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ABSTRACT

Introduction: In a meta-analysis, we observed a
significant 37% relative risk reduction in
prospectively adjudicated major adverse cardiac
events [MACEs, comprising of non-fatal
myocardial infarction, non-fatal stroke, cardio-
vascular (CV) death] with vildagliptin vs. com-
parators in younger (\65 years) patients with
type 2 diabetes mellitus (T2DM), while the risk
was similar in older patients (C 65 years). We
carried out an exploratory analysis to identify
the patient characteristics and on-treatment

effects that may have contributed to the differ-
ent outcomes in the two age groups.
Methods: On-treatment differences (vildaglip-
tin vs. comparators) for the change from base-
line in CV risk factors were analyzed using an
analysis of covariance model with the baseline
value for each variable of interest, treatment
and study as covariates. Additional adjustments
for background antihypertensive and statin use
were performed when analyzing changes in
blood pressure and lipids, respectively. Baseline
characteristics and patient demographics were
analyzed using descriptive statistics.
Results: Patients aged\65 years had shorter
diabetes duration (4.4 vs. 8.2 years) and slightly
higher glycated hemoglobin (HbA1c) at baseline
(8.3% vs. 8.0%) than patients aged C 65 years.
More patients in the C 65 year age group had
hypertension (73.1% vs. 51.3%), dyslipidemia
(53.3% vs. 43.9%) and a history of CV events
(32.2% vs. 12.9%). There were small, but statis-
tically significant differences in the change in
HbA1c and total cholesterol in favor of vilda-
gliptin relative to comparators, which were sim-
ilar in both age groups. Significant differences
were observed in the reduction in systolic blood
pressure (SBP) (- 0.52 mmHg; 95% CI - 0.97,
- 0.07; p = 0.023), low-density lipoprotein (LDL
cholesterol) (- 0.12 mmol/l; 95% CI - 0.19,
- 0.04; p = 0.002) and weight (- 0.48 kg; 95% CI
- 0.95, - 0.01; p\0.047) in patients\65 years,
but not in patients C 65 years. The incidence of
hypoglycemic events was lower in patients
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treated with vildagliptin [2.1 and 3.5 per 100
subject years exposure (SYEs) in\65 and C

65 years, respectively] than with comparators
(5.8 and 7.5 per 100 SYEs, respectively).
Conclusion: Based on our findings, it can be
hypothesized that the positive effects of vilda-
gliptin on SBP, LDL cholesterol, hypoglycemia
and weight observed in younger, but not in
older patients could be associated with the
lower risk of MACE in younger patients with
T2DM.
Funding: Novartis.

Keywords: Cardiovascular risk; DPP-4
inhibitor; Type 2 diabetes mellitus; Vildagliptin

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is an inde-
pendent risk factor for developing cardiovas-
cular (CV) disease, with an estimation that
every percentage increase in glycated hemo-
globin (HbA1c) increases the relative risk of CV
disease by 18% [1, 2]. A prior CV event in
patients with T2DM increases CV morbidity
and mortality, and this occurs at an earlier age
and at a higher rate than in the non-diabetic
population [3, 4]. In addition, CV safety signals
with some antidiabetic agents over the past
decade prompted the regulatory bodies to
mandate the demonstration of CV safety of a
new agent before its approval. As per health
authority guidance, CV safety of a drug is
considered confirmed if a CV meta-analysis of
clinical trials or a CV outcome study shows
that the upper limit of the 95% confidence
interval (CI) for the risk ratio drug vs. com-
parators for important CV events is\1.3 [5].
Moreover, a comprehensive assessment of the
CV risk–benefit profile of antidiabetic agents
provides relevant clinical evidence to guide
adequate management of patients with T2DM
and CV disease.

Three large CV outcome trials
(SAVOR-TIMI-53, EXAMINE and TECOS) with
dipeptidyl peptidase-4 (DPP-4) inhibitors [6–8]
did not report an overall increased risk of major
adverse CV events (MACE); however, there was
a minor imbalance in hospitalizations for heart

failure with alogliptin and saxagliptin. In an
early prospectively planned meta-analysis of
independently adjudicated CV events (acute
coronary syndrome, stroke, transient ischemic
attack with imaging evidence of infarction or
CV death) from phase III trials of the vilda-
gliptin clinical trial program, vildagliptin 50 mg
twice daily (bid) did not show increased risk of
cardio-cerebrovascular events vs. comparators
[upper limit of 95% CI of the Mantel–Haenszel
risk ratio (M–H RR) was 1.14] [9].

A more recent meta-analysis of MACE con-
sisting of adjudicated non-fatal myocardial
infarction (MI), non-fatal stroke and CV death
[10], including data from all the randomized
phase III–IV trials of vildagliptin, reaffirmed the
CV safety of vildagliptin vs. comparators [M–H
RR 0.82 (95% CI 0.61, 1.11)].

In younger patients, diabetes increases the
risk of life-years lost because of CV disease,
which emphasizes the need for intensified
treatment in this increasing population [11, 12].
In the latest meta-analysis, an intriguing find-
ing was observed: the pre-defined subgroup
analysis of MACE by age demonstrated a sig-
nificant 37% reduction in relative risk with vil-
dagliptin in patients\65 years of age [M–H RR
0.63 (95% CI 0.42, 0.95)], with no increased risk
in patients aged C 65 years [M–H RR 1.09 (95%
CI 0.70, 1.71)] [10]. In terms of numbers needed
to treat (NNT), 227 patients aged\65 years
would need to be treated with vildagliptin over
a 1-year period to prevent the occurrence of one
MACE. Based on these findings, we carried out
an exploratory analysis to identify the plausible
differences in the baseline patient characteris-
tics and on-treatment effects that may have
contributed to the observed risk reduction with
vildagliptin in patients aged\65 years.

METHODS

Study Design and Patients

Patient-level data from 37 monotherapy or
combination therapy studies, including oral
antidiabetic drugs (OADs) and insulin, com-
paring vildagliptin [50 mg once daily (qd)/bid]
with all comparators, i.e., placebo or an active

28 Diabetes Ther (2018) 9:27–36



comparator [sulfonylureas (SUs), metformin,
thiazolidinediones (TZDs), etc.], wherein inde-
pendent adjudication of adverse CV events was
performed, were pooled for this analysis. The
proportion of the comparators in the study
population of the current sub-analysis is similar
to that in the primary publication [10]. All
randomized phase III–IV studies completed on
or before December 2013 were included in this
analysis, and key study characteristics were
described in the primary publication [10].

Assessments and Statistical Analysis

Patients’ demographic data and baseline char-
acteristics were summarized using descriptive
statistics for the two age groups by treatment—
vildagliptin 50 mg qd/bid or comparator. Stan-
dard Medical Dictionary for Regulatory Activi-
ties (MedDRA) queries were used to identify and
report history of CV events. Changes in HbA1c,
fasting plasma glucose (FPG), weight, micro and
macro albuminuria, estimated glomerular fil-
tration rate (eGFR), systolic blood pressure
(SBP), diastolic blood pressure (DBP), total
cholesterol, high-density lipoprotein (HDL)
cholesterol, low-density lipoprotein (LDL)
cholesterol and triglycerides from baseline to
endpoint by age group and treatment allocation
were analyzed using the analysis of covariance
(ANCOVA) model, with the respective baseline,
treatment and study as covariates. The inci-
dence of hypoglycemia by treatment and age
groups is also summarized descriptively. For the
analysis of change in blood pressure (BP), lipids
and albuminuria/eGFR covariates also included
antihypertensive medication at baseline, statin
at baseline and changes in SBP, DBP and HbA1c,
respectively.

Ethics and Good Clinical Practice

All studies included in this analysis were con-
ducted in accordance with Good Clinical Prac-
tice and in accordance with the Declaration of
Helsinki. All study protocols were approved by
an independent ethics committee or institu-
tional review board. A written informed consent
was collected from all participants to participate

in the respective trials included in this pooled
analysis.

RESULTS

Study Population and Treatment

Data from 16,701 patients were pooled for the
current analysis, 9599 (57.5%) received vilda-
gliptin 50 mg qd/bid and 7102 (42.5%) received
comparators. The majority of the patients were
aged\65 years (N = 12,358; 74%), and patients
receiving vildagliptin or the comparator were
equally distributed across the two age groups:
7239 (58.6%) received vildagliptin and 5119
(41.4%) received the comparator in the
age\65 years group; 2360 (54.3%) received
vildagliptin and 1983 (45.7%) received com-
parator in the age C 65 years group.

Baseline Characteristics
and Demographics

Overall, the baseline characteristics were similar
between the vildagliptin and comparator
groups when stratified by age. The younger age
group was characterized by lower mean diabetes
duration (\5 years), slightly higher HbA1c
(8.3% vs. 8.0%) and body weight (86.8 vs.
80.0 kg); less than 20% were treated with SU/
insulin alone or in combination with other oral
antidiabetic agents (Fig. 1). As expected more
patients in the C 65 year age group had CV risk
factors such as hypertension, dyslipidemia,
moderate or severe renal impairment and a
history of CV events. There were more Asians in
the\65 year age group compared with
the C 65 year age group (Table 1).

On-treatment Differences
in Cardio-metabolic Parameters

Adjusted mean changes and placebo-corrected
values for various cardio-metabolic parameters
including glycemic levels (HbA1c and FPG),
weight, lipids (LDL cholesterol, HDL choles-
terol, total cholesterol and triglycerides), BP
(SBP and DBP) and eGFR are presented in
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Table 2. There were small, but statistically sig-
nificant differences in the change in HbA1c,
HDL cholesterol and total cholesterol in favor of
vildagliptin vs. comparator, which were seen in
both age groups (Table 2).

Significant on-treatment changes in favor of
vildagliptin were observed for SBP (- 0.52
mmHg; 95% CI - 0.97, - 0.07; p = 0.023), LDL
cholesterol (- 0.12 mmol/l; 95% CI - 0.19,
- 0.04; p = 0.002) and bodyweight (- 0.48 kg;
95% CI - 0.95, - 0.01; p\0.05) in the
patients\65 years, which were not observed in
the C 65 year age group. The exposure-adjusted
incidence of hypoglycemic events was lower in
patients treated with vildagliptin (2.1 and 3.5
per 100 subject years of exposure [SYEs] in the
\65 and C 65 year groups, respectively) than
with comparators (5.8 and 7.5 per 100 SYEs,
respectively).

DISCUSSION

The results from this exploratory analysis show
a small favorable effect of vildagliptin on SBP,
weight and LDL cholesterol in patients
aged\65 years with a low prevalence of prior
CV disease, whereas a similar effect with vilda-
gliptin was observed in HbA1c, HDL cholesterol
and total cholesterol in both the younger and
older age groups. Whether this favorable effect
on cardio-metabolic risk factors might explain
the observed relative risk reduction in MACE in
the meta-analysis comparing vildagliptin 50 mg

qd/bid versus all comparators in phase III and
phase IV randomized controlled trials (RCTs)
remains to be confirmed. In addition to the
significant glucose-lowering effect [13, 14], vil-
dagliptin has been shown to reduce blood
pressure and improve fasting lipid profiles in
association with reductions in weight [15]. The
lower incidence of hypoglycemic events in the
younger patients may also have played a role in
the reduction of the risk of MACE in this group.
A complex interplay of various factors such as
hyperglycemia, hypoglycemia, hypertension,
body weight and dyslipidemia may increase the
risk of CV disease in patients with T2DM
[16, 17]. Thus, although the influence of various
cardio-metabolic parameters on the observed
CV risk reduction with vildagliptin could not be
ascertained, we can speculate that the favorable
effect on multiple cardio-metabolic effects
might be acting synergistically to the benefit of
younger T2DM patients with fewer CV risk
factors.

The finding of a significant risk reduction in
the incidence of MACE with vildagliptin in the
subgroup of patients aged\65 years is intrigu-
ing since none of the CV outcome studies with
the DPP-4 inhibitors suggested such potential
benefit. Although a direct comparison between
the results from the vildagliptin meta-analysis
and the three large CV outcome trials with
DPP-4 inhibitors (SAVOR-TIMI-53, EXAMINE
and TECOS [6–8]) is inappropriate, one can draw
useful insights by theoretical comparison. In
these studies, all patients had established CV

Fig. 1 Percentage distribution of antidiabetic medication in patients aged\65 and C 65 years at baseline. SU sulfonylurea,
OADs oral antidiabetic drugs
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Table 1 Key demographic and background characteristics of the study population* by age

Parameters Age < 65 years Age ‡ 65 years

VILDA
n5 7239

COMP
n5 5119

VILDA
n5 2360

COMP
n5 1983

Age (years) 52.0 ± 8.3 52.4 ± 8.2 70.3 ± 4.2 70.2 ± 4.2

Male (%) 4106 (56.7) 2882 (56.3) 1204 (51.0) 1046 (52.7)

Diabetes duration (years) 4.4 ± 5.2 4.9 ± 5.5 8.2 ± 8.0 9.0 ± 8.2

Race

Caucasian 4309 (59.5) 3035 (59.3) 1734 (73.5) 1464 (73.8)

Asian 1752 (24.2) 1244 (24.3) 413 (17.5) 358 (18.1)

Hispanic or Latino 783 (10.8) 560 (10.9) 146 (6.2) 120 (6.1)

Black 302 (4.2) 193 (3.8) 41 (1.7) 25 (1.3)

Other 93 (1.3) 87 (1.7) 26 (1.1) 16 (0.8)

Body weight (kg) 86.8 ± 19.5 86.3 ± 19.6 80.0 ± 15.8 79.9 ± 16.1

BMI (kg/m2) 30.8 ± 5.7 30.7 ± 5.8 29.5 ± 4.8 29.5 ± 4.9

BMI C 35 1712 (23.6) 1150 (22.5) 327 (13.9) 266 (13.4)

HbA1c (%) 8.3 ± 1.1 8.2 ± 1.1 8.0 ± 1.1 7.9 ± 1.0

eGFR (MDRD) (ml/min/1.73 m2)a

Moderate (C 30–\50) 109 (1.5%) 72 (1.4%) 282 (11.9%) 237 (12.0%)

Severe (\30) 99 (1.4%) 76 (1.5%) 121 (5.1%) 92 (4.6%)

Hypertension 3712 (51.3) 2808 (54.9) 1724 (73.1) 1453 (73.3)

Dyslipidemia 3177 (43.9) 2237 (43.7) 1258 (53.3) 1025 (51.7)

History of CV events 932 (12.9) 679 (13.3) 761 (32.2) 606 (30.6)

Patients with age risk factor plus

either hypertension or

dyslipidemia

1918 (26.5%) 1432 (28.0%) 1984 (84.1%) 1669 (84.2%)

Antihypertensives (overall) 3321 (45.9%) 2539 (49.6%) 1731 (73.3%) 1456 (73.4%)

Lipid modifying agents (overall) 1961 (27.1%) 1487 (29.0%) 1039 (44.0%) 863 (43.5%)

Anti-platelet medications 1313 (18.1%) 972 (19.0%) 814 (34.5%) 668 (33.7%)

Data are mean ± SD or n (%) unless otherwise mentioned
* Pooled data from vildagliptin 50 mg qd/bid randomized, controlled double-blind phase III studies
bid twice daily, BMI body mass index, CV cardiovascular, COMP comparators, eGFR estimated glomerular filtration rate,
HbA1c glycated hemoglobin,MDRD the modification of diet in renal disease, qd once daily, SD standard deviation, VILDA
vildagliptin
a eGFR (MDRD) = GFR estimated using the MDRD formula
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disease, which may have prevented achieving a
CV benefit similarly to the neutral effect
observed in the patients C 65 years in our
analysis. This observation is supported by a
meta-analysis in an older population ([65 years)
initiating DPP-4 inhibitors vs. other therapeutic
alternatives, which showed that there was no
increased risk of cardiovascular events in this
population, which generally is at risk of CV
events [18]. So, in patients with T2DM at high
CV risk, an aggressive treatment of risk factors
other than hyperglycemia such as hyperten-
sion, cholesterol and triglycerides is required to
reduce CV events, as shown in the Steno-2
study [19, 20]. Another important difference is
that the vildagliptin meta-analysis included
data from all comparators, including SUs, while
the comparator in the CV outcome studies was
placebo. It is suggested that SUs can trigger
mechanisms that could compromise CV safety
[21], so it could be hypothesized that the vil-
dagliptin meta-analysis might have benefited
from the theoretical (so far) increased risk in
patients exposed to SUs. To elucidate this,
results from two CV outcome trials, CAROLINA
[22] and TOSCA IT [23], are awaited in 2018 to
provide more definitive answers regarding the
effect of SUs on CV risk relative to other anti-
hyperglycemic drugs.

Three recently completed CV outcome trials,
the EMPA-REG [24], LEADER [25] and CANVAS
program [26], in T2DM patients with estab-
lished CV disease, demonstrated a comparable
13–14% risk reduction in the 3-point MACE
outcome (CV death, non-fatal myocardial
infarction or stroke), while a reduction in
all-cause mortality was only observed with the
addition of the sodium-glucose cotransporter-2
inhibitor (SGLT-2i) empagliflozin and the glu-
cagon-like peptide -1 receptor analog liraglu-
tide. Although further investigations are needed
to fully elucidate the mechanisms responsible
for improvement in the CV outcomes in these
trials, it has been speculated that the observed
benefit by SGLT-2i’s may be attributable to
observed differences in established risk factors
such as BP, weight and changes in vasculature,
while that in the case of liraglutide is mainly
due to either the prevention of atherosclerotic
progression or plaque biology [24–26].

However, the lack of observed CV benefits in
the primary prevention cohort of the CANVAS
program with canagliflozin, which enrolled
only patients with risk factors but no CV disease
at baseline [26], indicates how the CV benefits
observed in these CVOTs have limited general-
izability outside the studied populations.
Therefore, the early benefits of glycemic control
on CV outcomes remain to be explored in
studies separate from these CVOTs driven by
regulatory requirements and primarily designed
for the demonstration of CV safety of newer
antidiabetic agents in high-risk populations.
Demonstrating CV benefit with antidiabetic
treatments early in the time course of the dis-
ease requires long-term follow-up data in
thousands of patients. In the UKPDS, only after
initial intensive treatment for a median of
10 years with metformin [27] and an additional
10 years of follow-up, for insulin/SU-based
treatment, was a clinically and statistically sig-
nificant decrease in the risk of MI and all-cause
mortality observed [28]. Based on our results, we
are suggesting the hypothesis that initiation of
a DPP-4 inhibitor early in the treatment con-
tinuum for patients with T2DM may reduce the
risk of CV complications in the long term. This
hypothesis may be partly addressed by the
ongoing VERIFY trial, a randomized 5-year
study evaluating the durability of glycemic
control with an early combination of vilda-
gliptin and metformin, as in this trial MACEs
are being adjudicated [29].

Our results are also of clinical importance as
it has been shown that diabetes imposes a
higher number of years of life lost because of CV
disease in patients aged 40 and 50 years [12]:
therefore, an early correction of risk factors as
we observed in this study may contribute sig-
nificantly to prevent MACE in younger popu-
lation. Additionally, the findings from the
present study support the comprehensive
approach of CV risk factor reduction that not
only focuses on glucose control but also on
blood pressure and lipid management, in line
with the recommendations of the T2DM
guidelines [30].

Some limitations of this post hoc, hypothe-
sis-generating exploratory analysis have been
discussed earlier. Additional limitations are the
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average exposure to vildagliptin, which was
approximately 52 weeks, so the results do not
inform us of CV benefit with long-term vilda-
gliptin therapy. The studies included in the
pooled analysis were not powered to detect
changes in cardio-metabolic parameters other
than glycemia; nevertheless, the large pools of
patients lend validity to the analysis. Although
the analysis was adjusted for the use of CV
medications at baseline for assessing changes in
BP and lipids, the possible masking of the effect
in those aged C 65 years due to high usage of
medications for prevention of secondary CV
events or management of established compli-
cations cannot be ruled out.

Based on the findings from the current
exploratory analysis, it can be hypothesized
that in patients aged\65 years with T2DM
along with a low prevalence of CV disease and
risk factors, treatment intensification with a
DPP-4 inhibitor, vildagliptin, early in the treat-
ment continuum improves key CV risk factors,
which may lead to a reduction in the risk of
major adverse CV events.

ACKNOWLEDGEMENTS

Sponsorship and article processing charges for
this study were funded by Novartis. All named
authors meet the International Committee of
Medical Journal Editors (ICMJE) criteria for
authorship for this manuscript, take responsi-
bility for the integrity of the work as a whole
and have given final approval to the version to
be published. The authors acknowledge Ishita
Guha Thakurta and Amit Garg of Novartis
Healthcare Private Ltd., India, for medical
writing support.

Disclosures. Marc Evans received financial
support for consultancy from Novartis, Merck
Sharp & Dohme Corp. and Novo Nordisk and
has served on the speaker’s bureau for Novartis,
Lilly, Boehringer lngelheim, Merck Sharp &
Dohme Corp., Novo Nordisk, Janssen and
Takeda. Plamen Kozlovski is an employee of and
owns stocks in Novartis. Päivi M. Paldánius is an
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