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The higher prevalence of cardiovascular disease in obese individuals is indirectly mediated, to a large
extent, by the increased frequency of various well known risk factors like hypertension, diabetes, and
dyslipidemia, either individually or as part of the metabolic syndrome. However, there are several ways
in which obesity directly affects the cardiovascular system; these will be discussed in detail. We also
focus on various challenges posed by obesity in the performance and interpretation of cardiac investiga-
tions and how they can be addressed. (J Am Board Fam Med 2008;21:562-8.)

The incidence of obesity started growing to epi-
demic proportions in the 1980s. Currently more
than 30% of the US population is obese (body mass
index [BMI] =30) and nearly two thirds are over-
weight (BMI between 25 and 29.9). These figures
are expected to rise further if the current trend
continues' ™ (see Table 1%). There are 2 distinct
genetic mechanisms involved in obesity. One is
caused by the infrequent presence of certain genes,
which produce rare syndromes associated with sig-
nificant obesity. However, obesity is much more
commonly mediated by the presence of other “sus-
ceptibility” genes. More than 41 such genetic sites
have been identified and in their presence obesity
will develop only if there is a favorable environ-
ment.”® These genes control different processes,
such as regulation of fat distribution, metabolic
rate, response to exercise and diet, control of feed-
ing, and food preferences, etc. But the striking rise
in the incidence of obesity, which has happened in
the last few decades, is not because of changes in
the genetic background of the human race, since
these changes take thousands of years to evolve.
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This “epidemic” is mainly caused by rapid lifestyle
changes involving eating habits and exercise.”

Obesity increases adverse cardiac events in many
ways. These may be indirectly mediated through
risk factors associated with metabolic syndrome
like dyslipidemia, hypertension, and glucose intol-
erance, or effects from sleep disorders associated
with obesity.®” Metabolic syndrome is associated
with central or abdominal obesity, with the distri-
bution of fat predominantly in the abdominal vis-
cera rather than the extremities. Waist circumfer-
ence or waist-hip ratio are useful ways of assessing
this type of fat distribution and increased values
confer additional cardiovascular risk. In abdominal
obesity, there is an increase in the level of various
inflammatory markers as well as the occurrence of
a prothrombotic state.'®!' Many adipokines and
other chemical mediators like tumor necrosis fac-
tor-alpha, interleukin-6, plasminogen activator in-
hibitor-1, resistin, lipoprotein lipase, acylation
stimulating protein, cholesteryl ester transport pro-
tein, retinal binding protein, estrogens, leptin, an-
giotensinogen, and insulin-like growth factor-1 are
present in increased concentrations in obese pa-
tients. These have various adverse effects on the
cardiovascular system by creating a pro-inflamma-
tory and prothrombotic state as well as causing
endothelial damage and vascular hypertrophy.'*!?
There is also a higher incidence of sleep apnea/
hypoventilation syndromes in obesity, which can
affect the heart in different ways.

There are, however, also many direct effects of
obesity on the heart and the cardiovascular system,
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Table 1. Increasing Percentage of Overweight and Obese Patients in Different Periods According to the National

Health and Nutrition Examination Survey Data

1976-1980 1988-1994 1999-2002

(n = 11,207) (n = 11,468) (n = 7,494)
Overweight (BMI =25) 47 56 65
Obese (BMI =30) 15 23 31

which are not mediated through components of the
metabolic syndrome or through the associated ef-
fects of sleep disorders. These will be the main
focus of this article. Obesity also poses considerable
challenges to making a precise cardiovascular diag-
nosis because of limitations in physical examination
as well as with various investigations like electro-
cardiograms (EKGs), imaging studies, and cardiac
catheterization. We will discuss these limitations
and make recommendations as to how these may be

addressed.

Pathophysiology of the Circulatory System in
Obese Patients

The adipose tissue has a resting blood flow of 2 to
3 mL/100 g/min, but can increase up to 10-fold;
this occurs usually after food intake.'* However,
with increasing obesity the perfusion per unit mass
decreases. It falls from 2.36 mL/min to 1.53 mL/
min when the percentage of fat increases from 20%
to 36% of the body weight, and so the increase in
cardiac output is not directly proportional to the
total fat."” The increased cardiac output in obese
patients is to meet the metabolic demand of the
adipose tissue and is achieved mainly through an
increase in stroke volume. The left ventricular
chamber dilates to accommodate the increased ve-
nous return and, in turn, develops an eccentric type
of hypertrophy to keep the wall stress normal.'
The left atrium also enlarges in obese individuals
and is initially caused by the increased blood vol-
ume and venous return. Later, other factors like left
ventricular hypertrophy and diastolic dysfunction
may also be responsible for increased left atrial
size."” However, in the Strong Heart Study co-
hort,'® it was observed that increases in stroke vol-
ume, cardiac output, and left ventricular mass were
more closely related to the associated increase in
lean body mass than to the amount of fat in obese
patients. Left ventricular filling pressure increases
with exercise, often to more than 20 mm Hg, even
if it is normal at rest. The left ventricle undergoes

hypertrophy of the eccentric type but, less com-
monly, can be concentric. Initially there is left ven-
tricular diastolic dysfunction with hyperkinetic sys-
tole but with longer duration of obesity diastolic
dysfunction progressively worsens and gradually
systolic dysfunction also sets in.'?

Cardiomyopathy of obese individuals (adipositas
cordis) is caused by a direct effect of obesity on the
heart. Initially, the increase in the fat content of the
heart is because of a metaplastic phenomenon and
is not an infiltrative process. Various tissues of
heart, like the sinus node, atrioventricular node,
right bundle branch, and the myocardium near the
atrioventricular ring, are replaced by fat cells.
These can occasionally cause conduction defects
like sinoatrial block, bundle branch block, and,
rarely, atrioventricular block.?® Subsequently, ir-
regular bands of adipose tissue may separate and
cause pressure-induced atrophy of the myocardial
cells. These adipose cells may also secrete locally
active molecules like adipokines, which indirectly
cause injurious effects on the adjacent myocardial
cells. Accumulation of triglycerides in nonfat cells
like myocytes can also directly cause cell dysfunc-
tion because of lipotoxicity.*!

Congestive Heart Failure

Several factors primarily caused by obesity, like
increased blood volume, elevated cardiac output,
left ventricular hypertrophy, and left ventricular
diastolic dysfunction, in addition to adipositas cor-
dis, play a role in causing heart failure.”? This is in
addition to indirect effects mediated through other
frequently coexisting conditions like diabetes, hy-
pertension, and coronary artery disease.

Clinical assessment for heart failure is often dif-
ficult in obese patients for several reasons. Dyspnea
during exertion and leg edema can occur even with-
out congestive heart failure. They can have orthop-
nea caused by the protuberant abdominal contents
pressing on the diaphragm when they are recum-
bent. Physical examination is complicated because
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neck veins are difficult to see, heart and breath
sounds are distant, and the liver, even if enlarged
because of right heart failure, is difficult to feel.

In the Framingham heart study, after 14 years of
follow-up for 5881 patients (mean age, 55 years;
54% women) heart failure developed in 496. After
adjustment for established risk factors there was a
calculated increase in the risk of developing heart
failure by 5% in men and 7% in women for each
increment of 1 above 30 on the BMI. The hazard
ratio was 2.12 in women (95% CI, 1.51-2.97) and
1.9 in men (95% CI, 1.3-.79) who were obese.?

Ejection fraction of <40% was seen in 42% of
obese compared with 54% of normal-weight pa-
tients with heart failure. Thus, there are more pa-
tients with diastolic heart failure among the obese.
Approximately 11% of heart failure in men and
14% in women in the community are because of
obesity alone.”

Arrhythmias

There is an increase in the incidence of sudden
cardiac death and arrhythmias in obesity.”* Fatal
arrhythmias may be the most frequent cause of
death among obese patients. According to the Fra-
mingham data, sudden cardiac death was 40 times
higher in obese men and women.”* In another
study of severely obese individuals, this was 6-fold
and 12-fold higher in those aged 25 to 34 years and
35 to 44 years, respectively.”’ In the NHANES III
study, 30% of obese patients with glucose intoler-
ance had a prolonged corrected QT (QT¢) interval.
Schouten et al*® found that 8% of obese individuals
had a QT¢ interval of more than 0.44 seconds and,
in 2%, it was more than 0.46 seconds. A QTc
interval of more than 0.42 seconds was associated
with increased mortality in “healthy” obese patients
followed for 15 years. QT dispersion, which mea-
sures the difference in duration between the maxi-
mum and the minimum QT interval in different
leads in the EKG is a good noninvasive measure-
ment for quantifying the degree of myocardial re-
polarization inhomogeneity, which was also in-
creased in the obese. Both QTc interval and QT
dispersion are mediated by changes in sympathetic-
vagal balance. Catecholamine levels are increased
in the obese.?” In addition, increased free fatty acid
levels in the obese may also affect repolarization. In
patients with myocardial infarction, there is a rela-
tion between ventricular arrhythmias and long-

chain saturated fatty acid level. Various changes
occur in the autonomic system with weight gain. A
10% increase in body weight causes a decrease in
parasympathetic tone and increase in heart rate. On
the other hand, heart rate decreases with weight
reduction. There is a significant improvement in
heart rate variability with 10% weight loss. Both
increased resting heart rate and decreased heart
rate variability are predictors of mortality, indepen-
dent of the ejection fraction.”®

In a study of obese patients without clinical heart
disease, the prevalence of late potentials (high-fre-
quency, low-amplitude signals at the terminal part
of the QRS complex demonstrated using high-res-
olution signal averaged recording) are seen to be
increased proportionately with BMI. The presence
of late potentials has been documented to be asso-
ciated with increased risk of ventricular arrhyth-
mias in several cardiac conditions and is present in
less than 3% of normal controls. In those with a
BMI score between 31 to 40, 41 to 50, and >50, the
incidence of late potentials were 35%, 86% and
100%, respectively. This increased frequency may
be related to fat and mononuclear infiltration, fi-
brosis, focal myocardial disarray, or myocyte hy-
pertrophy.*’

Coronary Artery Disease

Obesity is an independent predictor of coronary
artery disease, as observed in the Framingham
heart study,’® Manitoba study,’! and Harvard pub-
lic health nurses study.’? In the Framingham co-
hort, patients aged 28 to 62 years were followed for
a mean of 26 years. Among men younger than 50
years, the heaviest group experienced twice the risk
of coronary disease compared with the leanest
group. The risk was increased 2.4-fold among
obese women of similar age, and this was after
adjusting for the influence of other major cardio-
vascular risk factors.’® Autopsy among 15 to 34
year olds who died from accidental causes revealed
plaques and ulceration in the coronary arteries and
abdominal aorta, the extent of which correlated
with the amount of abdominal fat and BMI (PDAY
study).”® Obesity accelerates atherosclerosis de-
cades before clinical manifestations appear and this
remained significant even after adjustment of other
risk factors like high cholesterol, hypertension,
smoking, and increased HbAlc.’® The density of
macrophages per mm’ of plaques also correlated
with visceral obesity.*?
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After coronary artery bypass surgery also there
are more adverse outcomes in obese patients.’*
They have increased incidence of postoperative
thromboembolism, infections of the sternum, and
saphenous vein harvest sites. There is also a higher
incidence of atrial arrhythmias.** However mortal-
ity or postoperative cerebrovascular events were
not significantly higher. Even pulmonary compli-
cations were comparable, except in the severely
obese (BMI >35) and when complicated by diabe-
tes, renal dysfunction or age >60.>

Hypertension

Among men, the prevalence of hypertension is
15% in those with BMI <25 and 42% if BMI is
>30; in women, these are 15% and 38%, respec-
tively.’® Blood pressure is the product of cardiac
output and systemic vascular resistance, and cardiac
output is increased in obese patients because of
increased blood flow to the adipose tissue.!” We
should expect the systemic vascular resistance to be
low in obese individuals because of the increased
cross-sectional area of the vascular bed. However,
it is often inappropriately normal or even high, and
this increases the likelihood of hypertension. Var-
ious factors like low-grade inflammation mediated
through adipokines, hyperinsulinemia, and insulin
resistance, over-activity of the sympathetic nervous
system and a disordered sleep pattern increase the
systemic vascular resistance in obese patients.’’
With increasing severity of obesity, hypertension
becomes more prevalent. It may initially be diurnal,
especially if there is coexisting sleep apnea.’’

On the right side also there is an increase in the
filling pressures, systolic pressure, and pulmonary
vascular resistance. Increased pulmonary vascular
resistance may be because of a combination of in-
trinsic pulmonary disease, sleep apnea/hypoventi-
lation, recurrent pulmonary thromboembolism, or
left ventricular dysfunction, all of which are more
common in obese individuals. Pulmonary artery
pressure is elevated in more than 50% of obese
patients but usually only to a mild degree.'? Fifteen
percent to 20% of patients with obstructive sleep
apnea have pulmonary hypertension. This is often
mild and ranges from 30 to 35 mm Hg and is rare
in the absence of daytime hypoxia. EKG signs of
right ventricular overload are very late manifesta-
tions. Nocturnal dysrhythmias, right and left heart
failure, myocardial infarction, stroke, and mortality

are more common in those with obstructive sleep
apnea.’®

Stroke

Increased BMI and waist—hip ratio are independent
risk factors for stroke, even after adjusting for hy-
pertension, hypercholesterolemia, and diabetes. In
the prospective Physician’s Health study cohort of
21,414 men, those patients with BMI between 25
and 30 (8,105 men) and >30 (1,184 men) had a
multiple adjusted relative risk of total stroke of 1.32
(95% CI, 1.14-1.54) and 1.91 (95% CI, 1.45-2.52),
respectively, compared with men with BMI <25. In
these groups the relative risk of ischemic stroke was
1.35 (95% CI, 1.15-1.59) and 1.87 (95% CI, 1.38—
2.54) and hemorrhagic stroke was 1.25 (95% CI,
0.84-1.88) and 1.92 (95% CI, 0.94-3.93), respec-
tively.”” With each 1-unit increase in BMI score,
the multiple adjusted rate of ischemic stroke in-
creased by 4% and 6% for hemorrhagic stroke.
The underlying mechanisms by which increased
BMI score affects stroke risk, independent of estab-
lished risk factors such as hypertension and diabe-
tes, is not fully understood. This could be mediated
by the prothrombotic (higher levels of plasminogen
activator inhibitor-1 antigen and activity, fibrino-
gen, von Willebrand factor, and factor VII) and
proinflammatory state (increased levels of C-reac-
tive protein and lymphokines) in obesity.*”*

Echocardiography

Large accumulation of subepicardial fat can mimic
pericardial effusion (pseudopericardial effusion).
Lipomatous hypertrophy caused by fat deposition
in the interatrial septum can cause it to be up to
more than 20 mm thick and can even suggest a
tumor.*" Left ventricular diastolic dysfunction is
very common. When compared with normal peo-
ple, subclinical changes in the structure and func-
tion of the left ventricle, such as differences in the
regional or global strain, were identified in asymp-
tomatic obese patients many years before they de-
veloped signs and symptoms of heart failure.*’
Poor images are commonly a problem in obese
individuals and techniques like tissue Doppler and
pulmonary venous Doppler may be useful.*

Electrocardiogram
Interplay between several factors, such as horizon-
tal displacement of the heart by the elevated dia-
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phragm, cardiac hypertrophy, increase in the dis-
tance between the heart and the electrodes, and
coexisting sleep apnea/obesity/hypoventilation syn-
drome, tend to modify the EKG in obese patients.
The EKG may show low voltage, leftward axis, flat
inferolateral T waves, left atrial enlargement, in-
creased false positive criteria for inferior wall myo-
cardial infarction, and less prevalence of left ven-
tricular hypertrophy than that based on echo
criteria (only around two thirds).** The left ven-
tricular forces are more posteriorly and laterally
oriented with deep S waves in V3 and tall R waves
in aVL. The sum of R wave in aVL and S wave in
V3, if more than 35 mm in men and 25 mm in
women, has a sensitivity of 49% and a specificity
93% when compared with echo in diagnosing left
ventricular hypertrophy and is more helpful than
many of the more commonly used voltage crite-
ria.”” With weight loss, the QRS amplitude may
increase, decrease, or have no change.*

Stress Tests and Cardiac Catheterization

The diagnosis of coronary artery disease also poses
many challenges in the obese. Stress EKG is diffi-
cult because of resting EKG abnormalities caused
by obesity and difficulty in performing adequate
exercise. Nuclear imaging is plagued by attenuation
artifacts and higher incidence of false positives.
Cardiac catheterization and nuclear imaging is of-
ten not possible because of weight limitations of the
table; transesophageal dobutamine stress echo may
be a good safe alternative even though it is not
widely used. For cardiac catheterization, radial ap-
proach is preferable. With femoral access, the in-
creased volume of adipose tissue to be passed
through by the needle to enter the femoral artery
causes difficulty in hemostasis even though various
closure devices currently available makes this less
challenging than in the past. Duke university cath-
eterization lab data from1986 to 1997 in 9405 pa-
tients show that obesity increased from 20% to
33% during this period.** Even though obese pa-
tients were younger and had a higher percentage of
single vessel disease, they had more comorbidity,
which resulted in increased clinical events in the 30
days after the test. Inpatient medical cost was also
increased.*

Conclusions
Obesity affects the cardiovascular system directly in
many ways, in addition to its indirect effects, and it

increases morbidity and mortality. Technical diffi-
culties make cardiac investigations difficult to per-
form and interpret in obese patients. Halting this
obesity epidemic is an important hurdle we must
overcome in our effort to reduce the burden of
cardiovascular diseases in the population.
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