
Mechanisms of Heart Failure in Obesity

Imo A. Ebong, MD, MS1, David C. Goff Jr, MD, PhD2, Carlos J. Rodriguez, MD, MPH3,4, 
Haiying Chen, PHD5, and Alain G. Bertoni, MD, MPH3,4

1Department of Medicine, University of Southern California, Los Angeles, CA

2Colorado School of Public Health, Aurora, CO

3Department of Epidemiology and Prevention, Wake Forest University School of Medicine, 
Winston Salem, NC

4Department of Medicine, Wake Forest University School of Medicine, Winston Salem, NC

5Department of Biostatistical Sciences, Wake Forest University School of Medicine, Winston 
Salem, NC

Abstract

Heart failure is a leading cause of morbidity and mortality and its prevalence continues to rise. 

Because obesity has been linked with heart failure, the increasing prevalence of obesity may 

presage further rise in heart failure in the future. Obesity-related factors are estimated to cause 

11% of heart failure cases in men and 14% in women. Obesity may result in heart failure by 

inducing hemodynamic and myocardial changes that lead to cardiac dysfunction, or due to an 

increased predisposition to other heart failure risk factors. Direct cardiac lipotoxicity has been 

described where lipid accumulation in the heart results in cardiac dysfunction inexplicable of other 

heart failure risk factors. In this overview, we discussed various pathophysiological mechanisms 

that could lead to heart failure in obesity, including the molecular mechanisms underlying cardiac 

lipotoxicity. We defined the obesity paradox and enumerated various premises for the paradoxical 

associations observed in the relationship between obesity and heart failure.
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Introduction

Heart failure (HF) is a leading cause of morbidity and mortality in the United States, and its 

prevalence continues to rise despite the overall decline in cardiovascular disease (CVD) 
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related morbidity and mortality [1]. The prevalence of HF is 2-3% of the population in 

industrialized countries [2]. Approximately 5.7 million American adults have HF and 

require frequent hospitalizations [3]. After a hospital discharge for HF, there is a high risk of 

rehospitalization or death with 3-month rates of nearly 25% for rehospitalization and 14% 

for death [2]. Although survival has improved, as shown in the Framingham Heart and 

Olmsted County Studies, the death rate remains high with approximately 50% of people 

diagnosed with HF dying within 5 years [3].

The prevalence of obesity is also increasing. The increasing prevalence of obesity affects 

men and women of all ages, racial and ethnic groups [4]. Adult obesity is associated with 

excess mortality and morbidity due to development of CVD risk factors, increased incidence 

of diabetes, CVD events [such as HF], and other health conditions [3]. Obesity-related 

cardiomyopathy is estimated to cause 11% of HF cases in males and up to 14% in women 

[5]. The increasing prevalence of obesity especially among younger populations may 

presage further increase in HF in the future. The aim of this review is to discuss various 

pathophysiological mechanisms that could lead to HF in the obese state.

Pathophysiological Mechanisms Linking Obesity to Heart Failure

HF in obesity may be due to an increased predisposition to other HF risk factors such as 

coronary artery disease (CAD), diabetes mellitus, hypertension, dyslipidemia, insulin 

resistance (IR), metabolic syndrome, kidney disease, obstructive sleep apnea (OSA), and 

cardiac conduction abnormalities, or occur solely as a result of obesity. When obese 

individuals develop myocardial dysfunction inexplicable of other causes of HF, they are 

considered to have “obesity cardiomyopathy” [6]. Our conceptual model of the mechanisms 

of HF in obesity is shown in Figure 1.

Changes in cardiac hemodynamics, structure, function and conduction

Hemodynamic changes

The increased metabolic demands resulting from excess adipose tissue and fat-free mass in 

obesity leads to a hyperdynamic circulation, increased blood volume and cardiac output [7]. 

The increase in blood volume increases venous return to the right and left ventricles, 

resulting in increased wall tension and dilatation of these chambers [8]. Heart rate is 

unchanged or mildly increased but stroke volume increases in proportion to the excess body 

weight, leading to increases in cardiac work above that predicted for the ideal body weight 

[9, 10]. The arteriovenous oxygen difference is widened because increased left ventricular 

(LV) pressure and volume increases oxygen consumption [9, 10] and causes a leftward shift 

in the Frank-Starling curve [11]. These changes result in hemodynamic overload [12] and 

increased cardiac stroke work [9] that eventually causes the LV to fail.

LV afterload is increased in obesity due to increases in peripheral vascular resistance and 

greater aortic stiffness [7, 13], particularly in hypertensive obese individuals. Right 

ventricular (RV) afterload may also be increased due to LV changes or OSA and/or obesity 

hypoventilation syndrome (OHS), which leads to hypoxia-induced vasoconstriction and 

pulmonary hypertension [7, 13, 14].
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Alterations in Cardiac Structure

Heart weight and body weight exhibit a linear relationship [6], and long standing obesity 

especially when accompanied by systemic hypertension is associated with left ventricular 

hypertrophy (LVH) and dilatation, and to a smaller extent, RV hypertrophy and dilatation 

[9]. Both eccentric and concentric patterns of LVH have been described in obesity [12, 13], 

and the extent of cardiac remodelling increases with the severity and duration of obesity 

[13]. A strong positive correlation has been demonstrated between left ventricular mass 

(LVM) and body mass index (BMI) by Lauer et al, and between LVM and both waist 

circumference and waist hip ratio by Rasooly et al [9]. Friberg et al. have shown that obese 

adolescents have a greater LVM than age-matched lean individuals (Figure 2)[15]. Left 

atrial enlargement may occur from increased circulating blood volume, LVH, increased LV 

stiffness, and increased LV end diastolic pressures [16]. Excessive epicardial fat is common 

in obesity and though it may not be strongly related to overall adiposity, epicardial fat mass 

has a strong relationship with visceral adiposity [6]. Epicardial fat extension into the 

ventricular and atrial myocardium may result in fatty infiltration, which is most commonly 

seen in the RV, perivascular regions and cardiac skeleton [9].

There is an increase in the prevalence of myocardial fibrosis in obesity that is proportional to 

the extent of obesity and usually accompanied by tissue degeneration and inflammation [6]. 

Myocardial fibrosis is an important structural alteration in the development of LVH, and 

also contributes to cardiac dysfunction [17, 18]. LVH involves changes in myocardial tissue 

architecture consisting of peri-vacuolar and myocardial fibrosis, medial thickening of 

intramyocardial coronary arteries and myocyte hypertrophy [17]. Although increased 

afterload (commonly from elevated blood pressure) is the initiating stimulus, neurohormonal 

factors such as sympathetic nervous system (SNS) activation and the renin-angiotensin-

aldosterone system (RAAS) are important in the development of LVH in obese persons [12, 

17]. The development of LVH in obese individuals is also potentiated by the trophic effects 

of fat secreted hormones such as leptin [12, 19] or a training effect on the heart because of 

the extreme amount of body weight that has to be lifted during normal activities [12].

Diastolic and systolic cardiac function

Obesity adversely affects diastolic cardiac function [13, 20] and the changes in LV filling 

indices seen in obesity may be due to altered loading conditions, and/or an increased LVM 

that reduces ventricular compliance [13]. Obese individuals commonly have a decreased 

E/A ratio (early [E] to late or atrial [A] diastolic filling velocity) [6, 20-22] and prolonged 

isovolumetric relaxation times on 2-dimensional echocardiography [6, 20, 21]. Reductions 

in mitral annular velocity and myocardial early diastolic velocity have also been 

demonstrated on tissue doppler echocardiography in obese persons [6].

Impairment of ventricular systolic function is not consistently present in obese persons [9, 

23], and myocardial fat infiltration even when present does not predispose to LV 

dysfunction [9]. However, obese individuals may fail to increase their ejection fraction with 

exercise [7, 13], and newer echocardiographic techniques (tissue doppler and strain imaging) 

have identified subclinical depression of LV systolic function in obese individuals [6, 12, 

20].
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Cardiac arrhythmia and conduction system abnormalities

Obesity affects the cardiac conduction system [6, 11] and even in the absence of LV 

dysfunction, there is a significant increase in the incidence of arrhythmias in obese persons 

[11, 16]. Obesity is linked to the cardiac autonomic system [11], and may result in 

abnormalities in the sympathovagal balance [11, 16]. Increased plasma catecholamine levels 

in obese persons may directly decrease the threshold for arrhythmias or lead to elevated free 

fatty acid (FFA) levels, that may affect cardiac repolarization [11]. High glucose 

concentrations (frequently seen in obesity) may increase ventricular irritability by causing an 

increase in vasomotor tone and a decrease in nitric oxide (NO) availability [11]. The 

anatomical cardiac changes seen in obesity result in physiological alterations such as 

disturbances of myocardial blood flow and development of an arrhythmogenic myocardial 

substrate [17]. Specifically, there is a 3-8% higher risk of developing new onset atrial 

fibrillation (AF) independent of other CVD risk factors with each unit increase in BMI [24, 

25].

Metaplastic and infiltrative changes involving the sinus node, atrioventricular node, right 

bundle branch and myocardium adjacent to the atrioventricular ring may also lead to cardiac 

conduction abnormalities [9, 11]. These changes occur when cords of cells (which 

sometimes arise from epicardial fat) slowly accumulate fat between cardiac muscle fibers or 

lead to cardiac muscle degeneration [11]. Abnormalities in cardiac conduction and 

arrhythmias such as AF [11] increase the risk of developing HF. AF for instance may result 

in HF by causing a tachycardia-induced cardiomyopathy [26] through multiple mechanisms 

such as uncontrolled heart rate, loss of atrioventricular synchrony, irregularity in the 

ventricular rhythm, valvular regurgitation, and neurohormonal effects [27].

Endothelial dysfunction and vascular changes

Endothelial dysfunction and inflammation of the vessel wall is an important event in the 

development of atherosclerosis, and obesity directly contributes to atherogenesis by creating 

a prothrombotic and pro-inflammatory state [28]. Obesity is an independent risk factor for 

atherosclerosis [11, 16, 28]. In the Pathobiological Determinants of Atherosclerosis in Youth 

study it was shown that obesity in young adults accelerated the progression of 

atherosclerosis decades before the appearance of clinical manifestations [28]. Excess 

circulating lipids including triglycerides, non-esterified fatty acids, and low density 

lipoprotein-cholesterol causes lipotoxicity which damages vascular tissues and their 

functions [29]. Lipotoxicity acts independently and synergistically with hyperglycemia, 

oxidative stress, an upregulated RAAS and increased pro-inflammatory cytokines to cause 

endothelial dysfunction in obesity [30]. This process involves a decrease in endothelial NO 

synthase gene expression and catalytic activity, which leads to reduced NO bioavailability 

[30].

Obesity increases the risk of hypertension, diabetes mellitus, dyslipidemia, IR, metabolic 

syndrome, OSA, and kidney disease [11, 13, 16, 28, 31-33], all of which are risk factors for 

CAD, a predisposing factor for HF [13]. In addition to increasing the risk of atherogenesis, 

these conditions can directly increase the risk of HF [13]. The complexity in these 

relationships is obvious because obesity, hypertension and nocturnal hypoxemia (commonly 
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seen in OSA) are predictors of LVH [12], another potent risk factor for HF [17], and CAD 

also plays a role in the development of LVH [18].

Changes in lung mechanics and function

OSA and OHS are co-morbidities frequently seen in obesity that may contribute to cardiac 

disease [6]. Alveolar hypoventilation and ventilation-perfusion mismatch occur in obesity 

due to an increased demand for ventilation and breathing workload, respiratory muscle 

inefficiency, decreased functional reserve capacity and expiratory reserve volume, and 

closure of the peripheral lung units [11]. Pulmonary hypertension develops as a result of 

hypoxia induced vasoconstriction [11, 34] and leads to RV failure.

The precise mechanisms by which OSA results in LV failure are unclear [11]. OSA has been 

proposed to contribute to LVH (a precursor of LV failure) because of increased heart rate, 

blood pressure, sympathetic tone, intermittent hypoxia, and large negative intrathoracic 

pressure changes during periods of airway obstruction [12, 35]. OSA may also contribute to 

HF indirectly by increasing the risk of arrhythmias such as AF [6, 16, 35], hypertension [6, 

11, 16, 35], CAD (and myocardial infarction) [11, 16, 35], possibly through pathways linked 

to oxidative stress, endothelial dysfunction, and inflammation [35].

Metabolic changes

Insulin resistance

IR predicts HF incidence independent of established risk factors [36]. Obesity is highly 

correlated with IR states [37], which may potentiate the link between obesity and HF [38]. 

IR leads to alterations in myocardial substrate metabolism by decreasing glucose utilization 

and increasing FFA oxidation [37, 39-41]. Increased fatty acid oxidation causes increased 

myocardial oxygen consumption due to uncoupling of oxidative phosphorylation, inhibition 

of membrane bound adenosine triphosphatase (ATPase), ceramide production and 

generation of reactive oxygen species [40, 42]. The resulting decrease in oxidative capacity 

impairs cardiac efficiency and contractility by causing changes in sarcoplasmic reticular 

calcium stores, and promoting mitochondrial dysfunction [37, 41].

The metabolic adaptation in myocardial IR is mediated by alterations in myocyte gene 

expression, and though initially compensatory, results in further impairment of insulin 

signaling and metabolic flexibility [37, 40-42]. Because ATP generation is necessary for 

cardiac work [43], IR ultimately leads to cardiac dysfunction and increases susceptibility to 

pressure overload and ischemic injury [39]. Increased cardiac work (as seen in HF states) 

further stimulates myocardial metabolism [42] and sets up a vicious cycle.

By stimulating global IR, obesity leads to hyperinsulinemia and chronic systemic 

hyperglycemia which results in hyperglycemia-induced cellular injury or glucotoxicity [37]. 

Glucotoxicty causes cardiac injury through direct and indirect effects on cardiac myocytes, 

fibroblasts, endothelial cells and overproduction of reactive oxygen species which induces 

apoptosis [37]. Hyperglycemia also contributes to altered cardiac structure and function by 

the creation of advanced glycation end-products and posttranslational modification of 

extracellular matrix proteins which leads to altered expression/function of intramyocellular 
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calcium channels [37]. These processes contribute to systolic and diastolic cardiac 

dysfunction [37].

Hyperinsulinemia also increases hepatic production of angiotensinogen, a precursor of 

angiotensin II [34, 40]. Angiotensin II is a growth factor for cardiac myocytes and results in 

cellular proliferation, hypertrophy, apoptosis, fibrosis and myocardial dysfunction [34, 40]. 

RAAS is activated early in HF causing volume overload and further myocardial damage 

[40]. Both IR and stimulation of RAAS activates the SNS [34, 40]. This causes a 

progressive loss of cardiac myocytes, further myocardial dysfunction, impairment of 

signaling transduction of β-adrenergic receptors and down-regulation of sarcoplasmic 

reticular calcium ATPase, a cardiac inotropic protein [34].

Inflammation

Obesity is characterized by a state of chronic inflammation, with raised circulating levels of 

inflammatory markers, and increased expression and release of inflammation-related 

adipokines (except adiponectin) [44]. Adipokines, including leptin, adiponectin, resistin, 

tumor necrosis factor-α (TNF-α), interleukin-1β, interleukin-6, monocyte chemotactic 

protein-1, macrophage migration inhibitory factor, nerve growth factor, vascular endothelial 

growth factor, plasminogen activator inhibitor-1 and haptoglobin, are linked to inflammation 

and the inflammatory response [44, 45]. The production of the inflammatory marker, C-

reactive peptide by the liver is modulated by interleukin-6 [11]. Previous studies have shown 

that interleukin-6, interleukin-2, C-reactive peptide and tumor necrosis factor-α are 

associated with HF and subclinical LV dysfunction [46]. In the Multi-Ethnic study of 

Atherosclerosis, the association between obesity and HF was related to inflammatory 

pathways, and interleukin-6 had the strongest prediction for incident HF [46]. FFA in the 

interstitium of epicardial adipose tissue contributes to obesity-related inflammation by 

activation of inflammatory responses in epicardial macrophages [47]. Persistent 

inflammation promotes IR [40] and contributes to fibrotic changes in the heart [34] which 

promotes cardiac dysfunction. The accumulation of inflammatory mediators from epicardial 

and visceral adipose tissue promotes the development of LVH which leads to HF [37]. 

Epicardial FFA also promote cardiac impairment through their adverse paracrine role in 

promoting cardiac arrhythmias and lipotoxic cardiomyopathy [47].

Adipokines

The cardiovascular effects of adipokines include direct actions on target tissues and effects 

occurring as a result of central stimulation of the SNS [19]. Adipokines play a regulatory 

role in myocardial function through their involvement in myocardial metabolism, myocyte 

hypertrophy, cell death, and changes in the structure and composition of the extracellular 

matrix [48]. The direct regulation of myocardial remodelling components (matrix 

metalloproteins, tissue inhibitor of metalloproteinases and collagens) by adipokines has been 

demonstrated in in-vitro and in-vivo studies [48].

Adiponectin and leptin have been implicated in heart disease and myocardial remodelling 

[19, 48]. Adiponectin levels are reduced in obese people while leptin levels are positively 

related with BMI and adiposity [19]. Adiponectin regulates cardiac injury by modulating 
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antiinflammatory and prosurvival reactions, and inhibiting cardiac remodelling [49, 50]. The 

effects of adiponectin are mediated via its potentiation of insulin action, increase in NO 

production, stimulation of prostaglandin synthesis via inducible cycloxygenase-2, and 

activation of adenosine monophosphate, which also activates protein kinase and inhibits α-

adrenergic-receptor-stimulated hypertrophy of cardiac myocytes [19, 40, 50]. Adiponectin 

modulates tissue ceramide levels by activating ceramidase which hydrolyses ceramide[30, 

51].

Leptin stimulates cardiac hypertrophy directly through complex cell signalling mechanisms 

and indirectly through its effects on hypertension and the SNS [19, 50, 52]. Leptin exerts 

cardioprotective effects directly against ischemic-reperfusion injury [19, 50, 53] and 

indirectly by producing a signal which limits cardiac lipotoxicity [19]. Leptin also has a 

negative inotropic effect on cardiomyocytes through endogenous production of NO [19]. 

The effects of leptin are mediated by leptin binding to its receptors and subsequent 

activation of various kinases in cardiomyocytes [19]. Because leptin and adiponectin appear 

to have opposite effects, it is speculated that the leptin/adiponectin ratio may play a role in 

myocardial remodelling and heart failure development [19].

Resistin, an adipokine involved in inflammation and IR has also been associated with the 

development of HF after accounting for obesity, IR, and coronary heart disease [38, 54] The 

precise role of resistin in cardiac pathology and ischemic-reperfusion injury is yet to be 

defined, although, resistin has been linked to IR and dyslipidemia, and shown to inhibit 

vesicular transport of glucose [19, 50]. The cardiac effects of other adipokines such as 

apelin, visfatin, vastin, omentin and chemerin are less extensively studied [19].

Cardiac lipotoxicity

Adiposity promotes ectopic deposition of triglyceride in the heart, by a process called 

cardiac steatosis [55]. Lipid accumulation occurs due to high plasma FFAs and triglyceride 

levels or due to defects in lipid oxidation [56]. In humans, cardiac steatosis increases 

progressively with BMI and the extent of adiposity [55, 57], and is accompanied by elevated 

LVM and suppressed septal wall thickening on cardiac imaging [55, 58]. Myocardial 

triglyceride by itself is non-toxic, and may initially act as a buffer by diverting FFAs from 

toxic pathways [56]. Cardiomyocytes have limited storage capacity and excess FFAs are 

shunted into non-oxidative pathways that result in lipotoxicity [11, 56, 59], and apoptosis of 

lipid-filled cardiomyocytes [11]. Intervening fat may also cause pressure-induced atrophy of 

adjacent myocardial cells and lead to a restrictive pattern of cardiomyopathy [11].

Molecular mechanisms underlying cardiac lipotoxicity

The proposed mechanisms underlying cardiac lipotoxicity are complex and interlinked [29]. 

Several lipids have been implicated including fatty acids (particularly saturated long chain 

fatty acids like palmitic acid) and fatty acid coenzyme-A, acylcarnithine, unesterified 

cholesterol, lysolecithin, ceramide and diacylglycerol [29, 41]. Collectively, these lipids 

cause defective intracellular signalling, create oxidative stress, promote inflammation, 

induce mitochondrial dysfunction and endoplasmic reticulum stress, activate apoptosis, and 

lead to abnormal myofibrillar function [41, 51, 58, 60]. The concept of cardiac lipotoxicity 
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has been demonstrated in several transgenic animal models [41, 45, 51, 58, 60, 61]. In these 

models, Park et al. showed that increased myocardial ceramide production from excess fatty 

acids was associated with diastolic dysfunction, but, improvement in cardiac dysfunction 

was achieved by pharmacologic and genetic interventions that resulted in reduction of 

myocardial ceramide [51, 60].

Obesity paradox

Various obesity paradoxes have been described when increased body fat does not increase 

morbidity or mortality [37, 62]. In HF, this paradoxical association has mostly been 

described with short and long-term survival after the development of HF [63]. However, 

paradoxical relationships between BMI and HF incidence have been reported among 

Hispanic males in the Multi-Ethnic Study of Atherosclerosis [64]. It has been suggested that 

the obesity paradox may be artifactual and resulting from residual statistical confounding, 

comorbidities, differences in treatments/management strategies by BMI groups, survival 

bias, lead time bias, and diagnostic bias [37]. Current evidence however adduces that it is a 

real biological phenomenon [37]. This concept has been described with BMI, a measure of 

generalized obesity and waist circumference, a measure of central obesity in both genders 

[65, 66].

Multiple explanations have been proposed for the obesity paradox [65-68]. HF is a catabolic 

state, and cachexia implies a poorer prognosis [65]. Obese individuals have greater muscle 

mass and metabolic reserve [66, 67]. Cytokines (including adipokines) [19] and 

neuroendocrine profiles in obese HF patients may be cardioprotective [67]. Obesity is 

associated with decreased catecholamine response [65], and production of stable TNF-α 

receptors which could also be protective [67]. Higher circulating serum lipoproteins in 

obesity may have antiinflammatory effects by binding and neutralizing circulating bacterial 

endotoxins and cytokines [65, 67]. Obese patients have lower brain natriuretic peptide(BNP) 

levels [67] and BNP is prognostic marker in patients with CVD and HF [69-71].

Conclusion

The rising prevalence of obesity increases the number of individuals at subsequent risk of 

developing HF. Obesity may result in HF by inducing changes in cardiac hemodynamics, 

structure, function and conduction, promoting endothelial dysfunction and vascular changes, 

contributing to metabolic derangements involving IR, secretion of adipokines and 

inflammatory markers, and cardiac lipotoxicity, or by increasing the risk of other HF risk 

factors such as OSA/OHS. An understanding of these mechanisms is necessary for effective 

HF prevention. Comprehension of the paradoxical associations between obesity and HF is 

necessary for the development of weight loss guidelines for HF management.
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Figure 1. 
An illustration of the mechanisms of heart failure in obesity
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Figure 2. 
Magnetic resonance images at end-diastole and end-systole in one lean and one obese 

subject, respectively (reproduced with permission from oxford university press) [15].
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