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Abstract

Aims The intermediate-term effects of dietary protein on cardiometabolic risk factors in overweight and obese patients with
heart failure and diabetes mellitus are unknown. We compared the effect of two calorie-restricted diets on cardiometabolic
risk factors in this population.
Methods and results In this randomized controlled study, 76 overweight and obese (mean weight, 107.8 ± 20.8 kg) patients
aged 57.7 ± 9.7 years, 72.4% male, were randomized to a high-protein (30% protein, 40% carbohydrates, and 30% fat) or
standard-protein diet (15% protein, 55% carbohydrates, and 30% fat) for 3 months. Reductions in weight and cardiometabolic
risks were evaluated at 3 months. Both diets were equally effective in reducing weight (3.6 vs. 2.9 kg) and waist circumference
(1.9 vs. 1.3 cm), but the high-protein diet decreased to a greater extent glycosylated haemoglobin levels (0.7% vs. 0.1%,
P = 0.002), cholesterol (16.8 vs. 0.9 mg/dL, P = 0.031), and triglyceride (25.7 vs. 5.7 mg/dL, P = 0.032), when compared with
the standard-protein diet. The high-protein diet also significantly improved both systolic and diastolic blood pressure than the
standard-protein diet (P < 0.001 and P = 0.040, respectively).
Conclusions Both energy-restricted diets reduced weight and visceral fat. However, the high-protein diet resulted in greater
reductions in cardiometabolic risks relative to a standard-protein diet. These results suggest that a high-protein diet may be
more effective in reducing cardiometabolic risk in this population, but further trials of longer duration are needed.
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Introduction

Heart failure (HF) patients often suffer from multiple co-
existent diseases and/or conditions (co-morbidities) that
may complicate management and adversely affect out-
comes. US claims data show that approximately 55% of
older American patients with HF have five or more chronic
co-morbidities.1 Common characteristics of metabolic
syndrome, including obesity, diabetes mellitus (DM), hyper-
lipidaemia, and hypertension, also known as cardiometa-
bolic risk factors, are recognized as some of the most

likely precursors of HF that commonly continue to exist
once HF has developed.2 Common mechanism ties many
co-morbidities to HF by initiating or exacerbating chronic
inflammation and activating the sympathetic renin–
angiotensin–aldosterone systems.3 Insulin resistance and
impaired beta-cell function are core defects in metabolic
syndrome responsible for the pathophysiological distur-
bances leading to hyperglycaemia, dyslipidaemia, and
hypertension.4 However, less is known about the complex
physiological interplay of multiple co-morbidities to each
other and HF.
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Lifestyle factors have contributed to an increased occur-
rence of DM and overweight and obesity, including changes
in dietary patterns, resulting in an increased prevalence of
HF.5 Several studies in community settings and heart trans-
plant referral centres support the notion that the number of
individuals with all three conditions is alarmingly high and
raises individuals’ cardiometabolic risks6–11 and increases
cardiac dysfunction, metabolic disturbances, neurohormonal
activation, and diminished quality of life. Thus, efforts to
prevent or reduce co-morbidities related to HF in the
community are of the utmost importance. This includes
measures to minimize obesity and diabetes, as both are be-
coming highly prevalent worldwide and are important risk
factors for almost all significant HF-related co-morbidities.
In 2015, 35–45% of the old and new patients referred to
our heart transplant centre (N = 1667) had DM, and
40–50% of patients with HF and DM were overweight or
obese. Thus, interventions aimed at reducing the metabolic,
neurohormonal, and haemodynamic deficiencies character-
izing this disabling triad are needed to minimize risks and
potentially improve clinical outcomes.12

Considering the confounding effects of nutritional defi-
ciencies on disease progression and mortality in overweight
and obese patients with HF and DM, the potential role of diet
in reducing risk and preventing disease progression is espe-
cially relevant and timely.13 However, patients’ nutritional
management with these three conditions and other
associated co-morbidities is poorly understood, and dietary
recommendations are ambiguous. Traditionally, dietary
advice for patients with HF centred on sodium and fluid
intake limits, despite the lack of robust evidence supporting
improved clinical outcomes with these measures.14 Last, the
evidence about the overall effects of weight loss in this sub-
group of patients is inconsistent.15 The 2013 (with updates
in 2016 and 2017) American College of Cardiology/American
Heart Association,16,17 the 2016 European Society of Cardiol-
ogy Guidelines on HF,18 and the Heart Failure Society of
America Comprehensive HF Management Guideline19 do
not have nutritional recommendations for patients over-
weight and obese patients with HF and DM. The HF Working
Group of the European Society of Cardiology refers to the
beneficial effects of weight loss in patients with HF with
increased body mass index. However, there are no instruc-
tions for meeting this goal.18 The association of obesity and
enhanced survival in patients with HF, generally referred to
as the ‘obesity paradox’, has highly likely prevented investiga-
tors from thoroughly investigating the effects of weight loss
in this subgroup of patients with HF.10 Nevertheless, informa-
tion is needed on appropriate nutritional requirements,
including adjustments in size, structure, or consumption rates
of specific macronutrients for overweight and obese patients
with HF and DM.

Although most healthcare providers and dieticians recom-
mend conventional methods (high carbohydrate and low fat)

for weight reduction endorsed by the American Heart
Association,20 dietary approaches of this type are
correlated with very modest weight loss weak long-term
commitment.21,22 While a diverse range of alternative strate-
gies have emerged, high-protein diets have significantly
increased acceptance. They have been shown in randomized
clinical trials to result in more significant reductions in body
weight and visceral fat, and lean mass maintenance than con-
ventional diets in obese patients with DM.23–25 In a prelimi-
nary study, we tested the feasibility and effectiveness of a
high-protein diet in 14 overweight and obese patients with
HF and DM, compared with standard-protein and traditional
diet (i.e. standard-protein, non-hypocaloric diet). We found
that a high-protein diet had slightly more substantial weight
and obesity decreases and more considerable clinical out-
come benefits than a standard-protein diet.26 To date, no
recorded clinical trials have been conducted in overweight
and obese diabetic patients with HF to test the benefits of
a high-protein diet. There is also limited evidence supporting
protein intake goals.14 This study examines the role of
high-protein diets in slowing disease progression in a ran-
domized clinical trial by assessing improvements in chronic
disease progression by contrasting baseline and 3 month
weight, visceral fat, glycaemic control, lipid profile, and blood
pressure (BP) of two protein variation diets consumed over
12 weeks.

Methods

The study was approved by the respective institutional
review board in the two major university-affiliated medical
centres. The research was performed and complied with
the Declaration of Helsinki. A full description of the study
nature, eligibility criteria, the test procedure for this
two-group repeated measure, and a randomized clinical trial
(ClinicalTrials.gov identifier: NCT01423266) has been
reported elsewhere.13 In brief, we randomized overweight
and obese patients with HF and DM to one of two
hypocaloric diets: (i) a high-protein diet [30% protein
(~110 g/day), 40% carbohydrates (150 g/day), and 30% fat
(~50 g/day)] or (ii) a standard-protein diet [15%
protein (~55 g/day), 55% carbohydrates (~200 g/day), and
30% fat (~50 g/day)]. The energy requirements (total energy
needed per kcal/day) were determined for each person using
the Deltatrac (dual-energy X-ray absorptiometry baseline
scan) and their specific metabolic rate (resting energy expen-
diture) and lean body size mass. Two regular, energy-re-
stricted meal plans (1200 or 1500 kcal/day) were given to
participants in both arms based on their assessed calorie def-
icit. The meal plan’s goal was to meet the total calorie intake,
including a daily decrease of 500–800 kcal, and achieve
weight losses of 0.5–1.0 kg/week.13
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In both study arms, participants consulted with a licenced
dietician for nutritional evaluation, counselling, and support
at 2, 4, 8, and 12 weeks of the study. Every session was
45–60 min. To optimize commitment to study visits, partici-
pants received a list of appointments at the baseline visit
and a reminder of appointments (phone calls, text messages,
or emails) before each subsequent visit.

Meals on both menus contained mainly healthy protein
products (e.g. unprocessed meat, poultry, fish, and eggs),
fruits, vegetables, and low-fat dairy products, included whole
grains and nuts, and limited in red meat, desserts, and
sugar-containing drinks. Menus were often designed to con-
tain >25 g fibre and <10% saturated fat. Patients’ body
weights and dietary intake records were reviewed at each di-
etician visit, and dietary adjustments were made if required.
The dietician provided detailed information on the meal plan
and how to manage daily food logs. Although the predomi-
nant focus of treatment was on the dietary component, all
participants were also encouraged to exercise regularly to
reduce energy deficiency and promote weight loss and main-
tenance. Furthermore, participants were interviewed at 2, 4,
8, and 12 weeks to ensure adherence to study diets.

Height, weight, waist circumference, and BP were assessed
at the beginning of the baseline visit and after each follow-up
visit. Blood tests [e.g. glycosylated haemoglobin, total choles-
terol (TC), low-density lipoprotein (LDL), high-density lipopro-
tein (HDL), and triglycerides (TG)] were also performed after
a 12 h overnight fast at baseline and 3 months to analyse
the influence of both diets on the glycaemic control and lipid
profile.

Data analysis

The data were analysed using Version 25 of SPSS.27 Descrip-
tive statistics (mean ± standard deviation and χ2) were used
to describe the study participants’ socio-demographic and
clinical characteristics. The general method involves an initial
review using a t-test (or Wilcoxon rank-sum test if non-
normality is observed) to analyse the two groups’ results.
Longitudinal data analysis using mixed models was conducted
on each outcome of interest utilizing linear mixed-effects
equations to evaluate differences in treatment effects
between diets adjusted for body weight change for all
variables reported, except bodyweight, for which a paired
sample t-test was applied. All linear mixed-effects models
included body weight change and interaction between diet
and period as fixed effects.

The approximate sample size (N = 90) was calculated using
nQuery Advisor 6.01. Effect sizes for this estimate were based
on differences in result between baseline and 12 week
follow-up, that is, the first follow-up assessment, and an
expected attrition rate of 20%.28 The real attrition rate was
lower than predicted, but recruiting was discontinued when

76 patients finished the 3 month follow-up visit. The actual
analysis was based on the full set of longitudinal data, includ-
ing appropriate covariates, and should, therefore, have more
power than the nominal 80% assumed, at a significance level
of 0.05. To correct multiple comparisons, we used a modified
(conservative) alpha to estimate our sample size.

Results

Seventy-six participants completed the 3 month intensive
dietary intervention. Baseline demographic and clinical
characteristics between the two groups were comparable
(Table 1). Participants ranged in age from 27 to 81 and were,
on average, 57.7 ± 9.7 years old. They were predominantly
male (72.4%), White (51.4%), married (66.7%), and college
graduates (46.1%). The average weight was 107.8 ± 20.8 kg,
the average ejection fraction was 38.5 ± 10.7%, and the aver-
age peak VO2 was 12.5 ± 3.9 mg/kg/min. A total of 77.6% and
22.4% of participants had New York Heart Association
Functional Class II and Class III, respectively. There were no
differences in the number of co-morbidities and medications
being taken between the two groups.

The participants’ weight and visceral fat loss were not sig-
nificantly different between the two groups, as were baseline
glycaemic control, lipid profiles, and systolic and diastolic BP
(Table 2). Both diets were equally effective in reducing
weight (3.6 vs. 2.9 kg) and waist circumference (1.9 vs.
1.3 cm), but the high-protein diet decreased to a greater
extent glycosylated haemoglobin levels (0.7 vs. 0.1%,
P = 0.002), TC (16.8 vs. 0.9 mg/dL, P = 0.031), and TG (25.7
vs. 5.7 mg/dL, P = 0.032), when compared with the
standard-protein diet. The high-protein diet also significantly
improved both systolic and diastolic BP than the
standard-protein diet (P < 0.001 and P = 0.040, respectively).
No differences were noted in LDL and HDL levels over time.

While it has been shown that a high-protein diet decreases
cardiovascular risk and may improve clinical outcomes for
diabetic adults,28 to our knowledge, no studies have been
conducted in overweight and obese HF and DM patients.29

Moreover, our understanding of nutritional recommenda-
tions for patients with HF is limited, and no specific guidelines
are currently available.30–32 Our findings showed that both
the high-protein and standard-protein diets successfully pro-
moted weight loss and visceral fat loss. However, participants
in the high-protein diet showed more significant reductions
in glycaemic control, lipid profiles (except LDL and HDL),
and both systolic and diastolic BP over time.

Generally, the clinical effects of weight loss in overweight
and obese people with HF and DM have been positive and
reinforce the possible rationale for implementing appropriate
weight management strategies in this population.21 The cur-
rent research shows that overall weight loss associated with
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high-protein and standard-protein diet eliminates much of
the overweight and obesity-related effects, despite losing
only 3.6% and 2.7% of their original baseline weights.
Significant differences in body weight loss over 3 months
have also been reported while contrasting high-protein diets
with regular protein diets.25,33,34

We observed reduced TC and TG and systolic and
diastolic BP levels on both diets, but these reductions were
significantly higher in the high-protein group. High-protein
diets have been shown to reduce the metabolic profile
parameters after 3 months of energy restriction due to a
comparatively higher protein content, which encourages a
sustained level of satiety, sustainable energy intake, and
increased fat oxidation.34 Similar improvements in neurohor-
monal profiles and the consequent reduction in cardiovascu-
lar risk and diastolic and systolic dysfunction were reported
with modest weight loss, equivalent to 5% of initial weight,
and further improvement, which correlates with weight
loss.21 Further reductions in cardiometabolic risks may be at-
tributable to improved atherogenic lipid profile following

carbohydrate restriction.4 The lack of changes in the LDL-C
and HDL-C levels that were observed may be because im-
provements in these parameters are typically correlated with
weight loss that has been maintained for more than
3 months.35

Our most notable findings have been a significant reduction
in glycaemic control among participants in the high-protein-
diet group. Similarly, in obese people with type 2 DM, insulin
sensitivity improved rapidly in response to energy-deficit
diets.23 These results are likely due to glucose control, insulin
regulation, muscle building, regulation, or increased metabo-
lism associated with high-protein diets.4,36 In addition, investi-
gators have also shown that high-protein diets have acutely
decreased post-prandial blood glucose and insulinaemia levels
in individuals with DM,37 contributing to more substantial
reductions in glycaemic control observed in our research.

The establishment and maintenance of comparison in
selected nutrients, without the conflicting effects of changes
in other nutrients or weight changes, was a significant chal-
lenge. We tried to reduce variation by regular monitoring

Table 1 Baseline socio-demographic and clinical characteristics (N = 76)

All participants
(N = 76)

High-protein group
(n = 33)

Standard-protein group
(n = 43) Sig.

Age, years (mean ± SD) 57.7 ± 9.7 57.3 ± 10.1 58.0 ± 9.6 0.769
Male, N (%) 55 (72.4%) 26 (78.8%) 29 (67.4%) 0.273
Race, N (%) 0.718

Hispanic 15 (20.8%) 6 (19.4%) 9 (22.0%)
White 37 (51.4%) 17 (54.8%) 20 (48.8%)
African American 15 (20.8%) 5 (16.1%) 10 (24.4%)
Asian 9 (11.8%) 5 (15.2%) 4 (9.3%)

Married, N (%) 48 (66.7%) 20 (64.5%) 84 (68.3%) 0.722
Employed, N (%) 26 (34.2%) 14 (42.4%) 12 (27.9%) 0.161
Education, N (%) 0.536

< high school 6 (8.5%) 2 (6.7%) 4 (9.8%)
High school graduate 10 (13.2%) 5 (15.2%) 5 (11.6%)
Some college 25 (32.9%) 9 (27.3%) 16 (37.2%)
Completed college 35 (46.1%) 17 (51.5%) 18 (41.9%)

Ejection fraction, % (mean ± SD) 38.5 ± 10.7 40.6 ± 12.1 36.9 ± 9.4 0.163
Peak VO2, mg/kg/min (mean ± SD) 12.5 ± 3.9 12.44 ± 3.0 12.5 ± 3.5 0.922
6 min walk distance, m (mean ± SD) 395.3 ± 91.1 386.5 ± 99.6 401.8.4 ± 84.8 0.490
Charlson Comorbidity Index (mean ± SD) 3.6 ± 1.4 3.4 ± 1.5 3.7 ± 1.3 0.212
NYHA class, N (%) 0.474

Class II 59 (77.6%) 24 (72.7%) 35 (81.4%)
Class III 17 (22.4%) 9 (27.3%) 8 (18.6%)

HF type 0.053
HF with reduced ejection fraction 43 (56.6%) 14 (42.4%) 29 (67.4%)
HF with preserved ejection fraction 33 (43.4%) 19 (57.6%) 14 (32.6%)

Co-morbidities
Hypertension, N (%) 35 (46.1%) 15 (45.5%) 20 (46.5%) 0.812
Coronary artery disease, N (%) 22 (28.9%) 9 (27.3%) 13 (30.2%) 0.618
Depression, N (%) 21 (27.6%) 12 (36.4%) 9 (20.9%) 0.237
Hx smoking (previous smoker), N (%) 31 (40.8%) 12 (36.4%) 19 (44.1%) 0.718
Medications use, N (%)
ACE inhibitors 53 (69.7%) 27 (81.8%) 27 (62.8%) 0.132
Angiotensin receptor blockers 23 (30.3%) 7 (21.2%) 16 (37.2%) 0.118
Beta-blockers 70 (92.1%) 29 (87.9%) 41 (95.3%) 0.889
Diuretics 54 (71.2%) 23 (69.7%) 31 (72.1%) 0.829
Digoxin 30 (39.5%) 12 (36.4%) 18 (41.9%) 0.746
Pain medications 22 (28.9%) 11 (33.3%) 11 (25.6%) 0.475
Antidepressants 14 (18.4%) 6 (18.1%) 8 (18.6%) 0.951

ACE, angiotensin-converting enzyme; HF, heart failure; NYHA, New York Heart Association; SD, standard deviation.
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and support to overcome inconsistent adherence to the pre-
scribed diet, which arises in behavioural intervention trials
designed to achieve contrast in diets. We observed that being
flexible and responsive to patients’ dietary needs and prefer-
ences allowed them to adhere to their prescribed diet. Trans-
lating the two dietary interventions into traditional clinical
settings may be challenging because of time and resource
constraints. A vital component of the two dietary interven-
tions was a biweekly one-on-one consultation with a regis-
tered dietician to help identify non-adherence with the
prescribed diet and guidance to overcome challenges. Until
intervention programmes are widely available in the commu-
nity, healthcare providers and other medical care team mem-
bers may play an essential role in educating patients about
their dietary consumption. Patients should be provided with
tools to help support patients with behavioural and dietary
changes at no cost.

Given the evidence that visceral and ectopic adiposities ad-
versely affect inflammatory and metabolic changes, haemo-
dynamic disorders, and left ventricular diastolic and systolic
dysfunction, nutrition’s potential role in reducing cardiomet-
abolic risks and slowing disease progression is particularly
relevant and timely.29,32,38 To our knowledge, our study is
the first to investigate the impact of macronutrients on HF
outcomes in overweight and obese patients with HF and
DM. Both hypocaloric diets showed progressive weight loss
throughout the 12 week dietary intervention, culminating in
decreases in inflammatory and metabolic disorders linked
with worse clinical outcomes in this population. However,
patients with higher daily protein consumption showed more
significant improvements. Protein’s role in glucose control,
insulin regulation, and weight and visceral fat reduction re-
quires further research into the effects of protein level’s ac-
tivity on body functions, including improved satiety
hormone secretion, muscle building, and modulation or in-
creased metabolism. Likewise, a more extensive study is

warranted to explore the effect of high-protein diets on
cardiometabolic risks, which could contribute to a deeper un-
derstanding of the obesity paradox and the various conflict-
ing and sometimes contradictory mechanisms that exist.10

Nevertheless, our findings provide healthcare providers with
data on dietary alternatives for overweight and obese pa-
tients with HF and DM integrated into the existing clinical
practice guidelines.

While the achievement of high adherence and low attrition
rates was a strength of the research, the complexity of the
intervention, with a high level of professional support, could
restrict the generalizability of wide-scale community adop-
tion. Additional research exploring the obstacles and barriers
to weight loss is warranted to better understand and endorse
weight loss strategies in this subgroup of patients. A further
limitation to the study is that although the two groups were
successfully stratified with respect to age, gender, and
exercise capacity, further stratification was lacking, and
possible confounders such presence of reduced vs. preserved
ejection fraction, New York Heart Association class, and
socio-economic status were not taken into account. Future
initiatives need to integrate these research outcomes
into cost-effective community-based delivery models. As
participants were predominantly Caucasians, future studies
should investigate the effectiveness of a high-protein diet in
individuals of diverse ethnicities.

Conclusions

In this 3 month randomized controlled trial, both
energy-restricted diets resulted in weight and visceral fat re-
ductions in overweight and obese patients with HF and DM.
These findings encourage both patients and providers to feel
that weight loss is not achievable in this population due to

Table 2 Baseline and 3 month outcomes (N = 76)

Variable

High-protein group (n = 33) Standard-protein group (n = 43)

Baseline
(mean ± SD)

3 month
(mean ± SD) △ %△

Baseline
(mean ± SD)

3 month
(mean ± SD) △ %△

P
(time)

P
(T × G)

Weight (lb) 105.5 ± 22.4 101.9 ± 21.7 �3.6 3.4 109.9 ± 19.3 106.9 ± 18.2 �3.0 2.7 0.000 0.383
Body mass index
(kg/m2)

36.2 ± 7.1 34.7 ± 6.9 �1.5 4.3 37.3 ± 5.4 36.3 ± 5.3 �1.0 2.8 0.000 0.067

Waist circumference
(cm)

46.9 ± 6.2 45.0 ± 6.2 �1.9 4.0 47.9 ± 4.5 46.6 ± 4.3 �1.3 2.8 0.000 0.364

Total cholesterol
(mg/dL)

160.2 ± 41.9 143.4 ± 33.2 �16.8 11.7 163.7 ± 39.3 162.8 ± 44.5 �0.9 0.6 0.017 0.031

LDL cholesterol
(mg/dL)

85.5 ± 32.2 83.0 ± 33.1 �2.5 3.0 94.0 ± 32.4 92.9 ± 39.9 �1.1 1.2 0.552 0.811

HDL cholesterol
(mg/dL)

37.9 ± 10.6 38.8 ± 9.5 0.9 2.3 40.0 ± 9.2 40.9 ± 8.2 0.9 2.2 0.094 0.926

Triglycerides (mg/dL) 163.2 ± 59.2 137.5 ± 54.8 �25.7 18.7 154.0 ± 65.1 148.3 ± 53.6 �5.7 3.8 0.001 0.032
HgbA1c (%) 7.2 ± 1.3 6.5 ± 1.0 �0.7 10.8 7.3 ± 1.8 7.2 ± 1.6 �0.1 1.4 0.000 0.002
Systolic BP (mmHg) 123.3 ± 12.8 112.5 ± 11.8 �10.8 9.6 116.8 ± 19.5 117.5 ± 15.7 0.7 0.9 0.001 0.000
Diastolic BP (mmHg) 72.8 ± 9.6 65.2 ± 8.1 �7.6 11.7 73.30 ± 1.0 70.1 ± 6.9 �3.2 4.6 0.000 0.040

BP, blood pressure; HDL, high-density lipoprotein; HgbA1c, glycosylated haemoglobin; LDL, low-density lipoprotein; SD, standard deviation.
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their limited exercise capability. More significantly, the
high-protein diet over the 3 months resulted in more sub-
stantial changes in glycaemic control, TC and TG levels, and
BP than the standard-protein diet. These findings indicate
that a high-protein diet could be more effective in reducing
this population’s cardiometabolic risk and maybe a more
realistic, feasible, and sustainable goal for a dietary interven-
tion than weight loss. Additional more extensive clinical trials
of longer duration should be considered.

Conflict of interest

None declared.

Funding

This work was supported by funding from the National Heart,
Lung, and Blood Institute (1R01HL093466). The project
described was also supported by the National Institutes of
Health/National Center for Research Resources and the
National Center for Advancing Translational Sciences
(NIH/NCRR/NCATS), through the University of California
Irvine Institute for Clinical and Translational Science Grant
Number UL1TR000153 and by NIH/NCRR/NCATS, University
of California, Los Angeles Clinical and Translational Science
Institute Grant Number UL1TR000124. The content is solely
the authors’ responsibility and does not necessarily represent
the official views of the funding agencies listed.

References

1. van der Meer P, Gaggin HK, Dec GW.
ACC/AHAversus ESCguidelines on heart
failure: JACC guideline comparison. J Am
Coll Cardiol 2019; 73: 2756–2768.

2. Motie M, Evangelista LS, Horwich TB,
Lombardo D, Zaldivar F, Hamilton M,
Fonarow GC. Association between in-
flammatory biomarkers and adiposity in
obese patients with heart failure and
metabolic syndrome. Exp Ther Med
2014; 8: 181–186.

3. Carbone S, Lavie CJ, Arena R. Obesity
and heart failure: focus on the obesity
paradox. Mayo Clin Proc 2017; 92:
266–279.

4. Skytte MJ, Samkani A, Petersen AD,
Thomsen MN, Astrup A, Chabanova E,
Frystyk J, Holst JJ, Thomsen HS,
Madsbad S, Larsen TM, Haugaard SB,
Krarup T. A carbohydrate-reduced high-
protein diet improve HbA1c and liver
fat content in weight stable participants
with type 2 diabetes: a randomised con-
trolled trial. Diabetologia 2019; 62:
2066–2078.

5. Virani SS, Alonso A, Benjamin EJ,
Bittencourt MS, Callaway CW, Carson
AP, Chamberlain AM, Chang AR, Cheng
S, Delling FN, Djousse L, Elkind MSV,
Ferguson JF, Fornage M, Khan SS,
Kissela BM, Knutson KL, Kwan TW,
Lackland DT, Lewis TT, Lichtman JH,
Longenecker CT, Loop MS, Lutsey PL,
Martin SS, Matsushita K, Moran AE,
Mussolino ME, Perak AM, Rosamond
WD, Roth GA, Sampson UKA, Satou
GM, Schroeder EB, Shah SH, Shay CM,
Spartano NL, Stokes A, Tirschwell DL,
VanWagner LB, Tsao CW. Heart disease
and stroke statistics 2020 update: a re-
port from the American Heart Associa-
tion. Circulation 2020; 141: e139–e596.

6. Cheng M-L, Wang C-H, Shiao M-S, Liu
M-H, Huang Y-Y, Huang C-Y, Mao C-T,

Lin J-F, Ho H-Y, Yang N-I. Metabolic dis-
turbances identified in plasma are asso-
ciated with outcomes in patients with
heart failure: diagnostic and prognostic
value of metabolomics. J Am Coll Cardiol
2015; 65: 1509–1520.

7. Cheng RK, DePasquale EC, Deng MC,
Nsair A, Horwich TB. Obesity in heart
failure: impact on survival and treat-
ment modalities. Expert Rev Cardiovasc
Ther 2013; 11: 1141–1153.

8. De Schutter A, Lavie CJ, Patel DA, Milani
RV. Obesity paradox and the heart:
which indicator of obesity best describes
this complex relationship? Curr Opin
Clin Nutr Metab Care 2013; 16: 517–524.

9. Clark AL, Fonarow GC, Horwich TB.
Obesity and the obesity paradox in heart
failure. Prog Cardiovasc Dis 2014; 56:
409–414.

10. Horwich TB, Fonarow GC, Clark AL.
Obesity and the obesity paradox in heart
failure. Prog Cardiovasc Dis 2018; 61:
151–156.

11. Elagizi A, Kachur S, Lavie CJ, Carbone S,
Pandey A, Ortega FB, Milani RV. An
overview and update on obesity and
the obesity paradox in cardiovascular
diseases. Prog Cardiovasc Dis 2018; 61:
142–150.

12. Hunt SA, Baker DW, Chin MH,
Cinquegrani MP, Feldman A, Francis
GS, Ganiats TG, Goldstein S, Gregoratos
G, Jessup M, Noble RJ, Packer M, Silver
MA, Stevenson LW, Gibbons RJ, Antman
EM, Alpert JS, Faxon DP, Fuster V,
Jacobs AK, Hiratzka LF, Russell RO,
Smith SC. ACC/AHA guidelines for the
evaluation and management of chronic
heart failure in the adult: executive sum-
mary. A report of the American College
of Cardiology/American Heart Associa-
tion Task Force on Practice Guidelines
(committee to revise the 1995

guidelines for the evaluation and man-
agement of heart failure). J Am Coll
Cardiol 2001; 38: 2101–2113.

13. Motie M, Evangelista LS, Horwich TB,
Hamilton M, Lombardo D, Cooper D,
Galassetti P, Fonarow G. Pro-HEART—a
randomized clinical trial to test the ef-
fectiveness of a high protein diet
targeting obese individuals with heart
failure: rationale, design and baseline
characteristics. Contemp Clin Trials
2013; 36: 371–381.

14. Vest AR, Chan M, Deswal A, Givertz
MM, Lekavich C, Lennie T, Litwin SE,
Parsly L, Rodgers JE, Rich MW, Schulze
PC, Slader A, Desai A. Nutrition, obesity,
and cachexia in patients with heart fail-
ure: a consensus statement from the
Heart Failure Society of America Scien-
tific Statements Committee. J Card Fail
2019; 25: 380–400.

15. Evangelista LS, Miller PS. Overweight
and obesity in the context of heart fail-
ure: implications for practice and future
research. J Cardiovasc Nurs 2006; 21:
27–33.

16. Jessup M, Marwick T, Ponikowski P,
Voors A, Yancy C. 2016 ESC and ACC/
AHA/HFSA heart failure guideline up-
date—what is new and why is it impor-
tant? Nat Rev Cardiol 2016; 13:
623–628.

17. Yancy CW, Jessup M, Bozkurt B, Butler J,
Casey DE Jr, Colvin MM, Drazner MH,
Filippatos GS, Fonarow GC, Givertz
MM, Hollenberg SM, Lindenfeld J,
Masoudi FA, McBride PE, Peterson PN,
Stevenson LW, Westlake C. 2017
ACC/AHA/HFSA focused update of
the 2013 ACCF/AHA guideline for the
management of heart failure: a report
of the American College of Cardiology/
American Heart Association Task Force
on Clinical Practice Guidelines and the

High-protein vs. standard-protein diets 1347

ESC Heart Failure 2021; 8: 1342–1348
DOI: 10.1002/ehf2.13213



Heart Failure Society of America. J Card
Fail 2017; 23: 628–651.

18. Ponikowski P, Voors AA, Anker SD,
Bueno H, Cleland JGF, Coats AJS, Falk
V, González-Juanatey JR, Harjola VP,
Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske
B, Riley JP, Rosano GMC, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer
P. 2016 ESC guidelines for the diagno-
sis and treatment of acute and chronic
heart failure: the Task Force for the
Diagnosis and Treatment of Acute
and Chronic Heart Failure of the Euro-
pean Society of Cardiology (ESC). De-
veloped with the special contribution
of the Heart Failure Association (HFA)
of the ESC. Eur Heart J 2016; 37:
2129–2200.

19. Lindenfeld J, Albert NM, Boehmer JP,
Collins SP, Ezekowitz JA, Givertz MM,
Katz SD, Klapholz M, Moser DK, Rogers
JG, Starling RC, Stevenson WG, Tang
WH, Teerlink JR, Walsh MN. HFSA
2010 comprehensive heart failure prac-
tice guideline. J Card Fail 2010; 16:
e1–e194.

20. Arnett DK, Blumenthal RS, Albert MA,
Buroker AB, Goldberger ZD, Hahn EJ,
Himmelfarb CD, Khera A, Lloyd-Jones
D, McEvoy JW, Michos ED, Miedema
MD, Muñoz D, Smith SC Jr, Virani SS,
Williams KA Sr, Yeboah J, Ziaeian B.
2019 ACC/AHA guideline on the pri-
mary prevention of cardiovascular dis-
ease: a report of the American College
of Cardiology/American Heart Associa-
tion Task Force on Clinical Practice
Guidelines. Circulation 2019; 140:
e596–e646.

21. Dos Reis Padilha G, Sanches Machado
d’Almeida K, Ronchi Spillere S, Corrêa
Souza G. Dietary patterns in secondary
prevention of heart failure: a systematic
review. Nutrients 2018; 10: 828.

22. Sanches Machado d’Almeida K, Ronchi
Spillere S, Zuchinali P, Corrêa Souza G.
Mediterranean diet and other dietary
patterns in primary prevention of heart
failure and changes in cardiac function
markers: a systematic review. Nutrients
2018; 10: 58.

23. Ajala O, English P, Pinkney J. Systematic
review and meta-analysis of different di-
etary approaches to the management of

type 2 diabetes. Am J Clin Nutr 2013;
97: 505–516.

24. Schwingshackl L, Hoffmann G. Compar-
ison of effects of long-term low-fat vs.
high-fat diets on blood lipid levels in
overweight or obese patients: a system-
atic review and meta-analysis. J Acad
Nutr Diet 2013; 113: 1640–1661.

25. Schwingshackl L, Chaimani A, Hoff-
mann G, Schwedhelm C, Boeing H. A
network meta-analysis on the compara-
tive efficacy of different dietary ap-
proaches on glycaemic control in
patients with type 2 diabetes mellitus.
Eur J Epidemiol 2018; 33: 157–170.

26. Evangelista LS, Heber D, Li Z,
Bowerman S, Hamilton M, Fonarow G.
Reduced body weight and adiposity
with a high-protein diet improve func-
tional status, lipid profiles, glycemic
control, and quality of life in patients
with heart failure: a feasibility study. J
Cardiovasc Nurs 2009; 24: 207–215.

27. IBM SPSS Statistics for Windows, Version
25.0 [Computer Program]. Armonk, NY:
IBM Corp; 2017.

28. Naude CE, Schoonees A, Senekal M,
Young T, Garner P, Volmink J. Low car-
bohydrate versus isoenergetic balanced
diets for reducing weight and cardiovas-
cular risk: a systematic review and
meta-analysis. PLoS ONE 2014; 9:
e100652.

29. Wleklik M, Uchmanowicz I, Jankowska-
Polańska B, Andreae C, Regulska-Ilow
B. The role of nutritional status in el-
derly patients with heart failure. J Nutr
Health Aging 2018; 22: 581–588.

30. Sciatti E, Lombardi C, Ravera A, Vizzardi
E, Bonadei I, Carubelli V, Gorga E, Metra
M. Nutritional deficiency in patients
with heart failure. Nutrients 2016; 8:
442.

31. Song EK, Kang SM. Micronutrient defi-
ciency independently predicts adverse
health outcomes in patients with heart
failure. J Cardiovasc Nurs 2017; 32:
47–53.

32. Seferovic PM, Stoerk S, Filippatos G,
Mareev V, Kavoliuniene A, Ristic AD,
Ponikowski P, McMurray J, Maggioni A,
Ruschitzka F, van Veldhuisen DJ, Coats
A, Piepoli M, McDonagh T, Riley J, Hoes
A, Pieske B, Dobric M, Papp Z, Mebazaa
A, Parissis J, Ben-Gal T, Vinereanu D,

Brito D, Altenberger J, Gatzov P,
Milinkovic I, Hradec J, Trochu JN, Amir
O, Moura B, Lainscak M, Comin J,
Wikstrom G, Anker S, Committee of
National Heart Failure Societies or
Working Groups of the Heart Failure
Association of the European Society of
Cardiology. Organization of heart fail-
ure management in the European Soci-
ety of Cardiology member countries:
survey of the Heart Failure Association
of the European Society of Cardiology
in collaboration with the Heart Failure
National Societies/Working Groups.
Eur J Heart Fail 2013; 15: 947–959.

33. Soenen S, Bonomi AG, Lemmens SGT,
Scholte J, Thijssen MAMA, van Berkum
F, Westerterp-Plantenga MS. Relatively
high-protein or low-carbohydrate en-
ergy-restricted diets for body weight loss
and body weight maintenance? Physiol
Behav 2012; 107: 374–380.

34. Zhao WT, Luo Y, Zhang Y, Zhou Y, Zhao
TT. High protein diet is of benefit for pa-
tients with type 2 diabetes: an updated
meta-analysis. Medicine (Baltimore)
2018; 97: e13149.

35. Wadden TA, Berkowitz RI, Sarwer DB,
Prus-Wisniewski R, Steinberg C. Bene-
fits of lifestyle modification in the phar-
macologic treatment of obesity: a
randomized trial. Arch Intern Med
2001; 161: 218–227.

36. St Jeor ST, Howard B, Prewitt TE, Bovee
V, Bazzarre TL, Eckel RH. Dietary pro-
tein and weight reduction: a statement
for healthcare professionals from the
Nutrition Committee of the Council on
Nutrition, Physical Activity, and Metabo-
lism of the American Heart Association.
Circulation 2001; 104: 1869–1874.

37. Samkani A, Skytte MJ, Kandel D, Kjaer
S, Astrup A, Deacon CF, Holst JJ,
Madsbad S, Rehfeld JF, Haugaard SB,
Krarup T. A carbohydrate-reduced high-
protein diet acutely decrease postpran-
dial and diurnal glucose excursions in
type 2 diabetes patients. Br J Nutr
2018; 119: 910–917.

38. Ofstad AP, Atar D, Gullestad L, Langslet
G, Johansen OE. The heart failure bur-
den of type 2 diabetes mellitus-a review
of pathophysiology and interventions.
Heart Fail Rev 2018; 23: 303–323.

1348 L.S. Evangelista et al.

ESC Heart Failure 2021; 8: 1342–1348
DOI: 10.1002/ehf2.13213



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




