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Abstract | A wealth of investigations, ranging from clinical and animal model studies to in vitro analyses, have
generated great interest in the cardiovascular effects of leptin. Accordingly, many studies have examined the
contribution of leptin to cardiac remodeling in heart failure and whether the effects of leptin on metabolism,
apoptosis, extracellular matrix remodeling, and hypertrophy could explain the so-called obesity paradox.
Furthermore, obesity and hyperleptinemia have often been associated with hypertension, and regulation of
sympathetic tone or direct effects of leptin on contributors such as atherosclerosis, endothelial dysfunction,
and thrombosis have been documented. Unfortunately, translating basic research studies in vitro, or in animal
models, to human physiology has proven difficult. The degree of leptin resistance in obesity is one intriguing
issue that must be resolved. Furthermore, the importance of autocrine and paracrine effects of leptin derived
from the heart and perivascular adipose tissue must be further studied. Carefully planned and executed
research to conclusively establish distinct effects of leptin on the cardiovascular system in normal and
diseased states will be essential to harness any therapeutic potential associated with leptin’s effects.
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Introduction

Much effort has been expended to establish associations
between obesity and various aspects of cardiovascular
disease, and to understand the underlying patho-
physiological mechanisms. Such studies have highlighted
the mechanistic complexity and temporal nature of cardio-
vascular disease, such that many apparently conflicting
observations have been reported. For example, obese
individuals are more likely to suffer myocardial infarction
(MI), yet an obesity paradox exists since these patients
often have improved post-MI event-free survival.' Whether
leptin—the product of the obesity gene—exerts beneficial
or detrimental effects on cardiovascular function has been
extensively investigated and yielded many valuable, yet
often paradoxical, observations."?

This Review will briefly describe the main effects of leptin
on various aspects of cardiovascular function and discuss
some of the proposed underlying mechanisms. Several novel
and emerging concepts in this established area of research
will also be discussed. Finally, steps required to harness
the therapeutic potential of manipulating leptin-mediated
cardiovascular effects will be highlighted. The goal of this
Review is to update current knowledge pertaining to the
cardiovascular effects of leptin, provide interpretation and
perspective on their physiological and pathophysiological
significance—especially in light of the many paradoxi-
cal observations in published literature—and to provoke
discussion on the major outstanding questions.

Sources of leptin
On the basis of work on experimental rodent models,
leptin was initially thought to be an antiobesity hormone,
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but the discovery of leptin resistance showed this belief
to be too simplistic. In humans, plasma leptin levels typi-
cally correlate with fat mass and are altered by changes in
energy balance. Indeed, leptin is traditionally viewed as
a product of adipocytes that can exert endocrine effects.
However, several peripheral tissues, including the heart, are
now known to also produce leptin (Box 1), which might
then mediate functional autocrine or paracrine effects.*
Localized depots, such as epicardial or perivascular fat,
may also make significant physiological and pathological
contributions, as discussed below.

Epicardial adipose tissue from patients with coronary
artery disease has higher leptin levels than that from
individuals without coronary artery disease.” Furthermore,
correlations have been found between myocardial function
and the increased epicardial fat mass observed in obese
individuals,®'? and decreases in epicardial fat mass can
occur after weight loss, bariatric surgery, or exercise train-
ing."""3 From a research perspective, small animal models
are not ideally suited for studying the role of epicardial fat,
since virtually no epicardial fat is found in healthy mice
and rats and epicardial fat that is present in obese rodents
is localized around the pericardium, rather than being in
direct contact with the heart muscle, as seen in humans.

Perivascular adipose tissue is likely to have a greatly
underappreciated role in mediating vascular function.'*¢
In pathological states, this fat depot is thought to secrete
a deleterious profile of adipokines, and leptin levels in
perivascular fat have been hypothesized to increase. !¢
Indeed, adipokine mixtures derived from perivascular
adipose tissue from aged or obese models have been
shown to stimulate proliferation of smooth muscle cells
to a greater degree than mixtures from control animal
tissue.!” Importantly, however, the effect on proliferation
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of smooth muscle cells was not seen when applying mix-
tures taken from obese Zucker rats, which have a defective
leptin receptor rather than abnormal leptin production,
implicating a role for leptin signaling in this process."”

Key points

= Leptin regulates various cardiovascular effects, yet many paradoxical
observations have been reported and several controversies remain

= Reasons for these discrepancies may include the temporal nature of
cardiovascular disease, actual leptin concentration examined, and the degree

Leptin and cardiovascular disease of crosstalk with other cardioregulatory factors

Leptin is known to have a role in regulating appetite and,
therefore, weight gain by signaling the level of satiety
to the brain.'® In general, most obese individuals have

= Leptin resistance is thought to develop in obese individuals, yet may be
selective to only a subset of the physiological effects of leptin

) . : . = Excess or inadequate leptin signaling are likely to result in unfavorable
elevated circulating levels of leptin and the prevailing outcomes, and the maintenance of homeostatic leptin effects may be a
hypothesis is that the elevated leptin levels correlate beneficial treatment strategy

with leptin resistance in these individuals (Figure 1)."** = The myocardium and perivascular adipose tissue are known sources of leptin,

Many studies have shown correlations between circulat-
ing leptin levels and various cardiovascular outcomes.”
In general, the elevated circulating levels of leptin found
in most obese individuals correlate with unfavorable
outcomes in end points such as hypertension, athero-
sclerosis, MI, stroke, inflammation, and angiogenesis.
However, paradoxical observations also often exist for
each of these cases.

Leptin-deficient ob/ob mice have been the most com-
monly studied animal model of obesity. In these mice,
left ventricular (LV) function varies with age; LV con-
traction and relaxation (dP/dt) are high in young animals
(4-5 weeks of age)—even in the presence of significant
obesity—but in 10 to 11-week-old ob/ob mice, diastolic
dysfunction occurs, as demonstrated by reduced E/A
ratios.”»* Similar findings have been reported in db/db
mice, which are deficient in leptin receptor function;
systolic and diastolic dysfunction occur in 12-week-old
mice but not in 6-week-old mice.* Cardiac dysfunction
also occurs in adult obese Zucker rats, which have a
leptin receptor defect.” Leptin was also shown to stimu-
late platelet aggregation, thus lower levels of thrombus
formation are observed in ob/ob mice, which also tend
to show some resistance to atherosclerosis.?**

Although the above-mentioned animal models have
been extensively used, caution must be applied when
interpreting results, since leptin deficiency and leptin
receptor mutations are extremely rare in cases of human
obesity. Indeed, although supplementing leptin reversed
the obese phenotype in ob/ob mice, leptin therapy has
been largely ineffective in treating human obesity and
associated complications, which are thought to mostly
occur as a result of leptin resistance.”

As mentioned above, the majority of obese indivi-
duals are hyperleptinemic and the prevailing hypothesis
is that leptin resistance results in defective hypothalamic
regulation of food intake in obese humans.’*?* However,
observations that satiety and energy metabolism were
resistant to leptin in obese individuals, but that leptin’s
sympathoexcitatory actions were maintained, have led
some researchers to suggest that the leptin resistance
might not be a ubiquitous phenomenon.'** If this
hypothesis is true, hyperleptinemia in obese individuals
might result in enhanced leptin action in some tissues.
Whether the heart becomes leptin resistant in pathogenic
states is currently unclear. Nevertheless, one study has
demonstrated that ventricular cardiomyocytes isolated
from rats subjected to 10-week dietary sucrose feeding

which might exert important autocrine and paracrine effects

Box 1 | Sources of leptin

= Cardiac tissue

= Epicardial fat

= Perivascular fat
= Subcutaneous fat
= Visceral fat

= Placenta

= Stomach

(to generate hyperleptinemia and insulin resistance) have
impaired leptin signaling,* suggesting the development
of cardiac leptin resistance. On the other hand, many of
the cardiovascular effects of leptin are detrimental rather
than cardioprotective (as discussed below), so it would
seem logical that some of the cardiovascular pathology
seen in obese individuals might result from the excess
leptin rather than from cardiovascular leptin resistance.
It could thus be postulated that specific leptin-mediated
effects might become leptin resistant whilst others might
remain leptin sensitive.

Leptin can impact upon cardiovascular function
via direct effects on the heart (Figure 2) and vessels
(Figure 3) or via secondary responses mediated by the
central nervous system. Interestingly, too much and
too little leptin signaling leads to adverse cardiovas-
cular effects. To maintain a homeostatic environment,
a feedback loop exists—which involves, for example,
induction of SOCS-3 (suppressor of cytokine signaling
3) expression—to dampen any excessive leptin action. If
this feedback system is not properly regulated, however,
leptin resistance may occur.

Direct effects of leptin on the heart
Metabolic effects
Reduced glucose oxidation rates and increased fatty acid
oxidation rates are typically observed in hearts of obese
individuals."** These alterations in cardiac metabolism
are some of the first measurable abnormalities in failing
hearts and probably critical in mediating subsequent
contractile dysfunction.?> Many studies have shown the
potential for leptin to contribute to these changes.

In isolated working rat hearts, leptin has been
shown to increase fatty acid oxidation rates, a response
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Figure 1 | Altered leptin sensitivity and circulating levels of
leptin in obese individuals. a | The degree of leptin
sensitivity in various regions of the body, as depicted by
the color range indicated. Although the heart and
peripheral tissue of an obese individual are thought to be
leptin resistant in general, some areas may remain
sensitive. b | Low to high circulating leptin levels (colored
scale represents ~1ng/ml to 10ng/ml) in lean and obese
individuals. Elevated leptin levels in obese individuals are
thought to result from leptin resistance.

accompanied by an increase in myocardial oxygen
consumption and, therefore, decreasing cardiac effi-
ciency.” A detailed analysis of fatty acid oxidation has
demonstrated that leptin acts to stimulate oxidation via
a pathway involving signal transducer and activator of
transcription 3, nitric oxide (NO), and p38 mitogen acti-
vated protein kinase (MAPK).* These effects of leptin
could be viewed as unfavorable.

Notably, leptin treatment of murine cardiomyocytes
has been shown to cause increases in fatty acid uptake as
well as short-term increases in fatty acid oxidation, but
the latter were followed by long-term decreases in oxida-
tion, leading to intracellular lipid accumulation.* Zucker
rat hearts also exhibit increased uptake of fatty acids,
which was found to result from an increase in plasma
membrane content of fatty acid transporters.***” However,
Zucker rats do not upregulate cardiac fatty acid oxidation
in response to increasing delivery of fatty acids, which
leads to accumulation of myocardial triglycerides and
lipotoxicity.?** Importantly, studies in human autopsy
tissue have demonstrated the existence of lipid accumu-
lation in human hearts, thus providing strong evidence

for the pathophysiological significance of this pheno-
menon.** Hearts of ob/ob mice have an increased capac-
ity to oxidize fatty acids in response to increasing delivery
of fatty-acid substrates, which exceeds that of wildtype
hearts.*! This observation seems to be inconsistent with
those in other models.

Leptin has been shown to have no effect on glucose
uptake or metabolism in murine cardiomyocytes,* and to
have no effect on glucose oxidation in isolated working rat
hearts.*® Similarly, intravenous or intracerebroventricular
infusion of leptin in mice had no effect on cardiac glucose
uptake.*? In contrast to these findings, however, a study of
Langendorff-perfused rat hearts showed that leptin stimu-
lated glucose uptake,* and in Zucker rats, a reduction in
glucose (and lactate) metabolism has been described even
before the onset of hyperglycemia.*#*

Obviously, we do not yet fully understand the various
metabolic effects of leptin, nor which of these effects
mediate cardiovascular pathology. Given the importance
of metabolic perturbations in cardiac dysfunction, further
delineation of leptin’s metabolic effects might provide
potential new avenues of therapeutic development.

Apoptotic effects

Myocyte apoptosis plays an important role in the
development of heart failure, particularly in the transi-
tion from compensatory remodeling to heart failure.*
Evidence of apoptotic cardiomyocyte death was observed
in endomyocardial biopsies from patients with dilated
or ischemic cardiomyopathy and end-stage heart
failure.*”** Additionally, cardiomyocytes isolated from
failing human hearts showed increased susceptibility to
hypoxia-induced apoptosis.** Various contractile pro-
teins (a-actin, a-actinin, o/B-myosin heavy chain, tro-
pomyosin, and troponins) can be cleaved by proteases
in the apoptotic cascade, which has perhaps been under-
appreciated and could also contribute substantially to
deterioration in contractile function.®*!

Leptin can protect cardiomyocytes from apopto-
sis induced by hypoxia-reoxygenation or H,0,.5>>
Apoptosis induced by chronic ischemia in vivo can also
be attenuated by leptin.>* Although the issue remains
somewhat contentious, a large body of evidence clearly
identifies apoptosis as a potentially important contribu-
tor to myocardial dysfunction and early mortality in
leptin-deficient and leptin-receptor-deficient animal
models. For example, in several such models increased
levels of apoptosis and DNA damage, and reduced DNA
repair were observed and correlated with decreased
survival.” Intact leptin signaling, notably phosphati-
dylinositol-3 kinase, was shown to be required to prevent
age-associated increases in cardiomyocyte apoptosis
in ob/ob and db/db mice.*® Leptin administration has
been shown to reduce the infarct area after ischemia-
reperfusion injury ex vivo.”” Studies in Zucker fatty rats
have shown increased apoptosis that was associated
with increased cardiomyocyte levels of ceramide and
triglycerides.”® Leptin, acting via Akt and extracellular
regulated kinase 1/2, also lowered the infarct size in iso-
lated control, but not fa/fa Zucker rat hearts subjected to
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ischemia-reperfusion injury.” Thus, available data indi-
cates that leptin confers cardioprotection via attenuating
cardiomyocyte apoptosis.

Hypertrophic effects
The degree of heart failure, regardless of differing etio-
logies, is associated with a progressive enlargement of
the left ventricle.**¢' Although it represents an initially
favorable adaptive mechanism, hypertrophy ultimately
translates to a maladaptive process that contributes to
acceleration of myocardial dysfunction.®*%* Many research-
ers have consistently provided strong evidence that leptin
directly induces hypertrophy in both human and rodent
cardiomyocytes,**7 although one study failed to detect
any leptin-induced change in LV mass.” Changes in hyper-
trophy were demonstrated to be of functional consequence
in diet-induced obesity,” and a leptin-receptor-neutralizing
antibody improved cardiac function in rats subjected to
coronary artery ligation.”” Leptin mediates hypertrophy
at least in part through a p38 MAPK-dependent signal-
ing pathway,*>%%7* which is indeed characteristic of
pathological evidence in hypertrophied hearts.”>”®

A somewhat contradictory exaggerated hypertrophic
response to coronary artery ligation was observed in ob/
ob compared to control mice,”” and infusion of leptin to
ob/ob mice decreased the exaggerated left ventricular wall
thickness.” The data described here raise the interesting
possibility that too much or too little leptin contributes to
pathophysiological hypertrophy in some cases of obesity.

Effects on the extracellular matrix

The main components of the cardiac extracellular matrix
(ECM) are often described as structural (for example,
collagen and elastic fibers) and adhesive (for example,
fibronectin and laminin) and turnover of collagen is
regulated by the family of matrix metalloproteinases
(MMPs).”-8! Alterations in the composition and struc-
ture of the ECM make an important contribution to
changes in cardiac size, structure and function in heart
failure.® The effects of leptin on ECM components in
the cardiovascular system are relatively underexplored
and may prove fruitful in establishing viable targets to
manipulate therapeutically.

To date, only a few studies have shown that leptin can
influence cardiac ECM remodeling and more work is
definitely required, particularly on the temporal nature
of leptin’s effects, which may be of great importance.®
Both cardiac fibroblasts and cardiomyocytes make sub-
stantial, but distinct, contributions to ECM synthesis and
turnover. In primary human pediatric ventricular myo-
cytes, leptin increases procollagen type-III and type-IV
mRNA and decreases procollagen type-I levels, but does
not change total collagen synthesis.®* In neonatal rat
fibroblasts, intracellular and secreted procollagen type-I
levels are increased and procollagen type-III levels are
decreased in response to leptin.®* Increased fibrosis has
been described in the hearts of 0b/ob mice and in Zucker
(fa/fa) rats.’®%4-%¢ Coronary artery ligation caused an
elevation in procollagen type-I and procollagen type-III
mRNA expression at 7 days postinfarction and the
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Figure 2 | Direct effects of leptin on the heart. a | Effects of elevated levels of leptin.

b | Effects of reduced levels of leptin or leptin resistance.

contribution of leptin-mediated effects was demon-
strated by the observation that enhanced collagen was
attenuated following infusion with a neutralizing leptin
receptor antibody.”

Leptin directly stimulated MMP-2 expression and
activity in neonatal rat cardiac myofibroblasts,* and in
pediatric ventricular cardiomyocytes,** again, at least
in part, via p38 MAPK. Serum and myocardial leptin
levels and leptin receptor (ObR) mRNA expression were
elevated upon coronary artery ligation, and this corre-
lated with upregulated MMP-2 and MMP-9 mRNA and
decreased tissue inhibitor of MMP (TIMP)-1 and TIMP-2
mRNA expression.

Inflammatory effects

The cardiovascular consequences of inflammation
are well established and many studies have correlated
increased levels of proinflammatory cytokines with

NATURE REVIEWS | CARDIOLOGY

VOLUME?7 | JANUARY 2010 | 25

©2010 Macmillan Publishers Limited. All rights reserved



REVIEWS

b

é;ﬁ —_—
Reduced levels

C Raes

Induction of
hypertension?

Via effects on
vascular tone?

&5 x

Endothelial
dysfunction
Elevated levels
of leptin
Enhancement

and acceleration of
atherosclerosis

¢

Increased thrombus
formation

Induction of

hypertension?
—_—

of leptin or leptin
resistance

Resistance to
atherosclerosis?

@

Reduced thrombus
formation

Figure 3 | Direct effects of leptin on the vasculature. a | Effects of elevated levels
of leptin. b | Effects of reduced levels of leptin or leptin resistance.

adverse outcomes. In particular, inflammatory factors
produced by cells of the myocardium (cardiomyocytes,
endothelial cells, fibroblasts, and smooth muscle cells)
and by infiltrating leukocytes, platelets, and macrophages
can impact on the structure and function of the myo-
cardium, and systemic inflammation also impacts on
vascular function.®-%

Leptin may be one of the important pathophysio-
logical mediators of inflammation and was even pro-
posed to physically interact with C-reactive protein,
although substantiating this phenomenon has proven
to be rather controversial. Great interest currently sur-
rounds the connection between innate immunity and
inflammation in heart failure, and toll-like receptors
are likely to have a central role.”»** Notably, leptin is a
potent regulator of toll-like receptor expression.”® Leptin,
itself, seems to be induced as a consequence of innate
immune system activation, and leptin receptor signaling

activates T-lymphocytes, macrophages, and monocytes."
Furthermore, leptin deficiency in humans or animal
models is associated with T-cell hyporesponsiveness.
Clearly, regulation of inflammatory mediators in the heart
and vasculature by leptin can have a substantial influence
on overall cardiovascular function.

Inflammatory components have been targeted in
attempts to treat animals and humans with cardiovascular
disease, but studies to date have employed anti-TNF thera-
peutic approaches and have thus far proven largely ineffec-
tive. Targeting inflammation is likely to be more successful
once we understand more about hormones such as leptin
and the specific cardiovascular consequences of their
inflammatory effects.”*

Direct vascular effects of leptin

Hypertensive effects

Obesity is typically associated with greater risk of hyper-
tension and strong correlations exist between blood
pressure and circulating leptin levels over a wide range of
blood pressures.” One potential reason for these obser-
vations is that leptin resistance in obesity is selective to
hypothalamic regulation of food intake and does not
apply to the ability of leptin to stimulate central sym-
pathetic activation. Subsequent peripheral outcomes
would include an enhanced systemic pressor effect and a
decreased kidney natriuresis, both contributing to hyper-
tension.” This theory was reinforced by a study in which
hypertension was induced by central overexpression of
leptin and reversed by a leptin antagonist. However, leptin
antagonism did not alter hypertension associated with
high-fat feeding, which brings the pathophysiological
significance of these findings into question.”” Notably, the
positive association between leptin and hypertension is by
no means consistently reported and factors such as age,
sex, and race may be contributing factors. Furthermore,
leptin administration in healthy individuals does not exert
a significant acute effect on blood pressure. Few studies
have focused on hypertension in animal models but both
obese db/db mice and Zucker rats show a propensity to
develop hypertension.”®*

Atherosclerotic effects
Leptin enhances and accelerates atherosclerosis via
various mechanisms, including stimulating intimal
monocyte recruitment, macrophage-to-foam cell trans-
formation, proliferation of vascular smooth muscle cells,
and further secretion of proatherogenic cytokines.?®
Various ob/ob-based mouse models show resistance to
atherosclerosis.?® Furthermore, leptin directly increased
atherosclerosis in apolipoprotein E~~ mice. Enhanced
obR content has been detected in atherosclerotic lesions.
An interesting study demonstrated that the proathero-
genic effects of leptin on human monocytes occurred
via phosphoinositide 3-kinase and conventional protein
kinase C signaling and involved the actin cytoskeleton,
Na*/H* exchanger-1 and NADPH oxidase.'®

As with many of the cardiovascular effects of leptin,
data suggest that leptin can also protect against athero-
sclerosis. For example, LDL-receptor- ob/ob mice exhibit
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a higher degree of atherosclerosis than LDL-receptor'-
mice. However, as discussed above, leptin deficiency is
rarely seen in obese humans.

Mediation of endothelial dysfunction

Endothelial dysfunction is often viewed as a precursor to
atherosclerotic disease. Although the literature contains
several indications that leptin mediates this process, it
should be stressed that endothelial dysfunction is typi-
cally observed at supraphysiological concentrations.
Nevertheless, leptin caused an endothelial NO/ONOO~
imbalance characteristic of dysfunctional endothelium.'”
Leptin may also mediate direct effects on vascular tone, for
example high leptin concentrations can cause endothelium-
dependent NO-mediated relaxation in rat vessels from
control, but not obese, Zucker rats.*> Furthermore, an
interactive link with the inflammatory state is indicated
by the observation that leptin acting via 5'-AMP-activated
protein kinase and Akt signaling to induce endothelial
NO synthase was attenuated by C-reactive protein.'®
Interestingly, decreases in endothelial-dependent coro-
nary artery dilation in response to acetylcholine, normally
mediated by leptin, were not observed in leptin-resistant
dogs fed a high-fat diet.!**

Thrombosis induction

Thrombus formation is a principal cause of acute coro-
nary events, particularly in obese individuals.'®® Many
studies have shown that leptin increases platelet aggre-
gation, with one interesting suggestion being that this
observation may be concentration dependent, with only
high leptin levels being prothrombotic.'® Indeed, platelets
from obese patients are leptin sensitive and have enhanced
ADP-induced aggregation, compared with platelets from
lean patients.'”” Animal model studies also provide evi-
dence for a prothrombotic effect of leptin; for example,
lower levels of thrombus formation are observed in ob/ob
mice, but this observation is reversed by leptin supple-
mentation.”*”” The mechanism of leptin-induced plate-
let aggregation at least partly involves cGMP-inhibited
3',5'-cyclic phosphodiesterase 3A, which suggests there
is potential for pharmacological intervention.'*

Conclusions
Although many attractive theories on the effect of excess
leptin action or leptin deficiency on the cardiovascular

system have been proposed, numerous key questions
remain to be answered. For example, in obesity, do the
metabolic effects of leptin—which may generally be
regarded as unfavorable—become elevated as a result of
hyperleptinemia and explain the correlations between
circulating leptin and risk of myocardial infarction?
Do the antiapoptotic effects of leptin—which can be
regarded as cardioprotective—become leptin resistant
and also contribute to risk of infarction, or do these
effects also become elevated in obese individuals? The
latter option would explain the apparently protective
effects conferred by obesity after myocardial infarction.
Additionally, does leptin mediate distinct effects on ECM
protein production and related degradative enzymes
(from both fibroblasts and cardiomyocytes) at differ-
ent stages in the progression of heart failure, perhaps
depending on coexistence of hyperglycemia, hyper-
insulinemia, or an inflammatory background? Does
chronic hyperleptinemia cause hypertension, and if so, is
this due to increased sympathetic tone, direct peripheral
effects, or both? Do some of the direct effects of leptin on
the cardiovascular system show different leptin sensiti-
vity and only manifest in cases of hyperleptinemia? Is the
significance of the interaction between leptin and innate
immunity currently somewhat underestimated? These
are just some of the intriguing questions that could be
answered by appropriate future research in this area.

Studies that clearly establish the direct effects of leptin
on the cardiovascular system and the mechanisms
employed to mediate these effects may allow therapeutic
exploitation of the cardioprotective effects of leptin while
avoiding injurious outcomes. This knowledge could be
applicable in cases of obesity, hyperleptinemia, and
leptin resistance or lipodystrophic states where leptin
is lacking.

Review criteria

A comprehensive search for full-text English language
articles on the PubMed database was performed to find
articles published to August 2009. Keywords included
“leptin”, “cardiovascular”, and “heart”. The cited papers
were selected on the basis of their relevance and fit
with the topic of this Review. Cited references were also
used as a source for additional relevant publications.
Regrettably, many relevant papers in the field were not
quoted owing to space limitation.
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