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Background: Glucose variability (GV) is considered an important factor for cardiovascular
disease (CVD) in patients with type 2 diabetes mellitus (T2DM). High GV causes endothelial
dysfunction and increased oxidative stress. Dipeptidyl peptidase-4 (DPP-4) inhibitors may
improve endothelial function and decrease GV. The aim of this study was to investigate the
effects of vildagliptin, a DPP-4 inhibitor, compared with glibenclamide in GV and endothe-
lial function in patients with T2DM and arterial hypertension.

Methods: This is a prospective, randomized, open and drug-controlled study. Fifty
patients older than 35 years with T2DM and hypertension without CVD were randomized
to receive vildagliptin (n=25) or glibenclamide (n=25), both in added-on metformin.
Laboratory tests and analysis of endothelial function were performed before and 12
weeks after treatment. Endothelial function, defined by reactive hyperemia index (RHI),
was analyzed by peripheral artery tonometry (endo-PAT2000). GV was evaluated by
capillary glucose with intermittent monitoring device, six measurements per day, for
three days, before and after treatment. The median of standard deviation (SD) of mean
blood glucose (MBG) was used to evaluate GV.

Results: GV decreased in the vildagliptin group (35.2 to 30.7, P=0.037) but did not change
with glibenclamide (37.6 to 37.5, P=0.765). Glycated hemoglobin was similar in both
groups. MBG decreased only in glibenclamide group, without difference with vildagliptin
group (P=0.374). There were no changes in the RHI in both groups and there was no
correlation between GV and RHI (P=0.658).

Conclusion: Vildagliptin reduces GV; however, the action on endothelial function was not
demonstrated. In addition, there was no correlation between GV and endothelial function.
Keywords: type 2 diabetes, hypertension, glycemic variability, vascular endothelium,
dipeptidyl-peptidase IV inhibitors, arterial stiffness

Background

Cardiovascular disease (CVD) is the leading cause of death globally, including devel-
oping and developed countries, and claiming an estimated 17.9 million lives each year.'
Identifying the main risk factors involved in the development of CVD is extremely
important to ensure appropriate treatment and prevent premature deaths. Thus, among
the several risk factors, type 2 diabetes mellitus (T2DM) and hypertension represent the
main etiologies of CVD. Studies suggest that patients with both hypertension and
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T2DM have increased arterial stiffness, showing that these
diseases together have an increment of CVD outcomes.”
With endothelial dysfunction in T2DM, vascular dysho-
meostasis occurs leading to excessive production of reactive
oxygen species and platelet aggregation and decrease in the
production of nitric oxide. These events can increase the
chances of development of CVD, doubling or even quadru-
pling the probability
Hyperglycemia increases the formation of advanced glyca-

of cardiovascular outcomes.
tion end products (AGEs), and it is implicated in vascular
damage and increased chances of CVD events.**

Some studies have shown that, in addition to prolonged
hyperglycemia, large fluctuations in blood glucose levels
also have a role in CVD development. Glucose variability
(GV) expresses the daily variation in glucose, involving
postprandial blood glucose raising and hypoglycemic
peaks. High GV also can lead to oxidative stress and its
vascular damage consequences, which can be worse than
prolonged hyperglycemia according to some research stu-
dies, even though this relation is controversial.”’ Various
methods of GV calculation have been used as parameters,
such as standard deviation (SD), mean amplitude of glyce-
mic excursions (MAGE), coefficient of variation (CV) and
continuous overlapping net glycemic action (CONGA).”®

As the treatment of diabetes may provoke some com-
plications like hypoglycemia and GV, the clinical manage-
ment of T2DM involves not only lowering glycated
hemoglobin (HbAlc) levels, but also controlling GV.”
Nowadays, dipeptidyl dipeptidase-4 (DPP-4) inhibitors
are drugs that improve the action of endogenous incretin,
such as glucagon-like peptide-1 (GLP-1), with increased
insulin secretion and reduced glucagon secretion, both in
a glucose dependent manner. Vildagliptin, a DPP-4 inhi-
bitor, was effective in reducing GV in T2DM women in
a similar way to gliclazide.'® In addition, it was demon-
strated that infusion of GLP-1 receptor agonists and
improvement in daily glucose fluctuation were associated
with decreased oxidative stress.’

DPP-4
complications.'""'* According to a previous study, vilda-

inhibitors may reduce cardiovascular
gliptin and glibenclamide similarly have no effect on
endothelial function and arterial stiffness in diabetic and
hypertensive patients without cardiovascular events."
Moreover, three large multicenter trials testing saxagliptin,
alogliptin and sitagliptin failed to demonstrate benefits of
the DPP-4 inhibitors on the cardiovascular system.'* !¢

Thus, the purpose of this study was to evaluate the

effects of vildagliptin compared to glibenclamide on GV,

and consequent improvement on the vascular function,
which are markers of CVD.

Research Design and Methods

Study Design

This described
previously.'” This study was registered in clinicaltrials.
gov (identifier: NCT02145611). The aim of the research
was to evaluate the action of vildagliptin on GV and

was a randomized open-label trial

endothelial function in patients with T2DM and hyperten-
sion compared to glibenclamide. The metformin and glib-
enclamide doses were adjusted according to glycemic
control assessed by fasting blood glucose sample three
weeks after randomization.

Study Population

Between July 2013 and February 2016, 50 patients from
the Diabetes
Outpatient Clinic of a governmental institution partici-

regional reference and Hypertension
pated in this study. The project was approved by the
Ethics Committee of the State Medical School at Sao
Jose do Rio Preto (CAAE no. 11665513.7.0000.5415, no.
211.243-03/12/2013). The patients accepted to participate
in this trial with the informed consent, which is in line
with the 1975 Declaration of Helsinki.

The inclusion and exclusion criteria were described
previously.'” The inclusion criteria are briefly described in
this paper: history of T2DM and mild hypertension for no
longer than 15 years, age >35 years, HbAlc from 7.0-10.5%
(53-91 mmol/mol) and body mass index (BMI) <35 kg/m?.
Clinical history of CVD or cerebrovascular disease, smok-
ing, resistant hypertension, and insulin use were the main
exclusion criteria. CVD was defined by clinical history and
altered treadmill stress test, or myocardial scintigraphy and
coronary angiography when necessary.

Randomization and Study Intervention

A computer-validated software (random allocator) was
used for random allocation of participants to use vildaglip-
tin or glibenclamide. The study period lasted for 12 weeks
after randomization. Clinical outcome, adherence, and
adverse events were confirmed. Clinical and biochemical
data were evaluated at baseline and at the final visit.

Study Outcomes
The aim of this study was to evaluate GV changes after 12
weeks of treatment with vildagliptin vs glibenclamide and
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the correlation with endothelial function, according to
treatment performed.

Measurement of Endothelial Function
Peripheral arterial tonometry (PAT) tests were performed
using an Endo-PAT 2000 device (Itamar Medical Ltd,
Caesarea, Israel) following the manufacturer’s guidelines
and was described previously.'” This device calculates
reactive hyperemia index (RHI) by measuring the volume
changes in the fingertip after five minutes of blood flow
occlusion. Furthermore, it assesses arterial stiffness by
calculating the augmentation index corrected for heart
rate of 75 bpm (AIx75).

Biochemical Tests

As described previously,'” blood samples were drawn after
12 h of fasting to measure total cholesterol (TC), high-
density lipoprotein cholesterol (HDLc), triglycerides (TG),
glycemia, serum creatinine, and alanine aminotransferase.
All the tests were determined by electrochemilumines-
cence method using a COBAS C 501 device with the
Roche reagent. LDL-cholesterol (LDLc) fraction was cal-
culated by the Friedewald formula [LDLc=TC-HDLc
—TG/5 (for TG <400 mg/dL)]. In addition, the glomerular
filtration rate (GFR) was estimated using the modification
of diet in renal disease (MDRD) formula and microalbu-
minuria was performed by the urinary-to-creatinine ratio
obtained from urine samples collected in the morning
(COBAS C 501 device with the Roche reagent). HbAlc
was measured with high-performance liquid chromatogra-
Premier HB 9210 device.
Biochemical tests were evaluated before and after 12

phy method using the
weeks of treatment.

Glycemic Variability

Self-monitoring of blood glucose is considered an impor-
tant adjunct to HbAlc as it can demonstrate fasting, pre-
prandial, and postprandial hyperglycemia, assessing
glycemic excursions, and documenting hypoglycemic
events. Thus, all subjects were provided with a blood
glucose meter (Accu-Chek Performa, Roche Diagnostics,
Indianapolis, IN, USA) and glucose monitoring strips for
the study period. Patients were trained in the use of
a glucose meter. GV was evaluated using capillary glucose
values performed by a blood glucose meter device with
intermittent monitoring, with six measurements per day
during three days at baseline and at the end of treatment.

Schedules of measures: fasting, two hours after breakfast,

before lunch, two hours after lunch, before dinner, two
hours after dinner. The method chosen for the calculation
of glycemic variability was the median of the SD of mean
blood glucose (MBG) of capillary glucose mensuration.

According to a GV evaluation study, it was established
that GV must be <50 mg/dL'*'® or a maximum of one
third of MBG. These studies also sustain that good glyce-
mic control criteria include MBG <150 mg/dL and keep-
ing blood glucose between 70 and 180 mg/dL."*'® In this
study, we used a GV (SD) <40 mg/dL, MBG <150 mg/dL
and MBG range of 70—180 mg/dL as parameters of good
glycemic control.

Statistical Analysis

The sample size was estimated using the site http://www.
lee.dante.br/pesquisa, considering a 30% change in the
RHI, and a standard deviation of 0.3. A total of 21
subjects would be required to detect a 30% change in

the RHI with a power of 80% at a significance level of
<5%. However, considering a potential 20% dropout or
lost to follow-up rate, a total of 50 patients (25 for each
group) were enrolled, initially.'” All analyses were per-
formed using SPSS Software (IBM SPSS Statistics,
Version 24, IBM Corporation, NY, USA). Continuous
variables are presented as mean +SD and categorical
variables as frequencies. The normal distribution of con-
tinuous variables was analyzed by skewness, kurtosis
and Kolmogorov—Smirnov test. Differences between
both groups at baseline were evaluated using the
unpaired #-test or the Mann—Whitney test for continuous
variables. The chi-squared test or Fisher’s exact test was
employed to compare categorical variables. Changes
from baseline to 12 weeks of follow-up in both groups
were evaluated using the paired #-test for continuous
variables. Pearson’s correlation analysis was performed
to assess the relationship between HbAlc level with RHI
and AIx75 after confirming the similarity between
groups. Spearman correlation was performed to calculate
the correlation of GV with HbAlc, lipid parameters,
microalbuminuria, GFR, and arterial stiffness. Wilcoxon
signed-rank test was used to assess changes in GV
between related groups (before and after 12 weeks of
treatment). Comparative GV analysis of the patients’
proportion with SD <40 mg/dL and >40 mg/dL before
and after treatment was evaluated using McNemar's test.
All statistical tests were considered significant at an
alpha error of 5% (P<0.05).
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Results

Clinical and Biochemical Parameters

A total of 148 participants were invited to participate in
this trial, 50 met the criteria for inclusion and were ran-
domly assigned to the present study, as described in
a previous study."? According to previous publication, no
differences were described between the groups with
respect to age, duration of T2DM or hypertension, office
BP level, body mass index (BMI), HbAlc level, eGFR,
lipid parameters, and microalbuminuria (Table 1).

Glycemic Variability

MBG comparative analysis shows that the means of glib-
enclamide and vildagliptin groups at baseline presented no
statistically significant difference (P=0.704). Furthermore,
comparing the two groups before and after treatment, there
were no differences (P=0.374). However, it was observed
that only the glibenclamide group had a statistically sig-
of MBG (P=0.029) (Table 2).
Considering the whole group, the percentage of patients
with MBG <150 mg/dL improved from 34.7% to 55.6%
(P=0.039). But this improvement was not observed when

nificant decrease

the groups were separately analyzed (Table 3).

The GV analyses from the whole group demonstrated
no statistically significant difference between the visits
(P=0.208). However, analysis of GV considering separated
groups showed a significant decrease only in the vildaglip-
tin group (P=0.037) (Table 4). There was no correlation of

the GV with lipid parameters (TC, HDLc, LDLc, and TG),
eGFR, fasting glucose and microalbuminuria after
treatment.

The proportion of patients with SD <40 mg/dL and SD
>40 mg/dL before and after drug treatment was calculated.
Applying McNemar's test and considering SD <40 mg/dL as
an adequate result for GV, a GV decrease after treatment was
observed (P=0.031). However, this difference was demon-
strated only in the vildagliptin group (P=0.041) (Table 5).

Endothelial Function (RHI) and Arterial
Stiffness (A1x75 PAT)

The RHI was not different between the groups at baseline and
did not change in the whole group or between them after
treatment. In addition, there was no correlation between
MBG and GV with RHI for the whole group or for separated
groups (Table 2). Furthermore, the correlation of MBG and
GV with arterial stiffness (A1x75 PAT) in the whole group or
in the separated drug group was not observed, P>0.05.

Glycated Hemoglobin (HbAc)

Analysis of the correlation between MBG and HBAIc
from the whole group and in separated groups was positive
at baseline and after treatment (P=<0.05). Similarly, the
correlation of GV with HbAlc was present at the whole
group (P=0.014). However, the separated analysis demon-
strated the statistically difference only at the glibenclamide

Table | Clinical and Biochemical Profile at Baseline and After 12 Weeks of Treatment in Vildagliptin and Glibenclamide Groups

Vildagliptin (n=25) Glibenclamide (n=25) P-value | Vildagliptin (n=24) Glibenclamide (n=24)

Baseline Baseline 12 Weeks 12 Weeks
Female, n (%) 17 (68) 15 (60) NS
Age (years) 60.5£7.0 59.4+8.2 NS
BMI (kg/m?) 31.5%£33 30+3.5 NS 31.4£35 29.8+3.4
Office SBP (mmHg) 137.5+18.9 133.2+184 NS 134£20.7 13421
Office DBP (mmHg) 79.9+£8.9 77.9£9.2 NS 79125 78.7+12.3
FG (mg/dL) 166+38.7 164+43.5 NS 147.5+£42.6* 139+54*
HbAlc (%) 83%1.0 7.9+0.9 NS 8.0%1.34 7514
TC (mg/dL) 185.9+36 183.3+£33.6 NS 158+30* 172.6+38.2
LDLc (mg/dL) 105.7£29.7 92.7+29.5 NS 79+25% 91.9+30.6
HDLc (mg/dL) 43.8+12 43.4£12.2 NS 44.2+12 44.7+12
TG (mg/dL) 173.4x91.5 222+111.5 NS 156.5+£87.6* 196.6x111
eGFR (mL/min/1.73 m?) | 86.2%16 91.2+17.5 NS 85.3+14.4 88.6x14.7
UA/Cr (mg/g) 25.7£19.1 22.1£20.1 NS 17.3x15.2 18.2+16.7

Note: *P-value <0.05 within group. Adapted with permission from Springer Nature, Acta Diabetologica: Cosenso-Martin LN, Giollo-Junior LT, Fernandes LAB, et al. Effect of
vildagliptin versus glibenclamide on endothelial function and arterial stiffness in patients with type 2 diabetes and hypertension: a randomized controlled trial. Acta Diabetol.

2018;55(12):1237—1245. doi:10.1007/s00592-018-1204-1, COPYRIGHT (2018)."

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FG, fasting glucose; TC, total cholesterol; LDLc, low-density lipoprotein
cholesterol; HDLc, high-density lipoprotein cholesterol; TG, triglycerides; eGFR, estimated glomerular filtration rate; UA/Cr, urinary albumin-to-creatinine ratio.
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Table 2 Parameters of Mean Blood Glucose (MBG), Reactive Hyperemia Index (RHI) in Vildalgliptin and Glibenclamide Groups at

Baseline and After 12 Weeks of Treatment

Parameter Group Baseline After 12 Weeks of Treatment P-value

MBG All patients (n=44) 161.09£36.1 152.9+33.4 0.056
Vildagliptin (n=24) 161.5+35.3 156.3+33.7 0.421
Glibenclamide (n=20) 160.5+35.3 148.9+33.4 0.029

RHI All patients (n=48) 2.37£0.54 2.29+0.55 0.344
Vildagliptin (n=25) 2.38+0.58 2.22+0.59 0.231
Glibenclamide (n=23) 2.37+0.51 2.36+0.49 0.993

Note: Variables are presented as mean +SD.

Table 3 Proportion of Patients with Mean Blood Glucose Below
(MBG) <150 mg/dL at Baseline and After 12 Weeks of
Treatment, Whole Group

After 12 Weeks of Treatment P-value
MBG <150 MBG >150
Baseline
MBG <150 mg/dL 14 2 0.039
MBG =150 mg/dL 10 18

Note: McNemar's test.

Table 4 Glycemic Variability Evaluated by Median of Standard
Deviation (SD) of Mean Blood Glucose Between Baseline and
After 12 Weeks, Separated by Drug Groups

SD P-value
Vildagliptin group
Baseline 35.2 (13.9-59.7) 0.037
After 12 weeks 30.7 (16.1-64.3)
Glibenclamide group
Baseline 37.6 (16.0-54.9) 0.765
After 12 weeks 37.5 (16.5-80.03)

Note: Wilcoxon test.

Table 5 Comparative Analysis Between the Proportion of
Patients of Median of Standard Deviation (SD) <40 mg/dL or
240 mg/dL Between Baseline and After 12 Weeks of Treatment
in the Glibenclamide and Vildagliptin Groups

After 12 Weeks P-value
SD <40 mg/dL | SD >40 mg/dL
Baseline
Glibenclamide
SD <40 mg/dL 7 5 0.549
SD 240 mg/dL | 4
Vildagliptin
SD <40 mg/dL 15
SD 240 mg/dL | 4 0.041

Note: McNemar's test.

group (P=0.002). For the vildagliptin group, there was no
statistically significant difference.

Discussion

This randomized, open-label, prospective study compared
the effects of vildagliptin and glibenclamide added-on to
metformin on GV and vascular function in hypertensive
diabetic patients without CVD. Although the MBG
decreased only in the glibenclamide group, this difference
was not observed comparing the two groups after treatment.
In addition, GV decreased only in the vildagliptin group.
Similarly, a previous study demonstrated that vildagliptin
compared to gliclazide reduced similarly GV on T2DM
women, but only vildagliptin significantly decreased the SD
of the mean glucose and the mean of the daily differences
(MODD)." The cited study strengthens the outcomes of the
present study in GV. Considering that high GV can cause
oxidative stress and vascular damage, both trials demonstrate
that vildagliptin might be an antidiabetic drug effective in
decreasing CVD. However, there are some differences
between the methodologies used: period of treatment (24
weeks), gender (only women), use of continuous glucose
monitoring (CGM) and other GV parameters besides SD
(MAGE, CV, CONGA, MODD).

When GV, DPP-4 inhibitors, and GLP-1 receptor agonists
were evaluated, a controversy occured, mainly when endothe-
lial function is also studied. Thus, no change on GV was
observed after 30 min of aerobic exercise in patients on treat-
ment with vildagliptin or glibenclamide.”” However, the sys-
tolic blood pressure (SBP) decreased with both drugs, and the
variability of SBP was lower in the vildagliptin group, showing
the vascular effect of the vildagliptin.”° However, the present
study demonstrated that vildagliptin decreased GV associated
with lack of effect on endothelial function, as described
previously.?' Therefore, with a distinguished methodology,
using CGM, which is more expensive, and assessing
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endothelial function by flow mediated dilatation (FMD), both
trials failed to demonstrate that vildagliptin acts on endothelial
function in patients treated for 12 weeks. In addition, compar-
ing two GLP-1 receptor agonists, dulaglutide was better in
reducing GV after 24 weeks of treatment.** In contrast, there
were no differences in oxidative stress and endothelial func-
tion, which was assessed by RHI index, > the same device used
in the present study.

Furthermore, considering the effect of DPP-4 inhibitors or
GLP-1 receptor agonists on endothelial function alone, the
controversy remains, since there are several devices to measure
the endothelial function. Although the present study demon-
strated no effect on endothelial function as assessed by Endo-
PAT 2000, a previous study showed an improvement in vas-
cular function with vildagliptin.*® The different methodologies
used in both research studies might explain the controversial
results found. In addition, the current study evaluated endothe-
lial function before and after treatment, and not only after
treatment as previously demonstrated.”® Endo-PAT 2000 has
been validated as a noninvasive measurement of endothelial
function with adequate results.>* Similarly to our study, PAT
was also used in a trial with liraglutide, a GLP-1 analogu, and
had no significant effect on vascular function.”> However,
other researchers demonstrated effects on endothelial function:
a direct effect of GLP-1 analogu, measured by FMD of the
brachial artery,”® an antioxidant response of cell culture treated
with teneligliptin, a DPP-4 inhibitor, with improvement in the
endothelial function?” and endothelium-dependent relaxation
of the aorta from mice with T2DM treated with linagliptin,
a DPP-4 inhibitor.”® Therefore, the conflicting results about the
DPP-4 inhibitors and endothelial function might be explained
by the different methodologies used, the type of study (clinical,
experimental, or randomized) and the size of the study
population.

The lack of endothelial action of the present study is based
on the recent large clinical trials that showed that DPP-4
inhibitors have a neutral effect on CVD outcomes.'* '
Recently, CARMELINA study showed that linagliptin has no
inferiority compared to placebo in CVD outcomes.”” These
clinical trial results reinforce our results that DPP-4 inhibitors
improve glycemic control, but no effect was observed on CVD
outcome. Thus, DPP-4 inhibitors have no vascular effects.

The relationship between GV and diabetic complications
has been identified in T2DM>**' and in type 1 diabetes.*
AT2DM cohort study demonstrated correlation of GV, defined
by fasting glucose and HbA 1¢, with micro and macrovascular
complications of diabetes.’® In addition, a meta-analysis
reported that variability of HbAlc was associated with both

microvascular and macrovascular complications and
mortality.’! In type 1 diabetes, GV (assessed by CGM) was
associated with cardiovascular autonomic neuropathy.**
Furthermore, improvements in MBG and GV were correlated
with decrease in oxidative stress after 24 weeks of treatment.’
In contrast with a previous study that showed association
among plasma glucose, glycated hemoglobin and glycated
albumin with pulse wave velocity, the correlation of the
GV, MBG and the HbA 1¢ with parameters of vascular function
was not found in our study. Thus, as demonstrated previously,
the treatment of blood pressure with renin—angiotensin system
(RAS) blockers was made in all the patients and this might
explain the neutral effect of DPP-4 inhibitor observed on the
endothelial function,"® according to a previous report which
showed protective action by sitagliptin against oxidative stress
only in rats not treated with RAS blockers.>* In addition, the
small size of subjects in the present study is also a limitation to
be considered. As anteriorly described by our team, both
groups demonstrated improvements in the 24-h systolic and
diastolic blood pressure, measured by ambulatory blood pres-
sure monitoring. However, the office blood pressure was
unchanged."

The relationship between HbAlc level and GV is ques-
tioned. While in some studies the level of HbAlc was not
related to GV in patients with well or poorly controlled
diabetes,”® GV was associated with HbAlc in others.® The
present study demonstrated association between GV and
HbA Ic only at the glibenclamide group. As the GV evaluated
by the SD was associated with the risk of hypoglycemia in
T2DM,® hypoglycemia might occur with glibenclamide, in
contrast to vildagliptin, which protects the patient from this
adverse effect.

In summary, vildagliptin significantly decreased GV in
comparison to glibenclamide. This parameter is important
to fix the advantage of this drug to prevent microvascular
and macrovascular complications. The lack of correlation
between GV and endothelial function might be explained
by the methodology used in the present study, although the
device was a noninvasive and validated method.

This study has limitations to be considered. Patients
were followed-up for a short period of time and a small
population size was studied, although with statistical
power. Another potential limitation was the evaluation of
the GV by self-monitoring of blood glucose capillary with
intermittent monitoring device.

The strengths of this study must be reported. This was
a prospective, randomized study, open label, compared by
drug. Unlike other studies that assessed GV and endothelial
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function, eligibility criteria included noninsulin-dependent
type 2 diabetic and controlled hypertensive patients, including
non-smoking patients. The individuals were CVD-free, includ-
ing coronary artery disease, stroke and peripheral arterial dis-
ease. The exclusion of CAD included clinical history and
imaging exams (exercise test, myocardial scintigraphy or arter-
iography). All the patients were taking RAS blockers and
approximately 70% were using lipid-lowering drugs, accord-
ing to what was described in a previous publication." In
addition, this research used the capillary glucose monitoring,
which is a cheap and easy method to evaluate the GV, and
a noninvasive and validated method to assess the endothelial
function. Moreover, the two groups presented baseline homo-
geneous characterization.

Conclusions

Vildagliptin reduces GV, which may decrease endothelial dys-
function risk. Glibenclamide does not reduce GV. Both vascu-
lar parameters are not altered after treatment with vildagliptin
or glibenclamide. In addition, there is no correlation between
GV and endothelial function. More studies are necessary to
investigate if DPP-4 inhibitors have an effect on cardiovascular
outcomes.
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disease; MODD, mean of the daily differences; PAT, peripheral
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