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Abstract

Purpose of Review The obesity epidemic is on the rise, and while it is well known that obesity is associated with an increase
in cardiovascular risk factors such as type 2 diabetes mellitus, hypertension, and obstructive sleep apnea, recent data has
highlighted that the degree and type of fat distribution may play a bigger role in the pathogenesis of cardiovascular disease
(CVD) than body mass index (BMI) alone. We aim to review updated data on adipose tissue inflammation and distribution
and CVD.

Recent Findings We review the pathophysiology of inflammation secondary to adipose tissue, the association of obesity-
related adipokines and CVD, and the differences and significance of brown versus white adipose tissue. We delve into the
clinical manifestations of obesity-related inflammation in CVD. We discuss the available data on heterogeneity of adipose
tissue-related inflammation with a focus on subcutaneous versus visceral adipose tissue, the differential pathophysiology,
and clinical CVD manifestations of adipose tissue across sex, race, and ethnicity. Finally, we present the available data on
lifestyle modification, medical, and surgical therapeutics on reduction of obesity-related inflammation.

Summary Obesity leads to a state of chronic inflammation which significantly increases the risk for CVD. More research
is needed to develop non-invasive VAT quantification indices such as risk calculators which include variables such as sex,
age, race, ethnicity, and VAT concentration, along with other well-known CVD risk factors in order to comprehensively
determine risk of CVD in obese patients. Finally, pre-clinical biomarkers such as pro-inflammatory adipokines should be
validated to estimate risk of CVD in obese patients.

Keywords Visceral adipose tissue - Adipokines - Inflammation - Subcutaneous adipose tissue - Cardiovascular disease -
Lifestyle modification
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impact the local tissue environment and promote systemic
lipotoxicity. Herein, we describe the pathophysiology of
inflammation related to adipose tissue and the association
of obesity-associated adipokines and CVD. We discuss the
available data on heterogeneity of adipose tissue-related
inflammation with a focus on the differential pathophysiol-
ogy of subcutaneous (SAT) versus visceral adipose tissue
(VAT), and delve into the clinical manifestations of obesity-
related inflammation in CVD across sex, race, and ethnicity.
Finally, we discuss the available data on lifestyle modifica-
tion, medical, and surgical therapeutics on reducing obesity-
related inflammation.

Pathophysiology of Inflammation
and Adipose Tissue

M1 Versus M2 Macrophages

Mature adipocytes reside in a milieu composed of preadipo-
cytes, immune cells (including macrophages), and endothe-
lial cells [1]. Early human studies showed that weight gain
was associated with an increase in macrophages from 10 to
40% in the stroma of abdominal SAT [2]. We now know that
obesity leads to an increase in pro-inflammatory M1 mac-
rophages with CD11c (integrin aX chain) markers relative to
anti-inflammatory M2 macrophages with CD206 (mannose)
receptors [1]. Hence, is has been speculated that the increase
in M1 to M2 macrophage ratio might be responsible for
inducing inflammation in obesity [3, 4]. VAT in particular
accumulates more M1 macrophages, which produce inflam-
matory cytokines like tumor necrosis factor (TNF)-a and
interleukin (IL)-6 and lead to expansion of effector T cells
like Th1 cells and CD8* cytotoxic T cells which produce
interferon-y to further add to the severity of inflammation
[5]. In contrast, SAT enlargement leads to an enhancement in
the content of anti-inflammatory M2-like macrophages [1].

Thus, the relative burden of VAT compared with SAT in an
individual may directly underpin an excess of pro-inflamma-
tory secretory factors that contribute to CVD pathogenesis.

Obesity-Related Adipokines and CVD

Obesity contributes to a state of chronic inflammation by
several mechanisms. These include inducing an increase in
inflammatory cell lines such as macrophages [2] and reduc-
ing adipocyte capillarization which in turn limits nutrient
delivery [6] and adipose tissue fibrosis [7]. This promotes
upregulation of pro- inflammatory adipokines and the down-
regulation of anti-inflammatory adipokines. Pro-inflamma-
tory adipokines have direct effects on the cardiovascular sys-
tem (as discussed below) and indirectly lead to CVD due to
metabolic alterations in the liver, skeletal muscle, and heart
[6]. Some common adipokines are discussed below and are
also summarized in Table 1.

Leptin

Leptin is a pro-inflammatory hormone secreted from adipo-
cytes that suppresses appetite and increases energy expendi-
ture [8]. Obesity leads to increase in 5 levels and also leptin
resistance [9]. Hyperleptinemia promotes the expression of
MMP-2, a metalloproteinase linked to atherosclerotic plaque
vulnerability, and facilitates cholesterol accumulation in
macrophages [10—12]. Studies have shown that exogenous
leptin administration leads to worsening atherosclerosis in
mice [13] and promotes plaque calcification [14].

Interleukin-6

This is a pro-inflammatory cytokine with a 2—-3 times higher
secretion in VAT than SAT [15]. It has direct actions on a
variety of immune cells, promoting cell adhesion, differ-
entiation, antibody production by B cells, and recruitment

Table 1 Systemic effects of

. . Adipokines Systemic effects
pro-inflammatory and anti-
inflammatory adipokines Pro-inflammatory Leptin 1 MMP-2 — unstable plaques & cholesterol accumulation in
produced by adipose tissue macrophages
IL-6 1 VAT > SAT
1 Cell adhesion and differentiation
1 Antibody production from B cells
1 Recruitment of T cells
Resistin 1 Insulin resistance
1 Coronary artery calcification
CRP 1 Monocyte adhesion and transmigration into blood vessels
1 VAT accumulation
Anti-inflammatory Adiponectin | In VAT
1 Production by protective perivascular adipose tissue
Omentin-1 | TNF-a induced inflammatory response
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of T-cells to sites of injury [6]. However, some studies on
rodents have generated conflicting data suggesting that it
may actually prevent atherogenesis by promoting cholesterol
removal from the vessel walls [16].

Resistin

Mouse models have shown that resistin, a protein secreted
by mature adipocytes, can lead to metabolic dysfunction by
inducing insulin resistance [17]. Elevated levels of resistin
have been associated with coronary artery calcification and
coronary artery disease [18, 19].

Adiponectin

Adiponectin an anti-inflammatory adipokine with levels
inversely related to the amount of VAT [20]. Plasma adi-
ponectin levels are decreased in patients with acute coronary
syndrome [21], whereas higher plasma concentrations are
thought to decrease the risk of CVD in healthy and diabetic
men [22, 23].

Omentin-1

This is a soluble lectin produced by VAT which is reduced
in obesity and type 2 diabetes mellitus [6]. It has protective
effects on the cardiovascular system which may be mediated
by attenuation of TNFa-induced inflammatory responses
[24].

C-reactive Protein (CRP)

CRP promotes monocyte adhesion and transmigration into
blood vessels which is a critical step in promoting athero-
sclerosis. A meta-analysis showed that high sensitivity-
CRP level >3 mg/l was independently associated with a
60% excess risk in incident CVD as compared with lev-
els <1 mg/l [25]. Studies have shown that statin-treated
patients with high sensitivity-CRP levels higher than 2 mg
or more per liter at baseline stand a risk of future major
adverse cardiovascular event rates that are at least as high
as, if not higher than, those among statin-treated patients
with a residual risk due to low-density lipoprotein (LDL)
cholesterol levels [26ee]. Certain individuals may have a
genetic locus near gene ATGS on chromosome 6 which is
associated with higher CRP levels [27]. This genetic locus
may also modulate adipocyte size and macrophage polari-
zation leading to preferential accumulation of VAT. Loss of
body fat has been shown to lower CRP levels [28e¢] making

it a potentially useful inflammatory marker with prognostic
value.

Clinical Impact of Inflammation on CVD
Atherosclerosis

Several prospective epidemiologic studies demonstrated
that obesity is associated with higher incidence of CVD
[29]. A meta-analysis of > 300,000 adults with 18,000
coronary artery disease events demonstrated that body
mass index (BMI) in the overweight and obese ranges was
associated with elevated coronary artery disease risk [30].
There is conflicting data to suggest the degree to which the
association between obesity and atherosclerotic CVD is
independent of other metabolic risk factors such as diabe-
tes mellitus and dyslipidemia [29], but inflammation may
play a key role in CVD pathogenesis.

The process of atherosclerosis begins in early child-
hood with macrophage ingestion of cholesterol esters and
their deposition in the vascular intima which gradually
thickens [31]. Obesity induces inflammation by promot-
ing LDL oxidation [32] as well as endothelial dysfunction
causing diminished bioavailability of nitric oxide [33].
This accelerates the process of atherosclerosis from initial
fatty streak development all the way to atherothrombosis
[34, 35] in major arteries and remodeling of microvascu-
lar blood vessels [36]. Results from the Pathobiological
Determinants of Atherosclerosis in Youth Study showed
that this association is present only for those with a thick
abdominal panniculus [37], in other words, those with a
high density of abdominal adipose tissue.

Studies suggest that ectopic fat depots in epicardial and
pericardial spaces may further increase atherogenesis [35]
by producing adipocytokines that alter blood vessel biol-
ogy through paracrine signaling or through vasa vasorum
[29]. Obesity causes an upregulation in pro-inflammatory
cytokines (e.g., IL-6) and lipid peroxidation products
(e.g., 4-hydroxynonenal) which force the perivascular
adipose tissues to modify its composition (decreased adi-
pocyte size and lipid content) as well as biology (increased
production of adiponectin) [38]. Efforts are being made
to measure perivascular adipose tissue using computed
tomography (CT) or magnetic resonance (MR)-guided
imaging and so, it may function as a marker of coronary
inflammation in the future [38].

Heart Failure

The association between heart failure and obesity is medi-
ated through both direct effects on the myocardium as well
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as indirect effects through obesity-related comorbidities
[39]. In a study of 5881 Framingham Heart Study partici-
pants, heart failure incidence increased by 5% in men and
7% in women for every 1-unit BMI increase after adjust-
ment for other risk factors [40]. Recent work has also
suggested that a higher BMI is more strongly associated
with risk for heart failure with preserved ejection frac-
tion (HFpEF) than for heart failure with reduced ejection
fraction [41]. In fact, in a pooled analysis using data from
3 large longitudinal studies, Pandey et al. demonstrated
this strong association, with overweight and class 1 obese
participants having 38% and 56% higher risk of HFpEF,
respectively, independently of other cardiovascular risk
factors [42]. Pulmonary hypertension from long-stand-
ing sleep apnea in obesity can lead to right heart failure
[39]. Recent data has demonstrated that the associations
between BMI and right ventricular systolic dysfunction
in HFpEF are most likely driven by increased plasma vol-
umes [43].

Excess adipose tissue affects vasculature by activation of
the renin—angiotensin—aldosterone system [44] and leads to
hemodynamic alterations by plasma volume expansion [43].
Myocardial fat accumulation and subsequent fibrosis lead
to left ventricular diastolic dysfunction and subsequently,
HFpEF [29]. At a cellular level, metabolic shifting between
glycolysis and mitochondrial oxidative phosphorylation
disrupts M1/M2 homeostasis and exacerbates inflammation
which promotes adverse cardiac remodelling [45]. Detailed
phenotyping of patients with HFpEF with and without
obesity compared with controls depicted that patients with
obesity and HFpEF had greater concentric LV remodeling,
right ventricular dilatation, and right ventricular dysfunc-
tion [46, 47]. VAT, in particular, is associated with greater
cardiac remodeling and diastolic dysfunction [43]. Patients
with obesity-related HFpEF also have significantly lower
exercise capacity compared with patients without obesity
with HFpEF and control subjects [46].

Atrial Fibrillation (AF)

Obesity is strongly associated with AF with every 5-unit
increment in BMI conferring a ~29% greater risk of inci-
dent AF [48] and the Atherosclerosis Risk In Communities
(ARIC) study estimating that almost 1 in 5 cases of AF can
be attributable to being overweight or obese [49]. Higher
BMIs in the ranges of 30 to 34.9 kg/m? are associated with
progression of disease with a 54% likelihood of evolving
from paroxysmal to permanent AF [50]. Interestingly, the
association between obesity and AF has been shown to be
independent of obstructive sleep apnea, a common comor-
bid condition in obese individuals [51]. From a practical
perspective, obese AF patients who undergo ablation have a
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higher chance of disease recurrence than the general popula-
tion. A meta-analysis of 16 studies involving 5864 individu-
als showed a 13% greater excess risk of AF recurrence after
ablation for every 5-unit increase in BMI [52] which poses
a high burden on healthcare.

The pathophysiology of obesity-induced AF can be
explained by its direct effects the myocardium as well as
indirect effect of inducing a chronic state of inflammation
in the body [53]. Obesity increases expression of endothelin
receptors and fibrosis which ultimately impairs contractility
and increases myocardial arrhythmogenicity [29]. Studies
utilizing cardiac MRI and electroanatomic mapping of the
left atrium have demonstrated conduction slowing, areas
of low voltage and ECG fractionation prior to AF ablation
[54] in these individuals. More recently, epicardial adipose
tissue located between the visceral pericardium and the epi-
cardial layer of myocardium has emerged as a promising
proarrhythmogenic substrate. It secretes metabolic factors
(free fatty acids and uncoupling protein-1), angiogenic fac-
tors (angiotensin, endostatin, vascular endothelial growth
factor-1, thrombospondin-2, angiopoetin), growth and
remodeling factors (activing A, follistatin, transforming
growth factors 1-3, matrix metalloproteinases 1-13), adi-
pocytokines (adiponectin, leptin, resistin, visfatin, omen-
tin), inflammatory cytokines and chemokines and various
interleukins (including IL1b and IL-6), plasminogen acti-
vator inhibitor-1, TNF-a, monocyte chemotactic protein 1,
chemokine ligands, adrenomedullin, and phospholipase A2
[55, 56]. Multiple studies employing cardiac imaging tech-
niques have shown an association between AF and obesity
with each standard deviation increase in pericardial fat vol-
ume associated with a 28% increase in the prevalence of AF
[57]. Not surprisingly, central obesity is associated with a
higher density of pericardial fat depots than other forms of
obesity [53].

Heterogeneity of Adipose Tissue-Related
Inflammation

Abdominal Subcutaneous versus Visceral Adipose
Tissue

Recent human data has suggested that fat tissue distri-
bution may be a more important indicator of CVD than
total adipose tissue volume, independent of BMI. This is
due to an increased atherogenic gene expression profile in
patients with visceral fat [6] and is interesting since VAT
accounts for only 5-20% of total body fat volume but a
much higher risk of CVD [58]. Results from the Jackson
Heart Study have supported this notion with higher fast-
ing glucose levels, triglycerides, and comorbidity burden
in patients with VAT than SAT even after accounting for
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BMI [59]. The Dallas Heart Study enrolled 972 obese par-
ticipants and followed them for 9 years with a primary out-
come of a first or subsequent cardiovascular event. Results
showed that the prevalence of CVD event rate increased
from 5.3% in lower VAT quartiles to 10.0% in higher quar-
tiles [60].

The exact mechanisms of how VAT leads to CVD are still
under investigation but different theories have been proposed
relating to the metabolic properties of VAT and its ability
to induce inflammation. VAT exposes the liver to high con-
centrations of free fatty acids and glycerol which leads to
impaired glucose metabolism and hypertriglyceridemia [61].
Overtime, these excess triglycerides deposit in ectopic, nor-
mally lean tissues such as the liver, the heart (pericardial,
epicardial, and intramyocardial), and skeletal muscle [62,
63]. Lastly, the hypertrophied adipocytes become inflamed
by secreting pro-inflammatory cytokines such as TNF-a
and IL-6 while decreasing production of anti-inflammatory
cytokines such as adiponectin as discussed in detail in the
section on adipokines above.

Adiposity Across Sexes

Traditionally, men have been identified as a high-risk
population due to increased prevalence of CVD in men
compared to premenopausal women [64]. This is because fat
in men is predominantly distributed around abdominal organs
as VAT creating an “apple shape” body habitus while women
have more SAT, creating a “pear-shaped” fat distribution

Fig. 1 Types of body shapes:
an “apple” -shaped body is
more commonly seen in males
and is associated with a higher
concentration of VAT and thus
CVD. “Pear” -shaped obesity
is more common in females
and is considered metabolically
healthy due to higher concentra-
tion of subcutaneous adipose
tissue

N

- More Visceral Adipose Tissue

- Prevalent in males

- More pro-inflammatory cytokines:
leptin, IL-6, resistin, CRP

Apple Shaped
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[65-67] (Fig. 1). The higher VAT leads to increased lipolysis
with excessive fatty acid deposition in the liver [68] which
ultimately contributes to higher postprandial insulin, free fatty
acids, and triglyceride levels in males compared to females
[64]. The factors and mechanisms that govern this sexual
dimorphism in body fat are critical to the understanding of
obesity and its complications. Some theories are discussed as
follows:

e Differential expression of sex steroid receptors: SAT has
a higher concentration of estrogen receptors and pro-
gesterone receptors compared to androgen receptors in
females [69, 70], whereas VAT has a higher concentra-
tion of androgen receptors [69, 71]. Studies in mouse
models have highlighted the protective benefit of estro-
gen with increased weight gain and impaired metabolism
demonstrated in female mice who underwent ovariec-
tomy, but when estrogen was replaced, there was less
weight gain and improved metabolism [72].

® Role of sex chromosomes and gene expression: The fun-
damental difference between males and females is the
presence of two X chromosomes in females while males
possess an X and a Y chromosome. X chromosomes
appear to have a higher influence on body weight/fat
while Y chromosomes have close to no influence [73].
Furthermore, gene expression is regulated epigenetically
by miRNAs that interact with mRNAs. Some miRNAs
with distinct sex-biased patterns in expression have been
implicated in adipogenesis [74, 75].

Types of Body Shapes

Pear Shaped

- More Subcutaneous Adipose Tissue
- Prevalent in Females

- More anti-inflammatory cytokines:
adiponectin
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e Adipose tissue inflammation: Men have a more hyper-
trophic type of adipose tissue [76], while females have
more small adipocytes [77, 78] as well as more efficient
triglyceride fatty acid uptake from the circulation lead-
ing to better insulin sensitivity [79]. On the other hand,
obese females can adversely affect their offspring from as
early as the prenatal period by releasing proinflammatory
cytokines into the systemic circulation [80].

Variation of Adiposity Across Race/Ethnicities

People from different parts of the world have considerable
variability in body composition with an interplay from vari-
ous modifiable factors such as climate, diet, and infectious
diseases [81]. The impact of SAT and VAT on the risk of
CVD varies also considerably across various across these
different ethnic groups [82]. One possible reason for this is
racial variability in androgenic sex steroids [83] with high
levels of free testosterone leading to increased obesity in
females but decreases obesity in males [84].

South Asians may have the most deleterious fat dis-
tributions of all with lower SAT and higher VAT despite
lower absolute BMIs [85]. In a cross-sectional analysis
of 796 participants in the Mediators of Atherosclerosis in
South Asians Living in America (MASALA) study utiliz-
ing CT scans to measure various fat depots, the investiga-
tors found that higher pericardial fat volume, visceral fat
area, and intermuscular fat area were significantly associ-
ated with a higher pooled cohort risk score for ASCVD
[86].

Earlier studies evaluating CVD largely enrolled patients
who predominantly belonged to one ethnicity. A cross-
sectional analysis comparing African Americans enrolled
in the Jackson Heart study and European Americans in the
Framingham Heart Study showed that even though partici-
pants in the Jackson Heart study had a higher co-morbidity
burden including higher BMIs, they had about half the VAT
than their European counterparts [87]. Despite this, Afri-
can Americans have higher mortality than Caucasians from
CVD (156 versus 95 women/100,000 person years) largely
due to social injustices from income inequality and racial
discrimination [88]. Similarly, a study evaluating the asso-
ciation of VAT and subclinical atherosclerosis in US-born
Mexican Americans showed an increased prevalence of
carotid intima media thickness in those in the highest quar-
tile for VAT (57.4% versus 15.4% for the lowest quartile;
P <0.001). What was interesting was that this association
was only seen among second or higher generation US-born
Mexican Americans but not among first generation immi-
grants [89].
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Therapeutic Strategies to Reduce
Inflammation

Diet

Studies have shown that a negative energy balance induced
by diet or exercise is associated with reduction in VAT
depots [90]. However, no studies so far have shown a clear
reduction in CVD or mortality with weight loss through
lifestyle modification [29]. Look AHEAD, one of the
largest clinical trials on lifestyle modification for obesity
treatment in patients with type 2 diabetes, failed to show
a significant reduction in MACEs (major adverse cardio-
vascular events) or cardiovascular mortality after 9.6 years
of follow-up [91]. Diet-induced weight loss does seem to
reduce systemic inflammation by upregulating anti-inflam-
matory adipokines (e.g., omentin-1) [92] and downregulat-
ing pro-inflammatory cytokines (e.g., osteopontin) [93]. A
study in Denmark on 60 participants showed a favorable
reduction in weight and inflammatory markers such as
IL-6 (p=0.009) and CRP (p=0.003) with a whole grain
diet compared to a diet comprising refined grain [94].
Many diet-fads have come and gone but the Mediter-
ranean diet continues to be considered the most heart-
healthy. A randomized control trial in Israel that assigned
sedentary participants to a Mediterranean and low-car-
bohydrate diet or an isocaloric low-fat diet showed that
a Mediterranean diet did lead to a significant decrease in
VAT (mean difference — 6-67 cm?, 95% confidence inter-
val (CI) — 14-8 to — 0-45), independent of weight loss [95].
Another randomized control trial comparing a high-fat,
low-carbohydrate diet with or without exercise to a low
glycemic index diet in obese, diabetic patients showed
that all three interventions inhibited the JNK pathway in
peripheral blood mononuclear cells, which if activated,
results in the production of proinflammatory cytokines and
chemokines [96]. This supports the notion that any form
of lifestyle modification might be better than a sedentary
non-healthy lifestyle. Consumption of a low-fiber, high-fat,
Western-style diet may actually induce inflammation by
way of lipid-overloaded adipocytes and from dissemina-
tion of gut bacterial products, resulting in activation of
innate immune signaling. Studies on mice involving abla-
tion of gut microbiota have shown dramatic reductions
adipose inflammation along with reductions in hepatic
steatosis, transaminase levels, and cholesterol levels [97].
Among other diets, a ketogenic diet which comprises
15% protein, 5% carbohydrate, and 80% fat showed mixed
results with higher levels of pro-inflammatory CRP as well
as higher levels of anti-inflammatory adiponectin seen in
the 17 male patients enrolled in the study [98]. One of the
biggest limitations of dietary management is the relatively
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small sample size of all the studies so far which signifi-
cantly limits generalizability of these findings.

Exercise

Exercise has been shown to reduce VAT even in the absence
of weight loss due to increase in both skeletal muscle mass
and cardiorespiratory fitness [99—101]. On a cellular level,
exercise inhibits leptin production which is normally the
main driver for inflammation via proliferation of hematopoi-
etic stem and progenitor cells [102]. However, there is a lack
of consensus and currently no currently published guidelines
suggesting the perfect “exercise prescription” to reduce VAT
and hence CVD.

A meta-analysis of 3,602 participants from 17 randomized
control trails showed a significant reduction in VAT with
exercise compared to use of pharmacological treatments.
Aerobic exercise results in greater VAT reduction compared
to resistance training but its benefit is governed by the
intensity as well as the amount of exercise per unit time
[103]. A trial in Denmark which randomized 70 patients
with established coronary artery disease and BMI 28-40 kg/
m? to a combination of weight loss and interval training or
interval training alone showed that both interventions led
to improvements in peak oxygen capacity as well as total
cholesterol, non-high-density lipoprotein cholesterol, and
triglycerides. However, the combination of low energy
diet (800-1000 kcal/day) and aerobic interval training was
associated with a greater reduction in body weight and
waist circumference. Furthermore, even though exercise
alone obtained a significant 35% (p=0.019) decrease in
CRP, a combination of diet and exercise showed significant
decreases in TNF-a (13%, p <0.001), soluble urokinase-
type plasminogen activator receptor (11%, p <0.001), and
CRP (33%, p=0.040) [104]. This suggests that a program
including both caloric restriction and exercise should be
recommended to reduce cardiovascular and metabolic risk
factors.

Pharmacotherapy

Various medications have been in use over the years to help
with weight loss when lifestyle modification is sufficient. A
meta-analysis of 28 randomized controlled trials showed that
pharmacotherapy for obesity was associated with a 3.3 cm
(95% CI,—3.5 to—3.1, SMD) decline in waist circumfer-
ence [105].

Obesity-associated inflammation is a key factor towards
the pathogenesis of insulin resistance and type 2 diabetes
mellitus. Thus, anti-diabetic drugs that help with weight
loss are increasingly looked upon as important options.
Sodium-glucose cotransporter (SGLT)-2 inhibitors increase
urinary glucose excretion by inhibiting renal glucose

reabsorption, thereby reducing body weight and blood
sugars [106]. Rodent studies have confirmed their beneficial
effects on alleviating obesity induced inflammation [107]
by reducing the accumulation of pro-inflammatory T cells/
M1 macrophages and increasing the concentrations of
anti-inflammatory M2 macrophages [106]. Furthermore,
empagliflozin increases fatty acid oxidation by altering the
expression of adiponectin and leptin, indirectly improving
insulin sensitivity. Other medications such as glucagon-
like peptide (GLP)-1 receptor agonists that induce weight
loss are being considered potential “cures” for VAT. A
single-center, double-blinded, randomized controlled trial
in Texas assessed the impact of liraglutide in addition
to a 500 kcal deficient diet and guideline-recommended
physical activity counseling in non-diabetic patients
with a BMI of greater than 30 kg/m? or 27 kg/m? with
metabolic syndrome. One hundred eighty-five participants,
out of whom 64% were white, 37% were black, and 22%
were Hispanic, were randomized to receive liraglutide or
placebo and followed for 40 weeks of treatment. The mean
change in VAT over 36.2 weeks was — 12.49% (standard
deviation 9.3%) with liraglutide compared with—1.63%
(standard deviation 12.3%) with placebo. It was interesting
to see that the effects of liraglutide were consistent across
subgroups of age, sex, and ethnicities [105] and liraglutide
concomitantly decreased CRP levels compared with
placebo.

Newer advancements in medicine are now studying drugs
that decrease atherosclerosis by attenuating inflammation
without any impacting lipids. One such drug worth mention-
ing is canakinumab, a therapeutic monoclonal antibody that
targets interleukin-1p. The Canakinumab Anti-inflammatory
Thrombosis Outcome Study (CANTOS) Trial randomized
10,061 patients with previous myocardial infarction and a
high-sensitivity CRP level of 2 mg or more per liter to three
doses of canakinumab or placebo. At 48 months, 150 mg of
canakinumab every 3 months led to a significantly lower rate
of recurrent cardiovascular events than placebo, independent
of lipid-level lowering suggesting that immunotherapy may
be the way of the future [26ee].

Surgery

Weight loss following bariatric surgery has been shown
to decrease morbidity and mortality from CVD due to its
restrictive and malabsorptive effects [108]. It is also success-
ful in reducing inflammation by altering adipokine-induced
macrophage infiltration [109], but there are no studies to our
knowledge that have determined the most anti-inflammatory
type of bariatric surgery out of all the options available.
A prospective study that followed 19 patients for 4 years
after they underwent bariatric surgery (sleeve gastrectomy,
biliopancreatic diversion, Roux-en-Y gastric bypass, and
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laparoscopic adjustable gastric banding) showed not only a
reduction in inflammatory markers but also an enhancement
in the total antioxidant status of up to 35% in the fasting
state [110]. A prospective study in the UK that followed 55
participants who underwent laparoscopic sleeve gastrectomy
for 6 months postoperatively showed significant reductions
in 6L-6, CRP, leptin, and thiobarbituric acid reactive sub-
stances, along with an increase in adiponectin[8].

Roux-en-Y gastric bypass which involves connecting
a small gastric pouch to the proximal jejunum allowing
for transit of nutrients directly to the small intestine is
the longest-standing bariatric procedure with the best
evidence for sustained weight loss and improvement in
cardiovascular risk [112—114]. It can lead to >30% mean
weight loss due to reductions in appetite and caloric intake
with greatest improvements in blood pressure, glycemia,
and dyslipidemia compared to any other procedure [108].
Data from MRI quantification of fat showed a decrease in
BMI from 45.4 kg/m? from baseline to 42.4 kg/m? a month
after surgery with a corresponding decrease in VAT from
5.94 and 5.33 L (p <0.001). Interestingly, there was no
significant difference in SAT parameters [115]. Another
study showed that bypass causes improvements in ectopic
fat size and composition [116] along with significant
decreases in levels of IL-6 in diabetic patients a year of
surgery [117], all of which may explain the decreased CVD
risk in this patient population.

Conclusions

Obesity leads to a state of chronic inflammation which
significantly increases the risk for CVD. More research
is needed to develop non-invasive VAT quantification
indices such as risk calculators which include variables
such as sex, age, race, ethnicity, and VAT concentration,
along with other well-known CVD risk factors in order to
comprehensively determine risk of CVD in obese patients.
Finally, pre-clinical biomarkers such as pro-inflammatory
adipokines should be validated to estimate risk of CVD in
obese patients.
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