Journal of
Cardiovascular

Development and Disease

Article

Empagliflozin and Dapagliflozin Improve Endothelial
Function in Mexican Patients with Type 2 Diabetes Mellitus:
A Double-Blind Clinical Trial

Luis Ricardo Balleza Alejandri 1, Fernando Grover Paez 1-2*, Erick Gonzalez Campos 1

Carlos G. Ramos Becerra

Maria Guadalupe Ramos Zavala 12, Africa Samantha Reynoso Roa

1,2

, Ernesto German Cardona Muiiéz 1'2, Sara Pascoe Gonzalez 12,

L2(0, Daniel Osmar Suarez Rico 107,

Alberto Beltran Ramirez 1, Jesus Jonathan Garcia Galindo 1, David Cardona Miiller -2
and Claudia Yanette Galan Ruiz 12

check for
updates

Citation: Balleza Alejandri, L.R.;
Grover Paez, F.; Gonzdlez Campos, E.;
Ramos Becerra, C.G.; Cardona Muidz,
E.G.; Pascoe Gonzalez, S.; Ramos
Zavala, M.G.; Reynoso Roa, A.S.;
Sudrez Rico, D.O.; Beltran Ramirez, A.;
et al. Empagliflozin and Dapagliflozin
Improve Endothelial Function in
Mexican Patients with Type 2
Diabetes Mellitus: A Double-Blind
Clinical Trial. J. Cardiovasc. Dev. Dis.
2024, 11,182. https://doi.org/
10.3390/jcdd11060182

Academic Editor: Oscar Lorenzo

Gonzélez

Received: 29 April 2024
Revised: 6 June 2024
Accepted: 10 June 2024
Published: 15 June 2024
Corrected: 9 October 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Physiology, University Health Sciences Center, Universidad de Guadalajara,
Guadalajara 44340, Mexico; luis.balleza3286@alumnos.udg.mx (L.R.B.A.);
erick.gonzalez7206@alumnos.udg.mx (E.G.C.); carlos.rbecerra@academicos.udg.mx (C.G.R.B.);
german.cardona@academicos.udg.mx (E.G.C.M.); sara.pascoe@academicos.udg.mx (S.P.G.);
maria.ramos9950@alumnos.udg.mx (M.G.R.Z.); africa.reynoso0835@alumnos.udg.mx (A.S.R.R.);
daniel.suarez@academicos.udg.mx (D.O.S.R.); alberto.beltran@academicos.udg.mx (A.B.R.);
jonathan.garcia@academicos.udg.mx (J.J.G.G.); david.cardona@academicos.udg.mx (D.C.M.);
claudia.galan3643@alumnos.udg.mx (C.Y.G.R.)

Arterial Stiffness Laboratory, Department of Physiology, Experimental and Clinical Therapeutics Institute,
University Health Sciences Center, Universidad de Guadalajara, Guadalajara 44340, Mexico

*  Correspondence: fgroverp@hotmail.com; Tel.: +52-3334407582

Abstract: Aim: To assess the acute effect of empagliflozin versus dapagliflozin administration on
flow-mediated vasodilation in patients with type 2 diabetes mellitus. Design: A double-blind clinical
trial, at the Experimental and Clinical Therapeutics Institute, University Health Sciences Center, at
the Universidad de Guadalajara, in inpatients with T2D according to the 2023 ADA criteria. Methods:
Thirty patients (15 males and 15 females), aged between 35 and 65 years, were included in this
study, according to the 2023 ADA criteria. The eligible patients were randomly assigned to three
groups: empagliflozin 25 mg once daily, dapagliflozin 10 mg once daily, or placebo once daily.
Anthropometric parameters were taken using validated techniques. FMD was measured using a
high-resolution semiautomatic ultrasound UNEX-EF 38G (UNEX Co., Ltd., Nagoya, Japan). Arterial
tension was determined with the OMRON electronic digital sphygmomanometer (HEM 907 XL,
Kyoto, Japan). Results: The group of patients who received empagliflozin had a significantly lower
baseline flow-mediated dilation (FMD) compared to the group receiving dapagliflozin (p = 0.017);
at the end of this study, the empagliflozin group achieved a comparable FMD to the dapagliflozin
group (p = 0.88). Conclusion: After the treatment period, the empagliflozin and dapagliflozin groups
achieved similar FMD, suggesting a class effect.

Keywords: type 2 diabetes; empagliflozin; dapagliflozin; flow-mediated dilation

1. Introduction

Type 2 Diabetes Mellitus (T2D) is a metabolic disorder of multiple etiologies and is con-
sidered one of the main global health challenges; according to data from the International
Diabetes Federation (IDF) [1], it is estimated that, in 2021, there were 537 million people
with diabetes, and this could increase to 643 million by 2030; in Mexico, according to the
National Health and Nutrition Survey (ENSANUT 2018), approximately 10.3% of adults
have already received a diagnosis of diabetes, and this may even be double, according to
previous evidence, of the percentage of diabetics who do not know their condition [2].
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Constant hyperglycemia in patients with diabetes is recognized as the main risk fac-tor
for the development of macro- and microvascular complications in T2D, as it leads to
damage to the vascular endothelium [3-5]. In addition to this, patients with type 2 diabetes
mellitus T2D suffer from hypertension as the main comorbidity, being a major risk factor
for the development of cardiovascular disease (CVD) (understood as angina, stroke, and
heart failure) and microvascular complications, in addition to an increase in mortality [6-8].

Flow-mediated vasodilation (FMD) is the most widely used technique for the evalua-
tion of endothelial function and is the most widely used non-invasive method, in which
arterial diameter is measured before and after increasing wall stress induced by reactive
hyperemia, resulting in the local release of nitric oxide. The lack of vasodilation suggests
a decrease in the release of endogenous vasodilators and, consequently, endothelial dys-
function, which is accompanied by a decrease in shear stress. It has been found that FMD
assessment can be used as a predictor of cardiovascular risk [9-11].

SGLT2 inhibitors (SGLT-2i) have been shown to decrease cardiovascular risk in patients
with type 2 diabetes mellitus, decreasing arterial stiffness as well as endothelial dysfunction
compared to a placebo and other agents [12-15]. Among the iSGLT2, empagliflozin has
been approved by the FDA as a protective drug against CV risk. With this information
available so far, it is unknown whether these acute hemodynamic benefits could correspond
to a class effect or are specific to each of these drugs.

2. Materials and Methods

Design and subjects. A study flow diagram presenting the enrolment and randomiza-
tion data is shown in Figure 1. A double-blind clinical trial was conducted in 30 patients
(15 males and 15 females), included in this study according to the following criteria: (a) age
between 35 and 65 years, (b) with a diagnosis of T2D according to the 2019 ADA criterial6,
(c) HbAlc > 7 < 11%, (d) under stable hypoglycemic treatment for at least 6 months. Ex-
clusion criteria were as follows: (a) Individuals with high blood pressure or on insulin
treatment, (b) presence of thyroid disease, (c) presence of hypoglycemia in the previous
24 h, (d) presence of acute illness, (e) severe systemic disease, and (f) alcohol abuse. The trial
took place at the Experimental and Clinical Therapeutics Institute (INTEC), Universidad
de Guadalajara, México. Informed written consent was obtained from all subjects. All the
subjects underwent a full medical history and physical examination, laboratory studies,
and flow-mediated vasodilation. Blood samples were collected in the morning after an 8 h
fasting period at baseline and after a 1-week intervention period. Eligible patients were
randomized to receive empagliflozin (empagliflozin group) 25 mg once daily (OD) for
7 days or dapagliflozin (dapagliflozin group) 10 mg OD for 7 days or placebo (placebo
group) OD for 7 days in a 1:1:1 ratio. Throughout this study, the subjects were instructed to
continue their current treatment, diet, and physical activity, and a diary was given to the
patients to report adverse effects.

Sample size determination. The sample size was calculated with a formula employing
mean difference for clinical trials (Jeyaseelan and Rao 1989) [16], with a statistical confidence
level of 95% and a statistical power of 80% and considering 1.21 (d) and 2.1 for standard
deviation (SD) for FMD (Solini et al. 2017) [13]. A total of 30 patients were obtained, with
an additional 20% for expected losses.

Statistical analysis. Values are expressed using the International System of Units.
Quantitative variables are presented as mean and SD, while qualitative variables are
presented as frequencies and percentages. The Shapiro—Wilk test was used to determine
the normality of the data set. For non-parametric variables, we conducted a Kruskal-Wallis
test; Wilcoxon’s signed-rank test was used to compare the results before and after the
intervention, and a Dunn post hoc analysis was performed to compare the significance
between groups. A p-value < 0.05 was considered statistically significant. All analyses were
performed with SPSS v.25.0. (SPSS Inc., Chicago, IL, USA).



J. Cardiovasc. Dev. Dis. 2024, 11, 182

30f8

Enrollment

Assessed for eligibility (n= 197)

Excluded (n= 167)

+ Not meeting inclusion criteria (n= 137)
+ Declined to participate (n=21)

+ Other reasons (n=9)

v
Group A

Randomized (n= 30)
A
Group B

v
Group C

Allocated to intervention (n= 10)

+ Received allocated intervention (n=
10)

+ Did not receive allocated intervention
(give reasons) (n=0)

Allocated to intervention (n= 10)

+ Received allocated intervention (n=
10)

+ Did not receive allocated intervention
(give reasons) (n=0)

Allocated to intervention (n= 10)

+ Received allocated intervention (n=
10)

+ Did not receive allocated intervention
(give reasons) (n=0)

Follow-Up

v

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (give

Lost to follow-up (give reasons) (n= 1)

The patient did not show to the second visit.

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (give

reasons) (n= 0) reasons) (n= 0)

Discontinued intervention (give
reasons) (n=0)

Analysis
y v

Analysed (n= 10) Analysed (n= 10)
+ Excluded from analysis (give + Excluded from analysis (give
reasons) (n=0) reasons) (n=0)

Analysed (n=10)
+ Excluded from analysis (give
reasons) (n= 0)

Figure 1. CONSORT flow diagram.

Clinical determinations. Anthropometric measurements, including height, body
weight, and body mass index (BMI), were measured and conducted in duplicate using
validated measurement techniques with the individuals wearing light clothes. Height was
measured using a height rod with patients standing without shoes, and the measurements
were rounded to the nearest centimeter. Body weight was measured with a bioimpedance
digital scale (TBF-215® Body Composition Analyzer, Tanita Corporation, Tokyo, Japan).
BMI was calculated using the formula BMI = kg/m?. Venous blood samples were obtained
and centrifuged at 2500 rpm (Beckman Coulter, Allegra X-22R, Brea, CA, USA). Serum and
plasma were separated and stored at —80 °C for analysis.

Blood pressure. An OMRON-calibrated electronic digital sphygmomanometer model
HEM 907 XL was used. The patients were under sedation on a chair, resting their backs
on it, with a minimum rest of 5 min and their right and left arms uncovered. They were
asked to place their left arm on a table at the height of their heart and their right arm on
their knee, while keeping both feet resting on the floor, without crossing them. A bracelet
was placed on the circumference of the left arm and fitted 3 cm above the antecubital fold.
Three measurements were taken and recorded with an interval of 1 min, from which the
average taken as the TA value was obtained. Values are reported in mmHg.

Flow-mediated dilation. The measurement of the FMD was carried out in the morning,
with the individuals in a fasting state. Following the protocol of the guidelines for FMD11,
the individual was placed in a supine position, in a semi-dark room with a constant
temperature of 22 °C. Using a calibrated electronic digital sphygmomanometer from the
brand OMRON, model HEM 7320, the bracelet was placed on the circumference of the left
arm and fitted 3 cm above the antecubital fold. Using the high-resolution semiautomatic
ultrasound UNEX-EF 38G (UNEX Co., Ltd., Nagoya, Japan) with a linear transducer at
10 MHz, longitudinal images of the right brachial artery were obtained continuously for
30 s. The bracelet was inflated (50 mmHg over systolic pressure) for 5 min, after which the
bracelet was slowly deflated for 2 min. The diameter of the brachial artery was determined
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using the software UUSM-PCALSS-00104 v 8.20.32 included in the device at 60 and 71 s.
The adventitious and intima-media segments were determined automatically and followed
automatically. FMD was estimated as the percentage of the relationship between the
maximum change in diameter during reactive hyperemia over basal diameter.

3. Results

The present study included 30 patients, 15 men, and 15 women, with an average age
of 49.9 & 6.47 with a previous diagnosis of T2D. The three groups were comparable in
terms of age, sex, BMI, HbAlc percentage, triglycerides, SBP, SBP, minimum and maximum
diameter, average flow, and bIMT, but not in glucose and FMD, as summarized in Table 1.

Table 1. Baseline demographic and hemodynamic characteristics.

Placebo Dapagliflozin Empagliflozin p*

Age 49 +4.02 52.30 £ 6.99 4840 £7.72 0.267

Sex, female/male 7/3 5/5 6/4
BMI, kg/m? 30.8 +3.26 28.67 4+ 3.44 30.23 4+ 3.83 0.527
Glucose, mg/dL 176.90 + 59.80 175.97 + 40.65 227.22 £ 65.13 0.018
HbAlc, % 8.91 +£0.94 8.1 +£0.81 8.9 +0.83 0.101
TG, mg/dL 140.57 £+ 34.10 145.80 + 41.68 131.89 + 33.71 0.759
SBP, mmHg 120.90 + 8.5 126.70 + 11.79 127.60 + 21.35 0.587
DPB, mmHg 79.10 £ 6.26 87.10 £+ 20.25 82.30 £+ 10.38 0.490
FMD, % 5.10 +1.97 6.51 + 1.52 4.62 +£1.32 0.031
Minimum diameter, mm 3.66 £ 0.80 3.77 +0.45 4.62+1.24 0.100
Maximum diameter, mm 3.83 £0.87 3.72 £0.36 4.08 +0.87 0.686
Average Flow, L 491 +216 4.69 + 1.96 450 +£2.48 0.867
bIMT, mm 0.27 £0.12 0.29 + 0.07 0.26 + 0.06 0.119

BMI: Body mass index. HbAlc: Glycosylated hemoglobin A1C. TG: Triglycerides. SBP: Systolic blood pres-
sure. DBP: Diastolic blood pressure. FMD: Flow-mediated dilation. bIMT: Brachial intimate-media thickness.
* Kruskal-Wallis test was performed.

As summarized in Table 2, according to the Kruskal-Wallis test, we found significant
differences in endothelial function between the study groups (p 0.031, 0.010). Table 2
summarizes the demographic and hemodynamic characteristics of the patients after the
7-day intervention.

Table 2. Demographic and hemodynamic characteristics after 7-day treatment.

Placebo Dapagliflozin Empagliflozin p*

Age 49 +4.02 52.30 + 6.99 4840 +£7.72 0.267

Sex, female/male 7/3 5/5 6/4 -
BMI, % 30.6 + 3.48 28.67 £ 3.44 29.36 = 4.01 0.527
Glucose, mg/dL 177.39 + 56.79 136.10 + 40.64 170.70 +39.17 0.058
TG, mg/dL 234.56 + 34.10 145.80 + 41.68 109.97 + 11.83 0.042
SBP, mmHg 116.4 + 7.67 108.97 + 18.32 116.18 £ 10.04 0.741
DBP, mmHg 77.20 +5.34 73.38 +7.31 73.30 + 8.17 0.436
FMD, % 5.02 + 1.95 7.42 +1.55 722 + 1.63 0.010
Minimum diameter, mm 3.84 +0.80 4.02 £0.46 4.08 + 0.86 0.083
Maximum diameter, mm 412 + 0.96 4.00 + 0.38 4.30 + 0.90 0.765
Average Flow, L 491 +1.88 5.48 £+ 1.35 5.65 £ 3.21 0.764
bIMT, mm 0.30 +0.11 0.28 + 0.04 0.28 +0.04 0.561

BMI. Body mass index. HbAlc: Glycosylated hemoglobin A1C. TG: Triglycerides. SBP: Systolic blood pres-
sure. DBP: Diastolic blood pressure. FMD: Flow-mediated dilation. bIMT: Brachial intimate-media thickness.
* Kruskal-Wallis test was performed.

After obtaining significant FMD results from the Kruskal-Wallis test, we found signifi-
cant differences when performing a post hoc Dunn analysis between the dapagliflozin and
empagliflozin groups in baseline measurements (p 0.049), but not in final measurements
(p 1.000). In the final basal comparison between the groups, we found significant differences
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between the placebo and empagliflozin (p < 0.001) groups and between the empagliflozin
and dapagliflozin (p 0.015) groups, but none between the placebo and dapagliflozin (p 0.134)
groups (Table 3).

Table 3. FMD group comparison basal (A), final (B), and change (C) after 7-day treatment with
dapagliflozin, empagliflozin, or placebo.

Delta FMD Distribution by Intervention

Favouring intervention

g $
=
w
3
80
o
2
a
2
2 3
& A0 s &
& & & :
o & 4
Q ¢
Intervention
A B C
Test Std Test . Test Std Test . . -
Statistic Statistic P Statistic Statistic P z p-unadj p adj
Placebo-Dapagliflozin -84 —-2.13 0.098 —-10.6 —2.695 0.021 2.007049 0.045 0.045
Placebo-Empagliflozin 1.05 0.267 1.000 —-10.1 —2.567 0.031 4.814376 <0.001 <0.001
Empagliflozin-Dapagliflozin 9.45 0.016 0.049 0.5 0.127 1.000 —2.807327 0.005 0.007

* The Dunn post hoc analysis; significance values were adjusted by Bonferroni correction. FMD: flow-mediated di-
lation.

On the other hand, when comparing empagliflozin vs. dapagliflozin, the effect on
FMD appears to be a class effect; however, comparing the deltas, empagliflozin seems to be
superior to dapagliflozin.

According to this, more studies are required to support these findings.

Adherence and Safety

No serious adverse events were reported in either treatment arm. The adherence to
dapagliflozin and empagliflozin, estimated by the number of pills returned at each visit,
was 99% and 100%, respectively. Safety was evaluated with the personal diaries given to
the patients. There were two reported cases of headache, and only symptomatic treatment
was necessary in both cases; no other adverse effects were reported.

4. Discussion

Constant hyperglycemia in patients with diabetes is recognized as the main risk
factor for the development of macro- and microvascular complications in T2D, leading to
endothelial damage, with a consequent decrease in nitric oxide production, which plays an
important role in vascular dysfunction, leading to an increased risk of mortality in these
patients, highlighting the importance of treating such damage in these patients [5,17,18].

Several experimental studies have reported that SGLT2i shows vasodilatory effects
both dependent and independent of the endothelium. Initially, it was considered that
empagliflozin had a vasodilatory effect which dapagliflozin did not have [19]; however,
in subsequent studies (Li et al., 2018) [20], it was found that dapagliflozin induced va-
sodilation through different mechanisms, without involving endothelium through the



J. Cardiovasc. Dev. Dis. 2024, 11, 182

6 0of 8

activation of PKG and voltage-dependent potassium channels (Kv) [20]. In addition
to decreasing proinflammatory cytokines, increasing the expression of vascular adhe-
sion molecules (Gaspari et al., 2018) [15], and chronically improving endothelial function
(Lee et al., 2018) [21], they also directly inhibit the cardiac output of the Na/H pump,
reducing cytosolic Na, and mediate the attenuation of TNF-o« (Uthman, 2017) [22].

It has been reported that the use of SGLT2i leads to a decrease in the development of
cardiovascular complications in patients with T2D, reducing arterial stiffness, reducing
endothelial dysfunction, and increasing shear stress and blood viscosity; it has also been
reported that SGLT2i can lead to a reduction in the monocyte/high-density lipoprotein
(HDL) ratio (MHR), decreasing the inflammation and oxidative stress, thus leading to both
renoprotective and cardioprotective effects [14,23]. Moreover, it has been shown that after
2 days of treatment with dapagliflozin, patients had a significant increase in FMD of 1.2%
(from 2.8 to 4.0%), while in our study, we found an improvement of 0.91% (from 6.51 to
7.42%) in the group of patients receiving dapagliflozin, whereas in the group of patients
receiving empagliflozin, the improvement was 2.6% (from 4.62 to 7.22%).

According to these results, it seems that the benefit obtained by patients receiving
empagliflozin is higher than that by patients receiving dapagliflozin; however, we must
consider that there was a significant difference in baseline values between both groups, as
demonstrated in Dunn’s post hoc analysis, and this difference was lost after pharmacologi-
cal intervention. Based on these results, we can theorize that the greater the endothelial
dysfunction, the greater the potential short-term effects of SGLT2i on reducing this endothe-
lial dysfunction. These findings are consistent with the report by Tahara et al. (2017) [24],
showing experimentally that the use of SGLT2i could be useful not only for hyperglycemia
but also for diabetes-related diseases and complications.

The main limitation of our study may be the limited sample size of patients, although
we identified notable results. We believe it is crucial to examine the impact of SGLT-2i on
changes in endothelial function during different treatment periods to confirm our findings.

5. Conclusions

After 7 days of treatment, both the empagliflozin group and dapagliflozin group
achieved similar FMD effects, suggesting that these results may be considered as a class
effect on endothelial function.
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