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Abstract

Empagliflozin reduces the risk of cardiovascular mortality in subjects with type 2 diabetes. We demonstrated that
empagliflozin increases blood viscosity and carotid shear stress and decreases carotid wall thickness. Shear stress is the
force acting on the endothelial surface and modulates arterial function. The current study evaluates the influence of
empagliflozin on brachial artery shear stress and endothelial function compared to incretin-based therapy. The study is
a nonrandomized, open, prospective cohort study including 35 subjects with type 2 diabetes administered empagliflozin
or incretin-based therapy. Shear stress was calculated with a validated formula, and endothelial function was evaluated
using the flow-mediated dilation technique. Both treatments resulted in comparable reductions in blood glucose and
glycated haemoglobin. Brachial artery shear stress significantly increased exclusively in the empagliflozin group (61 =20
vs 68 £ 25dynes/cm?, p=0.04), whereas no significant difference was detected in the incretin-based therapy group
(6020 vs 55 = 12dynes/cm?, p=not significant). Flow-mediated dilation significantly increased in the empagliflozin
group (4.8 =4.5% vs 8.5 £ 5.6%, p =0.03). Again, no change was detected in the incretin-based therapy group (5.1 £4.5%
vs 4.7 = 4.7%, p =not significant). The present findings demonstrate the beneficial effect of empagliflozin on shear stress
and endothelial function in subjects with type 2 diabetes independent of the hypoglycaemic effect.
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recently demonstrated that empagliflozin influences blood
rheology and reduces intimal-plus-media thickening of
carotid arteries after only 3months of treatment. Through
osmotic diuresis, empagliflozin increases blood viscosity
and subsequently increases shear stress (SS), which is the
major hemodynamic force acting on the endothelial surface
promoting the synthesis of vasoactive and atheroprotective
substances.® SS physiologically modulates endothelial func-
tion in both acute and chronic conditions. In detail, acute
transient increases in SS, which occurs during reactive
hyperaemia following ischaemia or exercise, and induces
arterial vasodilation to meet metabolic demand. In other
words, SS might be defined as the mechanical regulator of
peripheral blood flow.” In the long term, SS influences ves-
sel wall morphology and the development of atherosclerotic
plaque.8-1° The lower the SS is, the greater the wall thick-
ness and plaque formation risk. SS can be calculated if
blood viscosity, blood velocity and arterial diameter are
known.!!

We designed the current research with the aim to evalu-
ate whether empagliflozin influences short-term SS and
endothelial function of the brachial artery evaluated by the
ultrasound-based flow-mediated dilation (FMD) tech-
nique. The FMD technique estimates the capacity of SS
and endothelium to cause vasodilation after local transient
ischaemia. Vasodilation is usually estimated to occur 50—
60 s after ischaemia. However, the timing of maximal dila-
tion changes among subjects. In most cases, and mainly in
healthy young subjects, it occurs at 50-60s; however, in
subjects with cardiovascular diseases or cardiovascular
risk factors, it might be delayed. Interestingly, subjects
with late dilation have a higher atherosclerotic burden
despite an acceptable dilation than subjects with maximal
dilation at 50-60s.12-14 Thus, we also evaluated whether
empagliflozin influences the kinetics of dilation.

Methods
Study design and subjects

This is a nonrandomized, open, prospective and explora-
tory study including subjects with type 2 diabetes attend-
ing our metabolic clinic administered empagliflozin or
incretin-based therapy in combination with insulin = met-
formin to improve metabolic control. Drug assignment
was suggested by the physician not involved in the
research. The study was approved by the independent local
Ethical Committee ‘Calabria Centro’, protocol number
105-2016, and was conducted according to the ethical
guidelines of the Declaration of Helsinki. All subjects
signed an informed consent before enrolment in the study,
the nature of which was clearly explained. Inclusion crite-
ria were age =18 and <75years, glycated haemoglobin
>7% and <9.5% and current therapy with insulin *
metformin. Exclusion criteria were type 1 diabetes and

previous treatment with or contraindication to gliflozin or
incretin-based therapy. The study included three visits as
follows: baseline, and 1- and 3-month visits. At baseline,
before starting the new treatment, and at the 3-month visit,
all patients underwent clinical examination and venous
blood withdrawal for blood viscosity, HbAlc, fasting
blood glucose (FBG) and lipids measurement. Blood vis-
cosity was also measured at the 1-month visit. A vascular
study was performed at each visit. At the 1-month visit,
self-monitoring blood glucose (SMBG) was used to upti-
trate medications based on mean fasting and postprandial
glucose.!® Cardiovascular risk factors were defined as fol-
lows: hypertension, use of anti-hypertensive drugs or
blood pressure >140/90 mmHg; hyperlipidaemia, use of
lipid-lowering agents or total-cholesterol and/or triglycer-
ides above the targets suggested for diabetes; and smoking
habit, regular smoking during the previous 12months.
Furthermore, subjects were defined as obese if the body
mass index (BMI), calculated as kg/m?, was =30. We also
enrolled 25 nondiabetic healthy subjects with no other car-
diovascular risk factors as control subjects to compare
baseline SS and FMD. Healthy subjects were studied on
only one occasion.

Blood analyses

Blood was withdrawn after an 8-h fast and soon after the
vascular study. The subjects were asked to inject basal
insulin the evening before the study and not to take met-
formin the morning of the study. Fasting plasma glucose
(FPG), HbAlc and lipids [total-cholesterol (chol), high-
density lipoprotein (HDL-chol), low-density lipoprotein
(LDL-chol) and triglycerides] were measured with com-
mercially available kits. HbAlc was measured with high-
performance liquid chromatography aligned with Diabetes
Control and Complications Trial (DCCT). Blood and
plasma viscosity were measured within 2h following
blood withdrawal and after adding heparin (35 U/ml).
Viscosity was measured at 37 °C with a cone-plate viscom-
eter (Well-Brookfield DVIII, Middleboro, MA, United
States) equipped with a cp-40 spindle. Blood viscosity was
evaluated at shear rate 225/s, which is the shear rate that
develops in the mid-sized and large arteries.!!

Echo-Doppler

All subjects underwent evaluation of brachial arteries and
FMD tests at baseline and at the 1- and 3-month visits. The
study was performed using an echo-Doppler Philips HD
11XE (Royal Philips Electronics, the Netherlands)
equipped with a 12- to 3-MHz linear array, steerable pulsed
wave Doppler and simultaneous electrocardiogram (ECG)
recording before blood withdrawal in a temperature-con-
trolled (24 °C) room. The single expert sonographer per-
forming the study was blinded to hypoglycemic treatment.
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On the day of the study, subjects were asked to consume a
light dinner and to refrain from exercise and smoking. The
sonographer visualized the brachial artery of the nondomi-
nant arm approximately 10 cm above the elbow. The probe
adapted the frequency automatically based on the depth of
artery. The gain setting and the position were adjusted until
the lumen—intima interface was clearly displayed on the
screen. Thereafter, the skin was marked, and the probe was
clamped to maintain the same position throughout the
study. Brachial artery diameter was recorded at baseline
and at 1, 2 and 3 min after forearm ischaemia. Ischaemia
was created by inflating a pneumatic cuff, which was
placed around the forearm immediately below the elbow,
at supra systolic pressure for 5 min. Brachial artery internal
diameter (ID), which is defined as the distance from the
intima—lumen interface of the near wall and the lumen—
intima interface of the far wall, was measured offline using
dedicated software (AUTODESK Design Review, BSA,
Italy).!? The diameter was measured in 1-cm lengths at
three different locations of the vessel. The mean of the
three measurements was used for statistical analyses. FMD
was expressed as the percentage of dilation from baseline
to each observation time and was calculated as follows:
{[postdeflation (1, 2, 3min) ID—baseline ID/baseline
ID]}. The highest value detected during the study was
defined as the peak FMD. Finally, based on the time of
maximal dilation, subjects were divided into three differ-
ent groups: early dilators, peak dilation at 1 min; late dila-
tors, peak dilation after 1 min; no dilators, absence of
dilation. Blood flow velocities, systolic peak velocity
(SPV), end diastolic (EDV) and mean velocity (MV) of
the brachial artery were automatically detected by the
instrument. 2

SS measurement. Peak wall SS (1P) and mean wall SS
(TM) were calculated based on blood viscosity at shear rate
225/s, blood flow velocity (SPV, MV) and ID using the
following formulas:

BA 7P(dynes/cm?*) =4nSPV /1D

BA tM (dynes/cm?) =4nMV /1D

where m is the blood viscosity measured in poise, SPV
and MV in cm/s and ID in cm. The coefficients of varia-
tion of TP and ™ in our laboratory were 3% and 2%,
respectively.!!

Statistical analyses. Analyses were performed using SPSS
23 for Macintosh. Subjects with diabetes were divided in
two groups based on additional treatment to ongoing ther-
apy: the empagliflozin and incretin groups. Nondiabetic
healthy subjects were defined as the control group. Based
on the time to peak dilation at the FMD test, subjects in the
empagliflozin and incretin groups were divided into three

Table I. Age, gender, disease duration, smoking habit
and clinical characteristics of subjects divided according to
suggested therapy.

Empagliflozin group Incretin group

Number 20 I5
Age (years) 58+9 607
Males (%) 75 80
Disease duration (years) 15*9 17+10
Obesity (%) 50 40
Hypertension (%) 93 100
Hyperlipidaemia (%) 90 93
Smoking habit (%) 30 33

SD: standard deviation.
The data are expressed as the means = SDs or percentages.

different categories: early, late and no dilators. The incre-
tin group was further divided into those who were admin-
istered sitagliptin or liraglutide to evaluate drug-related
differences. Triglycerides, blood viscosity and SS were not
normally distributed; therefore, they were log-transformed
before statistical analyses. Continuous variables were
compared using the #-test for paired and unpaired tests
where applicable. The chi-square test was used to compare
percentages between groups. Analysis of variance
(ANOVA) and Bonferroni post hoc tests as well as the gen-
eral linear model for repeated measures were used to eval-
uate differences among subjects divided in three groups.

Results

Subjects with type 2 diabetes who met the inclusion and
exclusion criteria were enrolled after signing the informed
consent. The characteristics of the subjects in the empagli-
flozin (n=20) and incretin (n=15) groups are reported in
Table 1. No statistically significant differences were
detected between the two groups.

The mean age of the 25 healthy control subjects was
55 £ 2years. Moreover, 76% were male, and 28% were
smokers. Again, no differences were detected between all
subjects with diabetes and controls. All subjects with dia-
betes were taking basal insulin = metformin at the maxi-
mal tolerated dose. In all, 20 were administered
empagliflozin, and 15 were administered incretin-based (7
liraglutide and 8 sitagliptin) therapy as an add-on therapy.
The starting empagliflozin dose was 10mg once daily,
which was uptitrated at 25mg once daily in 13 subjects
(65%). Sitagliptin was given at the dose of 100mg once
daily, while liraglutide was started at the dose of 0.6mg
once daily and uptitrated to 1.2 after 1 week in all subjects.
In four subjects with unsatisfactory glycaemic control
based on FPG and SMBG, liraglutide was further increased
to 1.8 mg once daily. The mean daily insulin injected at
baseline was 43 =20U in the empagliflozin group and
39 £26U in the incretin group. At the end of the study, the
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Table 2. Biochemical and clinical variables measured at baseline and after 3 months in subjects according to therapy.

Empagliflozin group

Incretin group

Baseline 3months Baseline 3months
Number 20 20 15 15
Body weight (kg) 89+ 14 85+ |3* 80+8 7910
BMI (kg/m?) 304 29 * 4% 27 +3 26+3
Waist (cm) 10710 105 = 10* 1027 100 =8
SBP (mmHg) 141 = 14 136 £ 16 136 =23 135+ 12
DBP (mmHg) 86+ 11 84+ 10 78+8 79+9
HR (bpm) 75+ 11# 69+ 17 62+6 69+9
FPG (mmol/L) 10.3 3.1 79+ I.1* 9.7+ 1.7 8.1 +0.9*
HbAlc (%) 84+0.7 7.6 +0.9*% 83+0.7 7.7 +0.97
Total-chol (mmol/L) 4.09 =091 4.12+0.98 451 = 1.40 4,17 £ 1.17*
HDL-chol (mmol/L) I.11 £0.34 1.19+0.31* 0.98+0.31 1.04+0.28
LDL-chol (mmol/L) 2.20+0.78 228 =091 231 £ 1.17 2.25+0.88
Triglycerides (mmol/L) 1.76 = 1.18 1.45+0.67 2.13*=1.55 1.88+1.29

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; FPG: fasting plasma glucose; HbA | c: glycated
haemoglobin; HDL: high-density lipoprotein; LDL: low-density lipoprotein; SD: standard deviation.
The data are expressed as the means * SDs; t-test for paired data *p < 0.002, Ap <0.02 versus baseline; t-test for unpaired data #p=0.01 versus the

incretin group.

insulin dosage was slightly but not significantly reduced in
both groups (39 £ 17U and 36 = 23 U in the empagliflozin
and the incretin groups, respectively). The results did not
change when subjects in the incretin group were divided
according to specific drug (liraglutide and sitagliptin), and
the data were compared with those of the subjects in the
empagliflozin group (data not shown). All hypertensive
(n=34) and hyperlipidaecmic (n=33) subjects were taking
specific treatments [62% renin—angiotensin—aldosterone
system (RAAS) inhibitors, 38% RAAS inhibitors plus diu-
retic and 100% statins].

Table 2 shows biochemical and clinical variations during
the 3-month treatment period. At baseline, the only differ-
ence between the two groups was the higher heart rate in the
empagliflozin group. Body weight, BMI, waist circumfer-
ence, FPG and HbAlc significantly decreased, and HDL-
cholesterol significantly increased in the empagliflozin
group. Incretin subjects had significant reductions in FPG,
HbA ¢ and total-cholesterol at the follow-up visit, with no
significant change in body weight. In particular, no
changes were observed in patients taking liraglutide, while
FPG and total-cholesterol significantly decreased (FPG
baseline 9.1 = 0.4 and 3month 7.4 = 0.6mmol/L, p<0.01;
total-cholesterol baseline 4.7 £ 1.8 and 3 month
4.1 = 1.4mmol/L, p <0.01) in those taking sitagliptin.

Blood viscosity, which was measured at shear rate
225/s, significantly changed in the empagliflozin group,
while no change was detected in the incretin group. In
detail, empagliflozin: baseline 4.87 = 0.57cP; 1month
5.19£0.75¢cP; 3month 5.32£0.66¢cP; p<<0.0001; and
incretin: baseline 4.66 + 0.56cP; 1 month 4.53 = 0.50¢P;
3month 4.98 +0.73¢cP; p=not significant (NS). Blood
viscosity measured at shear rate 225/s in control healthy

subjects was 4.80 = 0.42 cP, which did not differ from the
baseline blood viscosity measured in subjects with diabe-
tes (4.78 £0.57cP).

Brachial artery parameters collected during the study in
subjects taking empagliflozin or incretin therapy are
reported in Table 3. FMD measured at 1 min significantly
increased in the empagliflozin group, while it was
unchanged in the incretin group and in subjects taking lira-
glutide or sitagliptin. Peak FMD increased in the empagli-
flozin group without reaching a statistically significant
difference. When we compared variables measured in the
two groups at baseline and the 1- and 3-month visits, we
found significantly higher FMD at 1 min and peak FMD
values in the empagliflozin group than in the incretin
group. Brachial artery diameter and blood flow velocity
did not change during the study in either group.

The mean and peak brachial artery wall SS values at
baseline and after treatment are reported in Table 4. Peak
SS significantly increased in the empagliflozin group,
while no variation was detected in the incretin group. The
mean wall SS was significantly higher in the empagliflozin
group than in the incretin group after the 1- and 3-month
treatment.

We further compared SS and FMD in subjects with dia-
betes and control subjects. Peak wall SS as well as FMD
1 min were significantly higher in controls: peak wall SS,
control subjects 107 = 42 dynes/cm? versus subjects with
diabetes 61 + 17dynes/cm?, p <0.0001; FMD 1 min, con-
trol subjects 7.1 =2.8 versus subjects with diabetes
4.9% *+4.4%, p=0.03.

Finally, subjects with diabetes were further divided
according to the time of maximal dilation into three dif-
ferent FMD categories: early, late and no dilators. The
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Table 3. Brachial artery diameter and blood velocity in empagliflozin and control group measured at baseline and at the |- and
3-montbh visits.

Empagliflozin group Incretin group

Baseline I month 3 months b Baseline I month 3 months b
Number 20 20 20 - 15 15 I5 -
BAID T (mm) 3.58+0.69 3.50*057 3.51=*052 NS 351055  3.55*0.51 366059 NS
SPV (cm/s) 108 =20 107 =21 109 =26 NS 108 =21 109 + 26 119+22 NS
EDV (cm/s) 25+6 25*6 244 NS 24+6 27 *5 24+8 NS
MV (cm/s) 41 =8 41 £4 39+6 NS 38x7 41 =2 4010 NS
FMD | min (% dilation) 48+45 7.7 53 85*56*  0.03 5145 45+38 4747 NS
Peak FMD (% dilation) 7.1£53 93*58 9.7 58" NS 6.8+3.0 6.5%5.0 5940 NS

BA: brachial artery (rest condition); ID: internal diameter; NS: not significant; SPV: systolic peak velocity; EDV: end diastolic velocity; MV: mean

velocity; FMD: flow-mediated dilation; SD: standard deviation.

The data are expressed as the means * SDs; p column shows the general linear model for repeated measures; Bonferroni post hoc test: *p=0.04

versus baseline; At-test for unpaired data p=0.04 versus the Incretin group.

Table 4. Mean and peak brachial artery wall shear stress measured at baseline and after treatment.

Empagliflozin group

Incretin group

Baseline I month 3 months p Baseline I month 3 months p
Number 20 20 20 - I5 15 15 -
Mean wall SS (dynes/cm?) 29+ 14 36200 38207 NS 24+ 13 2417 23+15 NS
Peak wall SS (dynes/cm?) 61 +20 65+ 23% 68 + 25% 0.04 60+20 54+ 19 55+ 12 NS

SS: shear stress; NS: not significant; SD: standard deviation.

The data are expressed as the means = SDs; p column shows the general linear model for repeated measures; Bonferroni post hoc test: *p < 0.01

versus baseline; t-test for unpaired data *p < 0.05 versus the incretin group.

prevalence of each category at different observation times
is illustrated in Figure 1. There were significant increases
in early dilators after 1 and 3 months in the empagliflozin
group (p=0.01), while no differences were detected in the
incretin group.

Discussion

The present findings show that empagliflozin, but not
incretins, significantly increases brachial artery wall SS
and flow-mediated vasodilation. Wall SS is the ‘controller’
of vascular tone. Each variation of SS causes, through the
stimulation of appropriate receptors, the release of vasoac-
tive substances that modify the vascular tone to restore the
initial value of SS. As a result, the blood flow changes and
meets the exact metabolic needs of the tissue.!¢ In the long
term, the wall SS level influences the morphology of the
arteries, modifying the thickness of the vessel wall and
predisposing to the formation of atherosclerotic plaques.
Within certain limits, higher levels of wall SS exert athero-
protective effects and favour the release of nitric oxide
(NO). Cardiovascular risk factors, including diabetes, alter
the endothelial response to SS variations, which can be
assessed through flow-mediated (or SS-mediated) vasodil-
atation of the brachial artery.!>-1417

In the present study, we hypothesized that empagliflo-
zin might influence SS and endothelial function by influ-
encing blood viscosity. Therefore, we accurately measured
blood flow velocity, arterial diameter and blood viscosity.
The results demonstrate that treatment with empagliflozin
increases blood viscosity and consequently increases wall
SS. The increase in the latter is certainly independent of
the improved glycaemic compensation, as the patients
treated with incretin show a comparable improvement of
blood glucose without any effect on the SS values. We
believe that higher levels of SS are responsible for the
improved FMD according to the physiological mechanism
that involves higher shear, higher stimulus and higher arte-
rial dilation.

To our knowledge, this is the first study demonstrating
the beneficial effect of empagliflozin on vascular function.
A similar study, named the Dapagliflozin Effectiveness on
Vascular Endothelial Function and Glycemic Control
(DEFENCE) study, which aimed to evaluate the effect of
dapagliflozin on endothelial function and glycaemic con-
trol, was recently published.!® However, in that study, the
authors did not report any improvement of vascular function
mediated by the SGLT2 inhibitor. The technique used to
evaluate endothelial function was roughly the same, but the
study design, patients and metabolic characteristics were
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Figure |. Prevalence of early, late and no dilators in (a) the empagliflozin group and (b) the incretin group.

different. Indeed, subjects enrolled in the DEFENCE study
had quite good glycaemic control at baseline that remained
unchanged during the study and had shorter disease dura-
tions. Furthermore, the LDL-cholesterol value was signifi-
cantly increased at the follow-up visit, and the prevalence of
hypertensive subjects taking anti-hypertensive drugs was
definitely lower in the dapagliflozin group than in the incre-
tin group. Subjects enrolled in our study had longer disease
durations, suboptimal HbAlc levels at baseline and other
cardiovascular risk factors that were well controlled. Indeed,
in our study, LDL-cholesterol was in the target range
throughout the study, and greater than 90% of hypertensive
subjects were taking anti-hypertensive drugs at the time of
the enrolment. These differences might account for the dif-
ferent outcomes in the DEFENCE study and our study. It is

noteworthy that baseline FMD was comparable in our study
and the DEFENCE study. In the DEFENCE study, no infor-
mation about blood flow or arterial diameter was provided.
By comparing these two studies, we can state that advanced
diabetes should not be considered a limitation. On the con-
trary, this information should stimulate the intensification of
therapy to achieve benefits that go beyond glycaemic con-
trol. Empagliflozin and likely other molecules belonging to
the same class are not only effective in terms of vascular
protection but are also safe as demonstrated in these pivotal
trials. Based on our current and previous results and results
from the post hoc analysis by Inzucchi et al., the hypothesis
that the extraglycaemic effect of empagliflozin on blood
rheology might represent a benefit in the management of
cardiovascular diseases is strongly supported. Treatment
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with empagliflozin also changes the vasodilating pattern.
Brachial artery SS and blood viscosity are crucial not only
for the magnitude but also for the timing of vasodilation.!?20
Very often, the vasodilatory response is evaluated only in
the first 50-60s after cuff deflation. This approach is limit-
ing because some subjects dilate after 1 min.2! The delayed
vasodilation seems to be important as a cardiovascular risk
factor as a damped dilation after 1 min. We demonstrated
that late dilation is frequent in subjects with diabetes and is
associated with carotid and coronary atherosclerosis and
higher Framingham risk scores.!3!4 The reasons for delayed
vasodilation are unknown and are likely not mediated by
NO release.!® Microcirculation downstream of the brachial
artery might influence the timing of maximal dilation.??> The
opinion is that additional late-operating mechanisms medi-
ate the dilation of the artery but are not indicative of good
health in the artery. The absence of dilation or even vaso-
constriction represents the worst condition from a cardio-
vascular risk perspective.?? In our study, we observed a
significant increase in early dilators and decreases in late
and no dilators in the empagliflozin group after 3 months,
reinforcing the additional benefit of empagliflozin on vascu-
lar reactivity based on the time of maximal dilation. No sig-
nificant change in the kinetics of vasodilation was detected
among subjects taking incretin-based therapy.

Improvements in endothelial function and more general
vessel functions have been described in two other studies.
One study describes reductions in in vivo arterial stiffness
and afterload, and the other describes an attenuation of
endothelial dysfunction evaluated by acetylcholine in vivo
in aortic rings with empagliflozin.?*?5 A recent meta-anal-
ysis conducted to investigate the effects of newer antidia-
betic drugs demonstrated that the SGLT2 inhibitor
dapagliflozin might influence arterial stiffness.?

Beyond these results, the rapidity with which the effect
is obtained in our study is interesting and worthy of com-
ment. Indeed, endothelial function improves after 1 month
of treatment. The data are consistent with the results of the
large cardiovascular outcome trial EMPA-REG. In this
trial, subjects who were given empagliflozin showed early
and significant reductions in the rates of major adverse
cardiac events, mainly cardiovascular mortality and heart
failure. Possible mechanisms hypothesized in the slowing
of the progression of heart failure are increased diuresis
leading to reduced extracellular liquid volume, improved
cardiac metabolism, alleviation of cardiac stress by reduc-
tion of cardiac pre- and post-load and systolic pressure,
suppression of adverse neuro-hormonal systems and
reduction in cardiac fibrosis and hypertrophy.?’ We believe
that the present results might support the hypothesis of
improved cardiac function as a consequence of improved
vascular function. As previously noted, haemodynamic,
that is, SS, plays an important role in the modulation of
endothelial function and vascular tone. A target SS value
has not been identified. However, when we compare sub-
jects with higher SS to subjects with lower SS, the capacity

of the vessel to dilate in response to ischaemia is higher
and the presence of atherosclerotic plaques is lower in sub-
jects with higher SS.32 With regard to the present findings,
the mechanism inducing the increase in SS is precisely the
modification of blood viscosity. The present study first
demonstrates that the SGLT2 inhibitor empagliflozin
causes significant increases in brachial artery SS and, con-
sequently, a significant increase in FMD.

The study has some limitations. It is not randomized,
and the number of subjects enrolled is low. In the attempt
to reduce the impact of the first limit, the operator per-
forming the vascular study was totally blinded to the
treatment suggested to each patient. As far as the second
point is concerned, the study was conceived as a pilot
study to verify whether, even in a small sample, the initial
hypothesis would be confirmed by preliminary results.
However, we also performed a post hoc power calcula-
tion to determine whether our study was adequately pow-
ered to detect the treatment effect in 35 subjects divided
into two treatment arms.28 Based on the current evidence,
the mean FMD in subjects with diabetes ranges from 5%
to 6%. An increase in 5% of the mean FMD value can be
considered clinically relevant. Therefore, based on this
assumption, considering that the standard deviation (SD)
of the FMD technique at our laboratory is 4.5% and
including «=0.05 and 3=0.20, the total number of sub-
jects to be included into the study should be 30.

In summary, for the first time, this study demonstrates
the beneficial in vivo effect of empagliflozin on hemody-
namic forces regulating endothelial function. The results
are consistent with other recent published experimental
animal and human studies describing the effect of this new
drug on vascular function evaluated using different tech-
niques. All of these results make empagliflozin and SGLT2
inhibition in general attractive antidiabetic therapeutic tar-
gets given the additional cardiovascular benefits.
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