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ABSTRACT

Introduction: To assess the impact of duration
of type 2 diabetes on glucose-lowering effec-
tiveness of the dipeptidyl peptidase-4 (DPP-4)
inhibitor vildagliptin versus sulfonylureas (SUs)
in a real-life setting.
Methods: Data were extracted from the large
1-year, observational EDGE study (N = 45,868).
Patients receiving either DPP-4 inhibitor or any
SU as add-on to monotherapy were selected
(N = 36,164). Impact of the disease duration on
change in glycated hemoglobin (HbA1c) levels
was evaluated by using a linear multiple
regression model. Descriptive statistics assessed
the proportion of patients achieving the com-
posite endpoint (HbA1c\7.0%; 53.0 mmol/mol
without hypoglycemia or weight gain), strati-
fied by diabetes duration.
Results: At baseline, the overall mean (±SD) type
2 diabetes duration was 5.4 ± 5.24 years, and

HbA1c was 8.2 ± 1.33% (66.0 ± 14.5 mmol/mol).
HbA1c lowering was directly proportional to the
baseline HbA1c (-0.69 per unit; 95% CI -0.696,
-0.681; p\0.0001) and inversely proportional to
the disease duration (0.01 per year; 95% CI 0.01,
0.013). There was an increased loss of b-cell func-
tion (less pronounced HbA1c drop with increas-
ing disease duration) in patients treated with
SU-based regimens (0.025; 95% CI 0.022, 0.027)
compared with vildagliptin-based regimens
(0.005; 95% CI 0.003, 0.007), with the mean
adjusted difference being 0.10 (95% CI -0.122,
-0.092; p\0.0001). Consistently, a higher pro-
portion of patients achieved the composite end-
point with vildagliptin over the diabetes duration
(less than 2 to more than 10 years).
Conclusion: Vildagliptin demonstrated less
dependency on the duration of type 2 diabetes,
whereas the effectiveness of SUs diminished
faster with increasing duration of the disease in
a real-life setting.
Funding: Novartis Pharma AG.
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INTRODUCTION

The progressive decline in b-cell function in
type 2 diabetes entails the use of combination
therapy with different glucose-lowering agents
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on top of lifestyle interventions to maintain
glycemic control as duration of disease increases
[1]. According to the American Diabetes Asso-
ciation/European Association for the Study of
Diabetes position statement, treatment choices
should be individualized on the basis of
patients’ needs as well as effectiveness, tolera-
bility, and long-term safety of antihyper-
glycemic agents [1]. When first-line
monotherapy (mostly metformin) is insufficient
to maintain glycemic control, initiation of sec-
ond-line treatment is needed, with commonly
chosen alternatives being dipeptidyl pepti-
dase-4 (DPP-4) inhibitors and sulfonylureas
(SUs), based on their b-cell-targeting properties
[1, 2]. SUs exhibit effective glucose-lowering
capability, albeit at the cost of an increased risk
of hypoglycemia, caused by its glucose-inde-
pendent mechanism of action, along with
weight gain [1, 2]. DPP-4 inhibitors ameliorate
glucose homeostasis by increasing both the a-
and b-cell responsiveness to glucose, leading to
improvements in a- and b-cell functions in
patients with type 2 diabetes [3]. Randomized
clinical trials (RCTs) have demonstrated the
translation of these effects into good efficacy
and safety profile of the DPP-4 inhibitors, with
low risk of hypoglycemia and weight gain [4–7].

Data obtained from RCTs are considered the
gold standard; however, it requires supplemen-
tation with data from real-life studies to com-
prehend the real potential of the individual
glucose-lowering drugs [8, 9]. Despite meeting
the regulatory and scientific standards, selective
population and intensive clinical supervision
sometimes limit RCTs from being designed to
contemplate situations in routine clinical prac-
tice [8–10]. Real-life outcome studies play a
pivotal role in evaluating treatment effective-
ness and aftermaths, especially in large hetero-
geneous patient populations, without stringent
inclusion and exclusion criteria or even other
aspects that limit generalizability of results from
RCTs [8, 9]. A recent analysis reported differ-
ences in glycated hemoglobin (HbA1c)-lower-
ing effectiveness with SU treatment in real-life
versus RCTs [8]. Data from A Diabetes Outcome
Progression Trial (ADOPT) and the United
Kingdom Prospective Diabetes Study (UKPDS)
are indicative of uncertainty with SU treatment

in maintaining good glycemic control over a
long period of time [11, 12]. DPP-4 inhibitors,
on the contrary, retain treatment effectiveness
by demonstrating comparable HbA1c reduc-
tions in both real-life setting and RCTs [4–8],
thereby emphasizing an increasing need for
pragmatic trials [10].

Accordingly, the present post hoc analysis
from the Effectiveness of Diabetes control with
vildaGliptin/mEtformin (EDGE) study [13]
aimed to evaluate the impact of the duration of
type 2 diabetes on the glucose-lowering effec-
tiveness of DPP-4 inhibitor- and SU-based regi-
mens, in a real-life setting.

METHODS

Patient Population

EDGE was a 1-year, prospective, real-life,
observational study that reported the effects of
second-line oral antidiabetes drugs (OADs) on
45,868 patients with type 2 diabetes from 2957
centers across 27 countries worldwide. The
study enrolled men and women aged greater
than 18 years with type 2 diabetes, having
inadequate glycemic control with monotherapy
and were prescribed a new add-on OAD (either
vildagliptin or vildagliptin/metformin, or drugs
including sulfonylureas, metformin, thiazo-
lidinediones, glinides, or a-glucosidase inhibi-
tors, or an OAD fixed-dose combination) as per
clinical judgment by the investigators. Patients
provided necessary verbal or written informed
consent, as defined by the national regulations.
Patients meeting required inclusion criteria
became eligible only after the treatment deci-
sion was finalized by the physician. Patients
were then assigned to either the DPP-4 inhibitor
(dose as per label) or comparator OADs. A
drug-naı̈ve patient or any individual using
insulin, incretin mimetics, or any investiga-
tional drug at the time of enrollment, and those
with a history of hypersensitivity to any of the
study drugs, was excluded from the study.
Additional details on the selected patient pop-
ulation and inclusion/exclusion criteria are
available in the primary published manuscript
[13]. Sodium glucose co-transporter-2 (SGLT-2)
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inhibitors were not included in the EDGE study
as part of comparator OADs since they were not
available on the market. Moreover, when EDGE
study enrolled patients, the use and accessibility
of comparator OADs varied greatly across 27
countries worldwide. Further details of the
study design are reported in the primary publi-
cation [13]. In this post hoc analysis, evaluable
patients (with available HbA1c values) who
were assigned to either of the two most fre-
quently chosen regimens, vildagliptin- or
SU-based, were analyzed. We have adjusted the
analysis on the basis of prior presumed factors
which might influence response to any OADs in
patients with shorter or longer duration of
diabetes.

Study Assessments

Impact of the duration of type 2 diabetes on
change (D) in HbA1c from baseline to the end of
the treatment (12 months) was the primary
assessment. The proportion of patients achiev-
ing the composite endpoint (HbA1c\7.0%;
53.0 mmol/mol) without hypoglycemia and
weight gain (C3%), stratified by the disease
duration, was evaluated as a secondary end-
point. These primary and secondary assessment
parameters were arbitrarily chosen among
potential confounders of the association
between HbA1c drop and duration of the
treatment.

Statistical Analysis

To explore the role of duration of diabetes on
the change in HbA1c at 12 months for this post
hoc analysis, a few more potential predictors
were selected a priori on the basis of availability
and known effect on HbA1c change. The com-
plex interplay between the D in HbA1c at
12 months and baseline HbA1c, duration of
type 2 diabetes, and body mass index (BMI) was
derived by means of a linear multiple regression
model. A second model with an interaction
term was built specifically to assess the rela-
tionship between the duration of type 2 dia-
betes and treatment regimen (DPP-4 inhibitor
and SU). For further understanding of the

clinical impact of the treatment on the inter-
play between duration of diabetes and change
in HbA1c, a combined endpoint (HbA1c\7.0%;
53.0 mmol/mol, no hypoglycemia or no weight
gain) was also evaluated. The D in HbA1c and
body weight were analyzed by using descriptive
statistics.

Compliance with Ethical Guidelines

This study is a subanalysis of primary EDGE
publication. The study protocol for EDGE was
reviewed and approved by all local independent
ethics committees or institutional review boards
(IRBs). All procedures followed were in accor-
dance with the ethical standards of the com-
mittee on human experimentation and with the
Declaration of Helsinki of 1964, as revised in
2013, and Good Clinical Practice Guidelines.
Written informed consent was obtained from
all patients prior to inclusion in the study.

RESULTS

The study comprised 36,164 patients receiving
dual therapy: 24,721 received vildagliptin-based
and 11,443 received SU-based regimen. Patient
demographics and baseline characteristics are
summarized in Table 1. At baseline, the overall
mean (±SD) HbA1c was 8.2 ± 1.33%
(66.0 ± 14.5 mmol/mol), mean duration of type
2 diabetes was 5.4 ± 5.24 years, and BMI was
29.1 ± 5.20 kg/m2. The mean baseline weight
was numerically higher in patients treated with
vildagliptin (82.1 kg) versus SU (77.2 kg), and of
those patients receiving dual therapy in general,
more men received SU (54.3%) or vildagliptin
(55.0%).

The D in HbA1c from baseline was directly
proportional to the baseline HbA1c (-0.69 per
unit; 95% CI -0.696, -0.681; p\0.0001) and
inversely proportional to the disease duration
(0.01 per year; 95% CI 0.01, 0.013; p\0.0001)
as well as BMI (0.008 per unit; 95% CI 0.006,
0.0102; p\0.0001). The mean reduction in
HbA1c levels from baseline was consistently
higher in vildagliptin-treated than SU-treated
patients. The D in HbA1c between vildagliptin
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and SU-based regimens was -0.21% (95% CI
-0.232%, -0.191%; p\0.0001).

The adjusted mean D in HbA1c from base-
line against diabetes duration is depicted in
Fig. 1. A positive correlation was observed
between the D in HbA1c from baseline and
duration of the disease (adjusted r2 = 0.53,
p\0.0001). The rate of loss of function (less
pronounced HbA1c drop with increasing dis-
ease duration) for every year of the disease
duration was higher (*5 times) with SU-based
regimen (0.025; 95% CI 0.022, 0.027;
p\0.0001) than for vildagliptin-based regimen
(0.005; 95% CI 0.0034, 0.0073; p\0.0001), the
adjusted marginal difference being 0.10 (95%
CI -0.122, -0.0918; p\0.0001). The propor-
tion of patients achieving HbA1c\7.0%
(53.0 mmol/mol) without hypoglycemia or
weight gain over a disease duration ranging

from less than 2 to more than 10 years was
consistently higher in the vildagliptin versus
the SU regimen (Fig. 2).

Table 1 Patient demographics and baseline characteristics

Characteristics Vildagliptin-baseda

(n5 24,721)
SU-baseda

(n5 11,443)
Total
(N5 36,164)

HbA1c, % (mmol/mol) 8.1 ± 1.4 (65.0 ± 15.3) 8.2 ± 1.3 (66.0 ± 14.5) 8.2 ± 1.3 (66.0 ± 14.5)

BMI, kg/m2 29.5 ± 5.3 28.2 ± 4.8 29.1 ± 5.2

Body weight, kg 82.1 ± 17.5 77.2 ± 15.0 80.6 ± 16.9

Diabetes duration, years 5.5 ± 5.4 5.4 ± 5.0 5.4 ± 5.2

Median, range (min–max) 4.0 (0.0–56.3) 4.0 (0.0–74.7) 4.0 (0.0–74.7)

eGFR, mL/min/1.73 m2 90.6 ± 49.8 90.1 ± 51.8 90.4 ± 50.5

Men, % 55.0 54.3 55.0

Complications, %

Microvascular 7.6 7.8 7.7

Macrovascular 11.2 10.2 10.9

Background medications, %

Antidiabetic 100.0 100.0 100.0

Antihypertensives 5.5 3.2 4.8

Diuretics 16.1 13.4 15.3

Data represented as mean ± SD or n (%)
BMI body mass index, CV cardiovascular, eGFR estimated glomerular filtration rate, HbA1c glycated hemoglobin, SD
standard deviation, SU sulfonylurea
a Dual regimens with a component of vildagliptin or SU. Total sample size reflects the total number of evaluable patients
with an available HbA1c value

Fig. 1 Impact of type 2 diabetes duration on mean change
(D) in HbA1c from baseline

832 Diabetes Ther (2017) 8:829–836



DISCUSSION

This post hoc analysis was conducted to assess
the effectiveness of DPP-4 inhibitor vildagliptin-
versus SU-based regimens in reducing HbA1c
levels in relation to the duration of type 2 dia-
betes. The results showed a more pronounced
reduction in HbA1c with vildagliptin-treated
patients compared with SU-treated patients
across the duration of the disease in a real-life
setting.

Typically individuals develop impaired glu-
cose tolerance as a result of increased insulin
resistance, which in turn increases the stress on
b-cells to secrete more insulin to combat the
increased peripheral insulin resistance. As the
disease progresses, multiple pathophysiological
defects such as increased hepatic glucose pro-
duction, increased insulin resistance, and
decrease in b-cell function due to various puta-
tive biological processes including endoplasmic
reticulum (ER) stress result in increasing
hyperglycemia and HbA1c. Durability of
response to an agent will depend on its ability

to target the multiple pathophysiological
defects. One explanation for durable efficacy of
a DPP-4 inhibitor versus SUs may be the pro-
gressive b-cell decline [14] throughout the
course of diabetes duration. SUs target deficient
insulin secretion by working on b-cells, whereas
glucagon-like peptide-1 (GLP-1)-based medica-
tions (DPP-4 inhibitors and GLP-1 receptor
agonists) additionally work on the pancreatic
a-cells, regulating glucagon release, and thereby
results in sustained efficacy even at later stages
of type 2 diabetes [15]. A study by Kozlovski
et al. reported that the response of the b-cell,
but not the HbA1c reduction, with vildagliptin
is dependent on the duration of type 2 diabetes.
The authors conclude that glycemic durability
is maintained with vildagliptin as glucagon
suppression may be compensating the reduced
b-cell function [16]. Furthermore, there are
reports which suggest that GLP-1 receptor acti-
vation improves survival of b-cells exposed to
chemically induced ER stress [17].

In this analysis, we found superiority in
efficacy with the DPP-4 inhibitor at all stages of

Fig. 2 Proportion of patients achieving HbA1c\7.0% (53.0 mmol/mol) without hypoglycemia and weight gain (C3%)
stratified by type 2 diabetes duration

Diabetes Ther (2017) 8:829–836 833



the disease duration, after an observational
period of 12 months. The reason might be that
the treatment effectiveness is retained in real-
life with the DPP-4 inhibitor, whereas the same
is not observed in SUs, possibly because of the
fear of hypoglycemia and thus not always the
optimal recommended doses are being used [8].
Our study contributes to the knowledge that the
difference in efficacy between SUs and the
DPP-4 inhibitor vildagliptin increases over the
years of diabetes duration, favoring DPP-4
inhibitors. The choice of an efficient sec-
ond-line OAD might prevent further intensifi-
cation to a triple therapy or to a therapy with
injectable antidiabetes medication. On the
contrary, a retrospective, cohort study reported
better durability of glycemic response (reaching
HbA1c\7.0%) with SU as add-on therapy in
patients failing on metformin monotherapy
versus DPP-4 add-on. The disparity in the results
can be attributed to differences in baseline
HbA1c and duration of diabetes which are
strong drivers of the response [18].

Our secondary endpoint, reaching the goal of
HbA1c\7.0% (53.0 mmol/mol) without hypo-
glycemia or weight gain, also demonstrated better
efficacy and tolerability with vildagliptin, when
compared with SUs, over the course of the disease
duration. This might be of particular importance
for the elderly population and for patients with
renal impairment. Both groups often have pro-
longed duration of type 2 diabetes in general and
are more vulnerable to adverse side effects, espe-
cially hypoglycemia [19]. Furthermore, the
favorable extrapancreatic effects of DPP-4 inhibi-
tors such as decrease in blood pressure and
improvement in lipid profile which positively
influences various diabetic complications are also
important clinical considerations when choosing
an appropriate second-line agent [20–22].

Despite a substantial decline in diabetes-re-
lated complications in the past two decades
[23], the continued increase in the prevalence of
type 2 diabetes is alarming [24]. Furthermore,
with the age of disease manifestation being
shifted to younger years, we are likely to see
more patients with a prolonged duration of
diabetes. Hence it is of utmost importance to
know about efficacy of different diabetes medi-
cations, preferably without tolerability issues.

This study demonstrates that with increased
duration of type 2 diabetes, the effectiveness of
SUs decreases significantly compared to DPP-4
inhibitor and that a higher percentage of
patients on DPP-4 inhibitor are able to reach
their glycemic/HbA1c targets without hypo-
glycemia or weight gain.

The large patient population (N = 36,164) and
real-life setting are the key strengths of this study.
Another strength is the comparison of two clini-
cally, often used second-line therapies, DPP-4
inhibitor and SUs. The current analysis accentu-
ates the fact that the variance in treatment effec-
tiveness between SU and DPP-4 inhibitor in
reducing HbA1c with increasing duration of type
2 diabetes might be pronounced in patients in
real-life, adding one more factor in facilitating
clinical judgment. This could be of special
importance to individuals with a prolonged
duration of type 2 diabetes and/or for the elderly
population with diabetes.

This paper has certain limitations: We com-
pared only the DPP-4 inhibitor vildagliptin with
SUs. Effectiveness of other OADs, especially
SGLT-2 inhibitors, over the course of diabetes
duration has not been reported as SGLT-2
inhibitors were not on the market during EDGE
study initiation. The duration of type 2 diabetes
is based on verbally reported values by the
patients, and cannot be confirmed; hence, it
may not truly reflect the actual diabetes dura-
tion. Another limitation of the current study is
the fact that baseline BMI affects the change in
HbA1c, albeit minimally, and was not taken
into account while assessing the impact of dia-
betes duration on the HbA1c-lowering potential
of vildagliptin- and SU-based regimens.

CONCLUSIONS

This post hoc analysis of a large real-life cohort
from the EDGE study demonstrates a distinct
reduction of efficacy of oral antidiabetes medi-
cation with duration of type 2 diabetes. The
HbA1c-lowering potential of SU diminished at a
faster rate with increasing duration of type 2
diabetes as a result of progressive deterioration
in b-cell function when compared to the DPP-4
inhibitor vildagliptin.
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