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Obesity has reached global epidemic proportions in both adults and children and is associated with numerous
comorbidities, including hypertension (HTN), type Il diabetes mellitus, dyslipidemia, obstructive sleep apnea and
sleep-disordered breathing, certain cancers, and major cardiovascular (CV) diseases. Because of its maladaptive
effects on various CV risk factors and its adverse effects on CV structure and function, obesity has a major im-
pact on CV diseases, such as heart failure (HF), coronary heart disease (CHD), sudden cardiac death, and atrial
fibrillation, and is associated with reduced overall survival. Despite this adverse association, numerous studies
have documented an obesity paradox in which overweight and obese people with established CV disease, includ-
ing HTN, HF, CHD, and peripheral arterial disease, have a better prognosis compared with nonoverweight/
nonobese patients. This review summarizes the adverse effects of obesity on CV disease risk factors and its role
in the pathogenesis of various CV diseases, reviews the obesity paradox and potential explanations for these
puzzling data, and concludes with a discussion regarding the current state of weight reduction in the prevention
and treatment of CV diseases. (J Am Coll Cardiol 2009;53:1925-32) © 2009 by the American College of

Cardiology Foundation

Obesity has been increasing in epidemic proportions in both
adults and children (1,2). In adults, overweight is defined as
a body mass index (BMI) 25 to 29.9 kg/m2 and obesity as
BMI =30 kg/mz. Other indexes that have been used less
commonly but possibly with more predictive power include
body fatness, waist circumference (WC), waist-to-hip ratio
(WHR), and weight-to-height ratio (3). A recent study of
nearly 360,000 participants from 9 European countries
showed that both general obesity and abdominal adiposity
are associated with risk of death and support the importance
of WC or WHR in addition to BMI for assessing mortality
risk (4).

Obesity has now become a critical problem in the U.S.,
with the prevalence among adults increasing by nearly 50%
during the 1980s and 1990s (5); now, nearly 70% of adults
are classified as overweight or obese compared with fewer
than 25% 40 years ago (5-7). Additionally, the distribution
of BMI in the U.S. has shifted in a skewed fashion such that
the proportion of the population with morbid obesity has
increased by a greater extent than overweight and mild
obesity (1,2,5,7). Recent evidence indicates that obesity is
associated with more morbidity than smoking, alcoholism,
and poverty, and if current trends continue, obesity may
soon overtake cigarette abuse as the leading cause of
preventable death in the U.S. (6-8). Should we fail to stop
the obesity epidemic, it has been predicted that we may soon
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witness an abrupt end, or even a reversal, of the steady
increase in life expectancy (3,9).

There are numerous adverse effects of obesity on general,
and especially, cardiovascular (CV) health (Table 1) (6).
Although obesity has been implicated as one of the major
risk factors for hypertension (HTN), heart failure (HF), and
coronary heart disease (CHD), evidence from clinical co-
horts of patients with established CV diseases indicates an
obesity paradox because overweight and obese patients with
HTN, HF, CHD, and peripheral arterial disease (PAD)
tend to have a more favorable short- and long-term prog-
nosis (Table 2).

This paper reviews the metabolic consequences of obesity
as well as its pathological effects on blood pressure and CV
structure and function contributing to its role in HI'N and
HEF as well as to its role in increasing CHD and atrial
fibrillation (AF). We also review the evidence for the obesity
paradox in these disorders as well as PAD. Finally, we
discuss the current evidence for the potential risks and
benefits of purposeful weight loss.

Pathophysiology

The adipocyte acts as an endocrine organ, and plays a
substantial role in the pathogenesis and complications of
obesity (1,10). Increased levels of leptin, an adipocyte-
derived hormone that controls food intake and energy
metabolism, may be particularly related with CV disease
and has been reviewed in detail elsewhere (Fig. 1) (10,11).
C-reactive protein (CRP) may play a role in the develop-
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Abbreviations
and Acronyms

AF = atrial fibrillation

ment of leptin resistance, which
is important because endogenous
hyperleptinemia does not reduce
appetite or increase energy ex-
penditure (12).

Recently, increased concentra-
tions of both CRP and leptin
were associated with an increased
risk of major CV events, but
leptin seems to be a more robust
predictor (13). In a multivariate
model, leptin was an independent
predictor of CV events, whereas
CRP was not. Clearly, the increase
in inflammatory markers is associ-
ated with insulin resistance, obe-

sity, and CV events (11).

BMI = body mass index

CHD = coronary heart
disease

CR = concentric
remodeling

CRP = C-reactive protein
CV = cardiovascular

DM = diabetes mellitus
HF = heart failure

HTN = hypertension

LA = left atrial

LV = left ventricular

LVH = left ventricular
hypertrophy

Effects of Obesity
on Hemodynamics and
CV Structure and Function

MI = myocardial infarction
OSA = obstructive sleep

apnea

PAD = peripheral arterial
disease

Obesity has many adverse effects
on hemodynamics and CV struc-
ture and function (Fig. 2) (14).
Obesity increases total blood vol-
ume and cardiac output, and car-
diac workload is greater in obe-
sity. Typically, obese patients
have a higher cardiac output but a lower level of total
peripheral resistance at any given level of arterial pressure
(14,15). Most of the increase in cardiac output with obesity
is caused by stroke volume, although because of increased
sympathetic activation, heart rate is typically mildly in-
creased as well (16). The Frank-Starling curve is often
shifted to the left because of increases in filling pressure
and volume, thus increasing CV work. Obese patients are
more likely to be hypertensive than lean patients, and
weight gain is typically associated with increases in arterial
pressure (15,16).

With increased filling pressure and volume, overweight
and obese individuals often develop left ventricular (LV)
chamber dilation (14,16,17). Even independent of arterial
pressure and age, obesity increases the risk of left ventricular
hypertrophy (LVH), as well as other structural abnormali-
ties, including concentric remodeling (CR) and concentric
LVH (18). In addition to LV structural abnormalities,
obesity also leads to left atrial (LA) enlargement, both from
increased circulating blood volume as well as abnormal LV
diastolic filling (14,19). These abnormalities not only in-
crease the risk of HF, but LA enlargement may increase the
risk of AF and its morbid complications discussed later (20).
In addition to increasing LV structural abnormalities and
the propensity for more frequent and complex ventricular
arrhythmias (16), obesity also has adverse effects on diastolic
and systolic function (14,19,21-23).

SCD = sudden cardiac
death

WC = waist circumference

WHR = waist-to-hip ratio

JACC Vol. 53, No. 21, 2009
May 26, 2009:1925-32

IcLICW B Adverse Effects of Obesity

A. Increases in insulin resistance
1) Glucose intolerance
2) Metabolic syndrome
3) Type 2 diabetes mellitus

B. Hypertension

C. Dyslipidemia
1) Elevated total cholesterol
2) Elevated triglycerides
3) Elevated LDL cholesterol
4) Elevated non-HDL cholesterol
5) Elevated apolipoprotein-B
6) Elevated small, dense LDL particles
7) Decreased HDL cholesterol
8) Decreased apolipoprotein-A1

D. Abnormal left ventricular geometry
1) Concentric remodeling
2) Left ventricular hypertrophy

E. Endothelial dysfunction

F. Increased systemic inflammation and prothrombotic state
G. Systolic and diastolic dysfunction

H. Heart failure

I. Coronary heart disease

J. Atrial fibrillation

K. Obstructive sleep apnea/sleep-disordered breathing

L. Albuminuria

M. Osteoarthritis

N. Cancers

HDL = high-density lipoprotein; LDL = low-density lipoprotein.

Clinical Consequences of Obesity

The art of simplicity is a puzzle of complexity.
—Doug Horton (1891-1968) (24)

Obesity, HTN, and the obesity paradox. Typically, HTN
leads to thickening of ventricular walls without chamber
dilation, a process referred to as CR when LV mass is not
increased or concentric LVH when LV mass is increased,
whereas obesity is characterized as increasing chamber

Table 2 Obesity Paradox* in
Cardiovascular and Noncardiovascular Patients

Cardiovascular
A. Hypertension
B. Heart failure

C. Coronary heart disease
1) Percutaneous revascularization
2) Coronary artery bypass graft surgery
3) Treadmill referrals

D. Peripheral arterial disease

E. Echocardiography referrals
Noncardiovascular

A. Elderly

B. End-stage renal disease and dialysis

C. Advanced cancers

D. Chronic obstructive lung disease

E. Rheumatoid arthritis

F. Human immunodeficiency virus/acquired immune deficiency syndrome

*Conditions in which obesity has been associated with a more favorable prognosis compared with
that in nonobese patients.
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