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ARTICLE INFO ABSTRACT

Keywords: Objective: Type 2 diabetes (T2D) is linked to metabolic, mitochondrial and inflammatory alterations, athero-
Type 2 diabetes sclerosis development and cardiovascular diseases (CVDs). The aim was to investigate the potential therapeutic
GLP-1 RA

benefits of GLP-1 receptor agonists (GLP-1 RA) on oxidative stress, mitochondrial respiration, leukocyte-
endothelial interactions, inflammation and carotid intima-media thickness (CIMT) in T2D patients.

Research design and methods: Type 2 diabetic patients (255) and control subjects (175) were recruited, paired by
age and sex, and separated into two groups: without GLP-1 RA treatment (196) and treated with GLP-1 RA (59).
Peripheral blood polymorphonuclear leukocytes (PMNs) were isolated to measure reactive oxygen species (ROS)
production by flow cytometry and oxygen consumption with a Clark electrode. PMNs were also used to assess
leukocyte-endothelial interactions. Circulating levels of adhesion molecules and inflammatory markers were
quantified by Luminex’s technology, and CIMT was measured as surrogate marker of atherosclerosis.

Results: Treatment with GLP-1 RA reduced ROS production and recovered mitochondrial membrane potential,
oxygen consumption and MPO levels. The velocity of leukocytes rolling over endothelial cells increased in PMNs
from GLP-1 RA-treated patients, whereas rolling and adhesion were diminished. ICAM-1, VCAM-1, IL-6, TNF«
and IL-12 protein levels also decreased in the GLP-1 RA-treated group, while IL-10 increased. CIMT was lower in
GLP-1 RA-treated T2D patients than in T2D patients without GLP-1 RA treatment.

Conclusions: GLP-1 RA treatment improves the redox state and mitochondrial respiration, and reduces leukocyte-
endothelial interactions, inflammation and CIMT in T2D patients, thereby potentially diminishing the risk of
atherosclerosis and CVDs.

Mitochondrial dysfunction
Leukocytes

Oxidative stress
Atherogenesis/atherosclerosis

predominant health problem worldwide. Its representative metabolic
disturbances are insulin resistance, hyperglycaemia and altered lipid
1. Introduction metabolism, all of them related to chronic inflammation and impaired
vasculature, leading to complications that affect both macro- and
Type 2 diabetes (T2D) is a metabolic disorder that constitutes a
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Abbreviations

BMI body-mass index

CIMT carotid intima-media thickness

CVD cardiovascular disease

DCFH  2,7-Dichlorodihydrofluorescein diacetate

GLP-1 glucagon-like peptide-1
GLP-1 R glucagon-like peptide-1 receptor
GLP-1 RA glucagon-like peptide-1 receptor agonist

HE Hydroethidine

MPO myeloperoxidase

mtROS  mitochondrial ROS

NLRP Nod-Like Receptor Protein

PMN polymorphonuclear leukocyte

ROS reactive oxygen species

SGLT2  sodium-glucose transporter 2

T2D type 2 diabetes

TMRM tetramethylrhodamine methyl ester perchlorate
TNFo Tumor necrosis factor alpha

microvessels [1,2]. These alterations can cause a change in the balance
of antioxidants and oxidants in favor of the latter [3].

The unbalanced oxidative environment in T2D can contribute to an
increase in advanced glycation end products, thus triggering glycation of
haemoglobin and metabolic disturbances that promote a systemic
proinflammatory state [4]. This proinflammatory state enhances the
release of proinflammatory cytokines such as TNFa and IL-6, as well as
reactive oxygen species (ROS) [5]. Together, sustained ROS production
and increased inflammation promote the development of diabetic
atherosclerosis [6,7]. Leukocytes are activated in T2D and release cy-
tokines and adhesion molecules [8], interacting with the vessel wall,
penetrating the inner layers of arteries and escalating the progression of
carotid atherosclerosis and cardiovascular events [9,10].

Intensive glucose-lowering treatments have been in part unsuccess-
ful to noticeably decrease cardiovascular morbidity and mortality in
T2D patients with high risk of developing cardiovascular conditions
[11]. Optimal CVD care is supported by evidence-based research on
preventative medications. In this sense, several large cardiovascular
outcome trials conducted with novel hypoglycaemic medications, such
as glucagon-like peptide-1 receptor agonists (GLP-1 RA), have recently
demonstrated significant reductions of major adverse cardiovascular
events [12]. GLP-1 is a gut incretin hormone released from intestinal L
cells that regulates blood glucose levels via the GLP-1 receptor (GLP-1R)
[13]. GLP-1 RA have multiple biological effects, including glycaemic
control, improved lipid metabolism, blood pressure reduction and
weight loss [14]. GLP-1 RA can also exert mitochondrial and
anti-apoptotic effects in various cell types, including pancreatic p cells
and cardiomyocytes [15]. However, the mechanisms responsible for
these effects are unknown.

Mitochondrial dysfunction is an initial event in the sequence of al-
terations that occur during T2D in endothelial cells and leukocytes [16].
Mitochondrial fragmentation, ROS overproduction and accumulation of
malfunctioning mitochondria are key features of T2D [17]. Taking this
into account, we have carried out the present pilot study to investigate
the potential therapeutic benefits of GLP-1 RA (administered for at least
1 year) on mitochondrial function, leukocyte-endothelial interactions,
adhesion molecules, proinflammatory markers and carotid inti-
ma-media thickness (CIMT), all of which are involved in the develop-
ment of atherosclerosis and CVDs.
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2. Material and methods
2.1. Subjects and sample collection

Patients with T2D (255) and age and sex-paired control subjects
(175) were recruited at the Endocrinology and Nutrition Service of the
Dr. Peset Hospital (Valencia, Spain). T2D patients were diagnosed
following the guidelines established by the American Diabetes Associ-
ation, and the presence of morbid obesity or any autoimmune, malig-
nant, organic, hematological, inflammatory or infectious disease
accounted for the exclusion criteria. T2D patients were separated into
those without GLP-1 RA treatment (n = 196) and those treated with
GLP-1 RA for one year (n = 59). Participants were informed and gave
their written consent. The protocol was approved by the Clinical
Research Ethics Committee of the University Hospital Dr. Peset (ID:
100.22). The study was conducted following the ethical principles of the
Helsinki Declaration.

After 12 h of fasting, anthropometric parameters were assessed and
blood was drawn from the median cubital vein. Biochemical de-
terminations were measured as previously described [7] in our hospi-
tal’s Clinical Analysis Service.

2.2. Isolation of polymorphonuclear leukocytes (PMNs)

PMNs were obtained from whole blood collected in EDTA-coated
tubes from all subjects. Isolation was performed with a MACSxpress®
Whole Blood Starting Kit (Miltenyi Biotec) following the manufacturer’s
guidelines.

2.3. Flow cytometry

Whole blood samples (500uL) were stained for flow cytometry, as
previously described [7].

2.4. Oz consumption

Oxygen consumption by PMNs was measured with a Clark electrode
(Rank Brothers), as detailed before [16].

2.5. Leukocyte-endothelial cell interaction

Human umbilical vein endothelial cells (HUVEC/TERT2, ATCC)
were cultured to form a monolayer). PMNs were resuspended (106 cells/
mL) in RPMI media supplemented with 10% v/v FBS (Biowest) and
subsequently perfused over the HUVEC monolayer for 5 min at a speed
of 0.3 mL/min using a dynamic adhesion system with a parallel flow
chamber following a previous method [7].

2.6. Evaluation of adhesion and inflammatory molecules

Plasma was obtained by centrifuging blood, collected in EDTA-
coated tubes [18] 1500g, 10 min, 4 °C to analyze serum levels of the
adhesion molecules ICAM-1, P-selectin, VCAM-1, myeloperoxidase
(MPO) and cytokines IL6, TNFa, IL12 and IL10, in a Luminex® 200
(Luminex Corporation), following the MILLIPLEX® Kit manufacturer’s
procedures (Millipore Corporation).

2.7. Carotid Intima—Media thickness measurement (CIMT)

A week after the blood extraction, the CIMT of T2D patients and
healthy subjects was evaluated at the Cardiology Service of the Dr. Peset
Hospital following the American Echocardiography Association’s
guidelines [19].
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2.8. Statistical analysis

After normal distribution analysis of the data, the three groups were
compared with one-way ANOVA and Tukey post-hoc tests, using SPSS
27.0 (SPSS Statistics Inc.) and GraphPad (www.graphpad.com). P
values < 0.05 were considered statistically significant.

3. Results
3.1. Anthropometrical and biochemical parameters

Anthropometrical measurements are displayed in Table 1 and reflect
the metabolic alterations characteristic of T2D. T2D patients displayed
higher levels of glucose, HbAlc, HOMA-IR index and insulin than con-
trols. Furthermore, lipid metabolism alterations were observed, even
though some of these were attributed to statin treatment. We confirmed
that body-mass index (BMI) was an independent factor that did not in-
fluence the rest of differences. There were no statistical differences be-
tween T2D that had received GLP-1 RA treatment and those that had
not. Other treatments are detailed in Table 1.

3.2. GLP-1 RA ameliorates oxidative stress and mitochondrial function

Total ROS (Fig. 1A, p < 0.001; representative plots in Supplementary
Fig. 1), mtROS and superoxide production (Fig. 1B and C, both p < 0.01,
representative plots in Supplementary Fig. 1) were higher in our T2D
patients compared to the control group. T2D patients treated with GLP-1
RA produced lower levels of total and mtROS than those that were not
treated (Fig. 1A-B, p < 0.05) and displayed reduced levels of superoxide
production (Fig. 1C). Mitochondrial membrane potential (representa-
tive plots in Supplementary Fig. 1) and Oy consumption decreased in the
T2D group (p < 0.01, p < 0.05, respectively) but were restored in the
GLP-1 RA treated group (p < 0.01 and p < 0.05) (Fig. 1D and E).
Additionally, myeloperoxidase (MPO) levels in serum were higher in
T2D patients, which were reversed by GLP-1 RA treatment (Fig. 1F, both
p < 0.01).

3.3. Leukocyte-endothelial interaction and adhesion molecules are
decreased with GLP-1 RA treatment

In the leukocyte-endothelial interaction assays (see supplementary
representative videos), the rolling velocity of PMNs from T2D over the
HUVEC monolayer was reduced, while their rolling flux was increased
with respect to the control group (Fig. 2A and B, both p < 0.001,
representative videos in supplementary files). The T2D group also dis-
played a higher number of adhered cells (Fig. 2C, p < 0.001, represen-
tative plots in supplementary files). These interactions were restored in
the PMNs from GLP-1 RA-treated patients, in which higher rolling ve-
locity and lower rolling flux and adhesion were observed with respect to
the non-treated patients (Fig. 2A-C, all of them p < 0.05).

These results were supported by the quantification of adhesion
molecules in serum from patients. ICAM-1, VCAM-1 and P-selectin
proteins were elevated in T2D patients compared to the control group
(Fig. 2D-F, p < 0.05). Treatment with GLP-1 RA lowered ICAM-1 and
VCAM-1 levels in the treated T2D patients (Fig. 2D and E, p < 0.05),
while it did not affect P-selectin levels (Fig. 2F).

3.4. GLP-1 RA modulates serum inflammation molecules in T2D patients

Our analysis of the inflammatory state revealed that levels of IL-6 (p
< 0.05), TNFa and IL-12 (both p < 0.01) were higher in the serum of
T2D patients, while those of IL-10 were lower (p < 0.05). IL-6 and TNF«
were reverted to control levels in T2D patients treated with GLP-1 RA
(both p < 0.05) whereas IL-12 was further decreased compared to the
non-treated and control groups (p < 0.05). Conversely, GLP-1 RA
treatment increased IL-10 (p < 0.05), though not to control levels.
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Table 1
Summary of the main anthropological, clinical and biochemical parameters of
the population of study and the treatments received.

Characteristics Control Type 2 Type 2 BMI
diabetes diabetes with corrected p-
without GLP- GLP-1RA value
1RA

N 175 196 59

Sex (% women) 46% 45% 37% ns

Age (years) 54.9 + 59.9 + 10.5 56.5 + 9.9 ns

13.5

Duration of - 10.4 + 8.1 13.8 £ 8.7 ns

diabetes (years)

Weight (kg) 71.2 + 89 £ 13.7%** 95.5 + ok

15.2 17.6%**
Waist 78.5 + 111.4 + 1129 + ok
circumference 12.5 20.1%** 12.3%%*
(cm)
BMI (kg/m?) 24.9 + 32.2 £ 5.6%** 333+ ok
14.5 4.9%%**
SBP (mm Hg) 117.4 + 136.9 = 134 £ 14%** ok
23.1 27.6%%*
DBP (mm Hg) 71.9 + 76.6 + 22.2 73.5 + 20.9 ns
17.7
Glucose (mg/dL) 87.6 + 136.7 + 138.7 + ek
10.3 46.4%** 54.9%**
HbA1c¢-DCCT (%) 5.2+ 6.8 £ 1.5%** 7.1 £ 1.4%%* ok
0.5
Hb1Ac (mmol/ 329 + 515+ 57 + 13.3%** ek
mol) 4.5 13.6%**
Total cholesterol 184.6 + 147.4 + 151.5 + ok
(mg/dL) 35.7 38.2%** 34.7%%x
HDL-c (mg/dL) 57.8 + 45.7 + 43.5 + wEE
14.6 12.4%*= 10.4%**
LDL-c (mg/dL) 108.2 + 77.8 £ 74.5 £ 33%** ek
30.7 14.6%**
Triglycerides (mg/ 66 113 (83-161) 134 (93-198) el
dL) (54_99) dededke dedesk
HOMA-IR 19+ 5.2 £+ 2.6%** 6 + 3.8%** ek
1.5
Insulin (pUI/mL) 7.6 + 14.7 £ 7.1%* 14.6 + e
5.3 14.3%*

Treatment

Antidiabetic drugs

Insulin - 28,8% 39%

Insulin + - 13,1% 26,8%

Metformin

Insulin + DPP4 - 7,6% 0%

inhibitors

Insulin + SGLT2 - 5,1% 19,5%

inhibitors

Metformin - 62,6% 78%

Metformin + - 6,6% 17,1%

SGLT2 inhibitors

Metformin + DPP4 - 25,3% 0%

inhibitors

SGLT2 inhibitors - 11,6% 29,3%

Lipid-lowering - 74,2% 85,4%

medication

Statins - 56,6% 78%

Statins + Fibrates - 6,6% 7,3%

Statins + - 3% 4,9%

Ezetimibe

Antihypertensive - 46,5% 48,8%

medication

For normally distributed data, mean =+ standard deviations are shown, while the
median (25th and 75th quartiles) are displayed for non-normally distributed
data. Statistical analysis was made with ANOVA and the Tukey post-hoc test.
Kolmogorov-Smirnov test was employed for non-normally distributed data.
Proportions were compared with a Chi-square test. The influence of BMI was
tested and corrected with the univariate linear model. **p<0.01 and ***p <
0.001 vs control. In the summary of the treatments of T2D patients, results
expressed as percentage (%) of patients with each treatment.
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Fig. 1. Oxidative stress parameters in PMNs from control subjects and T2D patients with or without GLP-1 RA treatment. ROS production (A), mitochondrial ROS (B)
and whole-cell superoxide production (C) mitochondrial membrane potential (D) were measured by flow cytometry. Oxygen consumption was evaluated by a Clark
electrode (E), and MPO protein levels (F) in serum samples from the three groups of subjects were analyzed with a Luminex® 200 analyzer system. Data are
represented as mean + SD. Comparisons were made with one —-way ANOVA. *p < 0.05, **p < 0.01 and ***p < 0.001 vs Control; #p < 0.05, ##p < 0.01 vs T2D.
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Fig. 2. Evaluation of leukocyte-endothelial interaction and adhesion molecules in T2D patients (treated or not with GLP-1 RA) and control subjects. Rolling velocity
(A, pm/s), rolling flux (B, leukocytes/min) and adhesion (C, leukocytes/mm?). Adhesion molecules: ICAM-1 (D), VCAM-1 (E) and P-selectin (F) were measured using
a Luminex® 200 analyzer system. Data are represented as mean =+ SD. Results were compared between groups with one -way ANOVA. *p < 0.05 and ***p < 0.001 vs

Control; #p < 0.05 vs T2D.

3.5. CIMT is affected by T2D and GLP-1 RA treatment

CIMT can be related to vascular complications. Measurements of
both the right and left CIMT followed the same trend (Fig. 3E and F);
thickness was increased in T2D patients compared to the control group
(p < 0.001) and was reduced in the GLP-1 RA-treated patients (p <
0.05).

A scheme summarizing the findings of the present study has been
shown in Fig. 4.

4. Discussion and conclusion

The present study shows the beneficial effects of GLP-1 RA on
different hallmarks of T2D. We have evaluated endocrine and anthro-
pometric parameters, mitochondrial and oxidative stress parameters,
adhesion molecules, cytokines, leukocyte—endothelium interactions and
CIMT in controls and GLP-1 RA-treated and non-treated T2D patients.

During T2D, leukocytes are closely associated to ROS production and
are also highly susceptible to their oxidative damage [20,21]. Our re-
sults show an increase in total and mitochondrial ROS, superoxide and
MPO levels and a decline in Oy consumption and mitochondrial
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Fig. 3. Serum levels of cytokines and measurement of carotid intima—media thickness (CIMT). Differences between control and T2D groups (with or without GLP-1
RA treatment) are shown in the graphs. IL-6 (A), TNFa (B), IL-12 (C) and IL-10 (D) levels were measured with a Luminex® 200 analyzer system. Comparisons were
made with ANOVA and a Tukey post-hoc test. *p < 0.05 and **p < 0.01 vs Control; #p < 0.05 vs T2D. Left carotid (E) and right carotid (F) were analyzed. Data are

represented as mean =+ SD. Statistical analysis was performed using ANOVA with a Tukey post-test. ***p < 0.001 vs Control; #p < 0.05 vs T2D.

GLP-1 RA treatment
in Type 2 Diabetes

V' Pro-inflammat®
adhesion molecules

4 PMN Velocity
4 PMN Rolling/adhesion

Fig. 4. Summary of the main findings of the study. GLP-1 RA treatment in T2D
patients decreases CIMT and the concentration of pro-inflammatory and
adhesion molecules in circulation. GLP-1 RA also increases PMN rolling ve-
locity, and reduces PMN rolling flux and adhesion. PMNs of patients treated
with GLP-1 RA display reduced levels of ROS and improved mitochondrial
membrane potential and O, consumption, compared to patients not treated
with GLP-1 RA. AYm: mitochondrial membrane potential, CIMT: carotid inti-
ma-media thickness, PMN: polymorphonuclear leukocytes, ROS: reactive oxy-
gen species. Partially created with Biorender.

membrane potential in the leukocytes of T2D patients not treated with
GLP-1 RA, suggesting that leukocyte mitochondrial function is
compromised under chronic hyperglycaemia. These findings are in
agreement with those of previous studies demonstrating elevated
mtROS production in T2D patients that were associated to the devel-
opment of silent myocardial ischaemia [3,7].

In our group of T2D patients treated with GLP-1 RA, oxidative stress-
related alterations were reversed in part, thus confirming its beneficial
effects by which it preserves mitochondrial function. In line with this,
GLP-1 RA have been shown to activate cytoprotective pathways [22,23],
protect neurons against oxidative stress [24], and exert anti-apoptotic
effects in different cell types, including pancreatic p cells [15,23], car-
diomyocytes [23,25] and nerve cells [24]. However, the underlying
mechanisms promoting these effects are not yet fully elucidated.

Metabolic syndrome underlies pathological processes including

atherosclerosis, that is characterized by enhanced recruitment of leu-
kocytes to the endothelium. A pro-inflammatory state promotes
enhanced leukocyte-endothelial cell interactions and favors the early
onset of atherosclerosis [26]. Increased leukocyte-endothelium in-
teractions and/or impairment of leukocyte function have been related to
oxidative stress in subjects with insulin resistance [27] and animal
models of T1D and T2D [28]. In the present study, we have used an ex
vivo model in which human PMNs are perfused over a monolayer of
human endothelial cells mimicking the shear stress to that observed in
vivo [29,30]. We observed that T2D increased rolling flux and adhesion
and decreased rolling velocity of PMN in T2D patients that were not
treated with GLP-1 RA. In the GLP-1 RA-treated T2D group, we observed
a similar degree of leukocyte-endothelial interactions to the control
group, with reduced rolling flux and adhesion and increased rolling
velocity with respect to the non-treated group, suggesting a beneficial
action that slows down the development of atherosclerosis. A study in
patients with chronic heart failure showed no major improvements in
left ventricular ejection fraction [31]. However, Lopez et al. (2022)
demonstrated that the addition of GLP-1 RA to SGLT2 inhibitors may
reduce the risk of adverse events in patients with heart failure with
reduced ejection fraction who have T2D and atherosclerotic CVD, but it
does not affect the risk of heart failure hospitalization [32]. Further-
more, in a network meta-analysis, GLP-1 RA was reported to reduce
cardiovascular mortality, non-fatal myocardial infarction, and non-fatal
stroke [33]. These outcomes suggest that GLP-1 RA can exert cardio-
vascular protection through its anti-atherosclerotic properties.

In the present study, we have observed an increase in ICAM-1,
VCAM-1 and P-selectin in T2D, which is in accordance to previous
research [34] and matches the observed enhanced leukocyte-endothe-
lium interactions. We observed increased IL-6, TNFa and IL-12 levels
and decreased IL-10 levels in T2D patients, all of which represents an
inflammatory state. High levels of TNFa that arise as a consequence of
ROS-induced oxidative stress in activated leukocytes, are thought to
inhibit insulin signaling and impair glucose uptake [35]. In addition,
IL-6 plays an important role in atherosclerosis in T2D [36]. GLP-1 RA
treatment in T2D patients reversed these effects by decreasing IL-6,
TNFo and IL-12 levels and increasing IL-10 levels, thus demonstrating
an anti-inflammatory effect. These results are in agreement with clinical
data obtained in patients treated with GLP-1 RA, whose isolated
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leukocytes exhibited a decreased production of TNFa and IL-1 [37].
GLP-1 RA have been shown to decrease systemic inflammation, as
measured by CRP levels in T2D patients [38].

Finally, we evaluated CIMT, which could be related in some way
with early stages of atherosclerosis [39]. T2D promotes CIMT thickening
[40], and one of the main consequences of this alteration is cerebro-
vascular events such as stroke. Left and right CIMT were increased in the
non-treated T2D group, while it decreased in both carotids of the GLP-1
RA-treated group, suggesting a slowing down of the atherosclerotic
process. In accordance, a recent study by Marx et al. [13] have reported
that GLP-1 RAs help to reduce atherosclerotic cardiovascular risk in
patients with T2D. By stimulating GLP-1R in hypothalamic neurons,
GLP-1 RAs increase satiety, which leads to weight loss. In contrast to the
evidence suggesting an improved vascular health by GLP-1 RA treat-
ment, a study performed in obese subjects with impaired glucose
tolerance found that exenatide was not more effective than metformin in
ameliorating endothelial function, measured by digital reactive hyper-
emia [41]. However, the duration of the treatment period in this study, 3
months, may have been insufficient to produce greater effects on
endothelial function. In addition, instead of T2D patients, the
non-diabetic population included in the study may not have developed
endothelial dysfunction to an extent sensitive enough to observe im-
provements by GLP-1 RA treatment. A recent randomized controlled
trial using exenatide in T2D patients concluded that GLP-1 RA treatment
for 18 months did not improve carotid plaque volume or composition
[42]. A limitation of our study is the cross-sectional design, which may
explain, at least partially, the differences between our findings and those
from Koska et al. In addition, some differences in the study populations
are striking. For example, the longer duration of the disease in our
cohort (13.8 + 8.7 years in the GLP-1 RA treated patients vs 6 + 4 years
in Koska’s study), that may have promoted a greater atherosclerosis
progression in our subjects, allowing more noticeable
anti-atherosclerotic effects of GLP-1 RAs. Another disparity is that
almost all subjects in Koska’s study are men (men proportion of >95% vs
60% in our study population), which raises the possibility that men may
have limited benefit from the use of these drugs to prevent the onset or
slow progression of atherosclerosis, although this requires further
research. Data from preclinical models of atherosclerosis have shown
that GLP-1 RA reduces the development of the atherosclerotic lesion and
its progression by contributing to less vulnerable and more stabilized
plaques [43], most likely through anti-inflammatory and anti-
atherogenic effects in macrophages, monocytes, endothelial cells and
vascular smooth muscle cells, which express GLP-1R [44]. Indeed, the
expression levels of genes related to the pathogenesis of atherosclerosis,
such as those involved in leukocyte recruitment, leukocyte rolling and
adhesion/extravasation, showed altered expression in mouse models of
atherosclerosis that were reversed when mice were treated with GLP-1
RA [45]. Interestingly, evidence supports that GLP-1 RA may act
through inducing autophagy [46,47], a key energy homeostasis
response associated to therapeutic effects of weight loss in obese patients
[18]. Our findings suggest that, in addition to these mechanisms, GLP-1
RA ameliorate leukocyte’s redox state, mitochondrial function and
reduce their interaction with the endothelium, ultimately contributing
to a lower cardiovascular risk. Since both GLP-1 RA-treated and
non-treated patients displayed similar anthropometric and
glucose-related parameter levels, while the former showed an overall
improved oxidative stress and inflammatory profile, it seems that GLP-1
RA exerts direct effects on leukocyte mitochondria, redox signaling
and/or inflammatory-adhesion molecular pathways.

In summary, our findings highlight the beneficial effects of GLP-1 RA
in the context of T2D, in which it improves mitochondrial dysfunction,
decreases inflammatory mediators and leukocyte-endothelium in-
teractions, and reduces CIMT. Future research into these regards will
undoubtedly aid to clarify the molecular mechanisms involved in these
effects of GLP-1 RA and to prevent the atherosclerotic process in T2D.
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