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ABSTRACT 

Although preliminary research suggests there may be an obese HFpEF phenotype, 

the purpose of this investigation was to examine the impact of BMI status on four key 

domains of HFpEF; plasma neurohormone levels, health related quality of life (HRQOL), 

exercise capacity, and LV function. 

One hundred and eighty six HFpEF patients were retrospectively classified into 

three groups; under/normal weight (n=50), overweight (n=63), and obese (n=73). LV 

function was assessed at rest by echocardiography.  Blood plasma ANP and BNP levels 

were measured at rest.  Exercise capacity was measured on a cycle ergometer (VO2peak) 

and with 6-minute walk distance (6MWD). HRQOL was measured using the SF-36 

(including subscales) and the Minnesota Living with Heart Failure Questionnaire 

(MLHFQ). The analytic approach included descriptive statistics (with checks for 

normality), Spearman correlations, and analyses of covariance (ANCOVA adjusting for 

age, sex, and gender).  Statistical significance was set at p< 0.05  

There was no significant relationships observed between BMI levels and any of 

LV function or plasma neurohormone measures.  However, BMI was significantly 

(inversely) correlated to the HRQOL scores, and obese participants (BMI > 30) had 

significantly worse scores on the SF 36 and MLHFQ compared to the under/normal 

weight and overweight participants. Furthermore, BMI was significantly correlated with 

exercise capacity measures, and obese participants had significantly lower VO2peak and 

6MWD compared to under/normal and overweight participants.     
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Conclusions: In older HFpEF patients, the presence of obesity results in further 

impairment of HRQOL and exercise capacity and therefore supports the presence of a 

unique “obese” HFpEF phenotype.  Development of specific therapeutic targets for this 

HF phenotype are needed. 
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INTRODUCTION 

 Heart failure (HF) is the inability of the heart to meet metabolic demands of the 

body. It’s been estimated that from 2011 to 2014, 6.5 million Americans were diagnosed 

with HF, a figure that is expected to rise to over 8 million by the year 2030.1 This rise is 

due in part to increases in risk factors associated with HF, such as hypertension, obesity, 

and diabetes.2 A HF diagnosis greatly increases risk for premature death and morbidity, 

as the 1 year mortality rate is 29.6%.1  

 There are two widely recognized phenotypes of HF, both presenting with similar 

symptoms including exercise intolerance, shortness of breath, and edema.3 The two 

known phenotypes are HF with a reduced ejection fraction (HFrEF) and HF with a 

preserved ejection fraction (HFpEF). These are widely accepted as separate phenotypes 

based on the four key domains of HF pathophysiology: left ventricular (LV) dysfunction, 

elevated plasma neurohormone levels, reduced exercise capacity, and decreased health 

related quality of life.4 

 There is no known cure for either HF phenotype, therefore the goals of treatment 

are to relieve symptoms, improve functional capacity, and reduce morbidity and 

mortality.5 While there are well-established surgical and pharmacologic treatments for 

HFrEF patients, there are fewer effective treatment options available for HFpEF patients. 

To date, the only effective interventions for HFpEF patients have been endurance 

exercise training and weight loss through caloric restriction.6 In contrast to HFrEF, a 

significantly larger proportion of HFpEF patients are overweight or obese, with most 

research participants having a BMI of at least 33 kg/m2.3 
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 Several investigations have demonstrated that excess adiposity has a negative 

impact in HFpEF, particularly with regard to LV function and plasma neurohormone 

levels.7 Consequently, investigators have suggested there is a third phenotype; the obese 

HFpEF patient. Identification of a distinct phenotype would warrant specific therapies to 

optimize the management of this patient population. The purpose of this study is to 

examine the relationship between obesity and HFpEF on four key domains of HF; plasma 

neurohormone levels, HRQOL, exercise capacity, and LV function. The results of this 

investigation will help to confirm if there is a unique “obese” phenotype. 



 

 

REVIEW OF LITERATURE 

Prevalence and Epidemiology of Heart Failure 

Heart failure is a syndrome, or constellation of symptoms, caused by the inability 

of the heart to meet the metabolic needs of the body. Heart failure (HF) is listed as the 

primary cause of death on one in eight death certificates in the United States.8 From 2011 

to 2014, the National Health and Nutrition Examination Survey (NHANES) estimated 

that 6.5 million Americans over the age of 20 were diagnosed with HF annually.8 That 

figure is expected to increase to over 8 million Americans with HF by the year 2030.8 

Additionally, rising prevalence of risk factors associated with HF such as hypertension, 

obesity, and diabetes, have continue to cause an increase in HF incidence. There are two 

distinct phenotypes of HF, each resulting in reduced stroke volume from the heart and 

severe exercise intolerance. These phenotypes are heart failure with a reduced ejection 

fraction (HFrEF) and heart failure with a preserved ejection fraction (HFpEF), and will 

be defined later in further detail.  

A multi-site epidemiological study of over 4,500 HF patients determined that the 

rates of HFpEF are steadily increasing. Based on hospital discharge diagnoses of HF, 

HFpEF prevalence increased from 38% to 54% over 15 years. In contrast, the rates of 

HFrEF remained unchanged over the same 15-year period. This increase in prevalence in 

HFpEF was mirrored by associated comorbidities. The prevalence of hypertension (BP > 

140/90 mmHg) increased from 53% to 63%, and atrial fibrillation increased from 29% to 

41%. Although not statistically significant, the prevalence of diabetes among the study 

participants increased as well, from 32% to 36%. During the 15-year study period, 
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survival among patients with HFrEF improved significantly, yet survival for HFpEF 

patients remained unchanged.9 

In a 10-year follow-up study of the same HFpEF population, Gerber et al. found 

that mortality rates increased. At 60 years of age, 1 year and 5 year mortality rates were 

1.4% and 24.4.%, respectively. For 80 year old HFpEF patients, 1year and 5 year 

mortality rates were 19.5% and 54.5% respectively. In HFpEF patients, mortality was due 

to non-cardiovascular causes 54.3% of the time.10 This is important to note, because 

studies evaluating HFpEF patients often exclude patients over the age of 65 reduce the 

confounding impacts of aging alone.  

 With the reported increases in HF incidence, it is important to identify which 

patient populations are at greater risk. HFpEF is most common in the elderly, especially 

women. Ninety percent of elderly women with HF are diagnosed with HFpEF.11 Owan 

and colleagues9 reported that of all HF patients, those diagnosed with HFpEF are more 

likely to be obese, hypertensive, and have atrial fibrillation. This presents a unique 

challenge for diagnosis, as these characteristics can be attributed to aging.12 In contrast, 

patients with HFrEF are more likely to be male, younger, have coronary artery disease 

(CAD) and valvular disease. First observed in 1982, HFpEF was not given official 

recognition by the American College of Cardiology and American Heart Association 

until 2002.5 

Healthcare Burden 

This increasing incidence in HF is not without significant financial burden. In 

2012, the total direct cost of HF was approximately 30.7 billion dollars per year. That 
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figure is expected to increase to 67.9 billion dollars annually by 2030 .8 When adding in 

the indirect costs, the annual cost of HF in the U.S. rises 60.2 billion dollars per year. 

Moreover, HF rarely occurs without comorbidities. In a cost analysis of publicly 

available data from the Agency for Healthcare Research and Quality and the Medical 

Expenditure Panel Survey, Voigt and colleauges found that treatment for heart failure 

symptoms and related comorbidities raised the direct cost of HF to 115.4 billion dollars 

annually.13  

Pathophysiology of Heart Failure 

 Heart failure is a syndrome that is defined by the inability of the heart to pump 

effectively and meet the demands of the body. HF results in signs and symptoms 

including shortness of breath, edema, and exercise intolerance. It is now recognized that 

there are two distinct phenotypes that lead to the HF syndrome.  

 Heart failure with a reduced ejection fraction (HFrEF) is caused by poor 

contractile function of the left ventricle, commonly due to coronary artery disease (CAD). 

Eccentric remodeling causes an increase in left ventricular chamber size and end diastolic 

volume (EDV).14 This leads to a thinning of the myocardium and inotropic insufficiency 

resulting in a decreased stroke volume. The increased EDV along with an impaired stroke 

volume results in a decreased ejection fraction. HFrEF is defined as having an EF% of 

<50%.  

In contrast, HFpEF occurs when the left ventricle stiffens and remodels 

concentrically. Due to the inability of the left ventricle to fill adequately, the left ventricle 

chamber size and EDV is reduced, thereby resulting in normal or “preserved” EF% of 
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>50%. HFpEF is becoming more and more prevalent each year without improvement in 

prognosis.9  

HFpEF can also be a result of an inflammatory response. Mohammed and 

colleagues 15 reported from a 2015 autopsy study that patients with confirmed HFpEF, 

when compared to age-matched peers who died of non-cardiac causes, had microvascular 

rarefaction. The median microvascular density (MVD) in those with HFpEF was 961 

vessels per mm2 of myocardial tissue, as opposed to 1,316 vessels in the same area in 

those who died of non-cardiac causes. Decreases in MVD are most likely a response to 

chronic inflammation from the multiple comorbidities that frequently accompany HFpEF 

(e.g. diabetes, obesity). These conditions are often associated with endothelial 

dysfunction, leading to vessel dysfunction and limited vessel regeneration. This 

rarefaction is also seen in the thigh muscle of HFpEF patients, and is highly correlated 

with exercise intolerance.16 

Response to Acute Exercise In HFpEF 

 Not surprisingly, patients with HFpEF have a unique response to exercise in 

contrast to a healthy person, given that the primary symptoms of HFpEF are shortness of 

breath and exercise intolerance. Because exercise intolerance is quantified by measuring 

VO2peak, contributing determinants include both “central” (e.g. oxygen delivery) and 

“peripheral” factors (e.g. oxygen extraction by working muscles). 

In a study comparing HFpEF patients to healthy controls, the strongest predictor 

of VO2peak was the change in A-VO2diff (i.e. the difference in oxygen levels between 

arterial and venous blood).17 This may be due to three peripheral mechanisms. HFpEF 
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patients typically have decreased skeletal muscle mass, and therefor decreased 

metabolically active tissue. When compared to healthy controls, HFpEF patients had a 

significantly smaller percentage of lean body mass and percent of leg lean mass, which in 

turn results in less oxygen extraction. Another possible factor is the lower percentage of 

Type I fibers in HFpEF patients which impairs oxidative metabolism and thereby reduces 

the amount of oxygen used by the skeletal muscle. Finally, the presence of excess adipose 

tissue may reduce blood flow to the working muscle. Fat tissue may “compete” with the 

working muscle for adequate blood flow, thereby reducing the amount of oxygen 

available to the muscle, or may present a mechanical barrier and limit the effectiveness of 

the microvasculature to deliver blood to the working muscle.  

Two main central cardiac factors are known to contribute to exercise intolerance 

in HFpEF patients. The first is the decrease in oxygen delivery attributed to a reduced 

stroke volume. Second is impaired carotid and proximal thoracic artery distensibility in 

HFpEF patients. Arterial distensibility is a measure of arterial stiffness and is directly 

related to VO2peak.
18  

Brubaker et al.19 studied the cardiac and pulmonary responses to submaximal and 

maximal cardiopulmonary exercise tests (CPET) performed on a cycle ergometer in both 

HFpEF and HFrEF patients, as well as healthy controls. Heart rate at pre-determined 

submaximal work rate was significantly higher in HF patients than in healthy controls, 

indicating that patients had to exercise at a higher relative intensity than a healthy control. 

Peak workload and exercise time at peak workload were significantly reduced in HF 

patients, again demonstrating a reduced exercise capacity. Consequently there is a 

significantly reduced VO2peak in HF patients compared to healthy controls. Peak 
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respiratory rate (RR) was significantly higher in HF patients than in healthy controls, as a 

compensatory mechanism to deliver more oxygen to the working muscle. Lactate 

concentrations at peak exercise were reduced in HF patients compared to healthy 

controls, which is indicative of losses in muscle mass. Despite the profound difference 

between HF patients and normal controls, there were no significant differences observed 

between HFrEF and HFpEF patients. 

Comparison of Heart Failure Phenotypes 

 A phenotype is the physical presentation of a condition or disease. To compare 

and contrast the known phenotypes of HF, Kitzman et al. examined the four domains of 

heart failure; left ventricular volume and function, neurohormonal expression, exercise 

capacity, and health related quality of life (HRQOL).4 Patients with echocardiographic 

evidence of diastolic heart failure (HFpEF), systolic heart failure (HFrEF), and healthy 

controls performed a VO2 peak test on a cycle ergometer with continuous expired gas 

analysis and echocardiographic monitoring, and completed a number of other tests 

including neurohormone measurement and quality of life questionnaires.  

Left Ventricular Function 

  LV function can be assessed using cardiac ultrasound (i.e. echocardiography). 

Common indicators of LV function are end diastolic volume (EDV), EF%, and E/A ratio. 

End diastolic volume is the amount of blood (measured in mLs) contained in the LV at 

the end of the diastolic period of the cardiac cycle. E/A ratio is a ratio of the velocity of 

blood flow from the left atrium to the left ventricle during early diastole and late diastole. 

Flow during early diastole is primarily due to the difference in pressures between the 

atrium and the ventricle. Flow in late diastole is due to atrial contraction. A high E/A  
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ratio indicates better myocardial function, while a lower ratio indicates that more pressure 

is required from the atrium to propel blood into the ventricle, indicating decreased 

ventricular compliance, and in turn decreased ventricular function.20  

 Kitzman et al. reported that in HFpEF patients, the LV had an increased mass, as 

opposed to an increased volume when compared to HFrEF patients and healthy controls. 

HFrEF patients also had higher flow velocities in early diastole than HFpEF patients. 

Both HF groups had increased atrial filling velocities when compared to healthy 

controls.4 

Plasma Neurohormone Levels 

 Neurohormonal expression may be used as a biomarker of myocardial elasticity, 

and has become an accepted HF diagnostic criterion. Brain natriuretic peptide (BNP) is 

released by myocytes in response to increased ventricular strain, while atrial natriuretic 

peptide (ANP) is released in response to increased atrial strain in an effort to reduce 

strain on the heart and vasculature by their diuretic and vasodilatory properties. However, 

due to excessive circulation of these hormones, the receptors for these hormones 

downregulate and become less responsive. This in turn results in fluid retention and 

subsequently central and peripheral edema. Natriuretic levels appear to have an inverse 

relationship with BMI. Clerico et al.21 reported that BNP levels are elevated in normal 

weight HF patients, but are decreased in obese HF patients. This suggests that BNP is 

influenced by adiposity.  

 It is assumed that because obesity is known to place a strain on the heart, that a 

high BMI would indicate higher levels of natriuretic peptides in response to an added 
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level of strain on the myocardium. However, there are several factors that may affect 

detected levels of natriuretic peptides. First, as previously stated, both ANP and BNP are 

typically lower in obese patients. This could be due to an increased expression of the C-

type natriuretic peptide receptor found in adipose tissue. This receptor has a “clearing” 

effect on natriuretic peptides, and may contribute to the observed reduction in circulating 

ANP and BNP.22 Of note is that this receptor does not have this effect on the BNP 

metabolite NT-proBNP, which has also been used as an indicator of ventricular stress. 

One other theory is that excess paracardial fat increases paracardial restriction, thereby 

reducing the myocytes’ ability to stretch to the point that natriuretic peptides would be 

released into circulation. This is supported by Haykowski et al. who report a significant 

distribution of fat surrounding the heart in obese HFpEF patients.23  

Additionally, the impact of optimal pharmacological treatment cannot be ignored. 

Proper use of medications such as ACE inhibitors, diuretics, and nitrates is able to reduce 

plasma natriuretic peptide levels, as well improve clinical outcomes.22 Obese patients are 

more likely to be prescribed ACE inhibitors and diuretics in comparison to under/normal 

weight HFpEF patients. There has also been postulation that natriuretic peptides are 

released based on the function of the Frank-Starling mechanism. However, the Frank-

Starling mechanism may become ineffective in HFpEF patients, given the inflammation 

and fibrosis of the myocardium. This inflammation results in myocardial fibrosis, and 

losses in elasticity. Therefor, the Frank-Starling mechanism loses its effectiveness and 

there is no longer a signaling mechanism for release of the peptides. Conversely, it is 

possible that researchers are overlooking this phenomenon as a component of the obesity 

paradox, which suggests a high BMI is seemingly protective in HF. It is plausible that 
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rather than considering natriuretic peptides to be low in obese patients, it should be 

considered that they are elevated in under/normal weight patients. This may be due to the 

fact that advanced HF is a catabolic state, where patients experience cachexia, or body 

wasting. These patients would obviously demonstrate elevated plasma neurohormone 

levels, given the significant amount of strain placed on the failing heart in advanced 

stages of the disease.22  

 

Exercise Capacity 

Exercise capacity is most accurately quantified by the measurement of oxygen 

consumption during maximal or peak exercise. As described by the Fick Equation 

(VO2=Q*A-VO2 difference), where VO2 is the product of central factors (cardiac output, 

Q), and peripheral factors (A-VO2 difference). Predictably, Kitzman et al. found that 

VO2peak was decreased in both HF groups compared to healthy controls. On average, 

healthy controls had a relative VO2 of 19.9 ±0.7 ml/kg/min, while HFrEF and HFpEF 

patients had a relative VO2 of 13.1±0.5 and 14.2±0.5 ml/kg/min, respectively. 

Haykowsky et al. later determined that this 20-25% decrease in exercise capacity in HF 

patients was primarily due to a reduction in A-VO2 difference, which continues to be a 

therapeutic target in HF research.17 

A common functional measure of exercise capacity is the 6-minute walk, where 

patients are instructed to walk as far as they can in 6 minutes without beginning to jog or 

run. Guyatt et al24 compared the test to cycle ergometer testing in HF patients and those 

with chronic lung disease. This test has been shown to be valid and reliable in clinical 
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populations. Kitzman et al. found the difference between HF groups on 6-minute walk 

performance was not statistically different. Healthy controls were able to walk an average 

of 1802±87 feet, while HFrEF and HFpEF patients walked an average of 1356±58 and 

1430±60 feet respectively.4  

 

Health Related Quality of Life 

 Health Related Quality of Life (HRQOL) is an important measure in HFpEF 

patients. HF diagnoses are typically accompanied by physical limitations, as well as 

frequent hospitalizations that may negatively impact a patient’s quality of life. Many HF 

studies focus primarily on physiological signs and symptoms, ignoring important 

psychological outcomes. It is critical that all dimensions of HFpEF patients’ well-being 

are examined. Kitzman et al. found that older HFpEF patients reported reduced health-

related quality of life scores based on both HF-specific questionnaires and general 

population questionnaires.6 

Health Related Quality of Life  is typically assessed using questionnaires such as 

the 36-Item Short Form Survey (SF-36) and Minnesota Living with Heart Failure 

Questionnaire (MLHFQ). The SF-36 assesses HRQOL on the basis of eight subscales: 

Physical Functioning, Role Limitations of Physical Health, Role Limitations of 

Emotional Health, Energy/Fatigue, Emotional Well-Being, Social Functioning, Pain, and 

General Health (e.g. Does your health now limit you in activities such as running, lifting 

heavy objects, participating in strenuous sports?). Each of these subscales can range in 

scores from 0-100, with the average score being 50 in a healthy population, and a higher 
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score indicating a better HRQOL. This creates a multi-dimensional indicator of how a 

person may be the most limited due to consequences of health conditions.25,26  

The MLHFQ is a condition-specific, 21-item questionnaire measuring physical 

and emotional dimensions of health. It produces a score for each dimension, as well as a 

total score of up to 105, with a higher score indicating a reduced quality of life. This 

questionnaire asks subjects to indicate how HF affects their lives based on a 0-5 Likert 

scale (e.g. Did your heart failure prevent you from living as you wanted within the last 

month by causing swelling in your ankles?). A person is considered to have a “good” 

quality of life with respect to their heart failure if they score from 0-24; a “moderate” 

quality of life if they score from 25-45; and a “poor” quality of life if they score >45.27  

 Kitzman et al. reported that in comparison to a general sample of healthy elderly 

subjects, both HF groups scored lower on the SF-36, indicating a decreased quality of 

life. There was no significant difference in SF-36 scores between HFpEF and HFrEF. For 

comparison to HFpEF and HFrEF patients, MLHFQ scores for healthy control 

participants in the Studies of Left Ventricular Dysfunction Prevention Trial (SOLVD) 

were used. Both HF groups had significantly higher MLHFQ scores compared to 

controls, indicating a worse quality of life in the former HF groups.4  

Treatment of Heart Failure 

 There is no known cure for HFpEF. Therefore, the goals of treatment are to 

relieve the symptoms (e.g. shortness of breath, edema of lower extremities), improve 

functional capacity and HRQOL, and reduce morbidity and mortality. Upadhya et al.5 

suggests that a systemic approach to treatment would include the following steps. 
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First and foremost, the HF condition must be diagnosed and staged properly. This 

may include an echocardiogram or nuclear cardiac imaging. Because HF is considered a 

syndrome, other symptoms such as shortness of breath and intolerance to activity (e.g. 

walking up the stairs or to the mailbox) are also taken into consideration. HF should be 

staged based on the New York Heart Association (NYHA) scale as well. When the 

patient has been properly diagnosed, the physician will look for etiologies that can be 

treated. In the case of heart failure, this may be hypertension or an inflammatory 

condition that can be addressed. Then the appropriate pharmacological therapies are 

provided. This remains an issue for HF patients, for whom effective medications are 

sparse.  

 Importantly, patients must also be educated on self-care and management of their 

HF. This should include dietary modification such as reduced sodium intake or a daily 

fluid limit. There should be strict weight management to monitor fluid retention. Care 

must be coordinated across an interdisciplinary healthcare team as well, so patients 

receive thorough, cohesive treatment. Finally, patients must have access to their 

healthcare team either through internet-based patient portals, or through other open 

communication methods with their health care provider in order to receive effective 

follow up treatment.  

 Patients with HFrEF have far more treatment options than those with HFpEF. 

Typically, there are three treatment options available for HFrEF; surgical intervention, 

pharmacological therapies, and exercise training.28 In contrast, limited data are available 

to support optimal pharmacological care in HFpEF patients, and there are no surgical 

interventions for HFpEF to date. However, one treatment option that has been shown to 
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be promising for HFpEF patients is the adoption of a healthy lifestyle including regular 

exercise and diet modification.6  

Coronary revascularization with either coronary artery bypass graft (CABG) 

surgery or percutaneous coronary intervention (PCI) with the placement of stents and 

angioplasty, are both effective in improving survival in patients with ischemic heart 

failure, which is the most common etiology for HFrEF.29 Iribarne et al. found that in a ten 

year follow up period, HFrEF patients with multi-vessel disease who had had a CABG 

had a 40% reduction in all-cause mortality, a marked improvement over any treatment 

available for HFpEF patients.29 This is supported by a study of HF patients who 

underwent coronary revascularization and found that LVEF was most improved in those 

who had a CABG that previously had a chronic total occlusion.30  

 One procedure that has been shown to be promising in both HFrEF and HFpEF 

patients is the placement of a His bundle pacemaker along with ablation of the 

atrioventricular (AV) node. It is common for both phenotypes of HF to be accompanied 

by the development of atrial fibrillation (AF), which may cause further impact on cardiac 

function due to resulting arrhythmias. This procedure improves cardiac function in two 

ways: first, by ablating the AV node in order to prevent atrial stimulation of the 

ventricles, and second by pacing the His bundle to properly regulate ventricular function. 

In 52 patients with either phenotype of HF, NYHA class improved and BNP levels 

improved significantly, and diuretic, beta blocker, and digoxin use significantly 

decreased 12 months post-procedure.31  

Medications acting on the Renin-Angiotensin Aldosterone System Signaling 

pathway (e.g. candesartan, spironolactone) have been found to be effective for HFrEF 
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and HFpEF patients. In large single-blind studies, these medications have been shown to 

reduce HF hospitalizations over a multi-year follow up period. Beta-blockers are also 

frequently used in an effort to increase ventricular filling, thereby increasing stroke 

volume. Because surgical and pharmacological treatments have only been moderately 

effective in HF, prevention of the disease progression is an obvious course of action (e.g. 

management of hypertension (HTN), regular physical activity, treatment/prevention of 

obesity and diabetes mellitus). 

Exercise as Treatment for HFpEF 

To date, research into the effect of exercise on HFpEF has focused primarily on 

endurance training. In a study of both HFpEF and HFrEF patients, Kitzman et al. found 

that not only were patients with HFpEF significantly different from HFrEF patients in 

four key domains of HF32, but that endurance training led to improvements in VO2peak test 

performance in elderly HFpEF, but not HFrEF patients.12 Based on echocardiographic 

evidence, the central contributors to VO2peak remained unchanged in HF patients 

randomized to 16 weeks of endurance exercise training, as did carotid artery distensibility 

and brachial artery flow-mediated-dilation (FMD). This indicates that other mechanisms, 

primarily in the periphery (e.g. skeletal muscle capillary perfusion or oxygen utilization), 

respond to exercise training.  

This conclusion led to further investigation into the effect of endothelial function 

and arterial stiffness in HFpEF patients. In a cohort of HFpEF patients with no evidence 

of arterial function impairment (e.g. hyperlipidemia, smoking, peripheral arterial disease), 

it was again determined that endurance training led to improvements in exercise capacity. 

However, no significant improvements were found in brachial artery FMD, an indicator 



15 

 

of endothelial function, or in arterial stiffness as measured by pulse pressure:stroke 

volume ratio.33 While the lack of significant findings is disappointing, this again supports 

that adaptations in the skeletal muscle lead to improvement in exercise capacity..  

Further analyses showed that the primary contributor to improved VO2peak 

performance during exercise was improvement in the periphery as evidenced by an 

increased A-VO2Diff, as there was no significant change in stroke volume or cardiac 

output. Haykowsky et al. reported that 84% of the training related improvement in 

VO2peak was due to non-central factors. Additionally, after exercise training, systemic 

vascular resistance and arterial stiffness was unchanged. Taken together, these findings 

suggest that the increase in A-VO2Diff could be due to adaptations in microvascular or 

skeletal muscle function resulting in increased oxygen utilization.34 This is clinically 

significant for HFpEF patients, who have been demonstrated to have impaired muscle 

oxidative capacity.  

This conclusion led to further research intended to identify possible mechanisms 

for the improvement in VO2peak test performance. Kitzman et al. found that after 20 

weeks of endurance training, a hypocaloric diet, or a combination of both treatments, 

VO2peak improved significantly in all three groups. The exercise and caloric restriction 

interventions combined had an additive effect, together producing an average 

improvement in VO2peak of 2.5 ml/kg/min (~15%). Improvement in VO2peak was 

positively correlated with a change in percent lean body mass, indicating that gains in 

lean body mass (e.g. skeletal muscle mass) are related to increased exercise performance. 

Not only did VO2peak improve, but participants significantly increased their exercise time 

to exhaustion, increased peak workload on a CPET, and increased 6 minute walk 
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distance. Body composition measures improved significantly as well in both exercise and 

diet groups, including reduced thigh subcutaneous fat, abdominal subcutaneous fat, and 

visceral fat. Importantly, it was determined from this study that there is a link between 

excess adiposity and exercise performance, and that intentional weight loss is safe in 

elderly, obese HFpEF patients.6 

Body Weight and Adiposity In HF 

 Although it has not yet been investigated in HFpEF, there is a great deal of 

discussion of an “obesity paradox” in HFrEF.22,35–37 The “obesity paradox” is the 

apparent inverse relationship between BMI and mortality in HFrEF patients, suggesting 

that obesity or excess adiposity acts as a protective mechanism in these patients. There 

are several theories as to why this occurs in HFrEF. Advanced HFrEF is a catabolic state, 

thus having an increased metabolic reserve, as is the case with obese patients, could be 

protective against morbidity and mortality. Moreover, a low BMI may indicate that the 

HF has exacerbated and the patient may not be able to recover. There is also an inverse 

relationship between BMI and levels of BNP expression, which could mean that BNP 

receptors do not downregulate in obese patients and remain functional for a longer period 

of time. It is important to note that BMI is largely used as a measure of fat mass or 

adiposity in these patients rather than dual x-ray absorptiometry (DEXA), which would 

be more accurate. It is possible that the patients who are classified as being overweight or 

obese may have a higher amount of lean muscle mass, which is considered protective for 

most other diseases and conditions. Finally, patients who are considered normal or 

underweight who develop CV diseases and HF may have an underlying genetic 

predisposition to disease development, which may lead to resistance to typical 
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treatment.36 While there are numerous reports of an “obesity paradox” in HFrEF, this 

relationship has not been established in HFpEF. 

Being overweight or obese with HF has an association with negative outcomes. 

Patients with HFpEF generally tend to be more overweight or obese than those with 

HFrEF, with the average BMI of HFpEF patients often exceeding 30 kg/m2. Obesity adds 

stress to the heart via several mechanisms including increased intravascular volume, 

increased cardiac loading and systemic inflammation, all of which contribute to disease 

progression. In the Framingham Heart Study population, it was determined that there was 

an increase in risk of developing HF by 5% for males and 7% for females per unit 

increase in BMI. Moreover, once the signs and symptoms of HF develop, BMI is 

inversely associated with functional capacity.38  

When compared to non-obese HFpEF patients, patients with a BMI above 35 

kg/m2 had an elevated pulmonary capillary wedge pressure that was directly associated 

with BMI and plasma volume. This suggests that excess adiposity may be associated with 

hemodynamic derangements, and that the characteristic dyspnea experienced by HFpEF 

patients may not be simply because of excess weight.7 Instead, dyspnea may be attributed 

to an interaction between plasma volume and abnormal myocardial mechanics resulting 

from the LV remodeling. Obese HFpEF patients also demonstrated higher right and left 

sided atrial and ventricular filling pressures, adding additional strain to the myocardium. 

Despite similar ejection fractions, obese patients have increased LV dimensions and an 

increased LV mass index that is indicative of eccentric remodeling, which is not 

commonly observed in normal weight in HFpEF patients. Pericardial restraint at rest and 
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during exercise has also been shown to be higher in obese versus non-obese HFpEF 

patients.39  

Obesity likely contributes to the elevated inflammatory state commonly observed 

in HFpEF patients. Overweight or obese HFpEF patients typically have increased visceral 

adiposity, which becomes infiltrated by macrophages, and results in an increase in pro-

inflammatory cytokines. The higher levels of inflammatory markers, such as c-reactive 

protein, have detrimental effects on cardiovascular function such as accelerating the 

process of myocardial fibrosis and endothelial dysfunction.39  

In an analysis of adverse events in a pharmaceutical trial, Haass et al. found that the 

greatest frequency of adverse events occurred in the most extremely underweight and 

extremely overweight HFpEF patients. Patients in the overweight group tended to be 

younger and female, both of which should lower the risk of adverse events. However, the 

effect of excess adiposity resulted in the same risk for cardiovascular events as patients 

who were far older.40  

The differences between HFpEF patients with low/normal versus overweight or obese 

BMI have lead researchers to suggest that there may be a separate “obese” phenotype of 

HF. Dalos et al. found that over more than two years of follow up, a patient having an 

NYHA classification of III or IV was a strong predictor of hospitalization or cardiac 

death. Moreover, increased BMI was strongly associated with a worse NYHA 

classification.41 There are a number of ways that excess adiposity promotes worsened 

symptoms of HF, including inflammation, hypertension, skeletal muscle and physical 

function, all of which are reflected in NYHA classification. Research has shown that the 

location of excess adiposity is important as well, indicating that increased fat surrounding 
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the myocardium, kidneys, and liver has been associated with organ failure and cardiac 

dysfunction.23 Excess adiposity in the skeletal muscle tissue further promotes exercise 

intolerance, as evidenced by multiple research studies.4,6 Furthermore, excess adiposity is 

associated with development of hypertension, which is strongly associated with 

development of HF. These data indicate that not only is excess adiposity an important 

determinant of HF severity, but in disease development as well.3  

In an analysis of four large study cohorts (CHS [Cardiovascular Health Study], 

PREVEND [Prevention of Renal and Vascular End-Stage Disease], MESA (Multi-Ethnic 

Study of Atherosclerosis], and FHS [Framingham Heart Study]), researchers found that 

for every 1 SD increase in BMI, there was an associated 34% increase in HFpEF 

incidence. A similar relationship was found between waist circumference and HFpEF 

incidence. Furthermore, a high fasting blood glucose was predictive of incident HFpEF, 

but not HFrEF. It was found that among nearly 4,000 subjects, insulin resistance was 

associated with cardiac structural and functional abnormalities, which promotes the 

development of obesity-related HFpEF.42 

Obokata et al. compared and contrasted both obese and non-obese HFpEF patients 

using several echocardiographic and blood markers. This study found that obese patients 

with HFpEF were significantly different from non-obese patients in several important 

measures. Obese patients has higher levels of fluid overload, more severe ventricular 

remodeling, as well as reduced exercise capacity compared to patients who were not 

obese. Obese patients were found to have an increased ratio of LV mass compared to 

total volume, which indicates more severe LV remodeling when compared to non-obese 

patients. However, diastolic function and filling pressures did not appear to differ 
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between groups. Further investigation revealed that the relationship between BNP and 

LV transmural pressure, which is a more accurate measure of LV distension after 

accounting for external pericardial constraint, was similar between both patient groups.  

In the same study, VO2, obtained using cycle ergometry, was significantly lower in 

obese patients, even when adjusted for body weight. This suggests that there is a lower 

level of metabolically active tissue in obese patients. Although A-VO2Diff at rest was 

similar between both patient groups, this measure was not obtained during exercise. 

Moreover, obese patients had increased pulmonary capillary wedge pressure at exercise, 

impaired pulmonary vasodilation, and more frequent incidences of exercise induced 

pulmonary hypertension.7  

While there is some physiological evidence to suggest that there may be an obese HF 

phenotype, no studies have examined the relationship between obesity and health-related 

quality of life in HFpEF patients. Moreover, the impact of obesity on both maximal 

(VO2peak) and submaximal (6MWD) exercise capacity have not been clearly examined. 

Consequently, the purpose of this study is to examine the relationship between obesity 

and HFpEF on four key domains of HF; plasma neurohormone levels, HRQOL, exercise 

capacity, and LV function. The results of this investigation will help to confirm if there is 

a unique “obese” phenotype. Researchers hypothesize that being classified as “obese” 

with have a significant negative effect on the four key domains of HF, and that obese 

patients will have significantly reduced measures than under/normal weight participants. 
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METHODS 

Participants 

A total of 186 patients with isolated diastolic heart failure (HFpEF), were identified 

by review of clinic visits and hospital discharge records from the Wake Forest Baptist 

Medical Center, Winston-Salem, NC to potentially fulfill inclusion/exclusion criteria. 

Eligible patients were contacted for a screening visit. The screening visit included 

obtaining the participants’ informed consent, a medical history and physical examination 

by a board-certified cardiologist, spirometry, electrocardiogram, resting echocardiogram, 

and cardiopulmonary exercise test on a cycle ergometer.  

Heart failure with a preserved ejection fraction was defined as heart failure (HF) with 

normal systolic function (EF% >50%, no segmental wall motion abnormalities) and no 

evidence of significant coronary, valvular, infiltrative, pericardial, or pulmonary disease. 

The clinical diagnosis of HF was based on previously described criteria that include an 

HF clinical score of 3 or greater from NHANES I (i.e. presence of alveolar fluid plus 

pleural fluid, and/or interstitial edema plus pleural fluid).43 Patients were also required to 

meet the criteria used by Rich et al (history of acute pulmonary edema, or the occurrence 

of at least 2 of the following with no other identifiable cause and with improvement 

following diuresis: dyspnea on exertion, paroxysmal nocturnal dyspnea, orthopnea, 

bilateral lower extremity edema, or exertional fatigue).44  

If any exclusion criteria were identified, the screening visit was terminated. A 

preliminary echocardiogram and exercise test on the cycle ergometer were then used for 

excluding unsuspected valvular or ischemic heart disease and for confirming that the 
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subject met the ejection fraction criteria. The screening visit exercise test also served to 

familiarize the subjects with the testing environment and did not include expired gas 

analysis. None of the primary outcomes of the study (i.e., left ventricular [LV] function, 

exercise capacity, plasma neurohormone levels, and health related quality of life 

[HRQOL]) were measured at this screening visit.  

This screening visit resulted in exclusions due to conditions not apparent during the 

initial records review, including significant ischemic heart disease, valvular heart disease, 

other medical problems (COPD, anemia, renal failure, cancer, uncontrolled hypertension, 

debilitating stroke or arthritis); or because participants were found to not have symptoms 

of HF by the above criteria. Key demographic variables (i.e., age, sex, race) for excluded 

patients were similar to those for included patients. The remaining participants met all 

criteria and entered the study. There were 186 participants with isolated HFpEF.4 

Protocol Overview and Measures 

The study protocol was approved by the Wake Forest University Institutional Review 

Board and written informed consent was obtained from all participants. All participants 

were ambulatory outpatients who had been in stable health for at least six weeks. The 

outcome measures of LV function, exercise capacity, plasma neurohormone levels, and 

HRQOL were obtained during a single visit. Tests were performed in the morning and 

participants had not eaten food or ingested caffeine for more than 4 hours prior. Testing 

was performed following previously published procedures and results were analyzed by 

individuals blinded to subject groups and other clinical information.4 Venous blood was 

drawn at least 15 minutes prior to any exercise tests, to reduce the impact of exercise on 

blood plasma. The 6-minute walk was performed, then questionnaires were administered 
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to give the participant adequate rest between exercise tests. The CPET was the last test 

performed during the visit. 

 

Cardiopulmonary Exercise Testing Protocol 

Cardiopulmonary exercise testing was performed with patients in the upright position 

on an electronically braked bicycle with expired gas analysis under continuous 

electrocardiographic and blood pressure monitoring. Participants were encouraged to 

exercise to a respiratory exchange ratio (RER) of >1.1 and/or exhaustion. Peak values 

were averaged from the final 30 seconds of the exercise test. Ventilatory anaerobic 

threshold was assessed with standardized methods45 by blinded investigators.4 

Six-Minute Walk 

The walking tests were conducted in an enclosed corridor on a 33-m course. The 

patients were instructed to walk from end to end, covering as much ground as they could 

during the allotted time.24 Distance covered was recorded to the closest meter along with 

resting and post-test heart rate (HR) and blood pressure (BP).  

Neurohormones 

Before exercise testing and after at least 15 minutes of quiet supine rest, venous blood 

samples were drawn into prepared, chilled EDTA vacutainers, placed on ice, and then 

centrifuged; plasma was then separated. Aprotinin (25 microliters per milliliter of 

plasma) was added to the plasma tested for natriuretic peptides and 100 microliters of 

sodium metabisulfite was added to the plasma tested for catecholamines. Samples were 

then stored at -70 degrees Celsius. Commercially available radioimmunoassays were 
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used for both C-terminal atrial natriuretic peptide (ANP) and for brain natriuretic peptide 

(BNP).  

 

Health-Related Quality of Life 

The standardized Medical Outcomes Study Short-Form 36 Item Health Survey 

(SF-36) was administered to assess general health limitations.25 The SF-36 is a 

questionnaire assessing eight HRQOL domains (e.g., Physical Functioning, Role 

Limitations to Physical Health, Role Limitations to Emotional Health) including 

limitations in social or physical activities due to health problems and general mental 

health (e.g. “Does your health now limit you in activities such as running, lifting heavy 

objects, participating in strenuous sports?”). Higher scores indicate higher health-related 

quality of life. The Minnesota Living with Heart Failure Questionnaire (MLHFQ)46, a 

condition-specific measure, was administered to assess the impact of HF on the patients’ 

well-being. The MLHFQ is a 21-item questionnaire that measures physical and emotional 

dimensions of health, and produces as one total score. This questionnaire asks subjects to 

score how HF affects their lives on a 0-5 Likert scale. Higher scores indicate a reduced 

HRQOL due to greater impact from HF.  

Analytic Plan 

 Using SPSS Statistics Version 2547, descriptive statistics were generated and 

assumptions for each test were verified.  Logistic regression analyses were conducted to 

determine if normal/underweight, overweight, and obese participants differed on 

descriptive characteristics, such as NYHA class III and use of ACE inhibitors and 
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diuretics. After determining the presence of monotonic relationships between variables, 

Spearman correlations were performed to evaluate the relationships between BMI and 

measures of the four main outcomes (LV function, exercise capacity, plasma 

neurohormone levels, and HRQOL.  

Subsequently, analyses of covariance (ANCOVA) were performed, with the 

independent variables being the measures of the four main outcomes (LV function, 

exercise capacity, neurohormone levels, and HRQOL), and the dependent variable being 

BMI status by group. Covariates included age, race, and gender. Participants were 

stratified for ANCOVAs into normal/underweight, overweight, and obese based on BMI 

(<24.9, 25-29, and > 30 respectively). For each ANCOVA, the following assumptions 

were checked: use of a continuous dependent variable; use of a categorical independent 

variable with two or more independent groups; use of a continuous covariate variable; 

independence of observation; normality; homoscedacity; homogeneity of variance; and 

presence of outliers. The p value was considered to be statistically significant if p<0.05. 

Significant group effects were decomposed using Bonferroni-corrected post-hoc 

analyses.  
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RESULTS 

Participants in this investigation were generally older (~ 70 yrs.), 

overweight/obese with an average BMI ~ 26, more than half were hypertensive, and were 

well medicated HFpEF patients. A fairly high proportion (~35%) of the participants in 

this study were black females (see Table 1). Three groups (normal/underweight, 

overweight, and obese) were well-matched with regards group numbers, age, sex, and 

race.  

Table 1. Characteristics of Study Participants 

Notes: Data are presented as mean ± Standard Deviation;* p<0.05; BMI=Body Mass 

Index; ACE-I = Angiotensin Converting Enzyme Inhibitors; Calcium CB = Calcium 

Channel Blockers  

 

 All  

(N=186) 

Under/Normal 

Weight 

(n = 50) 

Overweight 

(n = 63)             

Obese  

(n=73) 

Demographics     

Age (yrs.)  69.3±6.1 72.1±1.2 68.6±0.9 68.1±0.7 

Female No. (%) 140 (39) 40 (80) 43 (68) 57 (78) 

White No. (%) 141 (76) 46 (92) 55 (87) 40 (55) 

Weight (kg) 79.5±17.7 61.5±1.5 75.8±1.7 96.0±1.7 

BMI  29.2± 6.3 22.6±0.3 27.2±0.2 35.8±0.6 

NYHA Class     

I No. (%) 65 (35)            30 (60) 30 (48)   5  (7) 

II No. (%) 66 (35) 9 (18) 21 (33) 36 (49) 

III No. (%) 55 (30) 11 (22) 12 (19) 32 (44) 

History     

Hypertensive 

No.(%)  

103 (55) 19 (38) 28 (44) 56 (77) 

Diabetes No. (%)  27 (15)   2  (4)  7  (11)  18 (25) 

Medications     

ACE-I No. (% 43 (23) 9 (18) 14 (22) 25 (40) 

Digoxin No. (%)        13   (7)              2  (4)   8 (15)   3   (5) 

Diuretic No. (%) 69 (37) 9 (18) 18 (34) 42 (66) 

ß Blocker No. (%) 27 (15) 7 (14)   8 (15) 12 (19) 

Calcium CB No.(%)        44 (24) 7 (14) 14 (22) 23 (36) 

Nitrate No. (%)        13   (7)               3  (6)   3  (6)   7  (11) 



27 

 

Logistic regression analysis indicted that obese participants were significantly 

more likely to be in NYHA class III than under/normal weight (p<0.001) and overweight 

(p<0.001) participants. Obese participants also reported increased use of medications, 

particularly ACE inhibitors and diuretics. Logistic regression analysis indicated that 

obese participants were significantly more likely to use ACE inhibitors than 

under/normal weight (p=0.05) and overweight participants (p0.009). Obese participants 

were significantly more likely to be prescribed diuretics compared under/normal weight 

participants (p<0.001) and overweight participants (p<0.001). 

As described in Table 2, there were no statistically significant correlations 

between BMI and measures of plasma neurohormone levels or left ventricular function 

measures. There were however, statistically significant negative correlations between 

BMI and most of the HRQOL scores and exercise capacity measures.  

Table 2. Spearman 

Correlations of Key 

Heart Failure Measures 

and BMI 

Notes: Data are 

presented as Spearman 

correlations (�); * 

denotes statistical 

significance. 

ANP=Atrial Natriuretic 

Peptide; BNP=Brain 

Natriuretic Peptide; SF-

36=Short Form-36; 

MLHFQ=Minnesota 

Living with Heart 

Failure Questionnaire; 

E/A Ratio=velocity of 

flow during Ewave to 

Awave as determined by 

 � 

Plasma Neurohormone Levels  

ANP -0.154 

BNP -0.006 

Health Related Quality of Life  

SF-36: Physical Functioning -0.514* 

SF-36: RL Physical Health -0.351* 

SF-36: Energy/Fatigue -0.355* 

SF-36: Emotional Well-Being -0.182* 

SF-36: Social Functioning -0.244* 

SF-36: Pain -0.366* 

SF-36: General Health -0.396* 

MLHFQ Total Score   0.375* 

Exercise Capacity  

Relative VO2peak -0.504* 

6 Minute Walk Distance -0.385* 

Left Ventricular Function  

E/A Ratio -0.069 

End Diastolic Volume 0.061 

Ejection Fraction 0.158 
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echocardiogram; RL=Role Limitations.  
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Figure 1. Relationship Between BMI and SF 36 Physical Function Score for All 

Participants  (N= 186) 

 

 

 

 

 

 

 

 

 

 

 

 

Figures 1 and 2 represent the relationship between BMI and health related quality 

of life (SF 36 Physical Function) and exercise capacity (VO2peak), which had the most 

significant relationship with BMI status, in all study participants.  

There were no significant effect for weight status on neurohormones ANP 

(F(2,67)=0.452, p=0.638, η2=0.013) or BNP (F(2,134)=0.210, p=0.811, η2=0.003). There was 

a significant effect for weight status on the SF-36 Physical Functioning component 

(F(2,153)=20.974, p<0.001,  η2 = 0.215). Bonferroni corrected post-hoc tests indicated that 

overweight and obese participants had significantly worse SF 36 Physical Functioning 

scores compared to normal/underweight participants (p=0.02 and p<0.001, respectively). 

Furthermore, obese participants had a significantly worse SF 36 Physical Functioning 

score compared to overweight participants (p<0.001). There was a significant effect for  
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Figure 2. Relationship Between BMI and VO2peak for All Participants (n= 186) 

weight status on SF 36: Role Limitations and Physical Health (F(2,159)=8.675, p<0.001, 

η2=0.098). Bonferroni corrected post-hoc testing indicated that obese participants had a 

lower SF 36 Role Limitations and Physical Health score compared to overweight 

(p=0.007) and normal/underweight (p<0.001) participants. The was a significant effect 

for weight status on SF 36:Energy/Fatigue subscale (F(2,163)=13.285, p<0.001, η2=0.140). 

Bonferroni corrected post-hoc tests indicated that obese patients reported a significantly 

lower SF 36 Energy/Fatigue subscale score than normal/underweight (p<0.001) or 

overweight participants (p<0.001). There was a significant effect for weight status on SF 

36: Emotional Well-Being F(2,163)=13.285, p<0.001, η2=0.140). Bonferroni corrected 

post-hoc tests indicated that obese participants reported significantly lower Emotional 

Well-Being scores compared to normal/underweight participants (p=0.019), but obese 

participants were not different than overweight participants on this measure (p=0.115). 
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There was a significant effect for weight status on SF 36 Social Functioning subscale 

(F(2,164)=4.609, p=0.011, η2=0.053). Bonferroni corrrected post-hoc testing indicated that 

obese participants reported significantly lower SF 36 Social Functioning subscale score 

compared to overweight participants (p=0.014), but not compared to normal/underweight 

participants (p=0.074). There was a significant effect for weight status on the SF 36 Pain 

subscale (F(2,164)=7.70, p<0.001, η2=0.086). Bonferroni corrected post-hoc testing 

revealed that obese participants reported higher SF 36 Pain subscale scores than 

normal/underweight participants (p<0.001) and overweight participants (p=0.014). There 

was a significant effect for weight status on the SF 36 General Health score 

(F(2,152)=9.286, p<0.001, η2=0.109). Obese participants reported lower SF 36 General 

Health scores compared to normal/underweight participants (p<0.001) and overweight 

participants (p=0.02) on the SF 36 General Health score. It should be noted that for 

several subscales of the SF-36, the assumption of normal residuals was violated; however 

given that ANCOVAs are robust to violations of normality when group sizes are similar, 

we elected to continue these analyses. The SF 36 Role Limitations: Emotional Health 

subscale did have significant heterogeneity of variances, and was therefore not included 

in further analyses. 

Regarding the MLHFQ, there were too few normal/underweight cases with scores 

to include in the analyses. Therefore, the normal/underweight participants were merged 

with overweight participants to create two groups, obese and non-obese. There was a 

significant effect for weight status on MLHFQ (F(2,79) = 4.197, p = 0.019, η2 = 0.096) 

indicating that obese HFpEF patients appear to have worse (i.e. lower) MLHFQ scores 

than non-obese HFpEF patients.  
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Levene’s test for equality of variances was violated for VO2peak, given the similar 

group sizes across BMI categories, we elected to continue the analysis. The effect of 

weight status on VO2peak was significant (F(2, 180) = 37.186, p < 0.001, η2 = 0.292). 

Bonferroni-adjusted post hoc analyses indicated that obese individuals had a significantly 

lower VO2peak than normal/underweight (p<0.001) and overweight participants (p<0.001). 

Normal/underweight and overweight participants were not significantly different (p= 

0.527) for VO2peak. There was a significant effect for weight status on 6 minute walk 

distance (F(2, 157) = 7.343, p = 0.001, η2 = 0.086) which indicates that obese HFpEF 

patients have a reduced exercise capacity compared to normal/underweight (p=0.001), 

but not overweight participants (p=0.099).  

There were no significant effects for weight status on resting left ventricular 

function measures of E/A ratio, end diastolic volume, and ejection fraction (F(2, 170) = 

1.747, p = 0.177, η2 = 0.020, F(2,139)=0.902, p = 0.408, η2 = 0.013, and F(2,138)=0.625, 

p=0.537, η2=0.009, respectively).   
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Table 3. Adjusted Means of Four Key Heart Failure Domains for Normal/Underweight, 

Overweight, and Obese Study Participants 

 Normal/Under 

Weight 

Overweight Obese p 

 

Plasma Neurohormone Levels 

    

ANP (pg/ml) 36.55±9.30 31.70±8.64 20.38±9.31 0.638 

BNP (pg/ml) 40.53±18.73 37.52±17.41 42.37±18.75 0.726 

 

Health Related Quality of Life 

    

SF-36: Physical Functioning 79.2±3.4 66.7±3.1 49.6±2.9 <0.001 

SF 36: RL Physical Health  67.7±6.0 59.3±5.5 35.5±5.0 <0.001 

SF 36: Energy/Fatigue  63.7±3.1 57.1±2.8 42.7±2.6 <0.001 

SF 36: Emotional Well-Being  81.1±2.4 78.3±2.2 71.8±2.1 0.017 

SF 36: Social Functioning  83.0±3.4 84.9±3.1 72.4±2.9 0.011 

SF 36: Pain  79.9±3.1 75.2±2.8 63.9±2.6 0.001 

SF 36: General Health  72.8±3.1 65.6±2.7 54.9±2.6 <0.001 

MLHFQ Total Score* 18.5±3.6 15.8±2.9 32.9±3.5 0.019 

 

Exercise Capacity 

    

Relative VO2peak (ml/kg/min) 17.7±0.4 16.9±0.4 13.1±0.4 <0.001 

6 minute walk distance (m) 518.2±15.8 478.8±14.1 435.8±13.4 0.001 

 

Left Ventricular Function 

    

E/A Ratio 0.93±0.80 0.99±0.69 0.97±0.67 0.574 

End Diastolic Volume (mL) 80.9±4.4 83.2±3.5 88.3±3.52 0.408 

Ejection Fraction (%) 0.58±0.03 0.60±0.01 0.58±0.01 0.537 

Notes: Data presented are mean±standard error, adjusted for age, gender, and race. * 

due to small number of normal/underweight cases, they were combined with overweight 

for comparison to obese participants for ANCOVA. 

ANP=Atrial Natriuretic Peptide; BNP=Brain Natriuretic Peptide; SF 36 = Short Form-

36; MLHFQ = Minnesota Living with Heart Failure Questionnaire; E/A Ratio = velocity 

of blood flow during Ewave to Awave as determined by echocardiogram; RL = Role 

Limitations   
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DISCUSSION 

 It has become widely accepted that there are two primary heart failure (HF) 

phenotypes; heart failure with a reduced ejection fraction (HFrEF) and heart failure with 

a preserved ejection fraction (HFpEF). These two phenotypes share similar abnormalities 

in plasma neurohormonal levels, impaired HRQOL, exercise intolerance, and left 

ventricular (LV) dysfunction.4 Recent evidence suggests there may also be an “obese” 

HFpEF phenotype as several investigations have reported differences in plasma 

neurohormones and LV function compared to non-obese HFpEF patients.7,21,48,49 

The major findings of the present investigation are that obese HFpEF patients 

have significantly reduced exercise capacity and worse HRQOL compared to 

normal/underweight and even overweight HFpEF patients. In contrast, it does not appear 

that obese HFpEF patients, at least in the present investigation, have significant 

differences in resting plasma neurohormones or LV function measures compared to 

normal/underweight or overweight HFpEF patients. Based on differences in two of the 

four key domains for HF, this investigation supports the concept that obesity results in a 

unique phenotype in HFpEF patients. 

Plasma Neurohormone Levels 

Atrial natriuretic peptide (ANP), and particularly brain natriuretic peptide (BNP), 

are important clinical measurements used in the diagnosis and management of heart 

failure. In the present study, ANP and BNP were largely unaffected by BMI levels as 

there was a weak correlation between these measures and no significant differences 

between under/normal weight, overweight, and obese HFpEF participants. Furthermore, 

the mean BNP value for all participants in this investigation was only 40 pg/mL, which is 
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considered “normal” and is significantly lower than levels typically reported for HF 

patients.6,7,50 Obokata et al. observed non-obese and obese HFpEF patients to have NT-

proBNP levels of 633 pg/mL and 213 pg/mL, respectively.7  

The differences between Obokata et al. and the present investigation may be 

attributable to several factors. First, Obokata et al. excluded all patients with Class I 

obesity, which would create a more stark difference between the two groups. The select 

use of participants on the “extreme” ends of the BMI spectrum may have created a 

sample of less healthy patients who are either grossly underweight due to cachexia, or 

who have a very high BMI due to worsened HF signs including edema. Second, Obokata 

et al. used NT-proBNP, a newer and more sensitive measure for HF diagnosis, whereas 

the present study used the original measure of BNP. In contrast to the BNP measure, the 

“cut-off” value for HF diagnosis is much higher for NT-proBNP (100 vs. 300 pg/mL, 

respectively). Third, participants in the present study were required to be medically stable 

and able to participate in an exercise program. Potential participants were excluded if 

they had HF exacerbations or HF-related hospitalizations within six months of entry into 

the study. Given that BNP levels are increased when there is overloading strain on the 

heart, it may be that the lower values observed in the present investigation were due to 

the stability and optimal medical management of their HF.  

Although not observed in the present investigation, obesity appears to result in 

lower BNP levels in HFpEF patients. This “paradox” may be due to increased pericardial 

restriction due to epicardial fat, which reduces the ability of the heart to expand, thus 

reducing the release of BNP. Lower BNP values may also be due to optimal medical 
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management. Since BNP levels are used as an objective “guide” for treatment, reduced 

circulating levels are indicative that the condition is being well-managed.22 

Health Related Quality of Life 

 Measures of health related quality of life are commonly used in HF research as 

this condition generally limits a patient’s ability to perform basic activities of daily living. 

This measure also takes into account the impact of symptoms and medical events such as 

hospitalizations, which are common with HF. Research has indicated that BMI has a 

strong negative correlation with HRQOL in healthy adults51 as well as those with chronic 

disease52–54 and HF.55 Thus, it is expected that obesity would result in an even more 

detrimental impact on HRQOL in HFpEF patients. To our knowledge, this is the first 

investigation to examine the impact of BMI status on HRQOL in elderly HFpEF patients. 

In the present investigation, most of the SF-36 subscales demonstrated significant 

negative correlations with BMI, indicating that as BMI increases, there is a corresponding 

decrease in HRQOL. Moreover, analysis by ANCOVA revealed that obese HFpEF 

patients had significantly worse HRQOL compared to under/normal weight and the 

overweight HFpEF patients. In particular, under/normal weight participants reported a SF 

36 Physical Functioning subscore of 79 (out of 100) whereas obese participants reported 

a score of 49. These relatively high scores were unexpected, given that the national norm 

for the SF-36 Physical Functioning subscale is 50. However, Maglinte et al. report that 

this score may be biased, as the scores were based off of questionnaires administered by 

phone, and most participants were elderly, typically ill, and generally unable to leave 

their homes.26 Moreover, Kitzman et al. reported that elderly, obese HFpEF patients had 
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scores of 29 and 37 on the MLHFQ and SF-36 Physical Functioning Subscale, 

respectively.6 

It is important to note that the SF-36 is a general measure of HRQOL and is not 

specific to HF. Therefore, the HF-specific Minnesota Living with HF Questionnaire 

(MLHFQ) was also used in this investigation. In the present investigation, BMI was 

significantly correlated with MLHFQ score and ANCOVA analysis indicated that obese 

HFpEF patients had significantly worse HRQOL than non-obese HFpEF patients. The 

MLHFQ score, where a higher score reflects a worse quality of life, is nearly twice as 

high (33 vs. 17) in obese compared to non-obese HFpEF patients in this investigation. 

Behlouli et al. reported that a “good” quality of life for a HF patient < 24, while a HF 

patient is considered to only have a “moderate” quality of life with a score between 24 to 

45.27 Thus, results of the present investigation suggest that the presence of obesity 

decreased the HRQOL from good to moderate.  

Exercise Capacity 

 Exercise capacity is an important assessment in HF research as it relates 

significantly to physical function and overall prognosis in these patients. VO2peak is the 

“gold standard” for assessing exercise capacity in HF. Both HFrEF and HFpEF patients 

typically have a VO2peak of 15-20 mL/kg/min which is less than 50% of predicted for their 

age.56 Obesity has a negative effect on exercise capacity in healthy adults and other 

chronic disease conditions because of its inflammatory and vascular effects.3,57 Increased 

circulating cytokines and increased perivascular adipose tissue, all resulting from 

increased adiposity, place strain on the vasculature and cause endothelial dysfunction. In 

the present study, BMI status was negatively correlated with VO2peak (r=0.50) and 
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ANCOVA revealed a significantly lower VO2peak in the obese HFpEF participants, with a 

21% and 26% lower relative VO2peak,  compared to under/normal weight and overweight 

HFpEF participants, respectively. This is supported by the findings of Obokata et al. who 

used a similar cardiopulmonary exercise test (CPET) and found that obese HFpEF 

patients performed 23% and 40% worse than non-obese HFpEF and control subjects, 

respectively.7  

Haykowski et al., found that presence of adipose tissue is a determinant of 

reduced exercise capacity in HFpEF patients. They suggest that that the metabolically 

active adipose tissue may “compete” with the skeletal muscle for blood flow during 

exercise. It is also possible that obesity-associated inflammation may cause endothelial 

dysfunction, thereby reducing oxygen delivery to skeletal muscle and reducing A-VO2diff, 

an important determinant of VO2peak.
17  

 The 6-minute walk, a simple and commonly used test of exercise capacity in HF, 

was also examined in this investigation. As with VO2peak, it was hypothesized that obese 

HFpEF participants would have a reduced 6-minute walk distance (6MWD) compared to 

under/normal weight or overweight participants. Similar to VO2peak, 6MWD was 

significantly correlated to BMI status and was significant lower in obese HFpEF patients 

compared to both the under/normal weight and overweight HFpEF participants. A lower 

6MWD is associated with worse prognosis and greater morbidity in HF patients.24,58,59 

Left Ventricular Function 

Left Ventricular (LV) function can be accurately assessed by Doppler 

echocardiography. While there are numerous measures from the Doppler echocardiogram 
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that can be used to evaluate LV function, this study focused on the E/A ratio, end-

diastolic volume, and ejection fraction as these are commonly assessed measures in 

HFpEF.  

Overall, the findings of the present investigation indicate that specific LV function 

measures are abnormal in these HFpEF patients, but that BMI status had no significant 

impact on these measures. This is in agreement with Kossaify et al., who found no 

significant differences in LV function measures in a similar HFpEF population. Their 

investigation also reported that E/A ratio and isovolumetric relaxation time correlated 

weakly with LV functional abnormalities.60 This could be due to several factors. First, 

prolonged LV relaxation causes a decrease in E wave velocity, in turn increasing left 

atrial pressure, and increasing E wave velocity. These opposing mechanisms eventually 

begin to over-compensate, creating a U-shaped relationship in HFpEF. Second, LV filling 

patterns can worsen from “mild” to “severe” dysfunction due to either the disease 

progression or a change in fluid loading conditions. In the stable, non-edemous HF 

patients used in the present investigation, fluid overloading is not likely to affect LV 

filling patterns or their E/A ratios as much as HF with decompensated HF.  

Obokata et al. reported on a similar LV function measure, E/E` ratio. Rather than 

comparing velocities, E/E` uses tissue Doppler imaging for comparison of both blood and 

tissue velocity during early diastole (E wave), and pressure at the mitral annulus (E`). 

With this newer and more sensitive imaging technique, Obokata et al. found that, with 

respect to E/E`, that obesity had a significant negative effect on LV function and filling 

patterns in HFpEF patients. Obokata et al. found elevated filling pressures in obese 
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patients, but not in non-obese HFpEF patients. Thus, it’s likely that obesity creates fluid 

overload that worsens the severity of HF through its effects on the heart and vasculature.  

 Left ventricular end-diastolic volume (EDV) is a critically important measure of 

LV function. A “normal” heart has an EDV of approximately 140 mL, a stroke volume of 

approximately 70 mL, with a subsequent ejection fraction of 50%. However, in HFpEF 

the EDV can be significantly reduced because of a stiff, non-compliant, hypertrophied 

LV. In the present study, EDV was reduced to 80-90 mL (versus normal of 140 mL) in 

our HFpEF participants, but this measure did not appear to be significantly affected by 

BMI status. In contrast, Okokata et al. all found that EDV was significantly greater in 

obese HFpEF compared to non-obese HFpEF, but stroke volume was greater as well, 

thus there was no difference in ejection fraction between the two groups.  

Ejection fraction reflects the relationship between filling and ejecting of blood 

from the left ventricle. This measure is primarily used to determine which phenotype, 

HFrEF or HFpEF, is present in a patient with HF signs and symptoms. In HFpEF, both 

the stroke volume and end-diastolic volume are reduced in similar proportions compared 

to normal subjects, thus the ejection fraction of these patients is “normal”. The results of 

the present investigation and those of Obokata indicate that BMI status did not impact 

ejection fraction in HFpEF patients. The impact of obesity on this measure, if there was 

any, would have likely affected both the ejection (i.e. SV) and filling (i.e. EDV) to a 

similar degree with no subsequent effect on the ratio of the two measures.  
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Limitations  

 This study had several important limitations that must be considered in the 

conclusions that are drawn. First, HFpEF participants in the PARIS studies had to be 

medically stable and able to participate in an exercise training study. Therefore, the 

findings of this investigation may not be reflective of, or generalizable to, all HFpEF 

patients. Second, this was a retrospective analysis of data collected more than 10 years 

ago. Subsequently, new and improved diagnostic techniques/measures have been 

developed that may have resulted in different findings for neurohormones and LV 

function measures. Third, BMI was used in this investigation to classify HFpEF patients 

as under/normal weight, overweight, or obese. Body mass index is a relationship between 

height and weight and does not measure actual body composition. Objectively measuring 

body composition, particularly body fat, would have been preferable and may have 

resulted in different classifications. Unfortunately, more objective measures of body 

composition, such as DXA or CT scans, were not accepted as the “gold standard” for 

body composition assessment at the origination of the PARIS studies. Finally, certain 

assumptions of the ANCOVA analyses were violated, largely the lack of normality of 

standardized residuals for certain measures. However, the ANCOVAs were still used to 

evaluate the data in this investigation, as these tests are robust to violations of normality 

and the BMI categories for comparison were of relatively equal size.  

Conclusion 

 The findings of this study are important because they add to a growing body of 

research supporting the existence of a third heart failure phenotype: the obese HFpEF. 

This study used the same examined the impact of obesity on four major domains of HF; 
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neurohormes, HRQOL, exercise capacity, and LV function. Given the significant 

relationship between BMI and HRQOL and exercise capacity measures, as well the 

significant differences between under/normal weight, overweight, and obese HFpEF 

patients, this study supports the establishment of a unique obese HFpEF phenotype. The 

presence of obesity in HFpEF patients appears to have further negative impact on 

important outcomes and therefore warrants specific treatment strategies for this 

phenotype of patients.   
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APPENDIX A: MINNESOTA LIVING WITH HEART FAILURE QUESTIONNAIRE 

These questions concern how your heart failure has prevented you from living as 

you wanted during the last month. The items listed below describe different ways 

some people are affected. If you are sure an item does not apply to you or is not 

related to your heart failure, then circle 0 (no) and go on to the next item. If an 

item does apply to you, then circle the number rating of how much it prevented 

you from living as you wanted. Remember to think about ONLY THE LAST 

MONTH. 

 

Did your heart condition prevent you from living as you wanted during the last month by: 

 No Very 

Little 

→ Very 

Much 

1.    causing swelling in your ankles, legs, etc? 0 1 2 3 4 5 

2.    making your working around the house or yard 

difficult? 

      

3.    making your relating to or doing things with your 

friends or family difficult? 

0 1 2 3 4 5 

4.   making you sit or lie down to rest during the day? 0 1 2 3 4 5 

5.   making you tired, fatigued, or low on energy? 0 1 2 3 4 5 

6.   making your working to earn a living difficult?    0 1 2 3 4 5 

7.   making your walking about or climbing stairs 

difficult? 

0 1 2 3 4 5 

8.   making you short of breath? 0 1 2 3 4 5 

9.   making your sleeping well at night difficult? 0 1 2 3 4 5 

10.making you eat less of the foods you like? 0 1 2 3 4 5 

11.making your going places away from home difficult? 
0 1 2 3 4 5 

12. making your sexual activities difficult?   0 1 2 3 4 5 

13. making your recreational pastimes, sports, or hobbies 

difficult? 

0 1 2 3 4 5 

14. making it difficult for you to concentrate or 

remember 

        things? 

0 1 2 3 4 5 

15. giving you side effects from the medicine?… 0 1 2 3 4 5 
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16. making you worry? 0 1 2 3 4 5 

17. making you feel depressed? 0 1 2 3 4 5 

18. costing you money for medical expenses? 0 1 2 3 4 5 

19. making you feel a loss of self-control in your life? 0 1 2 3 4 5 

20. making you stay in a hospital? 0 1 2 3 4 5 

21. making you feel you are a burden to your family or 

friends? 

0 1 2 3 4 5 
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APPENDIX B: 36-ITEM SHORT FORM HEALTH SURVEY 

 

1. In general, would you say your health is: 
(Circle one number.) 

Excellent … … … …1 
Very Good … … … …2 
Good … … … … …3 
Fair … … … … …4 
Poor … … … … …5 

 

2. Compared to one year ago, how would you rate your health in general now? 

(Circle one number.) 
Much better now than one year ago … … …1 
Somewhat better now than one year ago 
… 

… …2 
About the same … … … … … …3 
Somewhat worse now than one year ago 
… 

… …4 
Much worse now than one year ago … … …5 

 

The following items are about activities you might do during a typical day. Does your 

health now limit you in these activities?  If so, how much? 

(Circle one number on each line.) 

 

 Yes, 

limited 

a lot 

Yes, 

limited 

a little 

No, 

not 

limited 

at all 

3. Vigorous activities, such as running, lifting heavy 

objects, participating in strenuous sports 

1 2 3 

4. Moderate activities, such as moving a table, pushing a 

vacuum cleaner, bowling, or playing golf 

1 2 3 

5. Lifting or carrying groceries 1 2 3 

6. Climbing several flights of stairs 1 2 3 

7. Climbing one flight of stairs 1 2 3 

8. Bending, kneeling, or stooping 1 2 3 

9. Walking more than a mile 1 2 3 

10. Walking several blocks 1 2 3 

11. Walking one block 1 2 3 

12. Bathing or dressing yourself 1 2 3 
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During the past 4 weeks, have you had any of the following problems with your work 

or other regular daily activities as a result of your physical health? 

(Circle one number on each line.) 

 

 Yes No 

13. Cut down on the amount of time you spent on work or other 

activities 

1 2 

14. Accomplished less than you would like 1 2 

15. Were limited in the kind of work or other activities 1 2 

16. Had difficulty performing the work or other activities (for 

example, it took extra effort) 

1 2 

 

During the past 4 weeks, have you had any of the following problems with your work 

or other regular daily activities as a result of any emotional problems (such as feeling 

depressed or anxious?) 

(Circle one number on each line.) 

 

17. Cut down on the amount of time you spent on 

work or other activities 

Yes 
 

1 

No 
 

2 

18. Accomplished less than you would like 1 2 

19. Didn’t do work or other activities as carefully as usual 1 2 

 

20. During the past 4 weeks, to what extent has your physical health or 

emotional problems interfered with your normal social activities with 

family, friends, neighbors, or groups? 

(Circle one number.) 

 

Not at all … … …1 
Slightly… … … …2 
Moderately … … …3 
Quite a bit … … …4 
Extremely … … …5 

21. How much bodily pain have you had during the past 4 weeks? 

 

(Circle one number.) 
None … … … …1 
Very mild … … …2 
Mild … … … …3 
Moderate … … …4 
Severe  … … … …5 
Very severe … … …6 
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22. During the past 4 weeks, how much did pain interfere with your 

normal work (including both work outside the home and housework)? 
(Circle one number.) 

 

Not at all … … …1 
Slightly… … … …2 
Moderately … … …3 
Quite a bit … … …4 
Extremely … … …5 

 

These questions are about how you feel and how things have been with you 

during the past 4 weeks. For each question, please give the one answer that 

comes closest to the way you have been feeling. 

 

How much of the time during the past 4 weeks: 

(Circle one number on each line.) 
 All 

of 

the 

time 

Most 

of the 

time 

A good 

bit of 

the 

time 

Some of 

the time 

A little 

of the 

time 

None 

of the 

time 

23. Did you feel full of pep? 1 2 3 4 5 6 

24. Have you been a very nervous person? 1 2 3 4 5 6 

25. Have you felt so down in the dumps 

nothing could cheer you up? 

1 2 3 4 5 6 

26. Have you felt calm and peaceful? 1 2 3 4 5 6 

27. Did you have a lot of energy? 1 2 3 4 5 6 

28. Have you felt downhearted and blue? 1 2 3 4 5 6 

29. Did you feel worn out? 1 2 3 4 5 6 

30. Have you been a happy person? 1 2 3 4 5 6 

31. Did you feel tired? 1 2 3 4 5 6 
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32. During the past 4 weeks, how much of the time has your physical 

health or emotional problems interfered with your social activities 

(like visiting friends, relatives, etc.)? 

(Circle one number.) 

 

All of the time  … … …1 
Most of the time … …2 
Some of the time … …3 
A little of the time … …4 
None of the time … …5 

 

How TRUE or FALSE is each of the following statements for you? 

(Circle one number on each line.) 

 Definitely 

true 

Mostly 

true 

Don’t 

know 

Mostly 

False 

Definitely 

false 

I seem to get sick a little 

easier than other people 

1 2 3 4 5 

I am as healthy as anybody 

I know 

1 2 3 4 5 

I expect my health to get 

worse 

1 2 3 4 5 

My health is excellent 1 2 3 4 5 
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