPT2 studies, increasing hyperglycemia with time was associated with decrease
in β-cell function despite therapy with a sulfonylurea and/or metformin. Dipeptidyl
peptidase-4 (DPP-4) inhibitors are a new class of oral antidiabetic drugs for treatment of T2DM.3 Physiologically, DPP-4 inhibitors increase the availability of active
glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide
(GIP) in plasma, which in turn, improves the sensitivity of pancreatic β- and α-cells
to glucose.3,4
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Introduction: Dipeptidyl peptidase-4 (DPP-4) inhibitors reduce hyperglycemia in patients with
type 2 diabetes mellitus (T2DM) by enhancing insulin and suppressing glucagon secretion. Since
T2DM is associated with progressive loss of β-cell function, we hypothesized that the DPP-4
inhibitor action to improve β-cell function would be attenuated with longer duration of T2DM.
Methods: Data from six randomized, placebo-controlled trials of 24 weeks duration, where
β-cell response to vildagliptin 50 mg twice daily was assessed, were pooled. In each study, the
insulin secretory rate relative to glucose (ISR/G 0–2h) during glucose load (standard meal or oral
glucose tolerance test) was assessed at baseline and end of study. The mean placebo-subtracted
difference (PSD) in the change in ISR/G 0–2h from baseline for each study was evaluated as a
function of age, duration of T2DM, baseline ISR/G 0–2h, glycated hemoglobin (HbA1c), fasting plasma glucose, body mass index, and mean PSD in the change in HbA1c from baseline,
using univariate model.
Results: There was a strong negative association between the PSD in the change from baseline
in ISR/G 0–2h and duration of T2DM (r= −0.89, p<0.02). However, there was no association
between the PSD in the change from baseline in ISR/G 0–2h and the PSD in the change from
baseline in HbA1c (r=0.33, p=0.52). None of the other characteristics were significantly associated with mean PSD change in ISR/G 0–2h.
Conclusion: These findings indicate that the response of the β-cell, but not the HbA1c reduction, with vildagliptin is dependent on duration of T2DM. Further, it can be speculated that
glucagon suppression may become the predominant mechanism via which glycemic control is
improved when treatment with a DPP-4 inhibitor, such as vildagliptin, is initiated late in the
natural course of T2DM.
Keywords: insulin, insulin secretion rate, glucagon, α-cell, β-cell, glucagon-like peptide 1,
gastric inhibitory polypeptide
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Although DPP-4 inhibitors have been used extensively
in a variety of clinical settings, the optimal stage for their
use in T2DM treatment is still not well understood. It has
been previously shown that there was no association between
duration of diabetes and reduction in glycated hemoglobin
(HbA1c) with DPP-4 inhibitor treatment.5 However, the effect
of DPP-4 inhibitors on β-cell response during the treatment
journey of patients with T2DM is unclear. Therefore, we evaluated the effect of vildagliptin on β-cell response (assessed as
insulin secretory rate relative to glucose [ISR/G 0–2h]) and
its association with factors such as disease duration, baseline
ISR/G, HbA1c, age, and placebo-subtracted difference (PSD)
in HbA1c change from baseline to end of study.

Materials and methods
Patients and study design

mean age, disease duration, ISR/G 0–2h, HbA1c, fasting
plasma glucose (FPG), body mass index (BMI) at baseline,
and mean PSD (vildagliptin−placebo) in HbA1c change from
baseline, using a univariate model.

Ethics and good clinical practice
All study participants provided written informed consent to
participate in the respective clinical trials included in this
pooled analysis. All protocols were approved by independent
ethics committees/institutional review boards; individual
study results have been reported as required by protocol and
duly referenced in this article. All studies were conducted
as per Good Clinical Practice and in accordance with the
Declaration of Helsinki.

Results

Data were pooled from six previously published, doubleblind, randomized, placebo-controlled trials with 24 weeks
study duration wherein β-cell response (ISR/G) to vildagliptin 50 mg twice daily or placebo was assessed at baseline
and end of study (n=615).6–11

Assessments

In all the studies, β-cell response (ISR/G 0–2h) following a
standard solid meal (breakfast) containing 500 kcal (60% carbohydrate, 30% fat and 10% protein), or oral glucose tolerance
test (in one study),11 was assessed at baseline and at week 24.

Data analysis
The mean PSD (vildagliptin−placebo) in ISR/G 0–2h change
from baseline in each study was evaluated as a function of

The demographic and clinical characteristics of the participants by study and treatment group are presented in Table 1.
The mean age, HbA1c, and T2DM duration of the study
participants ranged from 50.2 to 59.3 years, 8.3% to 8.8%,
and 1.6 to 13.2 years, respectively.
There was a strong negative association between the mean
PSD in ISR/G 0–2h change from baseline and mean baseline
disease duration (r= −0.89, p<0.02) (Figure 1). However, no
association was observed between the mean PSD in HbA1c
change from baseline and mean baseline disease duration
(r= −0.23, p=0.66) (Figure 1).
In addition, there was no association between the mean
PSD in ISR/G 0–2h change from baseline and the mean
PSD in HbA1c change from baseline (r=0.33, p=0.52), age
(r= −0.81, p=0.05), baseline HbA1c (r= −0.59, p=0.11),

Table 1 Demographic and clinical characteristics of the participants by study and treatment group
Characteristics Monotherapy
A23016

Monotherapy
A23847

Vilda
Pbo
Vilda
(n=152) (n=160) (n=83)
n (ISR/G)
Age, years
Duration of
T2DM, years
Baseline
HbA1c, %
End of study
HbA1c, %
Baseline
ISR/Ga
End of Study
ISR/Ga

Pbo
(n=92)

Add-on to
Add-on to TZD
metformin A23038 A23049

Add-on to SU
A230510

Add-on to insulin
A2313511

Vilda
Pbo
Vilda
Pbo
Vilda
Pbo
Vilda
Pbo
(n=185) (n=182) (n=158) (n=158) (n=132) (n=144) (n=228) (n=221)

8
52.8±9.6
2.1±3.3

10
19
19
58
52.2±11.2 50.2±12.7 52.0±12.0 53.9±9.5
1.6±2.5
2.4±3.2
2.5±3.7
5.8±4.7

54
49
54.5±10.3 54.0±9.2
6.2±5.3
4.6±4.8

43
21
23
167
144
54.8±10.6 58.2±11.1 57.9±10.5 59.3±9.9 59.1±10.1
4.8±4.6
6.7±5.3
7.8±5.8
12.9±6.9 13.2±7.9

8.6±0.8

8.4±0.8

8.4±0.9

8.5±0.8

8.4±1.0

8.3±0.9

8.7±1.2

8.7±1.2

8.6±1.0

8.5±1.0

8.8±1.0

8.8±1.0

7.6±1.5

8.1±1.5

7.7±1.4

8.4±1.5

7.5±1.2

8.5±1.5

7.7±1.5

8.4±1.7

7.9±1.3

8.6±1.4

7.7±1.1

8.4±1.2

15.3±6.1

16.5±4.2

23.6±12.0 31.5±21.8 20.0±7.3

20.3±8.3

18.9±8.4

20.8±9.5

19.3±7.4

19.7±6.4

8.3±5.0

8.0±4.1

21.4±10.1 25.9±10.9 22.6±10.0 22.7±7.8

18.1±5.9

11.5±8.2 8.6±4.7

31.6±17.4 20.4±11.6 30.3±12.1 31.3±23.0 26.6±9.4

Notes: apmol/min/m2/mmol/L. All values are mean ± SD unless specified. ‘n’ values denote the number of patients randomized to the respective treatment group.
Abbreviations: HbA1c, glycated hemoglobin; ISR/G, insulin secretory rate relative to glucose; Pbo, placebo; SU, sulfonylurea; TZD, thiazolidinedione; T2DM, type 2 diabetes
mellitus; Vilda, vildagliptin.
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Figure 1 Association between mean difference (vilda–pbo) in ISR/G change from baseline and mean difference (vilda–pbo) in HbA1c change from baseline vs mean duration
of diabetes at baseline.
Abbreviations: HbA1c, glycated hemoglobin; ISR/G, insulin secretory rate relative to glucose; pbo, placebo; vilda, vildagliptin.

ISR/G 0–2h (r=0.43, p=0.39), FPG (r=0.34, p=0.51), or
BMI (r=0.70, p=0.12).

Discussion
The UKPDS demonstrated that glycemic control is progressively lost over time and that this loss is associated with
a progressive loss of β-cell function.1 The ADOPT study
showed that treatment with sulfonylurea, metformin, and
pioglitazone demonstrates varying degrees of sustained
durability, but eventually glycemic control is lost over time,12
and this loss is associated with a reduction in β-cell function.2
We hypothesized that this would translate into a reduction in
β-cell response over time following vildagliptin therapy. The
present analysis demonstrates that β-cell response (ISR/G)
to vildagliptin treatment was indeed attenuated in patients
with longer duration of diabetes.
The ISR/G depends on the sensitivity of β-cells to glucose and their maximum secretory capacity. β-cell function
diminishes early in the disease progression due to decrease
in the sensitivity of the β-cells to glucose and later due to a
reduction in the maximum insulin-secretion capacity. DPP-4
inhibitors are known to improve the sensitivity of the β-cells
to glucose, but they do not have a pronounced effect on the
maximum secretory capacity which is largely determined by
β-cell mass.13 We assume that early in the disease, vildagliptin
mostly corrects the sensitivity defect, and continues to do so
even later, while the overall effect on ISR/G is diminished
by the progressive loss of the maximum capacity of insulin
secretion.
We have previously shown with a larger pooled analysis of
vildagliptin data that baseline-adjusted reduction in HbA1c is
Vascular Health and Risk Management 2017:13

the same in drug-naïve patients with a short duration of diabetes and in patients with a long duration of diabetes on insulin
therapy.5 In the current pooled analysis, which is a subset of
the original pool, wherein β-cell function was assessed, we
replicated this finding. This suggests that some element of
vildagliptin action is progressively increasing to compensate
for the reduced β-cell response in patients with T2DM.
Vildagliptin prolongs the meal induced increase in
GLP-1 and GIP, which increases the sensitivity of the
β-cells to glucose to increase insulin secretion during
meals. The GLP-1 also increases the sensitivity of the
α-cells to glucose to decrease glucagon secretion during
meals. Physiologically, the reduction in glucagon secretion
may be as important as the increase in insulin secretion in
reducing hepatic glucose production.4 As the β-cell capacity declines, there is no known corresponding change in
α-cell capacity. However, the diminished β-cell capacity
could result in a reduced insulin paracrine inhibition of
glucagon secretion, which is not mediated via GLP-1.14
The attenuated paracrine inhibition could lead to further
increase in the already-increased glucagon level, which
can, however, be suppressed by GLP-1 and its associated
increase in α-cell sensitivity following DPP-4 inhibition.
Thus, we speculate that glucagon suppression resulting from
the enhanced GLP-1 levels following DPP-4 inhibition may
be compensating the reduced β-cell function, leading to a
similar baseline adjusted reduction in HbA1c.

Conclusion

The results indicate that the response of the β-cell, but not
the HbA1c reduction, with vildagliptin is dependent on the
submit your manuscript | www.dovepress.com
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duration of T2DM, and it can be speculated that glucagon
suppression may become the predominant mechanism via
which glycemic control is improved when treatment with a
DPP-4 inhibitor such as vildagliptin is initiated late in the
natural course of T2DM.
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