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ABSTRACT

early 60 million adults worldwide have

heart failure (HF) ' and approximately half

of those have HF with preserved ejection
fraction (HFpEF), a complex and heterogeneous clin-
ical syndrome.” Patients with HFpEF suffer poor qual-
ity of life, frequent hospitalizations, and increased
mortality. Few medications are beneficial in HFpEF,
making nonpharmaceutical strategies a promising
area of investigation.>® Individuals with HFpEF
frequently have multiple diet-sensitive comorbidities
(eg, systemic hypertension, diabetes mellitus, and
obesity) which contribute to its pathophysiology.
Malnutrition is also common in HFpEF and is
independently associated with increased risk of

death, cardiovascular events, and all-cause

Patients with heart failure with preserved ejection fraction (HFpEF) are burdened by multiple diet-sensitive comorbid-
ities, including obesity and malnutrition. Despite this, a low percentage of patients with HFpEF have been enrolled in
dietary intervention trials in heart failure and few dietary interventions have been conducted in HFpEF exclusively.
This scoping review will examine available evidence regarding dietary interventions in patients with HFpEF, highlight
existing gaps in knowledge, and discuss emerging dietary therapies in this population. (JACC Adv. 2025;4:101465)
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hospitalization.*> Despite these observations, dietary
approaches targeting HFpEF have not been exten-
sively studied. Fewer than half of dietary interven-
tion trials in HF have enrolled exclusively patients
with HFpEF; in those with mixed cohorts, only 11%
of participants had HFpEF.° This scoping review will
focus on dietary interventions that have been per-
formed, investigative gaps that remain, and emerging
directions for dietary treatment of HFpEF.

ENERGY RESTRICTION/
INTENTIONAL WEIGHT LOSS

Excess adipose tissue, that is obesity, is associated
with the development and progression of HFpEF 7
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ABBREVIATIONS
AND ACRONYMS

6MWT = 6-minute walk test
CoQ10 = coenzyme Q10

DASH = Dietary Approaches to
Stop Hypertension

ET = aerobic exercise training
EVOO = extra-virgin olive oil
GLP = glucagon-like peptide
HF = heart failure

HFpEF = heart failure with
preserved ejection fraction

LVEF = left ventricular ejection
fraction

MedDiet = Mediterranean diet

MTM = medically tailored
meals

SCFA = short-chain fatty acids
UFAs = unsaturated fatty acids

VO_,cak = peak oxygen
consumption

through several deleterious mechanisms.®
Patients with obesity-related HFpEF have a
greater symptom burden, worse quality of
life, and more impaired cardiorespiratory
fitness than their peers without obesity.®™"
Given this additional burden, there has
been great interest in the therapeutic poten-
tial of weight loss in HFpEF.

The SECRET (Effect of Caloric Restriction
and Exercise Training in Patients With
Heart Failure and a Normal Ejection Fraction)
trial randomized 100 patients with obesity-
related HFpEF in a 2x2 factorial design to
energy restriction (diet), supervised aerobic
exercise training (ET), diet + ET, or attention
control.”” Lunch, dinner, and snacks were
provided to participants. The diet provided
~1.2 g protein per kg of calculated ideal body
weight and 25% to 30% kcals from fat with
remaining dietary kilocalories (kcals) from
carbohydrate. At 20 weeks, participants ran-
domized to diet and/or ET lost weight

(diet, —7 kg [95% CI: —9 to —5 kg] vs exercise, —3 kg
[95% CI —5 to —1]) and increased peak oxygen con-
sumption (VO,peax), the coprimary endpoint, with

diet + ET achieving a robust 2.5 ml™*-kg™'-min~

1

increase. While an increase in relative VOpeak
(ml'-kg'-min') might be predicted with weight
loss, increased exercise time and 6-minute walk test

(6MWT) distance and preservation of VO,peax in ab-
solute terms (ml~* - min™) support improved exercise
capacity. Resting cardiac parameters were largely
unchanged, suggesting improvements in VOpeak
were mediated by peripheral, not central, adapta-
tions. While neither cardiac parameters nor periph-

eral factors, that is arteriovenous oxygen difference,

were measured during exercise, exercise training in-
terventions in patients with HFpEF have demon-
strated that peripheral factors accounted for upward
of 90% of the improvements in VO,peax Wwith

training.”> As skeletal muscle is more plastic than

cardiac muscle, it is likely improvements in VO,peax
due to weight loss resulting from energy restriction
would also be mediated by peripheral rather than
central adaptations though a more definitive mecha-
nistic study would be required to demonstrate this.'*

Increases in VO,peax Were also associated with de-

creases in weight, particularly fat mass (r = —0.540,
P < 0.001), and decreases in weight were associated
with reductions in high-sensitivity C-reactive protein
(r =0.290, P = 0.005). The other coprimary endpoint,
quality of life measured by Minnesota Living with

Heart Failure questionnaire showed a strong trend
(P = 0.07) for improvement by both diet and ET.
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HIGHLIGHTS

e Very few dietary interventions have spe-
cifically targeted patients with HFpEF.

e Energy-restricted diets and GLP-1 ago-
nists demonstrate short-term safety and
promise as a treatment for obesity-
related HFpEF.

e Personalized dietary interventions and
nutrition support have been shown to
significantly reduce mortality in patients
with HF and malnutrition.

e Medically tailored meals are promising
but require further investigation in
HFpEF.

Recently, the SECRET-II trial investigated the ad-
ditive benefits of supervised resistance exercise
training (RT) in HFpEF." Participants (n = 88) un-
derwent energy restriction and aerobic ET and were
randomized to receiving or not receiving RT training.
After 20 weeks, both groups experienced a similar
increase in VOypeak (~2.3 ml'-kg'.min") and
percent (%) skeletal muscle mass. While % skeletal
muscle increased, total estimated skeletal muscle
mass decreased slightly without difference between
groups (~-2.1 kg) suggesting that the addition of RT
does not completely counteract the loss of skeletal
muscle from energy restriction. Muscle quality was
improved to a greater degree in participants under-
going additive RT vs no RT, an indicator that the
addition of RT to weight loss interventions in HFpEF
may be favorable though long-term follow-up is
needed.'®

Despite favorable results of dietary weight loss in
patients with obesity-related HFpEF, and data sup-
porting that excess adipose plays a pivotal role in the
development and progression of HFpEF,® concerns
have been raised about weight loss in HF due to the
observed “obesity paradox.” Obesity paradox is a
term used to describe the observation, all from non-
randomized, observational studies, across cardiovas-
cular disease where patients with overweight or class
I obesity appear to have fewer adverse clinical out-
comes than their underweight, normal weight, or
more obese peers. However, such data are influenced
by comingling of patients with unintentional weight
loss due to undetected cancers and other disorders.
Moreover, patients with obesity tend to be younger
and able to tolerate a greater amount of car-
dioprotective medications, which could at least



JACC: ADVANCES, VOL. 4, NO. 1, 2025
JANUARY 2025:101465

Billingsley et al
Scoping Review of Dietary Interventions in HFpEF

partially explain some of the more favorable effects
observed in patients with obesity."”

In contrast to the obesity paradox, randomized,
controlled trials of intentional dietary weight loss
with long-term follow-up in older persons without HF
have shown improved survival.'®* Whether this is also
true in the presence of HF, however, requires dedi-
cated trials. Furthermore, with or without exercise
training, energy restriction in SECRET and SECRET-II
resulted in weight loss and improvement in VOypear, @
strong prognostic indicator,'® suggesting safe and
favorable short-term impacts of intentional weight
loss. Hajj et al also demonstrated improvements in
6MWT distance that persisted in patients with HFpEF
at least ~3 months after intensive lifestyle interven-
tion (energy restriction and unsupervised exercise)
ended.?®

The benefit of dietary weight loss for patients with
obesity-related HFpEF is strongly supported by the
results of STEP-HFpEF trials with glucagon-like pep-
tide (GLP)-1 receptor agonist semaglutide ** Weight
loss with semaglutide in STEP-HFpEF (Semaglutide
Treatment Effect in People with Obesity and Heart
Failure with Preserved Ejection Fraction and Diabetes
Mellitus) trials increased 6MWT distance, reduced C-
reactive protein and n-terminal brain natriuretic
peptide across all obesity classes in a dose-dependent
manner, corroborating the role of weight loss in
treating pathobiology of obesity-related HFpEF.?"**

It should be noted that weight regain frequently
occurs after intensive lifestyle
discontinuation of GLP-1. In individuals with obesity
alone, the composition of weight regain largely mir-
rors that of weight loss,”® but a recent long-term
follow-up (28.0 + 10.8 months) of the SECRET trial
demonstrated that a ~5 kg weight regain composed

intervention or

mostly of fat mass, resulted in a worsened lean to fat
mass ratio, compared to preintervention, in in-
dividuals with obesity-related HFpEF.’* Moreover,
increases in fat mass demonstrated an inverse trend
with VO,peax (T = — 0.052, P = 0.062) over time. Pa-
tients with HFpEF are at risk for lean mass abnor-
malities which include sarcopenia, defined as low
skeletal muscle strength and mass,'® and sarcopenic
obesity, the coexistence of both sarcopenia and
obesity, which may be associated with worse clinical
outcomes compared to either entity alone though
further studies are needed.”” Long-term follow-up of
weight loss with intensive lifestyle change and GLP-1
receptor agonists are required in order to evaluate the
long-term impact on body composition and clinical
outcomes.

MALNUTRITION

Despite the strong association between HFpEF and
excess fat mass, patients with this HF subtype are at
high risk for malnutrition. In outpatients with HFpEF,
at least a third of patients present with moderate to
high nutrition risk scores which are associated with
significantly higher rates of hospitalization and mor-
tality.*> Pathophysiologic mechanisms leading to
malnutrition among patients with HFpEF are multi-
factorial—-in all patients with HF, mechanisms of
heightened inflammation and neurohormonal acti-
vation can increase catabolism. Metabolic dysfunc-
tion can be further compounded by poor appetite,
malabsorption, and physical inactivity.?® In addition,
patients with HFpEF are often prescribed low-sodium
diets, which may inadvertently lead to caloric re-
striction and malnutrition.”” Despite the high preva-
lence of malnutrition and its consequences, there is
currently minimal guidance on diagnosing and
treating malnutrition in HFpEF.

Several general dietary intervention strategies
have been trialed in patients with HF and malnutri-
tion, though few have looked at HFpEF specifically.
PICNIC (Programa de IntervenCién Nutricional en
pacientes hospitalizados por Insuficiencia Cardiaca
desnutridos) trial randomized 120 patients hospital-
ized for acute HF (56.7% with HFpEF) and malnutri-
tion to receive usual care versus an individualized
nutrition intervention for 6 months, consisting of diet
optimization, specific dietitian recommendations,
and supplement prescriptions, combined with usual
care.”® PICNIC was stopped early, demonstrating a
significant improvement in the composite endpoint
of all-cause death or readmission for HF in the
intervention group compared to usual care (HR: 0.45;
95% CI: 0.19-0.62). A secondary analysis of the
EFFORT (Effect of Early Nutritional Therapy on
Frailty, Functional Outcomes, and Recovery of Un-
dernourished Medical Inpatients) trial, inclusive of
645 hospitalized patients with HF and malnutrition,
demonstrated that a dietitian-led effort to reach kcal
and protein goals was associated with lower all-cause
30-day mortality compared to control with a median
intervention of only 10 days (OR: 0.44; 95% CI: 0.26-
0.75).%° A subgroup analysis dividing the cohort into
HFpEF (60%) versus HFIEF revealed a persistent
treatment effect regardless of HF phenotype.?® The
success of the PICNIC and EFFORT trials is critical in
the setting of an earlier 2017 Cochrane Review which
found that nutrition support, encompassing multiple
modalities of nutrition care, had no impact on short-
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or long-term mortality in hospitalized patients at
nutritional risk.>°

DIETARY PATTERNS

SODIUM RESTRICTION AND THE DASH DIET. Dietary
sodium restriction is one of the most common self-
patients with HF.
Increased sodium intake frequently occurs before HF
decompensation, and HF hospitalizations increase in
parallel with reported sodium consumption.>' How-

care recommendations for

ever, concerns exist about neurohormonal activation
and decreased renal perfusion if dietary sodium re-
striction is too strict.>> Current guidelines only state
that avoiding excessive sodium intake is “reasonable”
for symptomatic patients with HF, reflecting a lack of
strong evidence for this practice.**

To date, the only trial conducted solely in patients
with HFpEF randomized 53 inpatients to aggressive
sodium (800 mg/d) and fluid (800 ml/day) restriction,
with no difference in weight loss or congestion score
over 7 days, with an increase in thirst and reduction
in calorie intake in the intervention group.>* The
SODIUM-HF (Study of Dietary Intervention under
100 mmol in Heart Failure) trial randomized 806 pa-
tients with chronic HF (277 with left ventricular
ejection fraction [LVEF] >40%) to dietitian-guided
sodium restriction (goal 1,500 mg/day) vs usual di-
etary guidance. Overall, there was no difference in
cardiovascular hospitalization or mortality over
12 months of follow-up, and no significant interaction
by EF.>®> Patients in the intervention group had
modest improvement in disease-related quality of life
(+3.38 points adjusted difference in Kansas City
Cardiomyopathy Questionnaire score, P = 0.011) and
were more likely to improve NYHA functional class,
but these data have not been reported in the LVEF
>40% subgroup. A recent meta-analysis of 17 dietary
intervention trials that followed the publication of
SODIUM-HF found no reduction in hospitalization or
mortality with sodium restriction in patients with
HF.>°

The Dietary Approaches to Stop Hypertension
(DASH) dietary pattern encourages intake of fruits,
vegetables, and whole grains and promotes intake of
nuts and legumes, low-fat dairy, and lean protein.
Hummel et al studied the effects of a sodium-
restricted DASH diet (1,500 mg sodium/2,100 kcal) in
13 well-compensated patients with HFpEF and
treated hypertension. After 21 days, the study diet
substantially lowered clinic and ambulatory blood
pressure and indices of left ventricular diastolic
function, large-arterial stiffness, ventricular-arterial

coupling, and 6MWT distance improved.?”:3®

The GOURMET-HF (Geriatric OUt-of-hospital Ran-
domized MEal Trial in Heart Failure) study random-
ized 66 older patients to receive low-sodium, DASH-
compliant home-delivered meals for 4 weeks post-
hospital discharge. In participants with HFpEF
(LVEF =50%), the Kansas City Cardiomyopathy
Questionnaire summary score (physical limitations
and symptoms domains) improved between baseline
and 4 weeks in the patients receiving meals (41 + 24
points to 57 + 17 points, P = 0.01), but not in the usual
care group (43 + 20 points to 49 + 24 points,
P = 0.28).>° Larger trials of the DASH sodium-
restricted diet are needed to investigate the impact
of this dietary pattern on hospitalization and
mortality.

THE MEDITERRANEAN DIET AND DIETARY FATTY
AcCIDS. While the traditional Mediterranean diet
(MedDiet) has many similarities to the DASH diet, it
differs by emphasizing the liberal use of extra-virgin
olive oil (EVOO) rich in unsaturated fatty acids
(UFAs) and wine, typically red, is consumed in
moderation with meals.*° Red meat, added sugar,
and processed foods are minimized. In 2 landmark
randomized controlled trials, a MedDiet supple-
mented with UFAs (consisting of EVOO [25-50+ grams
in addition to usual intake] with or without mixed
nuts, ~30 g/day), demonstrated superiority to a low-
fat diet in preventing primary and secondary cardio-
vascular events, respectively.*"** To date, no ran-
domized controlled trials designed to investigate the
impact of the MedDiet supplemented with UFAs on
the prevention of HF have been published.*"** In 991
patients admitted to emergency departments with
acute decompensated HF, MedDiet adherence was
assessed via a 14-point score. While MedDiet adher-
ence was not associated with the primary outcome of
all-cause mortality at 1 year (HR: 0.86; 95% CI: 0.73-
1.02), rehospitalization for HF was lower in in-
dividuals who were adherent (HR: 0.74; 95% CI:
0.61-0.90).

While components of the MedDiet likely offer
benefits in a synergistic fashion, a notable feature is
the high UFA content as a percentage of dietary kcals
(~40%)-UFA, which includes monounsaturated and
polyunsaturated fatty acids, have been consistently
shown to improve both lipids and glucose meta-
bolism.** The available evidence related to the role of
UFAs in patients with HFpEF comes from small pilot
studies, which suggest potential beneficial effects of
UFA supplementation in this population. The pro-
spective clinical trial UFA-Preserved pilot study
counseled participants to consume at least 54 g of
EVOO or canola oil, and/or 28 g of unsalted or lightly
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salted mixed nuts daily and demonstrated the feasi-
bility of dietary UFA supplementation. UFA-
Preserved also demonstrated a favorable association
of UFA consumption with improved VO,peax,*® pre-
viously observed in cross-sectional analyses of pa-
tients with HFpEF.*® The follow-up randomized
controlled trial UFA-Preserved2 study (NCT03966755)
was recently completed; however, the results have
not been published yet. Large cardiovascular out-
comes trials testing the effects of UFAs on clinical
outcomes have not been conducted specifically in
patients with HFpEF, highlighting the need for more
research in this field.

A recent observational study showed that a greater
n-3 index (the sum of eicosapentaenoic acid and do-
cosahexaenoic acid content of red blood cell mem-
brane) was associated with a favorable cardiac and
metabolic profile and greater 6MWT distance and
VO,peak in patients with HFpEF.*” However, n-3 fatty
acid supplementation in patients with diastolic
dysfunction was not associated with improved car-
diac function or body composition in another ran-
domized controlled trial.*® Whether this is also true
in patients with established HFpEF is unknown.
Moreover, n-3 fatty acid supplementation has been
linked to a greater risk for atrial fibrillation.*®
Considering the increased risk of atrial fibrillation in
patients with HFpEF and its negative prognostic role
in this population,®® n-3 fatty acid supplementation
requires further evaluation for safety.

MICRONUTRIENT SUPPLEMENTATION

Low self-reported intake of micronutrients has been
associated with a greater risk of hospitalization or
death in patients with HF.>"->> For many participants
with HF, however, the effects of insufficient micro-
nutrient intake may be difficult to separate from
insufficient total energy and macronutrient
intake.””>* While low intake of micronutrients is a
major concern, increasing nutrient intake by food and
beverage intake alone cannot fully address the
increased micronutrient needs frequently observed in
HF.>® In this section, we will discuss oral supple-
mentation of micronutrients in patients with HFpEF.

INORGANIC NITRATE. Two randomized, double-
blind crossover trials have explored the acute ef-
fects of a single dose of inorganic nitrate adminis-
tration via beetroot juice in patients with HFpEF.>*>°
This acute dosing demonstrated improvements in
VO,peak in patients with HFpEF (12.6 + 3.7 ml/kg/min
vs 11.6 + 3.1 ml/kg/min, P = 0.005), but not submax-
imal aerobic endurance.”**> In a randomized,
placebo-controlled 4-week ET program with the

beetroot juice (with or without inorganic nitrate)
consumed before the 3 weekly ET sessions, an
improvement was noted without difference between
groups in the primary outcome of submaximal aerobic
endurance.’® Two recent multicenter randomized
controlled trials investigating inhaled nitrites or a
combination of inhaled and oral nitrites vs placebo
have failed to demonstrate an impact of nitrites
on VOypear.’”>®

COENZYME Q@10. Coenzyme Q10 (CoQ1l0) is an
important antioxidant in the mitochondrial electron
transport chain. Short-term (1-4 months) dosing of
CoQ10 supplementation, 100 mg 3 times per day, did
not demonstrate improved diastolic function
measured by E/e’ ratio in patients with HFpEF>2-%°
nor did 300 mg twice daily for 12 weeks, however,
this higher dose did improve Kansas City Cardiomy-
opathy Questionnaire clinical summary score, LVEF,
and brain natriuretic peptide relative to placebo.® In
an extension of a randomized placebo-controlled trial
of 420 patients with HF from the 16-week primary
endpoint to 2 years, the CoQ10 group demonstrated
fewer major adverse cardiovascular events than pla-
cebo (43% relative risk reduction, P = 0.005).°2 There
was a subgroup trend for greater improvement in
cardiovascular events in individuals with an LVEF
>30%, however, no HFpEF subgroup analysis
was performed.

OTHER SUPPLEMENTS. Although lower
vitamin D; has been linked to increased risk for
HFpEF,®® the majority of supplementation trials have
been conducted in those with an LVEF <50%. In 64
participants with HF, a double-blind randomized
control trial of weekly 50,000 IU vitamin D5 for
6 months did not increase the primary outcome of
VOypeak Versus placebo and adjustment for ejection
fraction did not change the results.®*

serum

Recently, supplementation of nicotinamide ribo-
side and indole-3-propionic acid has been shown to
address nicotinamide adenine dinucleotide defi-
ciency and ameliorate cardiac hypertrophy and dia-
stolic dysfunction in murine models of HFpEF.%>:%¢
The safety and efficacy of nicotinamide supplemen-
tation in patients with HFpEF is unknown.

Targeting the gut microbiome is a growing area of
interest—dietary fiber, resistant to human digestion,
is readily fermented by certain bacteria in the gut
microbiome. Supplementation of both fermentable
fiber and acetate, a short-chain fatty acid (SCFA), in a
murine model of HFpEF, has demonstrated a reduc-
tion in blood pressure, left ventricular hypertrophy,
and fibrosis compared to control mice.®” A recent 12-
week trial randomized patients with HF 1:1:1 to
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TABLE 1 Ongoing Dietary Interventions Enrolling Patients With Heart Failure With Preserved Ejection Fraction

NCT# Principal Invesigator

Targeted

Trial Type Population N

Intervention Primary Outcome

Combined dietary intervention and exercise training

NCT05236413
Siddartha Angadi

Dietary intervention

NCT04235699
Sitaramesh Emani

NCTO06081543
Yuchi Han

NCT06078683
Yuchi Han

NCT05878912
Oliver Rider

NCT06044194
Stefano Carugo

NCT06337812
Scott Hummel

NCT05887271
Oliver Rider

NCT05996328
Scott Hummel

NCT06115369
Ambarish Pandey

NCT05117086
Francene Steinberg

NCT06296862
Elisabeth Sattler
NCT05923138
Jose Angel Perez
Rivera
NCT02892747
Véronique
Bendedyga

Randomized controlled trial HFpEF 36
for 4 weeks
Randomized controlled trial HFpEF 24
4 weeks
Randomized controlled trial HFpEF 90
duration of study
Randomized crossover trial HFpEF 30
6 weeks of the alternate beverage
Randomized controlled trial HFpEF 120
in total
Randomized controlled trial HFpEF 56
placebo for 3 months
Single arm, open label HFpEF 30 Resistant potato starch for 4 weeks
Randomized controlled trial HFpEF 102
control for 12 weeks
Randomized controlled trial HF 1,400
SOC control for 6 weeks
2 x 2 factorial randomized HF 150
controlled trial
control for 90 days
Single arm, open label HF 25
6 months
Randomized crossover HF 38
controlled trial with a 4-week washout period
Randomized controlled trial HF 264
supplements vs control for 6 months
Randomized controlled trial HF 295

HIIT training vs DASH diet vs HIIT training and DASH diet,
exercise supervised, all meals provided to participants,

Energy restricted ketogenic diet vs energy restricted
low-fat diet, all meals provided to participants, for

Ketogenic diet vs low-fat diet for 6 months- groceries
provided for first 6 weeks, dietary counseling for

Ketone ester beverage or placebo beverage twice
daily for 6 weeks followed by 4 week washout and

Energy restricted diet—beginning with total meal
replacement for 8 weeks with gradual food
reintroduction vs SOC control, lasting 3 to 6 months

L-arginine and liposomal vitamin c supplement vs

Energy restricted total meal replacement vs attention

Home-delivered low sodium nutrient dense meals vs

Medically tailored meals, fresh produce delivery, both
medically tailored meals and fresh produce delivery or

Dietary counseling to follow DASH dietary pattern for

Study-provided DASH meals vs normal diet for 4 weeks each
Personalized dietary counseling with potential of nutrition
Personalized dietary counseling aimed at preventing

malnutrition and reducing sodium intake vs control (no
personalized counseling) for 6 months

Change in VO, peak

Change in VO, peak

Change in VO, peak

Change in VO, peak

Change in left atrial volume
index

Mitochondrial function in
peripheral blood
mononuclear cells

Change in fecal short-chain
fatty acids

Change in 6MWD

Combined “clinical wins" score
of days alive out of the
hospital and health-related
quality of life

Readmission or emergency room
visit for heart failure

Dietary intake, DASH diet score,
systolic and diastolic blood
pressure at baseline, 3, and
6 months

Change in B-natriuretic peptide

Time to readmission for heart
failure or mortality

Number, duration, and reasons
for hospitalization

6MWD = 6-minute walk test distance; DASH = Dietary Approaches to Stop Hypertension; HF = heart failure; HFpEF = heart failure with preserved ejection fraction; HIIT = high-intensity interval training;

SOC = standard of care; VO, pea = peak oxygen consumption.

microcrystalline cellulose (control fiber) or acacia
gum (active treatment) did not demonstrate differ-
ences between groups in n-terminal brain natriuretic
peptide nor alterations in the microbiome.®® Changes
in SCFA production were not measured but 5 to 10 g of
dietary fiber may not have been adequate to stimulate
greater SCFA production, since acacia fiber is not
considered highly fermentable.®® An ongoing pilot
study (NCT06337812) is investigating 20 g of potato
starch, 65% resistant starch by volume and highly
fermentable, administered twice daily in patients
with HFpEF on a primary endpoint of changes in stool
and serum SCFA (Table 1).

FUTURE DIRECTIONS FOR DIETARY
INTERVENTION IN HFpEF

Strategies to reduce weight and, in particular, fat
mass, such as GLP-1 receptor agonists and energy
restriction diets have shown enormous promise as
therapies for patients with obesity-related
HFpEF.*** Short-term safety of both energy restric-
tion and GLP-1 receptor agonists has been established
in patients with HFpEF '*'>?? and future strategies to
explore include combining GLP-1 receptor agonists
with other dietary strategies such as energy restric-
tion and dietary patterns shifts such as DASH and the
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CENTRAL ILLUSTRATION Optimizing Nutrition Care in Patients With Heart Failure With
Preserved Ejection Fraction

Energy restriction
(achieved by diet, GLP-1
agonists, or both) with
aerobic and resistance
exercise training

Obesity

Excess fat
mass in
presence of
preserved
muscle mass

Q

o -—
Optimize dietary pattern
(sodium-restricted DASH or
MedDiet)

Medically tailored meals
and/or groceries

Reduced
skeletal

Insufficient
muscle

strength,
. mass and
functionality

Aerobic and resistance
exercise training,
dietary optimization
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energy and/
or nutrient
intake

Increase and personalize
kcal and protein targets,
using oral nutrition
supplements and nutrition
support as needed

Patients with heart failure with preserved ejection fraction (HFpEF) have high rates of obesity, sarcopenia, and malnutrition. While most
patients can likely benefit from an optimized dietary pattern such as dietary approaches to stop hypertension (DASH) or the mediterranean
diet (MedDiet), dietary interventions should be personalized to the unique needs of the individual. GLP = glucagon-like peptide.

MedDiet to maximize benefits (Central Illustration). In
SECRET, high adherence to energy restriction was
likely driven by the provision of lunch, dinner, and
snacks to participants.”” This approach is, in fact, a
medically tailored meals (MTMs) intervention—
providing fully prepared, nutritionally tailored meals
for individuals living with an advanced and diet-
sensitive condition 7° —in this case, obesity-related
HFpEF. Additionally, MTMs represent a custom-
izable intervention which could combine energy re-
striction with a DASH or MedDiet dietary pattern
which have weight-loss independent benefits on
cardiometabolic risk.>’3#"43 Questions about cost

and insurance coverage regarding both GLP-1 recep-
tor agonists and MTM interventions will likely
continue for the foreseeable future’®”" and behav-
ioral strategies, which could be widely and cost-
effectively disseminated via mobile health in-
terventions,”” should not be ignored for weight loss in
patients with obesity-related HFpEF.

Food insecurity, or the limited or uncertain
availability of sufficient food to maintain adequate
nutrition, has been linked to higher body mass in-
dex and a higher risk of HF mortality.”>”# Increasing
access to nutrition through interventions such as
MTMs and grocery delivery in patients with HFpEF
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could have a meaningful impact on clinical out-
comes. The Kaiser Permanente Evaluation of Medi-
cally Tailored Meals in Adults with Chronic Medical
Conditions at High Readmission Risk (KP-NOURISH)
enrolled patients with HF, diabetes, or chronic kid-
ney disease in a parallel group randomized
controlled trial to MTMs for 10 weeks after hospital
discharge or usual care control.”> MTMs did not
reduce all-cause hospitalization at 90 days (adjusted
HR: 1.20; 95% CI: 0.86-1.21), the primary outcome.
Among patients with HF (n = 641), however,
receiving MTMs was associated with a lower 90-day
risk of hospitalization for HF (adjusted HR: 0.52;
95% CI: 0.32-0.86). Two clinical trials (NCT05996328
[GOURMET-VA] and NCT06115369 [FOOD-HF]) with
expected enrollment beginning in 2024 are exam-
ining the impact of nutrient-dense, home-delivered
meals on clinical outcomes specifically in patients
with HF, regardless of LVEF (Table 1).

CONCLUSIONS

Recent dietary interventions performed in patients
with HF have demonstrated the ability to improve
quality of life, and exercise capacity, and even reduce
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hospitalizations and mortality. To date, patients with
HFpEF have been under-represented and differences
in treatment response are inconsistently explored.
Weight loss strategies including dietary energy re-
striction and GLP-1 receptor agonists represent a
promising future direction to treat obesity-related
HFpEF. Other promising future directions for di-
etary interventions in patients with HFpEF include
MTMs and grocery delivery, with a specific focus on
energy restriction and/or DASH and Mediterranean
dietary patterns, and personalized dietary interven-
tion and nutrition support in patients with malnu-
trition (Central Illustration).

FUNDING SUPPORT AND AUTHOR DISCLOSURES

Dr Billingsley was supported by T32 Training Grant 5T32AG062403-
04. All other authors have reported that they have no relationships
relevant to the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr Scott Hum-
mel, Associate Professor of Medicine, Department of
Internal Medicine, Division of Cardiovascular Medi-
cine, Frankel Cardiovascular Center, 1500 E. Medical
Center Drive SPC 5853, Ann Arbor, Michigan 48109-
5853, USA. E-mail: scothumm@med.umich.edu.

REFERENCES

1. Martin SS, Aday AW, Almarzooq ZI, et al.
2024 heart disease and stroke statistics: a
report of US and global data from the American
heart association. Circulation. 2024;149(8):e347-
e913.

2. Anker SD, Usman MS, Anker MS, et al. Patient
phenotype profiling in heart failure with preserved
ejection fraction to guide therapeutic decision
making. A scientific statement of the Heart Failure
Association, the European Heart Rhythm Associa-
tion of the European Society of Cardiology, and
the European Society of Hypertension. Eur J Heart
Fail. 2023;25:936-955.

3. Redfield MM, Borlaug BA. Heart failure with
preserved ejection fraction: a review. JAMA.
2023;329:827-838.

4. Zainul O, Perry D, Pan M, et al. Malnutrition in
heart failure with preserved ejection fraction. J Am
Geriatr Soc. 2023;71:3367-3375.

5. Minamisawa M, Seidelmann SB, Claggett B,
et al. Impact of malnutrition using geriatric nutri-
tional risk index in heart failure with preserved
ejection fraction. JACC Heart Fail. 2019;7:664-
675.

6. Forsyth F, Mulrennan S, Burt J, et al. What di-
etary interventions have been tested in heart
failure with preserved ejection fraction? A sys-
tematic scoping review. Eur J Cardiovasc Nurs.
2022;22:126-140.

7. Savji N, Meijers WC, Bartz TM, et al. The asso-
ciation of obesity and cardiometabolic traits with

incident HFpEF and HFrEF. JACC Heart Fail.
2018;6:701-709.

8. Borlaug BA, Jensen MD, Kitzman DW, Lam CSP,
Obokata M, Rider OJ. Obesity and heart failure
with preserved ejection fraction: new insights and
pathophysiological targets. Cardiovasc Res.
2022;118:3434-3450.

9. Reddy YNV, Rikhi A, Obokata M, et al. Quality of
life in heart failure with preserved ejection frac-
tion: importance of obesity, functional capacity,
and physical inactivity. Eur J Heart Fail. 2020;22:
1009-1018.

10. Reddy YNV, Lewis GD, Shah SJ, et al. Charac-
terization of the obese phenotype of heart failure
with preserved ejection fraction: a relax trial
ancillary study. Mayo Clin Proc. 2019;94:1199-
1209.

11. Carbone S, Canada Justin M, Buckley Leo F,
et al. Obesity contributes to exercise intolerance in
heart failure with preserved ejection fraction. J Am
Coll Cardiol. 2016;68:2487-2488.

12. Kitzman DW, Brubaker P, Morgan T, et al. Ef-
fect 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 fraction: a randomized
clinical trial. JAMA. 2016;315:36-46.

13. Haykowsky MJ, Brubaker PH, Stewart KP,
Morgan TM, Eggebeen J, Kitzman DW. Effect of
endurance training on the determinants of peak
exercise oxygen consumption in elderly patients

with stable compensated heart failure and pre-
served ejection fraction. J Am Coll Cardiol.
2012;60:120-128.

14. Tucker WJ, Kitzman DW. Defining the specific
skeletal muscle adaptations responsible for exer-
cise training improvements in heart failure with
preserved ejection fraction. Circ Heart Fail.
2022;15:e010003.

15. Brubaker PH, Nicklas BJ, Houston DK, et al.
A randomized, controlled trial of resistance
training added to caloric restriction plus aerobic
exercise training in obese heart failure with pre-
served ejection fraction. Circ Heart Fail. 2023;16:
e010161.

16. Carbone S, Billingsley HE, Rodriguez-
Miguelez P, et al. Lean mass abnormalities in heart
failure: the role of sarcopenia, sarcopenic obesity,
and cachexia. Curr Probl Cardiol. 2020;45:100417.

17. Carbone S, Elagizi A, Lavie CJ. Better phar-
macotherapy in heart failure with reduced ejection
fraction may partly explain the obesity paradox.
Eur J Heart Fail. 2023;25:711-713.

18. Kritchevsky SB, Beavers KM, Miller ME, et al.
Intentional weight loss and all-cause mortality: a
meta-analysis of randomized clinical trials. PLoS
One. 2015;10:e0121993.

19. Ross R, Arena R, Myers J, Kokkinos P,
Kaminsky LA. Update to the 2016 American Heart
Association cardiorespiratory fitness statement.
Prog Cardiovasc Dis. 2024;83:10-15.


https://clinicaltrials.gov/study/NCT05996328
https://clinicaltrials.gov/study/NCT06115369
mailto:scothumm@med.umich.edu
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref1
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref1
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref1
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref1
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref1
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref2
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref2
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref2
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref2
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref2
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref2
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref2
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref2
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref3
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref3
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref3
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref4
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref4
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref4
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref5
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref5
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref5
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref5
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref5
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref6
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref6
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref6
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref6
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref6
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref7
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref7
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref7
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref7
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref8
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref8
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref8
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref8
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref8
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref9
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref9
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref9
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref9
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref9
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref10
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref10
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref10
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref10
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref10
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref11
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref11
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref11
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref11
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref12
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref12
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref12
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref12
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref12
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref12
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref13
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref13
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref13
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref13
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref13
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref13
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref13
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref14
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref14
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref14
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref14
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref14
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref15
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref15
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref15
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref15
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref15
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref15
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref16
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref16
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref16
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref16
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref17
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref17
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref17
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref17
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref18
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref18
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref18
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref18
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref19
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref19
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref19
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref19

JACC: ADVANCES, VOL. 4, NO. 1, 2025

JANUARY 2025:101465

20. EL Hajj EC, EL Hajj MC, Sykes B, et al. Pragmatic
weight management program for patients with
obesity and heart failure with preserved ejection
fraction. J Am Heart Assoc. 2021;10:e022930.

21. Butler J, Shah SJ, Petrie MC, et al. Semaglutide
versus placebo in people with obesity-related
heart failure with preserved ejection fraction: a
pooled analysis of the STEP-HFpEF and STEP-
HFpEF DM randomised trials. Lancet. 2024;403:
1635-1648.

22, Borlaug BA, Kitzman DW, Davies MJ, et al.
Semaglutide in HFpEF across obesity class and by
body weight reduction: a prespecified analysis of
the STEP-HFpEF trial. Nat Med. 2023;29:2358-
2365.

23. Conte C, Hall KD, Klein S. Is weight loss-
induced muscle mass loss clinically relevant?
JAMA. 2024,;332(1):9-10.

24. Upadhya B, Brubaker PH, Nicklas BJ,
Houston DK, M.J H, Kitzman DW. Long-term
changes in body composition and exercise capacity
following calorie restriction and exercise training
in older patients with obesity and heart failure
with preserved ejection fraction. J Card Fail. Pub-
lished online July 4, 2024. https://doi.org/10.
1016/j.cardfail.2024.06.007

25. Saito H, Matsue Y, Kamiya K, et al. Sarcopenic
obesity is associated with impaired physical func-
tion and mortality in older patients with heart
failure: insight from FRAGILE-HF. BMC Geriatr.
2022;22:556.

26. Driggin E, Cohen LP, Gallagher D, et al.
Nutrition assessment and dietary interventions in
heart failure: JACC review topic of the week. J Am
Coll Cardiol. 2022;79:1623-1635.

27. Bilgen F, Chen P, Poggi A, et al. Insufficient
calorie intake worsens post-discharge quality of
life and increases readmission burden in heart
failure. JACC Heart Fail. 2020;8:756-764.

28. Bonilla-Palomas JL, Gamez-Lopez AL, Cas-
tillo-Dominguez JC, et al. Nutritional intervention
in malnourished hospitalized patients with heart
failure. Arch Med Res. 2016;47:535-540.

29. Hersberger L, Dietz A, Biirgler H, et al. Indi-
vidualized nutritional support for hospitalized pa-
tients with chronic heart failure. J Am Coll Cardiol.
2021;77:2307-2319.

30. Feinberg J, Nielsen EE, Korang SK, et al.
Nutrition support in hospitalised adults at nutri-
tional risk. Cochrane Database Syst Rev. 2017;5(5):
CDO011598.

31. Arcand J, lvanov J, Sasson A, et al. A high-
sodium diet is associated with acute decom-
pensated heart failure in ambulatory heart failure
patients: a prospective follow-up study. Am J Clin
Nutr. 2011;93:332-337.

32. Gupta D, Georgiopoulou Vv,
Kalogeropoulos AP, et al. Dietary sodium intake in
heart failure. Circulation. 2012;126:479-485.

33. Heidenreich PA, Bozkurt B, Aguilar D, et al.
2022 AHA/ACC/HFSA guideline for the manage-
ment of heart failure: a report of the American
college of cardiology/American heart association
joint committee on clinical practice guidelines. J
Am Coll Cardiol. 2022;79(17):e263-e421.

34, Machado d'Almeida KS, Rabelo-Silva ER,
Souza GC, et al. Aggressive fluid and sodium re-
striction in decompensated heart failure with
preserved ejection fraction: results from a ran-
domized clinical trial. Nutrition. 2018;54:111-117.

35. Ezekowitz JA, Colin-Ramirez E, Ross H, et al.
Reduction of dietary sodium to less than
100 mmol in heart failure (SODIUM-HF): an in-
ternational, open-label, randomised, controlled
trial. Lancet. 2022;399:1391-1400.

36. Colin-Ramirez E, Sepehrvand N, Rathwell S,
et al. Sodium restriction in patients with heart
failure: a systematic review and meta-analysis of
randomized clinical trials. Circ Heart Fail. 2023;16:
e009879.

37. Hummel SL, Seymour EM, Brook RD, et al.
Low-sodium dietary approaches to Stop hyper-
tension diet reduces blood pressure, arterial
stiffness, and oxidative stress in hypertensive
heart failure with preserved ejection fraction/
novelty and significance. Hypertension. 2012;60:
1200-1206.

38. Hummel SL, Seymour EM, Brook RD, et al.
Low-sodium DASH diet improves diastolic function
and ventricular-arterial coupling in hypertensive
heart failure with preserved ejection fraction. Circ
Heart Fail. 2013;6:1165-1171.

39. Hummel SL, Karmally W, Gillespie BW, et al.
Home-delivered meals postdischarge from heart
failure hospitalization. Circulation: Heart Fail.
2018;11:e004886.

40. Guasch-Ferré M, Willett WC. The Mediterra-
nean diet and health: a comprehensive overview.
J Intern Med. 2021;290:549-566.

41. Estruch R, Ros E, Salas-Salvadd J, et al. Pri-
mary prevention of cardiovascular disease with a
mediterranean diet. N Engl J Med. 2013;368:1279-
1290.

42. Estruch R, Ros E, Salas-Salvadé J, et al. Pri-
mary prevention of cardiovascular disease with a
mediterranean diet supplemented with extra-
virgin olive oil or nuts. N Engl J Med. 2018;378:
e34.

43. Delgado-Lista J, Alcala-Diaz JF, Torres-
Pefia JD, et al. Long-term secondary prevention of
cardiovascular disease with a Mediterranean diet
and a low-fat diet (CORDIOPREV): a randomised
controlled trial. Lancet. 2022;399:1876-1885.

44. Ahmed SI, Carbone S. Energy restriction or im-
provements in diet quality: identifying the best
pathway for a longer and healthier life. Minerva
Cardiol Angiol. Published online June 13, 2023.
https://doi.org/10.23736/52724-5683.23.06298-1

45. Carbone S, Billingsley Hayley E, Canada
Justin M, et al. Unsaturated fatty acids to improve
cardiorespiratory fitness in patients with obesity
and HFpEF. JACC: Basic Transl Sci. 2019;4:563-
565.

46. Carbone S, Canada Justin M, Buckley Leo F,
et al. Dietary fat, sugar consumption, and cardio-
respiratory fitness in patients with heart failure
with preserved ejection fraction. JACC: Basic
Transl Sci. 2017;2:513-525.

47. Lechner K, Scherr J, Lorenz E, et al. Omega-3
fatty acid blood levels are inversely associated

Billingsley et al
Scoping Review of Dietary Interventions in HFpEF

with cardiometabolic risk factors in HFpEF pa-
tients: the Aldo-DHF randomized controlled trial.
Clin Res Cardiol. 2022;111:308-321.

48. Hearon CM Jr, Dias KA, MacNamara JP, et al. 1
Year HIIT and omega-3 fatty acids to improve
cardiometabolic risk in stage-A heart failure. JACC
Heart Fail. 2022;10:238-249.

49. Lombardi M, Carbone S, Del Buono MG, et al.
Omega-3 fatty acids supplementation and risk of
atrial fibrillation: an updated meta-analysis of
randomized controlled trials. Eur Heart J Car-
diovasc Pharmacother. 2021;7:e69-€70.

50. Cikes M, Planinc I, Claggett B, et al. Atrial
fibrillation in heart failure with preserved ejection
fraction: the PARAGON-HF trial. JACC: Heart Fail.
2022;10:336-346.

51. Lennie TA, Andreae C, Rayens MK, et al.
Micronutrient deficiency independently predicts
time to event in patients with heart failure. J Am
Heart Assoc. 2018;7:e007251.

52. Song EK, Kang S-M. Micronutrient deficiency
independently predicts adverse health outcomes
in patients with heart failure. J Cardiovasc Nurs.
2017;32(1):47-53.

53. Bomer N, Pavez-Giani MG, Grote Beverborg N,
Cleland JGF, van Veldhuisen DJ, van der Meer P.
Micronutrient deficiencies in heart failure: mito-
chondrial dysfunction as a common pathophysio-
logical mechanism? J Intern Med. 2022;291:713-
731.

54. Eggebeen  J, Kim-Shapiro  Daniel B,
Haykowsky M, et al. One week of daily dosing with
beetroot juice improves submaximal endurance
and blood pressure in older patients with heart
failure and preserved ejection fraction. JACC Heart
Fail. 2016;4:428-437.

55. Zamani P, Rawat D, Shiva-Kumar P, et al. Ef-
fect of inorganic nitrate on exercise capacity in
heart failure with preserved ejection fraction. Cir-
culation. 2015;131:371-380; discussion 380.

56. Shaltout HA, Eggebeen J, Marsh AP, et al.
Effects of supervised exercise and dietary nitrate
in older adults with controlled hypertension
and/or heart failure with preserved ejection frac-
tion. Nitric Oxide. 2017;69:78-90.

57. Borlaug BA, Koepp KE, Reddy YNV, et al.
Inorganic nitrite to amplify the benefits and
tolerability of exercise training in heart failure with
preserved ejection fraction: the INABLE-training
trial. Mayo Clin Proc. 2024;99:206-217.

58. Borlaug BA, Anstrom KJ, Lewis GD, et al. Ef-
fect of inorganic nitrite vs placebo on exercise
capacity among patients with heart failure with
preserved ejection fraction: the INDIE-HFpEF
randomized clinical trial. JAMA. 2018;320:1764-
1773.

59. Sobirin MA, Herry Y, Sofia SN, Uddin |, Rifqi S,
Tsutsui H. Effects of coenzyme Q10 supplemen-
tation on diastolic function in patients with heart
failure with preserved ejection fraction. Drug Dis-
cov Ther. 2019;13:38-46.

60. Samuel TY, Hasin T, Gotsman |, et al. Coen-
zyme Q10 in the treatment of heart failure with
preserved ejection fraction: a prospective,


http://refhub.elsevier.com/S2772-963X(24)00745-2/sref20
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref20
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref20
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref20
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref21
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref21
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref21
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref21
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref21
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref21
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref22
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref22
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref22
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref22
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref22
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref23
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref23
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref23
https://doi.org/10.1016/j.cardfail.2024.06.007
https://doi.org/10.1016/j.cardfail.2024.06.007
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref25
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref25
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref25
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref25
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref25
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref26
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref26
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref26
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref26
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref27
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref27
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref27
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref27
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref28
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref28
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref28
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref28
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref29
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref29
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref29
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref29
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref30
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref30
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref30
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref30
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref31
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref31
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref31
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref31
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref31
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref32
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref32
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref32
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref33
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref33
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref33
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref33
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref33
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref33
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref34
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref34
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref34
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref34
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref34
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref35
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref35
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref35
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref35
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref35
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref36
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref36
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref36
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref36
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref36
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref37
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref37
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref37
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref37
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref37
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref37
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref37
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref38
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref38
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref38
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref38
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref38
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref39
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref39
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref39
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref39
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref40
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref40
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref40
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref41
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref41
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref41
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref41
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref42
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref42
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref42
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref42
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref42
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref43
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref43
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref43
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref43
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref43
https://doi.org/10.23736/S2724-5683.23.06298-1
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref45
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref45
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref45
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref45
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref45
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref46
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref46
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref46
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref46
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref46
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref47
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref47
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref47
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref47
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref47
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref48
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref48
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref48
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref48
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref49
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref49
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref49
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref49
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref49
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref50
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref50
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref50
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref50
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref51
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref51
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref51
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref51
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref52
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref52
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref52
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref52
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref53
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref53
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref53
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref53
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref53
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref53
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref54
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref54
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref54
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref54
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref54
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref54
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref55
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref55
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref55
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref55
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref56
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref56
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref56
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref56
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref56
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref57
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref57
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref57
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref57
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref57
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref58
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref58
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref58
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref58
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref58
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref58
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref59
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref59
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref59
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref59
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref59
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref60
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref60
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref60

10

Billingsley et al
Scoping Review of Dietary Interventions in HFpEF

randomized, double-blind, placebo-controlled
trial. Drugs R. 2022;22:25-33.

61. Pierce JD, Shen Q, Mahoney DE, et al. Effects
of ubiquinol and/or D-ribose in patients with heart
failure with preserved ejection fraction. Am J
Cardiol. 2022;176:79-88.

62. Mortensen Svend A, Rosenfeldt F, Kumar A,
et al. The effect of coenzyme Q10 on morbidity
and mortality in chronic heart failure. JACC Heart
Fail. 2014;2:641-649.

63. Kamimura D, Yimer WK, Shah AM, et al.
Vitamin D levels in black Americans and the as-
sociation with left ventricular remodeling and
incident heart failure with preserved ejectin frac-
tion: the jackson heart study. J Card Fail. 2023;29:
150-157.

64. Boxer RS, Kenny AM, Schmotzer BJ, Vest M,
Fiutem JJ, Pifia IL. A randomized controlled trial of
high dose vitamin D3 in patients with heart failure.
JACC Heart Fail. 2013;1:84-90.

65. Tong D, Schiattarella GG, Jiang N, et al.
NAD+ repletion reverses heart failure with pre-
served ejection fraction. Circ Res. 2021;128:1629-
1641.

66. Wang Y-C, Koay YC, Pan C, et al. Indole-3-
Propionic acid protects against heart failure with
preserved ejection fraction. Circ Res. 2024;134(4):
371-389.

67. Marques FZ, Nelson E, Chu P-Y, et al. High-
fiber diet and acetate supplementation change the
gut microbiota and prevent the development of
hypertension and heart failure in hypertensive
mice. Circulation. 2017;135:964-977.

68. Colin-Ramirez E, Alemayehu W, McAlister FA,
et al. The need for fiber addition in symptomatic
heart failure (FEAST-HF): a randomized controlled
pilot trial. CJC Open. 2023;5:760-769.

69. Schmidt TM. Stitching together a healthy gut
microbiome with fiber. Cell Host Microbe.
2022;30:762-763.

70. Hager K, Cudhea FP, Wong JB, et al. Associa-
tion of national expansion of insurance coverage
of medically tailored meals with estimated hospi-
talizations and health care expenditures in the US.
JAMA Netw Open. 2022;5:e2236898.

71. Mozaffarian D. GLP-1 agonists for obesity—a
new recipe for success? JAMA. 2024;331:1007-
1008.

JACC: ADVANCES, VOL. 4, NO. 1, 2025
JANUARY 2025:101465

72. Wang Y, Xue H, Huang Y, Huang L, Zhang D.
A systematic review of application and effective-
ness of mHealth interventions for obesity and
diabetes treatment and self-management. Adv
Nutr. 2017;8:449-462.

73. Rtabi H, Driggin E, Kurian DC, Maurer MA,
Raiszadeh F. Food insecurity is associated with a
higher body mass index and lower albumin levels
in patients with congestive heart failure in the All
of Us research program. Eur Heart J. 2023;44:
ehad655.860.

74. Gondi K, Sifuentes A, Hummel SL. Food inse-
curity is independently associated with heart fail-
ure mortality in the United States. J Card Fail.
2022;28:57.

75. Go AS, Tan TC, Horiuchi KM, et al. Effect of
medically tailored meals on clinical outcomes in
recently hospitalized high-risk adults. Med Care.
2022;60:750-758.

KEY WORDS dietary patterns, dietary
supplements, heart failure with preserved
ejection fraction, malnutrition, sodium
restriction, weight loss


http://refhub.elsevier.com/S2772-963X(24)00745-2/sref60
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref60
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref61
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref61
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref61
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref61
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref62
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref62
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref62
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref62
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref63
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref63
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref63
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref63
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref63
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref63
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref64
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref64
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref64
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref64
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref65
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref65
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref65
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref65
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref65
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref66
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref66
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref66
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref66
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref67
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref67
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref67
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref67
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref67
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref68
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref68
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref68
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref68
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref69
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref69
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref69
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref70
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref70
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref70
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref70
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref70
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref71
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref71
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref71
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref72
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref72
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref72
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref72
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref72
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref73
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref73
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref73
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref73
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref73
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref73
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref74
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref74
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref74
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref74
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref75
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref75
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref75
http://refhub.elsevier.com/S2772-963X(24)00745-2/sref75

	Dietary Interventions in Heart Failure With Preserved Ejection Fraction
	Energy restriction/intentional weight loss
	Malnutrition
	Dietary patterns
	Sodium restriction and the DASH diet
	The mediterranean diet and dietary fatty acids

	Micronutrient supplementation
	Inorganic nitrate
	Coenzyme Q10
	Other supplements

	Future directions for dietary intervention in HFpEF
	Conclusions
	Funding support and author disclosures
	References


