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Abstract Obesity and overweight are nowadays very prev-
alent worldwide. They are known to be linked with an
increased risk of developing cardiovascular comorbidities
and mortality. Abdominal obesity is frequently associated
with a collection of metabolic disorders that include elevat-
ed blood pressure, characteristic lipid abnormalities (low
high-density lipoprotein cholesterol and high triglycerides)
and increased fasting glucose, with an underlying situation
of insulin resistance, which has been defined as metabolic
syndrome, conferring a high cardiovascular risk profile to
these subjects. A multidisciplinary approach is required,
including lifestyle changes and pharmacological and surgi-
cal approaches. Intensive management of all the risk factors
of the metabolic syndrome is also needed to reduce body
weight and waist circumference, lessen insulin resistance
and avoid the development of new-onset diabetes and car-
diovascular disease associated with this entity. This article
will review the recently published literature and guideline
updates on this topic, although it is not yet included in the
highlights.
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Introduction

In the last decades, unhealthy lifestyles characterized by
sedentarism and high-calorie intake have driven an increase
in the prevalence of both obesity and type 2 diabetes
mellitus. Obesity is defined as a “condition of abnormal or
excessive fat accumulation in adipose tissue” [1]. Body
mass index (BMI) has been the classic tool to define differ-
ent categories of body weight, considering overweight as a
BMI from 25 to 29.9 kg/m? and obesity a BMI of 30 or
more. Obesity has become an epidemic worldwide; in-
creases in the prevalence of overweight and obesity among
both adults and children have been observed in many coun-
tries throughout the world [2, 3¢]. According to CDC/NCHS
data, in 2009-2010 35.7 % of US adults were obese, and
almost 6 % had a BMI higher than 40, with an added
increase in childhood obesity. This relevant prevalence is
more significant among males and in the subgroup of the
population with lower incomes and educational levels [3¢].
It is also well defined that a BMI >25 indicates an increased
risk of developing cardiovascular (CV) comorbidities and
mortality, such as coronary heart disease, heart failure,
stroke, venous thromboembolism and atrial fibrillation [4].
However, the same amount of adipose tissue could confer
a different CV risk profile depending on the body fat distri-
bution. Thus, as was proven 2 decades ago, an excess of
abdominal and visceral fat is related to a worse CV progno-
sis when compared with a non-visceral or subcutaneous
distribution of adipose tissue [5]. Abdominal obesity is
related to a clustering of metabolic abnormalities that in-
cludes high blood pressure (BP) levels, characteristic
dyslipidemia [low high-density lipoprotein cholesterol
(HDL-c) and high triglycerides] and especially glucose in-
tolerance, with an underlying situation of insulin resistance,
which has been defined as metabolic syndrome. Since the
initial description by Reaven [6], different criteria have been
used to identify this syndrome; the major difference relates
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to the measure of central obesity as shown in Table 1. The
definition proposed in 1998 by the World Health Organiza-
tion (WHO) puts emphasis on insulin resistance as the main
risk factor [7]. The National Cholesterol Educational Pro-
gram Adult Treatment Panel III (ATP-III) in 2001
established the requirement of three of the following five
factors to establish the diagnosis of cardiometabolic syn-
drome: elevated triglycerides, low HDL-c levels, elevated
fasting glucose levels (impaired fasting glucose or type 2
diabetes mellitus), high BP and abdominal obesity [8]. Re-
cently, both the International Diabetes Federation (IDF) [9]
and the American Heart Association/National Heart, Lung
and Blood Institute (AHA/NHLBI) [10] have reconciled
their previous differences concerning the definition of this
syndrome, agreeing that abdominal obesity should not be
mandatory for the diagnosis but one of the five criteria,
although insulin resistance and central obesity are recog-
nized as the major causal factors [11e¢], and in fact, the
cardiometabolic syndrome can be considered as a prediabet-
ic state [12]. Remarkably, although previous guidelines of
the European Society of Hypertension also considered sub-
jects with metabolic syndrome as high CV risk individuals
[13], the future edition of this guideline that will be pub-
lished shortly will challenge the assumption of metabolic
syndrome as an entity that adds to the prognostic strength of
the different individual factors [14].

Cardiometabolic syndrome has also been related to a
prothrombic and proinflammatory state and to an atherogen-
ic dyslipidemia as a consequence of an increase in circulat-
ing free fatty acid together with low HDLc and high
triglycerides, accompanied by other adipokines derived
from the elevated amount of adipose tissue [15]. The pres-
ence of metabolic syndrome is not considered an indepen-
dent indicator of absolute risk because it does not
contemplate other risk factors such as smoking or low-

density lipoprotein cholesterol (LDLc). However, it has
been widely proven that patients with metabolic syndrome
have twice the risk of developing CV disease [16] and a
five-fold increase of risk of developing type 2 diabetes
mellitus [17]. This risk of CV events increases with the
number of metabolic syndrome components [18]. Moreover,
those components have an elevated level of interaction; in
particular, abdominal obesity and insulin resistance play a
significant role in the worsening of blood pressure levels
and in the development of arterial hypertension because of
the progression of endothelial dysfunction and the stimula-
tion of both sympathetic nervous and renin-angiotensin
systems. This situation can lead to the demonstrated higher
prevalence of subclinical organ damage in subjects with
cardiometabolic syndrome, especially left ventricular hyper-
trophy, increased urinary protein excretion and arterial stiff-
ness [19]. Finally, as there are differences between genders
and ethnic groups, the final individual phenotype of meta-
bolic syndrome will be the result of the interactions of
demographic, lifestyle and genetic factors. This could be
the explanation of why it is essential to reach worldwide
consensus concerning the diagnostic criteria and the cutoff
points for anthropometric measurements for different eth-
nicities in order to determine the best diagnosis and man-
agement of this syndrome and therefore reduce the overall
elevated CV risk for these subjects.

Regional Body Fat Distribution

As previously described, BMI >25 is related to an increased
risk of CV disease. Nevertheless, the regional distribution of
total body fat has been proven to have a stronger relation-
ship with CV events than body weight [20]. Since 1947,
when Vague demonstrated that patients with an “android”

Table 1 Current accepted waist
circumference goals for abdom-

Recommended waist circumference objectives for metabolic

inal obesity by different organi- syndrome
zations. Adapted from
Alberti et al. [11e¢] Population Organization Men Women
Caucasian WHO [7] >04 cm (increased high risk) >80 cm (increased high risk)
>102 cm (high risk) >88 cm (high risk)
Asian WHO [7] >90 cm >80 cm
us ATP-11I [8] >102 cm >88 cm
Europid/sub- IDF [9] >94 cm >80 cm
Saharan African
Asian IDF [9] >90 cm >80 cm

*In subjects with increased in-
sulin resistance

Us

Caucasian

AHA/NHLBI [10]

ESH [13]

>94 cm (increased high risk)*
>102 cm (high risk)
>102 cm

>80 cm (increased high risk)*
>88 cm (high risk)
>88 cm
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distribution of body fat were more likely to have diabetes or
CV disease [21], several anthropometric measurements have
appeared as indicators of central fat distribution, such as
waist circumference or waist-to-hip ratio. Both are indepen-
dently related with CV and all-cause mortality and are
considered excellent markers of visceral adiposity [22].
Nowadays, BMI is recognized as a good index of adiposity
that needs to be complemented with anthropometric mea-
surements, mainly waist circumference, to differentiate
those obese subjects with an increased risk of visceral fat
distribution that is associated with a collection of metabolic
disorders. However, these measurements have some limita-
tions, such as the inability to distinguish between subcutane-
ous and visceral adiposity, showing the high heterogeneity
that defines obesity as a very complex syndrome. More
direct techniques for measuring fat mass (such as bioelec-
trical impedance) or for assessing the anatomical distribu-
tion of adipose tissue (such as computed tomography and
especially MRI) are still not commonly used in clinical
practice, although interesting data have been obtained in
recent studies [23].

Several hypotheses have been proposed in the last 2
decades to explain how visceral fat relates to a high risk of
CV events, such as an activated hypothalamic-pituitary ad-
renal axis [24], the role of gonadal steroids [25], stimulation
of the endocannabinoid system [26] and different environ-
mental factors (i.e., smoking habit) [27] and ethnicity (white
adults and the Asiatic population are more likely to have an
increase in visceral adipose tissue) [28]. The stronger hy-
pothesis however is the so-called “lipid overflow-ectopic fat
model” [29]; both increased caloric intake and sedentarism
produce a high-energy balance. In situations of insulin-
resistance or genetic susceptibility to visceral obesity, the
dysfunctional subcutaneous adipose tissue will be unable to
store the energy excess. The affected free fatty acid and the
disrupted release of adipokines produce an excess of tri-
glycerides that will be stored in non-expected organs, such
as the liver, heart, pancreas, kidney, skeletal muscle and
primarily visceral adipose tissue, a phenomenon described
as ectopic fat deposition [30e]. This situation will produce
all the changes that define the cardiometabolic syndrome,
with the resulting increased CV risk profile previously de-
scribed. Besides the visceral fat, ectopic liver fat is consid-
ered the most important ectopic organ where the fat can be
deposited in an undesirable manner. This may reduce the
hepatic extraction of insulin, producing an elevated hepatic
glucose output, glucose intolerance and more atherogenic
lipoproteins, leading by itself to a high cardiometabolic
risk profile [31]. Recently, as all the ectopic fat deposits
are related, it has been proposed that they can be divided
into two different groups: those with predominantly system-
ic effects (visceral adipose tissue, liver fat and skeletal
muscle intracellular lipids) and those with local effects
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(epi-/pericardial fat, perivascular fat and renal fat) [32]. This
classification could partially explain why the first group has
an increased metabolic risk. Further investigations in this
area will facilitate a better understanding of how to improve
the prevention and management of this regional body fat
distribution.

Obesity and Overweight Management. New Approaches

The objective of treatment in obese patients is to reduce
weight and body fat but also to decrease the risk of devel-
oping CV events in this group of subjects. The most accept-
ed recommendation is to obtain an initial weight loss
threshold of 10 % of the basal body weight in a period of
6 months, which can significantly reduce the severity of risk
factors and decrease the prevalence of type 2 diabetes and
organ damage related with obesity [33]. Many patients
attain this goal, but it is ultimately not sustainable for most
of them. A change of unhealthy lifestyle habits through a
multidisciplinary approach is needed for effective and per-
sistent weight loss, encouraging a reduction of excess food
consumption and increase of physical activity.

A low-calorie diet (800—1,200 kcal/day) may reduce 8-
10 % of total weight in 6 months and can help to diminish
body fat. A more strict diet with very low calorie intake
(250-800 kcal/day) will achieve higher initial weight reduc-
tion but similar long-term loss as the low-calorie diet, and it
has a higher risk of complications such as electrolyte imbal-
ances and nutrient deficiencies. Several recent trials have
compared the efficacy of a low-fat diet or low-carbohydrate
diet, showing similar weight loss [34]. Increasing concerns
about the effects of the Atkins diet, the most popular low-
carbohydrate diet, have been raised in the last few years,
showing that it may be associated with increased harmful
CV effects. Furthermore, the supposed optimal metabolic
effects of this Atkins-type diet were not reliable in several
studies [35]. Current guideline recommendations state that
the overall calorie reduction should be related to the BMI
(300-500 daily kcal reduction for subjects with BMI 27-35
and 500-1000 kcal/day for severely obese patients) instead
of any specific calorie basis.

A decrease in sedentary activity with the goal of increas-
ing energy consumption in association with reduced calorie
intake is recommended for achieving weight loss. Current
guidelines suggest a daily minimum of 30 min of moderate-
intensity aerobic physical activity, leading to a reduction in
coronary disease of 50 % with 60—90 min per week of
walking, with walking time as opposed to speed being the
best predictor of benefit [36]. The recent concept of “fat and
fit subjects” has shown that obese and overweight individ-
uals usually have a reduced level of cardiorespiratory fitness,
which is related to higher levels of visceral adipose tissue,
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partially explaining the increased CV risk profile these pa-
tients have [37]. Thus, improving cardiorespiratory fitness
will predict a reduction in the development of CV disease.

Patients with BMI >30 or BMI >27 with important
obesity-related risk factors meet the actual criteria for phar-
macological therapy of obesity, recognizing the necessity of
a complete and complementary lifestyle program that in-
cludes physical activity and reduced calorie intake as previ-
ously described. In the last decades, two different drugs
(rimonabant and sibutramine) have failed to meet expecta-
tions because of a lack of efficacy and especially the poor
safety profile, which caused them to be withdrawn. Orlistat,
an inhibitor of lipase in the gastrointestinal tract, prevents
the absorption of fatty acids, leading to a mild body weight
reduction in combination with dietary modifications [38].
Recently, the FDA has approved two different drugs for
chronic weight management. Lorcaserin, a selective agonist
of 5-HTC2C (serotonin receptor), may produce a reduction
of calorie intake by increasing satiety and reducing hunger,
without affecting energy consumption. This leads to a a
dose-dependent weight loss that was prolonged beyond
1 year of continuous use, but also to a reduction in inflam-
mation marker levels and improvement in lipid levels and
blood pressure [39]. An increased risk of valvulopathy is a
major side effect, and it should be used carefully in patients
previously diagnosed with stenotic or insufficient heart
valves. The combination of phentermine and topiramate
was also approved several months ago, showing effective
weight loss results and favorable CV and metabolic risk
factors [40]. A regular monitoring of the heart rate is needed
because of the sympathomimetic action of phentermine, and
it should be used with caution in subjects with unstable heart
disease or stroke. Liraglutide, a glucagon-like peptide-1
(GLP-1) analog approved for the management of type 2
diabetes, could obtain a significant dose-dependent weight
loss by decreasing appetite, added to the beneficial effects
on insulin resistance and BP [41].

Bariatric surgery is currently considered the most effec-
tive treatment for severe obesity. Criteria for the surgical
approach are: BMI >40 or >35 with comorbid conditions,
failure of less aggressive procedures and high risk of
obesity-related morbidity or mortality. Recent data have
shown that bariatric surgery led to a 30 % reduction in the
incidence of CV events in obese patients compared with
those who received usual care and an almost 50 % reduction
in CV deaths, with the remarkable finding that neither
baseline BMI nor final amount of weight loss predicted
the final CV benefit, but baseline insulin concentrations
were strongly related with the future CV profile [42]. Fur-
thermore, a significant improvement in metabolic control in
type 2 diabetes (reduction of HA 1c and insulin resistance) in
individuals who received bariatric surgery was obtained
when compared to medical therapy, both conventional and

intensive, independently of the final weight loss [43]. Bar-
iatric surgery seems to be a promising therapeutic technique
for obese patients with associated morbidity, and guidelines
may need to reconsider whether BMI should be the only
criterion for defining the eligibility of obese patients that can
obtain an improvement in their CV risk.

Obesity Paradox

Overall, overweight and obesity are linked with an increased
risk of CV disease. However, recent findings have revealed
epidemiological evidence showing that overweight and low-
obesity categories may have a protective CV effect in the
presence of chronic conditions (e.g., heart disease or diabe-
tes) or older age when compared with normal weight or
severe obesity. This concept is called the “obesity paradox.”
A current meta-analysis of 97 studies has included more than
2.88 million subjects and over 270,000 deaths with the aim of
studying the relationship between BMI and all-cause mortal-
ity. If compared with normal weight, all grades of obesity
were associated with significantly higher all-cause mortality,
but obesity grade 1 was not related with the endpoint,
suggesting that the excess of deaths in obese patients was
mainly due to increased mortality at higher BMI levels.
Overweight was, furthermore, associated with significantly
lower all-cause mortality [44¢]. A large study of patients
with coronary heart disease showed that overweight and
mild-obese individuals defined by BMI had a lower risk
of death after percutaneous coronary intervention (PCI)
than normal-weight or underweight 3 years after the pro-
cedure. This statement does not expand to the severely
obese with BMI >35 [45]. A subanalysis of the ACCOM-
PLISH trial also revealed an unexpected higher risk of
CV events in lean and overweight patients, especially
those treated with diuretics, which partially could be
explained by an increased stimulation of both the sympa-
thetic and renin-angiotensin systems [46].

In conclusion, the relation between BMI and mortality
shows that the lowest CV risk is found among overweight
and mild-obese and the highest in underweight, normal-
weight and severe-obese subjects, an assertion that is well
defined essentially in patients with chronic CV diseases.
The obesity paradox will probably require more attention
and deserves to be recognized in the guidelines of different
societies in the future.

Treating Metabolic Syndrome Factors. Prevention
of Diabetes

It is widely proven that two of the main factors that define
metabolic syndrome, high BP levels and elevated fasting
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Table 2 Thresholds of risk factors in subjects with metabolic
syndrome

Risk factor Organization  Goals

Blood pressure
Lipids

ESH [47]
ATP-1II [48]

<140/90 mmHg

LDL<100 mg/dl: high coronary
heart disease (CHD) risk or
CHD equivalent

LDL<70 mg/dl: very high risk
[established cardiovascular disease
plus multiple major risk factors
(especially diabetes) or severe
and poorly controlled risk factors]

HDL>41 mg/dl in males and
>46 mg/dl in females
TG<150 mg/dl

Glycemia ADA [49] HbAlc <7 %

glucose, are often linked with enlarged waist circumference
and insulin resistance, and this situation can lead to the
development of hypertension and new-onset diabetes, with
the resulting increased risk of organ damage or CV events
[6]. Thus, it is reasonable to manage all CV risk factors
aggressively in patients with metabolic syndrome using
different drugs in addition to lifestyle interventions.

Goals of treatment include dyslipidemia, hypertension
and prediabetes (Table 2) [47—49]. Although elevated tri-
glyceride and decreased HDLc levels are the classical lipid
abnormalities in metabolic syndrome, targeting atherogenic
lipoproteins, especially LDLc, in clinical practice is crucial.
ATP-III recommendations should be followed in all patients
with dyslipidemia and metabolic syndrome [48]. Statins are
the first-line drugs to achieve these thresholds and should be
titrated up to the maximum tolerated dose. If goals are not
achieved with the highest statin dose, use of combined
therapy with other lipid-lowering drugs such as a bile acid

Fig. 1 Effect of different
antihypertensive medications
on incident diabetes. Reprinted
from The Lancet, 369, Elliott
W1J, Meyer PM [53], Incident
diabetes in clinical trials of
antihypertensive drugs: a
network meta-analysis, 201—
207, 2007, with permission
from Elsevier

ACEI
ccB
Placebo
R Blocker

Diuretic
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sequestrant or ezetimibe can be considered, although this
has not been evaluated in large studies from the standpoint
of safety or CV event reduction. In fact, the recent HPS-2
THRIVE study showed no clinical benefit of adding
extended-release niacin/laropiprant to statin therapy as this
combination did not significantly reduce the risk of the
composite of coronary deaths, nonfatal MI, strokes or coro-
nary revascularizations compared with statin therapy, but it
did significantly increase the risk of nonfatal but serious side
effects [50].

The suggestion to initiate antihypertensive drugs in all
patients with metabolic syndrome and BP levels
>140/90 mmHg seems reasonable in order to maintain BP
below these values [13]. More concerns appear when these
individuals have BP in the high-normal range, whereas no
clear CV benefit has yet been proved. Renin-angiotensin
suppressors such as angiotensin-converting enzyme inhibi-
tors and angiotensin receptor antagonists are considered
elective drugs because of their favorable metabolic profile
when compared with beta-blockers and diuretics. They im-
prove or at least do not worsen insulin sensitivity, delaying
the onset of diabetes by reducing the microcirculatory flow in
muscle and decreasing the rate of intracellular glucose dis-
posal. Calcium channel blockers can be considered as a
second step when a combination schedule is needed. As
hypokalemia is known to worsen glucose intolerance, the
association with a potassium-sparing agent should be con-
sidered if thiazide diuretics are needed. Recent data
confirming this hypothesis have proved the neutral effects
of mineralocorticoid antagonists such as eplerenone on new-
onset diabetes in patients with heart failure [51].

There is evidence that, among all components of the
metabolic syndrome, patients with prediabetes are those at
higher CV risk. Preventing the development of diabetes is
crucial, especially reducing insulin resistance. First, lifestyle
interventions including weight reduction and increased

Results of a network meta-analysis of 22 clinical trials

ARB ————

0.57 (0.46, 0.72) p<0.0001
0.67 (0.56-0.80) p<0.0001
0.75 (0.62, 0.90) p=0.002

0.77 (0.63, 0.94) p=0.009

0.90 (0.75, 1.09) p=0.30

Referent
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physical activity should be encouraged in subjects with
prediabetes. Therapy with metformin was recently
recommended in patients with prediabetes and a high CV
risk profile or other metabolic syndrome components to
delay conversion to diabetes, since it is known that this
approach is useful in 40 % of subjects with increased fasting
glucose or impaired glucose tolerance [52]. Renin-
angiotensin suppressors have proven their efficacy in
preventing and delaying the development of new-onset dia-
betes (Fig. 1) [53, 54]. Nevertheless, controversial results
were obtained in the DREAM study. Ramipril when com-
pared with placebo did not match the primary endpoint of
delaying conversion to diabetes in patients with impaired
fasting glucose or impaired glucose tolerance, but regression
to normoglycemia was significantly more frequent in the
ramipril group [55]. The recently initiated Aleprevent and
Alecardio trials, which will include patients with established
CV disease and glycosylated hemoglobin >5.7 % (both
prediabetes and diabetes), will provide more evidence about
how to improve the prevention of CV events and CV mor-
tality, but also to delay the development of new-onset dia-
betes [56, 57].

Conclusion

Obesity and metabolic syndrome are characterized by high
cardiovascular risk and increased prevalence of new-onset
diabetes. Lifestyle habit changes based on a multidisciplinary
approach are required for effective and persistent weight loss
and should include a meaningful reduction of calorie intake
and increase in physical activity. However, control of body
weight is difficult to achieve only with an adequate lifestyle.
Thus, pharmacological treatment is helpful, and new drugs are
welcomed to improve and maintain body weight. Bariatric
surgery in patients with severe obesity and cardiovascular
comorbidity is also a useful option. Aggressive management
of all the components of metabolic syndrome is needed to
reduce waist circumference, diminish insulin resistance and
prevent the development of new-onset diabetes and cardio-
vascular disease.
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