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Sodium-glucose transporter-2 inhibitors (SGLT-2i) and glucagon-like peptide 1 (GLP-1) re-
ceptor agonists are newer antidiabetic drug classes, which were recently shown to decrease
cardiovascular (CV) morbidity and mortality in diabetic patients. CV benefits of these drugs
could not be directly attributed to their blood glucose lowering capacity possibly implicating
a pleotropic effect as a mediator of their impact on cardiovascular disease (CVD). Particu-
larly, preclinical and clinical studies indicate that SGLT-2i(s) and GLP-1 receptor agonists
are capable of differentially modulating distinct adipose pools reducing the accumulation
of fat in some depots, promoting the healthy expansion of others, and/or enhancing their
browning, leading to the suppression of the metabolically induced inflammatory processes.
These changes are accompanied with improvements in markers of cardiac structure and
injury, coronary and vascular endothelial healing and function, vascular remodeling, as well
as reduction of atherogenesis. Here, through a summary of the available evidence, we bring
forth our view that the observed CV benefit in response to SGLT-2i or GLP-1 agonists ther-
apy might be driven by their ameliorative impact on adipose tissue inflammation.

Cardiovascular protection and antidiabetic drugs

One of the main challenges in the treatment of diabetic patients is the management of the associated car-
diovascular diseases (CVDs), which represent the major cause of morbidity and mortality in this patient
population. Indeed, the start point of CV complications in the course of metabolic disease seems to be ob-
scure. Current evidence links the initiation of pathological processes culminating in cardiometabolic dis-
ease to pre-diabetes and its associated adipose tissue inflammation [1]. Relatedly, studies have shown that
tight glycemic control per se is insufficient to reverse the CV derangements associated with diabetes [2].
This has motivated studies on drugs with pleotropic effects beyond glucose lowering. To this end, drugs
such as metformin and pioglitazone have been tested for their anti-inflammatory effects [3]. Additionally,
the CV safety of some of the approved drugs for diabetes management has been the concern of several
clinical trials. In several landmark trials, sodium-glucose transporter-2 (SGLT-2) inhibitors (SGLT-2i) and
glucagon-like peptide 1 (GLP-1) receptor agonists were not only shown to be safe but also appeared to be
endowed with CV benefits beyond their glucose-lowering capacity [4-6], with benefits even in nondia-
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their combined use based on their complementary effects, tolerability, and CV benefit [13,14]. Researchers have in-
ferred the presence of extra-glycemic effects of SGLT-2i from the fact that CV protection was achieved independent
of glycated hemoglobin (HbA1lc) levels [4,15]. Particularly, clinical trials indicated that CV benefits preceded nor-
malization of HbA1c levels in diabetic individuals. Nonetheless, positive CV outcomes were evident in nondiabetic
subjects with heart failure and coronary artery disease (CAD) [7,16] and were driven by changes in fat metabolism
[17]. Indeed, a systematic review and meta-analysis of major cardiovascular outcomes trials confirms that cardiorenal
benefits derived from SGLT-2i and GLP-1 receptor agonists are independent of their glycemic effects [18].

Both drug classes have been shown to exhibit desirable effects on adipose tissue depots implicated in CVDs [19-24],
namely epicardial-, perivascular-, epididymal-, and inguinal- (ECAT, PVAT, EDAT, and IAT, respectively) as well as
perirenal adipose tissue (PRAT). In fact, such propensity for the previously mentioned adipose tissues to be impli-
cated in CVDs has been shown to be related to lower adipogenesis and differentiation capacity [25,26] as well as
higher insulin resistance—as compared with subcutaneous adipose tissues (SAT)—under pathological conditions
[27,28]. These characteristic are shown to promote hypoxia, a condition which triggers anaerobic fuel production
mechanisms and promotes inflammation [17,24]. In previous studies on human subjects and animal models, we and
others have pointed out that possible paracrine spillage of proinflammatory mediators from inflamed adipose depots
to neighboring effector organs can trigger pathological consequences in the context of metabolic disorders and that
selective amelioration of the localized inflammation is sufficient to reverse these detrimental changes [3,29-33].

In this review, we summarize clinical and preclinical evidence of thoracic and visceral adipose modulation by
SGLT-2i(s) and GLP-1 receptor agonists culminating in cardiovascular benefit. We focus on ECAT, PVAT, and PRAT
as direct, regional contributors to organ-specific diseases of the cardiovascular system. We also describe changes in
abdominal adipose tissues systemically associated with cardiovascular disease, i.e., EDAT and IAT. Herein, we provide
a separation between the differential, depot-specific effects of SGLT-2i(s) and GLP-1 receptor agonists, which might
be related to the different characteristics of the adipose tissues and/or their expression of the respective effectors in
health and disease, i.e., SGLT-2 and GLP-1 receptors.

We searched Google scholar and different search engines and databases for papers written in English on the car-
dioprotective effects of SGLT-2i(s) and GLP-1 receptor agonists mediated by changes in adipose tissues remodeling,
metabolism, and inflammatory status. We mainly looked for articles combining both the adipose- and cardiovascular
modulatory effects of SGLT-2i(s) and GLP-1 receptor agonists and studying both aspects in relation to one another,
i.e., providing a link (correlation or association) between adipose tissue modulation and cardiovascular benefit. We
used keywords and phrases like ‘effect of SGLT-2 inhibitors/GLP-1 receptor agonists on adipose tissue and cardio-
vascular function’ and ‘cardioprotective effect of adipose tissue modulation by SGLT-2 inhibitors/GLP-1 receptor
agonists. We also looked for similar research and mechanistic explanations among references of matching articles.

Heterogeneity of adipose depots imparts adipose
tissue-specific characteristics

Adipose depots can be broadly classified into: thoracic, visceral, and subcutaneous. In fact, adipose tissues are not
created equally as they are distinguished by their composition of mature and immature adipocytes, i.e. progenitor
cells, also known as stromal vascular preadipocytes [28,34,35]. Mature adipocytes can be classified as white, brown,
or brite (also known as beige), whereas preadipocytes and progenitor cells differ in their ability to proliferate and/or
differentiate into mature adipocytes. The latter dictates the rates of hypertrophy and hyperplasia of the corresponding
adipose pads in response to different physiological and pathological stimuli [34]. White adipocytes are known to be
unilocular in nature, made up of a single large lipid droplet, and possess few mitochondria, while brown fat cells
are multilocular and have abundant mitochondria. In fact, brown adipocytes acquire their color from the ample
expression of uncoupling protein (UCP) 1, which uncouples the electron transport chain from adenosine triphosphate
(ATP) production [36].

Alternatively, adipose tissues are disparate in their metabolic activity as well as their susceptibility to hypoxia which
is thought to be dependent on their vascularization and the ability of their respective peri-adipose vessels to undergo
angiogenesis [34,37]. Moreover, adipose pads vary in their expression levels of different metabolically involved pro-
teins, like SGLT-2 and GLP-1 receptors, and how these are altered in disease conditions. The latter renders them
differentially impacted by- and responsive to treatments.
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Cardiac adipose tissues: the ECAT

Cardiac adipose tissue comprises different depots including the pericardial- and the epicardial adipose tissue (ECAT)
classified by their location. Despite their close proximity, pericardial and ECAT are essentially distinct. ECAT is lo-
cated between the cardiac muscle (the myocardium) and the pericardium and is perfused by branches of coronary
arteries [38]. It is mainly composed of small, unilocular white adipocytes with the capacity to undergo browning under
the effect of various stimuli. Indeed, human ECAT has been shown to express more UCP1 than most fat pads, which is
thought to be protective to the myocardium against hypothermia [39]. ECAT is composed of more preadipocytes—or
stromal vascular cells—than mature adipocytes [40].

Physiologically, ECAT functions as a thermoregulator and a lipid reservoir for myocardial energy [41]. This is
particularly important in an adipose depot which heavily relies on free fatty acid oxidation for energy production [42].
The latter prevents excessive fat accumulation in ECAT [40]. Consistently, ECAT resembles visceral adipose tissues
(VAT) in possessing lower insulin-induced glucose uptake than SATs [43]. In fact, fatty acid oxidation consumes
more oxygen than glucose oxidation required to produce an equivalent amount of energy [44,45], which makes ECAT
especially prone to hypoxia in the situation of insulin resistance and subsequent tissue expansion [46].

Additionally, ECAT preserves autonomic ganglia and nervous tissues and modulates coronary artery dynamics
[41]. Thus, it is not surprising that changes in ECAT morphology, phenotype, and secretory profile have been shown
to be associated with various cardiac diseases including heart failure, myocardial infarction, atrial fibrillation, and
CAD [47-49] (Table 1). Particularly, ECAT volume and thickness have been associated with the previously mentioned
cardiovascular abnormalities, whereby paracrine and endocrine signaling of adipocytokines derived from ECAT pro-
motes deleterious effects on cardiac structure and function [50,51]. Interestingly, human ECAT was shown to express
SGLT-2 as well as GLP-1 receptors, which renders it a therapeutic target in metabolic diseases [52-54].

Perivascular adipose tissue

Different vascular beds are surrounded with adipose tissues which not only exert a passive, barrier function but
also perform paracrine signaling roles on to their neighboring vessels. Indeed, PVAT is actively involved in vascular
dynamics, carrying out physiologically essential anticontractile and vasodilatory activities and secreting various me-
diators into the extracellular matrix affecting vascular smooth muscle- and endothelial cells [102-104]. PVAT include
coronary- surrounding blood vessels of the heart-, thoracic-, and abdominal adipose pads.

PVAT comprises beige adipocytes, which share characteristics of white and brown adipocytes. Compared to sub-
cutaneous adipocytes, perivascular adipocytes were shown to possess lower adipogenic differentiation capacity [105].
Alterations of PVAT secretory profile were shown to contribute to vascular diseases like CAD, pre-diabetic and Type
2 diabetic (T2D) vascular dysfunction, as well as atherosclerosis [106] (Table 1). Indeed, local inflammation and hy-
poxia of PVAT were shown to be associated with loss of its anticontractile function in obese subjects [81,80], whereby
combating PVAT inflammation restores anticontractile properties independent of body weight [107]. Interestingly, it
was shown that human pericoronary adipose fat overexpresses SGLT-2 in prediabetes with acute myocardial infarc-
tion [108]. Such an overexpression was shown to respond to antidiabetic treatment with pleotropic anti-inflammatory
effects, like metformin [108].

Visceral versus subcutaneous adipose tissues

Visceral adipose tissues exist in intra-abdominal cavities (i.e. omental and mesenteric) and provide protection for
abdominal organs like the gonads (i.e., EDAT) and the kidneys (i.e., PRAT or retroperitoneal fat). Contrary to SATS,
which are described to have a benign impact on cardiovascular, cardioautonomic, and/or cardiorenal function, vis-
ceral adipose tissues are associated with cardiometabolic disease states [109,110] (Table 1).

The limited capacity of visceral adipose tissues to expand is hypothesized to be at the origin of metabolic dis-
orders [111]. Such a limitation is attributed, at least in part, to collagen deposition from the extracellular matrix,
whereby increased pressure on hypertrophying adipose tissues is thought to induce chemokine secretion and subse-
quent macrophage infiltration which is disruptive of CV function [112,113]. In fact, early, adaptive responses to high
calorie intake involve hypoxia-driven collagenase breakdown supporting extracellular matrix elasticity and healthy
accommodation of fat with increased fatty acid uptake and synthesis [114-116]. Conversely, chronic hyperinsuline-
mia is described as an instigator of extracellular matrix deposition precipitating in unhealthy, fibrotic remodeling
and subsequent dysfunctional adipocyte expandability [112,117]. Hence, drugs with the ability to reduce hyperin-
sulinemia by promoting insulin sensitivity and those with matrix metalloprotease activity are expected to promote
extracellular matrix plasticity supporting healthy hypertrophy of adipose tissues [111].
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Table 1 Role of epicardial, perivascular, and visceral adipose tissues in cardiovascular disease development
and progression

Adipose depot Changes Mechanisms of cardiovascular dysfunction

ECAT [55,56] Increased volume Changes in cardiac electrophysiology [57], atrial fibrillation [58,59]
Increased release of proinflammatory cytokines [60] Coronary artery endothelial cell dysfunction [60]
Increased thickness and altered miRNA expression Coronary heart disease [61] and coronary atherosclerosis [62]
[61-63]
Changes in secretory profile [64-66] Cardiomyocyte dysfunction and changes in cardiomyocyte

metabolism (impairs (-oxidation) [64]

Secretion of adipo-fibrokine (Activin A, a member of Insulin resistance and reduced contractility of cardiomyocytes
TGF-B superfamily) [65,67,68] [65,66,69]
Aberrant extracellular matrix remodeling [70] Atrial myocardial fibrosis possibly precipitating atrial fibrillation [67]
Increased thickness [58, 71, 72] Severe ischemic cardiomyopathy [70]

Chronic adrenergic stimulation and elevated lipolytic Reduced cardiopulmonary performance [71]
activity precipitating ECAT inflammation [73]

Impaired prostaglandin E2 regulation [74] Altered myocardial redox state [75]

Increased resistin content [76] Cardiac remodeling [73]

Suppressed release of adiponectin [77] Maladaptive cardiovascular remodeling in overweight subjects [74]
Releases adipokines [77] Advanced coronary atherosclerosis and history of myocardial

infarction [76]

Reduction in omentin 1 Increased severity and progression of coronary artery disease [72]
Atherogenic changes in myocytes and endothelial cells [77]
Impairment of insulin-induced uptake by cardiomyocytes [68]

PVAT [78,79] Inflammation [80] and hypoxia [81] Loss of anticontractile properties [81,80,82]
Hypertrophy (increased abdominal PVAT adipocyte Cardiac autonomic neuropathy [33,83]
size)
Changes in T cell and macrophage subtypes [84] Hypertension [84]
Chemokine-induced inflammation [85] Vascular oxidative stress and endothelial dysfunction [3,85,86]
Secretion of TNF-« [82] Reduced endothelial nitric oxide bioavailability [87]
Source of oxidized LDL (pericoronary adipose tissues)  Formation of human coronary plaque [88]
(88]

Elevated leptin production [86] and oxidative stress [89] Vascular resistance to the vasodilatory effects of leptin [90]
Vascular inflammation and blood clotting [91]

Visceral adipose Increased extracellular matrix protein deposition, e.g.,  Increased myocardial interstitial fibrosis and dysfunction in aging [93]
tissues [92] osteopontin in epididymal fat [93]
Secretion of exosomes [94] Increased myocardial oxidative stress and extracellular matrix

deposition via mineralocorticoid receptor activation, reactive oxygen
species production, release of profibrotic proteins, and collagen
production in myofibroblasts [95]

Increased volume [96] Atherogenesis, regulating macrophage polarization, and foam cell
formation [94]

Releases proinflammatory adipokines like leptin [97] Higher aortic inflammation [96]

and/or resistin [92]

Increased mass [98] Increased vascular calcification [99]

Secretion of cytokines like TGF-f Precipitates endothelial [100] and vascular dysfunction by

decreasing endothelial nitric oxide synthase uncoupling, increasing
nitric oxide production, as well as increasing the release of
proinflammatory cytokines, cell adhesion molecules (like ICAM and
VCAM), and vasoconstrictors (like endothelin and PAI-1) [92]

Increased thickness [101] Exacerbates atherogenesis and plaque rupture, restenosis, and
hypertension by acting on vascular smooth muscle cells and altering
macrophage infiltration and profile [92]

Increased circulating proteins like IL-16, IL-1 receptor agonist, tumor
necrosis factor and its receptor, growth factors like vascular
endothelial growth factor-A, and fibroblast growth factor 23, matrix
metalloprotease 7, selectin, myoglobin, and leptin associated with
CVDs [98]

Increased leptin-induced adiponectin release by adrenocortical cells
promoting mineralocorticoid receptor-induced cardiac fibrosis and
vascular endothelial dysfunction (reduced endothelial dependent
vasodilation) [97]

Increased resting heart rate [101]
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In keeping with their cardioprotective characteristics, SATs were found to have larger adipocytes than VATS, albeit
lower inflammatory infiltration by M1 phenotype macrophages and higher expression of adiponectin [118]. On the
other hand, human SATs possess higher adipogenesis and adipose differentiation capacity [119] supporting hyper-
plasia, as well as higher browning ability [120].

SGLT-2i and adipose modulation
ECAT and SGLT-2i

A pilot study in T2D patients reported a decrease in ECAT volume with luseogliflozin, which significantly correlated
with a reduction in systemic microinflammation, demonstrated as lower C-reactive protein levels [121]. Of note, a
drop in body weight was observed in the recruited subjects, although they remained overweight and no change in
visceral fat area was evident [121]. In T2D patients with CAD, a similar observation was made with dapagliflozin
treatment, whereby a decrease in ECAT volume was accompanied with a significant reduction in plasminogen acti-
vator inhibitor-1 and was significantly associated with a decrease in TNF-ox [122].

On the other hand, treatment of T2D patients with canagliflozin significantly reduced ECAT thickness as early
as three months, even before a reduction in glycated hemoglobin was observed [123]. Moreover, at six months of
treatment, despite a significant decrease in HbA1C, no correlation between changes in HbA1C and ECAT thickness
was present [123]. It is worth noting that such a reduction occurred in the absence of changes in visceral or subcuta-
neous adipose tissues thickness. Consistently, it was shown that the drop in ECAT thickness in response to SGLT-2
inhibition is unrelated to weight loss [124]. In obese T2D patients, addition of dapagliflozin to metformin therapy
decreased ECAT thickness at three months, before changes in body weight occurred. After six months of treatment,
while weight loss was significant, changes in ECAT thickness and body weight did not correlate [124].

An ex vivo study revealed that ECAT from patients undergoing cardiac surgery expressed SGLT-2, suggesting a
direct effect for SGLT-2i(s) on ECAT [52]. Treatment of epicardial fat explants with dapagliflozin increased glucose
uptake in samples from subjects with or without insulin resistance, by increasing glucose transporter 4 (GLUT-4)
expression, indicating increased insulin sensitivity (Figure 1). A similar study indicated that such an effect coincided
with a decrease in oxygen consumption in ECAT, an event which is of particular significance in tissues prone to hy-
pertrophic expansion and hypoxia [17]. Concomitantly, enhanced mitochondrial biogenesis in dapagliflozin-treated
ECAT was demonstrated by an increased expression of peroxisome proliferator-activated receptor y coactivator 1o
(PGC-1«) [17].

In fact, it was proposed that the decrease in oxygen consumption might be related to either a shift in energy sub-
strate from fatty acid to glucose and a subsequent increase in oxygen efficiency or an augmented proton leak associated
with PGC-1«-induced mitochondrial biogenesis. Interestingly, the latter provides an alternative inducible uncoupling
mechanism—i.e., UCP2/3-dependent—with the capacity to dissipate excess energy in the form of heat [125] and pos-
sibly reduce ECAT volume (Figure 1). Importantly, treatment with dapagliflozin reduced secreted levels of L-lactate,
a product of anaerobic glycolysis, which were shown to increase in ECAT, as opposed to SAT, and to be associated
with CAD [17]. Results confirm that L-lactate was not alternatively converted into glycerol and used in lipid storage.
It is worth noting that such observations were made in samples from heart failure, CAD, arterial hypertension, or
T2D patients [17,52].

Interestingly, CV benefit of dapagliflozin was linked to improved glucose uptake. Dapagliflozin reduced the secre-
tion of ECAT adipokines, CXCL8, CCL2 (also known as monocyte chemoattractant protein 1, MCP1), and CCL5 ex-
clusively in biopsies with insulin resistance (Figure 1) [52]. Of note, CCL2 in ECAT secretosomes, which was shown
to be higher in patients with CAD, was only reduced in samples with increased glucose uptake in response to da-
pagliflozin, revealing a possible role for increased oxygen efficiency in the reduction of hypoxia-driven inflammation.
Functionally, under paracrine effect, secretosomes from ECAT samples with improved glucose uptake conferred an
increased wound healing capacity on human coronary endothelial cells [52].

Conversely, while dapagliflozin did not increase glucose uptake in adipogenesis-induced ECAT stromal vascular
cells, it did enhance their differentiation. Alternatively, adipogenesis-induced stromal vascular cells treated with da-
pagliflozin showed reduced acidosis. Opposite effects were observed in SAT (vs. ECAT) with regards to adipogenesis
and differentiation of stromal vascular cells [52].

Perhaps the most intriguing effect of ECAT modulation by SGLT-2i is its capacity to alter cardiac electrophysiology,
specifically markers of atrial fibrillation like those derived from P-wave duration of electrocardiography [126]. In an
ad hoc study of the previously described study population, treatment with dapagliflozin for 6 months was shown to
significantly reduce body weight with respect to conventional treatment. Interestingly, despite the absence of signif-
icant inter- and intra-group differences and changes in glycemic markers including insulin resistance, a significant
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Figure 1. Effects of sodium-glucose transporter 2 inhibitors (SGLT-2i) and glucagon-like peptide-1 receptor agonists
(GLP-1RA) on epicardial adipose tissue (ECAT)

Increased ECAT thickness and volume is associated with heart failure (HF), myocardial infarction (MI), atrial fibrillation (AF), and
coronary artery disease (CAD). SGLT-2i and GLP-1RA decrease ECAT thickness and volume. SGLT-2i were found to increase glu-
cose uptake via glucose transporter 4 (GLUT4) in ECAT, increasing oxygen efficiency, decreasing the secretion of ECAT adipokines
(CXCL8, CCL2, CCL5), and enhancing pre-adipocyte differentiation. Desirable shifts in energy substrate, increase in mitochon-
drial biogenesis, and energy dissipation were shown to underlie amelioration of ECAT function with SGLT-2i. Abbreviations: PAI,
plasminogen activator inhibitor; TNF-«, tumor necrosis factor-o; UCP, uncoupling protein.

reduction in ECAT volume and serum TNF-x was observed in the dapagliflozin-treated group [126]. Concomitantly,
a significant difference in changes in maximum P-wave duration, dispersion (measured as the difference between
maximum and minimum P-wave duration), and variation (defined as the standard deviation of P-wave duration)
were reported between dapagliflozin- and conventionally treated T2D patients with CAD, with these parameters
decreasing in response to dapagliflozin treatment only [126]. Changes in P-wave dispersion significantly correlated
with changes of both ECAT volume and serum TNF-oc concentration. However, the study by Sato et al. indicates that
ECAT is directly involved in arrhythmogenesis as ECAT volume, rather than TNF-«, was independently associated
with P-wave dispersion [126].

SGLT-2i, PVAT, and vascular disease

Inflammation of PVAT has been linked to cardiovascular outcomes in pre-diabetes and T2D through vascular en-
dothelial dysfunction and cardiac autonomic neuropathy [3,33,83, 127, 128]. Treatment with ipragliflozin was shown
to enhance ‘healthy” expansion of abdominal—but not thoracic—PVAT in mice fed a western diet [129]. Adipocyte
size in abdominal PVAT of western diet-fed mice further increased and Akt phosphorylation was recovered under the
effect of SGLT-2i [129]. The latter was associated with decreased expression of proinflammatory- (ccl2 and emr1) and
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Figure 2. Effects of SGLT-2 inhibitors and GLP-1R agonists on PVAT

Dysfunctional PVAT secretome aggravates vascular diseases like atherosclerosis and CAD. Alleviation of PVAT dysfunction via
SGLT-2 inhibition and/or GLP-1R activation is associated with improved vascular endothelial and smooth muscle cell properties.
SGLT-2i and GLP-1RA promote healthy PVAT remodeling, which inhibits localized proinflammatory signaling pathways. Reversal
of cardiac autonomic neuropathy with SGLT-2i correlates with improved adipose tissue insulin sensitivity possibly explaining the
amelioration of adipose tissue function. Abbreviations: CLS, crown-like structure; EC, endothelial cell; HIF-«, hypoxia-inducible
factor-o; NLRP3, nucleotide-binding domain, leucine-rich—containing family, pyrin domain—containing-3; PKA, protein kinase A;
VSMC, vascular smooth muscle cell.

profibrotic (collal, colla2, and fn1) genes as well as lower macrophage infiltration and crown-like structure forma-
tion. In line with these changes, ipragliflozin treatment of western diet-fed mice reduced adipocyte apoptosis in ab-
dominal PVAT [129]. PVAT isolated from ipragliflozin-treated mice had lower expression of vascular smooth muscle
cells (VSMCs) proliferation and migration-related genes like visfatin, angiopoietin-like protein 1, and fatty acid bind-
ing protein 4 (FABP4) and secreted less leptin into the cellular matrix. The latter correlates with lower PI3K-mediated
migration of VSMCs incubated with cellular matrix of PVAT from ipragliflozin-treated mice (Figure 2) [129].
Studies by Mori et al. indicate that modulation of pathogenic PVAT mediates the protective effect of SGLT-2i(s)
against injury-induced vascular remodeling in mouse models of atherosclerosis [129,130]. Particularly, in apolipopro-
tein E-deficient mice, implantation of EDAT isolated from ipragliflozin-treated mice on western diet around femoral
arteries reduced neointimal hyperplasia and synthetic switch following cuff-injury [129]. On the other hand, uni-
lateral excision of PVAT or luseogliflozin treatment of apolipoprotein E knockout mice on high-fat diet attenuated
wire-induced increase in intima-to-media thickness, in a mutually exclusive manner implicating the mediating role
of PVAT in the aforementioned effect of SGLT-2i [130]. Reduction of neointimal hyperplasia significantly correlated
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with reduced PVAT gene expression of platelet-derived growth factor-B. Indeed, PVAT from luseogliflozin-treated
mice had lower macrophages expressing platelet-derived growth factor-B [130]. This was concomitant with an in-
creased adiponectin gene expression in PVAT of luseogliflozin-treated mice. It is worth noting the differential effects
of SGLT-2 inhibition on PVAT adipocyte size from mice on different diets, whereby the vascular ameliorative effects
of ipragliflozin treatment were attributed to a healthy increase in adipocyte size in western diet-fed mice [129] while
a decrease in adipocyte size was observed in high fat diet-fed mice treated with luseogliflozin [130].

One of the mechanisms by which SGLT-2i is presumed to abolish the driving force of visceral fat inflammation
is by inhibition of sympathetic outflow. Indeed, under the effect of hyperinsulinemia and concomitant sympathetic
hyperactivity, visceral adipose depots upregulate UCP1 in an attempt to dissipate excess energy in the form of heat
[131]. However, increased UCP1 expression is particularly problematic in poorly vascularized adipose depots en-
dowed with hypertrophic rather than hyperplastic expansion capacity, like PVAT [132]. This can be explained by the
exaggerated oxygen consumption required for UCP1 activity which increases the propensity of such adipocytes for
hypoxia-induced inflammatory processes along the hypoxia-inducible factor & (HIF-ot)-nuclear factor kB (NF-«B)
axis [133].

A recent study revealed that the capacity of tofogliflozin to decrease resting heart rate, a marker of sympathovagal
imbalance, correlates with a reduction in adipose-tissue specific insulin resistance and subsequent hyperinsulinemia
in T2D patients (Figure 2) [134]. In fact, a study revealed a direct, acute central inhibition of sympathetic outflow
in healthy mice treated with dapagliflozin [135]. SGLT-2 was found to be expressed in the brainstem, particularly in
the nucleus of the solitary tract. Dapagliflozin treatment was shown to increase c-Fos, a marker of neuronal activa-
tion, expression in autonomic regions like the paraventricular nucleus, reticular nucleus, and locus coeruleus of the
brainstem and precisely in regions expressing SGLT-2 [135]. Such changes brought about decreased blood pressure
in healthy mice treated with dapagliflozin.

How sympathetic inhibition, parasympathetic activation, and subsequent sympathovagal balance normalization
by SGLT-2i act at the level of adipose tissue remains unclear and warrants further investigation. This is particularly
relevant in light of the evidence on the proinflammatory and anti-inflammatory effects of sympathetic and parasym-
pathetic activation, respectively [136], specifically at the level of PVAT as shown in preliminary studies [137]. While
one study indicates increased intra-adipose sympathetic innervation of SAT to be responsible for the antiobesogenic
effect of canagliflozin [138], another shows an acute decrease in sympathetic activity associated with reduced UCP1
expression in brown adipose tissues in response to dapagliflozin [139]. The latter needs to be addressed in different
adipose depots on chronic time points.

Indeed, our previous work has shown that progression from pre-diabetes to Type 2 diabetes is associated with
worsening of cardiac autonomic control in parallel with a change in the status of inflammation from being localized in
PVAT to being systemic and central, involving suppression of brainstem autophagic flux possibly triggering apoptosis
[33]. Interestingly, SGLT-2i(s), like canagliflozin and dapagliflozin, were found to suppress central inflammation and
ameliorate apoptosis in models of the metabolic syndrome [140,141]. This comes in line with accumulating evidence
on the ameliorative effect of SGLT-2i(s) on cardiac autonomic neuropathy [142].

Epididymal-, inguinal-, and perirenal adipose tissue and SGLT-2i

EDAT, like PVAT, was shown to undergo healthy expansion under the effect of SGLT-2 inhibition. In mice on western
diet, increased EDAT weight-to-body weight upon treatment with ipragliflozin was associated with a decrease in its
release of atherosclerosis-promoting proteins like high motility group box 1 (HMGB1) and FABP4 into the cellular
matrix (Figure 3) [129]. Consistently, cellular matrix of EDAT from ipragliflozin-treated mice was shown to promote
lower MCP-1-mediated monocyte migration compared with western diet-fed mice [129].

Under the effect of ipragliflozin in high fat diet-fed mice, EDAT expansion was accompanied with decreased M1 to
M2 ratio of macrophages with proinflammatory and anti-inflammatory characteristics, respectively [143]. Interest-
ingly, healthy expansion of EDAT was attributed to decreased M1-like macrophages and their related gene expression
(II-1P and Tnf-«) rather than an increase in M2-like macrophages and their associated genes [143]. Mechanisti-
cally, it was demonstrated that ipragliflozin-induced increase in ketone bodies possibly underlies favorable adipose
remodeling through a reduction in IL-15-mediated suppression of lipogenic genes. Indeed, IL-15 release from M1
macrophages in the stromal vascular fraction of EDAT was decreased by ipragliflozin (Figure 3) [143]. Further, treat-
ment with ipragliflozin was shown to reduce EDAT production of ceramides and sphingomyelin [143], which could
possibly explain its presumed cardiovascular protective effect in diseases like hypertension, atherosclerosis, and heart
failure [144].
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Figure 3. Effect of SGLT-2is on EDAT

SGLT-2 inhibition suppresses proinflammatory processes in EDAT by inhibiting cytokines release as well as macrophage infiltration.
SGLT-2is promote EDAT thermogenesis via uncoupling protein 1 (UCP1). SGLT-2 inhibition in EDAT is associated with lower expres-
sion of atherosclerosis-promoting proteins like high motility group box 1 (HMGB-1), fatty acid binding protein 4 (FABP4), ceramides,
and sphingomyelin. Abbreviations: IL, interleukin; MCP-1, monocyte chemoattractant protein 1; NF-kB, nuclear factor-«B; TNF-«,
tumor necrosis factor-a.

Alternatively, in diet-induced obese mice treated with empagliflozin, modulation of macrophage polarization, fa-
voring M2 over M1 phenotype, was associated with browning of epididymal and inguinal adipose depots as well as
reduced insulin resistance and systemic inflammation [145]. Consistently, dapagliflozin treatment of differentiated
human visceral adipocytes was shown to be associated with increased UCP1 expression [131].

In a rat model of prediabetes with metabolic syndrome (SHRcp), empagliflozin produced a drop in body weight
mainly driven by decrease in subcutaneous fat weight [146]. Whereas both epididymal and subcutaneous fat from
empagliflozin-treated rats demonstrated lower average adipocyte size as well as a lower and higher proportion of
large and small adipocytes, respectively, only epididymal fat exhibited significantly lower levels of lipid oxidation
[146]. Interestingly, these changes were associated with improved parameters of cardiac injury demonstrated by re-
duced cardiac hypertrophy, fibrosis, oxidative stress, and interstitial macrophage infiltration. However, no difference
in cardiac autonomic function was observed with amelioration of epididymal fat metabolic state [146]. It is worth
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noting the absence of a healthy group of rats, necessary for the identification of pathological deviations from normal
levels in pre-diabetic rats.

Despite the demonstrated direct impact of SGLT-2 inhibition on visceral adipose tissues, a study of the vasorelaxant
activity of arteries from human visceral adipose depots reflects a bidirectional ameliorative effect for canagliflozin in
the relationship between visceral adipose tissue- and vascular dysfunction in obese individuals. Restoration of vasodi-
lation derived from treatment with canagliflozin was shown to be related to inhibition of arterial Na*/H* exchanger
[147]. While the study concluded a possible SGLT-2i-related relief of visceral adipose tissue burden on the vascu-
lature, it cannot preclude the opposite conclusion whereby the observed improvement in vasodilation, as a direct
consequence of SGLT-2 inhibition in visceral adipose tissues arteries, improves adipose tissue function in obese in-
dividuals by reoxygenation of the hypoxic adipose depot secondary to increased blood supply [147].

Interestingly, a recent study suggests that ipragliflozin ameliorates signs of diabetic nephropathy in a mouse model
of T2D by decreasing PRAT spillage of leptin and its paracrine signaling to the kidney, without a change in body weight
[148]. The former was shown to be associated with enhanced insulin sensitivity and healthy remodeling of PRAT with
a reduced burden of inflammation, fibrosis, and apoptosis [148]. Treatment with ipragliflozin improved proteinuria
and suppressed glomerular hypertrophy, concomitant with a decrease in fatty acid transport and synthesis gene ex-
pression in the kidney [148]. As renal vein serum leptin concentration correlated with urinary albumin excretion
in vivo, glomerular endothelial cells incubated with PRAT conditioned medium from high fat diet-fed mice exhib-
ited elevated leptin-dependent cellular proliferation signaling [148]. Consistently, ipragliflozin treatment reduced p38
mitogen-activated protein kinase (MAPK) phosphorylation and proliferating cell nuclear antigen (PCNA) expression
in glomerular endothelial cells.

GLP-1 receptor agonists and adipose modulation

GLP-1 agonists and thoracic adipose tissues

In obese, T2D patients with blood glucose levels controlled by metformin monotherapy (HbAlc < 8%), addition
of liraglutide reduced ECAT thickness (Figure 1) as well as indexed left ventricular mass as early as three months
of treatment [149]. Significantly, ECAT thickness correlated with a drop in HbAlc which was not evident in the
metformin group. It is worth mentioning, however, that baseline body weight was significantly higher in the group
allocated to receive liraglutide add-on and was only reduced in this group, though no correlation between changes in
body weight and ECAT thickness was evident [149]. In fact, percent reduction of ECAT established in T2D patients
treated with liraglutide was shown to be the greatest when compared with other visceral and subcutaneous adipose
beds [150]. Indeed, GLP-1 receptor was found to be expressed in ECAT from subjects with CAD and to be correlated
with genes of (3-oxidation, white-to-brown differentiation including UCP1, and adipogenesis [53].

Interestingly, the cardioprotective effect of liraglutide has also been attributed to thoracic adipose tissue
metabolome reprograming in obese individuals [151]. In obese, atherosclerotic patients, hypertrophy of intrathoracic
adipose tissues was shown to correlate with elevated vascular oxidative stress [152]. Such an association was found to
be mediated by endocrine spillage of ceramides, and their glycosylated derivatives, from thoracic fat-derived secreto-
somes [152]. Consistently, circulating ceramides correlated with systemic inflammation and increased risk of cardiac
mortality [152]. Following a low-calorie diet, 1-year treatment with liraglutide was found to reduce circulating levels
of ceramides implicated in cardiovascular dysfunction [151,152]. A similar suppression of plasma ceramide levels
was also reported in T2D patients treated with liraglutide, but not with glimepiride, in combination with metformin
[153].

GLP-1 agonists, PVAT, and endothelial function

Treatment with liraglutide was also shown to decrease peri-aortic fat in T2D patients [150]. The impact of PVAT dys-
function on vascular contractility and endothelium-dependent hyperpolarization has been previously demonstrated
in models of metabolic syndrome [3,154]. A study by Han et al. further implicated PVAT in vascular dysfunction of the
metabolic syndrome by showing that liraglutide treatment is capable of normalizing vascular structure/morphology
as well as anticontractile and endothelium-dependent dilatory responses in a PVAT-dependent mechanism in obese
rats (Figure 2) [155]. It shows that liraglutide enhanced thoracic PVAT browning and antioxidant defense through
PKA-induced phosphorylation of AMPK-« and eNOS, a mechanism which is independent of cAMP. Improved vas-
cular properties in light of PVAT modulation can possibly be attributed to paracrine signaling through increased
adiponectin secretion [103,155]. Alternatively, a study in Zucker diabetic fatty rats revealed that liraglutide treatment
is capable of reducing the nucleotide-binding oligomerization domain-like receptor family pyrin domain containing
3 (NLRP3) inflammasome in PVAT via inhibition of NF-«kB (Figure 2) [156].
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Figure 4. Effect of GLP-1RAs on EDAT

GLP-1RAs support the healthy expansion of EDAT by enhancing angiogenesis, a process which reduces hypertrophy-induced
hypoxia. Additionally, GLP-1RA are associated with enhanced hyperplasia. Abbreviations: Akt, Protein kinase B; ERK, extracellular
signal-regulated kinase; IL, interleukin; JNK, c-Jun N-terminal kinase; MCP-1, monocyte chemoattractant protein 1; NF-kB, nuclear
factor-kB; TNF-«, tumor necrosis factor-«; UCP, uncoupling protein.

Interestingly, dipeptidyl peptidase-4 inhibitor, alogliptin, through a GLP-1-dependent mechanism, demonstrated a
positive impact on endothelial relaxation mediated by reversing autophagy inhibition in PVAT of an obese rat model
[157]. Indeed, induction of PVAT autophagy ex vivo did not occur except in the presence of GLP-1. Evidently, activa-
tion of autophagic flux was accompanied with anti-inflammatory effects demonstrated by increased adiponectin and
decreased TNF-« expression in PVAT [157]. Like SGLT-2, receptors of GLP-1 were found to be expressed in hypotha-
lamic and brainstem regions involved in autonomic control [158]. This may partly explain the association between
GLP-1 agonists, PVAT modulation, and cardiovascular benefits. However, more research in this area is warranted.

GLP-1 agonism and EDAT, IAT, and PRAT

In an obese mouse model of diabetes (0b/0b), overexpression of GLP-1 by recombinant adenovirus was shown to
bring about a drop in body weight associated with a reduction in percent fat mass [159]. Interestingly, while no change
in SAT weight was observed secondary to GLP-1 overexpression, the latter produced a decrease in insulin resistance
along which was a marked reduction in perirenal, mesenteric, and epididymal fat mass [159]. Moreover, constitutional
expression of GLP-1 reduced epididymal adipocytes size and increased their number (Figure 4). While the former
was a result of reduced lipogenesis and increased fat oxidation [159], the latter suggests hyperplasia. Importantly,
suppressed lipogenesis was not related to reduced food intake as pair-fed mice lacked a similar change [159]. In fact,
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treatment of obese (0b/0ob) mice with liraglutide was shown to reduce the expression of fatty acid synthase, a key
enzyme in lipogenesis, in visceral adipose tissues [160].

GLP-1 treatment reduced proinflammatory signaling via decreased expression of NF-kB and phosphoryla-
tion of ERK1/2 and JNK in epididymal fat of obese T2D mice [159] (Figure 4). Indeed, stromal vascular cells
of epididymal fat from GLP-1-treated mice showed lower macrophage infiltration, particularly triple positive,
F4/80+/CD11b+/CD11c+ cells, and reduced expression of markers of activated M1, proinflammatory macrophages
(F4/80 and TlIr4 genes) [159]. Additionally, EDAT from GLP-1-treated mice exhibited lower expression of proinflam-
matory cytokines like IL-6, TNF-«, and MCP-1 [159]. Peritoneal macrophages showed similar changes. In a different
model of the metabolic syndrome, treatment of wild-type high-fat fed mice with exendin-4, a GLP-1 mimetic and
receptor agonist, produced similar results, whereby EDAT macrophages isolated from these mice exhibited reduced
gene expression of IL-6, TNF-co;, and MCP-1 [159]. Consistently, ex vivo treatment of cultured EDAT macrophages
from high-fat fed mice with exendin-4 yielded lower expression of the aforementioned proinflammatory cytokines.

Alternatively, in vitro experiments on 3T3-L1 adipocytes challenged with lipopolysaccharide (LPS) reveal direct,
pleotropic anti-inflammatory effects of GLP-1 receptor agonists, independent of glucose normalization and insulin
sensitization. Indeed, pretreatment of 3T3-L1 with exendin-4 suppressed LPS-induced NF-kB activation and reduced
phosphorylation of ERK1/2 and Akt [159]. A study by Rodrigues et al. describes a possible mechanism for the above
mentioned observations in preclinical models [161]. It shows that liraglutide is capable of up-regulating EDAT an-
giogenesis, increasing blood flow, and reducing hypoxia via a glyoxalase-1-dependent mechanism in a diabetic rat
model (Figure 4) [161]. Glyoxalase-1, an enzyme responsible for breaking down toxic methylglyoxal and preventing
its accumulation, was found to be down-regulated in visceral, but not subcutaneous, adipose tissues of diabetic obese
subjects [161]. Importantly, it was demonstrated that the ability of liraglutide to induce periepididymal capillariza-
tion is supported by its induction of stromal vascular growth factors [161]. Such findings propose a role for GLP-1
receptor agonists in promoting healthy expandability of VAT mediated, at least in part, by methylglyoxal inhibition,
which is expected to underlie its cardioprotective effect [162-165].

In high-fat fed obese mice, supaglutide reduced both epididymal and inguinal adipocyte size, but induced UCP1 ex-
pression exclusively in IAT, an event associated with improved whole body insulin sensitivity [166]. On the other hand,
a different study reports a reduction in adipocyte hypertrophy associated with adipocyte-specific SIRT-1-dependent
browning of EDAT in response to exendin-4 [167]. This is consistent with findings in differentiated human visceral
adipocytes, whereby treatment with exendin-4 enhances UCP1 expression [131]. Interestingly, a recent study pro-
vides that liraglutide improves visceral adipocyte insulin sensitivity through management of hypertrophy-induced
endoplasmic reticulum stress via regulation of autophagy also known as unfolded protein response [168].

Despite the scarcity of studies on the impact of GLP-1 receptor agonists on perirenal adipose depots and ren-
ovascular events, preclinical and clinical evidence indicate that liraglutide significantly reduces perirenal fat accu-
mulation and suggests its association with improvement of renal vascular resistance and other markers of kidney
function [150,169]. In fact, a study by Zhu et al. shows that treatment of high-fat fed obese mice with liraglutide
induces browning of PRAT via a direct stimulation of the soluble guanylyl cyclase pathway, possibly explaining the
reduction in PRAT adipocyte size [170]. In light of the recent study showing the cardiorenal protective effects of an
exendin-based GLP-1 agonist, efpeglenatide, further studies on the modulatory effect of this drug class on PRAT are
warranted [171].

GLP-1 agonism and adipogenesis: Involvement of classical Wnt signaling
Several studies indicate direct, adipose tissue-specific effects for GLP-1/GLP-1 receptor signaling on adipogenesis
[172,173]. Particularly, treatment of murine pre-adipocytes (3T3-L1) with liraglutide promotes their proliferation
and differentiation and inhibits their apoptosis [172]. Such an increase in adipogenesis was shown to be evident
irrespective of changes in body weight, as mice fed a high-fat diet and treated with liraglutide demonstrated a similar
stimulation of adipogenesis despite weight loss [172].

It was demonstrated that GLP-1 receptor is a G-protein-coupled receptor as its activation with liraglutide was
associated with elevated cyclic adenosine monophosphate (cAMP) and that its expression in 3T3-L1 cells is linked to
PPAR-v, a maker of adipocyte differentiation [172]. Importantly, signaling along the GLP-1 receptor was shown to
impinge on the canonical wingless-type integration (Wnt) pathway affecting 3T3-L1 pre-adipocytes differentiation
and providing metabolic resilience in the face of increased calorie intake [174,175]. Namely, an enhancement of Wnt4
expression upon treatment with GLP-1 rescues [3-catenin, the major transcription co-factor, from being exposed to
cytosolic degradation by shuttling it to the cytoplasmic membrane [174].
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On the other hand, treatment of high-fat diet-fed mice with liraglutide was reported to combat the suppression
of Wnt signaling in epididymal fat tissues by rescuing the phosphorylation of (3-catenin and its associated co-factor,
transcription factor 7 like 2 (TCF7L2), an effect which is dependent on GLP-1 receptor [175]. This event was asso-
ciated with a decrease in leptin along with an increase in adiponectin. A study by Mu et al. revealed that the latter is
a direct effect of an increase in Sirt1/Foxo-1 signaling downstream GLP-1 receptor in adipose tissues, irrespective of
a high-fat diet [176]. Interestingly, a similar increase in the phosphorylation of (3-catenin and TCF7L2 was noticed
upon in vitro treatment of stromal vascular fraction of mice epididymal fat tissues with liraglutide. Alternatively,
GLP-1 receptor stimulation with liraglutide was found to enhance the proliferation and differentiation of murine
C3H10T1/2 mesenchymal stem cells into brown adipocytes, further demonstrating a direct role for GLP-1 agonism
in adipose tissue modulation in the face of metabolic challenge [177].

Conversely, in keeping with the differential function of canonical Wnt signaling in pre-mature/mature adipocytes
versus adipocyte precursors [178], GLP-1 receptor stimulation was shown to exert opposite effects on the differentia-
tion of human stem cells [179-181]. GLP-1 agonism suppresses the differentiation of bone marrow derived mesenchy-
mal stem cells [179]. Additionally, GLP-1 receptor stimulation maintains stores of adipocyte precursors by increasing
the mitotic proliferation of nondifferentiated bone marrow stem cells and decreasing their apoptosis [179].

On the other hand, GLP-1 receptor stimulation with liraglutide, in vitro, decreases the proliferation and induces
the apoptosis of stem cells derived from human subcutaneous adipose tissues, also known as adipose-derived stem
cells, while similarly limiting their differentiation [180-182]. Being the largest adipose depot with a characteristically
high hyperplastic expansion capacity, the latter implicates a role for GLP-1 in resisting adiposity. Interestingly, it had
been proposed that glycogen synthase kinase-3 (GSK-3), which phosphorylates (3-catenin, mediates the effect of
liraglutide on stem cell differentiation, as GSK-3 mRNA levels were shown to decrease, despite unaltered and rather
elevated unphosphorylated and phosphorylated protein levels, respectively, in cells treated with liraglutide. Hence,
these results collectively suggest that GLP-1 agonism combats obesity by limiting the genesis of adipocytes from
stem cells, possibly reducing weight gain, and resists its deleterious consequences by recruiting potent pre-adipocytes
into the differentiation process in an attempt to promote ‘healthy’ fat accumulation through hyperplasia rather than
hypertrophy of pre-existing adipocytes.

Conclusion

SGLT-2i(s) and GLP-1 receptor agonists confer cardiovascular benefits by modulating adipose environments sur-
rounding effector organs. The latter involves structural, functional, and metabolic changes of adipocytes and results
in modification of inflammatory processes and resident immune cells. Adipose tissue modulation by SGLT-2i(s) and
GLP-1 agonists is associated with improved cardiovascular structure and function. While studies linking the adipose
regulatory effects of SGLT-2 inhibition to derived cardiovascular benefits are ample, evidence of the cardiovascular
benefits of GLP-1 agonists mediated by amelioration of adipose tissue metabolism mostly originates indirectly from
mechanistic findings of GLP-1 based interventions, i.e., dipeptidyl peptidase 4 inhibitors and GLP-1 overexpression
by adenovirus. Thus, the investigation of the direct impact of available GLP-1 agonists on adipose tissue structure
and function needs to be the focus of more research studies. Additionally, the origin of the depot-specificity in the
effect of these drugs is worth further exploration. The variable expression levels of SGLT-2 and GLP-1 receptors in
the different adipose beds in health and disease need to be investigated.

Notwithstanding the evidence of the mediating effect of adipose modulation in the cardioprotection offered by
SGLT-2i(s) and GLP-1 receptor agonists, their direct cardiovascular and indirect systemic effects cannot be precluded
[183]. Indeed, the GLP-1 receptor agonist efpeglenatide was recently shown to further improve the cardiovascular out-
comes of diabetic patients on baseline SGLT-2i(s) [184]. Whether this additive effect is due to further adipose tissue
modulation or superimposition of other mechanisms is not known. Interestingly, an amelioration of gut microbiota
conferred by these drug classes can possibly mediate the relationship between adipose tissue and cardiovascular func-
tion in metabolic disease [185]. However, as the adipose modulatory effect proves to be paramount in the observed
cardiovascular benefit of these drug classes, the need for further investigation to refine pharmacological properties,
define eligible patients, and assess targeted monitoring and clinical endpoints will be required. Additionally, while
the cardioprotection conferred by SGLT-i(s) and GLP-1 receptor agonists seems to be dependent, at least in part, on
their modulation on thoracic and visceral adipose depots, the contribution of their anti-obesogenic effects on brown
and subcutaneous adipose beds to cardiovascular benefit cannot be ignored. Finally, differences between species in
the pathology of metabolically-induced cardiovascular disease and the contribution of SGLT-2 and GLP-1 receptors,
as well as in the responsiveness to SGLT-2i and GLP-1 agonists need to be taken into consideration in non-human
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studies. Further, results from ex vivo experiments employing drug doses far beyond what is clinically relevant ought
to be interpreted with caution.
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