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Abstract

available treatment options to manage this condition.

Background: This is an overview of the mechanisms of obesity and its relation to cardiovascular risks, describing the

Main body: The pathogenesis of obesity includes the balance between calories consumed and energy expenditure
followed by the maintenance of body weight. Diet, physical activity, environmental, behavioral and physiological
factors are part of the complex process of weight loss, since there are several hormones and peptides involved in
regulation of appetite, eating behavior and energy expenditure. The cardiovascular complications associated to obe-
sity are also driven by processes involving hormones and peptides and which include inflammation, insulin resistance,
endothelial dysfunction, coronary calcification, activation of coagulation, renin angiotensin or the sympathetic nerv-
ous systems. Pharmacological treatments are often needed to insure weight loss and weight maintenance as adjuncts
to diet and physical activity in people with obesity and overweight patients.

Conclusion: To accomplish satisfactory goals, patients and physicians seek for weight loss, weight maintenance and
improvement of the risk factors associated to this condition, especially cardiovascular risk.
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Background

Obesity, generally defined as an excess of body-fat mass,
is a known global epidemic that can have very seri-
ous consequences like increased risk of morbidity and
reduced life expectancy [1-3].

The World Health Organization (WHO) estimated
that in 2016 more than 1.9 billion adults were overweight
(39% of the population) and over 650 million (13% of the
population) were people with obesity [4].

Even though the development of obesity is multifacto-
rial with genetic, environmental and lifestyle causes, it
is extensively associated with comorbidities such as car-
diovascular diseases, diabetes, hypertension, cancer, and
sleep disorders [2, 3, 5-8].

This is an overview of the mechanisms of obesity and
its relation to cardiovascular risks, describing the avail-
able treatment options to manage this condition.
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Disease pathogenesis

The pathogenesis of obesity is influenced by the balance
between calories consumed and energy expenditure fol-
lowed by the reset of body weight [1, 3, 5]. However, this
is not as simple as an equation, and there are secondary
processes that contribute to this complex condition.

In addition to diet, environmental and behavioral fac-
tors enhance the risk for obesity. Obesity pathogenesis is
not only about how excess body fat is acquired, but also
about how this excess is biologically assimilated [1, 8—
10]. Several metabolic parameters (glucose, insulin, fatty
acids, adipocytes, gut microbiome) are involved in the
obesity pathogenesis, as well as all the systems (gastric,
nervous) that regulate appetite control or food intake [1,
3, 5]. Genetic factors and age are also parameters that can
modulate the phenotypic expression of obesity [5, 11].

The most important systems regulating body weight
and appetite are the adipose tissue, gastrointestinal hor-
mones and nervous system, which receive signals and,
in response, generate the appropriate stimuli [5]. Gas-
tric distension is a signal for satiety, gastric emptying are
signals for hunger, while nutrients, neural impulses and
hormones act as signals in the regulation of energy intake
and expenditure. Likewise, glucose refers to a sensation
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of satiety whereas its decrease promotes hunger. As for
the nervous system, the peripheral nervous system acts
by stimulating the thermogenic tissues, while the sympa-
thetic nervous system maintains the energy expenditure
(3, 5].

The most important hormones that are involved in the
control of hunger and satiety signals are leptin, insulin,
cholecystokinin (CCK), glucagon-like peptide-1 (GLP-1),
peptide YY (PYY), and ghrelin. These act by transmitting
information about the energy status to hypothalamus and
brain cells, which interact with the reward system influ-
encing the need to eat [3].

Leptin is an anorexigenic hormone produced propor-
tionally from the adipose tissue that regulates the lipid
metabolism by crossing the blood—brain barrier via a sat-
urable transport system and communicating the energy
status to the hypothalamus, and so down-regulating the
appetite stimulators and up-regulating the anorexigenic
alpha-melanocyte-stimulating hormone that reduces
food intake [3, 5, 12]. Leptin is an anti-obesity hormone,
its concentration in the blood is elevated in people with
obesity, however individuals become resistant to its sati-
ety and weight-reducing effect [3, 13—15]. Also, leptin is
known for its sympathetic nerve system activation, renal
hemodynamics, blood vessel tone, and modulation of
blood pressure [15].

Insulin is a pancreatic hormone that regulates the level
of blood glucose. After meals, glucose levels increase
and secretion of insulin is activated. Insulin binds to the
hypothalamus receptors to decrease food intake, how-
ever insulin is sensitive to its concentration levels, which
vary with the amount of adipose tissue and fat. Similarly
to leptin, insulin resistance may occur in obesity as a con-
sequence of complex mechanisms. Insulin modulates the
reward system pathways by inhibiting its circuits which
are associated to eating behaviors [3].

Ghrelin is a gut peptide growth hormone with orexi-
genic action that acts on the hypothalamus receptors to
exert metabolic effects by inhibiting insulin secretion
and regulating gluconeogenesis and glycogenolysis. It’s a
fast-acting hormone, or initiator of feeding, since its lev-
els increase prior to food ingestion. Ghrelin’s signaling
decreases thermogenesis and regulate energy expendi-
ture, promoting adiposity [3, 5]. Additionally, this hor-
mone has other mechanisms which interplays with the
energy equilibrium of other systems playing important
roles in areas like cardioprotection, muscle atrophy, bone
metabolism or cancer [16].

Peptide YY is a small gut peptide which responds to
feeding and acts through the anorexinergic cycle on the
hypothalamus to reduce intestinal motility, gallbladder
and gastric emptying and thus decreasing the appetite
and increasing satiety [3].
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Glucagon-like peptide-1 is a gut hormone, co-released
with PYY after meals. Its main functions are to stimulate
insulin secretion, to increase [-cell growth and survival,
to prevent glucagon release and to suppress appetite. The
physiological effects of GLP-1 are mediated through its
receptor GLP-1R, expressed in pancreatic cells, heart,
kidney, stomach, intestine, pituitary gland and hypothala-
mus. Its stimulation increases intracellular calcium levels,
adenylate cyclase activity, and promotes the activation of
several signaling pathways [17]. It has been demonstrated
that GLP-1 acts as cardiovascular protector by inhibiting
thrombosis, preventing atherogenesis, protecting against
vascular inflammation and oxidative stress [3, 18].

Cholecystokinin is a gut peptide hormone and a brain
neuropeptide responsible for stimulating the digestion,
delaying gastric emptying, promoting intestinal motility,
enhancing stimulation of pancreatic digestive enzymes
and bile from the gallbladder, and therefore controlling
appetite [3].

These hormones and peptides regulate appetite, eating
behaviors and energy expenditure by signaling on hypo-
thalamus and brain cells which modulates the dopamine
pathways [3].

In recent years, the role of intestinal microbiota with
the development of obesity has been recognized with
most bacteria belonging to the phyla Bacteriodetes or
Firmicutes. Microbiota can be modified by diet and when
obesity is induced in both murine models or humans, a
predominance of Firmicutes has been reported in some
studies [19-21]. The composition of the phylum Bacteri-
odetes are gram negative bacteria, which contain lipopol-
ysaccharide (LPS). The release of LPS activates toll-like
receptor 4, which elicits a pro-inflammatory pathway
[22]. The increase of circulating LPS in obese individu-
als with predominant bacteria belonging to the Firmi-
cutes phylum is not a paradox and can be explained by
increased intestinal permeability [22].

Cardiovascular risk

It is well known that obesity is an independent risk fac-
tor for cardiovascular disease (CVD) and one of the main
causes of the increased risk of diseases such as dyslipi-
demia, insulin resistance, high blood pressure (HBP) or
hypertension, and atherosclerosis both in adults and chil-
dren [23, 24].

Obesity and increased adipose tissue influence the
pathogenesis of atherosclerosis. The adipose tissue, which
is in fact a dynamic organ, is divided in white adipose tis-
sue (WAT) and brown adipose tissue (BAT) and is asso-
ciated with metabolic and inflammatory systems, with
protective effects on energy homeostasis. WAT secretes
peptides and proteins that act by regulating biological
and physiological conditions and play an important role
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in obesity, insulin resistance, inflammatory and immune
functions, atherosclerosis and cardiovascular disease
[12-14, 25-30].

Adiponectin is a peptide produced in adipose tissue,
that is expressed at high levels by lean, healthy people
and becomes dysregulated in obesity [12, 26, 27].

Obesity is considered a state of inflammation with
increased adipose tissue and decrease in adiponec-
tin levels, which limits its ability to inhibit the inflam-
matory processes, perpetuating the inflammatory
condition. This adipocyte dysregulations are contribut-
ing factors to the imbalance of body homeostasis and
pro- and anti-inflammatory mechanisms, which contrib-
ute to obesity-induced metabolic complications and vas-
cular breakdown leading to cardiometabolic alterations
[25, 26, 30—33]. In parallel to the development of obesity,
inflammatory cell infiltrate occurs, not only in the adi-
pose tissue, but in the pancreas and other tissues [34].
This inflammatory state can be detected early among
adolescents with metabolic syndrome [35], and a clear
relationship has been established between inflammatory
biomarkers and cardiovascular events [36, 37].

Additionally, obesity leads to insulin resistance and
endothelial dysfunction due to the formation of meta-
bolic products derived from lipids, hormones and
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proinflammatory cytokines. Endothelial dysfunction
is associated with cardiovascular conditions, like ath-
erosclerosis, hypertension, hyperlipidemia, and insulin
resistance, which alters the insulin signaling pathway.
Adiponectin can modulate the expression of endothelial
cells affecting the key mechanisms involved in atherogen-
esis (stimulation of nitric oxide production, mitigation
of pro-atherogenic mediators, coronary plaque stabili-
zation, arterial vasodilation), thus acting as a protective
factor for cardiovascular disease and increases insulin
sensitivity [2, 12, 13, 30, 38]. Also, perivascular adipose
tissue, particularly from obese individuals seems to pro-
mote local inflammation and impairment of endothelial
function, thus providing a link between adipose tissue
and vascular disease [39] (Fig. 1). More recently, the use
of computed tomography has been proposed to evaluate
the characteristics of perivascular adipose tissue com-
position which appears to identify patients with stable
coronary disease at increased risk for acute coronary syn-
dromes [40].

Development of low-grade inflammation by dysfunc-
tion of the adipose tissue diminishes its homeostatic
protective effect causing adipocytes to produce inflam-
matory cytokines and extracellular proteins, that support
infiltration and activation of immune cells. Immune cells

P adipocytes

promotes local inflammation and impairment of endothelium function

high glucose levels

e ——

increased ROS/RNS

inflammatory cells

increased LPS

( Altered intestinal microbiota ()—

TLR4 activation

/ perivascular adipose tissue
I

local inflammation

endothelial dysfunction

Fig. 1 Process of inflammation in obesity. Inflammatory infiltrate into adipocyte cells is a common finding in subjects with obesity or metabolic
syndrome and an inflammatory status can be detected by circulating biomarkers. In addition, an increased in the amount of reactive oxygen
species (ROS) and reactive nitrogen species (RNS) can also be detected. In parallel, disturbances in the microbiota are related to increased
lipopolysaccharide (LPS) release in the bloodstream which activates toll like receptor 4 (TLR4). Finally, increased perivascular adipose tissue
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that infiltrate dysfunctional adipose tissue are the key
drivers for inflammation. This mechanism of adipose tis-
sue infiltration is associated with the reduction of insulin
sensitivity and glucose tolerance especially important in
the process of regulating insulin resistance in type 2 dia-
betes (T2D), obesity and hypertension or atherosclerosis
[32, 41-43]. Obesity is frequently associated with high
glucose levels and endoplasmic reticulum stress with
increased release of reactive oxygen and reactive nitrogen
species, impairing insulin secretion, and insulin sensitiv-
ity [34]. On this context, the relevance of the c-Jun-N-
terminal-kinase (JNK) as a pivotal role in the stress cell
response has been highlighted [44].

Coronary calcification is a result of the atherosclerotic
inflammation process, which is associated to obesity.
Even though there is inconsistent evidence, there are
studies to support the association of obesity and coro-
nary calcification in adults at low risk for CVD, includ-
ing the Framingham Study. In low-risk CVD patients, the
distribution of body fat plays an important role in coro-
nary atherogenesis, since it has been shown that a greater
accumulation of fat tissue in the abdomen increases the
risk of coronary calcification [45]. Subjects with diabetes
and obesity, frequently share deficiency in vitamin D or
vitamin K2 which may contribute to high prevalence of
vascular calcification [46].

Obesity is associated with increased blood pressure and
high levels of leptin. Leptin influences the nitric oxide
production and activates the sympathetic system, causing
sodium retention, systemic vasoconstriction, and blood
pressure elevation. The modulation of leptin’s effects
leads to regulation of energy homeostasis to reduce calo-
rie intake and increase energy expenditure which allows
to balance blood pressure. So, leptin has a dual function
on blood pressure control. Also, the renin—angiotensin—
aldosterone system plays an important role in regulating
blood pressure and vascular resistance, which influence
the cardiac state and arterial pressure [15, 47-50].

Metabolic homeostasis is regulated by incretins, like
GLP-1, which are gut hormones released in response to
a meal and influence regulation of insulin and the car-
diovascular system. GLP-1 stimulates insulin release
by modulating the GI functions and control appetite. It
is degraded by enzyme dipeptidyl peptidase-4 (DPP-4),
involved in adipose tissue inflammation, which in its way
is related to insulin resistance [17, 28].

Obesity increases DPP-4 expression [51] reducing the
cardiovascular and metabolic effects mediated by GLP-1
levels. This impairment in the incretin axis promotes an
imbalance between GLP-1 and GLP-2 which in turn con-
tributes to insulin resistance and dyslipidemia [52]. In
addition, in obesity, secretion of GLP-1 is reduced caus-
ing an incretin dysregulation and consequently blocking
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satiety. Whereas DPP-4 either aggravates the incretin
defect or stimulates T cell proliferation, increased con-
centrations have shown to be positively related with BMI,
insulin and leptin levels, and negatively associated with
adiponectin. These aspects seem relevant in the manage-
ment of obesity [17, 28] (Fig. 2).

Metabolically healthy people with obesity
Metabolically healthy people with obesity (MHO) are
people with obesity that do not present increased cardio-
metabolic risk, i.e. the disturbances normally associated
to obesity, like insulin resistance, type 2 diabetes, hyper-
tension, and dyslipidemia [53, 54].

There are however, several different criteria used to
define metabolic health status. Consequently, the evi-
dence regarding MHO is broad and its prevalence varies
widely. Depending on authors and approaches, the fac-
tors that determine an individuals’ metabolic health sta-
tus include blood pressure, triglyceride, cholesterol (total,
HDL and LDL), fasting plasma glucose, homeostasis
model assessment (HOMA), visceral fat and ectopic fat
deposition. In addition to the characterization of obesity
that can also be derived from different methods including
BMI, waist circumference, and body fat percentage [54].

Hinnouho et al. [53] assessed the risk of mortal-
ity among MHO subjects compared to metabolically
unhealthy people with obesity (MUO) and metabolically
healthy-normal weight subjects, using different criteria.
Conclusions have shown that not only MHO subjects did
not have a lower risk of mortality (all cause and CVD)
compared with the metabolically healthy-normal weight
but their risk of mortality was similar to that of the MUO
subjects.

So, the criteria and determinants of metabolically
healthy obesity remain unclear and need further and bet-
ter definition to understand the long-term health con-
sequences on this population, whose condition of being
MHO changes over time and eventually developing into
metabolic and/or mechanical comorbidities.

Finally, another frontier of interest involving obesity
and cardiovascular disease is the composition of human
microbiota. Obesity seems to be related to cardiovascu-
lar events in part due to an imbalance between protective
and harmful microbiome, which may determine low-
grade inflammation (through the activation of inflamma-
some), key metabolites such as trimethylamine N-oxide
(TMAOQ), and impairment of the innate immune system
[55, 56].

Available treatments for obesity

In clinical studies, weight loss of around 5-10% can
result in a reduced risk of T2D and cardiovascular dis-
ease. Anti-obesity medications increase the likelihood of
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Fig. 2 Relationship of obesity and cardiovascular risk. GLP-T glucagon-like peptide 1, RAS renin angiotensin system

achieving clinically meaningful (>5%) weight loss when
used as an adjunct to lifestyle intervention. Pharmacolog-
ical intervention as adjunct to diet and exercise is indi-
cated for individuals with a BMI> 30 or > 27 kg/m? with
at least one obesity-related comorbidity.

The available treatments, currently approved by FDA,
EMA and in Brazil, and clinical trials outcomes are
described below and summarized in Table 1.

Orlistat

Orlistat, or tetrahydrolipstatin, is a pancreatic and gas-
tric selective lipase inhibitor, approved as an anti-obesity
drug [57, 58]. It is prescribed orally at therapeutic doses
of 120 mg three times daily (tid) with meals, administered
with a well-balanced diet. Its activity is dose-dependent
with approximately 30% inhibition of dietary fat absorp-
tion and the major route of elimination is fecal excretion
[57]. Orlistat is approved in the US, Europe, and other
countries, like Brazil.

Data from published clinical trials with orlistat for
the treatment of obesity include a 4-year, double blind,
placebo-controlled, randomized study in 3305 Swedish
people with obesity (XENDOS study) [59] where orlistat
reduced weight by 2.7 kg on average. In another study
[58], a 24-week prospective, randomized, single blind
study between orlistat (120 mg three times a day) and pla-
cebo in 80 adult people with obesity, orlistat has shown a
reduction in weight (4.65 kg vs 2.5 kg in placebo), BMI

(1.91 kg/m? vs 0.64 kg/m?), waist circumference (4.84 cm
vs 2.00 cm), cholesterol and LDL level, when compared
to placebo. Also, in a meta-analysis of 11 placebo-con-
trolled trials of 1 year in 6021 people with overweight or
people with obesity, orlistat reduced weight by 2.9% and
the number of patients with 5% and 10% placebo suc-
cess in weight-loss was 21% and 12% greater with orlistat
than with placebo. In this meta-analysis, orlistat also
reduced blood pressure, LDL cholesterol and fasting glu-
cose in patients with diabetes [57, 59]. Efficacy of orlistat
has been demonstrated in diverse group of people with
obesity including adolescent, adults with metabolic syn-
drome, pre-diabetics, type 2 diabetic [58].

The major adverse effects with orlistat reported in all
studies are gastrointestinal. Loose stools, oily stools/spot-
ting, abdominal pain and fecal urgency were observed in
15-30% of orlistat-treated patients and 2—7% in placebo
[58, 59]. Orlistat did not produce any adverse impact on
the Hb, total leukocyte count (TLC), serum creatinine,
SGPT and SGOT [58]. Orlistat has proven to be a well-
tolerated anti-obesity drug, to be used additionally to
dietary and lifestyle changes [57-59] (Table 1).

Liraglutide

Liraglutide is a long-acting human glucagon like pep-
tide-1 (GLP-1) analogue receptor agonist approved
for chronic weight management in patients with a
BMI > 27 kg/m? and a weight related comorbid condition
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[60, 61]. Liraglutide has been shown to directly stimu-
late pro-opiomelanocortin (POMC) neurons and inhibit
neuropeptide-Y and agouti-related peptide neurons of
the arcuate nucleus resulting in appetite suppression
[62]. These actions may also be accompanied by effects
on other areas of the brain such as the mesolimbic sys-
tem resulting in diminished food-induced reward signals.
Liraglutide alters brain activity related to highly desirable
food cues [63].

Liraglutide is administered subcutaneously as an iso-
tonic solution with peak absorption at 11 h after injec-
tion and absolute bioavailability of 55%. Weight loss with
liraglutide is dose-dependent up to 3.0 mg once daily
(od) and is mediated by hypothalamic action in neurons
involved in the energetic balance, and by reduced appe-
tite and energy intake rather than by increased energy
expenditure [60, 61]. Liraglutide 3.0 mg has received reg-
ulatory approval for weight management in adults in the
US, Europe, and other countries, like Brazil.

In the SCALE Obesity and Pre diabetes study, a
56-week, randomized, double-blind, placebo-controlled
clinical trial [61] in 3731 people with overweight or obe-
sity without type 2 diabetes, patients treated with lira-
glutide lost a mean of 8.4+7.3 kg of body weight versus
2.8£6.5 kg in placebo (a difference of —5.6 kg). In this
study, 63.2% of patients in the liraglutide group lost at
least 5% of their body weight and 33.1% lost more than
10% of their body weight, with statistical significance
when compared to placebo (respectively 27.1% and
10.6%). Also, results for blood pressure were lower in the
liraglutide group while measures of fasting lipid levels,
C-reactive protein, plasminogen activator inhibitor-1,
and adiponectin exhibited greater improvement also in
the liraglutide group when compared to placebo. Liraglu-
tide (3.0 mg) is considered safe and, as an adjunct to diet
and exercise, has proven to reduced body weight in clini-
cally meaningful manner and improve metabolic control
[61].

The SCALE Maintenance study [64], a randomized,
56-week, phase 3 clinical trial evaluated the efficacy
of liraglutide 3.0 mg/day or placebo in maintaining
weight loss achieved with a low-calorie diet in people
with overweight/obesity with comorbidities. The 422
patients included had a mean weight loss of 6.0% dur-
ing the run-in period. At week 56, weight change from
randomization has shown an additional mean weight
loss of 6.2% for liraglutide (in a total of 12.2% weight
loss) and 0.2% for placebo, with a statistically significant
difference of 6.1% (4.6%—7.5%). Maintenance of weight
loss (>5%) was more evident in patients treated with
liraglutide than with placebo, both compared with run-
in period (81.4% vs 48.9% in placebo) or randomiza-
tion (50.5% vs 21.8%). At week 56, post randomization,
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significantly greater decreases were seen in liraglutide
patients for BMI, waist circumference, glycemic param-
eters, high-sensitivity C-reactive protein and systolic
blood pressure.

An extension of the SCALE Obesity and Pre-diabe-
tes study [65], continued screened patient for a further
2 years to a the 3-year assessment, placebo-controlled
trial in people with obesity or overweight prediabetic
adults with comorbidities. The effect of liraglutide 3.0 mg
was evaluated as an adjunct to a reduced-calorie diet
and increased physical activity in delaying time to onset
of T2D, as well as weight loss and safety over 3 years.
Results for 2210 patients showed that liraglutide induced
greater weight loss than placebo (—6.1% vs —1.9%) with
and estimated treatment, statistically significant, differ-
ence of 4.3%. Approximately 25% of liraglutide treated
patients and 10% of placebo patients lost more than 10%
of bodyweight. Significantly greater decreases were seen
in liraglutide patients for BMI (—2.4 vs —0.7 kg/m?),
waist circumference (— 6.9 vs — 3.4 cm), glycemic param-
eters (glycated hemoglobin, fasting glucose, fasting insu-
lin), and systolic blood pressure (— 3.2 vs — 0.5 mmHg).

A post hoc analysis [66] of 5 randomized, double-
blind clinical trials evaluated the cardiovascular safety of
liraglutide 3.0 mg in 5908 patients versus a comparator
group (placebo or orlistat). The primary outcome of this
analysis was the first occurrence of cardiovascular death,
nonfatal myocardial infarction or nonfatal stroke, and the
cardiovascular events were adjudicated prospectively for
three of the trials and retrospectively for the other two.
Results have shown that 8 patients treated with liraglu-
tide 3.0 mg had cardiovascular events (1.54 events/1000
person-years) and 10 patients in the comparator group
(3.65 events/1000 person-years). The hazard ratio was
0.42 (95% CI 0.17-1.08), with liraglutide not being asso-
ciated with an increased rate of cardiovascular events as
compared with the comparators. In this analysis, liraglu-
tide was associated with significantly reduced mean sys-
tolic and diastolic blood pressure compared to placebo
returning to baseline values upon treatment discontinua-
tion. These results suggest no increased risk of liraglutide
3.0 mg on cardiovascular safety and a possible benefit in
populations of people with overweight/obesity.

In all SCALE phase III studies (SCALE Obesity and
Pre-diabetes 1 and 3-year assessment, SCALE Mainte-
nance, SCALE Sleep apnea, SCALE Diabetes) the most
common adverse events reported were nausea, diar-
rhea and constipation in transient and mild/moderate
intensity, with higher incidence in the liraglutide treated
patients [61, 64—66].

These observations are in agreement with the LEADER
trial results, a large trial testing the cardiovascular safety
of liraglutide 1.8 mg among T2D high-risk population
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confirming better metabolic profile and reduced cardio-
vascular and all-cause mortality [67] (Table 1).

Lorcaserin hydrochloride

Lorcaserin HCI is a small-molecule agonist of the sero-
tonin 2C (5-HT2C) receptor indicated for people with
overweight or obesity as an adjunct to a reduced-calo-
rie diet and increased physical activity and at least one
weight-related comorbidity (i.e. hypertension, dyslipi-
demia, type 2 diabetes) [68, 69]. It acts selectively at 5-HT
receptors in the hypothalamus by stimulation of satiety
centers, activating the anorexigenic POMC pathway, to
reduce appetite. With a functional selectivity of 15 times
higher affinity for 5-HT2C than for 5-HT2A receptors
and 100 times higher selectivity for 5-HT2C than for the
5-HT2B receptors, seen as an advantage to both its effi-
cacy and safety since its appetite-suppressing effects act
while avoiding cardiovascular effects which are usual in
other nonselective serotonergic weight-loss medications
[60, 68]. Lorcaserin’s binding affinity is dose-dependent at
the maximum dose of 20 mg/day. Lorcaserin is approved
in the US and other countries, like Brazil (although not
commercialized in Brazil).

The BLOOM trial (Behavioral Modification and Lor-
caserin for Overweight and Obesity Management), a
double blinded, randomized, placebo-controlled study
in 3182 adults with obesity or overweight evaluated
weight loss in patients treated with lorcaserin HCl 10 mg
twice daily (bid)or placebo for 2 years. After 1 year of
treatment, patients treated with lorcaserin HCI lost an
average of 5.8 kg versus 2.2 kg in placebo, which corre-
sponds to 47.5% of patients in lorcaserin versus 20.3% of
patients in placebo with > 5% weight-loss, with statistical
significance. Approximately 22% of patients in the lor-
caserin group and 7% of patients in the placebo group
achieved > 10% weight-loss with statistical significance.
Lorcaserin was overall well tolerated [60, 69].

The BLOSSOM trial was a double-blind, randomized,
placebo-controlled study with 4008 adults with over-
weight or obesity with comorbid risk factors. Patients
were treated with lorcaserin HCI 10 mg twice daily, lor-
caserin HCl 10 mg once daily or placebo in addition to
counseling on diet and exercise for 1 year. Patients under
lorcaserin twice daily had a 5.8 kg weight loss (47.2%
with>5% weight loss) while patients on lorcaserin
once daily lost 4.7 kg (40.2% with > 5% weight loss) and
patients on placebo lost 2.9 kg (25% with>5% weight
loss). The proportion of patients achieving 10% total
weight loss were 22.6% in lorcaserin twice daily, 17.4% in
lorcaserin once daily, and 9.7% in placebo [60, 69].

The BLOOM-DM trial was an extension of the
BLOOM trial but in people with obesity and diabetic
patients. The study included 604 adults with obesity with
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type 2 diabetes who were treated with metformin, a sul-
fonylurea, or both and were assigned to receive lorcaserin
HCI 10 mg twice daily, lorcaserin HCI 10 mg once daily
or placebo for 1 year. Registered weight loss observed
was of 5.9 kg in the twice-daily lorcaserin, 5.6 kg in the
once-daily lorcaserin patients and 1.9 kg in the placebo
group. The adverse events reported were similar to previ-
ous trials (headache, nausea, back pain, upper respiratory
infection, dizziness and fatigue, more frequent in patients
receiving lorcaserin), however symptomatic hypoglyce-
mia was observed and more common in patients treated
with lorcaserin HCI (8.4% vs 6.3% in placebo). There was
no difference in valvulopathy between the groups both
in the BLOOM and BLOSSOOM trials, however, in the
BLOOM-DM trial a non-statistically significant new val-
vulopathy occurred in 0.5% of patients in placebo, in 2.5%
once-daily lorcaserin and in 2.9% twice-daily lorcaserin
patients [60, 69].

The CAMELLIA-TIMI 61 (Cardiovascular and met-
abolic effects of lorcaserin in overweight and obese
patients-thrombolysis in myocardial infarction 61) trial
[68], a randomized, double-blind, placebo-controlled,
multinational study was designed to evaluate efficacy and
long-term cardiovascular safety of lorcaserin in patients
with overweight or obesity at high cardiovascular and
metabolic risk. Twelve thousand patients in 8 countries
were randomized to receive lorcaserin 10 mg twice daily
or placebo for 5 years. After 1 year of treatment, 38.7%
of patients in the lorcaserin group and 17.4% in placebo
had weight loss>5% (p<0.001). Major cardiovascular
events like cardiovascular death, myocardial infarction
or stroke, in a median follow-up of 3.3 years, occurred in
2.0% per year in the lorcaserin and in 2.1% per year in the
placebo group. The extended major cardiovascular events
such as heart failure, or hospitalization for unstable
angina or revascularization, occurred in 4.1% per year in
the lorcaserin and in 4.2% per year in the placebo group.
For cardiac risk factors (blood pressure, heart rate, glyce-
mic control, and lipids) patients treated with lorcaserin
had slightly better values than those in placebo. Adverse
events were similar in the two groups, however patients
in the lorcaserin group reported more serious hypogly-
cemia. The overall results of this trial suggested cardio-
vascular safety in a large high-risk population of subjects
with overweight or obesity [70] (Table 1).

Naltrexone hydrochloride/bupropion hydrochloride

The naltrexone-bupropion combination pill is a sus-
tained-release formulation of two centrally acting medi-
cations composed of 8 mg of naltrexone and 90 mg
bupropion. The mechanism of action of naltrexone-
bupropion is a combination of both medications. Pro-opi-
omelanocortin-producing neurons in the hypothalamus
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release a-melanocyte-stimulating hormone (MSH) and
B-endorphin. a-MSH mediates the anorectic effect of
POMC, whereas B-endorphin is responsible for autoin-
hibitory feedback, which inactivates the anorectic effect.
Bupropion can be used to stimulate the POMC neurons,
whereas naltrexone can be used to block the autoinhibi-
tory feedback that is associated with a decline in weight
reduction [57, 60, 71].

It is approved in the USA and Europe for long-term
weight management in patients with obesity and obe-
sity-related comorbidities, in addition to caloric restric-
tions and lifestyle intervention. The recommended total
daily dose is 32 mg naltrexone and 360 mg bupropion
that should be initiated with one tablet of 8 mg naltrex-
one/90 mg bupropion a day, increased over 3 weeks to
the maintenance dose of two tablets of 8 mg/90 mg twice
a day. The 32 mg of naltrexone is the optimum dose [57,
60, 71, 72]. In the beginning of the treatment nausea is
frequently reported, and seizures, elevated blood pres-
sure or myocardial infarction are other side effects that
have been observed [60].

Four phase III studies evaluated the efficacy and safety
of the naltrexone-bupropion combination versus placebo,
for 56 weeks. COR-I study randomized 1742 patients to
either naltrexone (16 mg/day)+ bupropion (360 mg/day)
in a fixed-dose formulation (NB16), naltrexone (32 mg/
day) +bupropion (360 mg/day) in a fixed-dose formula-
tion (NB32) or placebo. The mean weight loss was 4.8%
for NB32 group and 3.7% for NB16. Weight loss > 5% was
48% for NB32, 39% for NB16 and 16% for placebo, with
a statistically significant difference between NB16 and
NB32. NB 16 and NB 32 showed significant improve-
ments in waist circumference, triglycerides, high-sensi-
tivity C-reactive protein (hsCRP) and HDL cholesterol
levels over placebo [57, 60, 72].

COR-II evaluated 1496 patients assigned to NB32
(1001) or placebo (496) for 56 weeks and the results
were similar to COR-I, with a mean weight loss of 5.2%
for NB32 and weight loss>5% of 50.5% for NB32 and
17.1% for placebo. The most common adverse event in
both COR trials was nausea, which occurred 2—3 times
as much in treatment group (5.3%-10.5%) when com-
pared to placebo (29.2%-42.3%), being transient in the
first weeks of treatment. Other events reported included
headache, dizziness, insomnia and vomiting. Constipa-
tion, upper abdominal pain and migraine were reported
as severe and more frequent in NB group [57, 60, 72].

COR-BMOD assessed safety and efficacy in 793
patients with overweight or obesity with controlled
hypertension and/or dyslipidemia with or without life-
style modification over 56 weeks. Due to lifestyle modifi-
cation, the placebo group lost more weight than reported
in previous studies, with 41.6% of patients in placebo
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achieving > 5% weight loss compared to 54.3% of NB32
patients. NB32 patients showed significant improve-
ments in hsCRP and fasting blood glucose values. Two
patients in the NB32 group reported cholecystitis as seri-
ous adverse event [57, 60, 72].

In COR-Diabetes study which enrolled 505 patients
with overweight or obesity with type 2 diabetes, the
NB32 group of treatment had a weight loss of 3.2% with
44.5% of patients with>5% weight loss compared to
18.9% in placebo [60, 72].

There was one death by acute myocardial infarction
in a NB32 patient in COR-I, even though overall, the
incidence of cardiovascular events was low, 0.2% in NB
patients and 0.3% in placebo patients [60].

Another phase III study (the LIGHT Study [57, 73])
randomized, double-blind, placebo-controlled, to assess
the occurrence of major adverse cardiovascular events
(MACE) in 8900 patients with overweight or obesity at
increased risk treated with an NB32 or placebo. Interim
analyses for this study performed after 25% and 50% of
planned events, showed that the hazard ratio for MACE
did not exceed 2.0 for NB32 compared to placebo. How-
ever, this trial was terminated early and it was not pos-
sible to assess noninferiority of NB over placebo [73]
(Table 1).

Phentermine hydrochloride/topiramate (PHEN/TPM)
The combination of immediate-release phentermine with
extended-release topiramate in one pill, is an ampheta-
mine analog stimulant designed for the short-term treat-
ment of obesity in adults with obesity or overweight, with
at least one obesity-related condition, and in addition to
a low-calorie diet and increased physical activity. PHEN/
TPM acts through the two mechanisms of action of its
components. Phentermine antagonizes alpha-adrenergic
receptors, like norepinephrine which in response are
released into the hypothalamus, resulting in an increase
in blood leptin concentration and appetite suppression.
Topiramate increases the activity of neurotransmitter
gamma-aminobutyric acid (GABA), to modulate volt-
age-gated ion channels and inhibit carbonic anhydrase
or AMPA/kainite excitatory glutamate receptors [69].
Phentermine/topiramate is administered once a day
in doses varying from low (3.75/23 mg), intermediate
(7.5/46 mg) or high (15/92 mg). PHEN/TPM has poten-
tial teratogenic risk, as well as cardiovascular risk with
increase of the heart rate [60]. Phentermine/topiramate
at the top dose is one of the most effective pharmacother-
apies for the treatment of obesity in the US market, but it
is not available for prescription in European or Brazilian
markets.

One phase II and two phase III studies have been
published with efficacy results for the combination
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phentermine/topiramate. The EQUATE trial [60], a phase
II study evaluated 776 patients randomized to phenter-
mine monotherapy (7.5 and 15 mg), topiramate mono-
therapy (46 and 92 mg), PHEN/TPM 7.5/46, PHEN/TPM
15/92 or placebo for 28 weeks. Patients under the combi-
nation PHEN/TPM both 15/92 and 7.5/46 have shown a
higher proportion of weight loss at the end of study: 9.2%
in PHEN/TPM 15/92, 8.5% in PHEN/TPM 7.5/46, 6.4%
in topiramate 92 mg, 6.1% in phentermine 15 mg and
1.7% in placebo.

The CONQUER trial, a randomized, double-blind,
placebo-controlled phase 3 study included 2487 adult
patients with overweight -or obesity patients to evalu-
ate the effect of PHEN/TPM 7.5/46, PHEN/TPM 15/92
or placebo on weight and associated comorbidities over
56 weeks. Results favored PHEN/TPM with weight
loss of 8.1 kg for PHEN/TPM ER 7.5/46 and 10.2 kg for
PHEN/TPM ER 15/92 mg, compared to 1.4 kg for pla-
cebo, with statistical significance. Overall, 62% of the
patients treated with PHEN/TPM ER 7.5/46 and 70% in
PHEN/TPM ER 15/92 achieved the goal of>5% weight
loss versus 21% of patients in placebo [60, 69]. Most
markers for cardiovascular risk, such as waist circumfer-
ence, blood pressure and lipids, have shown an overall
significant improvement. Side effects commonly reported
were dry mouth, paresthesia, flu, upper respiratory infec-
tion, change in taste and insomnia [60].

The EQUIP trial [69] was a double-blind, parallel-
group study in 1267 adult patients with obesity assigned
to either PHEN/TPM ER 3.75/23 mg, PHEN/TPM ER
15/92 mg or placebo for 56 weeks. All treatment groups
had statistically significant weight loss at the end of
the 56 weeks, respectively 10.9% for PHEN/TPM ER
15/92 mg, 5.1% for PHEN/TPM ER 3.75/23-mg and
1.6% for placebo. Patients treated with PHEN/TPM ER
15/92 mg have shown the better results in achieving
improvements in the obesity-related complications fast-
ing blood glucose, blood pressure, cholesterol and waist
circumference.

The AQCLAIM study, and event-driven, randomized,
double-blind, placebo-controlled study to evaluate car-
diovascular morbidity and mortality in patients with doc-
umented cardiovascular disease. This study is ongoing
with the primary efficacy endpoint as time to first occur-
rence of a primary outcome event (nonfatal MI, nonfatal
stroke, or cardiovascular death) (Table 1).

Sibutramine

Sibutramine is a f-phenethylamine or a selective norepi-
nephrine and serotonin reuptake inhibitor that increase
the levels of endogenous catecholamines and acts cen-
trally to increase satiety. It was approved for weight
management in patients unable to lose weight with diet
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and physical activity alone. Sibutramine induces satiety
and an increase in energy expenditure, however it also
increases blood pressure, pulse rate, or both due to its
sympathomimetic effects, therefore is not indicated for
patients with history of cardiovascular disease [59, 74].
The drug was approved in the US market in 1997 and in
Europe in 2001, however due to increased cardiovascular
events in 2010 it has been withdrawn from the market in
several countries and regions of the world including the
European Union and the United States. Nevertheless, the
drug remains available in Brazil.

In three randomized, double-blind, placebo-controlled
clinical trials, sibutramine has reduced weight on average
by 4.6% in 929 people with overweight or obesity over
1 year. Between 28% and 40% of patients achieved the 5%
placebo-subtracted weight-loss and 4% to 27% achieved
the 10% goal, favoring sibutramine over placebo [59].

A randomized trial in 224 adults with obesity treated
with sibutramine alone, sibutramine+ brief individual-
ized lifestyle modification, group lifestyle modification
alone or sibutramine 4 group lifestyle modification dur-
ing 1-year has shown that more weight was lost on the
sibutramine + lifestyle modification (average of 12.1 kg)
compared with sibutramine alone (5.0 kg) [75].

The long-term effects of sibutramine treatment on the
rates of cardiovascular events and cardiovascular death
among + 55-year adults with overweight or obesity at
high cardiovascular risk was determined in the SCOUT
trial [74]. This was a randomized, double-blind, placebo-
controlled, multicenter trial conducted between 2003 and
2009 in 16 countries all over the world (Europe, Central
America, South America and Australia). Having history
of cardiovascular disease (coronary artery disease, stroke,
or peripheral arterial occlusive disease), and/or type 2
diabetes with cardiovascular risk factor (hypertension,
dyslipidemia, current smoking or diabetic nephropathy)
was required to all 10,744 patients enrolled to receive
sibutramine or placebo combined with a weight-man-
agement program (diet and exercise). The mean dura-
tion of treatment was 3.4 years. After randomization, the
sibutramine patients showed a mean weight reduction of
1.7 kg at 12 months, while the placebo group patients had
a mean weight increase of 0.7 kg. Patients treated with
sibutramine have shown a higher risk of a primary out-
come event (11.4% versus 10.0% in the placebo group as
well as risk of nonfatal myocardial infarction (4.1% versus
3.2% in placebo) and nonfatal stroke (2.6% versus 1.9% in
placebo), but not of cardiovascular death or death from
any cause.

Side-effects most commonly associated to sibutramine
include insomnia, nausea, dry mouth and constipation.
Also, sibutramine has been associated with increased
blood pressure and pulse rate, and some cardiovascular
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events, like tachycardia, hypertension and arrhythmias.
For this reason, this drug is not recommended in patients
with uncontrolled hypertension, pre-existing cardio-
vascular disease or tachycardia, and ultimately has been
withdrawn from the market in several countries in 2010
[59] (Table 1).

Conclusions

Obesity is a chronic, multifactorial disease with a com-
plex pathogenesis and associated difficulties in attaining
goals, maintenance objectives and satisfactory outcomes
(just with nutritional education or physical activity) with
lifestyle adjustments and treatment success. Pharmaco-
logical interventions help controlling the disease but are
not always successful in the long term, even though the
results are better when associated to lifestyle changes.
In order to accomplish satisfactory goals, patients and
physicians seek for weight loss, weight maintenance and
improvement of the risk factors associated to this condi-
tion, especially cardiovascular risk.

We here present an overview of the intrinsic mecha-
nisms of obesity and its relation to cardiovascular risks,
and the available treatments to overcome this condition
which should be managed by a multidisciplinary team.

Acknowledgements

Editorial assistance was provided by Eurotrials—Scientific Consultants (now

part of CTl), by a medical writer in the bibliographic research, preparation of
manuscript, table and figure, funded by Novo Nordisk Farmacéutica do Brasil
LTDA.

Authors’ contributions

The authors take full responsibility for the content and conclusions stated

in this manuscript. Novo Nordisk neither influenced the content of this
publication nor was involved in the study design, data collection, analysis, or
interpretation. Both authors, CC and FF, contributed with the literature review
and made the critical review for intellectual content. They both participated in
the concept and drafting of the manuscript. Both authors read and approved
the final manuscript.

Funding
This work was supported by Novo Nordisk Farmacéutica do Brasil LTDA.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

FF has served as steering committee member for Novartis and Astra Zeneca,
and reports having received research grants, lecture fees, and consulting
fees from AstraZeneca, Bayer, Sanofi-Aventis, Novo Nordisk, Novartis, Takeda,
Amgen, Biolab, Ache, EMS, and Merck. CC has served as advisory board for
Eurofarma and Novo NordisK, and reports having received research grants
from AstraZeneca, Sanofi-Aventis, Novo Nordisk, Eurofarma, Fractyl, Lilly,
Boehringer Ingelheim, and Abbvie. The authors declare that they have no
competing interests.

Page 13 of 15

Author details

! Grupo de Obesidade e Sindrome Metabdlica, Hospital das Clinicas, Fac-
uldade de Medicina, Universidade de S&o Paulo, Sio Paulo, Brazil. > Escola
Paulista de Medicina, Universidade Federal de S&o Paulo, Rua Loefgren 1350,
Sao Paulo, SP CEP 04040-001, Brazil.

Received: 25 March 2019 Accepted: 17 July 2019
Published online: 28 August 2019

References

1. Schwartz MW, Seeley RJ, Zeltser LM, Drewnowski A, Ravussin E, Redman
LM, et al. Obesity pathogenesis: an endocrine society scientific state-
ment. Endocr Rev. 2017;38(4):267-96.

2. Poirier P. Obesity and cardiovascular disease: pathophysiology, evaluation,
and effect of weight loss: an update of the 1997 american heart associa-
tion scientific statement on obesity and heart disease from the Obesity
Committee of the Council on Nutrition, Physical Activity, and Metabolism.
Circulation. 2006;113(6):898-918.

3. Zhang,Liu J,Yao J, Ji G, Qian L, Wang J, et al. Obesity: pathophysiology
and intervention. Nutrients. 2014;6(11):5153-83.

4. World Health Organization. Fact sheet—obesity and overweight. 2018.
http://www.who.int/news-room/fact-sheets/detail/obesity-and-overw
eight.

5. Vassallo J. Pathogenesis of obesity. J Malta Coll Pharm Pract.
2007;12:19-22.

6. Leite L, Rocha E, Brandao-Neto J. Obesidade: uma doenca inflamatéria.
Revista Ciéncia Saude. 2009;2(2):85-95.

7. Litwin SE. Which measures of obesity best predict cardiovascular risk? J
Am Coll Cardiol. 2008;52(8):616-9.

8. Souza A, Arantes B, Costa P. A obesidade como fator de risco para doen-
cas cardiovasculares. Rev Edu Meio Amb e Saude. 2008;3(1):107-16.

9.  Crane JD, McGowan BM. Clinical assessment of the patient with over-
weight or obesity. 2017. p. 1-27.

10. Al-Najim W, le Roux CW. An integrated view of treatment options avail-
able for obesity. 2018. p. 1-10.

11. Hruby A, Hu FB.The epidemiology of obesity: a big picture. Pharmaco-
economics. 2015;33(7):673-89.

12. Gomes F, Telo D, Souza H, Nicolau J, Halpern A, Serrano C Jr. Obesity and
coronary artery disease: role of vascular inflammation. Arq Bras Cardiol.
2010,94(2):255-61.

13. Carvalho M, Colaco A, Fortes Z. Citocinas, disfuncdo endotelial e resistén-
cia ainsulina. Arg Bras Endocrinol Metab. 2006;50(2):304-12.

14. Gandhi H, Balaraman R. Involvement of adipocytokines in pathogenesis
of insulin resistance, obesity, and metabolic syndrome. Metabolic syn-
drome and neurological disorders. 1st ed. New York: Wiley; 2013.

15. Bravo P, Morse S, Borne D, Aguilar E, Reisin E. Leptin and hypertension in
obesity. Vasc Health Risk Manag. 2006;2(2):163-9.

16. Pradhan G, Samson S, Sun Y. Ghrelin: much more than a hunger hor-
mone. Curr Opin Clin Nutr Metab Care. 2013;16(6):619-24.

17. Szmitko P, Leiter L, Verma S. The incretin system and cardiometabolic
disease. Can J Cardiol. 2010;26(2):87-95.

18. Khat DZ, Husain M. Molecular mechanisms underlying the cardiovascular
benefits of SGLT2i and GLP-1RA. Curr Diab Rep. 2018;18(7):45.

19. Ley R, Turnbaugh P, Klein S. Microbial ecology: human gut microbes
associated with obesity. Nature. 2006;444:1022-3.

20. Turnbaugh P, Backhed F, Fulton L. Diet-induced obesity is linked to
marked but reversible alterations in the mouse distal gut microbiome.
Cell Host Microbe. 2008;3:213-23.

21. Turnbaugh P, Hamady M, Yatsunenko T, Cantarel B, Duncan A, Ley R, et al.
A core gut microbiome in obese and lean twins. Nature. 2009;457:480-4.

22. Saad M, Santos A, Prada P. Linking gut microbiota and inflammation to
obesity and insulin resistance. Physiology (Bethesda). 2016;31(4):283-93.

23. Barroso TA, Marins LB, Alves R, Gongalves ACS, Barroso SG, Rocha GDS.
Association of central obesity with the incidence of cardiovascular
diseases and risk factors. Int J Cardiovasc Sci. 2017;30:5.

24. Akil L, Ahmad HA. Relationships between obesity and cardiovascular
diseases in four southern states and Colorado. J Health Care Poor Under-
served. 2011;22(4 Suppl):61-72.


http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

Cercato and Fonseca Diabetol Metab Syndr

25.

26.
27.

28.

29.

30.

31

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42,
43,
44,

45.

46.

47.

48.

49.

(2019) 11:74

Unamuno X, Gomez-Ambrosi J, Rodriguez A, Becerril S, Fruhbeck G,
Catalan V. Adipokine dysregulation and adipose tissue inflammation in
human obesity. Eur J Clin Invest. 2018;48(9):e12997.

Aprahamian TR, Sam F. Adiponectin in cardiovascular inflammation and
obesity. Int J Inflam. 2011;2011:376909.

Achari AE, Jain SK. Adiponectin, a therapeutic target for obesity, diabetes,
and endothelial dysfunction. Int J Mol Sci. 2017;18(6):1321.

Joao AL, Reis F, Fernandes R. The incretin system ABCs in obesity and
diabetes—novel therapeutic strategies for weight loss and beyond. Obes
Rev. 2016;17(7):553-72.

Iscan S, Yurekli I, Cakir H, Gokalp O. Inflammatory activity of adipose tis-
sue. Anatol J Cardiol. 2017;17(4):343-4.

Balsan GA, Vieira JL, Oliveira AM, Portal VL. Relationship between
adiponectin, obesity and insulin resistance. Rev Assoc Med Bras.
2015;61(1):72-80.

Rodriguez-Hernandez H, Simental-Mendia LE, Rodriguez-Ramirez G,
Reyes-Romero MA. Obesity and inflammation: epidemiology, risk factors,
and markers of inflammation. Int J Endocrinol. 2013;2013:678159.

Mraz M, Haluzik M. The role of adipose tissue immune cells in obesity and
low-grade inflammation. J Endocrinol. 2014;222(3):R113-27.

Mathew B, Francis L, Kayalar A, Cone J. Obesity: effects on cardiovascular
disease and its diagnosis. J Am Board Fam Med. 2008;21(6):562-8.

Keane K, Cruzat V, Carlessi R, de Bittencourt PJ, Newsholme P. Molecular
events linking oxidative stress and inflammation to insulin resistance and
beta-cell dysfunction. Oxid Med Cell Longev. 2015;2015:181643.

Giannini D, Kuschnir M, de Oliveira C, Bloch K, Schaan B, Cureau F,

et al. C-reactive protein in Brazilian adolescents: distribution and
association with metabolic syndrome in ERICA survey. Eur J Clin Nutr.
2017;71(10):1206-11.

Emerging Risk Factors Collaboration, Kaptoge S, Di Angelantonio E, Lowe
G, Pepys M, Thompson S, et al. C-reactive protein concentration and risk
of coronary heart disease, stroke, and mortality: an individual participant
meta-analysis. Lancet. 2010;375(9709):132-40.

Ridker P, Libby P MacFadyen J, Thuren T, Ballantyne C, Fonseca F, et al.
Modulation of the interleukin-6 signalling pathway and incidence rates
of atherosclerotic events and all-cause mortality: analyses from the

Canakinumab Anti-Inflammatory Thrombosis Outcomes Study (CANTOS).

Eur Heart J. 2018;39(38):3499-507.

Zalesin KC, Franklin BA, Miller WM, Peterson ED, McCullough PA. Impact
of obesity on cardiovascular disease. Endocrinol Metab Clin North Am.
2008;37(3):663-84.

Owen M, Noblet J, Sassoon D, Conteh A, Goodwill A, Tune J. Perivascular
adipose tissue and coronary vascular disease. Arterioscler Thromb Vasc
Biol. 2014;34(8):1643-9.

Antoniades C, Kotanidis C, Berman D. State-of-the-art review article.
Atherosclerosis affecting fat: what can we learn by imaging perivas-
cular adipose tissue? J Cardiovasc Comput Tomogr. 2019. https://doi.
0rg/10.1016/}jcct.2019.03.006.

Castro AM, de Concha LE, Pantoja-Meléndez CA. Low-grade inflamma-
tion and its relation to obesity and chronic degenerative diseases. Revista
Médica del Hospital General de México. 2017;80(2):101-5.

Sun S, JiY, Kersten S, Qi L. Mechanisms of inflammatory responses in
obese adipose tissue. Annu Rev Nutr. 2012,32:261-86.

Guzik TJ, Skiba DS, Touyz RM, Harrison DG. The role of infiltrating immune

cells in dysfunctional adipose tissue. Cardiovasc Res. 2017;113(9):1009-23.

Solinas G, Becattini B. JNK at the crossroad of obesity, insulin resistance,
and cell stress response. Mol Metab. 2016;6(2):174-84.

Lee SY, Chang HJ, Sung J, Kim KJ, Shin S, Cho IJ, et al. The impact of
obesity on subclinical coronary atherosclerosis according to the risk of
cardiovascular disease. Obesity (Silver Spring). 2014;22(7):1762-8.

van Ballegooijen AJ, Pilz S, Tomaschitz A, Grubler MR, Verheyen N.The
synergistic interplay between vitamins D and K for bone and cardiovas-
cular health: a narrative review. Int J Endocrinol. 2017;2017:7454376.
Simonds SE, Pryor JT, Ravussin E, Greenway FL, Dileone R, Allen AM, et al.
Leptin mediates the increase in blood pressure associated with obesity.
Cell. 2014;159(6):1404-16.

Oigman W, Neves M. Sistema renina-angiotensina e hipertrofia ventricu-
lar esquerda. Rev Bras Hipertens. 2000;3:261-7.

Sociedade Brasileira de Cardiologia. Diretrizes para cardiologistas sobre
excesso de peso e risco cardiovascular.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

67.

68.

69.

70.

71

72.

Page 14 of 15

Bray G, Bellanger T. Epidemiology, trends, and morbidities of obesity and
the metabolic syndrome. Endocrine. 2006;29(1):109-17.

Lamers D, Famulla S, Wronkowitz N, Hartwig S, Lehr S, Ouwens D, et al.
Dipeptidyl peptidase 4 is a novel adipokine potentially linking obesity to
the metabolic syndrome. Diabetes. 2011;60:1917-25.

Xiao C, Dash S, Morgantini C, Lewis GF. New and emerging regulators of
intestinal lipoprotein secretion. Atherosclerosis. 2014,233(2):608-15.
Hinnouho G-M, Czernichow S, Dugravot A, Batty G, Kivimaki M, Singh-
Manoux A. Metabolically healthy obesity and risk of mortality. Diabetes
Care. 2013;36:2294-300.

Phillips CM. Metabolically healthy obesity: definitions, determinants and
clinical implications. Rev Endocr Metab Disord. 2013;14(3):219-27.

van den Munckhof ICL, Kurilshikov A, TerHorst R, Riksen NP, Joosten LAB,
Zhernakova A, et al. Role of gut microbiota in chronic low-grade inflam-
mation as potential driver for atherosclerotic cardiovascular disease: a
systematic review of human studies. Obes Rev. 2018;19:1719-34.

Wang Z, Klipfell E, Bennett BJ, Koeth R, Levison BS, Dugar B, et al. Gut flora
metabolism of phosphatidylcholine promotes cardiovascular disease.
Nature. 2011;472(7341):57-63.

Verpeut JL, Bello NT. Drug safety evaluation of naltrexone/bupropion for
the treatment of obesity. Expert Opin Drug Saf. 2014;13(6):831-41.

Jain SS, Ramanand SJ, Ramanand JB, Akat PB, Patwardhan MH, Joshi SR.
Evaluation of efficacy and safety of orlistat in obese patients. Indian J
Endocrinol Metab. 2011;15(2):99-104.

Padwal RS, Majumdar SR. Drug treatments for obesity: orlistat,
sibutramine, and rimonabant. The Lancet. 2007;369(9555):71-7.

Faria A, Mancini M, Melo M, Cercato C, Halpern A. Progressos recentes e
novas perspectivas em famacologia da obesidade. Arq Bras Endocrinol
Metab. 2010;54(6):516-29.

Pi-Sunyer X, Astrup A, Fujioka K, Greenway F, Halpern A, Krempf M, et al. A
randomized, controlled trial of 3.0 mg of liraglutide in weight manage-
ment. N Engl J Med. 2015;373(1):11-22.

Secher A, Jelsing J, Baquero AF, Hecksher-Sgrensen J, Cowley MA,
Dalbage LS, et al. The arcuate nucleus mediates GLP-1 receptor agonist
liraglutide-dependent weight loss. J Clin Invest. 2014;124(10):4473-88.
Farr OM, Sofopoulos M, Tsoukas MA, Dincer F, Thakkar B, Sahin-Efe A,

et al. GLP-1 receptors exist in the parietal cortex, hypothalamus and
medulla of human brains and the GLP-1 analogue liraglutide alters
brain activity related to highly desirable food cues in individuals with
diabetes: a crossover, randomised, placebo-controlled trial. Diabetologia.
2016;59(5):954-65.

Wadden TA, Hollander P, Klein S, Niswender K, Woo V, Hale PM, et al.
Weight maintenance and additional weight loss with liraglutide after
low-calorie-diet-induced weight loss: the SCALE maintenance rand-
omized study. Int J Obes (Lond). 2013;37(11):1443-51.

le Roux CW, Astrup A, Fujioka K, Greenway F, Lau DCW, Van Gaal L, et al.
3 years of liraglutide versus placebo for type 2 diabetes risk reduction
and weight management in individuals with prediabetes: a randomised,
double-blind trial. Lancet. 2017;389(10077):1399-409.

. Davies MJ, Aronne LJ, Caterson ID, Thomsen AB, Jacobsen PB, Marso SP,

et al. Liraglutide and cardiovascular outcomes in adults with overweight
or obesity: a post hoc analysis from SCALE randomized controlled trials.
Diabetes Obes Metab. 2018;20(3):734-9.

Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF, Nauck
MA, et al. Liraglutide and cardiovascular outcomes in type 2 diabetes. N
EnglJ Med. 2016,375(4):311-22.

Bohula EA, Scirica BM, Fanola C, Inzucchi SE, Keech A, McGuire DK, et al.
Design and rationale for the Cardiovascular and Metabolic Effects of
Lorcaserin in Overweight and Obese Patients-Thrombolysis in Myocardial
Infarction 61 (CAMELLIA-TIMI 61) trial. Am Heart J. 2018;202:39-48.
Mahgerefteh B, Vigue M, Freestone Z, Silver S, Nguyen Q. New drug
therapies for the treatment of overweight and obese patients. Am Health
Drug Benefits. 2013;6(7):423-30.

Bohula E, Wiviott S, McGuire D, Inzucchi S, Kuder J, Im K, et al. Cardiovas-
cular safety of lorcaserin in overweight or obese patients. N Engl J Med.
2018;379:1107-17.

Tek C. Naltrexone HCl/bupropion HCI for chronic weight management
in obese adults: patient selection and perspectives. Patient Prefer Adher-
ence. 2016;10:751-9.

Yanovski SZ, Yanovski JA. Naltrexone extended-release plus bupropion
extended-release for treatment of obesity. JAMA. 2015;313(12):1213-4.


https://doi.org/10.1016/j.jcct.2019.03.006
https://doi.org/10.1016/j.jcct.2019.03.006

Cercato and Fonseca Diabetol Metab Syndr

73.

74.

75.

(2019) 11:74

Nissen SE, Wolski KE, Prcela L, Wadden T, Buse JB, Bakris G, et al. Effect of
naltrexone-bupropion on major adverse cardiovascular events in over-
weight and obese patients with cardiovascular risk factors: a randomized
clinical trial. JAMA. 2016;315(10):990-1004.

James W, Caterson |, Coutinho W, Finer N, Van Gaal L, Maggioni A, et al.
Effect of sibutramine on cardiovascular outcomes in overweight and
obese subjects. N Engl J Med. 2010;363(10):905-17.

Wadden T, Berkowitz R, Womble L, Sarwer D, Phelan S, Cato R, et al. Rand-
omized trial of lifestyle modification and pharmacotherapy for obesity. N
Engl J Med. 2005;353(20):2111-20.

Page 15 of 15

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Cardiovascular risk and obesity
	Abstract 
	Background: 
	Main body: 
	Conclusion: 

	Background
	Disease pathogenesis
	Cardiovascular risk
	Metabolically healthy people with obesity
	Available treatments for obesity
	Orlistat
	Liraglutide
	Lorcaserin hydrochloride
	Naltrexone hydrochloridebupropion hydrochloride
	Phentermine hydrochloridetopiramate (PHENTPM)
	Sibutramine

	Conclusions
	Acknowledgements
	References




