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Keywords:
 Obesity increases a number of cardiovascular disease (CVD) risk factors, but patients with many types of CVD
may have a better prognosis if classified as overweight or obese, a phenomenon known as the “obesity paradox”.
This paradoxical benefit of a medically unfavorable phenotype is particularly strong in the overweight and class I
obesity, and less pronounced in the more severe or morbidly obese populations (class II–III and greater). Rather
than anobesity paradox, it is possible that this phenomenonmay represent a “leanparadox”, inwhich individuals
classified as normalweight or underweightmay have a poorer prognosiswith respect to CVD, as a result of a pro-
gressive catabolic state and lean mass loss.
Cardiorespiratory fitness (CRF) is a fundamental part of this discussion. A greater CRF is associated with lower
CVD risk, regardless of body mass index (BMI). Also, the assessment of body composition compartments
(i.e., fat mass, fat-free mass, lean mass) and the presence of metabolic derangements may be better indicators
of CVD risk than BMI alone.
The focus of this review is to summarize the current evidence of the obesity paradox. Moreover, we discuss the
utility and limitations of BMI for cardiometabolic risk stratification, in addition to concepts such as “metabolically
healthy obesity” (MHO) and the “fat but fit” phenomenon, which describe patients who are diagnosedwith obe-
sity using BMI, but without major metabolic derangements and with greater CRF, respectively. Finally, we pro-
pose that obese patients presenting with an excess body fat, yet without metabolic abnormalities, should still
be viewed as an “at risk” population, and as such should receive advice to change their lifestyle to improve
their CRF and to prevent the development of impaired fasting glucose, diabetes mellitus and other CVD risk fac-
tors as a form of primary prevention.

© 2018 Elsevier Inc. All rights reserved.
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Introduction

The prevalence of overweight and obesity has reached epidemic
proportions in Western countries,1 and is the second leading cause of
preventable death following tobacco use.2 Although the etiology of the
obesity epidemic has been intensely debated, it is widely accepted
that increased body weight and overall adiposity are the result of a
chronic positive energy balance, with energy intake exceeding energy
expenditure.3 Obesity is a major independent risk factor for cardiovas-
cular (CV) disease (CVD), such as hypertension (HTN), coronary heart
disease (CHD), atrial fibrillation (AF) and heart failure (HF).3,4

While obesity increases a number of the established CVD risk factors,
it has been shown that many types of CVDmay have a better prognosis
in the overweight or obese population compared to their leaner
counterparts,3 and this phenomenon is referred to as the “obesity para-
dox”. An obesity paradox is seen in many forms of CVD,5 in addition to
other diseases, such as end-stage renal disease, human immunodefi-
ciency virus and various pulmonary diseases.6,7 Although the obesity
paradox has been observed for most CVD, it most likely applies to the
overweight and class I obesity, and less for class II and greater (Table 1).4

The focus of this review is to evaluate the current evidence regarding
the obesity paradox in CVD and to understand its clinical implications.
Concepts such as the “fat but fit” phenomenon, “normalweight obesity”
(NWO) and “metabolically healthy obesity” (MHO) will also be
discussed, as well as the critical importance of physical activity (PA),
cardiorespiratory fitness (CRF) and metabolic derangements in the
overweight and obese.

Utility of BMI

Overweight and obesity are generally defined by Body mass index
(BMI) in clinical practice (Table 1).4 The modern definition of BMI
comes originally from the Quetelet index in 1832, named after a Belgian
astronomer and statistician who used height and weight to assess indi-
viduals in the French and Scottish armies.8 However, the World Health
Organization defines obesity as excess body fat that impairs health,
and further suggest that BMI is a rough guide of body composition
since individuals with similar BMI may present with different degrees
Table 1
Weight Classification by BMI.

Weight class BMI (kg/m2)

Underweight b18.5
Normal weight 18.5–24.9
Overweight 25.0–29.9
Obesity

Class I 30.0–34.9
Class II 35.0–39.9
Class III 40.0–49.9
Class IV 50.0–59.9
Class V ≥60
of fatness.9 For such reason, the ideal definition of obesity should in-
clude an assessment of body composition to determine body fat per-
centage (BF%). Universal cut-off values for BF% are, however, lacking,
but the most commonly used BF% for the definition of obesity are BF%
N35% in women and N25% in men.10,11 Race, age and sex-specific cut-
off values have also been proposed in the literature.12

Although BMI is commonly used, simple to apply and inexpensive,
this measurement does have its limitations. The utility of BMI to assess
obesity has been criticized for its inability to differentiate between fat,
muscle and skeletal weight,2 therefore being an inaccurate measure-
ment for adiposity at the individual level. Because of this inability to dis-
tinguish between fatmass, fat-freemass and leanmass, individualswith
similar BMI may have vastly different body compositions and perhaps
more importantly, very different metabolic profiles.13 On the other
hand, BMI within the normal range does not preclude increased fat
mass and increased cardiometabolic risk.13 These patients are classified
as NWO, which describes patients with high total BF% or waist circum-
ference (WC), but normal BMI, who have been shown to have increased
metabolic syndrome (MetS), CHD and mortality risk.14,15

Based on the BMI estimation error when assessing total adiposity,16 it
would be expected that more accurate measures of total adiposity would
be stronger predictors of mortality than BMI. However, at the population
level, BMI still predicts clinical outcomes. Ortega et al.17 found that BMI
was a stronger predictor of cardiovascular mortality than indicators of
fat mass in N60,000 participants and evaluated BMI, BF%, fat mass index,
fat-free mass and fat-free mass index, and concluded that BMI can be as
clinically important or more important than total adiposity measures
assessed using accurate, complex and expensive methods. Given these
findings, BMI is likely to continue being a gold-standard of body composi-
tion assessment because of the combination of its utility in assessing the
effects of both fat mass and fat-free mass in CV pathology and simplicity
with widespread adoptions in literature as well as groups such as the
World Health Organization. In addition to BMI and total BF%, measure-
ments of adipose tissue distribution, such as WC and waist-to-hip ratio
have also demonstrated an obesity paradox, especially in CHD.14

Recent studies have attempted to debunk the obesity paradox,18,19

suggesting that the obesity paradox could be explained by the fact
that the diagnosis of CVD in obese patients occurs earlier in life, there-
fore justifying the improved prognosis. However, such studies clearly
confirmed the association between obesity and CVD, but they did not
assess the effects of obesity and excess adiposity once CVD were diag-
nosed, which would have challenged the obesity paradox. Moreover,
prior studies showing an improved prognosis in overweight and obese
patients, especially in the setting of heart failure, were adjusted for a
number of variables, including age,20 making it therefore unlikely to ex-
plain the obesity paradox.21

Physiologic impact of overweight/obesity

Increasing adiposity is associated with neurohormonal activation
and metabolic abnormalities, including renin-angiotensin-aldosterone



Fig. 1. Physiologic impact of adipose tissue. CSF = Colony stimulating factor; HTN= Hypertension; Na = Sodium; RAAS = Renin angiotensin aldosterone system; SNS = Sympathetic
nervous system; TNF = Tumor necrosis factor.
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system activation, sympathetic system activation, hyperleptinemia and
dysregulation of growth factors, such as insulin-like growth factor.2

These homeostatic aberrations induce increased sodium retention, vas-
cular reactivity and hyperinsulinemia, and each contribute to the devel-
opment of HTN in obesity.22 Adipose tissue, while previously viewed as
a storage depot, is now recognized as an endocrine organ. Adipocytes
synthesize a number of hormones or activemolecules called adipokines,
which may have a protective effect on the myocardium.13,23 However,
adipose tissue also produces pro-inflammatory cytokines, such as
Interleukin-1b, tumor necrosis factor-α and Interleukin-18, which in-
duce diastolic dysfunction in preclinical animal models (Fig. 1).13,24–26

With increasing adiposity, adipocyte hyperplasia ismainly driven by
the recruitment of adipogenic progenitors and growth factors, such as
Fig. 2. Hemodynamic changes in obesity. LV = Left ventricular; LHV=
insulin-like growth factor-1, tumor necrosis factor-α, angiotensin II
and macrophage colony stimulating factor.22 As obesity advances, the
hypertrophied adipocytes undergo apoptosis, cell necrosis and fibrosis,
which further induce a low-grade systemic pro-inflammatory state
and adipose tissue dysfunction.22 Once the inflammatory response is
initiated, it is intensified by macrophage recruitment to adipose tissue,
leading to insulin resistance.22 These macrophages also produce pro-
inflammatory cytokines, inducible nitric oxide synthase, reactive oxy-
gen species and nitrogen intermediates that are thought to promote in-
sulin resistance leading to MetS and diabetes mellitus (DM).22

Overweight and obesity adversely impact cardiac structure and
function; both systolic, and especially, diastolic ventricular function, in-
creasing the prevalence of HF (Fig. 2).4 Although obesity is associated
Left ventricular hypertrophy; SVR = Systemic vascular resistance.
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with excess adiposity, the increase in body weight is typically also
paralleled by an increase in lean mass, with higher blood flow require-
ments, that translates into higher total and central blood volume, stroke
volume and cardiac output.4 Blood flow in adipose tissue is, in fact, very
low compared to many other organs and lean mass, and therefore
would not be sufficient to account for the increased cardiac output
seen in obese patients.2 Class II-III obesity also has increased venous re-
turn, which leads to increased preload and left ventricular (LV) filling
pressure (which leads to elevated pulmonary arterial and right heart
pressures).4 The sustained increase in cardiac output due to increased
preload seems to be responsible for an initial dilation of the left ventri-
cle, followed by a hypertrophic compensatory response.

LVmassmarkedly increaseswith the severity of obesity by a concen-
tric pattern which commonly leads to diastolic dysfunction.4 Diastolic
dysfunction in the obese progresses with increases in body mass;
there is reported to be up to 12% prevalence in class I obesity, 35% in
class II obesity and 45% in class III obesity.27 Many of these changes
can be reversed with purposeful weight loss.23 However, systemic vas-
cular resistance is reduced in obese patients, which facilitates increased
cardiac output,4 representing a potential protectivemechanism in obese
patients in the setting of heart failure, which is, on the contrary, associ-
ated with increased systemic vascular resistance.28

CVD risk of obesity

Certainly, obesity is associated with worsening physiologic parame-
ters that promote the development and progression of CVD, including
dyslipidemia, high blood glucose, low-grade systemic inflammation
and the MetS/DM.2,29 Overweight and obese patients consistently
have a higher prevalence of CHD, and the Framingham study showed
that 23% of CHD in men and 15% of CHD in women was attributable to
excess adiposity.30 Another analysis of patients from the Framingham
cohort study with follow-up of up to 48 years concluded that all-cause
mortality increased as the number of years livedwith obesity increased,
with a clear dose-dependent pattern; for every 2 additional years with
obesity, CVD mortality risk increased by 7%.31 Khan et al.19 performed
a study with 3.2 million person-years follow-up from 1964 to 2015,
and confirmed that obesity is associated with a significantly increased
risk of CVD morbidity and mortality compared with normal BMI. Inci-
dent CVD events were significantly higher in the overweight or obese
compared to normal weight individuals.

HF

The Framingham study32 was the largest to assess the risk of HF in
obesity; every 1 kg/m2 increase in BMI increased the risk of HF by 7%
in women and 5% in men. While obesity significantly increases the
risk of HF,29 Pandey et al.33 have demonstrated that the increase in HF
with reduced ejection fraction is lower compared to the markedly in-
creased risk for HF with preserved ejection fraction. Furthermore, the
risk of HF associated with obesity is independent of other risk factors
as well as CRF levels.34 Despite this increased risk for HF, many large
studies have demonstrated an obesity paradox in HF patients, as over-
weight and obese patients have a better short- and intermediate-term
prognosis compared with leaner patients with similar degrees of HF
after adjustments for confounders.4

A meta-analysis of 9 observational studies, including nearly 30,000
patients by Oreopoulos et al.35 showed that overweight and obese pa-
tients with HF had reductions in CVD mortality (19% and 40%, respec-
tively) and all-cause mortality (16% and 33%, respectively) compared
to HF patients without elevated BMI. Sharma and colleagues36 reported
a meta-analysis (n = 22,807) showing that adverse events, mortality
and re-hospitalizations were highest in the low (normal or under-
weight) BMI and lowest in the overweight groups. Clark et al.37,38

showed that higher BMI and WC were associated with better event-
free survival in HF, with the best survival in those with both high BMI
and high WC. Shah et al.39 evaluated patients with decompensated HF
across four continents and found that every 5 kg/m2 increase in BMI
was associated with an 11% decrease in 30-day mortality and a 9% de-
crease at 1 year. However, a study from the Cleveland clinic in patients
with systolic HF showed that the survival paradox of high BMI disap-
peared following adjustment for confounders.40,41 Recently, obesity
has been associated with the severity of HF exacerbation yet presented
with lower in-hospital mortality.42

HF is associated with a chronic catabolic state, resulting in fat mass,
as well as lean mass loss (i.e. cachexia), which carries a devastating
prognosis in HF; 50% of those with cachexia (defined as nonintentional
documented weight loss of at least 7.5% of previous normal weight over
6 months) had died at 18-month follow-up.43 Advanced HF is excep-
tionally associated with cachexia, perhaps explaining why heavier ad-
vanced HF patients demonstrate an obesity paradox, likely due to
increased metabolic reserve.4 Adipose tissue promotes soluble tumor
necrosis factor-α receptors which could neutralize tumor necrosis
factor-α and therefore have a protective impact.23 The obese patients
also have higher levels of circulating lipoproteins, which may bind and
detoxify lipopolysaccharides responsible for the release of inflamma-
tory cytokines.23 Because obesity is usually associated with greater
blood volume and higher blood pressure (BP), obese patients with HF
may be able to tolerate higher doses of cardioprotective medications.4

Finally, the increased amount of lean mass seen in obese patients may
improve CRF, which is associated with improved outcomes in this
population.44,45

CHD

Themajor effect of obesity on CHD risk is attributable to atherogenic
dyslipidemia and MetS/DM.2 This is supported by evidence from the
INTERHEART study,46 which assessed 30,000 patients in 52 countries,
finding that over 90% of the risk for acute myocardial infarction (MI)
was attributable to nine modifiable risk factors; dyslipidemia being
the leading factor, which could account for approximately 50% of the
risk of developing acute MI. Despite having relatively normal total
low-density lipoprotein (LDL) plasma levels, obese individuals typically
have an increased proportion of small, dense LDL-cholesterol, which is
more easily oxidized, and therefore more atherogenic than larger,
more buoyant LDL cholesterol particles.2

However, onceCHD is diagnosed, overweight andobese patients pres-
entwith amore favorable prognosis. Ameta-analysis of 40 cohort studies
with N250,000 patients reported overweight/obese with CHD have lower
risk of total and CVD mortality compared with underweight and normal
weight CHDpatients.47 An additional largemeta-analysis of 89 studies in-
cluding N1.3 million CHD patients also confirmed an obesity paradox,48

which was evident during early follow-up even in patients with severe
obesity. Such protective effects, however, seemed to disappear after ap-
proximately 5 years. Further, those with CHD and moderate/severe obe-
sity had higher mortality during long-term follow-up. Romero-Corral
et al.47 reported more favorable CVD and total mortality outcomes in
overweight/mildly obese (BMI = 25–35 kg/m2) patients than normal
weight and underweight individuals. An obesity paradox has also been
demonstrated following ST-elevated MI, with findings that suggest a
poorer prognosis in thinner elderly patients.49 However, the majority of
the studies lack an assessment of body composition and functionality, as
well as levels of PA andCRF,which aremajor determinants of prognosis.50

Following revascularization

The prevalence of patients undergoing percutaneous coronary inter-
vention (PCI) or coronary artery bypass graft (CABG) surgery who are
overweight or obese may be as high as 70%.2 A review of 26 PCI studies
found that underweight patients had the highest rates of all-cause
death, CVD death and MI with mean follow-up of approximately
1.7 years compared with normal BMI.51 In the same study, overweight



Table 2
Conditions associated with an obesity paradox.

Congestive heart failure
Coronary heart disease

Following percutaneous coronary intervention
Following coronary artery bypass grafting

Hypertension
Hypertensive emergency

Pulmonary arterial hypertension
Atrial fibrillation
End-stage renal disease
HIV
Various pulmonary diseases (i.e. COPD)
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patients had the lowest risk of these outcomes, with significant reduc-
tions in all-cause and CVD mortality by 32% and 22%, respectively.

A 10-year analysis of patients undergoing CABG (n = 9862) found
that obesitywas not associatedwith increasedmorbidity ormortality,52

however, patients with BMI N 40 kg/m2 had greater need for postoper-
ative re-exploration. A 2014 analysis of 12 CABG studies in N60,000
patients found worst survival rates in underweight patients, who had
a 2.7-fold highermortality than patients with normal BMI.51 It is impor-
tant to note that the severely obese had a 4-fold higher risk of CVDdeath
after CABG.

HTN

The Physicians' Health Study demonstrated a strong association be-
tween higher BMI and the risk of HTN with approximately 8% increase
per 1-unit increase in BMI.53 Interestingly, several studies have demon-
strated that patients with HTNwho are overweight or obese have a bet-
ter prognosis than leaner patients with HTN, even in those with less
optimal BP control and more LV geometric abnormalities.2 Patients
with obesity and HTN typically respond favorably to diuretics and cal-
cium channel blockers, given that obese patients are usually in a state
of volume overload and often have relatively lower plasma renin
activity.2 Uretsky et al.54 investigated outcomes in 22,576 patients
with HTN and known CHD, finding that despite worse control of BP,
all-cause mortality was 30% lower in overweight and obese HTN pa-
tients compared with their leaner counterparts.

One study has shown that the obesity paradox is also apparent in
patients hospitalized for HTN emergency. Agarwal et al.55 assessed
281,560 HTN emergency hospitalizations finding that overall mor-
tality was 2.75% with significantly lower in-hospital mortality in
those with obesity (p b 0.001). In-hospital mortality has also been
demonstrated to be lower in patients with pulmonary arterial HTN
(PAH) and obesity (3.5%) compared to the non-obese (8.1%) from a
9-year nationwide study.56 Multiple other studies have also demon-
strated an obesity paradox in PAH, including one which demonstrated
significantly higher survival in obese patients with PAH during long-
term follow-up.57,58

AF

Along with obesity, the prevalence of AF has been increasing and is
expected to increase 3.5-fold during the next 30 years.59 Obesity is an
independent risk factor for AF,60 and obese patients have been shown
to have a 50% increased risk for developing AF.61 Another study showed
that every 1-unit increase in BMI has been associatedwith an almost 4%
increased risk of AF.62Obesitymay also be a risk factor for progression of
paroxysmal to persistent AF, which carries higher morbidity and
mortality.3

Multiple controlled cardiac imaging studies have demonstrated an
association between pericardial fat and AF, and nearly all of these
studies showed that greater volume or thickness of pericardial fat
were associated with a higher prevalence of paroxysmal and persistent
AF.60 Further, a recentmeta-analysis has suggested that the associations
of AF with pericardial fat were stronger than those with abdominal or
overall adiposity.63

An obesity paradox has been demonstrated in patients with AF, in
which overweight/obese have nearly 50% reduced CVD and all-cause
mortality comparedwith AF patients with normal BMI.3Multiple recent
studies have demonstrated AF patients to have lower risk of all-cause
mortality in the overweight/obese versus normal BMI in long-term
follow-up, including a study by Pandey et al.,64 which demonstrated a
35% lower risk of all-cause mortality among Class I obese patients
with AF as compared with normal BMI patients. Table 2 summarizes a
list of conditions which have been associated with an obesity paradox,
in addition to AF.
Lean paradox

Somehave argued that the observation ofworse clinical outcomes in
CVD in those with low BF% and low BMI may be suggestive of a “lean
paradox” even more so than an obesity paradox.3,65,66 Low BF% and
low BMI are independent predictors of worse outcomes, and those
with both have demonstrated increased mortality rates.14

Unintentionalweight loss carries an extremely high burden ofmorbid-
ity andmortality formostmedical conditions, especially for HF.4,67 None of
the major HF societies recommend weight loss for HF patients, except for
the recognition that class III obesity has a particularly poor prognosis.4

Studies on the effects of weight loss are largely retrospective in nature
and often lack uniform controls to define and/or delineate between
“healthy” and “unhealthy”weight loss, leading to a range of bothbeneficial
and harmful associations between studies. The current landscape of differ-
ing data contributes to the lack of weight-management specific recom-
mendations, and large randomized trials that analyze the effects of
intentional weight loss in CVD, particularly in HF patients, are needed.

When discussing the lean paradox, “lean” refers to those patients in
lower BMI categories. “Lean mass” is distinctly different from this defi-
nition because it is intended to reflect a person's fat-freemass, including
skeletal muscle. A decreased amount of lean mass or skeletal muscle
mass defines sarcopenia, a condition independently associated with
poor prognosis in a number of chronic diseases,68 including HF.69

Those with excess fat mass and reduced skeletalmusclemass are classi-
fied as having sarcopenic obesity, with a heightenedmetabolic and CVD
risk that is worse than either obesity or sarcopenia alone.45 Kamiya
et al.70 examined HF patients according to BMI and added themeasure-
ment of mid-upper arm circumference as a surrogate for muscle mass.
Combining the assessment of BMI with arm circumference improved
mortality prediction, and those with low BMI and low arm circumfer-
ence had significantly higher mortality, whereas low BMI and high
arm circumference did not, suggesting that muscle mass alters the rela-
tionship between adiposity and survival in HF.71

CRF and the “fat but fit” phenomenon

The importance of CRF has often been neglected for CVD risk strati-
fication, despite the fact that it correlates with overall health status and
is a potent predictor of an individual's future risk of CVD.72High levels of
CRF largely neutralize the adverse effects of excess adiposity and other
CVD risk factors, which has led to what is described as the “fat but fit”
phenomenon.73,74 Substantial evidence suggests that CRF remains
very predictive and largely negates the adverse effects of body fatness,
as well as other traditional CVD risk factors, including overweight/obe-
sity, MetS, type II DM, and HTN.14

While many studies have demonstrated the effects of CRF and obe-
sity on mortality independently, Barry and colleagues75 assessed the
joint association of CRF and weight status on mortality. It was shown
that unfit individuals have twice the risk of death regardless of BMI,
while fit, overweight and obese individuals have similar mortality risk
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as their normal weight counterparts.75 Many other studies support the
notion that CRF is a stronger predictor of CVD outcomes than
obesity,75,76 and Pedersen77 stated that higher CRF level independently
reduces mortality regardless of BMI.

CRF level markedly alters the relationship between adiposity and
prognosis in patients with CHD, and a cohort study of nearly 10,000
patients with CHD followed for almost 15 years showed that those with
relatively good CRF had favorable prognosis regardless of body composi-
tion, including BMI, BF% andWC.78 Evidence from 5 observational cohort
studies indicated that CRF significantly alters the obesity paradox.79,80 A
meta-analysis of 33 studies with N100,000 patients showed that each 1
metabolic equivalent (MET) increase in CRF reduced all-cause and CHD/
CVD events by 13% and 15%, respectively.81 Maintaining or taking up
PA, likely resulting in improved CRF, has been associated with substantial
reductions in all-cause and CVD mortality risk in CHD patients.82

Lower CRF is a major predictor of mortality, regardless of BMI.3,77

Increased PA and exercise training tomaintain or improve CRF are effec-
tive, safe and proven strategies for primary and secondary prevention of
CVD in all weight groups.73 Pathak et al.83 observed that every 1-MET
increase in baseline CRF reduced the relative risk of arrhythmia recur-
rence by 20%. Importantly, CRF is also said to be one of the best predic-
tors of health outcome, regardless of age, sex, ethnicity, body habitus,
chronic disease risk factors or actual chronic disease.2

Another study showed that a 1-MET increase in CRF by exercise
stress testing over an average of 6.3 years in 13,345 men was associ-
ated with reductions in all-cause and CVD mortality of 15% and 19%,
respectively, while BMI change was not associated with mortality fol-
lowing adjustment.84 Another study showed that patients with rela-
tively preserved CRF (6 METs) had an extremely low mortality rate
of b1% per year, although the normal BMI group had a higher mortality
rate.85

McAuley and colleagues78 used data from the Aerobics Center Longi-
tudinal Study and found that after adjustment, men in the middle and
upper thirds of CRF had 28% and 35% lower risks of total mortality com-
pared with men in the lower third of CRF, which did not change follow-
ing adjustment for other measures of adiposity (BMI, WC and BF%).
Except for the severely obese group showing 93% higher CVD mortality
risk, higher adiposity did not seem to contribute to CVDmortality.78 An
analysis of obese patients from this trial also found that obese fit indi-
viduals had a markedly reduced risk (25% - 46% lower) of having CVD
risk factors and a reduced risk of having MetS.65

CRF is a particularly important risk factor for HF and prior studies
have demonstrated a dose-dependent, inverse association between
CRF, exercise levels, and risk of HF.86,87 The mortality benefits of higher
levels of exercise and CRF have been demonstrated in patients with HF,
including those with HF with preserved ejection fraction.88,89 Low CRF
annual mortality has been reported as high as 8.2% compared with
2.8% in those with high CRF.90 While it has been suggested that obesity
may only be protective in short- and medium- term follow-up, CRF has
been shown to havemore long-termprotective effects. The Cooper Cen-
ter Longitudinal study evaluated 66,371 participants and found that a
single measure of CRF significantly improves classification of both 10-
and 25-year risk for CVD mortality when added to traditional CVD risk
factors.91

The relationship between PA, CRF and AF is more complex, as multi-
ple longitudinal and case control studies have reported a particularly
higher risk of AF among athletes who participate in endurance sports.60

It has been shown that leanmass was the predominant anthropometric
risk factor for development of AF, whereas obesity had no association
when adjusted for leanmass.92 Among healthy, nonathletic individuals,
the association between PA andAF is lesswell established, and therefore
PA within the optimal range may be beneficial and not have an in-
creased risk of AF.60 When CRF is assessed, rather than PA, higher CRF
has been associated with greater arrhythmia-free survival in patients
with existing AF.60 The role of exercise for AF management is not well
defined in current guidelines.
MHO

MHO is generally defined as BMI ≥ 30 kg/m2 without HTN, glucose
abnormalities or dyslipidemia.7 Because there is no official definition
for MHO, Ortega et al.65 have proposed a definition, in short, BMI
≥ 30 kg/m2 and meeting 0 of the MetS criteria (excluding WC). As
discussed earlier, obesity is associated with multiple CVD risk factors,
and some authors have argued that obesity should never be considered
“healthy”. Supporting this notion, a meta-analysis by Kramer et al.93

found that in studies with ≥10 year follow-up, patients with MHO had
a 24% increased risk of major CVD events compared to lean individuals
who were also metabolically healthy. A study from Norway demon-
strated that MHO patients also had an increased risk of HF.94

Mongraw-Chaffin et al.95 found that in 12.2 years follow-up, almost
½ of their participants with MHO developed MetS (and subsequent
increased risk of CVD). One extremely powerful study in 3.5 million
patients found that MHO individuals had a higher risk of CHD, cerebro-
vascular disease and HF than normal weight metabolically healthy
individuals.96 However, this and many similar studies have been criti-
cized for not including assessments of CRF or PA,97 and some authors
have strongly suspected that only MHO individuals with low PA and re-
duced CRF would have increased risk of CHD and most CVD.98 This rep-
resents the “fat but fit” phenomenon, as discussed previously. It has also
been argued that when CRF and other important confounders are con-
sidered, relatively fit individuals with MHO are not at significantly
higher risk of CVD morbidity or mortality than metabolically healthy
normal-weight individuals.97

It is possible thatMHOpatientswith preserved CRFmay not be at in-
creased CVD risk. However, until this is confirmed, the current evidence
may suggest that MHO should be treated as an “at risk” medical condi-
tion, such as pre-DM,99 for which treatment primarily involves either
lifestyle modification, medications, or both, in order to prevent the de-
velopment of MetS/DM and its sequelae.100 Perhaps MHO should be
considered in a similar fashion, and efforts should be made in treating
those with MHO before developing metabolic abnormalities and ulti-
mately increased risk for CVD, as a form of primary prevention.

Weight loss

Although an obesity paradox exists, it may not apply tomoremorbid
obesity inwhichprognosis is adversely affected in CHD, cardiac revascu-
larization (both PCI as well as CABG) and HF.14 While arguments have
beenmade for the “fat butfit”phenomenon, CRF assessment of themor-
bidly obese may be technically challenging. Many changes in cardiac
performance and morphology associated with obesity are reversible
with purposeful weight loss,2 as purposeful weight loss reduces total
and central blood volume, myocardial oxygen consumption, cardiac
output, LV stroke volume, LV work and LV stroke work in patients
with obesity.101

The role of purposeful weight loss in HF is controversial. However,
obesity is associatedwithmultiple complications following heart surgery,
including poor wound healing, increased risk of infection, pulmonary
complications and earlier high-grade acute rejection and 5-yearmortality
followingheart transplantation.102 The International Society forHeart and
Lung Transplantation heart transplant candidacy guidelines support
weight reduction to achieve optimal post-transplant outcomes.103

Support devices, such as LV assist devices, are very beneficial when
used to provide the necessary time for successful weight loss as a bridge
to heart transplantation.23 However, with the exception of severe obe-
sity, some studies have suggested that weight loss may be associated
with increased mortality.14,23 In HF, intentional weight loss might be
one of the most effective strategies to improve abnormal hemodynam-
ics and alterations in cardiac structure and function, however, major
guidelines from theAmericanHeart Association donot providefirm rec-
ommendations for weight loss in HF, owing to a lack of robust
evidence.104 These guidelines do, however, acknowledge the very
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poor prognosis in patients with severe or morbid obesity. The European
Society of Cardiology and Canadian Cardiovascular Society recommend
purposeful weight loss in HF patients only with BMI ≥ 30 kg/m2.23 The
European Society of Cardiology recommends management of over-
weight and obese patients with HF as per guidelines for general cardio-
vascular disease prevention, but acknowledges the gaps in evidence.105

Obesity and more specifically measures of adiposity such as fat-mass
index are major determinants of exercise intolerance in patients with
HF, particularly in those with HF with preserved ejection fraction, inde-
pendent of cardiac function abnormalities.106 A landmark trial in obese
patients with HF with preserved ejection fraction, in fact, showed that
caloric restriction-induced weight loss was associated with improved
CRF. Such improvements were mainly driven by changes in body com-
position as cardiac function did not change over the duration of the
study.107 However, the long-term effects of caloric restriction-induced
weight loss on clinical outcomes are unknown.

Among patients with established AF, lifestyle interventions with
sustained weight loss have been associated with reduction in the AF
burden and symptom severity in a dose-dependent fashion.60 Pathak
et al.108 demonstrated that AF patients with significant intentional
weight loss over a 5-year follow-up (N10%) had 6-fold higher likelihood
of arrhythmia free survival, as compared with those with modest to no
weight change (b3%). Multiple authors have suggested that PA should
be encouraged to improve CRF rather thanweight loss to reducemortal-
ity risk.75,78 It has also been proposed that weight management in the
elderly should be directed at increasing or maintaining lean body
mass and muscular strength without increasing body fat (except in
the underweight).109

Confounders

Mechanisms for an obesity paradox are not well understood, and it
has been argued that this observation may be due to confounding
variables,18 or biases such as lead time, confounding or publication
biases.110 Typically, the overweight/obese patients are significantly
younger than patients with normal BMI in most observational cohorts,
and this may be an age confounder.60 A lead time bias due to earlier de-
tection of CVD in the overweight and obese population (due to higher
pretest probability of disease and earlier diagnostic testing) could result
in increased apparent survival.110 Leaner individuals in contrast may
have a lower pretest probability of disease and receive their diagnosis
at a time of more advanced disease leading to a worse overall
prognosis.110 The fact that N50% CVD deaths occur in those without a
previous diagnosis of CVD illustrates the difficulty with early diagnosis
of CVD, and the possibility of lead time bias affecting the observation
of an obesity paradox.111

Conclusion

There ismuch evidence to suggest that increased PA and CRFmay be
more important and effective treatment methods rather than weight
loss alone for CVD, considering the fallibility of BMI. Although the use
of BMI to assess adiposity is flawed, it is a good marker of excess body
weight, and seems to be a better marker of CVD risk than more expen-
sive, cumbersome and precise measurements of adiposity, as we re-
cently described.17

Obesity is associated with multiple unfavorable physiologic and he-
modynamic changes, many of which are reversible with purposeful
weight loss. Certainly, describing the obesity paradox is not a promotion
of overweight and obesity or a suggestion that weight gain is
beneficial.50 Obesity clearly increases CVD risk andmany obese individ-
uals with CVD can attribute much of their disease burden to excess
weight. One of the main purposes for reporting the obesity paradox is
to emphasize that physicians should likely be more concerned about
the poor prognosis in their leaner or underweight patients with CVD,
particularly those with low CRF and/or low muscle mass.50 Also, those
with MHO should be considered to have an “increased risk” medical
condition in the least, and treatment should be initiated to prevent the
development ofmetabolic derangement and further increased CVD risk.

Finally, weight loss in the obese seems to exert several beneficial ef-
fects on the CV system, aswell as improving glucosemetabolism abnor-
malities especially in the setting of increasing CRF. However, the
confounding messages from numerous studies demonstrating the obe-
sity paradox prevent clear guidance on the parameters of weight loss
needed to combat an increasing obesity epidemic. Thus, large random-
ized trials investigating the effects of intentional weight loss are imper-
ative to determine the measures that are critical to improving clinical
outcomes.
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