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Abstract
Purpose of Review There is a growing body of evidence that nutritional factors influence the incidence of heart failure (HF). The
current manuscript aims to collate evidence relating to nutritional intervention in the treatment of HF as well as to provide context
regarding challenges and opportunities in the field.
Recent Findings Despite the accepted importance of nutritional factors relating to cardiovascular disease severity, there is
surprisingly little human intervention research regarding dietary intake and HF. Further, existing nutritional interventions in
HF were mostly pilot studies with small samples and short follow-up.
Summary There is consistent evidence that nutritional factors majorly influence HF. Despite limited research, there is evidence
that nutritional modification can rapidly and profoundly influence multiple aspects of HF. There is an urgent need for well-
conducted research to ascertain if nutritional modification can alter the long-term course of HF.
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Abbreviations
CVD Cardiovascular disease
CVEs Cardiovascular events
DART Diet And Reinfarction Trial
DASH Dietary Approaches to Stop Hypertension
DASH-DHF DASH-Diastolic Heart Failure
HF Heart failure
MedDiet Mediterranean diet
MI Myocardial infarction
PREDIMED Prevención con Dieta Mediterránea

Introduction

Heart failure (HF) is a leading and increasing cause of hospi-
talization, morbidity, and mortality worldwide. Medical ad-
vances have improved HF survival, yet mortality rates remain
high. Therefore, feasible and cost-effective interventions to
help prevent and treat HF are crucial.

The majority of HF research to date has focused on phar-
macology and devices. The potential of nutritional interven-
tion has received little attention, and therefore the role of nu-
tritional factors in the pathogenesis and treatment of HF re-
mains underexplored and underappreciated [1–3]. Guidelines
regarding nutrition in HF are modest and unspecific with a
focus on restriction of sodium (salt) and fluid. However, spe-
cific dietary patterns may have superior effects. Being rela-
tively cheap and safe, nutritional modification represents an
attractive strategy to prevent and treat HF.

Nutrition and Heart Failure

Multiple metabolic derangements (obesity, dyslipidemia, in-
sulin resistance, systemic inflammation) and certain patholo-
gies (hypertension, diabetes) are associated with HF inci-
dence/severity. Nutritional factors are major contributors to
these risk factors and to cardiovascular disease (CVD) itself.
There is robust evidence from several landmark trials that
nutritional intake has a profound influence on CVD including
Diet And Reinfarction Trial (DART) [4], Dietary Approaches
to Stop Hypertension (DASH) [5], and Prevención con Dieta
Mediterránea (PREDIMED) [6•].

Specific to HF, several epidemiological studies have dem-
onstrated marked reductions (45–81%) in HF incidence with
adherence to a healthy lifestyle (regular physical activity,
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healthy dietary pattern, normal body mass index, no/moderate
alcohol, not smoking) incidence [7–15]. Although these large
studies are consistent, they are limited by observational na-
ture. Further, the inclusion of several lifestyle factors means
the specific effect of nutrition cannot be elucidated.

However, there is observational evidence specifically relat-
ing to a number of dietary patterns or scores and HF (Table 1).
Healthy dietary patterns have been associated with improved
cardiac function and decreased HF incidence in healthy adults
[12, 18, 23] including males [19, 24•] and females [16, 20, 25]
as well as in those with pre-existing CVD [17, 26] including
atrial fibrillation [27•] and diabetes [17]. Further, a beneficial
and synergistic effect regarding primary prevention of HF has
been observed in those receiving proven medications (ACE
inhibitors or angiotensin II receptor antagonists) [17, 29].

Interestingly, observational studies suggest a dose-response
relationship whereby greater adherence to healthy behaviors
[7–15], dietary patterns [23, 24•, 25, 27•], or specific dietary
components [30–32] displays a graded relationship towards
HF incidence. Further, separate systematic reviews and
meta-analysis reported decreased CVD, and particularly de-
creased HF, associated with adherence to either DASH [33] or
Mediterranean diet [34•]. These reviews suggest that the pro-
found effect of nutrition in non-HF CVD may be present in
HF and may even be magnified. Finally, additional

observational evidence among those with pre-existing HF
suggests a protective association between a healthy DASH/
Mediterranean diet pattern and improved cardiac function [28]
and even decreased mortality [21••, 24•].

Nutritional Interventions in Heart Failure

Despite the accepted importance of nutritional factors relating
to CVD regression or progression, there is surprisingly little
human intervention research regarding dietary intake and HF.
In the context of the suggestive effect of nutritional interven-
tion for HF prevention/treatment, it is puzzling that nutritional
modification has not been explored further to date. Nutritional
interventions specific to HF are detailed briefly below as well
as in Table 2.

The Rice Diet

One of the first documented nutritional interventions for HF
was from Dr. Walter Kempner at Duke University and his
“Rice Diet” from the 1940s [35]. The protocol consisted of
white rice, sugar, fruit, fruit juices, and supplemental vitamins
and iron, providing ~ 2000 cal, 20 g protein, 2–3% fat,
1000ml liquid, and 150–250mg sodium daily. Blood pressure

Table 1 Observational nutrition research specific to HF

Diet Description Adherence associated with: References

Alternative Healthy Eating
Index

A 9-component index including vegetables, fruit nuts
and soy protein, cereal fiber, multivitamin use, low
in trans-fat and alcohol, and high ratios
of polyunsaturated to saturated fatty acids and
of white to red meat

-Decreased HF risk [12, 16, 17]

Dietary Approaches to Stop
Hypertension (DASH)

Plant-based diet, rich in carbohydrates, and low fat
that emphasizes consumption of fruits, vegetables,
whole grains, and nuts with addition of some fish,
poultry, and low-fat dairy products and minimization
of red meat, sugar, and processed foods

-Favorable heart function
-Decreased HF risk
-Decreased mortality

[18–20, 21••]

Dietary inflammatory index Developed to characterize dietary intake from
maximally anti- to pro-inflammatory

-Decreased HF risk [22]

Dietary modification index Based on percentage of total energy intake from fat,
vegetables, and fruit servings, grain servings,
percentage of energy intake from saturated fat,
percentage of energy intake from trans-fat
and dietary cholesterol intake

-Decreased HF risk [16]

Dietary risk score Based on food items that are considered predictive
(meat, salty snacks, and fried foods) or protective
(fruits and green leafy vegetables, other cooked
vegetables, and other raw vegetables) of CVD

-Decreased HF risk [17]

Mediterranean diet Plant-based, carbohydrate-rich, moderate-fat diet
characterized by high intake of vegetables, fruits,
whole grains, and nuts with a moderate intake
of extra virgin olive oil (EVOO), fish, and sometimes
wine and a low intake of dairy products, poultry,
processed meat, red meat, sugar, and processed foods

-Favorable heart function
-Decreased cardiac remodeling
-Decreased CVD events
-Decreased HF risk
-Decreased HF mortality

[23, 24•, 25, 26, 27•, 28]
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and related symptoms reportedly improved markedly and rap-
idly. A 1949 editorial in theNew England Journal of Medicine
stated “results are little short of miraculous…practically
speaking, there is probably no more effective diet for obese
decompensated cardiac patients” [45]. Although there has
been no original research regarding the Rice Diet since 1975
[46], two articles recounted this interesting concept in 2014
[47, 48].

Mediterranean Diet

The traditional Mediterranean diet (MedDiet) is a plant-based,
carbohydrate-rich, moderate-fat diet characterized by high in-
take of vegetables, fruits, whole grains, and nuts with a mod-
erate intake of extra virgin olive oil, fish, and sometimes wine,
and a low intake of dairy products, poultry, processed meat,
red meat, sugar, and processed foods. There is observational
evidence thatMedDiet is associated with benefit regarding HF
(Table 1). In fact, a 2016 systematic review and meta-analysis
involving 10,950 participants comparing randomized con-
trolled trials of Mediterranean to control diets suggested a
70% reduction in HF incidence with MedDiet [34•].

One of the first reports of nutrition and HF in “modern
literature” comes from the seminal Lyon Diet Heart Study.
This randomized, single-blind trial tested the hypothesis that
a MedDiet might reduce CVD complications compared to
usual care + usual diet among myocardial infarction (MI) sur-
vivors. After 27 months, there were eight cases of non-fatal
HF in 303 subjects in the usual-care group (1.35%), while
there were two cases in 302 subjects following a MedDiet
(0.33%) [49]. Follow-up at 46 months demonstrated that
MedDiet significantly reduced the risk of a composite end-
point (including HF) by 67% (p = 0.0001) [29].

PREDIMED is a large randomized, controlled trial (N =
7403) to assess the impact of MedDiet with the addition of
either additional virgin olive oil or nuts compared to low-
moderate-fat diet among adults at high risk of CVD.
Preliminary analysis reported decreased plasma NT-proBNP
and oxidized LDL as well as prevention of lipoprotein(a) in-
crease [50•]. However, there is only a single randomized, con-
trolled trial assessing MedDiet and HF outcome. A 2008 con-
trolled trial among subjects after a first MI demonstrated sig-
nificantly increased survival at follow-up (84%) compared to
usual care (60%) with a low saturated fat (≤ 7% calories) and
low dietary cholesterol (≤ 200 mg/day) MedDiet [36].

Dietary Approaches to Stop Hypertension Diet

Similar to MedDiet, Dietary Approaches to Stop
Hypertension (DASH) is a plant-based, carbohydrate-rich di-
et, characterized by high intake of vegetables, fruits, whole
grains, and nuts with addition of some fish, poultry, and
low-fat dairy products and minimization of processed/red

meat, sugar, and processed foods. The DASH diet was de-
signed to prevent and treat hypertension [5, 51]. Based on
early studies of lower blood pressure in vegetarians, “the diet
design goals were to create patterns that would have the blood
pressure lowering benefits of a vegetarian diet, yet contain
enough animal products to make them palatable to non-vege-
tarians” [51]. There is also observational evidence that
DASH is associated with benefit regarding HF (Table 1).
In fact, a 2013 systematic review and meta-analysis of
observational prospective studies including > 144,000
adults reported that a DASH-like diet was associated with
significant reductions in CVD incidence, including coro-
nary heart disease and stroke (19 to 21%), but the greatest
risk reduction was for HF (29%) [33].

Interventional evidence regarding the DASH diet and HF
comes from the pilot, DASH-Diastolic Heart Failure (DASH-
DHF) trial. DASH-DHF was a non-blinded, non-randomized,
and non-controlled pilot study conducted among 13 primarily
obese, postmenopausal women with HFpEF which led to
three publications. Importantly, all foods were prepared and
served under observation by dietitians in a metabolic kitchen
to increase dietary compliance. There was a mean weight loss
of 1.7 kg after 3 weeks which was accompanied by decreases
in biomarkers (urinary sodium, BNP, and oxidative stress),
dyspnea, 24-h blood pressure, arterial elastance, viscoelastic/
relaxation, and chamber stiffness. In tandem, there were in-
creases in stroke volume, ejection fraction, and cardiac con-
tractility as well as alternate biomarkers (24-h urinary potas-
sium and aldosterone) and a trend towards increased exercise
capacity [37, 38••]. A third publication reported increases in
short-chain acyl carnitines which correlated with improved
left ventricular function [39] suggesting improved myocardial
energy utilization. A separate, more recent randomized, con-
trolled trial compared DASH to general HF recommendations
in 48 patients with mild-moderate HF. Despite no weight loss
after 12 weeks, there were significant increases in large artery
elasticity, exercise capacity, and quality of life as well as a
significant decrease in BNP [40••]. A limitation of both trials
is the lack of investigator blinding.

Low-Carbohydrate Diets

Low-carbohydrate diets (e.g., Atkins, ketogenic) emphasize a
combination of high-fat (e.g., butter, oils) and high-protein
foods (e.g., meats, egg) with the addition of small amounts
of non-starchy fruit and vegetables (e.g., avocado). This type
of approach has gained popularity with the public and for
select clinical conditions. Preliminary evidence suggests that
low-carbohydrate diets may improve pre-HF metabolic de-
rangements (obesity, dyslipidemia, insulin resistance, system-
ic inflammation). A 2017 review article suggested that weight
loss either through energy restriction or through a low-
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carbohydrate diet would improve glucose and lipid metabo-
lism in HF, potentially providing clinical benefit [52].

There are three interventional trials which have utilized
different low-carbohydrate diets in HF. The earliest comprised
a small, three-arm trial comparing 12 weeks of high-protein,
restricted energy diet to a standard protein, restricted energy
diet or a normocaloric American Heart Association recom-
mended diet among 14 overweight/obese subjects with mild-
moderate HF and diabetes. There were significantly greater
reductions in weight, body fat, total/LDL cholesterol, and tri-
glycerides as well as significantly greater improvements in
exercise capacity, HDL, and quality of life and a trend towards
increased muscle mass with the higher protein diet [41].
Interestingly, patients in the high-protein group were encour-
aged to increase plant protein as opposed to animal protein. A
subsequent randomized trial compared high-protein Nordic
Nutrition Recommendation diet to a high-protein “Paleo” diet
(both ad libitum) in 68 overweight postmenopausal women.
After 2 years, there were non-significant decreases in weight
but significant decreases in left ventricular mass and end-
diastolic volume in both high-protein groups. However, this
trial also reported a decrease in both stroke volume and cardi-
ac output [42]. Again, a limitation of both trials is the lack of
investigator blinding. A more recent single-blind, randomized
controlled clinical trial assigned 88 HF patients to a low-car-
bohydrate or standard diet. After 2 months, there was an im-
provement in arterial oxygen saturation in the low-carbohy-
drate group and a deterioration in the standard-diet group
[43••]. However, there was no effect on BP or handgrip
strength. Importantly, there was a clinically significant weight
loss of 5.9 kg in the low-carbohydrate group (2.3 kg as water)
with weight gain of 2.6 kg in the standard diet group but this
was no statistically significant [43••].

Low-Fat Diets

Low-fat diets advise the limitation of high-fat foods (e.g.,
butter) with the liberal consumption of low-fat products
(e.g., whole grains) and remain the cornerstone of CVD die-
tary advice. There is interventional evidence from random-
ized, controlled trials that low-fat diets lead to weight loss
and improved cardiac biomarkers as well as reductions in
cardiovascular events (CVEs), including HF incidence, and
total mortality [36, 53]. Additional controlled trials utilized a
low-fat, plant-based diet (emphasizing fruits, vegetables,
whole grains, legumes) with exercise and stress management
in subjects with coronary artery disease or multiple risk fac-
tors. After only 24 days, there were significant increases in
exercise capacity and left ventricular ejection fraction as well
as significant decreases in total cholesterol and angina fre-
quency compared to usual care [54]. These preliminary find-
ings were reaffirmed in longer trials of 3 months and 3 years
which demonstrated decreases in body mass index, body fat,

total/LDL, inflammation (CRP), apolipoprotein B, blood
pressure, resting heart rate, frequency/severity of physical lim-
itation, CVEs, and revascularization in conjunction with in-
creased exercise capacity and quality of life [55–57]. To date,
low-fat diets have not been subjected to a trial specifically
regarding HF outcome. However, a recent 2-month, case
study demonstrating a marked improvement with a low-fat,
plant-based 269 diet is detailed in Table 2.

Non-specific Trials Relating to Nutrition Knowledge

Additionally, there have been several randomized, controlled
trials which focused on educational interventions to improve
nutritional knowledge and compliance with dietary recom-
mendations in HF. These trials noted increased nutritional
knowledge, higher compliance with dietary guidelines, in-
creased exercise tolerance [58], and even decreased HF
hospitalization/death [59]. These educational trials are impor-
tant because they suggest that simply improving the nutrition
knowledge of HF patients may have broad clinical benefit.

Summary of Nutrition Interventions

There is consistent evidence that nutritional factors majorly
influence HF incidence and severity. There is surprisingly
little human intervention research regarding nutritional intake
and HF. Nevertheless, there is evidence that nutritional mod-
ification can rapidly and profoundly influence multiple as-
pects of HF.

Perhaps the greatest benefit of nutritional modification re-
garding secondary prevention of HF has been demonstrated
by the Rice Diet, but this evidence is limited by its historical
nature. There is preliminary yet interesting evidence relating
to both low-carbohydrate diets and low-fat diets (particularly
plant-based). However, perhaps the most consistent evidence
relates to MedDiet and DASH diets. This evidence is limited
by its largely observational nature and focus on primary
prevention. However, there is a single randomized, con-
trolled trial of MedDiet compared to usual care among
202 MI survivors. After 46-month follow-up, there was
significantly improved primary outcome-free survival in
the intervention group (84%) than in the usual-care con-
trols (60%). Similarly, there are only two intervention stud-
ies to date regarding the DASH diet: one small (n = 13)
uncontrolled and unblinded feeding trial lasting 3 weeks
[37, 38••, 39] and one small (n = 48) randomized, con-
trolled trial lasting 12 weeks [40••]. Nevertheless, DASH
has been called “an optimal dietary plan for symptomatic
HF” [60]. Further, the DASH diet was formally adopted
into the 2013 AHA/ACC CVD risk prevention guidelines
(strong recommendation: 2013: level 1A) [61]. Ultimately,
the lack of large-scale, well-designed human intervention
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research regarding nutrition and HF brings many chal-
lenges but also opportunities.

Challenges

Challenges Relating to Interventional Nutrition
Research

Nutrition is a powerful tool to modulate CVD incidence and
outcome. However, research regarding interventional nutri-
tion brings several challenges. Nutritional science has histor-
ically used a reductionist approach, focusing on single foods
or nutrients. However, humans eat foods, not nutrients, and
foods are consumed as part of an overall dietary pattern.
Dietary patterns involve complex relationships between com-
ponents of dietary intake, not just a single nutrient or foods. As
such, overall diet assessment represents a broad picture of
food and nutrient consumption and has been suggested to be
more predictive of disease risk than individual foods/nutrients
[62]. The gold standards for human intervention research are
double-blind, randomized, placebo-controlled trials. Although
it may be possible to conduct such research regarding a new
drug or vitamin pill, it is impossible to double-blind a full
nutrition intervention. For example, if a subject is asked to
consume a Mediterranean diet, they will be aware and hence
not blinded!. In contrast, it is possible for investigators to
remain blinded, although this is not always utilized [35, 37,
38••, 39, 40••, 41, 42, 44•].

Nutritional trials should preferably be randomized and in-
clude a control group. It is important to select an appropriate
control intervention. Usual care or standard dietary recom-
mendations appear suitable for use as a control intervention.
Importantly, randomization to a specific nutrition intervention
does not ensure compliance, i.e., being asked to consume a
Mediterranean does not mean the subject will actually eat a
Mediterranean diet. For example, the PREDIMED trial used a
low-fat diet in the control group. However, the authors ac-
knowledge that “changes in total fat were small” in the low-
fat group. To complicate adherence further, it is well known
that a major limiting factor in nutrition research is accurately
assessing long-term nutritional intake and adherence to a nu-
tritional intervention [63].

Challenges Relating to Interventional Nutrition
Research in HF

Interventional nutrition research specific to HF brings several
additional challenges. HF can be right sided or left sided. Left-
sided HF can be further characterized by preserved ejection
fraction or reduced ejection fraction. The types of HF as well
as the severity and any comorbidity are important contributors
to pharmacological treatment and may be important factors

influencing nutritional intervention. Regarding comorbidities,
renal disease may present a particular consideration due to
varying dietary alterations, such as sodium, potassium, phos-
phate, or protein restrictions. Additional comorbidities (e.g.,
depression, anxiety) and life circumstances (e.g., diminished
mobility, financial limitations) may affect desire to eat, as well
as ability to purchase and prepare food and hence dietary
intake. Similarly, frequent clinical appointments and/or hospi-
talizations disrupt usual routine (including nutritional intake)
and may lead to impaired nutritional intake.

Calorie and nutrient requirements may differ in HF and
may be influenced by HF sub-type and/or comorbidities
(e.g., diabetes). There is evidence that HF may decrease nu-
trient absorption including macronutrients (carbohydrate, pro-
tein, fat) and micronutrients (e.g., vitamins). Further, elevated
oxidative stress and certain mediations routinely used thera-
peutically for those with HF (e.g., diuretics) may contribute to
micronutrient depletion (e.g., potassium and magnesium, thi-
amine, vitamin D) [64–66].

It is accepted that overweight/obesity is a major predispos-
ing factor for HF incidence. Indeed, weight loss achieved
through various means, including surgery [67], exercise
[68••, 69], or differing dietary regimens [35, 37, 38••, 39,
41, 42, 44•], is associated with diverse improvements in HF.
In contrast, rapid and inappropriate weight loss is detrimental
in HF, particularly in the setting of cardiac cachexia or
sarcopenia. Indeed, poor nutritional status is associated with
poor HF prognosis [70–72]. Therefore, it is important for clin-
ical and research purposes that trained professionals, ideally
dietitians, are involved in the nutritional assessment of HF
patients to ensure appropriate advice regarding weight
loss/maintenance/gain. Currently, appropriate ways to assess
nutritional status in HF, and how best to interpret, are not well
defined, and therefore a variety of methods in conjunction
with clinical expertise would ideally be used.

The importance of nutritional status (under/overweight)
with regard to HF prognosis is clear. In this context, broad
nutritional interventions which would lead overweight pa-
tients to lose weight would theoretically improve HF asso-
ciated with overweight. For example, most existing nutri-
tional interventions in HF have led to weight loss (Table 2).
Therefore, the question remains: would these interventions
be successful in the absence of weight loss? This is partic-
ularly important because weight loss is difficult and the
maintenance of weight loss is even more difficult.
Further, weight loss may not always be indicated. The
PREDIMED trial demonstrated that a MedDiet supple-
mented with EVOO or nuts could decrease important HF
biomarkers in subjects at high risk of CVD, even in the
absence of weight loss [50•]. Specific to pre-existing HF,
there is currently only a single, small (n = 48) trial demon-
strating benefit of a nutrition intervention in the absence of
weight loss. A small (n = 48) 2015 randomized, controlled
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trial reported that the DASH diet led to broad clinical ben-
efit in 12 weeks [40••].

Existing nutritional interventions in HF have lasted from
21 days to 46 months. Diverse clinical benefit has been re-
ported in the short term inferring a remarkable treatment ef-
fect. However, shorter term trials have reported markers of HF
biomarkers (BP, symptoms, cardiac function) as opposed to
hard clinical outcomes such as CVEs or mortality. To date,
there is only a single nutrition intervention which examined
the effect on clinical outcomes. Tuttle and colleagues reported
significantly improved outcome-free survival (84%) with a
low-fat, low-cholesterol Mediterranean-style diet compared
to usual care (60%) [36]. Additionally, low-fat diets, with or
without exercise and stress management, have been docu-
mented to decrease CVEs and HF incidence in those with
pre-existing CVD [36, 53–57].

Opportunities

It is clear that nutritional intervention has much potential re-
garding multiple aspects of HF, including prevention as well
as targeting relevant comorbidities, improving several aspects
of quality of life in HF (e.g., exercise tolerance, dyspnea) and
improving short- and possibly long-term prognosis.

Large-scale observational studies report a profound effect of
nutritional intake on HF incidence, prognosis, and even mor-
tality (Table 1). Further, large systematic reviews report a ben-
eficial role of nutrition with regard to CVD and a pronounced
benefit specifically relating to HF [33, 34•]. However, there is a
disappointing and notable lack of human nutrition interven-
tions specifically among those with pre-existing HF.

This provides clear opportunity for clinical and research
teams to conduct well-designed interventions to further eluci-
date the effect, if any, of nutrition on HF pathogenesis. Further,
there is ample opportunity to explore the mechanistic path-
ways via which nutritional modification may prove beneficial.
Nutrition is only a single component of a healthy lifestyle.
There is potential to explore the synergistic effect of nutrition
and other lifestyle components regarding HF (e.g., exercise).

Regarding nutrition, the entire spectrum of HF manifesta-
tion, with or without comorbidities, needs to be considered.
Recommendations may need to be defined in the context of
each individual patient who may have concomitant disease
(e.g., renal disease), which requires additional and even con-
flicting nutritional recommendations.

A seminal 1999 editorial [73] regarding the famous Lyon
Diet Heart Study stated “relatively simple dietary changes
achieved greater reductions in risk of all-cause and coronary
heart disease mortality in a secondary prevention trial than any
of the cholesterol-lowering studies to date.” This editorial de-
tails the cost-effectiveness and high benefit to risk ratio of
dietary manipulation compared to “drugs and invasive

procedures” and concludes that “dietary factors must be very
important.” The current author agrees that diet does seem
important and I quote a more recent, expert editorial: “in our
search for the silver bullet, we have overlooked the silver
plate. It is regrettable that we remain so imprecise and ill-
informed about a cornerstone in patient care. Diet is important.
We can and should know more” [3].

Conclusions and Future Perspective

Nutritional intervention appears promising as an adjunctive
strategy in the treatment of HF. However, there is a clear lack
of well-designed and relevant nutrition interventional re-
search. Further, existing nutritional interventions in HF were
typically pilot studies with small samples and short follow-up.

Existing research suggests a consistent benefit of MedDiet
and DASH diet for HF. However, there is suggestive data
regarding both low-fat (especially plant based) diets and
low-carbohydrate diets. Overall, dietary patterns characterized
by high intake of fruits, vegetables, whole grains, and legumes
are high in micronutrients, antioxidants, and fiber and appear
beneficial with regard to HF.

Well-designed clinical investigations are urgently needed
to help resolve the many remaining issues in nutritional man-
agement of HF patients. These studies will require adequate
statistical power and accurate stratification of patients in terms
of HF sub-type, severity, and medication as well as adequate
follow-up, suitable definition of endpoints, and rigorous char-
acterization of diet and nutritional status. Further, these trials
should aim to be randomized, investigator blinded and utilize
a suitable control diet. So far, few studies meet all of these
criteria, and essentially none meets the highest standards of
evidence-based medicine.

Compliance with Ethical Standards

Conflict of Interest The author declares that he has no conflict of
interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. RichMW, Hauptman PJ. Nutrition in heart failure: more than drugs
and devices. J Card Fail. 2015;21:943–4.

Curr Heart Fail Rep (2018) 15:131–140 137



2. Ershow AG, Costello RB. Dietary guidance in heart failure: a per-
spective on needs for prevention and management. Heart Fail Rev.
2006;11:7–12.

3. Van Horn L, Yancy C. Diet prevention and therapy for heart failure?
Circ Heart Fail. 2013;6:1109–11.

4. Burr ML, Fehily AM, Gilbert JF, Rogers S, Holliday RM,
Sweetnam PM, et al. Effects of changes in fat, fish and fibre intakes
on death and myocardial re-infarction: Diet and Re-infarction Trial
(DART). Lancet. 1989;2:757–61.

5. Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP,
Sacks FM, et al. DASH Collaborative Research Group. A clinical
trial of the effects of dietary patterns on blood pressure. N Engl J
Med. 1997;336:1117–24.

6.• Estruch R, Ros E, Salas-Salvadó J, et al. Primary prevention of
cardiovascular disease with a Mediterranean diet. N Engl J Med.
2013;368:1279–90. This is the initial report from the largest
primary prevention trial regarding nutrition and cardiovascu-
lar disease to date.

7. Djoussé L, Driver JA, Gaziano JM. Relation between modifiable
lifestyle factors and lifetime risk of heart failure. JAMA. 2009;302:
394–400.

8. Folsom AR, Yamagishi K, Hozawa A, Chambless LE, for the
Atherosclerosis Risk in Communities Study Investigators.
Absolute and attributable risks of heart failure incidence in relation
to optimal risk factors. Circ Heart Fail. 2009;2:11–7.

9. Wang Y, Tuomilehto J, Jousilahti P, Antikainen R, Mahonen M,
Katzmarzyk PT, et al. Lifestyle factors in relation to heart failure
among Finnish men and women. Circ Heart Fail. 2011;4:607–12.

10. Avery CL, Loehr LR, Baggett C, Chang PP, Kucharska-Newton
AM, Matsushita K, et al. The population burden of heart failure
a t t r i bu t ab l e t o mod i f i ab l e r i sk f ac to r s : t he ARIC
(Atherosclerosis Risk in Communities) study. J Am Coll
Cardiol. 2012;60:1640–6.

11. Khawaja O, Kotler G, Gaziano JM, Djoussé L. Usefulness of de-
sirable lifestyle factors to attenuate the risk of heart failure among
offspring whose parents had myocardial infarction before age 55
years. Am J Cardiol. 2012;110:326–30.

12. Agha G, Loucks EB, Tinker LF, Waring ME, Michaud DS, Foraker
RE, et al. Healthy lifestyle and decreasing risk of heart failure in
women: the Women’s Health Initiative observational study. J Am
Coll Cardiol. 2014;64:1777–85.

13. Del Gobbo LC, Kalantarian S, Imamura F, et al. Contribution of
major lifestyle risk factors for incident heart failure in older
adults: the Cardiovascular Health Study. JACC Heart Fail.
2015;3:520–8.

14. Folsom AR, Shah AM, Lutsey PL, et al. American Heart
Association’s Life’s Simple 7: avoiding heart failure and preserving
cardiac structure and function. Am J Med. 2015;128:970-6.e2.

15. Larsson SC, Tectomidis TG, Gigante B, Akesson A, Wolk A.
Healthy lifestyle and risk of heart failure: results from two prospec-
tive cohort studies. Circ Heart Fail. 2016;9:e002855.

16. Belin RJ, Greenland P, Allison M, Martin L, Shikany JM, Larson J,
et al. Diet quality and the risk of cardiovascular disease: the
Women’s Health Initiative (WHI). Am J Clin Nutr. 2011;94:49–57.

17. Dehghan M, Mente A, Teo KK, Gao P, Sleight P, Dagenais G, et al.
Relationship between healthy diet and risk of cardiovascular dis-
ease among patients on drug therapies for secondary prevention: a
prospective cohort study of 31 546 high-risk individuals from 40
countries. Circulation. 2012;126(23):2705–12.

18. Nguyen HT, Bertoni AG, Nettleton JA, Bluemke DA, Levitan EB,
Burke GL. DASH eating pattern is associated with favorable left
ventricular function in the multi-ethnic study of atherosclerosis. J
Am Coll Nutr. 2012;31:401–7.

19. Levitan EB, Wolk A, Mittleman MA. Relation of consistency with
the dietary approaches to stop hypertension diet and incidence of

heart failure in men aged 45 to 79 years. Am J Cardiol. 2009;104:
1416–20.

20. Levitan EB, Wolk A, Mittleman MA. Consistency with the DASH
diet and incidence of heart failure. Arch Intern Med. 2009;69:851–
7.

21.•• Levitan EB, Lewis CE, Tinker LF, et al. Mediterranean and DASH
diet scores and mortality in women with heart failure: the Women’s
Health Initiative. Circ Heart Fail. 2013;6:1116–23. This observa-
tional study among 2,215 women with pre-existing HF reported
that highest vs. lowest scores for DASH and Mediterranean
were associated with 16 and 15% lower mortality.

22. Wirth MD, Shivappa N, Hurley TG, Hébert JR. Association be-
tween previously diagnosed circulatory conditions and a dietary
inflammatory index. Nutr Res. 2016;36(3):227–33. https://doi.org/
10.1016/j.nutres.2015.11.016.

23. Wirth J, di Giuseppe R, Boeing H, Weikert C. A Mediterranean-
style diet, its components and the risk of heart failure: a prospective
population-based study in a non-Mediterranean country. Eur J Clin
Nutr. 2016;70:1015–21.

24.• Tektonidis TG, Åkesson A, Gigante B, Wolk A, Larsson SC.
Adherence to a Mediterranean diet is associated with reduced risk
of heart failure in men. Eur J Heart Fail. 2016;18(3):253–9. This
observational study reported decreased HF incidence in
healthy males as well as decreased mortality in those who went
on to develop HF. Further, benefit was observed in a dose-
response manner benefit.

25. Tektonidis TG, Åkesson A, Gigante B, Wolk A, Larsson SC. A
Mediterranean diet and risk of myocardial infarction, heart failure
and stroke: a population-based cohort study. Atherosclerosis.
2015;243(1):93–8.

26. Chrysohoou C, Panagiotakos DB, Aggelopoulos P, Kastorini CM,
Kehagia I, Pitsavos C, et al. The Mediterranean diet contributes to
the preservation of left ventricular systolic function and to the long-
term favorable prognosis of patients who have had an acute coro-
nary event. Am J Clin Nutr. 2010;92:47–54.

27.• Pastori D, Carnevale R, Bartimoccia S, et al. Does Mediterranean
diet reduce cardiovascular events and oxidative stress in atrial fi-
brillation? Antioxid Redox Signal. 2015;23:682–7. This observa-
tional study reported decreased HF incidence in adults with
pre-existing atrial fibrillation. Further, benefit was observed
in a dose-response manner benefit.

28. Chrysohoou C, Pitsavos C, Metallinos G, Antoniou C, Oikonomou
E, Kotroyiannis I, et al. Cross-sectional relationship of a
Mediterranean type diet to diastolic heart function in chronic heart
failure patients. Heart Vessel. 2012;27(6):576–84.

29. de Lorgeril M, Salen P,Martin JL,Monjaud I, Delaye J,Mamelle N.
Mediterranean diet, traditional risk factors, and the rate of cardio-
vascular complications after myocardial infarction: final report of
the Lyon Diet Heart Study. Circulation. 1999;99:779–85.

30. AshayeA, Gaziano J, Djoussé L. Redmeat consumption and risk of
heart failure in male physicians. Nutr Metab Cardiovasc Dis.
2011;21:941–6.

31. Djoussé L, Petrone AB, Gaziano JM. Consumption of fried foods
and risk of heart failure in the physicians’ health study. J Am Heart
Assoc. 2015;4:e001740.

32. Rautiainen S, Levitan EB, Mittleman MA, Wolk A. Fruit and veg-
etable intake and rate of heart failure: a population-based prospec-
tive cohort of women. Eur J Heart Fail. 2015;17:20–6.

33. Salehi-Abargouei A, Maghsoudi Z, Shirani F, Azadbakht L. Effects
of Dietary Approaches to Stop Hypertension (DASH)-style diet on
fatal or nonfatal cardiovascular diseases—incidence: a systematic
review and meta-analysis on observational prospective studies.
Nutrition. 2013;29:611–8.

34.• Liyanage T, Ninomiya T, Wang A, et al. Effects of the
Mediterranean diet on cardiovascular outcomes—a systematic
review and meta-analysis. PLoS One. 2016;11:e0159252. This

138 Curr Heart Fail Rep (2018) 15:131–140

https://doi.org/10.1016/j.nutres.2015.11.016
https://doi.org/10.1016/j.nutres.2015.11.016


systematic review and meta-analysis, involving 10,950 par-
ticipants comparing, randomized controlled trials of
Mediterranean to control diets suggested 70% decreased
HF incidence with MedDiet.

35. Kempner W. Treatment of cardiac failure with the rice diet; history
of a patient with myocardial aneurysm. N CMed J. 1947;8(3):128–
31. No abstract available

36. Tuttle KR, Shuler LA, Packard DP, Milton JE, Daratha KB, Bibus
DM, et al. Comparison of low-fat versus Mediterranean-style die-
tary intervention after first myocardial infarction (from The Heart
Institute of Spokane Diet Intervention and Evaluation Trial). Am J
Cardiol. 2008;101:1523–30.

37. Hummel SL, Seymour EM, Brook RD, Kolias TJ, Sheth SS,
Rosenblum HR, et al. Low-sodium dietary approaches to stop hy-
pertension diet reduces blood pressure, arterial stiffness, and oxida-
tive stress in hypertensive heart failure with preserved ejection frac-
tion. Hypertension. 2012;60:1200–6.

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;6:1165–71. This small, unblinded, and con-
trolled trial demonstrated an improvement in biomarkers and
cardiac function with trend towards increased exercise capacity
after 3 weeks on the DASH diet.

39. Mathew AV, Seymour EM, Byun J, Pennathur S, Hummel SL.
Altered metabolic profile with sodium-restricted dietary approaches
to stop hypertension diet in hypertensive heart failure with pre-
served ejection fraction. J Card Fail. 2015;21:963–7.

40.•• Rifai L, Pisano C, Hayden J, Sulo S, Silver MA. Impact of the
DASH diet on endothelial function, exercise capacity, and quality
of life in patients with heart failure. Proc (Bayl Univ Med Cent).
2015;28:151–6. This small unblended, randomized, controlled
trial reported significant improvements in biomarkers, cardiac
function, exercise capacity, and quality of life after 12 weeks on
the DASH diet.

41. Evangelista LS, Heber D, Li Z, Bowerman S, Hamilton MA,
Fonarow GC. Reduced body weight and adiposity with a high-
protein diet improves functional status, lipid profiles, glycemic con-
trol, and quality of life in patients with heart failure: a feasibility
study. J Cardiovasc Nurs. 2009;24:207–15.

42. Andersson J,Mellberg C, Otten J, RybergM, RinnströmD, Larsson
C, et al. Left ventricular remodelling changes without concomitant
loss of myocardial fat after long-term dietary intervention. Int J
Cardiol. 2016;216:92–6.

43.•• González-Islas D, Orea-Tejeda A, Castillo-Martínez L, Olvera-
Mayorga G, Rodríguez-García WD, Santillán-Díaz C, et al. The
effects of a low-carbohydrate diet on oxygen saturation in heart
failure patients: a randomized controlled clinical trial. Nutr Hosp.
2017;34(4):792–8. https://doi.org/10.20960/nh.784. This single-
blinded, randomized, controlled 2-year trial among patients
with pre-existing HF reported significant improvements in ar-
terial oxygen saturation with a moderately low-carbohydrate
diet.

44.• Choi EY, Allen K, McDonnough M, et al. A plant-based diet and
heart failure: case report and literature review. J Geriatr Cardiol.
2017;4:375–8. Case report demonstrating marked improve-
ments in improved cardiac biomarkers, exercise tolerance,
and ejection fraction after only 2 months of a plant-based diet.

45. Lookbourow DG, Galbraith AL, Palmer RS. Effect of the rice diet
on the level of the blood pressure in essential hypertension. N Engl J
Med. 1949;240:910–4.

46. Kempner W, Newborg BC, Peschel RL, Skyler JS. Treatment of
massive obesity with rice/reduction diet program. An analysis of
106 patients with at least a 45-kg weight loss. Arch Intern Med.
1975;135(12):1575–84.

47. Estes EH, Kerivan L. An archaeologic dig: a rice-fruit diet reverses
ECG changes in hypertension. J Electrocardiol. 2014;47:599–607.

48. Klemmer P, Grim CE, Luft FC. Who and what drove Walter
Kempner? The rice diet revisited. Hypertension. 2014;64:684–8.

49. de Lorgeril M, Salen P, Martin JL, et al. Effect of a Mediterranean
type of diet on the rate of cardiovascular complications in patients
with coronary artery disease. Insights into the cardioprotective ef-
fect of certain nutriments. J Am Coll Cardiol. 1996;28:1103–8.

50.• Fitó M, Estruch R, Salas-Salvadó J, Martínez-Gonzalez MA,
Arós F, Vila J, et al. Effect of the Mediterranean diet on heart
failure biomarkers: a randomized sample from the PREDIMED
trial. Eur J Heart Fail. 2014;16(5):543–50. This interim anal-
ysis of the PREIMED trial reported that randomization to a
Mediterranean diet led to improvement in HF relevant
biomarkers.

51. Sacks FM, Obarzanek E, Windhauser MM, Svetkey LP, Vollmer
WM, McCullough M, et al. Rationale and design of the Dietary
Approaches to Stop Hypertension trial (DASH). A multicenter
controlled-feeding study of dietary patterns to lower blood pressure.
Ann Epidemiol. 1995;5:108–18.

52. von Bibra H, Ströhle A, St John Sutton M, Worm N. Dietary ther-
apy in heart failure with preserved ejection fraction and/or left ven-
tricular diastolic dysfunction in patients with metabolic syndrome.
Int J Cardiol. 2017;234:7–15. https://doi.org/10.1016/j.ijcard.2017.
01.003. Review

53. Singh RB, Rastogi SS, Verma R, Laxmi B, Singh R, Ghosh S, et al.
Randomised controlled trial of cardioprotective diet in patients with
recent acute myocardial infarction: results of one year follow up.
BMJ. 1992;304:1015–9.

54. Ornish D, Scherwitz LW, Doody RS, Kesten D, McLanahan S,
Brown SE, et al. Effects of stress management training and dietary
changes in treating ischemic heart disease. JAMA. 1983;249:54–9.

55. Chainani-Wu N, Weidner G, Purnell DM, Frenda S, Merritt-
Worden T, Kemp C, et al. Relation of B-type natriuretic peptide
levels to body mass index after comprehensive lifestyle changes.
Am J Cardiol. 2010;105:1570–6.

56. Pischke CR,Weidner G, Elliott-Eller M, Ornish D. Lifestyle chang-
es and clinical profile in coronary heart disease patients with an
ejection fraction of <or=40% or >40% in the Multicenter Lifestyle
Demonstration Project. Eur J Heart Fail. 2007;9:928–34.

57. Pischke CR, Elliott-Eller M, Li M, Mendell N, Ornish D, Weidner
G. Clinical events in coronary heart disease patients with an ejection
fraction of 40% or less: 3-year follow-up results. J Cardiovasc Nurs.
2010;25:E8–E15.

58. Abshire M, Xu J, Baptiste D, et al. Nutritional interventions in heart
failure: a systematic review of the literature. J Card Fail. 2015;21:
988–98. 18

59. Ferrante D, Varini S, Macchia A, et al. Long-term results after a
telephone intervention in chronic heart failure: DIAL (randomized
trial of 794 phone intervention in chronic heart failure) follow-up. J
Am Coll Cardio. 2010;795(56):372–8.

60.• Rifai L, Silver MA. A Review of the DASH diet as an optimal
dietary plan for symptomatic heart failure. Prog Cardiovasc Dis.
2016;58:548–5. Review article focusing on the therapeutic po-
tential of the DASH diet in HF.

61. Eckel RH, Jakicic JM, Ard JD, de Jesus JM, Houston Miller N,
Hubbard VS, et al. 2013 AHA/ACC guideline on lifestyle manage-
ment to reduce cardiovascular risk: a report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines. J AmColl Cardiol. 2014;63(25 Pt B):2960–84.

62. Hu FB. Dietary pattern analysis: a new direction in nutritional 903
epidemiology. Curr Opin Lipidol. 2002;13:3–9.

63. Archer E, Pavela G, Lavie CJ. The Inadmissibility of What We Eat
in America and NHANES Dietary Data in Nutrition and Obesity
Research and the Scientific Formulation of National Dietary

Curr Heart Fail Rep (2018) 15:131–140 139

https://doi.org/10.20960/nh.784
https://doi.org/10.1016/j.ijcard.2017.01.003
https://doi.org/10.1016/j.ijcard.2017.01.003


Guidelines. Mayo Clin Proc. 2015 Jul;90(7):911–26. https://doi.
org/10.1016/j.mayocp.2015.04.009. Review

64. Tangalos EG. Congestive heart failure. Nutrition management for
older adults. Washington DC: Nutrition Screening Initiative,
American Dietetic Association, Chicago, and American Academy
of Family Physicians; 2002.

65. Institute of Medicine, Food and Nutrition Board. Dietary reference
intakes: water, potassium, sodium, chloride, sulfate. Washington
DC: National Academy Press; 2005.

66. Institute of Medicine, Food and Nutrition Board. Dietary reference
intakes: calcium, phosphorus, magnesium, vitamin D, and fluoride.
Washington DC: National Academy Press; 1997.

67. Sundström J, Bruze G, Ottosson J, Marcus C, Näslund I, Neovius
M. Weight loss and heart failure: a nationwide study of gastric
bypass surgery versus intensive lifestyle treatment. Circulation.
2 0 1 7 ; 1 3 5 ( 1 7 ) : 1 5 7 7–85 . h t t p s : / / d o i . o r g / 1 0 . 11 6 1 /
CIRCULATIONAHA.116.025629.

68.•• Kitzman DW, Brubaker P, Morgan T, Haykowsky M, Hundley G,
Kraus WE, et al. 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 fraction: a
randomized clinical trial. JAMA. 2016;315(1):36–46. https://doi.
org/10.1001/jama.2015.17346. Well-controlled and conducted
trial demonsrtrating that both dietary restriction and exercise

improve HF. Interestingly, nutrition alone was more effective
than exercise alone but effects were additive.

69. Kondamudi N, Haykowsky M, Forman DE, Berry JD, Pandey A.
Exercise training for prevention and treatment of heart failure. Prog
Cardiovasc Dis. 2017;60(1):115–20. https://doi.org/10.1016/j.pcad.
2017.07.001.

70. La Rovere MT, Maestri R, Olmetti F, Paganini V, Riccardi G,
Riccardi R, et al. Additional predictive value of nutritional status
in the prognostic assessment of heart failurepatients. Nutr Metab
Cardiovasc Dis. 2017 Mar;27(3):274–80. https://doi.org/10.1016/j.
numecd.2016.09.009.

71. Nishi I, Seo Y, Hamada-Harimura Y, Sato K, Sai S, Yamamoto M,
et al. Nutritional screening based on the controlling nutritional sta-
tus (CONUT) score at the time of admission is useful for long-term
prognostic prediction in patients with heart failure requiring hospi-
talization. Heart Vessel. 2017;32(11):1337–49. https://doi.org/10.
1007/s00380-017-1001-8.

72. Yoshihisa A, Kanno Y, Watanabe S, Yokokawa T, Abe S, Miyata
M, et al. Impact of nutritional indices on mortality in patients with
heart failure. Open Heart. 2018;5(1):e000730. https://doi.org/10.
1136/openhrt-2017-000730. eCollection 2018

73. Leaf A. Dietary prevention of coronary heart disease: the Lyon Diet
Heart Study. Circulation. 1999;99:733–5.

140 Curr Heart Fail Rep (2018) 15:131–140

https://doi.org/10.1016/j.mayocp.2015.04.009
https://doi.org/10.1016/j.mayocp.2015.04.009
https://doi.org/10.1161/CIRCULATIONAHA.116.025629
https://doi.org/10.1161/CIRCULATIONAHA.116.025629
https://doi.org/10.1001/jama.2015.17346
https://doi.org/10.1001/jama.2015.17346
https://doi.org/10.1016/j.pcad.2017.07.001
https://doi.org/10.1016/j.pcad.2017.07.001
https://doi.org/10.1016/j.numecd.2016.09.009
https://doi.org/10.1016/j.numecd.2016.09.009
https://doi.org/10.1007/s00380-017-1001-8
https://doi.org/10.1007/s00380-017-1001-8
https://doi.org/10.1136/openhrt-2017-000730
https://doi.org/10.1136/openhrt-2017-000730

	Nutritional Interventions in Heart Failure: Challenges and Opportunities
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Nutrition and Heart Failure
	Nutritional Interventions in Heart Failure
	The Rice Diet
	Mediterranean Diet
	Dietary Approaches to Stop Hypertension Diet
	Low-Carbohydrate Diets
	Low-Fat Diets
	Non-specific Trials Relating to Nutrition Knowledge

	Summary of Nutrition Interventions
	Challenges
	Challenges Relating to Interventional Nutrition Research
	Challenges Relating to Interventional Nutrition Research in HF

	Opportunities
	Conclusions and Future Perspective
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



