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Introduction

The prevalence of heart failure (HF) is estimat-
ed to be up to 2% of the adult population [1]. In 
2017, the global number of HF cases was 64.3 
million [2]. In Europe alone, more than 10 million 
people are affected, making the issue of HF an im-
portant public health problem. The course of HF 
is influenced not only by the underlying aetiology 
and structural changes of the heart, but also by 
the very long list of co-morbidities, which are ex-
tremely common in HF. Important co-morbidities 
include hypertension and coronary artery disease, 
which together account for HF development in 
more than 50% of cases, as well as chronic ob-
structive pulmonary disease (COPD), chronic kid-
ney disease, iron deficiency, anaemia, diabetes 
mellitus amongst many others [3].

Body wasting has been identified as having 
important implications for functional status, qual-
ity of life, morbidity, and mortality. The term body 
wasting is an umbrella term for different forms of 
tissue loss. Cachexia as the oldest description of 
body wasting, the term having been coined in an-
cient Greece [4], is defined as a ‘complex metabolic 
syndrome associated with underlying illness and 
characterized by loss of muscle with or without 
loss of fat mass’. Its major clinical feature is loss 
of oedema-free body weight exceeding 5% of body 
weight during the previous 12 months or less [1]. 
In the context of HF, cachexia can be termed car-
diac cachexia. It may occur in 5–15% of patients 
with HF, especially those with reduced ejection 
fraction and more advanced disease status. Cardi-
ac cachexia is associated with reduced functional 
capacity [5] and decreased survival [1, 6].

The term sarcopenia is defined by the presence 
of low muscle mass together with low muscle 
function, strength, or performance. The 2021 HF 
guidelines of the European Society of Cardiology 
(ESC) suggest identifying sarcopenia by the meas-
urement of appendicular skeletal muscle mass, 
which was defined as the sum of the muscle mass 
of the four limbs. On this scale, sarcopenia is iden-
tified by a value 2 standard deviation below the 

mean of a  healthy reference group aged 18–40 
years with a cut-off value of 7.26 kg/m2 for men 
[1]. The article on muscle wasting cited in the HF 
guidelines suggests cut-off points used to detect 
the presence of sarcopenia as the appendicular 
skeletal mass index values of 7.0 kg/m2 for men 
and 5.5 kg/m2 for women [7]. It has been shown 
that patients with sarcopenic HF have reduced ex-
ercise capacity [8, 9], reduced quality of life, en-
dothelial dysfunction [10], and reduced appetite 
[11] among other detrimental consequences [12]. 
Sarcopenia also has independent prognostic value 
in patients with HF [13]. It is worth noting that in 
2018, the European Working Group on Sarcopenia 
in Older People 2 (EWGSOP2) published a revised 
European consensus on the definition and diag-
nosis of sarcopenia, in which experts established 
a  diagnostic algorithm and determined sarcope-
nia cut-off points. The group strongly emphasized 
that low muscle strength is the primary indicator 
of sarcopenia [14].

Although sarcopenia occurs as part of the age-
ing process (primary sarcopenia), it is accelerated 
by chronic diseases such as cancer or HF; this is 
sometimes referred to as ‘secondary sarcopenia’. 
In HF with reduced ejection fraction, sarcopenia 
can be found in 20–50% of patients and is as-
sociated with frailty [7] and increased morbidity 
and mortality. Sarcopenia is a major determinant 
of outcomes outweighing the effect of body mass 
index (BMI) and body weight [1]. Sarcopenia is 
caused and exacerbated by multiple factors such 
as reduced regenerative capacity, imbalance in 
protein turnover, alteration of fat and fibrotic com-
position in muscle, increased presence of reactive 
oxygen species, dysfunction of mitochondria and 
increased inflammation. Based on these mecha-
nisms, pharmacological and non-pharmacological 
strategies have been developed to prevent and 
treat sarcopenia. Although several studies are cur-
rently in progress, no definitive treatment other 
than exercise training is currently available [15]. 
However, exercise training is an important tool 
to improve exercise capacity and quality of life in 
patients with HF, independent of the presence of 

A b s t r a c t 

Muscle wasting is one of the main causes for exercise intolerance and ventilatory inefficiency in patients 
with heart failure and a  strong predictor of frailty and reduced survival. The prevalence of sarcopenia is 
at least 20% in patients with heart failure. Patients with heart failure often have subclinical systemic in-
flammation, which may exert sustained effects on skeletal muscle. Besides exercise, nutrition should also 
be carefully evaluated as an appropriate diet with selected nutraceuticals may be able to stimulate muscle 
anabolism and inhibit muscle catabolism. This review summarizes the epidemiological and clinical trial ev-
idence supporting the recommendations for the use of nutraceuticals with anti-inflammatory properties in 
heart failure and provides an overview of the state of the evidence for nutraceutical supplementation to 
prevent and/or mitigate heart failure muscle wasting.
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sarcopenia, and should be recommended for all 
HF patients [16].

In the absence of recommended treatment mo-
dalities for sarcopenia in HF, we aimed to inves-
tigate the possible roles of nutraceuticals in this 
setting. It is important to understand that there 
is no internationally agreed definition of “nutra-
ceuticals”. One possible definition was proposed 
by the European Nutraceutical Association, de-
fining nutraceuticals as “nutritional products that 
provide health and medical benefits, including 
the prevention and treatment of disease” [17]. 
Indeed, there is evidence to suggest that some di-
etary supplements can contribute to the improve-
ment of HF-related symptoms [18]. We describe 
and discuss the available knowledge with respect 
to sarcopenic HF. Due to very limited knowledge 
and data on the role of natural products in pa-
tients with HF muscle wasting, the authors of this 
paper focused mainly on data on efficacy, being 
highly aware of the importance of safety of nu-
traceuticals that should be always monitored (nu-
trivigilance) especially in such a difficult group of 
patients. 

Objectives and organization of the position 
paper

A  systematic search strategy was developed 
to identify randomized clinical trials (RCTs) and 
their meta-analyses in PubMed/Web of Science, 
published between January 1970 through May 
2022. A  literature search was performed by two 
authors (A.B-D. and S.v.H.) independently using 
MEDLINE and PubMed with the MeSH terms: 
“nutraceuticals”, “dietary supplements”, “herbal 
drug”, “heart failure”, “muscle wasting” and “sar-
copenia”. The experts of the Writing Committee 
carefully discussed the available data on the safe-
ty and efficacy of the investigated nutraceuticals 
in the presented indication and then anonymously 
voted on the selection of those with the largest 
data available to be finally included in the rec-
ommendations. For each selected nutraceutical, 
a  short description of the (possible) mechanism 
of action is reported, followed by the clinically ob-
served effects and the most relevant tolerability 
notes.

The experts discussed and agreed on the rec-
ommended levels. The strength of recommenda-
tion of the nutraceuticals’ effect on heart failure 
muscle wasting has been evaluated according to 
a  new scale prepared and recommended by the 
ILEP Panel, as outlined in Table I. The experts of 
the writing and reviewing panels completed Dec-
laration of Interest forms where any actual and/
or potential conflicts of interest were presented.

While working on this Position Paper we strict-
ly followed the International Lipid Expert Panel 
(ILEP) scientific policy on the preparation of the 
recommendations. Briefly: (1) this statement 
was suggested by Prof. Agata Bielecka-Dabrowa 
(A.B-D.), Prof. Stephan von Haehling (S.v.H.), and 
Prof. Maciej Banach (M.B.), and was formally sent 
to the Steering Committee of the ILEP (see: www.
ilep.eu for details) for approval. Next, (2) official 
e-mails to all ILEP members were sent, inviting 
them to be a part of the Writing Committee (WC) 
of this statement, in which we also presented the 
tasks to be carried out and the detailed schedule 
regarding the work required. After establishment 
of the WC, (3) A.B-D. and S.v.H. started to work on 
the main content and scientific assumption of the 
paper, which were next presented to the members 
of the WC (using online platforms and via e-mails). 
Next, (4) together with selected members of the 
WC, we worked on the draft version of the rec-
ommendations, which were next extensively dis-
cussed with all the WC members, putting special 
emphasis on the management figures and tables 
with recommendations. In case of disagreement, 
each recommendation was voted on. In the next 
step (5), the final draft of recommendations was 
sent to all ILEP members for the internal review 
process and approval. Each comment and sugges-
tion from the ILEP members were considered and 
discussed.

Nutraceuticals with anti-inflammatory 
properties and their potential usefulness in 
sarcopenic heart failure 

n-3 PUFA

Omega-3 fatty acids (ω-3) are polyunsaturated 
fatty acids (PUFA), which are a family of essential 

Table I. The strength of recommendation based on the quality of evidence available for each nutraceutical

Symbol Quality of evidence Explanation

++++ High “Further research is very unlikely to change confidence in the estimate of 
effect.”

+++O Moderate “Further research is likely to have an important impact on confidence in the 
estimate of effect and may change the estimate.”

++OO Low “Further research is very likely to have an important impact on confidence in the 
estimate of effect and is likely to change the estimate.”

+OOO Very low “Any estimate of effect is very uncertain.”
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fatty acids that mediate numerous biological pro-
cesses. There are three major dietary forms of n-3 
PUFA: eicosapentaenoic acid (EPA; 20:5n-3), doco-
sahexaenoic acid (DHA; 22:6n-3) and a-linolenic 
acid (ALA; 18:3n-3). ALA is considered an essential 
dietary fatty acid, which means that it cannot be 
synthesized by humans [19]. A limited fraction of 
ALA can be converted to EPA and DHA [20]. For 
humans, the primary source of PUFA is fish oil. 
Omega-3 fatty acids are well-known for their an-
ti-inflammatory properties and their role in the 
development and maintenance of neurocerebral 
functions [20]. As pro-inflammatory cytokines 
have been linked to skeletal muscle wasting, the 
anti-inflammatory effects of n-3 PUFA may be 
beneficial in the prevention of muscle mass and 
strength loss associated with aging, frailty, and 
sarcopenia. Furthermore, omega-3 fatty acids 
may themselves modulate muscle protein synthe-
sis, promoting muscle strength and function. This 
may occur as a  result of their incorporation into 
intracellular organelles and membrane phospho-
lipids of the sarcolemma [21].

There is evidence that consumption of PUFA 
may improve the prognosis of patients with HF, 
particularly after myocardial infarction [18]. Mul-
tiple mechanisms of action have been considered, 
including: 1) anti-inflammatory properties of ome-
ga-3 fatty acids, which reduce cardiac remodelling 
caused by excessive interstitial fibrosis and sys-
temic inflammatory process leading to cardiac 
cachexia; 2) metabolic alterations in cardiomyo-
cytes accompanied by mitochondrial functional 
modification; 3) direct and/or indirect functional 
modification of cardiac ion channels to reduce 
susceptibility for fatal arrhythmia; 4) anti-hyper-
tensive effects originating from improved vascular 
endothelial response; and 5) modulation of auto-
nomic nervous system activity [22].

In the International Lipid Expert Panel position 
paper on impact of nutraceuticals on markers of 
systemic inflammation the experts made a Class I  
Level A recommendation for omega-3 fatty acids 
[23]. The authors stressed that the RCT of an EPA 
+ DHA therapy (2.5 g/day) resulted with reduced 
interleukin (IL) 6 (IL-6), IL-1β and tumor necrosis 
factor a  (TNF-a) [24]. What is more, a major re-
cent meta-analysis of 40 studies involving over 
135,000 participants demonstrated the marked 
benefits of EPA/DHA supplementation therapy in 
reducing major CVD outcomes [25].

Clinical evidence in the context of muscle 
wasting 

The 2016 ESC guidelines [26] for the manage-
ment of HF provided a general recommendation 
that “an n-3 PUFA preparation may be considered 
in symptomatic HF patients to reduce the risk of 

cardiovascular hospitalization and cardiovascular 
death” irrespective of the presence of sarcopenia 
(class of recommendation IIb, level of evidence B). 
Preference should be given to “n-3 PUFA prepa-
rations containing 850–882 mg of EPA and DHA 
as ethyl esters in the average ratio of 1 : 1.2”, 
with the recommendation based on the results of 
the GISSI-HF (Gruppo Italiano per lo Studio della 
Sopravvivenza nell’Infarto miocardico – heart fail-
ure) trial [27]. No recommendation for the use of 
PUFA can be found in the 2021 version of the ESC 
guidelines [1]. In 2019, Rossato et al. reviewed 
the available evidence of omega-3 fatty acids in-
take/supplementation on muscle/lean mass (LM) 
and physical function in young and older adults. 
Observational studies have not demonstrated 
significant associations between omega-3 intake 
and muscle mass. The associations between PUFA 
intake and muscle function were not significant 
after adjustments for confounders, except for the 
observational study (with a  longitudinal design) 
that showed ALA to be associated with knee ex-
tension strength [21, 23]. The evidence on the 
effects of omega-3 supplementation on muscle 
mass in sedentary young and older adults is also 
rather mixed. There is also conflicting evidence 
whether supplementation confers a  beneficial 
effect on muscle function in older adults [19]. 
A meta-analysis of 10 randomized controlled tri-
als published in 2020 evaluated the potential ef-
fects of omega-3 fatty acid supplementation on 
sarcopenia-related performance among the elder-
ly [28]. The authors included RCTs that evaluated 
the effect of increasing n-3 PUFAs (through diet or 
supplementation) on skeletal muscle mass, mus-
cle strength, or muscle performance in adults aged  
60 years or older. A total of 552 participants were in-
cluded. There were small benefits for muscle mass 
gain (0.33 kg; 95% confidence interval (CI): 0.05, 
0.62) and timed up and go performance (–0.30 s; 
95% CI: –0.43, –0.17). Subgroup analyses regard-
ing muscle mass and walking speed indicated 
that omega-3 fatty acid supplements at > 2 g/day  
may contribute to muscle mass gain (0.67 kg; 
95% CI: 0.16, 1.18) and improve walking speed, 
especially among those who received the inter-
vention for > 6 months (1.78 m/s; 95% CI: 1.38, 
2.17). The authors concluded that the appropriate 
supplementation of n-3 PUFAs may have benefits 
on muscle mass and performances among the el-
derly, however these results still need to be con-
firmed in the context of clinical relevance [28].

Studies in heart failure muscle wasting 

Only one randomized trial has been undertak-
en in patients with HF. Mehra et al. conducted 
a  small, randomized, double-blind, placebo-con-
trolled trial in 14 patients with symptomatic HF, 
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New York Heart Association (NYHA) class III–IV. 
Seven patients were given 8 g of n-3 fatty acids 
(group A) or placebo (group B) daily for 18 weeks. 
The study showed that 8 g PUFA intake daily over 
18 weeks was associated with a significant reduc-
tion of TNF production in lipopolysaccharide-stim-
ulated peripheral blood mononuclear cells in vitro. 
This intervention was also associated with a trend 
towards an increase in body fat mass (p = 0.07), 
but body weight and muscle mass did not change. 
It is worth emphasizing that there were no safety 
concerns in relation to such a high dose of PUFA, 
which was well tolerated. However, it is not known 

whether the changes in TNF concentrations in vit-
ro are clinically relevant [29]. 

A summary of potential utility of omega-3 fatty 
acids in heart failure muscle wasting along with 
ILEP recommendations is available in Table II.

Essential amino acids/leucine

Despite the fact that amino acids are not typ-
ical natural products, we have decided to include 
them in this Position Paper, due to their potential-
ly positive role in patients with HF muscle wasting. 
Essential amino acids (EAA) are amino acids that 
humans and other vertebrates cannot synthesize 

Table II. Recommendations on potential utility of selected nutraceuticals in heart failure muscle wasting

Nutraceutical Tested dose ranges 
[daily]

Potential utility in heart failure muscle 
wasting

Recommen-
dation

References

Omega-3 fatty 
acids

From 720 mg EPA + 
480 mg DHA to 8 g 
of mixed n-3 fatty 

acids

Safe but has no confirmed effect on 
muscle mass in HF

++OO 19, 29

Protein or 
amino acids 
supplementation

From 13 g to 45 g 
of dietary protein; 
from 3.2 to 15 g 

of EAA

May improve hand grip strength, 
enhance muscle function

++++ 45, 46, 47, 
48, 55, 56, 
57, 84, 160

Leucine  
(∼2.5 g daily)

From 1.2 to 6 g Improvement in muscle outcomes by 
improving lean muscle-mass content 

and functional performance measured 
by walking time

+++O  37, 42, 49, 
50, 54

HMB  
(∼3 g daily)

From 2 to 3 g Increase of muscle mass gain and 
potential improvement in muscle 

strength

+++O 37, 38, 39, 
40, 41, 51, 

52, 53

Alpha lipoic acid 
(∼150 mg daily)

From 150 to 1200 
mg

Possible protective effects with respect 
to muscle damage, more studies in vivo 

are needed

++OO 59, 68, 69

Vitamin D  
(400–5000 UI/day)

From 400 to  
5000 IU

May improve muscle strength in people 
presenting a serum 25-(OH)D level  

< 30 nmol/l

+++O 78, 79, 80, 
81, 82, 83, 

84, 87

Creatine  
(∼20 g/day)

From 3 to 20 g Increase body weight, improve muscle 
strength and endurance. However, the 

effects of long-lasting supplementation 
have not yet been assessed

++OO 96, 99, 115, 
116, 117, 118

Curcumin  
(∼1–1.5 g/day)

From 0.5 to 1.5 g May play a significant role in the 
management of sarcopenia by anti-
inflammatory action, increased hand 
grip strength, antifatigue effects, and 

muscle protein management

+++O 127, 128, 129

Beetroot and 
inorganic nitrates

From 11.2 to  
13.4 mmol NO3

–

Potential improvement in muscle 
contractile function but there is not 

enough evidence to recommend, and no 
potential dose is established

++OO 18, 131

Coffee No dose tested Potential preventing role in sarcopenia, 
no clinical trials to date, no potential 

dose established

++OO 143, 149

Vitamin C No dose tested It is still unclear whether vitamin 
C dietary intake is beneficial for 
decreasing sarcopenia, it is not 

recommended 

+OOO 153, 154, 
155, 157

*Consider protein supplementation in patients with sarcopenia who are unsuccessful in meeting protein needs through diet modifications 
alone and where there are no medical contraindications.
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from metabolic intermediates [30]. EAA oral sup-
plementation has anabolic effects, enhances pro-
tein synthesis in muscles, and inhibits proteolysis, 
an effect that seems to be most pronounced for 
leucine, a branched-chain amino acid (BCAAs) [3]. 
BCAAs, namely leucine, isoleucine and valine, are 
essential amino acids with interesting and clini-
cally relevant metabolic effects [31]. BCAAs have 
been suggested as a useful supplementation in the 
treatment of cachexia and reduced muscle mass 
as they may exert anabolic effects by promoting 
protein synthesis and by inhibiting proteolysis 
[32]. Several animal studies have demonstrated 
that BCAAs, particularly leucine, exert significant 
effects on skeletal muscle protein such as stimu-
lation of muscle protein synthesis also by possible 
interactions with the innate immune system with 
resulting modified cytokine expression [33]. Leu-
cine is thought to facilitate insulin signalling and 
glucose uptake in skeletal muscle cells through 
the PI3K-AKT-mTOR pathway [34]. Leucine sup-
plementation appears to modulate inflammatory 
status and protein turnover of muscle cells by al-
tering protein synthesis and protein degradation 
pathways. In the animal study by Papineau et al. 
leucine supplementation decreased markers of in-
flammation at the onset of skeletal muscle regen-
eration, potentially leading to an improved skele-
tal muscle regenerative response [35].

In a cross-over, double-blinded design, 8 healthy 
men were randomly assigned to one of three ex-
perimental conditions: supplementation with 
BCAAs or LEU in comparison with isonitrogenous 
placebo (PLA; 2.4 g of leucine, 1.6 g of isoleucine, 
and 1.6 g of valine) versus LEU (2.4 g of leucine + 
3.2 g of alanine) versus alanine (5.6 g) as place-
bo. No significant differences were found in serum 
TNF levels 30 min after supplement intake. How-
ever, serum IL-6 and IL-10 concentrations signifi-
cantly decreased 60 min after LEU supplementa-
tion when compared to the placebo intervention 
(p < 0.05) [36]. A  leucine metabolite, β-hydroxy 
β-methylbutyrate (HMB), is of special relevance 
as it is thought to exert its effects through pro-
tective, anticatabolic mechanisms and has been 
shown to directly influence protein synthesis and 
mitochondrial dynamics in skeletal muscle [37]. 
The results of the study by Gepner et al. indicated 
that 40 days of HMB supplementation (3 g dai-
ly) attenuate inflammatory status by changes in 
circulating TNF [F-F ratio] (F = 6.48,  p = 0.006), 
CX3CL1 (F = 4.70,  p = 0.025), IL-1β (F = 6.93,   
p = 0.006), IL-2 (F = 4.96, p = 0.019), IL-6 (F = 
6.27, p = 0.012) and IL-10 (F = 3.72, p = 0.041) 
plasma concentrations during highly intense mili-
tary training [38]. The attenuation of the cytokine 
response to highly intense exercise protocols 
when supplementing with HMB was also report-

ed in previous studies [39–41]. Jakubowski et al. 
reported that in young men undertaking an undu-
lating periodised resistance training program, the 
ingestion of whey protein (50 g) with HMB (3 g 
daily) versus whey protein with the same amount 
of leucine (3 g daily) resulted in no differences in 
training-induced gains in lean body mass, muscle 
size, strength, or power [42]. 

Clinical evidence in the context of muscle 
wasting

Proteins and amino acids are the most studied 
types of dietary supplements to improve muscle 
outcomes [43]. In 2013 the PROT-AGE Study Group 
published the Evidence-based recommendations 
for optimal dietary protein intake in older peo-
ple [44]. Experts recommended that to maintain 
physical function, older people need more dietary 
protein than do younger people (average dai-
ly intake at least in the range of 1.0 to 1.2 g/kg 
body weight/day). Most older adults who have an 
acute or chronic disease need even more dietary 
protein (i.e., 1.2–1.5 g/kg body weight /d); people 
with severe illness or injury may need as much as 
2.0 g/kg body weight/day [44]. In the systematic 
review prepared to evaluate the clinical evidence 
reporting the effect of nutrition in sarcopenia, di-
agnosed according to the definition proposed by 
the European Working Group on Sarcopenia in 
Older People, 11 of the 12 included studies con-
tained EAAs, HMB or protein [45]. These findings, 
consistent with the observational evidence of dif-
ferences in habitual protein intake, showed the ef-
fects of supplementation seem to be mixed [45]. 
More recent systematic reviews of protein/amino 
acid supplementation in older adults have yielded 
similar findings [46–48]. Although some evidence 
of benefit was found in individual studies of older 
adults, pooled analyses have shown that the over-
all effects on muscle strength were not significant 
[46]. In other meta-analyses in the group of non-
frail community-dwelling older adults the authors 
showed that while there was a tendency for grip 
strength to increase in protein-supplemented par-
ticipants (standardized mean difference [SMD]: 
0.58; 95% CI: –0.08–1.24, p = 0.08), there were 
no differences in lower extremity strength [47]. 
On the other hand, the most recent meta-analysis 
of 32 RCTs of nutritional supplementation in old-
er adults by Veronese et al. indicated that protein 
or amino acids supplementation significantly im-
proved hand grip strength (SMD = 0.24, 95% CI: 
0.07–0.41) [48].

A systematic review published in 2019 by Mar- 
tínez-Arnau et al. analysed the effects of leucine 
supplementation in older individuals with sarco-
penia [49]. The authors showed that administra-
tion of leucine or leucine-enriched proteins (at the 
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doses of 1.2–6 g leucine/day) is well-tolerated and 
significantly improves sarcopenia in older individ-
uals, mainly by improving lean muscle-mass con-
tent. Mixed results were reported regarding the 
effect of supplementation on muscular strength, 
and there are still limited data on the effect on 
physical performance. For sarcopenia-associated 
individuals with concomitant disorders, the most 
promising effects of leucine supplementation 
are reported for the rehabilitation of post-stroke 
patients and in those with liver cirrhosis [49]. In 
2020 the same author conducted a placebo-con-
trolled, randomized, double-blind study with  
50 participants of both sexes aged 65 years and 
over living in nursing homes. All individuals ful-
filled the inclusion criterion to be able to walk 6 m 
and were 65 years or over. The participants were 
randomized to a  parallel group intervention of  
13 weeks’ follow-up with an intake of leucine at 
the dose of 6 g/day or placebo (lactose, 6 g/day). 
Administration of leucine was well-tolerated and 
significantly improved some criteria of sarcope-
nia in older individuals, such as functional perfor-
mance measured by walking time (p = 0.011), and 
also improved lean mass index [50]. 

Multiple studies on HMB supplementation have 
been conducted, with several available systematic 
reviews and meta-analyses evaluating its effects, 
either alone or in combination with other amino 
acids, on muscle quality and function both in old-
er adults with sarcopenia and other pathological 
conditions. Some studies with HMB have shown 
to improve muscle mass and to preserve muscle 
strength and function in older people with sarco-
penia or frailty [37]. The study by Wu et al. aimed 
to investigate whether HMB supplementation had 
significant effects on body composition and mus-
cle strength in healthy older adults and those with 
pathological conditions at the age of ≥ 65 years 
[51]. The meta-analysis of 6 studies showed that 
HMB supplementation alone or in combination 
with other amino acids, increased muscle mass 
gain in the intervention groups compared with 
the control groups (SMD 0.352 kg; 95% CI: 0.110–
0.594; Z  value = 2.85; p = 0.004). There were, 
however, no differences with regard to changes 
in fat mass between groups (SMD = –0.08 kg,  
p = 0.511) [51]. Bear et al. investigated the effica-
cy of HMB alone, or supplements containing HMB, 
on skeletal muscle mass and physical function in 
a  variety of clinical conditions characterized by 
loss of skeletal muscle mass and weakness. In 
the meta-analysis of 15 RCTs with 2137 patients 
the authors revealed some evidence to support 
the effect of HMB alone, or supplements con-
taining HMB, on increasing skeletal muscle mass  
(SMD = 0.25; 95% CI: –0.00, 0.50; z  = 1.93;  
p = 0.05; I2 = 58%) and strong evidence has been 

provided to support improvements in muscle 
strength (SMD = 0.31; 95% CI: 0.12–0.50; z = 3.25; 
p = 0.001; I2 = 0%) [52]. Courel-Ibáñez et al. aimed 
to quantify the effects of exercise in addition to 
HMB supplementation, on physical and cognitive 
health in older adults. Based on the data from  
10 RCTs with 384 participants, investigating the 
effect of HMB supplementation and physical func-
tion in adults aged ≥ 50 years, they showed that 
HMB supplementation, in addition to physical ex-
ercise, has no or relatively low impact on improv-
ing body composition, muscle strength, or physical 
performance compared with exercise alone [53]. 
The umbrella review published in 2021 on behalf 
of the Sarcopenia Guidelines Development Group 
of the Belgian Society of Gerontology and Geriat-
rics included systematic reviews, which examined 
the effect of essential amino acids and leucine 
supplementation on improving muscle mass or 
strength in older people. No convincing evidence 
was found to support supplementation with es-
sential amino acids. The authors concluded that 
EAAs supplementation should not be considered 
as an intervention to increase muscle mass, mus-
cle strength, and physical performance. Neverthe-
less, the umbrella review provided sufficient evi-
dence to recommend leucine supplementation for 
sarcopenic older people to increase muscle mass, 
but not for muscle strength or physical perfor-
mance [54].

Studies in heart failure muscle wasting 

Supplementation studies have been conducted 
in patients with HF. An investigator-blinded, ran-
domized study by Aquilani et al. included HF pa-
tients and showed that peak oxygen consumption 
and 6-min walking distance test was improved 
within 2 months of oral supplementation with 
a mix of all EAAs [55]. A similar RCT of oral ami-
no acid supplementation in older patients with 
chronic HF showed a small improvement in peak 
oxygen consumption at 30 days [56]. However, 
a more recent open label, randomized, controlled 
study failed to confirm these results. The study 
evaluated combined therapy with resistance ex-
ercise training and BCAA supplementation in 66 
patients with chronic HF. Supplementation with 
essential amino acids did not provide benefit be-
yond resistance exercise training alone [57]. Ac-
cording to the 2021 HF guidelines of the Europe-
an Society of Cardiology (ESC), the most effective 
strategy for sarcopenia treatment is resistance ex-
ercise training, possibly combined with a protein 
intake of 1–1.5 g/kg/day [1].

Nutritional studies in sarcopenia researched 
the effects of protein as well as amino acids sup-
plementation in form of EAA supplements, leucine 
supplements or supplements with leucine metab-
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olite- HMB. Several systematic reviews and me-
ta-analyses aimed to examine and compare the 
effects of diverse nutritional interventions [45–48, 
54]. Therefore, we decided to describe all available 
evidence in one section of our statement. How-
ever, in Table II we summarized a potential utility 
of analysed supplements in heart failure muscle 
wasting in 3 categories: 1) protein or amino acids 
supplementation; 2) leucine; and 3) HMB. ILEP rec-
ommendations are also available in Table II.

Alpha lipoic acid (LA)

Alpha lipoic acid (LA) is part of the multienzyme 
complex of pyruvate dehydrogenase, alpha-keto-
glutarate and branched alpha-keto acids [58, 59]. 
Additionally, LA has antioxidative effects via the 
ability to recycle endogenous glutathione and via 
acting as a radical scavenger of hydroxy radicals, 
hypochlorous acids, peroxide radicals and singular 
oxygen, as well as by forming chelate complexes 
with metal ions [60–63]. Anti-inflammatory ef-
fects of LA have also been described. LA inhibits 
the transduction of the nuclear factor kB (NF-kB) 
by modulating mitogen-activated protein kinase 
(MAPK) via inhibitor kB (IkB) reducing inflam-
mation [64, 65]. LA decreased levels of C-reactive 
protein (CRP), TNF, interleukin (IL) 6, IL-8 and IL-10 
in patients with type 2 diabetes as well as in pa-
tients with metabolic syndrome [66, 67]. 

Clinical evidence in the context of muscle 
wasting 

A study by Morawin et al. demonstrated that 
LA reduces serum concentrations of creatine ki-
nase after a  90-min endurance load indicating 
possible protective effects with respect to muscle 
damage [59]. Isenmann et al. conducted a  dou-
ble-blind, randomised, controlled trial which en-
rolled 17 male athletes experienced in resistance 
and endurance exercise. A moderate inhibition of 
muscle damage and inflammation was observed 
in the LA-group compared to placebo [68]. Di Ce-
sare Mannelli et al. showed synergistic effects 
of the R(+) stereoisomer of lipoic acid (R(+)LA) 
and β-hydroxy-β-methyl butyrate (HMB) against 
dexamethasone (DEX)-dependent damage of 
myoblast- and myotube-cell cultures. The com-
bination of R(+)LA with HMB was the only treat-
ment able to significantly reduce DEX-dependent 
redox imbalance, by reducing the concentration 
of O2

– and the level of carbonylated proteins, an 
oxidative modification due to the introduction of 
carbonyl groups into protein side chains leading 
to decreased functionality [69]. 

A summary of the potential utility of alpha lipo-
ic acid in heart failure muscle wasting along with 
ILEP recommendations is available in Table II.

Studies in heart failure muscle wasting

There are no studies evaluating the influence 
of alpha lipoic acid supplementation on muscle 
wasting in heart failure.

Vitamin D

Vitamin D is a fat-soluble vitamin that can act 
as a  hormone through a  nuclear receptor [70]. 
The two major biologically inert precursors of vi-
tamin D are vitamin D

3 (cholecalciferol) and vita-
min D

2 (ergocalciferol). Humans obtain vitamin D 
through dietary intake and exposure to sunlight 
[71]. According to the Endocrine Society’s Practice 
Guidelines, vitamin  D deficiency was defined as 
a serum 25(OH)D < 20 ng/ml, insufficiency as 21–
29 ng/ml and sufficiency as at least 30 ng/mL for 
maximum musculoskeletal health [72]. Vitamin D 
deficiency and insufficiency is a  global health 
problem, it has been estimated that 20–100% of 
U.S., Canadian, and European older men and wom-
en living in the community are vitamin D deficient 
[72]. The most important function of vitamin D is 
in the regulation of Ca2+ concentration in circulat-
ing blood, which deficiency may lead to diseases 
such as rickets in children and osteomalacia in 
adults. It has recently been proven that deficiency 
or insufficiency in vitamin D may be positively as-
sociated with the risk of several diseases including 
sarcopenia, cardiovascular diseases, obesity, and 
cancer [70]. Furthermore, there is an association 
of vitamin D status with biomarkers of oxidative 
stress and inflammation such as CRP, IL-6, cathep-
sin S, vascular cell adhesion molecule-1 (VCAM-1), 
malondialdehyde (MDA), myeloperoxidase, 3-ni-
trotyrosine, and superoxide dismutase (SOD) [73]. 
The observation that in vitro vitamin D

3  is effec-
tive in stabilizing endothelial membranes thereby 
reducing inflammation may help explain clinical 
observations of extremely high doses of vitamin D 
being effective in treating or reducing symptoms 
of some autoimmune disorders like psoriasis, viti-
ligo, and multiple sclerosis [74–76]. The biological, 
epidemiological and clinical evidence supporting 
the association between vitamin  D and an in-
creased risk of sarcopenia in older people have 
been reviewed by Remelli et al. [77].

Clinical evidence in the context of muscle 
wasting

Visser et al. conducted a  prospective, popula-
tion-based study, which showed that a lower 25-
(OH)D circulating concentration and a higher par-
athyroid hormone (PTH) concentration increased 
the risk of sarcopenia (loss of hand grip strength 
and loss of appendicular skeletal muscle mass) 
in old age [78]. Bunout et al. assessed the effects 
of resistance training and vitamin D supplemen-
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tation on physical performance of healthy older 
subjects. The study showed that gait speed was 
higher among subjects supplemented with vita-
min D (whether trained or not) than in non-sup-
plemented subjects (838 ±147 and 768 ±127 m/ 
12 min, respectively, p = 0.02) [79]. Wicherts et al. 
investigated the association of serum 25-(OH)D 
concentration with current physical performance 
and its decline over 3 years among older subjects. 
The study showed that serum 25-(OH)D concen-
trations below 20 ng/ml were associated with 
poorer physical performance and a greater decline 
in physical performance in older men and wom-
en [80]. A systematic review and meta-analysis of  
30 RCTs with 5615 individuals (mean age:  
61 years) on the effects of vitamin D on skeletal 
muscle strength, muscle mass and muscle pow-
er revealed a small but significant positive effect 
of vitamin  D supplementation on global muscle 
strength with SMD of 0.17 (p = 0.02). No signif-
icant effect was found on muscle mass (SMD = 
0.058; p = 0.52) or muscle power (SMD = 0.057; 
p = 0.657). Effects on muscle strength were sig-
nificantly greater in individuals who presented 
a  baseline serum 25-(OH)D level of < 30 nmol/l 
[81]. A  2015 meta-analysis of seven controlled 
trials with vitamin  D supplementation showed 
a  significant improvement in upper and lower 
limb muscle strength in healthy 18- to 40-year-old 
participants [82]. Insufficient evidence was found 
to support the use of vitamin D supplementation 
specifically for sarcopenia, although there is evi-
dence that individuals with low vitamin D levels 
may improve their strength with vitamin D supple-
mentation [83]. A meta-analysis by Gkekas et al. 
based on 8 studies (776 patients) aimed to eval-
uate the effect of vitamin  D alone, or with pro-
tein supplementation, on muscle strength, mass, 
and performance in sarcopenia. Vitamin D at the 
doses of 100–1600 IU/day plus protein (10–44 g/
day) supplementation showed a beneficial effect 
on muscle strength, as demonstrated by an im-
provement in hand grip strength (SMD 0.38 ±0.07, 
95% CI: 0.18–0.47, p = 0.04) and a decrease in the 
sit-to-stand time (SMD 0.25 ±0.09, 95% CI: 0.06–
0.43, p = 0.007) in comparison to the placebo 
group [84]. The effect on muscle mass, measured 
by skeletal muscle index, was marginally non-sig-
nificant (SMD 0.25 ±0.13, 95% CI –0.006–0.51,  
p = 0.05), and no significant effect on appendic-
ular skeletal muscle mass or muscle performance 
(measured by walking speed) was observed [84].

Studies in heart failure muscle wasting

The largest trial of vitamin D supplementation 
recruited 400 patients with advanced HF and 
randomized them to 4000 I.U. vitamin D

3 daily or 
matching placebo in a 1 : 1 ratio [85]. Even though 

the authors did not find a difference in the primary 
endpoint (all-cause mortality), they noted a signif-
icant improvement in left ventricular performance 
over 3 years of follow-up in the subgroup of pa-
tients aged ≥ 50 years [increase in LVEF of 2.73% 
(95% CI: 0.14–5.31%) at 12 months post-random-
ization and 2.60% (95% CI: –2.47 to 7.67%) at 36 
months post-randomization] [86]. Unfortunately, 
skeletal muscle function mass and function were 
not assessed during the trial. Patients in the vita-
min D supplementation group had a greater need 
for mechanical circulatory support implantation, 
particularly when baseline serum levels of 25-OH-D  
were ≥ 30 nmol/l, prompting the authors of the 
study to suggest caution in the long-term sup-
plementation of vitamin D in this clinical setting. 
Only one study has investigated muscular perfor-
mance in patients with HF. Boxer et al. designed 
a  cross-sectional study to identify relationships 
between anabolic hormones, inflammatory mark-
ers and physical function in patients with HF. Sixty 
patients (43 men and 17 women) with an ejection 
fraction of 40% or less were included [87]. The au-
thors performed a  6-minute walk test (6-MWT), 
measured a  frailty phenotype, and performed 
multiple biochemical tests. The study showed that 
longer 6-MWT distance was correlated with higher 
serum 25-hydroxyvitamin D (25-OH-D) level (cor-
relation coefficient: 0.42; p < 0.05). A shorter walk 
was correlated with higher cortisol: dehydroepi-
androsterone sulphate (DHEAS) ratio, high-sensi-
tivity CRP, IL-6, and intact PTH (correlation coef-
ficients: –0.26; –0.50; –0.46; –0.31 respectively, 
all p < 0.05). Higher frailty phenotype score was 
correlated with higher high-sensitivity CRP, higher 
IL-6, and lower serum 25(OH)D levels (correlation 
coefficients: 0.32; 0.32; –0.30 respectively, all p < 
0.05). Therefore, taken together, lower vitamin D 
levels and higher CRP levels were associated with 
poor aerobic capacity and greater frailty, where-
as no significant role for other hormones such as 
testosterone, dehydroepiandrosterone (DHEA), or 
cortisol was found. The authors concluded that 
further studies are required to examine whether 
altering vitamin D intake and inflammation status 
in patients with HF will improve functional and 
aerobic capacity [87]. 

A summary of potential utility of vitamin D in 
heart failure muscle wasting along with ILEP rec-
ommendations is available in Table II.

Creatine

Creatine (N-aminoiminomethyl-N-methyl gly-
cine) is a  naturally occurring and nitrogen-con-
taining compound comprised of amino acids [88]. 
Creatine is mostly (95%) stored in muscle, where it 
plays a critical role in providing energy through the 
creatine kinase (CK) and phosphocreatine (PCr) 
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system. Endogenous creatine synthesis provides 
about half of the daily requirements of this com-
pound. The remaining amount of creatine needed 
to maintain normal tissue levels is obtained from 
diet, primarily from red meat and fish or dietary 
supplements. A normal-sized individual needs to 
consume 2–3 g/day of creatine to maintain nor-
mal stores depending on diet, muscle mass, and 
physical activity levels. The role of creatine in 
energy metabolism in diseases depends on the  
CK/PCr system, which provides the metabolic ba-
sis on how creatine can affect health and how it 
can offer therapeutic benefit [88].

Creatine has been shown to act as an anti-
oxidant and, as such, may reduce indices of in-
flammation in aging adults [89]. Creatine supple-
mentation may also play a role in downregulating 
oxidative stress associated with inflammation [89, 
90]. In an in vitro study, creatine (0.5–5 mM) sup-
pressed the adhesion of neutrophils to endothe-
lial cells and inhibited the binding of intracellular 
adhesion molecule-1 (ICAM-1) and E-selectin, 
suggesting its anti-inflammatory effect [91]. Fur-
thermore, creatine may attenuate the increase in 
a  pro-inflammatory immune system response to 
aerobic exercise [92–94], but appears to provide 
no inflammatory benefit for resistance-trained 
individuals [95]. However, HF patients who were 
administered creatine (5 g/day) and performed 
aerobic exercise (3 days per week) experienced 
a significant reduction in systemic IL-6, CRP, and 
endothelial function (ICAM-1, P-selectin) com-
pared with the control group [96, 97]. 

Clinical evidence in the context of muscle 
wasting 

Creatine is one of the most popular nutritional 
ergogenic aids for athletes [98]. Many available 
studies have shown that creatine supplementa-
tion increases intramuscular creatine concentra-
tions, can improve exercise performance, and/
or improve training adaptations [98]. For older 
adults, several studies have demonstrated that 
creatine monohydrate supplementation in addi-
tion to a strength training protocol can augment 
muscle mass and function [99, 100]. It has been 
shown that this might be due to energy and me-
chanical optimization of the cells, which results in 
the prevention of protein degradation, an activa-
tion of satellite cells and an increase in glycogen 
synthesis [101]. Three meta-analyses have been 
performed to determine the efficacy of creatine  
(≥ 3 g/day) vs. placebo during a resistance training 
program (≥ 7 weeks) on measures of muscle ac-
cretion and strength [102–104]. Collectively, these 
meta-analyses showed that the combination of 
creatine and resistance training augmented mus-
cle accretion (≈1.2 kg), and upper- and lower-body 

strength, more than placebo and resistance train-
ing alone in older adults [99]. Research regard-
ing the effectiveness of creatine supplementa-
tion without resistance training is mixed with  
5 studies showing greater effects from creatine vs. 
placebo [105–109] and 5 studies showing similar 
effects between the two interventions [110–114]. 
The majority of studies that reported beneficial 
effects from creatine incorporated a creatine load-
ing phase (20 g/day) or used a high relative daily 
dosage of the substance (0.3 g/kg/day), whereas 
several of the studies that failed to observe bene-
ficial effects did not use these strategies [99, 115].

Studies in heart failure muscle wasting 

Studies have been conducted evaluating cre-
atine supplementation in patients with HF. Gor-
don et al. conducted a double-blind, placebo-con-
trolled study in 17 patients with a left ventricular 
ejection fraction < 40%. All participants were sup-
plemented with creatine 20 g daily for 10 days. 
The authors found that in the study group, cre-
atine supplementation improved muscle strength 
and endurance [116]. Andrews et al. conducted 
a study in which 20 patients with chronic HF were 
randomly allocated in a  double-blind fashion to 
receive 5 g of creatine four times a day or match-
ing placebo for 5 days. The study showed that cre-
atine increased muscle endurance (defined as the 
number of contractions until exhaustion at 75% of 
maximum voluntary strength) and reduced lactate 
and ammonia production under the same condi-
tions. The authors concluded that creatine supple-
mentation in chronic HF augments skeletal muscle 
endurance and attenuates the abnormal skeletal 
muscle metabolic response to exercise [117]. Fi-
nally, Kuethe et al. designed a double-blind, pla-
cebo-controlled study involving 20 patients with 
congestive HF for more than 6 months and with 
a  peak oxygen uptake (peak VO2) below 20 ml/
min/kg. The study group received 5 g of creatine 
four times a  day for 6 weeks, while the control 
group received placebo. After 6 weeks of creatine 
supplementation there was a significant increase 
in body weight and muscle strength compared 
with baseline and placebo (p < 0.05). Therefore, 
the study showed that short-term creatine sup-
plementation in addition to standard medication 
in patients with congestive HF can increase body 
weight and improve muscle strength [118].

A  summary of potential utility of creatine in 
heart failure muscle wasting along with ILEP rec-
ommendations is available in Table II.

Curcumin

Curcumin comes from the root of turmeric of 
curcuma (an herbaceous perennial of the Zingiber-
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aceae), includes about 2–8% turmeric and is com-
monly consumed daily throughout Asian countries 
without reported toxicity [119, 120]. Curcumin has 
been reported to possess diverse pharmacological 
effects including antioxidant and anti-inflamma-
tory activities, it may also inhibit PCSK9 protein 
and have some anti-atherosclerotic properties 
[119, 121]. The effects of curcumin on muscle 
wasting have not been fully established. In a study 
conducted by Lee et al., spray dry powder contain-
ing 40% curcumin (CM-SD) demonstrated utility 
against oxidative stress and inflammation-related 
muscle disorders by transactivation of the nuclear 
factor erythroid-2-related factor 2 (Nrf2)-depen-
dent luciferase activity, enhancement of the levels 
of heme oxygenase (HO)-1, glutamate cysteine 
ligase catalytic subunit (GCLC), and NAD(P)H-de-
pendent quinone oxidoreductase (NQO)-1, as well 
as reduction of reactive oxygen species (ROS) pro-
duction and lipid peroxidation and restored glu-
tathione (GSH) depletion in H2O2-treated C2C12 
cells [122]. Inhibition of the NF-kB pathway by 
curcumin, which is a well-established effect of this 
phytochemical, could justify the potential benefit 
of curcumin supplementation to attenuate muscu-
lar atrophy in catabolic conditions [123].

In the International Lipid Expert Panel position 
paper on impact of nutraceuticals on markers 
of systemic inflammation a Class IIa Level B rec-
ommendation was made for curcumin [23]. The 
authors stressed that in the recent meta-analysis 
of 15 RCTs, which was conducted to assess the 
influence of curcumin-containing supplements on 
biomarkers of inflammation and oxidative stress, 
a significant reduction in circulating IL-6 and CRP 
levels was reported [124].

Clinical evidence in the context of muscle 
wasting

Curcumin treatment successfully prevented 
the development of pre-sarcopenia and sarcope-
nia by improving satellite cell commitment and 
recruitment in mice after 6 months of treatment 
[125]. Based on a study by Tanabe et al., ingestion 
of curcumin before exercise may attenuate acute 
inflammation, and after exercise it could attenu-
ate muscle damage and facilitate faster recovery 
[126]. In a human study by Gorza et al., 19 men 
were randomized to examine the effects of cur-
cumin supplementation at the dose of 1.5 g/day 
compared with a placebo (PLA) following a mus-
cle-damaging protocol (MDP) on oxidative stress, 
inflammation, muscle damage, and soreness. The 
MDP was performed before and 28 days after 
supplementation. Blood was sampled pre- and at  
60 min, 24 h, and 48 h post exercise and analysed 
for total antioxidant capacity (TAC), malondialde-
hyde (MDA), TNF, and CK. After supplementation, 

curcumin significantly reduced CK levels (199.62 
U/l) compared to the placebo (287.03 U/l; p < 
0.0001). Curcumin supplementation also result-
ed in decreased muscle soreness (visual analogue 
scale (VAS) 2.88), when compared with placebo 
(VAS 3.36, p = 0.012). No differences were ob-
served in TAC, TNF, or MDA [127]. In a  study by 
Hillman et al. the authors aimed to determine the 
effects of curcumin supplementation on delayed 
onset muscle soreness and muscle power follow-
ing plyometric exercise. 39 participants consumed 
either curcumin (500 mg) or placebo twice daily for  
10 days (6 days pre-exercise, on the day of exer-
cise and for the 3 days following exercise); on day 
7 all participants completed 5 × 20 drop jumps. 
Soreness was greater in placebo vs. curcumin 48 h 
and 72 h post-exercise (p < 0.01); however, CK was 
not significantly different between groups (p = 
0.28). Vertical jump (countermovement jump was 
used to assess muscle power) decreased over time 
in the placebo, but not in the curcumin group (19.8 
±4.8 vs. 21.4 ±3.2; p = 0.01). The authors suggest 
that curcumin reduces soreness and maintains 
muscular power following plyometric exercise 
[128]. A  randomized, placebo-controlled, dou-
ble-blind study involving 30 subjects evaluated 
the efficacy of curcumin supplementation in the 
management of sarcopenia conditions. Curcumin 
supplementation was associated with a  signifi-
cant increase by 1.43% (p < 0.001) in hand grip 
strength compared with placebo. The weight-lift-
ing capacity also showed an increase of 6.08%, 
whereas in the placebo group a  4.54% decrease 
at the end of the study period was observed. The 
results confirmed that curcumin tended to have 
a positive impact on distance covered before feel-
ing tired as shown by an increase (p = 0.09) of 
5.51%, compared with the placebo group, which 
showed an increase of only 2.29%. The time tak-
en to walk the same distance was reduced in the 
curcumin group (1.15%), whereas in the placebo 
group it was increased (2.02%) [129]. 

A  summary of potential utility of curcumin in 
heart failure muscle wasting along with ILEP rec-
ommendations is available in Table II.

Studies in heart failure muscle wasting 

There are no studies evaluating the influence 
of curcumin supplementation on muscle wasting 
in heart failure.

Beetroot and inorganic nitrates 

In mammals, including humans, nitric oxide 
(NO) serves as a  signalling molecule involved in 
several physiological and pathological process-
es [130]. Within the cardiovascular system, ba-
sal endothelial NO release plays a critical role in 
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sustaining cardiovascular health and it does this 
in many ways including its role as a vasodilator, 
anti-proliferative, anti-leucocyte and anti-platelet 
agent [130]. In skeletal muscle, NO helps to mod-
ulate contractile function, through the nitrosation 
or S-nitrosylation of various proteins. Further-
more, during concentric activity, NO significantly 
increases the rate of force development, maximal 
power and maximal shortening velocity of both 
single muscle fibres and isolated muscles, via the 
activation of the classic NO soluble guanyl cy-
clase-cyclic GMP (NO-sGC-cGMP) pathway [18]. 
In patients with HF, an increased production of 
reactive oxygen species leads to a decline in the 
bioavailability of NO and decreased NO-sGC-cG-
MP signalling [131]. The orally available activator 
of soluble guanylate cyclase, vericiguat, has been 
shown to exert beneficial effects in a recent large-
scale randomized trial [132]. It is possible that 
NO bioavailability is diminished in skeletal mus-
cles of patients with HF, thus contributing to their 
reduced muscle function. Furthermore, HF leads 
to endothelial dysfunction in various tissues, in-
cluding skeletal muscles, as a result of reduced NO 
production by endothelial NO synthase [18]. The 
primary source of NO in humans is NO production 
from L-arginine by enzymes called nitric oxide 
synthases (NOS) [133]. Nevertheless, NO is also 
derived from dietary nitrate (NO3

–). In this alterna-
tive pathway, NO3

– is first reduced to nitrite (NO2
–) 

by oral facultative anaerobic bacteria. After NO2
– is 

swallowed, acidic conditions in the stomach and/
or other tissues (e.g., contracting muscle) can fur-
ther reduce it to NO [131]. There is emerging ev-
idence, which suggests that supplementation of 
dietary inorganic nitrate (NO3

–) has beneficial ef-
fects on vascular health, blood pressure, exercise 
capacity and oxygen metabolism through targeted 
NO production [18]. Beetroot juice is a rich natural 
source of NO3

– and could be used as nutraceuti-
cal [134]. Indeed, the anti-inflammatory effects 
of red beetroot have been demonstrated in sev-
eral studies. It has been reported that treatment 
of rats with the ethanol extract of red beetroot 
for 28 days combats against the nephrotoxicity 
of gentamicin and reduces the activity of NF-kB, 
TNF, and IL-6 [135]. A study by Pietrzkowski et al. 
has shown that capsules with the betalain-rich 
red beet extract taken for 10 days decreased 
pre-inflammatory factors such as cytokines, TNF, 
IL-6 in osteoarthritis affected patients [136]. The 
proposed mechanism for anti-inflammatory prop-
erties of betalains seems to be via interference 
with NF-kB, which reduces inflammatory medi-
ators, as well as phagocyte cells [137]. Betalains 
have been also shown to inhibit the lipoxygenase 
enzyme and ICAM-1 in vitro, which is expressed in 
response to cytokine stimulation [138]. 

Clinical evidence in the context of muscle 
wasting 

Even though there were a large number of stud-
ies which have examined dietary nitrate in rela-
tion to the cardiovascular system, an effort has 
also been made to uncover the benefits of dietary 
nitrate on muscle contractility [139]. Justice et al. 
performed a  small-scale pilot trial to assess the 
potential efficacy of sodium nitrite supplemen-
tation for improving multiple domains of motor 
function in healthy middle-aged and older adults  
(62 ±7 years). The study showed that 10 weeks 
of daily nitrite supplementation significantly im-
proved the rate of torque development during vol-
untary knee flexion/extension [140]. Coggan et al. 
conducted a study which aimed to test if dietary ni-
trate supplementation could increase muscle con-
tractile function in older subjects. Twelve healthy 
older men and women (mean age: 71 ±5 years) 
were studied using a  randomized, double-blind, 
placebo-controlled, crossover design. After fasting 
overnight, subjects were tested 2 h after ingesting 
beetroot juice containing or devoid of 13.4 ±1.6 
mmol NO3

–. The study showed that after NO3
– sup-

plementation, maximal velocity of knee extension 
increased by 10.9 ±12.1% (p < 0.01) and maxi-
mal knee extensor power increased by 4.4±7.8% 
(p<0.05) [141]. Finally, Córdova-Martínez et al. 
evaluated the effect of supplementation with 
NO precursors (L-arginine and beetroot extract) 
on muscular function during a training period of  
6 weeks in older men and women. The study was 
double-blind, placebo-controlled and involved  
66 subjects randomly divided into 3 groups: pla-
cebo, arginine-supplementation, and beetroot ex-
tract-supplementation groups. At the end of the 
training period no significant effects were noticed 
with L-arginine or beetroot extract supplementa-
tion on endurance, strength, and Short Physical 
Performance Battery (SPPB) index. Nevertheless, 
beetroot extract supplementation improved phys-
ical fitness significantly (p < 0.05) in the sprint ex-
ercise in men (2.33 ±0.59 s) in comparison with 
baseline results (2.72 ±0.41 s) [142].

Studies in heart failure muscle wasting

One study has been conducted on the impact 
of dietary nitrates on muscle function in patients 
with HF [131]. Coggan et al. designed a  dou-
ble-blind, placebo-controlled, randomized cross-
over design study, in which authors determined 
the effects of dietary NO3

– in 9 HF patients. All 
included subjects were diagnosed with systolic 
dysfunction and had an LVEF ≤ 45%. Each patient 
was studied twice using the same experimental 
protocol. On one occasion they were tested af-
ter ingesting 140 ml of a  concentrated beetroot 
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juice supplement containing 11.2 mmol of NO3
–, 

and on the other after ingesting the same vol-
ume of NO

3
–-depleted beetroot juice. There was 

a 1–2-week washout period between treatments. 
Both subjects and investigators were blinded to 
the order of treatment. The study showed that 
ingestion of beetroot juice containing 11.2 mmol 
of NO

3
– resulted in a very large, ~20-fold increase 

(p < 0.0001) in plasma NO
3

– concentration. Plasma 
NO

2
– concentration did not significantly increase. 

On the other hand, whole-body NO bioavailability 
did increase significantly following dietary NO

3
–, 

as evidenced by a  35–50% (depending on the 
time of measurement) increase (p < 0.001–0.05) 
in breath NO over baseline. Dietary NO

3
– improved 

several measures of muscle contractile function. 
Beetroot juice increased peak knee extensor pow-
er by 9% (p = 0.07) and 11% (p < 0.05) at the two 
highest movement velocities tested (i.e., 4.71 and 
6.28 rad/s). Maximal power (measured by fitting 
peak power data with a  parabola) was there-
fore greater (i.e., 4.74 ±0.41 vs. 4.20 ±0.33 W/kg;  
p < 0.05) after dietary NO

3
– intake. Calculated 

maximal velocity of knee extension was also high-
er following NO

3
– ingestion (i.e., 12.48 ±0.95 vs. 

11.11 ±0.53 radian/s; p < 0.05). Blood pressure 
was unchanged, and no adverse clinical events 
were observed. The authors concluded that the 
beetroot juice supplement was well-tolerated and 
markedly enhanced NO bioavailability in patients 
with systolic HF, which led to significant improve-
ment in muscle contractile function [131]. 

A summary of potential utility of beetroot and 
inorganic nitrates in heart failure muscle wasting 
along with ILEP recommendations is available in 
Table II.

Coffee/caffeine

Coffee is a very popular beverage, second only 
to water in terms of total consumption worldwide 
[143]. The anti-oxidative and anti-inflammatory 
effects of coffee have been extensively reported. 
Thus, coffee has become a subject of interest for 
researchers interested in its potential health ben-
efits. The available meta-analyses have shown 
that coffee intake is inversely associated with the 
incidence of chronic diseases, including cardiovas-
cular disease, Parkinson’s disease, late-life cogni-
tive decline, non-alcoholic fatty liver disease and 
cancer [143]. Caffeine present in coffee has other 
beneficial effects such as antioxidant and anti-in-
flammatory actions that are altering the cellular 
redox and inflammatory status in a dose-depend-
ent manner [144].

Studies of the effect of coffee on skeletal mus-
cle have shown that it can attenuate insulin re-
sistance in high-fat diet-induced obese mice and 
enhance insulin-induced Akt phosphorylation in 

diabetic mice [145, 146]. Coffee polyphenols, such 
as caffeic acid and chlorogenic acid, have been 
shown to stimulate glucose transport by AMPK 
activation [147]. In a  study by Guo et al. [148], 
the authors investigated the effects of coffee on 
skeletal muscle in an animal model using aged 
mice. They showed that in vivo coffee treatment 
attenuated the decrease in muscle weight and 
grip strength, increased the regenerating capaci-
ty of injured muscles, and reduced serum pro-in-
flammatory mediator levels in comparison to the 
control group. In vitro, using satellite cells isolated 
from aged mice, coffee treatment increased the 
cell proliferation rate, augmented the cell cycle, 
and increased the activation level of Akt intracel-
lular signalling pathway compared with control 
mice. These findings may suggest that adminis-
tration of coffee had a beneficial effect on age-re-
lated sarcopenia [148]. Jang et al. investigated the 
effect of coffee on skeletal muscle hypertrophy in 
a mouse model. Animals were fed a normal diet, 
or a  normal diet supplemented with 0.3 or 1% 
coffee. Coffee supplementation was observed to 
increase skeletal muscle hypertrophy, while simul-
taneously upregulating protein expression of total 
MHC, MHC2A, and MHC2B in quadriceps muscle. 
Coffee also increased grip strength and PGC-1a 
(peroxisome proliferator-activated receptor gam-
ma coactivator-1a) protein expression and de-
creased the expressions of TGF-β (transforming 
growth factor-β) and myostatin in triceps muscle. 
These results suggested that coffee increases skel-
etal muscle function and hypertrophy by regulat-
ing the TGF-β/myostatin-Akt-mTORC1 (mTORC1 = 
mammalian target of rapamycin complex 1) [143].

Clinical evidence in the context of muscle 
wasting 

One epidemiological study investigated the ef-
fect of coffee on sarcopenia. Chung et al. analysed 
the association of coffee consumption and sarco-
penia in older Korean men. The authors derived 
cross-sectional data from the 2008–2011 Korea 
National Health and Nutrition Examination Survey 
(KNHANES). The study of 1,781 men at the age 
at least 60 years showed that people who con-
sumed at least 3 cups of coffee a day, compared 
with the group of individuals who drank less than 
one cup of coffee a day, showed significantly de-
creased sarcopenia development (adjusted odds 
ratio = 0.43; 95% CI: 0.20–0.94). The decrease, 
however, was not significant when the daily coffee 
consumption was 1 or 2 cups. In multivariate lo-
gistic regression models, significant associations 
were observed between sarcopenia and coffee 
consumption (p for trend = 0.039). The authors 
concluded that their data support the potential 
role of coffee in preventing sarcopenia [149]. Un-
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fortunately, no clinical trials have evaluated the 
impact of coffee consumption on sarcopenia de-
velopment, nor are there any published reports of 
clinical studies evaluating the usefulness of coffee 
consumption in patients with sarcopenic HF.

A summary of potential utility of coffee in heart 
failure muscle wasting along with ILEP recommen-
dations is available in Table II.

Studies in heart failure muscle wasting 

There are no studies evaluating the influence 
of coffee supplementation on muscle wasting in 
heart failure.

Vitamin C

Ascorbic acid (vitamin C) protects against ox-
idative stress by reducing levels of free oxygen 
radicals and inhibiting oxidative cell damage and 
low-density lipoprotein (LDL) oxidation [150]. In 
addition, it improves arterial stiffness and im-
mune function, and reduces inflammatory mark-
ers responsible for systemic inflammation [151]. 
Oxidative stress is one of the factors potentially 
implicated in the development of sarcopenia. Re-
active oxygen species (ROS) can trigger atrophy 
and the loss of muscle function directly as well as 
upregulate inflammatory cytokine expression like 
that of TNF, IL-1 and IL-6. As a result, antioxidants 
have been proposed to combat the development 
of sarcopenia by inhibiting the generation of ROS. 
Vitamin C is considered as the most important hy-
drophilic antioxidant [152].

Clinical evidence in the context of muscle 
wasting

A few studies have been published on the ques-
tion of whether dietary intake of vitamin C may 
be related to muscle strength or physical perfor-
mance. In the New Mexico Aging Process Study, 
only women with a  slower gait speed demon-
strated a lower vitamin C intake, while men with 
a slower gait speed did not [153]. In the Hertford-
shire Cohort Study, vitamin C intake was associat-
ed with faster chair-rise times and 3-m walk times 
in women, but not in men [154]. These studies 
appear to suggest a potential sexual dimorphism 
regarding antioxidant intake, especially with re-
gards to vitamin C, muscle mass and physical per-
formance. On the other hand, a study by Oh et al., 
which included 1433 subjects (658 men and 775 
women) over the age of 60 years, failed to find 
an association between vitamin C and (pre)sarco-
penia in either sex, as assessed by appendicular 
skeletal mass divided by weight being less than  
1 SD below the mean of a reference sample [155]. 
Fingeret et al. assessed the cross-sectional and 
longitudinal association between self-reported vi-

tamin C + E dietary supplementation and markers 
of grip strength and frailty in community-dwelling 
Swiss adults [156]. After 5.2-year follow-up, no 
associations were found between supplementa-
tion and change in grip strength for raw values 
and after multivariable adjustment when the au-
thors took baseline vitamin C + E supplementa-
tion into account. The vitamins neither improved 
grip strength nor prevented low-grip strength over 
a 5-year period [156]. Finally, Cesari et al. conduct-
ed the InCHIANTI study (“Invecchiare in Chianti” 
study), which demonstrated that daily dietary in-
take of vitamin C was significantly associated with 
both knee extension strength and overall physical 
performance (based on walking speed, a  chair-
stand test, and a balance test) [157]. Nevertheless, 
it is still unclear whether dietary vitamin C intake is 
beneficial for influencing sarcopenia, and whether 
there is truly a sexually dimorphic effect [152]. 

A summary of potential utility of vitamin C in 
heart failure muscle wasting along with ILEP rec-
ommendations is available in Table II.

Studies in heart failure muscle wasting 

There are no studies evaluating the influence 
of vitamin C supplementation on muscle wasting 
in heart failure.

Limitations and cautions 

There is relatively little evidence from RCTs 
measuring clinically relevant outcomes with re-
gard to nutraceuticals and their usefulness as 
anti-inflammatory substances in patients with 
HF and sarcopenia. Medical professionals are en-
couraged to consider our recommendations when 
making decisions regarding the treatment of pa-
tients with muscle wasting and HF. However, the 
position paper does not override in any way the 
individual responsibility of healthcare profession-
als to make appropriate, accurate and patient-cen-
tred decisions, considering the patient’s medical 
history, and in consultation with the patient and/
or, where appropriate, their guardian or caretaker. 

Actual guidelines and future directions based 
on our recommendations

All available recommendations regarding nu-
traceutical support in muscle wasting were sum-
marised in Table III. A summary of potential util-
ity of all described nutraceuticals in heart failure 
muscle wasting along with ILEP recommendations 
is available in Table II. The authors of this Posi-
tion Paper would like to strongly emphasize that 
presented nutraceuticals are not an alternative 
to pharmacotherapies but can be treated as an 
adjunctive support with traditional HF therapies 
because they may beneficially interfere with the 
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Table III. Available recommendations regarding nutraceutical support in muscle wasting

Author Year Recommendations Reference

PROT-AGE Study 
Group

2013 “To maintain physical function, older people need more dietary protein 
than do younger people; older people should consume an average daily 

intake at least in the range of 1.0 to 1.2 g/kg BW/d”.
“Most older adults who have an acute or chronic disease need even 
more dietary protein (i.e., 1.2–1.5 g/kg BW/d); people with severe 

illness or injury may need as much as 2.0 g/kg BW/d”.
“Older people with severe kidney disease who are not on dialysis (i.e. 

estimated GFR < 30 ml/min/1.73 m2) are an exception to the high-
protein rule; these individuals need to limit protein intake”.

“Protein quality, timing of intake, and amino acid supplementation 
may be considered so as to achieve the greatest benefits from 
protein intake, but further studies are needed to make explicit 

recommendations”.
“In combination with increased protein intake, exercise is 

recommended at individualized levels that are safe and tolerated”.

44

Report of the 
International 
Sarcopenia 
Initiative – 
European 
Working Group 
on Sarcopenia 
in Older People 
(EWGSOP) and 
International 
Working Group 
on Sarcopenia 
(IWGS)

2014 “Some nutrition interventions such as EAAs (with ∼2.5 g of leucine) 
and HMB may improve muscle parameters. Although our findings 

did not appear to support this approach, increasing protein intake to 
1.2 g/kg body weight/day, either by improving diet or adding protein 

supplements, has been recommended for adults and older people by an 
expert group [44]. Evidence to recommend specific interventions is yet 

to be established”.

45

The Belgian 
Society of 
Gerontology  
and Geriatrics

2021 “The umbrella review provided sufficient evidence to recommend 
leucine supplementation for sarcopenic older people to increase muscle 

mass, but not for muscle strength or physical performance”.

54

The Society on 
Sarcopenia, 
Cachexia 
and Wasting 
Disorders

2010 “It is recommended that the total protein intake should be 1 to  
1.5 g/kg/day.”

“It is suggested that a leucine-enriched balanced essential amino acid 
mix may be added to the diet.”

“A trial of balanced amino acid supplementation alone and with 
exercise in sarcopenia is recommended.”

“Creatine may enhance the effects of exercise in sarcopenic patients.”
“25(OH) vitamin D levels should be measured in all sarcopenic 

patients.”
“Vitamin D supplementation in doses sufficient to raise levels above 

100 nmol/l should be given as an adjunctive therapy.”; “Either 
vitamin D2 or D3 is an acceptable replacement.”; “Doses of 50,000 IU of 

vitamin D a week are safe.”
“Short-term resistance exercise improves strength and gait speed.”; 

“Aerobic exercise improves quality of life years (QALY) and is cost 
effective.”; “Epidemiology studies suggest positive effects of physical 

fitness on health.”; “We recommend resistance and aerobic exercise for 
20 to 30 minutes, 3 times a week.”

161

The Society on 
Sarcopenia, 
Cachexia 
and Wasting 
Disorders

2019 “A protein intake of 1 to 1.5 g/kg/day in conjunction with physical 
exercise seems reasonable for a person with sarcopenia.”

“Vitamin D supplementation specifically for sarcopenia was found 
to have insufficient evidence, though there is evidence that persons 
with low vitamin D levels may improve their strength with vitamin D 

supplementation.”
“At present, there is insufficient evidence that vitamin D, anabolic 
steroids, or newer pharmacological agents should be used to treat 

sarcopenia.”
“β-hydroxy β-methylbutyrate (HMB) has been shown to improve muscle 
mass and to preserve muscle strength and function in older people with 

sarcopenia or frailty.”

83
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Author Year Recommendations Reference

The Asian 
Working Group 
for Sarcopenia 
(AWGS)

2019 “Available evidence suggests that exercise plus nutrition improves 
muscle strength and function, with variable effects on muscle mass.”

“AWGS 2019 highlights the impact of sarcopenia in all health care 
settings and recommends individualized lifestyle intervention that may 

be implemented across the health care spectrum.”

162

International 
Conference on 
Sarcopenia and 
Frailty Research 
(ICSFR)

2018 “We recommend clinicians consider protein supplementation/a protein-
rich diet for older adults with sarcopenia.”

“Clinicians may also consider discussing with patients the importance 
of adequate calorie and protein intake.”

“Nutritional (protein) intervention should be combined with a physical 
activity intervention.”

“Insufficient evidence exists to determine whether a Vitamin D 
supplementation regime by itself is effective in older adults with 

sarcopenia.”

160

The Korean 
Geriatric Society 
and the Korean 
Nutrition Society

2018 “Based on the currently available evidence, we recommend a dietary 
protein intake of > 1.2 g/kg and > 20 g essential amino acids per day in 

healthy older adults.”
“Leucine or BCAAs and β-HMB enrichment may be beneficial, although 

the clinical evidence is insufficient. Fast protein (for example, whey 
protein) may be beneficial compared to slow protein (for example, 

casein protein), and protein of animal origin may be better than plant-
based protein in promoting muscle mass.”

“Evidence indicates that the combination of timely exercises with 
protein intake may synergistically stimulate muscle protein synthesis, 

leading to improved muscle mass and strength in older people.”

163

Table III. Cont.

hypermetabolic/inflammatory processes that are 
present in HF patients and influence the patients’ 
prognosis.

According to the Society on Sarcopenia, Ca-
chexia and Wasting Disorders (SCWD) [83] there 
is a strong recommendation that individuals with 
sarcopenia should be enrolled into a  resistance 
exercise program to increase both muscle mass 
and muscle strength. The use of a  protein-rich 
diet (1 to 1.5 g/day) or protein supplementation 
received a conditional recommendation for mus-
cle wasting treatment [44, 158, 159] and higher 
doses of protein (up to 2  g/day) may be appro-
priate in persons with severe illness or injury or 
when there is evidence of a  pro-inflammatory/
catabolic state [44, 158].  The Belgian Society of 
Gerontology and Geriatrics recommends leucine 
supplementation for sarcopenic older people to 
increase muscle mass, but not for muscle strength 
or physical performance [54]. In 2018, an inter-
national, multidisciplinary guideline development 
task force from the International Conference on 
Sarcopenia and Frailty Research (ICSFR) published 
Clinical Practice Guidelines for Sarcopenia. The 
authors recommended that clinicians should con-
sider protein supplementation/a protein-rich diet 
for older adults with sarcopenia. Clinicians may 
also consider discussing with patients the impor-
tance of adequate calorie and protein intake. The 
guidelines conditionally recommended that nutri-
tional supplementation should be combined with 
a  physical activity intervention for older adults 

with sarcopenia. The experts also agreed that 
there was insufficient evidence to recommend 
a  vitamin  D supplementation regime for older 
adults with sarcopenia [160].

Based on our review on nutraceuticals in 
HF-associated muscle wasting, leucine (∼2.5 g  
daily) supplementation may be useful by im-
provement of the lean muscle-mass content and 
functional performance. Also HMB (∼3 g daily) 
has been shown to improve muscle mass and to 
preserve muscle strength and function in older 
patients with sarcopenia or frailty [52]. Regard-
ing vitamin  D supplementation specifically for 
sarcopenia, there is some evidence that people 
with low vitamin  D levels might improve their 
strength with additional vitamin  D intake [81]. 
Therefore low vitamin-D levels require replen-
ishment, but as with protein supplementation, 
intervention trials of the effect of vitamin D on 
strength and physical performance have shown 
mixed results [161].

The utility of other nutraceuticals with anti- 
inflammatory activity such as a  lipoic acid, cre-
atine, curcumin, or beetroot in the prevention 
and treatment of HF-associated muscle wast-
ing needs further studies [162, 163]. We do not 
recommend vitamin C and omega-3 fatty acids 
in this indication. An important area for further 
research is the potential for whole-diet interven-
tions, which attempt to change dietary patterns 
rather than focusing on specific nutrients in iso-
lation [164–177]. 



The role of nutraceuticals in heart failure muscle wasting as a result of inflammatory activity.  
The International Lipid Expert Panel (ILEP) Position Paper 

Arch Med Sci 4, 1st July / 2023 857

Acknowledgments

Agata Bielecka-Dabrowa and Maciej Banach 
contributed equally to this paper. 

Funding: This position paper was written inde-
pendently; no company or institution supported it 
financially. No professional writer was involved in 
the preparation of this position paper.

Ethical Approval: No experimental or clinical 
work was conducted; no patient data were used. 
Therefore, no ethical approval was required for 
this work.

Declaration of interest (outside the Position 
Paper)

Peter E. Penson has received honoraria and/or 
travel reimbursement for events sponsored by AK-
CEA, Amgen, AMRYT, Link Medical, Mylan, Napp, 
Sanofi; Maciej Banach: speakers bureau: Amgen, 
Daichii Sankyo, Kogen, KRKA, Polpharma, Mylan/
Viatris, Novartis, Novo-Nordisk, Sanofi-Aven-
tis, Teva, Zentiva; consultant to Amgen, Daichii 
Sankyo, Esperion, NewAmsterdam, Novartis, No-
vo-Nordisk, Polfarmex, Sanofi-Aventis; Grants 
from Amgen, Daichii Sankyo, Mylan/Viatris, and 
Sanofi; CMO at Nomi Biotech Corporation, CMDO 
at the Longevity Group (LU); all other authors have 
no conflict of interest.

International Lipid Expert Panel Experts 
(alphabetically)

Julio Acosta (Cátedra de Cardiología Clínica de la 
Escuela Médica Razetti de la Universidad Central 
de Venezuela, Caracas, Venezuela); Mutaz Al-Kh-
nifsawi (Al-Qadisiyah University, Faculty of Medi-
cine, Department of Internal Medicine, Diwaniya 
City, Iraq); Fahad Alnouri (Cardiovascular Preven-
tion Unit, Adult Cardiology Department. Prince Sul-
tan Cardiac Centre Riyadh, Saudi Arabia), Fahma 
Amar (Unit of Diabetes & Metabolism, Alexandria 
University, Alexandria, Egypt), Atanas G. Atanasov 
(Institute of Genetics and Animal Biotechnology of 
the Polish Academy of Sciences, Jastrzebiec, Po-
land; Department of Pharmacognosy, University of 
Vienna, Vienna, Austria; Ludwig Boltzmann Insti-
tute for Digital Health and Patient Safety, Medical 
University of Vienna, Vienna, Austria), Gani Bajrak-
tari (Institute of Public Health and Clinical Medi-
cine, Umeå University, Umeå, Sweden; Clinic of 
Cardiology, University Clinical Centre of Kosovo, 
Prishtina, Kosovo; Medical Faculty, University of Pr-
ishtina, Prishtina, Kosovo), Maciej Banach (Depart-
ment of Hypertension, Medical University of Lodz, 
Poland; Cardiovascular Research Centre, University 
of Zielona-Gora, Zielona-Gora, Poland), Sonu Bhas-
kar (Department of Neurology & Neurophysiology, 
Liverpool Hospital and South Western Sydney Lo-
cal Health District, Sydney, NSW, Australia); Iba-

dete Bytyçi (Department of Public Health and Clin-
ical Medicine, Umeå University, Umeå, Sweden & 
Clinic of Cardiology, University Clinical Centre of 
Kosova, Prishtina, Kosovo), Bojko Bjelakovic (Clinic 
of Pediatrics, Clinical Center, Nis, Faculty of Medi-
cine, University of Nis, Serbia), Eric Bruckert 
(Pitié-Salpetrière Hospital and Sorbonne Universi-
ty, Cardio metabolic Institute, Paris, France), Alber-
to Cafferata (Council of Epidemiology and Cardio-
vascular Prevention “Dr. Mario Ciruzzi”, Argentine 
Society of Cardiology, Buenos Aires, Argentina), 
Richard Ceska (Third Department of Medicine - De-
partment of Endocrinology and Metabolism of the 
First Faculty of Medicine, Charles University and 
General University Hospital, Prague, Czech Repub-
lic), Arrigo F.G. Cicero (IRCCS Policlinico S.Orso-
la-Malpighi, University of Bologna, Italy), Xavier 
Collet (Institute of Metabolic and Cardiovascular 
Diseases, Inserm, Toulouse, France), Olivier Des-
camps (Department of Internal Medicine, Centres 
Hospitaliers Jolimont, Haine Saint-Paul, Belgium; 
Department of Cardiology, Cliniques Universitaires 
Saint-Luc, Bruxells, Belgium), Dragan Djuric (Insti-
tute of Medical Physiology “Richard Burian” Facul-
ty of Medicine, University of Belgrade, Belgrade, 
Serbia), Ronen Durst (Cardiology Department, Ha-
dassah Hebrew University Medical Center, Ein Ker-
em, Jerusalem, Israel), Zlatko Fras (Preventive Car-
diology Unit, Department of Vascular Medicine, 
Division of Medicine, University Medical Centre 
Ljubljana, Slovenia; Faculty of Medicine, University 
of Ljubljana, Ljubljana, Slovenia), Dan Gaita (Insti-
tutul de Boli Cardiovasculare, Universitatea de Me-
dicina si Farmacie Victor Babes din Timisoara, Ro-
mania), Michael Y Henein (Institute of Public Health 
and Clinical Medicine, Umea University, 90187 
Umea, Sweden), Adrian V. Hernandez (Health Out-
comes, Policy, and Evidence Synthesis (HOPES) 
Group, University of Connecticut School of Phar-
macy, Storrs, CT, USA; Vicerrectorado de Investi-
gación, Universidad San Ignacio de Loyola (USIL), 
Lima, Peru), Steven R. Jones (the Johns Hopkins Cic-
carone Center for the Prevention of Heart Disease, 
Baltimore, MD, USA), Jacek Jozwiak (Department of 
Family Medicine and Public Health Faculty of Med-
icine University of Opole, Opole, Poland), Nona Ka-
kauridze (Department of Internal Medicine, Faculty 
of Medicine, Tbilisi State Medical University, Tbilisi, 
Georgia), Amani Kallel (University of Tunis El Manar, 
Faculty of Medicine of Tunis, Tunis, Tunisia); Niki 
Katsiki (Diabetes Center, Division of Endocrinology 
and Metabolism, First Department of Internal Med-
icine, AHEPA University Hospital, Aristotle Univer-
sity of Thessaloniki, Thessaloniki, Greece), Amit 
Khera (Department of Cardiology, UT Southwest-
ern Medical Center, Dallas, TX, USA), Karam Kost-
ner (Mater Hospital, University of Queensland, St 
Lucia, QLD, Australia), Raimondas Kubilius (Depart-



Agata Bielecka-Dabrowa, Maciej Banach, Andrzej Wittczak, Arrigo F.G. Cicero, Amani Kallel, Raimondas Kubilius, Dimitri P. Mikhailidis,  
Amirhossein Sahebkar, Anca Pantea Stoian, Dragos Vinereanu, Peter E. Penson, Stephan von Haehling, on behalf of the International Lipid 
Expert Panel (ILEP)

858 Arch Med Sci 4, 1st July / 2023

ment of Rehabilitation, Medical Academy, Lithua-
nian University of Health Sciences, Kaunas, Lithua-
nia), Gustavs Latkovskis (Institute of Cardiology 
and Regenerative Medicine, Faculty of Medicine, 
University of Latvia, Riga, Latvia; Pauls Stradins 
Clinical University Hospital, Riga, Latvia), G.B. John 
Mancini (Department of Medicine, Division of Car-
diology, University of British Columbia, Vancouver, 
British Columbia, Canada), A. David Marais (Chem-
ical Pathology Division of the Department of Pa-
thology, University of Cape Town Health Science 
Faculty, Cape Town, South Africa), Seth S. Martin 
(Ciccarone Center for Prevention of Heart Disease, 
Division of Cardiology, Department of Medicine, 
Johns Hopkins University School of Medicine, Balti-
more, MD, USA), Julio Acosta Martinez (Medico Car-
diologo de la Policlinica Metropolitana, Carcass, 
Venezuela), Mohsen Mazidi (Department of Twin 
Research and Genetic Epidemiology, King’s College 
London, St Thomas’ Hospital, Strand, London, UK), 
Dimitri P. Mikhailidis (Department of Clinical Bio-
chemistry, Royal Free Campus, University College 
London Medical School, University College London 
(UCL), London, UK), Erkin Mirrakhimov (Kyrgyz 
State Medical Academy, Bishkek, Kyrgyzstan), An-
dre R. Miserez (diagene Research Institute, Rein-
ach, Switzerland; University of Basel, Basel,  
Switzerland), Olena Mitchenko (Dyslipidaemia De-
partment, Institute of Cardiology AMS of Ukraine, 
Ukraine), Patrick M. Moriarty (Division of Clinical 
Pharmacology, Division of Internal Medicine, Uni-
versity of Kansas Medical Center, Kansas City, Kan-
sas, USA), Seyed Mohammad Nabavi (Applied  
Biotechnology Research Center, Baqiyatallah Uni-
versity of Medical Sciences, Tehran, Iran), Devaki 
Nair (Department of Clinical Biochemistry, the  
Royal Free London NHS Foundation Trust, Pond 
Street, London, UK), Demosthenes B. Panagiotakos 
(School of Health Science and Education, Depart-
ment of Nutrition and Dietetics, Harokopio Univer-
sity of Athens, Athens, Greece), György Paragh (De-
partment of Internal Medicine, Faculty of Medicine, 
University of Debrecen, Debrecen, Hungary), Daniel 
Pella (1st Department of Internal Medicine, Faculty 
of Medicine, Pavol Jozef Safarik University, Košice, 
Slovakia), Peter E. Penson (School of Pharmacy and 
Biomolecular Sciences, Liverpool John Moores Uni-
versity, Liverpool, UK), Zaneta Petrulioniene (Vilnius 
University Faculty of Medicine, Vilnius, Lithuania; 
Vilnius University Hospital Santaros Klinikos, Vilni-
us, Lithuania), Matteo Pirro (Department of Medi-
cine, University of Perugia, Perugia, Italy), Arman 
Postadzhiyan (Bulgarian Society of Cardiology, 
Medical University of Sofia, Sofia, Bulgaria), Ra-
man Puri (I  P Apollo Hospital, New Delhi, India), 
Ashraf Reda (Menoufia University, President of 
EAVA), Željko Reiner (University Hospital Center Za-
greb, Department of Internal Medicine, School of 

Medicine, University of Zagreb, Zagreb, Croatia), 
Dina Radenkovic (Health Longevity Performance 
Optimisation Institute, Cambridge, UK), Michał Ra-
kowski (International Lipid Expert Panel, Poland; 
The Bio-Med-Chem Doctoral School of the Univer-
sity of Lodz and Lodz Institutes of the Polish Acad-
emy of Sciences / University of Lodz, Faculty of Bi-
ology and Environmental Protection, Department 
of Molecular Biophysics, University of Lodz, Lodz, 
Poland); Jemaa Riadh (Laboratory of Biochemistry, 
Faculty of Medicine of Tunis, Rabta Hospital, Uni-
versity of Tunis El Manar, Tunis, Tunisia), Dimitri 
Richter (Cardiac Department, Euroclinic, Athens, 
Greece), Manfredi Rizzo (Biomedical Department 
of Internal Medicine and Medical Specialties, Uni-
versity of Palermo, Palermo, Italy), Massimiliano 
Ruscica (Department of Pharmacological and Bio-
molecular Sciences, University of Milan, Milan, Ita-
ly), Amirhossein Sahebkar (Biotechnology Research 
Center, Pharmaceutical Technology Institute, 
Mashhad University of Medical Sciences, Mash-
had, Iran), Maria-Corina Serban (Department of 
Functional Sciences, Discipline of Pathophysiology, 
“Victor Babes” University of Medicine and Pharma-
cy, Timisoara, Romania), Abdullah M.A  Shehab 
(Medical Education Department, United Arab Emir-
ates University, Al Ain, United Arab Emirates), 
Aleksandr B. Shek (Department of Ischemic Heart 
Disease and Atherosclerosis, Republican Special-
ised Center of Cardiology, Tashkent, Uzbekistan), 
Cesare R. Sirtori (Dipartimento di Scienze Farmaco-
logiche e Biomolecolari, Università di Milano Cen-
tro Dislipidemie, Grande Ospedale Metropolitano, 
Niguarda Ca’Granda President, Fondazione Carlo 
Sirtori), Claudia Stefanutti (Department of Molecu-
lar Medicine, Sapienza University of Rome, Rome, 
Italy), Anca Pantea Stoian (Faculty of Medicine, Dia-
betes, Nutrition and Metabolic Diseases, Carol Davi-
la University, Bucharest, Romania), Tomasz Tomasik 
(Department of Family Medicine, Jagiellonian Uni-
versity Medical College, Krakow, Poland), Peter P. 
Toth (The Johns Hopkins Ciccarone Center for the 
Prevention of Heart Disease, Baltimore, MD, USA), 
Margus Viigimaa (Tallinn University of Technology, 
North Estonia Medical Centre, Tallinn, Estonia), Pe-
dro Valdivielso (Catedrático de Medicina, Departa-
mento de Medicina y Dermatología, Universidad 
de Málaga, España), Dragos Vinereanu (Cardiology 
Department, University and Emergency Hospital, 
Bucharest, Romania, University of Medicine and 
Pharmacy Carol Davila, Bucharest, Romania), Bran-
islav Vohnout (Institute of Nutrition, Faculty of 
Nursing and Health Professional Studies and Coor-
dination Centre for Familial Hyperlipoproteinemi-
as, Slovak Medical University in Bratislava, Bratisla-
va, Slovakia; Institute of Epidemiology, School of 
Medicine, Comenius University, Bratislava, Slova-
kia), Stephan von Haehling (Department of Cardiol-



The role of nutraceuticals in heart failure muscle wasting as a result of inflammatory activity.  
The International Lipid Expert Panel (ILEP) Position Paper 

Arch Med Sci 4, 1st July / 2023 859

ogy and Pneumology, Heart Center Göttingen,  
University of Göttingen Medical Center, Georg- 
August-University, Göttingen, Germany), Michal 
Vrablik (1st Faculty of Medicine, Charles University 
and General University Hospital, Prague, Czech Re-
public), Nathan D. Wong (Department of Medicine, 
School of Medicine University of California, Irvine, 
CA, USA; Heart Disease Prevention Program, Divi-
sion of Cardiology, University of California, Irvine, 
California, USA), Hung-I Yeh (Department of Medi-
cine, Mackay Medical College, Taipei, Taiwan; Car-
diovascular Division, Department of Internal Medi-
cine, MacKay Memorial Hospital, Taipei, Taiwan), 
Jiang Zhisheng (Institute of Cardiovascular Dis-
ease, University of South China, Hengyang, Hunan, 
China), Andreas Zirlik (University Heart Centre 
Freiburg University, Department of Cardiology and 
Angiology I, Faculty of Medicine, University of 
Freiburg, Freiburg, Germany).

R e f e r e n c e s
1. McDonagh TA, Metra M, Adamo M, et al.; ESC Scientif-

ic Document Group. 2021 ESC Guidelines for the diag-
nosis and treatment of acute and chronic heart failure. 
Eur Heart J 2021; 42: 3599-726. 

2. Bragazzi NL, Zhong W, Shu J, et al. Burden of heart fail-
ure and underlying causes in 195 countries and terri-
tories from 1990 to 2017. Eur J Prev Cardiol 2021; 28: 
1682-90.

3. von Haehling S, Ebner N, Dos Santos MR, Springer J, 
Anker SD. Muscle wasting and cachexia in heart fail-
ure: mechanisms and therapies. Nat Rev Cardiol 2017; 
14: 323-41. 

4. Doehner W, Anker SD. Cardiac cachexia in early litera-
ture: a review of research prior to Medline. Int J Cardiol 
2002; 85: 7-14. 

5. Emami A, Saitoh M, Valentova M, et al. Comparison of 
sarcopenia and cachexia in men with chronic heart fail-
ure: results from the Studies Investigating Co-morbid-
ities Aggravating Heart Failure (SICA-HF). Eur J Heart  
Fail 2018; 20: 1580-7. 

6. Anker SD, Ponikowski P, Varney S, et al. Wasting as 
independent risk factor for mortality in chronic heart 
failure. Lancet 1997; 349: 1050-3. 

7. Bielecka-Dabrowa A, Ebner N, Dos Santos MR, Ishida J, 
Hasenfuss G, von Haehling S. Cachexia, muscle wast-
ing, and frailty in cardiovascular disease. Eur J Heart 
Fail 2020; 22: 2314-26. 

8. Bekfani T, Pellicori P, Morris DA, et al. Sarcopenia in pa-
tients with heart failure with preserved ejection frac-
tion: impact on muscle strength, exercise capacity and 
quality of life. Int J Cardiol 2016; 222: 41-6. 

9. Fülster S, Tacke M, Sandek A, et al. Muscle wasting in 
patients with chronic heart failure: results from the 
studies investigating co-morbidities aggravating heart 
failure (SICA-HF). Eur Heart J 2013; 34: 512-9. 

10. Dos Santos MR, Saitoh M, Ebner N, et al. Sarcopenia 
and endothelial function in patients with chronic heart 
failure: results from the Studies Investigating Comor-
bidities Aggravating Heart Failure (SICA-HF). J Am Med 
Dir Assoc 2017; 18: 240-5. 

11. Saitoh M, Dos Santos MR, Emami A, et al. Anorexia, 
functional capacity, and clinical outcome in patients 

with chronic heart failure: results from the Studies In-
vestigating Co-morbidities Aggravating Heart Failure 
(SICA-HF). ESC Heart Fail 2017; 4: 448-57. 

12. Bekfani T, Schöbel C, Pietrock C, et al. Heart failure and 
sleep-disordered breathing: susceptibility to reduced 
muscle strength and preclinical congestion (SICA-HF 
cohort). ESC Heart Fail 2020; 7: 2063-70. 

13. von Haehling S, Garfias Macedo T, Valentova M, et al. 
Muscle wasting as an independent predictor of sur-
vival in patients with chronic heart failure. J Cachexia 
Sarcopenia Muscle 2020; 11: 1242-9.

14. Cruz-Jentoft AJ, Bahat G, Bauer J, et al.; Writing Group 
for the European Working Group on Sarcopenia in Old-
er People 2 (EWGSOP2), and the Extended Group for 
EWGSOP2. Sarcopenia: revised European consensus 
on definition and diagnosis. Age Ageing 2019; 48:  
16-31. 

15. Kim JW, Kim R, Choi H, Lee SJ, Bae GU. Understanding 
of sarcopenia: from definition to therapeutic strate-
gies. Arch Pharm Res 2021; 44: 876-89. 

16. von Haehling S, Arzt M, Doehner W, et al. Improving 
exercise capacity and quality of life using non-invasive 
heart failure treatments: evidence from clinical trials. 
Eur J Heart Fail 2021; 23: 92-113. 

17. Santini A, Cammarata SM, Capone G, et al. Nutraceu-
ticals: opening the debate for a regulatory framework. 
Br J Clin Pharmacol 2018; 84: 659-72. 

18. Cicero AFG, Colletti A, von Haehling S, et al.; Inter-
national Lipid Expert Panel. Nutraceutical support in 
heart failure: a position paper of the International Lip-
id Expert Panel (ILEP). Nutr Res Rev 2020; 33: 155-79. 

19. Rossato LT, Schoenfeld BJ, de Oliveira EP. Is there suf-
ficient evidence to supplement omega-3 fatty acids to 
increase muscle mass and strength in young and older 
adults? Clin Nutr 2020; 39: 23-32. 

20. Tessier AJ, Chevalier S. An update on protein, leucine, 
omega-3 fatty acids, and vitamin D in the prevention 
and treatment of sarcopenia and functional decline. 
Nutrients 2018; 10: 1099. 

21. Troesch B, Eggersdorfer M, Laviano A, et al. Expert 
opinion on benefits of long-chain omega-3 fatty acids 
(DHA and EPA) in aging and clinical nutrition. Nutrients 
2020; 12: 2555. 

22. Sakamoto A, Saotome M, Iguchi K, Maekawa Y. Ma-
rine-derived omega-3 polyunsaturated fatty acids and 
heart failure: current understanding for basic to clini-
cal relevance. Int J Mol Sci 2019; 20: 4025. 

23. Ruscica M, Penson PE, Ferri N, et al.; International Lipid 
Expert Panel (ILEP) and International Lipid Expert Pan-
el Experts (alphabetically). Impact of nutraceuticals on 
markers of systemic inflammation: potential relevance 
to cardiovascular diseases - A position paper from the 
International Lipid Expert Panel (ILEP). Prog Cardiovasc 
Dis 2021; 67: 40-52. 

24. Tan A, Sullenbarger B, Prakash R, McDaniel JC. Supple-
mentation with eicosapentaenoic acid and docosa-
hexaenoic acid reduces high levels of circulating proin-
flammatory cytokines in aging adults: a  randomized, 
controlled study. Prostaglandins Leukot Essent Fatty 
Acids 2018; 132: 23-9.

25. Bernasconi AA, Wiest MM, Lavie CJ, Milani RV, Lauk-
kanen JA. Effect of omega-3 dosage on cardiovascular 
outcomes: an updated meta-analysis and meta-re-
gression of interventional trials. Mayo Clin Proc 2021; 
96: 304-13. 

26. Ponikowski P, Voors AA, Anker SD, et al.; Authors/
Task Force Members; Document Reviewers. 2016 ESC 



Agata Bielecka-Dabrowa, Maciej Banach, Andrzej Wittczak, Arrigo F.G. Cicero, Amani Kallel, Raimondas Kubilius, Dimitri P. Mikhailidis,  
Amirhossein Sahebkar, Anca Pantea Stoian, Dragos Vinereanu, Peter E. Penson, Stephan von Haehling, on behalf of the International Lipid 
Expert Panel (ILEP)

860 Arch Med Sci 4, 1st July / 2023

Guidelines for the diagnosis and treatment of acute 
and chronic heart failure: The Task Force for the diag-
nosis and treatment of acute and chronic heart failure 
of the European Society of Cardiology (ESC). Devel-
oped with the special contribution of the Heart Failure 
Association (HFA) of the ESC. Eur J Heart Fail 2016; 18: 
891-975. 

27. Tavazzi L, Maggioni AP, Marchioli R, et al.; Gissi-HF In-
vestigators. Effect of n-3 polyunsaturated fatty acids in 
patients with chronic heart failure (the GISSI-HF trial): 
a  randomised, double-blind, placebo-controlled trial. 
Lancet 2008; 372: 1223-30. 

28. Huang YH, Chiu WC, Hsu YP, Lo YL, Wang YH. Effects of 
omega-3 fatty acids on muscle mass, muscle strength 
and muscle performance among the elderly: a meta- 
analysis. Nutrients 2020; 12: 3739. 

29. Mehra MR, Lavie CJ, Ventura HO, Milani RV. Fish oils 
produce anti-inflammatory effects and improve body 
weight in severe heart failure. J Heart Lung Transplant 
2006; 25: 834-8.

30. Lopez MJ, Mohiuddin SS. Biochemistry, Essential 
Amino Acids. 2021 Mar 26. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2022 Jan. 
https://www.ncbi.nlm.nih.gov/books/NBK557845/ 
PMID: 32496725.

31. Laviano A, Muscaritoli M, Cascino A, et al. Branched-
chain amino acids: the best compromise to achieve 
anabolism? Curr Opin Clin Nutr Metab Care 2005; 8: 
408-14. 

32. von Haehling S, Lainscak M, Springer J, Anker SD. Car-
diac cachexia: a systematic overview. Pharmacol Ther 
2009; 121: 227-52. 

33. Nicastro H, da Luz CR, Chaves DF, et al. Does branched-
chain amino acids supplementation modulate skeletal 
muscle remodeling through inflammation modulation? 
Possible mechanisms of action. J Nutr Metab 2012; 
2012: 136937. 

34. Liu H, Liu R, Xiong Y, et al. Leucine facilitates the insu-
lin-stimulated glucose uptake and insulin signaling in 
skeletal muscle cells: involving mTORC1 and mTORC2. 
Amino Acids 2014; 46: 1971-9. 

35. Papineau AM, Brown LA, Washington TA. The effect of 
leucine supplementation on inflammation during skel-
etal muscle regeneration. Int J Exercise Sci Conference 
Proceedings 2013; 11: 53. 

36. Nicastro H, Carvalho M, Barquilha G, Ferreira LS. Leu-
cine supplementation: a  possible anti-inflammatory 
strategy evidences from a pilot study. SL Nutr Metab 
2017; 1: 114.

37. Sanz-Paris A, Camprubi-Robles M, Lopez-Pedrosa JM, 
et al. Role of oral nutritional supplements enriched 
with β-hydroxy-β-methylbutyrate in maintaining mus-
cle function and improving clinical outcomes in various 
clinical settings. J Nutr Health Aging 2018; 22: 664-75. 

38. Gepner Y, Hoffman JR, Shemesh E, et al. Combined 
effect of Bacillus coagulans GBI-30, 6086 and HMB 
supplementation on muscle integrity and cytokine re-
sponse during intense military training. J Appl Physiol 
2017; 123: 11-8. 

39. Gonzalez AM, Stout JR, Jajtner AR, et al. Effects of β-hy-
droxy-β-methylbutyrate free acid and cold water im-
mersion on post-exercise markers of muscle damage. 
Amino Acids 2014; 46: 1501-11. 

40. Nindl BC, Scofield DE, Strohbach CA, et al. IGF-I, IG-
FBPs, and inflammatory cytokine responses during 
gender-integrated Israeli Army basic combat training.  
J Strength Cond Res 2012; 26 Suppl 2: S73-81. 

41. Townsend JR, Fragala MS, Jajtner AR, et al. β-Hy-
droxy-β-methylbutyrate (HMB)-free acid attenuates 
circulating TNF-a and TNFR1 expression postresis-
tance exercise. J Appl Physiol 2013; 115: 1173-82. 

42. Jakubowski JS, Wong EPT, Nunes EA, et al. Equivalent 
hypertrophy and strength gains in β-hydroxy-β-meth-
ylbutyrate- or leucine-supplemented men. Med Sci 
Sports Exerc 2019; 51: 65-74. 

43. Robinson S, Granic A, Sayer AA. Nutrition and muscle 
strength, as the key component of sarcopenia: an over-
view of current evidence. Nutrients 2019; 11: 2942. 

44. Bauer J, Biolo G, Cederholm T, et al. Evidence-based 
recommendations for optimal dietary protein intake 
in older people: a position paper from the PROT-AGE 
Study Group. J Am Med Dir Assoc 2013; 14: 542-59.

45. Cruz-Jentoft AJ, Landi F, Schneider SM, et al. Prevalence 
of and interventions for sarcopenia in ageing adults: 
a  systematic review. Report of the International Sar-
copenia Initiative (EWGSOP and IWGS). Age Ageing 
2014; 43: 748-59.

46. Beaudart C, Rabenda V, Simmons M, et al. Effects of 
Protein, essential amino acids, b-hydroxy b-meth-
ylbutyrate, creatine, dehydroepiandrosterone and 
fatty acid supplementation on muscle mass, muscle 
strength and physical performance in older people 
aged 60 years and over. A  systematic review on the 
literature. J Nutr Health Aging 2018; 22: 117-30. 

47. Ten Haaf DSM, Nuijten MAH, Maessen MFH, Horst-
man AMH, Eijsvogels TMH, Hopman MTE. Effects of 
protein supplementation on lean body mass, muscle 
strength, and physical performance in nonfrail com-
munity-dwelling older adults: a systematic review and 
meta-analysis. Am J Clin Nutr 2018; 108: 1043-59. 

48. Veronese N, Stubbs B, Punzi L, et al. Effect of nutri-
tional supplementations on physical performance and 
muscle strength parameters in older people: a system-
atic review and meta-analysis. Ageing Res Rev 2019; 
51: 48-54. 

49. Martínez-Arnau FM, Fonfría-Vivas R, Cauli O. Bene-
ficial effects of leucine supplementation on criteria 
for sarcopenia: a  systematic review. Nutrients 2019;  
11: 2504. 

50. Martínez-Arnau FM, Fonfría-Vivas R, Buigues C, et al. 
Effects of leucine administration in sarcopenia: a ran-
domized and placebo-controlled clinical trial. Nutrients 
2020; 12 :932. 

51. Wu H, Xia Y, Jiang J, et al. Effect of beta-hydroxy-be-
ta-methylbutyrate supplementation on muscle loss in 
older adults: a  systematic review and meta-analysis. 
Arch Gerontol Geriatr 2015; 61: 168-75.

52. Bear DE, Langan A, Dimidi E, et al. β-Hydroxy-β-methyl-
butyrate and its impact on skeletal muscle mass and 
physical function in clinical practice: a systematic review 
and meta-analysis. Am J Clin Nutr 2019; 109: 1119-32. 

53. Courel-Ibáñez J, Vetrovsky T, Dadova K, Pallarés JG, 
Steffl M. Health benefits of β-hydroxy-β-methylbu-
tyrate (HMB) supplementation in addition to physical 
exercise in older adults: a systematic review with me-
ta-analysis. Nutrients 2019; 11: 2082. 

54. Gielen E, Beckwée D, Delaere A, De Breucker S, Vande-
woude M, Bautmans I; Sarcopenia Guidelines Devel-
opment Group of the Belgian Society of Gerontology 
and Geriatrics (BSGG). Nutritional interventions to 
improve muscle mass, muscle strength, and physical 
performance in older people: an umbrella review of 
systematic reviews and meta-analyses. Nutr Rev 2021; 
79: 121-47. 



The role of nutraceuticals in heart failure muscle wasting as a result of inflammatory activity.  
The International Lipid Expert Panel (ILEP) Position Paper 

Arch Med Sci 4, 1st July / 2023 861

55. Aquilani R, Opasich C, Gualco A, et al. Adequate ener-
gy-protein intake is not enough to improve nutritional 
and metabolic status in muscle-depleted patients with 
chronic heart failure. Eur J Heart Fail 2008; 10: 1127-35. 

56. Aquilani R, Viglio S, Iadarola P, et al. Oral amino acid 
supplements improve exercise capacities in elderly pa-
tients with chronic heart failure. Am J Cardiol 2008; 
101: 104E-10E.

57. Pineda-Juárez JA, Sánchez-Ortiz NA, Castillo-Martínez L,  
et al. Changes in body composition in heart failure 
patients after a  resistance exercise program and 
branched chain amino acid supplementation. Clin Nutr 
2016; 35: 41-7. 

58. Vollaard NB, Shearman JP, Cooper CE. Exercise-induced 
oxidative stress:myths, realities and physiological rele-
vance. Sports Med 2005; 35: 1045-62.

59. Morawin B, Turowski D, Naczk M, Siatkowski I, Zem-
bron-Lacny A. The combination of a-lipoic acid intake 
with eccentric exercise modulates erythropoietin re-
lease. Biol Sport 2014; 31: 179-85.

60. Tibullo D, Li Volti G, Giallongo C, et al. Biochemical 
and clinical relevance of alpha lipoic acid: antioxidant 
and anti-inflammatory activity, molecular pathways 
and therapeutic potential. Inflamm Res 2017; 66:  
947-59.

61. Suh JH, Moreau R, Heath SH, Hagen TM. Dietary sup-
plementation with (R)-alpha-lipoic acid reverses the 
age-related accumulation of iron and depletion of an-
tioxidants in the rat cerebral cortex. Redox Rep 2005; 
10: 52-60. 

62. Suh JH, Zhu BZ, deSzoeke E, Frei B, Hagen TM. Dihydro-
lipoic acid lowers the redox activity of transition metal 
ions but does not remove them from the active site of 
enzymes. Redox Rep 2004; 9: 57-61. 

63. Salinthone S, Yadav V, Bourdette DN, Carr DW. Lipoic 
acid: a  novel therapeutic approach for multiple scle-
rosis and other chronic inflammatory diseases of the 
CNS. Endocr Metab Immune Disord Drug Targets 2008; 
8: 132-42. 

64. Serasanambati M, Chilakapati SR. Function of nuclear 
factor kappa B (NF-kB) in human diseases – a review. 
South Indian J Biol Sci 2016; 2: 368-87.

65. Liu T, Zhang L, Joo D, Sun SC. NF-kB signaling in inflam-
mation. Signal Transduct Target Ther 2017; 2: 17023.

66. Rahimlou M, Asadi M, Banaei Jahromi N, Mansoori A.  
Alpha-lipoic acid (ALA) supplementation effect on 
glycemic and inflammatory biomarkers: a systematic 
review and meta-analysis. Clin Nutr ESPEN 2019; 32: 
16-28.

67. Akbari M, Ostadmohammadi V, Tabrizi R, et al. The ef-
fects of alpha-lipoic acid supplementation on inflam-
matory markers among patients with metabolic syn-
drome and related disorders: a systematic review and 
meta-analysis of randomized controlled trials. Nutr 
Metab 2018; 15: 39. 

68. Isenmann E, Trittel L, Diel P. The effects of alpha li-
poic acid on muscle strength recovery after a  single 
and a  short-term chronic supplementation – a  study 
in healthy well-trained individuals after intensive re-
sistance and endurance training. J Int Soc Sports Nutr 
2020; 17: 61. 

69. Di Cesare Mannelli L, Micheli L, Lucarini E, et al. Effects 
of the combination of β-hydroxy-β-methyl butyrate 
and R(+) lipoic acid in a cellular model of sarcopenia. 
Molecules 2020; 25: 2117.

70. Uchitomi R, Oyabu M, Kamei Y. Vitamin D and sarco-
penia: potential of vitamin D supplementation in sar-

copenia prevention and treatment. Nutrients 2020;  
12: 3189. 

71. Zhang R, Naughton DP. Vitamin D in health and dis-
ease: current perspectives. Nutr J 2010; 9: 65.

72. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al.; En-
docrine Society. Evaluation, treatment, and prevention 
of vitamin D deficiency: an Endocrine Society clinical 
practice guideline. J Clin Endocrinol Metab 2011; 96: 
1911-30. 

73. Filgueiras MS, Rocha NP, Novaes JF, Bressan J. Vita-
min  D status, oxidative stress, and inflammation in 
children and adolescents: a systematic review. Crit Rev 
Food Sci Nutr 2020; 60: 60-69. 

74. Gibson CC, Davis CT, Zhu W, et al. Dietary vitamin D 
and its metabolites non-genomically stabilize the en-
dothelium. PLoS One 2015; 10: e0140370.

75. Finamor DC, Sinigaglia-Coimbra R, Neves LC, et al. A pi-
lot study assessing the effect of prolonged adminis-
tration of high daily doses of vitamin D on the clinical 
course of vitiligo and psoriasis. Dermatoendocrinology 
2013; 5: 222-34. 

76. Charoenngam N, Holick MF. Immunologic effects of 
vitamin  D on human health and disease. Nutrients 
2020; 12: 2097.

77. Remelli F, Vitali A, Zurlo A, Volpato S. Vitamin  D de-
ficiency and sarcopenia in older persons. Nutrients 
2019; 11: 2861. 

78. Visser M, Deeg DJ, Lips P; Longitudinal Aging Study 
Amsterdam. Low vitamin D and high parathyroid hor-
mone levels as determinants of loss of muscle strength 
and muscle mass (sarcopenia): the Longitudinal Aging 
Study Amsterdam. J Clin Endocrinol Metab 2003; 88: 
5766-72. 

79. Bunout D, Barrera G, Leiva L, et al. Effects of vitamin D 
supplementation and exercise training on physical 
performance in Chilean vitamin  D deficient elderly 
subjects. Exp Gerontol 2006; 41: 746-52. 

80. Wicherts IS, van Schoor NM, Boeke AJ, et al. Vitamin D 
status predicts physical performance and its decline 
in older persons. J Clin Endocrinol Metab 2007; 92: 
2058-65. 

81. Beaudart C, Buckinx F, Rabenda V, et al. The effects of 
vitamin D on skeletal muscle strength, muscle mass, 
and muscle power: a systematic review and meta-anal-
ysis of randomized controlled trials. J Clin Endocrinol 
Metab 2014; 99: 4336-45. 

82. Tomlinson PB, Joseph C, Angioi M. Effects of vitamin D 
supplementation on upper and lower body muscle 
strength levels in healthy individuals. A systematic review 
with meta-analysis. J Sci Med Sport 2015; 18: 575-80.

83. Bauer J, Morley JE, Schols AMWJ, et al. Sarcopenia: 
a time for action. an SCWD position paper. J Cachexia 
Sarcopenia Muscle 2019; 10: 956-61. 

84. Gkekas NK, Anagnostis P, Paraschou V, et al. The effect 
of vitamin D plus protein supplementation on sarco-
penia: a systematic review and meta-analysis of ran-
domized controlled trials. Maturitas 2021; 145: 56-63. 

85. Zittermann A, Ernst JB, Prokop S, et al. Effect of vita-
min D on all-cause mortality in heart failure (EVITA): 
a  3-year randomized clinical trial with 4000 IU vita-
min D daily. Eur Heart J 2017; 38: 2279-86. 

86. Zittermann A, Ernst JB, Prokop S, et al. Vitamin D sup-
plementation of 4000 IU daily and cardiac function in 
patients with advanced heart failure: the EVITA trial. 
Int J Cardiol 2019; 280: 117-23. 

87. Boxer RS, Dauser DA, Walsh SJ, Hager WD, Kenny AM. 
The association between vitamin D and inflammation 



Agata Bielecka-Dabrowa, Maciej Banach, Andrzej Wittczak, Arrigo F.G. Cicero, Amani Kallel, Raimondas Kubilius, Dimitri P. Mikhailidis,  
Amirhossein Sahebkar, Anca Pantea Stoian, Dragos Vinereanu, Peter E. Penson, Stephan von Haehling, on behalf of the International Lipid 
Expert Panel (ILEP)

862 Arch Med Sci 4, 1st July / 2023

with the 6-minute walk and frailty in patients with 
heart failure. J Am Geriatr Soc 2008; 56: 454-61. 

88. Kreider RB, Stout JR. Creatine in health and disease. 
Nutrients 2021; 13: 447.

89. Sestili P, Martinelli C, Colombo E, et al. Creatine as an 
antioxidant. Amino Acids 2011; 40: 1385-96. 

90. Lawler JM, Barnes WS, Wu G, Song W, Demaree S. Di-
rect antioxidant properties of creatine. Biochem Bio-
phys Res Commun 2002; 290: 47-52.

91. Nomura A, Zhang M, Sakamoto T, et al. Anti-inflam-
matory activity of creatine supplementation in endo-
thelial cells in vitro. Br J Pharmacol 2003; 139: 715-20. 

92. Santos RV, Bassit RA, Caperuto EC, Costa Rosa LF. The 
effect of creatine supplementation upon inflammatory 
and muscle soreness markers after a 30km race. Life 
Sci 2004; 75: 1917-24.

93. Bassit RA, Curi R, Costa Rosa LF. Creatine supplemen-
tation reduces plasma levels of pro-inflammatory cy-
tokines and PGE2 after a  half-ironman competition. 
Amino Acids 2008; 35: 425-31.

94. Deminice R, Rosa FT, Franco GS, Jordao AA, de Frei- 
tas EC. Effects of creatine supplementation on oxidative 
stress and inflammatory markers after repeated-sprint 
exercise in humans. Nutrition 2013; 29: 1127-32. 

95. Rawson ES, Conti MP, Miles MP. Creatine supplemen-
tation does not reduce muscle damage or enhance 
recovery from resistance exercise. J Strength Cond Res 
2007; 21: 1208-13. 

96. Hemati F, Rahmani A, Asadollahi K, Soleimannejad K, 
Khalighi Z. Effects of complementary creatine mono-
hydrate and physical training on inflammatory and 
endothelial dysfunction markers among heart failure 
patients. Asian J Sports Med 2016; 7: e28578. 

97. Candow DG, Forbes SC, Chilibeck PD, Cornish SM, An-
tonio J, Kreider RB. Effectiveness of creatine supple-
mentation on aging muscle and bone: focus on falls 
prevention and inflammation. J Clin Med 2019; 8: 488. 

98. Kreider RB, Kalman DS, Antonio J, et al. International 
Society of Sports Nutrition position stand: safety and 
efficacy of creatine supplementation in exercise, sport, 
and medicine. J Int Soc Sports Nutr 2017; 14: 18. 

99. Candow DG, Forbes SC, Kirk B, Duque G. Current evi-
dence and possible future applications of creatine sup-
plementation for older adults. Nutrients 2021; 13: 745. 

100. Forbes SC, Candow DG, Ostojic SM, Roberts MD, Chili-
beck PD. Meta-analysis examining the importance of 
creatine ingestion strategies on lean tissue mass and 
strength in older adults. Nutrients 2021; 13: 1912.

101. Cannataro R, Carbone L, Petro JL, et al. Sarcopenia: eti-
ology, nutritional approaches, and miRNAs. Int J Mol Sci 
2021; 22: 9724.

102. Chilibeck PD, Kaviani M, Candow DG, Zello GA. Effect 
of creatine supplementation during resistance training 
on lean tissue mass and muscular strength in older 
adults: a  meta-analysis. Open Access J Sports Med 
2017; 8: 213-26.

103. Candow DG, Chilibeck PD, Forbes SC. Creatine supple-
mentation and aging musculoskeletal health. Endo-
crine 2014; 45: 354-61. 

104. Devries MC, Phillips SM. Creatine supplementation 
during resistance training in older adults – a  me-
ta-analysis. Med Sci Sports Exerc 2014; 46: 1194-203. 

105. Rawson ES, Wehnert ML, Clarkson PM. Effects of 30 
days of creatine ingestion in older men. Eur J Appl 
Physiol Occup Physiol 1999; 80: 139-44.

106. Gotshalk LA, Volek JS, Staron RS, Denegar CR, Hager-
man FC, Kraemer WJ. Creatine supplementation im-

proves muscular performance in older men. Med Sci 
Sports Exerc 2002; 34: 537-43. 

107. Cañete S, San Juan AF, Pérez M, et al. Does creatine 
supplementation improve functional capacity in elder-
ly women? J Strength Cond Res 2006; 20: 22-8. 

108. Stout JR, Sue Graves B, Cramer JT, et al. Effects of cre-
atine supplementation on the onset of neuromuscular 
fatigue threshold and muscle strength in elderly men 
and women (64 - 86 years). J Nutr Health Aging 2007; 
11: 459-64. PMID: 17985060.

109. Gotshalk LA, Kraemer WJ, Mendonca MA, et al. Cre-
atine supplementation improves muscular perfor-
mance in older women. Eur J Appl Physiol 2008; 102: 
223-31.

110. Gualano B, Macedo AR, Alves CR, et al. Creatine supple-
mentation and resistance training in vulnerable older 
women: a randomized double-blind placebo-controlled 
clinical trial. Exp Gerontol 2014; 53: 7-15. 

111. Lobo DM, Tritto AC, da Silva LR, et al. Effects of long-
term low-dose dietary creatine supplementation in 
older women. Exp Gerontol 2015; 70: 97-104. 

112. Baker TP, Candow DG, Farthing JP. Effect of preexercise 
creatine ingestion on muscle performance in healthy 
aging males. J Strength Cond Res 2016; 30: 1763-6. 

113. Chami J, Candow DG. Effect of creatine supplementa-
tion dosing strategies on aging muscle performance.  
J Nutr Health Aging 2019; 23: 281-5. 

114. Sales LP, Pinto AJ, Rodrigues SF, et al. Creatine supple-
mentation (3 g/d) and bone health in older women: 
a 2-year, randomized, placebo-controlled trial. J Geron-
tol A Biol Sci Med Sci 2020; 75: 931-8. 

115. Forbes SC, Candow DG, Ferreira LHB, Souza-Junior TP. 
Effects of creatine supplementation on properties of 
muscle, bone, and brain function in older adults: a nar-
rative review. J Diet Suppl 2022; 19: 318-35.

116. Gordon A, Hultman E, Kaijser L, et al. Creatine supple-
mentation in chronic heart failure increases skeletal 
muscle creatine phosphate and muscle performance. 
Cardiovasc Res 1995; 30: 413-8. 

117. Andrews R, Greenhaff P, Curtis S, Perry A, Cowley AJ. 
The effect of dietary creatine supplementation on 
skeletal muscle metabolism in congestive heart failure.  
Eur Heart J 1998; 19: 617-22. 

118. Kuethe F, Krack A, Richartz BM, Figulla HR. Creatine 
supplementation improves muscle strength in pa-
tients with congestive heart failure. Pharmazie 2006; 
61: 218-22. 

119. Bradford PG. Curcumin and obesity. Biofactors 2013; 
39: 78-87. 

120. Ammon HP, Wahl MA. Pharmacology of curcuma longa. 
Planta Med 1991; 57: 1-7. 

121. Willenbacher E, Khan SZ, Mujica SCA, et al. Curcumin: 
new insights into an ancient ingredient against cancer. 
Int J Mol Sci 2019; 20: 1808. 

122. Lee DY, Chun YS, Kim JK, et al. Curcumin ameliorat-
ed oxidative stress and inflammation-related muscle 
disorders in C2C12 myoblast cells. Antioxidants 2021;  
10: 476. 

123. Sahebkar A, Saboni N, Pirro M, Banach M. Curcumin: 
an effective adjunct in patients with statin-associat-
ed muscle symptoms? J Cachexia Sarcopenia Muscle 
2017; 8: 19-24. 

124. Tabrizi R, Vakili S, Akbari M, et al. The effects of cur-
cumin-containing supplements on biomarkers of in-
flammation and oxidative stress: a systematic review 
and meta-analysis of randomized controlled trials. 
Phytother Res 2019; 33: 253-62.



The role of nutraceuticals in heart failure muscle wasting as a result of inflammatory activity.  
The International Lipid Expert Panel (ILEP) Position Paper 

Arch Med Sci 4, 1st July / 2023 863

125. Basham SA, Waldman HS, Krings BM, Lamberth J, 
Smith JW, McAllister MJ. Effect of curcumin supple-
mentation on exercise-induced oxidative stress, in-
flammation, muscle damage, and muscle soreness.  
J Diet Suppl 2020; 17: 401-14. 

126. Tanabe Y, Chino K, Ohnishi T, et al. Effects of oral cur-
cumin ingested before or after eccentric exercise on 
markers of muscle damage and inflammation. Scand  
J Med Sci Sports 2019; 29: 524-34. 

127. Gorza L, Germinario E, Tibaudo L, et al. Chronic systemic 
curcumin administration antagonizes murine sarcope-
nia and presarcopenia. Int J Mol Sci 2021; 22: 11789. 

128. Hillman AR, Gerchman A, O’Hora E. Ten days of cur-
cumin supplementation attenuates subjective sore-
ness and maintains muscular power following plyo-
metric exercise. J Diet Suppl 2022; 19: 303-17. 

129. Varma K, Amalraj A, Divya C, Gopi S. The efficacy of 
the novel bioavailable curcumin (Cureit) in the man-
agement of sarcopenia in healthy elderly subjects: 
a randomized, placebo-controlled, double-blind clinical 
study. J Med Food 2021; 24: 40-9. 

130. Kapil V, Weitzberg E, Lundberg JO, Ahluwalia A. Clinical 
evidence demonstrating the utility of inorganic nitrate 
in cardiovascular health. Nitric Oxide 2014; 38: 45-57. 

131. Coggan AR, Leibowitz JL, Spearie CA, et al. Acute di-
etary nitrate intake improves muscle contractile func-
tion in patients with heart failure: a double-blind, pla-
cebo-controlled, randomized trial. Circ Heart Fail 2015; 
8: 914-20. 

132. Armstrong PW, Pieske B, Anstrom KJ, et al.; VICTORIA 
Study Group. Vericiguat in patients with heart failure 
and reduced ejection fraction. N Engl J Med 2020; 382: 
1883-93. 

133. Knowles RG, Moncada S. Nitric oxide synthases in 
mammals. Biochem J 1994; 298: 249-58.

134. Coggan AR, Leibowitz JL, Kadkhodayan A, et al. Effect 
of acute dietary nitrate intake on maximal knee ex-
tensor speed and power in healthy men and women. 
Nitric Oxide 2015; 48: 16-21. 

135. El Gamal AA, AlSaid MS, Raish M, et al. Beetroot (Beta 
vulgaris L.) extract ameliorates gentamicin-induced 
nephrotoxicity associated oxidative stress, inflamma-
tion, and apoptosis in rodent model. Mediators In-
flamm 2014; 2014: 983952. 

136. Pietrzkowski Z, Nemzer B, Spórna A, et al. Influence of 
betalain-rich extract on reduction of discomfort asso-
ciated with osteoarthritis. New Med 2010; 1: 12-7.

137. Baker RG, Hayden MS, Ghosh S. NF-kB, inflammation, 
and metabolic disease. Cell Metab 2011; 13: 11-22.

138. Ricciotti E, FitzGerald GA. Prostaglandins and in-
flammation. Arterioscler Thromb Vasc Biol 2011; 31:  
986-1000. 

139. Carter SJ, Gruber AH, Raglin JS, Baranauskas MN, Cog-
gan AR. Potential health effects of dietary nitrate sup-
plementation in aging and chronic degenerative dis-
ease. Med Hypotheses 2020; 141: 109732. 

140. Justice JN, Johnson LC, DeVan AE, et al. Improved motor 
and cognitive performance with sodium nitrite supple-
mentation is related to small metabolite signatures: 
a  pilot trial in middle-aged and older adults. Aging 
2015; 7: 1004-21. 

141. Coggan AR, Hoffman RL, Gray DA, et al. A single dose of 
dietary nitrate increases maximal knee extensor angu-
lar velocity and power in healthy older men and wom-
en. J Gerontol A Biol Sci Med Sci 2020; 75: 1154-60. 

142. Córdova-Martínez A, Caballero-García A, Bello HJ, 
Pons-Biescas A, Noriega DC, Roche E. l-Arginine and 

beetroot extract supplementation in the prevention of 
sarcopenia. Pharmaceuticals 2022; 15: 290. 

143. Jang YJ, Son HJ, Kim JS, et al. Coffee consumption pro-
motes skeletal muscle hypertrophy and myoblast dif-
ferentiation. Food Funct 2018; 9: 1102-11.

144. Barcelos RP, Lima FD, Carvalho NR, Bresciani G, Royes LF.  
Caffeine effects on systemic metabolism, oxidative- 
inflammatory pathways, and exercise performance. 
Nutr Res 2020; 80: 1-17. 

145. Jia H, Aw W, Egashira K, et al. Coffee intake mitigated 
inflammation and obesity-induced insulin resistance 
in skeletal muscle of high-fat diet-induced obese mice. 
Genes Nutr 2014; 9: 389. 

146. Kobayashi M, Matsuda Y, Iwai H, et al. Coffee improves 
insulin-stimulated Akt phosphorylation in liver and 
skeletal muscle in diabetic KK-A(y) mice. J Nutr Sci Vi-
taminol 2012; 58: 408-14. 

147. Ong KW, Hsu A, Tan BK. Chlorogenic acid stimulates 
glucose transport in skeletal muscle via AMPK activa-
tion: a contributor to the beneficial effects of coffee on 
diabetes. PLoS One 2012; 7: e32718. 

148. Guo Y, Niu K, Okazaki T, et al. Coffee treatment pre-
vents the progression of sarcopenia in aged mice in 
vivo and in vitro. Exp Gerontol 2014; 50: 1-8. 

149. Chung H, Moon JH, Kim JI, Kong MH, Huh JS, Kim HJ. 
Association of coffee consumption with sarcopenia in 
Korean elderly men: analysis using the Korea National 
Health and Nutrition Examination Survey, 2008-2011. 
Korean J Fam Med 2017; 38: 141-7. 

150. Bruckdorfer KR. Antioxidants and CVD. Proc Nutr Soc 
2008; 67: 214-22.

151. Willcox BJ, Curb JD, Rodriguez BL. Antioxidants in car-
diovascular health and disease: key lessons from epi-
demiologic studies. Am J Cardiol 2008; 101: 75D-86D. 

152. Ganapathy A, Nieves JW. Nutrition and sarcopenia – 
what do we know? Nutrients 2020; 12: 1755. 

153. Waters DL, Wayne SJ, Andrieu S, et al. Sexually dimor-
phic patterns of nutritional intake and eating behaviors 
in community-dwelling older adults with normal and 
slow gait speed. J Nutr Health Aging 2014; 18: 228-33. 

154. Martin H, Aihie Sayer A, Jameson K, et al. Does diet in-
fluence physical performance in community-dwelling 
older people? Findings from the Hertfordshire Cohort 
Study. Age Ageing 2011; 40: 181-6.

155. Oh C, Jho S, No JK, Kim HS. Body composition chang-
es were related to nutrient intakes in elderly men but 
elderly women had a higher prevalence of sarcopenic 
obesity in a  population of Korean adults. Nutr Res 
2015; 35: 1-6. 

156. Fingeret M, Vollenweider P, Marques-Vidal P. No asso-
ciation between vitamin C and E supplementation and 
grip strength over 5 years: the Colaus study. Eur J Nutr 
2019; 58: 609-17. 

157. Cesari M, Pahor M, Bartali B, et al. Antioxidants and 
physical performance in elderly persons: the Invecch-
iare in Chianti (InCHIANTI) study. Am J Clin Nutr 2004; 
79: 289-94. 

158. Bauer JM, Verlaan S, Bautmans I, et al. Effects of a vi-
tamin D and leucine-enriched whey protein nutritional 
supplement on measures of sarcopenia in older adults, 
the PROVIDE study: a randomized, double-blind, place-
bo-controlled trial. J Am Med Dir Assoc 2015; 16: 740-7.

159. Liao CD, Tsauo JY, Wu YT, et al. Effects of protein sup-
plementation combined with resistance exercise 
on body composition and physical function in older 
adults: a  systematic review and meta-analysis. Am  
J Clin Nutr 2017; 106: 1078-91. 



Agata Bielecka-Dabrowa, Maciej Banach, Andrzej Wittczak, Arrigo F.G. Cicero, Amani Kallel, Raimondas Kubilius, Dimitri P. Mikhailidis,  
Amirhossein Sahebkar, Anca Pantea Stoian, Dragos Vinereanu, Peter E. Penson, Stephan von Haehling, on behalf of the International Lipid 
Expert Panel (ILEP)

864 Arch Med Sci 4, 1st July / 2023

160. Dent E, Morley JE, Cruz-Jentoft AJ, et al. Internation-
al Clinical Practice Guidelines for Sarcopenia (ICFSR): 
screening, diagnosis and management. J Nutr Health 
Aging 2018; 22: 1148-61. 

161. Morley JE, Argiles JM, Evans WJ, et al.; Society for Sar-
copenia, Cachexia, and Wasting Disease. Nutritional 
recommendations for the management of sarcopenia. 
J Am Med Dir Assoc 2010; 11: 391-6.

162. Chen LK, Woo J, Assantachai P, et al. Asian Working 
Group for Sarcopenia: 2019 consensus update on sar-
copenia diagnosis and treatment. J Am Med Dir Assoc 
2020; 21: 300-307.e2.

163. Jung HW, Kim SW, Kim IY, et al. Protein intake recom-
mendation for Korean older adults to prevent sarcope-
nia: expert consensus by the Korean Geriatric Society 
and the Korean Nutrition Society. Ann Geriatr Med Res 
2018; 22: 167-75. 

164. Lewandowicz A, Sławiński P, Kądalska E, Targowski T. 
Some clarifications of terminology may facilitate sar-
copenia assessment. Arch Med Sci 2020; 16: 225-32. 

165. Cosentino ER, Cicero AFG, Bentivenga C, Burchi M, 
Borghi C. Iron deficiency correction in heart failure pa-
tients with preserved ejection fraction: a  case series 
study. Arch Med Sci 2021; 17: 1137-9. 

166. Banach M, Burchardt P, Chlebus K, et al. PoLA/CFPiP/
PCS/PSLD/PSD/PSH guidelines on diagnosis and ther-
apy of lipid disorders in Poland 2021. Arch Med Sci 
2021; 17: 1447-547. 

167. Fabiś J, Danilewicz M, Niedzielski KR, Waszczykowski M,  
Fabiś-Strobin A, Bogucki A. The eccentric mechanotrans-
duction, neuro-muscular transmission, and structural 
reversibility of muscle fatty infiltration. An experimental 
advanced disuse muscle-wasting model of rabbit su-
praspinatus. Arch Med Sci 2021; 17: 1400-7.

168. Zarifi SH, Bagherniya M, Banach M, Johnston TP, Sa-
hebkar A. Phytochemicals: a potential therapeutic in-
tervention for the prevention and treatment of cachex-
ia. Clin Nutr 2022; 41: 2843-57. 

169. Mazidi M, Mikhailidis DP, Dehghan A, et al. The asso-
ciation between coffee and caffeine consumption and 
renal function: insight from individual-level data, Men-
delian randomization, and meta-analysis. Arch Med Sci  
2021; 18: 900-11. 

170. Surma S, Sahebkar A, Banach M. Coffee or tea: anti-in-
flammatory properties in the context of atherosclerot-
ic cardiovascular disease prevention. Pharmacol Res 
2022; 187: 106596. 

171. Bielecka-Dabrowa A, Fabis J, Mikhailidis DP, et al. Pro-
sarcopenic effects of statins may limit their effective-
ness in patients with heart failure. Trends Pharmacol 
Sci 2018; 39: 331-53. 

172. Bagherniya M, Mahdavi A, Shokri-Mashhadi N, et al. 
The beneficial therapeutic effects of plant-derived 
natural products for the treatment of sarcopenia. J Ca-
chexia Sarcopenia Muscle 2022; 13: 2772-90.

173. Bove M, Fogacci F, Quattrocchi S, Veronesi M, Cice- 
ro AFG. Effect of synaid on cognitive functions and 
mood in elderly subjects with self-perceived loss of 
memory after COVID-19 infection. Arch Med Sci 2021; 
17: 1797-9. 

174. Pasini E, Corsetti G, Dioguardi FS. Nutritional supple-
mentation and exercise as essential allies in the treat-
ment of chronic heart failure: the metabolic and mo-
lecular bases. Nutrients 2023; 15: 2337.

175. Banach M, Katsiki N, Latkovskis G, et al. Postmarketing 
nutrivigilance safety profile: a line of dietary food sup-

plements containing red yeast rice for dyslipidemia. 
Arch Med Sci 2021; 17: 856-63.

176. Fabiś J, Danilewicz M, Niedzielski KR, Waszczykowski M,  
Fabiś-Strobin A, Bogucki A. The eccentric mechanotrans-
duction, neuro-muscular transmission, and structural 
reversibility of muscle fatty infiltration. An experimental 
advanced disuse muscle-wasting model of rabbit su-
praspinatus. Arch Med Sci 2021; 17: 1400-7.

177. Ye H, Yang JM, Luo Y, et al. Do dietary supplements 
prevent loss of muscle mass and strength during mus-
cle disuse? A  systematic review and meta-analysis 
of randomized controlled trials. Front Nutr 2023; 10: 
1093988. 


	_Hlk92751091
	_Hlk93744363
	_Hlk92664179
	_Hlk93251398
	_Hlk93393591
	_Hlk93742674

