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ORIGINAL RESEARCH

Pragmatic Weight Management Program 
for Patients With Obesity and Heart Failure 
With Preserved Ejection Fraction
Elia C. El Hajj , PhD; Milad C. El Hajj , MD; Brandon Sykes, RN; Melissa Lamicq, BS; Michael R. Zile , MD; 
Robert Malcolm, MD; Patrick M. O’Neil, PhD; Sheldon E. Litwin , MD

BACKGROUND: Obesity is associated with heart failure with preserved ejection fraction (HFpEF). Weight loss can improve ex-
ercise capacity in HFpEF. However, previously reported methods of weight loss are impractical for widespread clinical imple-
mentation. We tested the hypothesis that an intensive lifestyle modification program would lead to relevant weight loss and 
improvement in functional status in patients with HFpEF and obesity.

METHODS AND RESULTS: Patients with ejection fraction >45%, at least 1 objective criteria for HFpEF, and body mass index 
≥30 kg/m2 were offered enrollment in an established 15- week weight management program that included weekly visits for 
counseling, weight checks, and provision of meal replacements. At baseline, 15 weeks, and 26 weeks, Minnesota Living With 
Heart Failure score, 6- minute walk distance, echocardiography, and laboratory variables were assessed. A total of 41 patients 
completed the study (mean body mass index, 40.8 kg/m2), 74% of whom lost >5% of their baseline body weight following the 
15- week program. At 15 weeks, mean 6- minute walk distance increased from 223 to 281 m (P=0.001) and then decreased to 
267 m at 26 weeks. Minnesota Living With Heart Failure score improved from 59.9 to 37.3 at 15 weeks (P<0.001) and 37.06 
at 26 weeks. Changes in weight correlated with change in Minnesota Living With Heart Failure score (r=0.452; P=0.000) and 
6- minute walk distance (r=−0.388; P<0.001).

CONCLUSIONS: In a diverse population of patients with obesity and HFpEF, clinically relevant weight loss can be achieved with 
a pragmatic 15- week program. This is associated with significant improvements in quality of life and exercise capacity.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifier: NCT02911337.
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Many large population studies have shown strong 
and graded associations between obesity and 
incident heart failure (HF).1– 3 This association 

appears to be much stronger for HF with preserved 
ejection fraction (HFpEF) than for HF with reduced 
ejection fraction.1,4 The prevalence of HFpEF is in-
creasing out of proportion to that of HF with reduced 
ejection fraction.5 This shift is thought to be driven in 
substantial part by a continually increasing prevalence 

of obesity6 and low levels of physical activity, particu-
larly in younger patients.7,8

Most treatments that improve outcomes in patients 
with HF with reduced ejection fraction have not had 
a significant impact on HF hospitalizations or mortal-
ity in HFpEF.9– 11 This highlights the need for an alter-
native approach for the treatment of HFpEF. Recent 
studies have shown that large amounts of weight loss 
achieved through bariatric surgery protect against 

Correspondence to: Sheldon E. Litwin, MD, Medical University of South Carolina, Division of Cardiology, 114 Doughty St, MSC 592, Charleston, SC 29425- 
6230. E- mail: litwins@musc.edu

Supplementary Material for this article is available at https://www.ahajo urnals.org/doi/suppl/ 10.1161/JAHA.121.022930

For Sources of Funding and Disclosures, see page 10.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creat ive 
Commo ns Attri bution-NonCo mmercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and 
is not used for commercial purposes. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0001-5064-3467
https://orcid.org/0000-0001-8694-697X
https://orcid.org/0000-0001-7076-221X
mailto:
https://orcid.org/0000-0002-5887-8161
mailto:
https://www.clinicaltrials.gov
mailto:litwins@musc.edu
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.022930
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2021;10:e022930. DOI: 10.1161/JAHA.121.022930 2

El Hajj et al Weight Management for Obesity and HFpEF

incident HF.12– 14 However, lifestyle modification is ap-
plicable to a much broader segment of the population 
with HFpEF and, if effective, would likely be more cost 
effective than surgical weight loss.

Only one prior prospective study has directly ad-
dressed weight loss as a therapy for HFpEF with 
obesity.15 Diet and exercise were both shown to be 
associated with weight loss and improved exercise ca-
pacity. However, the diet intervention involved the pro-
vision of 2 complete meals/day for the duration of the 
study, and the exercise intervention included super-
vised exercise 3 days/week. Although the study design 
was robust and produced proof of concept, the inter-
vention used is not readily scalable to routine clinical 
practice. Furthermore, supervised exercise programs 
are relatively costly and will be impractical for the fore-
seeable future because of the effects of the COVID- 19 
pandemic. Therefore, it remains uncertain whether 
weight loss and its benefits could be safely and practi-
cally achieved using a more easily disseminatable pro-
gram. The purpose of the current study was to use a 
pragmatic design to test the efficacy of a locally run, 

fee- for- service lifestyle intervention program that is 
similar to those available in many parts of the country. 
Although physical activity was prescribed, supervised 
exercise was not part of the program, which makes 
the findings easier to apply in the current healthcare 
environment.

METHODS
The data that support the findings of this study are 
available from the corresponding author on reason-
able request.

Study Protocol and Design
This was a prospective, single- center, unblinded trial 
of intensive lifestyle modification in patients with a clini-
cal diagnosis of HFpEF as well as objective measures 
confirming the diagnosis. The study protocol was ap-
proved by the institutional review board at the Medical 
University of South Carolina. The trial was registered 
at clini caltr ials.gov (NCT02911337). All patients signed 
an informed consent. Inclusion criteria included the 
following: left ventricular (LV) ejection fraction >45%, 
aged 18 to 80 years, body mass index (BMI) >30 kg/
m2, and the ability to complete a 6- minute walk (6MW) 
test (maximum distance, 850 m). Patients had to have 
typical symptoms and/or signs of HF (ie, dyspnea on 
exertion, weight gain, orthopnea, paroxysmal noctur-
nal dyspnea, bendopnea, edema, elevated jugular ve-
nous pressure, and pulmonary rales), requirement for 
diuretic therapy, and 1 major or at least 2 minor criteria. 
Major criteria included the following: brain natriuretic 
peptide (BNP) level >200 ng/L, presence of pulmonary 
edema on chest radiography or computed tomogra-
phy, or elevated LV filling pressures (pulmonary capil-
lary wedge pressure >15 mm Hg at rest or >25 mm Hg 
with exercise, or LV end- diastolic pressure >18 mm Hg). 
Minor criteria included the following: left atrial enlarge-
ment on echocardiography (left atrial volume >68 mL 
or anterior- posterior diameter >4.0 cm), increased LV 
wall thickness (≥1.1 cm), ratio of early transmitral inflow 
velocity/early diastolic velocity of the mitral annulus 
(E/e′) >14 (average of medial and lateral mitral annu-
lar velocity) by echocardiography, or intermediate level 
of BNP (60– 199 ng/L). Exclusion criteria included se-
vere chronic obstructive pulmonary disease, estimated 
glomerular filtration rate <20  mL/min, severe hepatic 
disease, major psychiatric condition, and active ma-
lignancy (other than skin cancers). A complete list of 
exclusion criteria is presented in Data S1.

Patients underwent assessment at baseline, at 
completion of the 15- week lifestyle intervention, and 
at 26- week follow- up. Primary end points were taken 
at the 15- week time point. Measurements done at 
26 weeks were preplanned and intended to assess 

CLINICAL PERSPECTIVE

What Is New?
• Obesity is strongly associated with incident 

heart failure, particularly with preserved ejection 
fraction.

• An intensive lifestyle management program pro-
duced ≈7% loss of body weight in patients with 
documented heart failure with preserved ejec-
tion fraction; this was associated with relevant 
improvements in exercise capacity, quality of 
life, metabolic markers, and echocardiographic 
measures of filling pressures.

What Are the Clinical Implications?
• A relatively standard, commercially available 

lifestyle modification program that includes 
physical activity recommendations, but not su-
pervised exercise, is safe and effective, even in 
people with limited exercise capacity.
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6MW 6- minute walk
E/e′ ratio of mitral early diastolic flow 

velocity/mitral annular velocity
HFpEF heart failure with preserved ejection 
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whether there was maintenance of benefits. However, 
measurements at this time point were primarily ex-
ploratory. The clinical assessment included measure-
ment of weight, waist circumference, blood pressure, 
Minnesota Living With Heart Failure (MLWHF) score, 
6MW test, serum laboratory variables (creatinine, 
blood urea nitrogen, electrolytes, hemoglobin A1c, lip-
ids, BNP, and hs- CRP [high- sensitivity C- reactive pro-
tein]), and echocardiography.

The coprimary end points at 15  weeks were as 
follows: (1) change in quality of life (QOL), measured 
with MLWHF score, and (2) change in 6MW distance. 
Secondary/exploratory end points included echocar-
diographic measures of cardiac structure and func-
tion (left atrial volume, LV chamber dimensions, LV 
mass, LV ejection fraction, E/e′, E deceleration time, 
and tricuspid regurgitation velocity). Safety end points 
included significant changes in serum electrolytes, es-
timated glomerular filtration rate, hypotension, arrhyth-
mias, hypoglycemia, and hospitalizations.

All patients received standard medical treatment for 
coexisting conditions, such as hypertension and dia-
betes. During the study period, medications, such as 
antihypertensive agents, diuretics, or glucose- lowering 
agents, were adjusted as clinically indicated.

Weight Loss Program
We used a multidisciplinary 15- week, intensive lifestyle 
program ordinarily offered on a fee- for- service basis 
but provided at no cost to study participants. The 
program uses a structured dietary intervention that 
includes provision of shakes and nutrition bars to re-
place 2 meals/day for the first 8 weeks, followed by a 
food- based hypocaloric diet. Weekly 30-  to 60- minute 
meetings alternated among exercise specialists, di-
eticians, and psychologists or other behavioral spe-
cialists. Patients work directly with a dietitian to learn 
about hypocaloric, high- quality food choices. Although 
supervised exercise was not part of the program, pa-
tients met with an exercise physiologist who provided 
information, motivation, and a personalized prescrip-
tion for an exercise program and active leisure. This 
exercise plan was reviewed at all subsequent visits. 
Patients were provided a wrist- worn activity monitor to 
record their daily steps. This was used as a motivational 
tool, but data from the devices were not collected for 
the study. An emphasis on long- term, lifestyle choices 
is used to encourage patients to make healthy behav-
ior changes that they can sustain after completing the 
program. The program is outlined in detail in Data S2.

Clinical Assessments
Height and weight were measured using a digital scale 
and a stadiometer. Waist circumference was measured 
at the midpoint between the iliac crest and the lowest 

rib. Seated blood pressure was measured using an 
automated cuff placed over the brachial artery. The av-
erage of 2 readings was reported. Finally, serum was 
collected to monitor renal function, electrolytes, lipids, 
inflammation, and BNP.

Outcomes
The MLWHF questionnaire assesses disease- specific 
QOL using a total score that ranges from 0 to 105, 
with higher scores indicating worse HF- related QOL. 
The 6MW test has been validated for assessment of 
HF limitations.16 Administration of the MLWHF and 
the 6MW test was performed by study coordinators 
who were aware of the patient’s stage in the program. 
Following the 6MW test, subjects quantified their sen-
sation of dyspnea and fatigue (or perceived exertion) 
using the modified Borg scale (range, 0– 10, with 10 
indicating maximal dyspnea or exertion).

Echocardiography
Echocardiography was performed by an experienced 
sonographer in accordance with the American Society 
of Echocardiography guidelines.17 All echocardiograms 
were interpreted by a single, level 3 trained echocardi-
ologist (S.E.L.). All key measurements were performed 
by the cardiologist who was blinded to the individual 
weight changes of the study participants.

Statistical Analysis
A preliminary power analysis was completed using 
data from previously published studies in patients 
with HFpEF who reported 6MW distance and MLWHF 
scores.18 Baseline 6- minute walk distance was 1480 feet 
(SD, 225 feet) and MLWHF score was 32 (SD, 20). With 
a planned enrollment of 65 patients and an assumed 
dropout rate of 20%, we had >90% power to detect a 
10% change in 6MW distance and a 20% change in 
the total MLWHF score. Changes of this magnitude are 
believed to be clinically relevant and have been seen in 
other studies of interventions for HF.18– 20 An α level of 
0.05 was used for power calculations.

Statistical analyses were performed using Sigma 
Plot (Systat Software, San Jose, CA). Normally dis-
tributed data are presented as mean±SD or nonnor-
mally distributed as median (interquartile range) for 
continuous variables. Discrete variables are shown 
as percentages. Primary analyses were conducted 
using 2- tailed, paired t- tests and 1- way ANOVA. We 
compared variables collected at baseline, at the 15- 
week end point, and at 26- week follow- up. The co-
primary end points were the change in 6MW distance 
and the change in the MLWHF score at 15 weeks. The 
6MW distance and MLWHF score were treated as 2 
independent end points and were analyzed as such. 
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Additional clinical end points included New York Heart 
Association score, Borg dyspnea scale, and Borg fa-
tigue scale. Echocardiographic end points were con-
sidered to be preliminary as the study did not have 
sufficient power to detect changes in these param-
eters. Echocardiographic parameters of interest in-
cluded change in E/e′, change in LV mass, and change 
in left atrial volume.

Each patient’s baseline data were used as the 
control condition and compared with the same vari-
ables measured at the 15-  and 26- week time points. 
Patients were excluded from analysis if they did not 
complete the initial 15- week program. The primary 
end point was the 15- week data, and all patients 
were used for this analysis. Findings at 26- week fol-
low- up were a secondary end point. For the 26- week 
analysis, we excluded the patients who completed 
15  weeks, but were lost to follow- up at 26  weeks 
(5 of the 41 patients). Finally, we analyzed the rela-
tionship between change in weight and change in 
outcome variables at 15 weeks using each as a con-
tinuous variable. Linear regression was used to test 
for associations between weight loss and the primary 
outcomes.

RESULTS
Study Participants’ Baseline 
Characteristics
A total of 65 patients with documented HFpEF and a 
BMI >30  kg/m2 signed consent. Five of these never 
began the program, and 19 who started, did not com-
plete the 15- week weight loss program (31.6%) and 
were excluded from the analysis. These 19 patients 
were younger (57.5±12.8 versus 67.0±9.2  years old; 
P=0.002) but otherwise did not differ in demograph-
ics from those who completed at least 15  weeks 
(Table S1). Of the 41 remaining patients, 37 returned 
at 26 weeks. The study flow is shown in Figure 1. The 
mean age of the study participants was 66.9±9.2 years 
(Table 1). Fourteen (34%) of the study participants were 
men, 21 (56%) were White race, and 17 (42%) were 
Black race (Table 1). Baseline characteristics, including 
associated comorbidities and medications used at the 
time of the study, are listed in Table 1.

Anthropometrics and Hemodynamic 
Parameters
Patients were categorized as having class 2 or 3 obe-
sity, with mean BMI of 43 kg/m2, and all met criteria 
for abdominal obesity based on sex- specific waist cir-
cumference cutoffs (Table 2). Significant decreases in 
weight, body surface area, and BMI were observed 
following the completion of the 15- week weight loss 
program (−6.7%, −3.4%, and −6.6% versus baseline, 

respectively; P<0.00001; Table 2). At 26 weeks, there 
was slight weight regain but differences from baseline 
persisted (−5.3%, −3%, and −5% versus baseline, re-
spectively; P<0.00001; Table 2).

At the 2- week assessment, we observed a tran-
sient elevation of blood urea nitrogen from a median 
of 22  mg/dL (interquartile range, 16– 30 mg/dL) at 
baseline to 29 mg/dL (interquartile range, 20.5– 48.5 
mg/dL; P=0.001). In all cases, this resolved. Eight 
patients had reductions in diuretic doses (Table S2), 
3 had reductions in blood pressure medications, 
and 2 had reductions in diabetes medications. By 
15 weeks, there were no differences in measures of 
renal function (Table  3). There was a significant re-
duction in hemoglobin A1c at 15 weeks (−6.1% rela-
tive change versus baseline; P=0.0035; Table 3), and 
a nonsignificant yet strong trend toward reduction 
in fasting glucose and triglyceride levels compared 
with baseline (−12.9% and −11.4% relative change, 
respectively; Table 3). Low-  and high- density lipopro-
teins and BNP did not change.

Effect of Weight Loss on Primary 
Outcomes
Completion of the program at 15 weeks was associ-
ated with significant improvement in both primary end 
points of 6MW distance and MLWHF score. The 6MW 
distance increased from 223 to 281 m, and MLWHF 
score decreased from 59.9 to 37.3, at 15 weeks (29% 
increase [P=0.001] and 37% decrease [P=0.00002], 
respectively, versus baseline; Figure  2). These im-
provements persisted at 26  weeks (24.2% [P=0.03] 
and −36.4% [P=0.0003], respectively, versus baseline; 
Figure 2); P<0.05 by 1- way ANOVA. Changes in weight 
correlated with change in MLWHF score (r=0.452; 
P<0.001) and 6MW distance at 15 weeks (r=−0.388; 
P<0.001).

Figure 1. Study design.
Sixty- five patients were initially enrolled in the study. Twenty- four 
dropped out, and 41 successfully completed the 15- week weight 
loss program. A total of 37 of the 41 study participants returned 
at 26  weeks for data collection. *The interval for quality- of- life 
questionnaires (Minnesota Living With Heart Failure, New York 
Heart Association, and Borg dyspnea and fatigue scores, as well 
as laboratory, echocardiographic, and 6- minute walk testing).
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Effect of Weight Loss on Secondary 
Outcomes
The New York Heart Association class modestly, but 
significantly, improved from a mean of 2.73 at baseline 
to 2.46 at 26 weeks (P=0.005; Figure 3). Weight loss 
was associated with improved Borg dyspnea score 
at the completion of the 15- week program (−34.7% 
decrease [P=0.006] versus baseline; Figure  3). The 
reduction in the subjective sensation of dyspnea per-
sisted at 26 weeks (−32.9% [P=0.042] versus baseline; 
Figure 3). Furthermore, the Borg fatigue score, a self- 
assessment of perceived exertion, was significantly 
improved at the completion of the 15- week program 
(−36.4% [P=0.017] versus baseline; Figure  3). The 
reduction in fatigue persisted at 26  weeks (−27.3% 
[P=0.034] at 26 weeks versus baseline; Figure 3). We 
further analyzed the data using a 1- way ANOVA, but no 
significant changes were observed in the secondary 
end points. Overall, these secondary outcomes further 
support the favorable impact of short- term weight loss 
on functional status and quality of life.

Cardiac Structure and Function
No significant changes were observed in resting sys-
tolic blood pressure, diastolic blood pressure, heart 
rate, and O2 saturation (Table 2). We did not observe 
significant changes in LV end diastolic volume, LV 
wall thickness, LV mass, or left atrial volume (Table 4) 
Likewise, LV ejection fraction did not change. This was 
expected because the ejection fractions were all nor-
mal or minimally reduced at baseline by study design. 
There was no change at 15 weeks in E/e′. However, 

Table 1. Baseline Characteristics of Study Participants

Variable Values

Age, mean±SD, y 67.0±9.2

Men, n/total (%) 14/41 (34.2)

Race, n/total (%)

White 21/41 (56.1)

Black 17/41 (41.5)

Other 1/41 (2.4)

Comorbidities, n/total (%)

Diabetes 24/41 (58.5)

Hypertension 37/40 (92.5)

CKD 9/41 (21.9)

Atrial fibrillation 9/41 (21.9)

Prior ablation 4/41 (9.76)

COPD 13/41 (31.7)

Asthma 14/41 (34.1)

OSA 32/41 (78.1)

PE 3/41 (7.3)

CAD 11/41 (26.8)

CABG 2/41 (4.8)

DES 9/41 (21.9)

Arthritis 33/41 (80.5)

Pacemaker, n/total (%) 3/41 (7.3)

Abdominal surgery, n/total (%) 13/41 (31.7)

Bariatric surgery, n/total (%) 1/41 (2.44)

Recent HF admission, n/total (%) 6/41 (14.6)

Alcohol use, n/total (%) 8/41 (19.5)

Medications, n/total (%)

β Blocker 20/41 (48.8)

ACEi or ARB 21/41 (51.2)

MRA 20/41 (48.8)

Loop diuretic 33/41 (80.5)

Thiazide 8/41 (19.5)

Calcium channel blocker 13/41 (31.7)

Antiarrhythmic 3/41 (7.3)

Nitrate 11/41 (26.8)

Albuterol 9/41 (21.9)

Antiplatelet 17/41 (41.5)

Anticoagulant 7/41 (17.1)

Statin 17/41 (41.4)

Insulin 9/41 (21.9)

Metformin 6/41 (14.6)

Sulfonylurea 5/41 (12.2)

Pioglitazone 1/41 (2.4)

SGLT2 inhibitor 1/41 (2.4)

ACEi indicates angiotensin- converting- enzyme inhibitor; ARB, angiotensin 
receptor blocker; CABG, coronary artery bypass grafting; CAD, coronary 
artery disease; CKD, chronic kidney disease; COPD, chronic obstructive 
pulmonary disease; DES, drug- eluting stent; HF, heart failure; MRA, 
mineralocorticoid receptor antagonist; OSA, obstructive sleep apnea; PE, 
pulmonary embolism; and SGLT2, sodium- glucose transport protein 2.

Table 2. Allometric Data and Vital Signs

Variable
Baseline 
(n=41) 15 wk (n=41) 26 wk (n=37)

Height, cm 166.97±13.05 … …

Weight, kg 120.76±19.05 112.65±20.18* 114.332±19.8†

Body surface 
area, m2

2.36±0.25 2.28±0.26* 2.29±0.25†

Body mass index, 
kg/m2

43.65±8.42 40.75±8.87* 41.46±9.44†

Waist size, cm 125.54±14.32 118.86±16.24* 121.86±15.30

Systolic blood 
pressure, mm Hg

129.22±18.97 127.55±17.94 134.36±22.17

Diastolic blood 
pressure, mm Hg

76.14±12.87 77.30±10.93 78.31±13.97

Heart rate, beats/
min

88.19±18.09 85.29±16.50 85.71±16.72

O2 saturation, % 94.97±4.79 95.65±2.67 95.96±2.76

Reported values are expressed as means±SD.
*P<0.05, baseline vs 15 weeks.
†P<0.05, baseline vs 26 weeks.
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we observed a significant decrease in E/e′ at 26 weeks 
(−14.8% [P=0.0024] versus baseline; Table 4). Estimated 
pulmonary artery systolic pressure showed a mild de-
cline, but it was not significant, likely because of low 
numbers (only 70% of patients had measurable tricus-
pid regurgitation velocities). Overall, there were no de-
finitive changes in cardiac structure or function, other 
than a suggestion of reduction in LV filling pressures at 
the 26- week time point.

Safety
Twenty- one adverse events occurred in 16 unique pa-
tients and were associated with emergency department 

visits during the study period (Table S3). Of these ad-
verse events, only 7 were cardiac in nature. Only 4 pa-
tients with adverse events started but did not complete 
the study: 1 died of a pulmonary embolism in the set-
ting of a newly diagnosed malignancy, 1 had a chronic 

Table 3. Laboratory Measurements

Variable
Baseline 
(n=41) 15 wk (n=41) 26 wk (n=37)

Creatinine, mg/dL 1.34±0.49 1.32±0.56 1.35±0.55

BUN, mg/dL 25.3±12.33 26.1±13.84 29.03±19.45

eGFR, mL/min 45.84±11.51 47.69±11.65 46.41±12.61

Hemoglobin A1c, 
%

6.9±1.51 6.48±1.53* 6.81±1.65

Glucose, g/dL 148.73±71.31 129.54±74.65 135.97±70.44

LDL, mg/dL 91.68±36.12 91.8±35.5 95.21±33.89

HDL, mg/dL 44.39±15.14 43.31±12.18 45.94±13.26

Triglyceride, mg/dL 161.66±108.3 143.23±77.5 154.94±111.13

BNP, pg/mL 108.85±161.3 114.7±230.44 110.09±247.69

Hemoglobin, g/dL 12.93±1.93 13.1±1.93 12.84±1.99

hs- CRP, mg/L 1.08±1.07 0.95±0.91 1.26±2.09

Reported values are expressed as means±SD. BNP indicates brain 
natriuretic peptide; BUN, blood urea nitrogen; eGFR, estimated glomerular 
filtration rate; HDL, high- density lipoprotein; hs- CRP, high- sensitivity C- 
reactive protein; and LDL, low- density lipoprotein.

*P<0.05, baseline vs 15 weeks.

Figure 2. Weight loss at 15  weeks was associated with 
significantly improved 6- minute walk test (6MWT) and 
Minnesota Living With Heart Failure (MLWHF) score, 
indicative of improved quality of life.
The beneficial effects of the weight loss intervention on 
6MWT and MLWHF score persisted until 26  weeks. Statistical 
significance is denoted. *P<0.05, baseline vs 15 weeks; †P<0.05, 
baseline vs 26 weeks.

Figure 3. Weight loss significantly improved New York 
Heart Association (NYHA) functional score, as well as the 
Borg dyspnea (BORGD) and Borg fatigue (BORGF) scores at 
both 15 and 26 weeks.
Statistical significance is denoted. *P<0.05, baseline vs 15 weeks; 
†P<0.05, baseline vs 26 weeks.

Table 4. Echocardiographic Measurements

Variable Baseline (n=41) 15 wk (n=41) 26 wk (n=37)

LV mass, g 232.25±74.05 223.06±57.76 232.71±65.68

LVEDV, mL 110.31±40.19 107.93±32.96 111.79±31.91

LVESV, mL 41.05±29.16 36.25±17.46 34.61±16.56

Posterior wall 
thickness, mm

1.23±0.49 1.24±0.49 1.31±0.77

Septal wall 
thickness, mm

1.25±0.27 1.24±0.22 1.18±0.22

LAESV, mL 75.1±29.84 73.44±26.04 78.65±18.37†

LVEF, % 65.6±7.96 64.5±6.9 66.06±9.4

E, cm/s 92.8±26.5 87.1±23.6* 89.5±28.2

E deceleration 
time, ms

230.3±51.6 240.4±65.1 214.5±65.9

A, cm/s 82.8±38.8 81.7±43.0 89.2±43.8

E/A 1.16±0.75 1.06±0.60 1.02±0.45

e’ Septal, cm/s 6.95±2.22 6.50±2.38 7.36±2.24

e’ Lateral, cm/s 7.89±2.5 8.06±2.3 8.75±2.29†

E/e′ 13.93±6.84 13.59±7.88 11.87±5.59†

RV diameter, mm 40.49±5.91 40.40±8.42 42.19±6.66

TAPSE, mm 23.09±4.68 21.23±5.28 23±4.46

RAP, mm Hg 3.65±2.33 3.58±1.81 3.76±1.82

RVSP, mm Hg 34.7±9.9 31.79±8.19 30.7±10.0

Reported values are expressed as means±SD. A indicates late diastolic 
mitral inflow velocity; E, early diastolic mitral inflow velocity; e’, early diastolic 
mitral annular tissue velocity; LAESV, left atrial end systolic volume; LV, 
left ventricular; LVEDV, LV end diastolic volume; LVEF, LV ejection fraction; 
LVESV, LV end systolic volume; RAP, right atrial pressure; RV diameter, 
right ventricular basal diameter; RVSP, right ventricle systolic pressure; and 
TAPSE, tricuspid annular plane systolic excursion.

*P<0.05, baseline vs 15 weeks.
†P<0.05, baseline vs 26 weeks.
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obstructive pulmonary disease exacerbation second-
ary to an upper respiratory tract infection, 1 had an HF 
exacerbation after increased dietary salt consumption, 
and 1 presented with severe hyponatremia secondary 
to psychogenic polydipsia. Medication changes oc-
curred throughout the study to curtail potential adverse 
events. Of the 8 patients requiring reduced diuretic 
dosing, 5 had elevation of serum blood urea nitrogen 
or creatinine detected on routine laboratory testing. 
Of the 3 patients requiring reduced antihypertensive 
dosing, 2 were hypotensive during routine follow- up 
and 1 presented to the emergency department with 
hypotension. Of the 2 patients requiring reduced an-
tiglycemic dosing, 1 had asymptomatic hypoglycemia 
on routine follow- up.

DISCUSSION
Obesity and HFpEF
Many epidemiological studies have shown strong and 
graded links between obesity and incident HF.1,3,4 The 
persistently growing prevalence of obesity is thought 
to contribute specifically to the increasing incidence of 
HFpEF.21 Some investigators have suggested there is 
a unique phenotype of HFpEF associated with obesity 
in which excess fat both directly and indirectly leads to 
increases in LV mass and cardiac filling pressures.22,23 
Thus, weight reduction seems like an obvious target for 
patients with HFpEF, but weight management is sur-
prisingly not well studied for this purpose. This is prob-
ably caused, at least in part, by the fact that meaningful 
weight loss is difficult to achieve and more difficult to 
sustain in any population.24 The challenge of producing 
and maintaining significant fat loss may be particularly 
pronounced in patients with exercise limitations result-
ing from HF. In the current pragmatic study, a struc-
tured, short- term weight loss program for participants 
with HFpEF with obesity was associated with clinically 
relevant weight reduction; and the degree of weight loss 
correlated with improved QOL and increased submaxi-
mal exercise capacity. More important, the intervention 
was an existing multidisciplinary lifestyle modification 
program incorporating the core elements of similar pro-
grams shown to produce meaningful weight loss. The 
program offers exercise counseling but does not incor-
porate a supervised exercise component. This is impor-
tant because supervised exercise is relatively costly and 
will be less feasible in the foreseeable future because 
of the ongoing effects of the COVID- 19 pandemic. That 
this type of program is safe, effective, and capable of 
producing clinically relevant weight loss and positive im-
pacts on QOL implies broad applicability to the large 
population with HFpEF and obesity.

Obesity likely plays both direct (ie, mechani-
cal, hemodynamic, or hormonal) and indirect (ie, via 

associated comorbidities) roles in the pathophysiolog-
ical characteristics of HFpEF. LV hypertrophy or con-
centric LV remodeling and left atrial enlargement are 
frequent in obese patients.4 These changes in cardiac 
geometry may contribute to the symptoms of HF, at 
least in part, because of impaired LV diastolic filling. In 
addition, the size and location of fat depots, particularly 
epicardial fat, have been hypothesized to contribute 
to the pathophysiological characteristics of HFpEF.25 
More important, there is no direct treatment to reduce 
epicardial fat other than systemic weight loss. This 
study could not assess changes in the volume of spe-
cific fat beds. However, prior work shows that weight 
loss is associated with greater reductions in visceral 
and epicardial adipose tissue than reductions in sub-
cutaneous adipose tissue.26

Beneficial Effects of Weight Loss on 
HFpEF
Multiple studies have shown that surgically induced 
weight loss is associated with improvements in car-
diac structure and function in severely obese pa-
tients.12,13,27 In the Utah Obesity Study, weight loss 
achieved by bariatric surgery was associated with re-
duction in LV mass, reduction in left atrial volume, and 
improved midwall fractional shortening compared with 
a matched control group.12 Surgical weight loss is also 
associated with reduction in visceral and epicardial fat 
volumes.26 However, there are no prospective studies 
evaluating bariatric surgery specifically in patients with 
established HFpEF. Such studies will be difficult to per-
form as surgical weight loss procedures are costly and 
not practical for a large proportion of patients.

It is generally believed that weight loss of 7% to 
10% is the amount needed to achieve significant im-
provement in hypertension, diabetes, nonalcoholic 
fatty liver disease, and atrial fibrillation events.18,28,29 
However, 5% placebo- subtracted body weight loss is 
the metric that has been used by the US Food and 
Drug Administration for approval of weight loss medi-
cations.30 In the current study, mean weight loss was 
8.1 kg (−6.7%). Although significantly more weight loss 
can be achieved with bariatric surgery, lifestyle ap-
proaches should be implemented first and are gen-
erally required as a precursor to performing surgical 
weight loss procedures. Other approaches using 
medical interventions in conjunction with lifestyle in-
terventions have also proven effective for weight loss, 
as evidenced by recent data that showed 15% body 
weight loss with semaglutide.31 However, those studies 
were conducted primarily on women in their mid- 40s 
with no history of diabetes or heart disease.31 In pa-
tients with diabetes, semaglutide produced a smaller 
weight loss of ≈9%, which is only modestly more than 
what was seen in the current study.32 No published 
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studies have to date assessed the utility of semaglu-
tide in patients with HFpEF or risk factors analogous to 
those in our subjects. The substantial costs of sema-
glutide and other newer weight loss medications may 
be prohibitive for many patients. Together, these fac-
tors highlight the importance of approaches to weight 
loss using combined lifestyle interventions.

Several small- medium sized studies have evaluated 
the role of exercise as a treatment for patients with 
HFpEF.18– 20 These studies have shown that exercise 
training is safe and moderately effective, with an in-
crease in 6MW distance or peak oxygen consumption 
by 10% to 15%.18– 20 In the aforementioned studies, ex-
ercise alone was also associated with modest, but sig-
nificant, improvements in MLWHF.18– 20 Weight loss was 
reported in only one of these studies and was modest 
(−4.3 kg).33 The degree of improvement in 6MW dis-
tance (29%) in our study is comparable to, or better 
than, the increases in exercise capacity observed in 
the above studies, which tested more direct exercise 
interventions.

Only 1 prior study has evaluated hypocaloric diet 
as means of achieving weight loss and improving ex-
ercise capacity or QOL in patients with HFpEF and 
obesity.15 Kitzman et al randomly assigned 100 pa-
tients with HFpEF to diet, exercise, exercise plus diet, 
or control.15 In that study, the groups randomized to 
reduced calorie diet were supplied 2 complete, pre-
prepared meals/day (lunch and dinner) for the duration 
of the study (20  weeks). Those assigned to exercise 
had supervised exercise (primarily walking) sessions 3 
times per week for 20 weeks. Patients in the diet group 
lost 7% body weight, and those in the exercise group 
lost 3%. The study showed that both diet and exer-
cise were associated with increased peak maximal ox-
ygen consumption (8– 9%), and the combination was 
more effective than either alone (17%).15 Interestingly, 
they did not observe a significant change in MLWHF 
score or in echocardiographic parameters, including 
LV mass or E/e′, whereas LV mass measured by mag-
netic resonance imaging decreased slightly by 4 g.15 
Although the study design was elegant, it will be dif-
ficult to reproduce the intervention in routine clinical 
practice. Thus, we designed a pragmatic, prospective 
study to extend the findings of Kitzman et al to a poten-
tially broader population.

Impact of Weight Loss on QOL in Obese 
Patients With HFpEF
In the present study, we demonstrated that loss of 
≈7% body weight was associated with a 37% de-
crease in MLWHF score and a 29% increase in 6MW 
distance at completion of the 15- week program, com-
pared with baseline. These changes persisted at the 
26- week follow- up, with a 36.4% decrease in MLWHF 

and a 24.2% increase in 6MW distance compared with 
baseline. The magnitude of changes is in alignment 
with previous studies that assessed the impact of ex-
ercise training on QOL measures and cardiac function 
in patients with HFpEF.18– 20,33,34 Gary and colleagues 
demonstrated that a 12- week exercise and educa-
tion program, targeting women with HFpEF, resulted 
in a 24.2% increase in 6MW distance (840– 1043 feet) 
and a 41.5% decrease in MLWHF score (41 to 24).34 
Another study conducted by Kitzman and colleagues 
demonstrated that 16  weeks of supervised exercise 
for patients with HFpEF resulted in an 11% increase in 
6MW distance (1494– 1659 feet) and a 21.9% decrease 
in MLWHF score (32 to 25), without any significant dif-
ferences in echocardiographic parameters.18 Edelman 
and colleagues showed that a 24- week program of ex-
ercise therapy resulted in a 32% decrease in MLWHF 
score, which was associated with improvements in 
cardiac structural parameters.19 Smart and colleagues 
reported that a 16- week exercise program resulted in 
a 13.9% decrease in MLWHF, without any associated 
alterations in cardiac structural parameters.33 Our find-
ings suggest that supervised exercise is not manda-
tory to achieve improvements in exercise capacity and 
that successful dietary weight loss and counseling 
are perhaps as important, or even more important, in 
achieving this goal.

Impact of Weight Loss on Cardiac 
Structure
Prior studies provide some conflicting evidence on 
whether short- term lifestyle interventions (mainly exer-
cise) produce significant changes in cardiac structure 
and function. Kitzman and Smart did not observe any 
significant improvements in cardiac structural or func-
tional parameters following a 16- week exercise pro-
gram.18,20,33 On the other hand, Edelman demonstrated 
that 24 weeks of exercise therapy were associated with 
a reduction in E/e′ (12.8 to 10.5), suggesting lowering 
of LV filling pressures.19 In the present study, we ob-
served no changes in cardiac structure, and the only 
suggestion of functional improvement was reduction 
in E/e′ at 26 weeks. This suggests that the benefits of 
the intervention on 6MW distance and QOL were likely 
related, at least in part, to noncardiac factors. Potential 
reduction in LV filling pressures could be contributory. 
Several prior studies suggest that peripheral adapta-
tions, particularly in skeletal muscle, mediate much of 
the improvement in exercise capacity after completion 
of an exercise training program,15 and our results are 
consistent with that interpretation.

In the present study, we observed changes in 
MLWHF score and 6MW test of a larger magnitude 
compared with most of the other published stud-
ies.18– 20,33 We think this is likely a direct benefit of weight 
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reduction, as little weight loss was seen with most iso-
lated exercise interventions. The degree of weight loss 
that we observed was associated with modest but 
significant metabolic benefits, as evidenced by reduc-
tion in hemoglobin A1c (−6.1% relative decrease) and 
trends toward lower fasting glucose and triglyceride 
levels. At 11  weeks following successful completion 
of the program, we observed trends suggesting some 
degree of early weight regain and attenuation in the im-
provements in 6MW distance and Borg fatigue scale. 
This highlights the well- known challenge of maintain-
ing long- term benefits from lifestyle interventions and 
highlights the need for studies addressing adjunctive 
approaches to maintaining and increasing the favor-
able effects of lifestyle interventions.

Our study had high percentages of female and 
Black participants. This is important because these 
subgroups are underrepresented in most cardiovas-
cular trials. More important, female and Black patients 
have higher prevalence of obesity than most other de-
mographic groups. Although these groups were too 
small for meaningful statistical analyses, we did not 
see any trends to suggest that their responses were 
different than those of the overall study cohort.

Study Limitations
Despite the direct clinical relevance of the findings, 
there are several limitations. First, the final sample size 
was relatively small. A total of 19 of the 60 (32%) who 
attended at least 1 visit did not complete the study. 
This was expected and likely reflects the success 
rates that might be achieved in real- world applications 
of dietary interventions. These data may inform the 
design of subsequent trials. Those participants who 
did not complete the intervention were not included 
in the analyses and may have had worse outcomes 
compared with those participants who completed the 
study. Current treatment options are limited in patients 
with HFpEF and obesity, and this growing popula-
tion is in desperate need of a practical approach to 
combating the combined effects of these diseases. 
As such, both clinicians and patients might find it en-
couraging that two thirds of the patients were able to 
complete the intervention despite the substantial effort 
and time commitment required. Second, despite sig-
nificant weight loss, BMI at the end of the study was 
still >40 kg/m2. Thus, other treatments in addition to 
the lifestyle intervention will be needed to gain maxi-
mal benefit. Bariatric surgery might be such an option. 
However, our patients had a mean age of 67 years, a 
confirmed diagnosis of HFpEF, and frequent comor-
bidities, which collectively might make them subopti-
mal candidates for weight loss surgery. Third, the study 
lacked a control group, and QOL measures, including 
MLWHF score and 6MW, were performed by study 

coordinators who were aware of the patient’s stage in 
the program. Fourth, in patients with HF, weight loss 
could be attributable to extravascular fluid loss, rather 
than reduction in fat stores. We think this is unlikely to 
be the main mechanism as all of the patients enrolled 
had stable HF and none had overt volume overload. 
Moreover, 8 of the 41 patients had reductions in diuretic 
dosing during the intervention. In addition, because we 
did not assess body composition, it is unknown what 
proportion of weight lost is attributed to adipose tis-
sue versus muscle loss. Fifth, the amount of weight 
loss achieved was good for a lifestyle intervention and 
comparable to what is obtained with semaglutide in 
patients with diabetes, but much less than what can 
be produced with bariatric surgery. Sixth, it is difficult 
to determine whether the benefits were directly related 
to changes in cardiovascular function or improved 
metabolic state, skeletal muscle function, and other 
physiologic factors. Nonetheless, we saw substantial 
benefit on clinical and metabolic parameters. Last, this 
was a short- term intervention. Although our data show 
sustained benefits out to 6 months (≈3 months after 
completion of the program), gradual weight recidivism 
after this time point is likely. Strategies to maintain the 
short- term weight loss and associated benefits will be 
needed to improve longer- term outcomes.

CONCLUSIONS
In conclusion: (1) patients with symptomatic HFpEF 
can lose clinically relevant amounts of weight using a 
relatively standard lifestyle intervention that does not 
require supervised exercise, (2) this amount of weight 
loss was safe and associated with significant improve-
ments in QOL and exercise tolerance that are compa-
rable or greater in magnitude than those reported in 
many HF trials using other effective treatments, and (3) 
weight loss in patients with HFpEF can have a benefi-
cial impact on cardiac function and metabolic parame-
ters and may be associated with reductions in doses of 
diuretics, antihypertensive agents, and diabetes medi-
cations. Future studies will need to include a greater 
number of participants with longer duration of follow-
 up to determine whether the benefits can be sustained 
and if there are differences in outcomes, such as HF 
hospitalizations.

ARTICLE INFORMATION
Received June 26, 2021; accepted September 7, 2021.

Affiliations
Department of Physiology, Louisiana State University, New Orleans, 
LA (E.C.E.H.); Texas Heart Institute, Houston, TX (M.C.E.H.); Division of 
Cardiology, Medical University of South Carolina, Charleston, SC (B.S., 
M.L., M.R.Z., S.E.L.); Ralph J. Johnson Veterans Affairs Medical Center, 
Charleston, SC (M.R.Z., S.E.L.); and Department of Psychiatry and Behavioral 



J Am Heart Assoc. 2021;10:e022930. DOI: 10.1161/JAHA.121.022930 10

El Hajj et al Weight Management for Obesity and HFpEF

Sciences, Weight Management Center, Medical University of South Carolina, 
Charleston, SC (R.M., P.M.O.).

Acknowledgments
We wish to acknowledge the contributions of the study coordinators: Kayla 
Moses, Renee Baxley, and Tanja Ashe.

Sources of Funding
This was work supported by internal funding from the South Carolina Smart 
State Center of Economic Excellence.

Disclosures
None.

Supplementary Material
Data S1– S2
Tables S1– S3

REFERENCES
 1. Turkbey EB, McClelland RL, Kronmal RA, Burke GL, Bild DE, Tracy RP, 

Arai AE, Lima JA, Bluemke DA. The impact of obesity on the left ventri-
cle: the Multi- Ethnic Study of Atherosclerosis (MESA). JACC Cardiovasc 
Imaging. 2010;3:266– 274. doi: 10.1016/j.jcmg.2009.10.012

 2. McMurray JJ, Carson PE, Komajda M, McKelvie R, Zile MR, Ptaszynska 
A, Staiger C, Donovan JM, Massie BM. Heart failure with preserved 
ejection fraction: clinical characteristics of 4133 patients enrolled in the 
I- PRESERVE trial. Eur J Heart Fail. 2008;10:149– 156. doi: 10.1016/j.
ejhea rt.2007.12.010

 3. Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an in-
dependent risk factor for cardiovascular disease: a 26- year follow- up of 
participants in the Framingham Heart Study. Circulation. 1983;67:968– 
977. doi: 10.1161/01.CIR.67.5.968

 4. Avelar E, Cloward TV, Walker JM, Farney RJ, Strong M, Pendleton RC, 
Segerson N, Adams TD, Gress RE, Hunt SC, et al. Left ventricular hy-
pertrophy in severe obesity: interactions among blood pressure, noc-
turnal hypoxemia, and body mass. Hypertension. 2007;49:34– 39. doi: 
10.1161/01.HYP.00002 51711.92482.14

 5. Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, Redfield 
MM. Trends in prevalence and outcome of heart failure with preserved 
ejection fraction. N Engl J Med. 2006;355:251– 259. doi: 10.1056/
NEJMo a052256

 6. Shin D, Bohra C, Kongpakpaisarn K, Lee ES. Increasing trend in 
the prevalence of abdominal obesity in the United States during 
2001– 2016. J Am Coll Cardiol. 2018;71:A1737. doi: 10.1016/S0735 
- 1097(18)32278 - 2

 7. Dishman RK, McIver KL, Dowda M, Pate RR. Declining physical activ-
ity and motivation from middle school to high school. Med Sci Sports 
Exerc. 2018;50:1206– 1215. doi: 10.1249/MSS.00000 00000 001542

 8. Corder K, Sharp SJ, Atkin AJ, Griffin SJ, Jones AP, Ekelund U, van Sluijs 
EMF. Change in objectively measured physical activity during the tran-
sition to adolescence. Br J Sports Med. 2015;49:730– 736. doi: 10.1136/
bjspo rts- 2013- 093190

 9. Cleland JG, Pellicori P, Dierckx R. Clinical trials in patients with heart 
failure and preserved left ventricular ejection fraction. Heart Fail Clin. 
2014;10:511– 523. doi: 10.1016/j.hfc.2014.04.011

 10. Pandey A, Parashar A, Kumbhani D, Agarwal S, Garg J, Kitzman D, 
Levine B, Drazner M, Berry J. Exercise training in patients with heart 
failure and preserved ejection fraction: meta- analysis of randomized 
control trials. Circ Heart Fail. 2015;8:33– 40. doi: 10.1161/CIRCH EARTF 
AILURE.114.001615

 11. Holland DJ, Kumbhani DJ, Ahmed SH, Marwick TH. Effects of treat-
ment on exercise tolerance, cardiac function, and mortality in heart fail-
ure with preserved ejection fraction: a meta- analysis. J Am Coll Cardiol. 
2011;57:1676– 1686. doi: 10.1016/j.jacc.2010.10.057

 12. Owan T, Avelar E, Morley K, Jiji R, Hall N, Krezowski J, Gallagher J, 
Williams Z, Preece K, Gundersen N, et al. Favorable changes in car-
diac geometry and function following gastric bypass surgery: 2- year 
follow- up in the Utah obesity study. J Am Coll Cardiol. 2011;57:732– 739. 
doi: 10.1016/j.jacc.2010.10.017

 13. Miranda WR, Batsis JA, Sarr MG, Collazo- Clavell ML, Clark MM, 
Somers VK, Lopez- Jimenez F. Impact of bariatric surgery on quality 

of life, functional capacity, and symptoms in patients with heart failure. 
Obes Surg. 2013;23:1011– 1015. doi: 10.1007/s1169 5- 013- 0953- 8

 14. Adams TD, Davidson LE, Litwin SE, Kolotkin RL, LaMonte MJ, Pendleton 
RC, Strong MB, Vinik R, Wanner NA, Hopkins PN, et al. Health benefits 
of gastric bypass surgery after 6 years. JAMA. 2012;308:1122– 1131. doi: 
10.1001/2012.jama.11164

 15. Kitzman DW, Brubaker P, Morgan T, Haykowsky M, Hundley G, Kraus 
WE, Eggebeen J, Nicklas BJ. Effect of caloric restriction or aerobic 
exercise training on peak oxygen consumption and quality of life in 
obese older patients with heart failure with preserved ejection frac-
tion: a randomized clinical trial. JAMA. 2016;315:36– 46. doi: 10.1001/
jama.2015.17346

 16. Giannitsi S, Bougiakli M, Bechlioulis A, Kotsia A, Michalis LK, Naka KK. 
6- Minute walking test: a useful tool in the management of heart failure 
patients. Ther Adv Cardiovasc Dis. 2019;13:1753944719870084. doi: 
10.1177/17539 44719 870084

 17. Mitchell C, Rahko PS, Blauwet LA, Canaday B, Finstuen JA, Foster 
MC, Horton K, Ogunyankin KO, Palma RA, Velazquez EJ. Guidelines 
for performing a comprehensive transthoracic echocardiographic ex-
amination in adults: recommendations from the American Society 
of Echocardiography. J Am Soc Echocardiogr. 2019;32:1– 64. doi: 
10.1016/j.echo.2018.06.004

 18. Kitzman DW, Brubaker PH, Morgan TM, Stewart KP, Little WC. Exercise 
training in older patients with heart failure and preserved ejection 
fraction: a randomized, controlled, single- blind trial. Circ Heart Fail. 
2010;3:659– 667. doi: 10.1161/CIRCH EARTF AILURE.110.958785

 19. Edelmann F, Gelbrich G, Düngen H- D, Fröhling S, Wachter R, 
Stahrenberg R, Binder L, Töpper A, Lashki DJ, Schwarz S, et al. 
Exercise training improves exercise capacity and diastolic function in 
patients with heart failure with preserved ejection fraction: results of the 
Ex- DHF (Exercise training in Diastolic Heart Failure) pilot study. J Am 
Coll Cardiol. 2011;58:1780– 1791. doi: 10.1016/j.jacc.2011.06.054

 20. Kitzman DW, Brubaker PH, Herrington DM, Morgan TM, Stewart KP, 
Hundley WG, Abdelhamed A, Haykowsky MJ. Effect of endurance ex-
ercise training on endothelial function and arterial stiffness in older pa-
tients with heart failure and preserved ejection fraction: a randomized, 
controlled, single- blind trial. J Am Coll Cardiol. 2013;62:584– 592. doi: 
10.1016/j.jacc.2013.04.033

 21. Oktay AA, Rich JD, Shah SJ. The emerging epidemic of heart failure 
with preserved ejection fraction. Curr Heart Fail Rep. 2013;10:401– 410. 
doi: 10.1007/s1189 7- 013- 0155- 7

 22. Borlaug BA. The pathophysiology of heart failure with preserved ejec-
tion fraction. Nat Rev Cardiol. 2014;11:507– 515. doi: 10.1038/nrcar 
dio.2014.83

 23. Koepp KE, Obokata M, Reddy YNV, Olson TP, Borlaug BA. 
Hemodynamic and functional impact of epicardial adipose tissue 
in heart failure with preserved ejection fraction. JACC Heart Fail. 
2020;8:657– 666. doi: 10.1016/j.jchf.2020.04.016

 24. Wing RR, Hill JO. Successful weight loss maintenance. Annu Rev Nutr. 
2001;21:323– 341. doi: 10.1146/annur ev.nutr.21.1.323

 25. Kitzman DW, Shah SJ. The HFpEF obesity phenotype: the elephant 
in the room. J Am Coll Cardiol. 2016;68:200– 203. doi: 10.1016/j.
jacc.2016.05.019

 26. Hunt SC, Davidson LE, Adams TD, Ranson L, McKinlay RD, Simper 
SC, Litwin SE. Associations of visceral, subcutaneous, epicardial, 
and liver fat with metabolic disorders up to 14 years after weight loss 
surgery. Metab Syndr Relat Disord. 2021;19:83– 92. doi: 10.1089/
met.2020.0008

 27. Samaras K, Connolly SM, Lord RV, Macdonald P, Hayward CS. Take 
heart: bariatric surgery in obese patients with severe heart failure: 
two case reports. Heart Lung Circ. 2012;21:847– 849. doi: 10.1016/j.
hlc.2012.05.783

 28. Promrat K, Kleiner DE, Niemeier HM, Jackvony E, Kearns M, Wands 
JR, Fava JL, Wing RR. Randomized controlled trial testing the effects of 
weight loss on nonalcoholic steatohepatitis. Hepatology. 2010;51:121– 
129. doi: 10.1002/hep.23276

 29. Pathak RK, Middeldorp ME, Meredith M, Mehta AB, Mahajan R, Wong 
CX, Twomey D, Elliott AD, Kalman JM, Abhayaratna WP, et al. Long- 
term effect of goal- directed weight management in an atrial fibrilla-
tion cohort: a long- term follow- up study (LEGACY). J Am Coll Cardiol. 
2015;65:2159– 2169. doi: 10.1016/j.jacc.2015.03.002

 30. Colman E. Food and Drug Administration’s obesity drug guidance doc-
ument: a short history. Circulation. 2012;125:2156– 2164. doi: 10.1161/
CIRCU LATIO NAHA.111.028381

https://doi.org/10.1016/j.jcmg.2009.10.012
https://doi.org/10.1016/j.ejheart.2007.12.010
https://doi.org/10.1016/j.ejheart.2007.12.010
https://doi.org/10.1161/01.CIR.67.5.968
https://doi.org/10.1161/01.HYP.0000251711.92482.14
https://doi.org/10.1056/NEJMoa052256
https://doi.org/10.1056/NEJMoa052256
https://doi.org/10.1016/S0735-1097(18)32278-2
https://doi.org/10.1016/S0735-1097(18)32278-2
https://doi.org/10.1249/MSS.0000000000001542
https://doi.org/10.1136/bjsports-2013-093190
https://doi.org/10.1136/bjsports-2013-093190
https://doi.org/10.1016/j.hfc.2014.04.011
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001615
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001615
https://doi.org/10.1016/j.jacc.2010.10.057
https://doi.org/10.1016/j.jacc.2010.10.017
https://doi.org/10.1007/s11695-013-0953-8
https://doi.org/10.1001/2012.jama.11164
https://doi.org/10.1001/jama.2015.17346
https://doi.org/10.1001/jama.2015.17346
https://doi.org/10.1177/1753944719870084
https://doi.org/10.1016/j.echo.2018.06.004
https://doi.org/10.1161/CIRCHEARTFAILURE.110.958785
https://doi.org/10.1016/j.jacc.2011.06.054
https://doi.org/10.1016/j.jacc.2013.04.033
https://doi.org/10.1007/s11897-013-0155-7
https://doi.org/10.1038/nrcardio.2014.83
https://doi.org/10.1038/nrcardio.2014.83
https://doi.org/10.1016/j.jchf.2020.04.016
https://doi.org/10.1146/annurev.nutr.21.1.323
https://doi.org/10.1016/j.jacc.2016.05.019
https://doi.org/10.1016/j.jacc.2016.05.019
https://doi.org/10.1089/met.2020.0008
https://doi.org/10.1089/met.2020.0008
https://doi.org/10.1016/j.hlc.2012.05.783
https://doi.org/10.1016/j.hlc.2012.05.783
https://doi.org/10.1002/hep.23276
https://doi.org/10.1016/j.jacc.2015.03.002
https://doi.org/10.1161/CIRCULATIONAHA.111.028381
https://doi.org/10.1161/CIRCULATIONAHA.111.028381


J Am Heart Assoc. 2021;10:e022930. DOI: 10.1161/JAHA.121.022930 11

El Hajj et al Weight Management for Obesity and HFpEF

 31. Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal LF, Lingvay 
I, McGowan BM, Rosenstock J, Tran MTD, Wadden TA, et al. Once- 
weekly semaglutide in adults with overweight or obesity. N Engl J Med. 
2021;384:989. doi: 10.1056/NEJMo a2032183

 32. Ahrén B, Atkin SL, Charpentier G, Warren ML, Wilding JPH, Birch S, Holst AG, 
Leiter LA. Semaglutide induces weight loss in subjects with type 2 diabetes 
regardless of baseline BMI or gastrointestinal adverse events in the SUSTAIN 1 
to 5 trials. Diabetes Obes Metab. 2018;20:2210– 2219. doi: 10.1111/dom.13353

 33. Smart NA, Haluska B, Jeffriess L, Leung D. Exercise training in heart 
failure with preserved systolic function: a randomized controlled trial of 
the effects on cardiac function and functional capacity. Congest Heart 
Fail. 2012;18:295– 301. doi: 10.1111/j.1751- 7133.2012.00295.x

 34. Gary RA, Sueta CA, Dougherty M, Rosenberg B, Cheek D, Preisser J, 
Neelon V, McMurray R. Home- based exercise improves functional per-
formance and quality of life in women with diastolic heart failure. Heart 
Lung. 2004;33:210– 218. doi: 10.1016/j.hrtlng.2004.01.004

https://doi.org/10.1056/NEJMoa2032183
https://doi.org/10.1111/dom.13353
https://doi.org/10.1111/j.1751-7133.2012.00295.x
https://doi.org/10.1016/j.hrtlng.2004.01.004


 

 

 

Supplemental Material 

 

 



Data S1. 

 

Exclusion Criteria 

 

-Uncontrolled blood pressure  

-If BP > 160/95 mmHg at baseline and taking < 3 BP medications, increase BP 

medication before enrolling (target BP < 140/90) 

-If resistant HTN, i.e., BP > 140/90 while taking 3 or more BP lowering medications, 

allow enrollment with BP up to 200/100 as weight loss may help to control resistant HTN 

-Severe COPD (oxygen- or steroid-dependent, FEV1 or FVC < 80% predicted)  

-Recurrent major depression, presence or history of suicidal behavior or ideation with intent to 

act, and current substantial depressive symptoms. Antidepressant drugs are allowed if the dose 

has been stable for 3 months. 

-Other major psychiatric illness (schizophrenia, bipolar, dementia) 

-Glomerular filtration rate (GFR) < 20 ml/min/1.73m2 

-Significant hepatic dysfunction (AST or ALT > 3 x the upper limit of normal, or total bilirubin 

> 1.5 mg/dl, unless there is a diagnosis of Gilbert’s disease) 

-Untreated clinically significant Hypothyroidism or Hyperthyroidism 

-History of drug or alcohol abuse or dependency within the past 12 months 

-Acute coronary syndrome without revascularization in the past 12 months 

-Acute coronary syndrome with revascularization in the past 6 months 

-CVA or TIA in the past 6 months 

-Cancer or other terminal illness with life expectancy < 3 years 



-History of medical noncompliance 

-Significant anemia (Hb < 9 mg/dl) 

-Life threatening or uncontrolled arrhythmia 

-Hemodynamically relevant valvular heart disease 

-Infiltrative heart disease including cardiac amyloidosis, sarcoidosis, Fabry’s disease 

-Genetic hypertrophic cardiomyopathy 

-Significant pericardial disease 

-Clinically relevant neuromuscular disease 

-Pregnant or may become pregnant in next 6 months (instructed on contraception) 

-Prior major organ transplant or intent to transplant (on transplant list) 

-Pacemaker dependent 

-Clinically significant congenital heart disease that may be cause of symptoms 



Data S2.  

 

Dietary Intervention  

 

The program consists of a 3-phase dietary change, outlined below.  

• Phase 1 (Weeks 1-8): For this first phase of the program, the diet consisted of 

approximately 1040-1200 calories per day, derived primarily from nutrition bars and 

shakes; patients consume 1 highly structured, food-based meal per day. 

• Phase 2 (Weeks 9-10): Following the initial 8 weeks of the program, there was a transition 

to a partial meal replacement-based plan with 2 highly structured, food-based meals per 

day. 

• Phase 3 (Weeks 11-15): At the end of 10 weeks, patients met with a registered dietitian 

who developed a nutritionally balanced hypocaloric diet designed to meet individual long-

term nutritional requirements.  

 



Table S1. Baseline Characteristics of Dropouts (n=19). 

 

Variable       Values 

Age (years, mean, SD)     57.5±12.8*    

Male (%)       7/19 (36.8) 

Race (%) 

White       13/19 (36.8) 

Black       6/19 (31.6) 

Comorbidities (%) 

DM       7/19 (36.8) 

HTN       17/19 (89.5) 

CKD       4/19 (21) 

Atrial fibrillation     8/19 (42.1) 

COPD       3/19 (15.8) 

OSA       15/19 (79) 

CAD       5/19 (26.8) 

Bariatric Surgery (%)      2/19 (10.5) 

 

*denotes p=0.002 compared to age (67.0±9.2) of the 41 patients that completed the 15-
week program. Abbreviations: diabetes mellitus (DM), hypertension (HTN), chronic kidney 
disease (CKD), chronic obstructive pulmonary disease (COPD), obstructive sleep apnea 
(OSA), coronary artery disease (CAD) 
 
 
 
 
 
 
 
  



Table S2. Changes in Diuretic Doses. 

 

Patient  Initial Dose (mg)  Subsequent Dose (mg) Reason for Change 

1  Torsemide 40 TID  Torsemide 40 BID  Weight loss, euvolemia 

2  Bumetanide 2 BID  Bumetanide 1 BID  Acute kidney injury 

3  Bumetanide 2 BID  Bumetanide 2 qD  Acute kidney injury 

4  Furosemide 80 qD  Furosemide 40 qD  Acute kidney injury 

5  Bumetanide 2 BID  Bumetanide 1 BID  Acute kidney injury 

6  Bumetanide 2 BID  Bumetanide 1 BID  Acute kidney injury 

7  Furosemide 40/20 (AM/PM) Furosemide 20/20 (AM/PM) Weight loss, euvolemia 

8  Bumetanide 2 BID  Bumetanide 1 qD  Weight loss, euvolemia 

 

Abbreviations: three times daily dosing (TID), twice daily dosing (BID), daily dosing (qD) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Table S3. Adverse Event. 

 

Patient    Number of Events Symptom  Diagnosis  Disposition  

1*  2  Dyspnea  Non-cardiac  DC from ED 

Abdominal Pain  Malignancy  Deceased 

2  3  Palpitations  Arrhythmia  DC from ED 

3  1  Shoulder Pain  Musculoskeletal DC from ED 

4*  1  Confusion  Severe hyponatremia DC from ED; ∆ Rx 

5*  1  Dyspnea  COPD Exacerbation DC from ED 

6  1  Weakness  Hypotension  DC from ED; ∆ Rx  

7  1  Hematochezia  Diverticulosis  DC from ED 

8  1  Chest pain  Musculoskeletal DC from ED  

9  1  Palpitations  Atrial Fibrillation DCCV; Inpatient DC  

10  1  Chest pain  GERD   DC from ED 

11  1  Palpitations  Atrial Fibrillation DCCV; Inpatient DC 

12  1  Not specified  Pneumonia and AKI Not specified 

13  2  Asymptomatic  Bradycardia   DC from ED; ∆ Rx 

    Hematochezia  Diverticulosis  DC from ED 

14*  1  Dyspnea  CHF Exacerbation Inpatient discharge 

15  1  Not specified  Meningitis  Inpatient discharge 

16  2  Dyspnea  Acute Bronchitis DC from ED 

    Foot pain  Musculoskeletal DC from ED 

 

Abbreviations: discharge (DC), emergency department (ED), medication changes made (∆ Rx), 

direct current cardioversion (DCCV); *denotes dropouts. 
     

 


