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Abstract

Sarcopenia refers to an age-related reduction of lean body mass. It showed a reciprocal relationship with cardiovascular 
diseases. Thus, it is imperative to explore pathophysiological mechanisms explaining the relationship between sarcopenia 
and cardiovascular diseases, along with the clinical assessment, and associated management. In this review, we discuss 
how processes such as inflammation, oxidative stress, endothelial dysfunction, neural and hormonal modifications, 
as well as other metabolic disturbances influence sarcopenia as well as its association with cardiovascular diseases. 
Moreover, this review provides an overview of both non-pharmacological and pharmacological management for patients 
with sarcopenia and cardiovascular diseases, with a focus on the potential role of cardiovascular drugs to mitigate 
sarcopenia.
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INTRODUCTION 

The term sarcopenia originates from the Greek word 
“sarx,” meaning muscle, and “-penia,” meaning deficiency. 
Collectively, sarcopenia means muscle deficiency or 
the age-related decline in lean body mass.1 This disease 
is associated with other outcomes, e.g. increased risks 
for falls, functional decline, frailty, and mortality. The 
European Working Group on Sarcopenia in Older People 
(EWGSOP) clinically defines sarcopenia as the presence 
of low muscle strength and mass or muscle quality.2 It is 
important to note that the definition of sarcopenia is not 
limited to muscle wasting, but also includes the functional 
impairment associated with it, thus shifting toward a 
function-centered model of approaching sarcopenia. This 
definition has also been acknowledged and espoused by 
the Asian Working Group for Sarcopenia (AWGS) with the 
inclusion of certain cut-off values for measuring muscle 
mass and strength in Asians.3 

Sarcopenia is a prevalent disease; however, the exact 
numbers are difficult to determine due to varying diagnostic 
criteria. The prevalence of sarcopenia in people in their 
50s, 60s-70s, and 80s are around 1–33%, 5-13%, and 50%,4 

respectively. This follows the trend that skeletal muscle 
mass is said to decline at 40 years old at approximately 8% 
per year and accelerates with age. Other studies reveal that 
the prevalence of sarcopenia in individuals aged 65 years 
and older ranges from 12.6% to 17.5% with an average 
of 15.2% in Europe5 and 30.3% for males and 29.3% for 
females in Korea.6 Aside from age, other factors that may 
contribute to the rate of sarcopenia are ethnicity, lifestyle, 
and physical activity.7 

Sarcopenia is also associated with other disease entities 
such as cardiovascular disease (CVD), renal insufficiency, 
metabolic syndrome, and nonalcoholic fatty liver disease, 
among others.7-9 In particular, sarcopenia was associated 
with a higher risk of carotid atherosclerosis, myocardial 
infarction, and atrial fibrillation.8 Another study conducted 
on Korean adults older than 65 years old revealed that 
there was a higher likelihood of CVD in those with 
sarcopenia.6 Conversely, some studies show that there was 
an increased chance of being diagnosed with sarcopenia 
in adults with CVD. In one study, results show that the 
prevalence of sarcopenia in patients with CVD was as 
high as 16.9%.9 
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is significantly associated with sarcopenia.18,19 It has been 
postulated that the muscle dysfunction observed in diabetic 
patients is due to hyperglycemia, insulin resistance, and 
inflammation.20 In particular, chronic hyperglycemia leads 
to the accumulation of advanced glycation end products 
that build up in skeletal muscle and cartilage, making 
them less flexible.21

Sarcopenia has also been observed to influence the 
progression of coronary artery disease. In a prospective 
study by Kim et al.,18 1928 patients with coronary artery 
disease who underwent percutaneous coronary intervention 
were followed up to assess the clinical significance of 
sarcopenia in the course of CAD. Serum biomarkers, 
specifically the ratio of serum creatinine to serum cystatin 
C (Scr/Scys) and the ratio of estimated glomerular filtration 
rate by Scys to Scr (eGFRcys/eGFRcr), were used to estimate 
muscle mass. Results of the study show that low muscle 
mass, as indicated by the decreased values of the surrogate 
markers, is significantly associated with increased 3-year 
mortality risk.

Lastly, sarcopenia and heart failure have been shown to 
be interrelated, each one influencing the development and 
progression of the other. In the studies investigating the 
impact of muscle wasting in patients with chronic heart 
failure, muscle wasting was found to be higher among 
patients with chronic heart failure (19.5%)22 compared to 
otherwise healthy older individuals.5,6 Additionally, in the 
same study by Fulster et al.,22 results indicate that muscle 
wasting is more prevalent in males and older patients. 

Pathophysiological mechanisms for sarcopenia and 
cardiovascular diseases

Common pathophysiologic pathways link cardiovascular 
diseases with sarcopenia. The main disease processes 
involved in the development of sarcopenia and CVD are 
inflammation, oxidative stress, endothelial dysfunction, 
neural and hormonal modification, malnutrition, and 
physical inactivity. Figure 1 shows these overlapping 
pathophysiological mechanisms and the interaction 
between cardiovascular diseases and sarcopenia.

Inflammation
Various cytokines and inflammatory markers that induce 
atherosclerosis and heart failure are associated with 
sarcopenia. Some of those cytokines are interleukin (IL)-
6, IL-1, tumor necrosis factor-α (TNF-α), galectin 3, TNF 
receptor 1, and TNF receptor 2.23 Inflammatory cytokines 
may act on muscle receptors, increasing muscle breakdown 
or impairing their reproduction by upregulating the 
catabolic pathways while downregulating anabolic 
proteins such as growth hormone.24 

IL-6 has both pro- and anti-inflammatory properties; how-
ever, its pro-inflammatory properties dominate and are 
associated with cardiovascular diseases, with higher levels 
leading to higher morbidity.25 IL-6 is found in abundance 

The objective of this paper is to further discuss the 
pathophysiologic mechanisms linking sarcopenia and 
cardiovascular diseases. Although sarcopenia is an 
established disease entity, management options for it are 
relatively sparse. Therefore, this paper also aims to provide 
an overview of the potential role of cardiovascular drugs 
in the management of sarcopenia. 

PAThOPhySIOlOgIC MeChANISMS 
UNDeRlyINg The INTeRRelATIONShIP 
BeTweeN SARCOPeNIA AND 
CARDIOvASCUlAR DISeASeS

Cardiovascular diseases associated with sarcopenia

Atherosclerosis is a persistent inflammatory process of 
thickening, hardening, and loss of elasticity of arteries in 
various organs such as the heart, brain, and even skeletal 
muscle due to the development of lipid-laden lesions.10 
Sarcopenia has been associated with atherosclerosis 
with inflammation and oxidative stress as possible 
underlying mechanisms linking the two.11 Likewise, there 
is an association between frailty, arterial stiffness, vascular 
endothelial dysfunction, and hypertension in the elderly.12-14 

The association between coronary artery disease and 
sarcopenia has been demonstrated by the increased 
prevalence of sarcopenia in patients who have coronary 
artery disease and the prognostic value of sarcopenia in 
the course of coronary artery diseases. In a study done 
in China, 78 (22.6%) out of the 345 enrolled participants 
who were hospitalized for coronary heart disease were 
found to have sarcopenia.15 Similarly, results in another 
study showed that sarcopenia was linked to a greater 
prevalence of myocardial infarction in people who were 
overweight or obese compared to those who had normal 
weight (10.0% vs 4.3%, P = 0.020).16 Even higher prevalence 
rates were observed in Brazil where 64.6% and 35.4% of the 
99 elderly patients with myocardial infarction presented 
with sarcopenia and sarcopenic obesity, respectively.17

It has been proposed that the factors that lead to 
the development of coronary artery disease such as 
atherosclerosis, hypertension, diabetes mellitus, and 
obesity may have a more direct association with sarcopenia. 
Results of a few studies have shown that diabetes mellitus 

Table 1. Summary of key findings
• Sarcopenia is a pathologic loss of muscle mass and functional 

impairment associated with aging
• Sarcopenia is said to be associated with cardiovascular diseases 

(CVDs) such as atherosclerosis, hypertension, coronary artery 
disease, and heart failure

• Various mechanisms may link sarcopenia and CVDs but the two major 
underlying pathologic mechanisms are inflammation and oxidative 
stress. Other mechanisms that may contribute to sarcopenia may 
be decreased physical activity, neurohormonal modification, and 
malnutrition.

• There are several modalities that may mitigate the progression 
of sarcopenia and CVDs such as cardiovascular drugs, hormone 
replacement, modification of diet and nutritional intake, and exercise.
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cytokine activates the ubiquitin-proteasome system which 
accelerates skeletal muscle breakdown.28,29 In the study 
by Fulster et al.22 in which serum cytokine levels of 200 
patients with stable chronic heart failure were measured, 
those who presented with muscle wasting had significantly 
higher levels of IL-6 compared to those who did not 
have muscle wasting, furthermore implicating the role 
of inflammation in the pathogenesis of sarcopenia in the 
context of CVD. Indeed, it has been established that heart 
failure is a state of chronic low-grade inflammation.23 

Another cytokine that links sarcopenia and CVD is TNF-α 
which is a key regulator in inflammation as it controls 
leukocyte activation, cytokine release, and production of 
free radicals.30 Like IL-6, TNF activates endothelial cells 
to increase the expression of adhesion molecules which 
then recruit leukocytes. Moreover, TNF-α may promote 
endothelial cell injury and endothelial cell apoptosis, as 
well as decrease endothelial repair mechanisms, thus, 
leading to endothelial dysfunction. Endothelial cells may 
then recruit and activate leukocytes, induce apoptosis, and 
suppress endothelial cell progenitors, ultimately leading to 
atherosclerosis. Additionally, TNF-α may alter adipocyte 
metabolism which may result in atherosclerosis.30 

One mechanism showing the association of TNF-α with 
sarcopenia is its potential to induce cell apoptosis via 
cysteine proteases called calpains, which are responsible 
for the proteolysis of proteins needed for cellular integrity, 
enzymes, and transcription factors.31 Type II muscle fibers 
are said to be more susceptible to TNF-α-induced apoptosis. 
This apoptosis may be via the mitochondria-dependent 
internal pathway in which elevation in reactive oxygen 

in atherosclerotic plaques as it is synthesized by arterial 
wall cells, namely macrophages, vascular smooth muscle 
cells, and endothelial cells.25 This inflammatory state 
may increase arterial wall stiffness by decreasing elastin 
which may then further release inflammatory mediators.26 
Additionally, IL-6 can be proatherogenic by stimulating 
the proliferation of vascular smooth muscle cells and 
platelets as well as endothelium activation. Vascular smooth 
muscle proliferation is due to the effects of monocyte 
chemoattractant protein-1 which recruits monocytes and 
smooth muscles to atheromas. Endothelial activation 
leads to increased expression of cell adhesion molecules 
such as ICAM-1, VCAM-1, and E-selectin. These adhesion 
molecules then recruit monocytes that transmigrate 
into the subendothelium becoming macrophages and 
subsequently foam cells which produce atheromas.25

Furthermore, IL-6 levels can be increased by aging via 
several mechanisms. One mechanism is that aging increases 
bone marrow adiposity which stimulates the production of 
IL-6 and, subsequently, induces myeloid cell differentiation. 
The increased number of myeloid cells then recruits 
monocytes that are TET2-mutants that have a higher 
tendency for hematopoietic proliferation, thus leading 
to atheroma formation. Another mechanism is that aging 
enhances the production of IL-6 in vascular smooth muscle 
cells and decreases mitochondrial function. A decreased 
mitochondrial function affects mitophagy, or the removal 
of damaged mitochondria, which then increases IL-6.27

IL-6 is also a catabolic factor that promotes protein 
breakdown and muscle atrophy and inhibits muscle 
synthesis. Sarcopenia may be caused by IL-6 as this 

Figure 1. Pathophysiology of Sarcopenia and CVD and their interaction.
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mitochondrial damage., and decrease the proliferation 
of skeletal muscle. The antioxidant sestrin has also been 
associated with sarcopenia and endothelial dysfunction 
with low levels correlating with low muscle mass. 

Endothelial dysfunction and peripheral perfusion 
abnormalities
The pathogenesis of heart failure and hypertension may 
also involve endothelial dysfunction. Oxidative stress 
plays a role in endothelial dysfunction through the negative 
effects of reactive oxygen species on the availability of 
nitric oxide (NO), a powerful vasodilatory molecule, 
resulting in exaggerated vasoconstriction and decreased 
peripheral perfusion.34 Since NO is responsible for blood 
redistribution during exercise through vasodilation of 
skeletal muscle arteries, its reduced availability in heart 
failure is associated with decreased exercise tolerance.34 In 
a study evaluating sarcopenia and endothelial function in 
patients with chronic heart failure, results show that peak 
flow was significantly correlated with exercise capability 
in the forearm and leg.35 Compared to patients without 
sarcopenia or controls, those with sarcopenia had reduced 
baseline forearm and leg blood flow. The observed exercise 
intolerance could be explained by the lack of oxygen 
delivery secondary to impaired blood flow. This is further 
illustrated by a decrease in the density of skeletal muscle 
capillaries and the ratio of slow, oxidative type I fibers 
to fast, glycolytic type II fibers.29,36

As aforementioned, NO is said to be an important cytokine in 
the dilation of blood vessels. Asymmetric dimethylarginine 
(ADMA) is a substance that inhibits endothelial NO 
synthase, an enzyme important in the generation of NO 
and vascular endothelial function, thus, leading to the 
inhibition of the NO signaling pathway and altering the 
homeostasis of vascular tone and arterial stiffness. A 
decrease in NO leads to an increase in vascular stiffness, 
which subsequently may lead to elevated blood pressure. 
Likewise, an increase in ADMA has been associated with 
an increase in cardiovascular mortality and is associated 
with fraility.13

Neurohormonal modification
Neurohormonal modification is also said to be involved in 
the pathogenesis of heart failure, myocardial infarction, and 
atherosclerosis. The enhanced activation of the sympathetic 
nervous system and the renin-angiotensin-aldosterone 
system (RAAS) in heart failure appears to be associated 
with increased catabolism of muscles.36 The renin-
angiotensin-aldosterone system may also be associated 
with sarcopenia and hypertension as sarcopenic patients 
were noted to have higher rates of urinary angiotensinogen 
excretion.26 Angiotensin II is said to bind to angiotensin II 
type 1 receptor which then activates the PKC and/or Src 
pathway which subsequently leads to the activation of 
NADPH oxidase II which increases the production of 
reactive oxygen species. This may cause oxidative damage 
to muscle and increase protein catabolism and decrease 
protein synthesis. Elevated angiotensin II levels may 

species (ROS) and calcium (Ca2+) levels in the cytosol affects 
mitochondrial homeostasis and increases cell permeability. 
Another pathway is the external pathway wherein TNF-α 
recruits adapter proteins on the cell surface which then 
activates a caspase cascade that leads to apoptosis, thus 
resulting in decreased muscle mass.31

Nitric oxide (NO) precursors are also known to reduce 
inflammation. Thus, a decrease in motor function due 
to chronic inflammation can be attributed to decreased 
NO signaling. Subsequently, sodium nitrite, a precursor 
of NO, was determined to attenuate the decline of motor 
function in mice by decreasing inflammation.13

Oxidative stress
Oxidative stress is known to create ROS that induces 
damage on various tissues.7 Oxidized LDL-cholesterol 
(ox-LDL) is said to cause and induce atherosclerosis 
especially in the elderly due to the proinflammatory 
state seen in this age group. Oxidative stress may also 
lead to endothelial dysfunction which may increase the 
expression of endothelin-1 that promotes endothelium 
constriction, resulting in hypertension and atherosclerosis.32 
Furthermore, oxidative stress has not only been shown 
to be involved in cardiac remodeling in heart failure but 
also plays a role in the development of sarcopenia in 
these patients. The decreased cardiac output, endothelial 
dysfunction, and reductions in oxygen transport to the 
skeletal muscle that are implicated in the decline of muscle 
function in heart failure patients can all be linked to the 
generation of ROS. 

Aging is associated with increased generation of ROS 
and decreased antioxidant production. Skeletal muscle 
is said to generate a large amount of ROS which induces 
posttranscriptional modifications. ROS also increases 
proteolysis and decreases protein synthesis leading to 
a decrease in muscle mass.32 Additionally, increased 
production of ROS affects neuromuscular junctions (NMJ) 
by disrupting the homeostasis of Cu/Zn superoxide 
dismutase knockout mice motor neurons which also 
leads to disruption of skeletal muscle mitochondrial 
function. This increased ROS in skeletal muscle triggers 
a feedback mechanism that further affects the NMJ.7 ROS 
also decreases acetylcholine release at the synaptic cleft, 
thus, leading to the failure of generation of an action 
potential. Furthermore, oxidative stress may influence 
NMJ physiology leading to a decrease in its innervation 
and muscle fibers, affecting the excitation-coupling 
mechanism, and altering the actin and myosin structures 
of muscle fibers – all of which may subsequently lead to 
sarcopenia.32 Another proposed mechanism for the role of 
ROS in skeletal muscle dysfunction is ROS-induced insulin 
resistance which ultimately leads to decreased exercise 
tolerance.33 

Aging cells have altered peroxisome proliferator-activated 
receptor-γ coactivator 1 α pathway which leads to an 
increased production of ROS which may, in turn, induce 
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myocardial infarction43.44 and heart failure42. In a study 
where wild-type mice were compared with mice whose 
cardiomyocyte-specific myostatin (MSTN-CKO) was 
genetically deleted, skeletal muscle atrophy was associated 
with elevated serum myostatin levels in wild-type mice.42 
While myostatin serves as a compensatory mechanism by 
preventing further ventricular hypertrophy in heart failure, 
it also contributes to heart failure-induced muscle mass 
loss and, therefore, sarcopenia.

Malnutrition and poor appetite 
Malnutrition is a frequent complication in patients 
with heart failure due to several factors such as poor 
appetite leading to decreased food intake, increased 
loss of nutrients from frequent diuresis, and elevated 
levels of inflammatory cytokines resulting in metabolic 
disturbances.45 Commonly prescribed cardiovascular 
drugs, including digoxin, angiotensin-converting enzyme 
(ACE) inhibitors, β-blockers, and diuretics, have also been 
shown to cause nausea and dysgeusia, thereby negatively 
affecting appetite.29 Heart failure could also be complicated 
by gastroenteropathy from intestinal edema which further 
promotes anorexia and malabsorption. Ultimately, these 
factors result in an imbalance between energy requirement 
and expenditure, favoring a catabolic state and loss of 
muscle mass.

Physical inactivity
In the elderly, decreased physical activity and exercise 
tolerance often lead to loss of muscle mass and, 
subsequently, increases the risk for obesity.46,47 As obesity 
is linked to the increased production of pro-inflammatory 
markers such as adipokines and cytokines, infiltration 
of fat into muscle, and insulin resistance; the presence of 
obesity further exacerbates the development of sarcopenia, 
decreases physical performance, and increases the risk of 
mortality.10,48,49 This vicious cycle between loss of muscle 
mass and gain of fat mass ultimately results in sarcopenia 
and sarcopenic obesity.

In heart failure, age-related decline in skeletal muscle 
mass and decreased cardiorespiratory fitness contribute to 
physical inactivity and exercise intolerance, further aggra-
vating sarcopenia in these individuals. The significance of 
physical inactivity in the development and progression 
of sarcopenia is demonstrated by the efficacy of aerobic 
and resistance training in attenuating lean body mass loss 
and improving muscle function and strength.29,50

ClINICAl ASSeSSMeNT

Various diagnostic methods have been used to objectively 
measure skeletal muscle mass. Computed tomography 
(CT) and magnetic resonance imaging (MRI) estimate 
skeletal muscle area, dual-energy X-ray absorptiometry, 
and bioelectrical impedance analysis (BIA) determine body 
composition including lean body mass, and handgrip 
dynamometer and isokinetic dynamometer measure 
muscle strength. Physical performance can be evaluated 

also contribute to inflammation by increasing circulating 
glucocorticoids, IL-6, and serum amyloid A.37 Furthermore, 
the role of RAAS in heart failure-related sarcopenia has 
been elucidated through the observed positive effects of 
angiotensin-converting enzyme inhibitors (ACE-I) and 
angiotensin-II receptor blockers (ARB) on exercise and 
functional capacity.36 However, there is sparse research 
on the benefits of mineralocorticoid antagonists such as 
spironolactone on the physical function of patients with 
heart failure.36 

It was shown in rat models, that although the sympathetic 
nervous system has anabolic effects on skeletal muscle 
through B2-adrenoreceptors, chronic sympathetic 
stimulation could result in the downregulation of 
these receptors and, eventually, muscle wasting and 
atrophy.38 To illustrate, in a study assessing the role of 
autonomic modulation in 116 male patients with stable 
chronic heart failure, those with sarcopenia had higher 
muscle sympathetic nerve activity when compared to 
patients without sarcopenia.39 The effects of sympathetic 
hyperactivity are further supported by the apparent 
efficacy of beta-blockers in slowing down catabolism while 
increasing the anabolism of skeletal muscles.36 Further-
more, there are a few anabolic hormones that have been 
observed to be decreased in heart failure, namely growth 
hormone, testosterone, and ghrelin.40 In another study, 
however, growth hormone levels are increased whereas 
insulin-like growth factor-1 (IGF-1) levels are notably lower 
in patients with sarcopenia and heart failure, implying that 
some form of resistance may be in play, resulting in less 
muscle formation.41

Patients with heart failure frequently have low testosterone 
levels which appear to be involved in the development of 
cardiac dysfunction.40 Similarly, decreased testosterone 
levels have been shown to be linked to loss of muscle mass 
and function.28 This is because testosterone may increase 
type 1 and 2 muscle fibers through increased insulin-like 
growth factor-1 (IGF-1). 

Insulin resistance may also lead to arterial stiffness as 
insulin has anabolic effects on the skeletal muscle that 
increase endothelial-derived NO production leading to 
vasodilation.26

Additionally, levels of ghrelin, a hormone produced in 
the stomach that functions to increase appetite and food 
intake as well as promote growth hormone release, appear 
to be reduced in elderly patients with heart failure.29 As 
nutrition and growth hormones have both been established 
to influence protein synthesis, it can be inferred that low 
ghrelin levels are associated with the development of 
sarcopenia in heart failure.

Myostatin, a protein belonging to the TGF-β family, is 
a strong inhibitor of the growth of skeletal muscles.42 
Enhanced expression of this protein from the heart is 
observed during pathological cardiac conditions such as 
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angiotensin receptor blockers alone to enhance physical 
performance in the elderly is not supported by current 
research.57 Additionally, a trial that aimed to determine the 
efficacy of leucine with or without perindopril compared 
to a placebo in improving physical function in adults of 
at least 70 years old with sarcopenia showed that neither 
enhanced physical performance.58 

Similarly, another experiment illustrated that losartan 
protected against loss of muscle mass in rats by modulating 
the TGF-β signaling cascade and enhancing the insulin-like 
growth factor 1 (IGF-1)/Akt/mammalian target of rapamycin 
(mTOR) pathway.59 The use of losartan in rat models also 
showed improved motility and reduced inflammation and 
oxidative stress.56 Losartan intake and exercise in old mice 
also resulted to greater muscle mass and muscle fiber cross-
sectional area which suggests that losartan may improve 
muscle mass and exercise capacity.60 A longitudinal study 
conducted in aging populations showed that the use of 
ARBs was associated with greater frailty indices and 
increased calf circumference and composite muscle mass 
and strength.61 A study also determined that elevated 
serum levels of losartan in pre-frail adults are associated 
with decreased frailty through a mechanism that is not 
dependent on the angiotensin II pathway which may 
suggest a role of losartan in maintaining physical function.62 
Furthermore, there has been a noted association in higher 
lean body mass in older females taking ACE inhibitors or 
ARBs which may suggest a protective function of these 
drugs for skeletal muscle mass.63 

A few studies have shown the benefits of spironolactone, 
an aldosterone antagonist, in preventing skeletal myocyte 
apoptosis in rats and augmenting endothelial function 
and nitric oxide availability in patients with chronic heart 
failure.64,65 However, recent studies have demonstrated 
that spironolactone, although effective as a treatment for 
cardiovascular diseases, did not significantly improve 
physical function and exercise capacity in patients with 
or without heart failure.66,67

Statins
Statins play a crucial role in preventing cardiovascular 
disease. It is an inhibitor of 3-hydroxy-methylglutaryl 
coenzyme A (HMG-CoA) reductase, an enzyme involved 
in the production of low-density lipoprotein cholesterol, 
thus effectively lowering it. Statins are known to 
reduce cardiovascular events and improve mortality in 
patients with coronary artery disease or those at high 
risk for CVDs.68 However, statin use is also associated 
with myopathies as statins increase the vulnerability of 
skeletal myocytes and induce the destruction of muscle 
proteins.69 This may suggest that statin use may exacerbate 
muscle loss in patients. However, a cross-sectional study 
examining skeletal muscle volume in older adults taking 
a combination of ARB and statin is associated with a 
significantly higher skeletal muscle index.70 Additionally, 
a study involving 136 patients with heart failure show that 
statin use was inversely associated with sarcopenia.71 These 

by measuring the distance achieved in a 6-minute corridor 
walk and obtaining the time spent to finish a 4-meter or 
6-meter distance walk. Supplementary measurements of 
inflammatory cytokines, hormone levels, and surrogate 
biomarkers (e.g., serum creatinine and serum cystatin) are 
also recommended to assess the other factors that could 
impact the development of sarcopenia.

Screening tests for sarcopenia have also been developed. 
The SARC-F is a tool that assesses five items namely 
strength, assistance in walking, rising from a chair, climbing 
stairs, and falls.51 A recent version called SARC-CalF is a 
test that evaluates the aforementioned five items with an 
additional item on calf circumference. In particular, a calf 
circumference of ≤34 cm for males and ≤33 cm for females 
points toward sarcopenia.52 A total score of ≥4 in SARC-F 
and ≥11 in SARC-CalF is a positive result for sarcopenia.

The European Working Group on Sarcopenia in Older 
People (EWGSOP) suggests that sarcopenia be diagnosed 
using the following criteria: 1) low muscle mass with a 
skeletal index of ≤8.90 kg/m2 for males and ≤6.37 kg/m2 for 
females, 2) low muscle strength with a handgrip strength 
of <30 kg for males and <20 kg for females, 3) low physical 
performance with a gait speed of ≤0.8 m/s. Sarcopenia 
may be called if there is low muscle mass with low muscle 
strength or physical performance.53 The Asian Working 
Group for Sarcopenia (AWGS) in 2019 has also proposed 
updated cutoff values for sarcopenia in Asians: 1) muscle 
mass measurements of <7.0 kg/m2 for males and <5.4 kg/m2 
for females using dual X-ray absorptiometry or <7.0 kg/m2 
for males and <5.7 kg/m2 for females through bioimpedance 
analysis, 2) muscle strength estimates of <28 kg for males 
and <18 kg for females by handgrip strength, and 3) physical 
performance of <1.0 m/s gait speed in a 6-m walk.54

MANAgeMeNT

Pharmacologic management

Cardiovascular drugs

Renin-Angiotensin-Aldosterone System Drugs 
As aforementioned, the RAAS plays an essential role 
in maintaining cardiovascular homeostasis and is also 
interlinked with the development of decreased muscle 
mass. Angiotensin-converting enzyme (ACE) inhibitors and 
angiotensin II receptor blockers (ARB) are frequently used 
medications for the treatment of cardiovascular diseases. 
Interestingly, a few studies have also demonstrated their 
muscle-protective properties through several mechanisms. 
Results of a study on mice by Marzetti et al., show that 
enalapril exerts its positive effects on muscles by reducing 
oxidative stress and inflammation.55 ACE inhibitors are 
also shown to decrease loss in muscle strength in older 
adults without heart failure and increase muscle strength 
and exercise capacity, suggesting some potential in their 
use in sarcopenia.56 In contrast, a recent systematic review 
and meta-analysis claim that the use of ACE inhibitors or 
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Non-pharmacological management

Diet and nutritional intake
Several studies have demonstrated the importance of 
protein consumption for the maintenance and improvement 
of skeletal muscle mass and function. A few of these aimed 
to investigate the recommended amount of protein to be 
given per meal to optimize the dose-response relationship 
between dietary protein intake and myofibrillar protein 
synthesis.82,83 According to Moore et al., compared to 
younger males, healthy elderly males require a relatively 
greater amount of protein per meal to maximize its 
potential anabolic effects.84 Lancha et al.,85 recommend 
0.4 g protein/kg body weight per meal, equivalent to 1.2-
1.6 g protein/kg body weight/day, for adequate protein 
synthesis in the elderly. This amount exceeds the daily 
recommended intake of 0.8 g protein/kg for younger 
individuals. Thus, the elderly must adhere to a dietary 
regimen that ensures increased healthy protein intake that 
will not compromise the status of existing comorbidities 
such as cardiovascular diseases. This increase in protein 
intake can be achieved by consuming whey and other 
dietary protein supplements that may provide bioavailable 
essential amino acids that may be used for protein 
synthesis. Furthermore, whey protein is noted to have high 
leucine content which has been shown to increase protein 
synthesis in animal models.86 

Furthermore, supplementation of essential amino 
acids, specifically β-hydroxy-β-methylbutyrate (HMB),   
has been examined for its potential anabolic and anti-
catabolic activity. Most studies about HMB claim that 
it is significantly more efficacious in reducing the risk of 
sarcopenia and in increasing muscle mass and strength 
when its supplementation is combined with exercise.87-90 
Still, its potential to mitigate muscle atrophy and improve 
muscle mass, albeit less prominent, is significant in the 
management of sarcopenia in bedridden and sedentary 
elderly individuals.91 
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Aerobic exercise and resistance training have been 
demonstrated to improve muscle strength, exercise 
tolerance, and overall functional capacity in patients 
with cardiovascular diseases and have shown to be the 
only therapeutic strategy supported by adequate clinical 
data for treating muscle wasting in heart failure.38 In a 
study by Pu et al.,50 patients with chronic heart failure 
who underwent progressive resistance training exhibited 
significant improvements in skeletal muscle strength and 
endurance compared to those only performing low intensity 
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include enhancing IGF-I/Akt/mTOR signaling pathway, 
reducing levels of inflammatory cytokines specifically 
TNF-α, mitigating the catabolic effects of the ubiquitin-
proteasome system, and decreasing the levels and activity 
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studies suggest that statins may still have a potential role 
in maintaining muscle mass and further studies on their 
role in sarcopenia may be warranted.
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Beta-blockers, another common cardiovascular medication, 
are postulated to prevent the progression of sarcopenia 
by inhibiting excessive sympathetic activation. In the 
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Therefore, more extensive research is required to fully 
understand the benefits of these drugs with a possible 
focus on dose adjustments of currently known regimens or 
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along with cardiovascular diseases.
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Several hormones were investigated to assess their value in 
treating sarcopenia, but most remain to have inconclusive 
benefits. The role of growth hormone and IGF-1 in improving 
skeletal muscle mass and function has been established.74,75 
Thus, supplementation is being investigated as an 
alternative treatment option for sarcopenia. Testosterone 
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observed in another study by Pugh et al. in which males with 
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exhibited enhanced physical function in comparison to 
those receiving placebo.77 Nevertheless, the effects of 
testosterone on the cardiovascular system have yet to be 
fully described. Selective androgen receptor modulators 
(SARMs) are another class of drugs under investigation 
mainly for their potential to increase lean body mass. A few 
studies have demonstrated their anabolic effects in healthy 
elderly males and postmenopausal females, in patients with 
cancer, and adult mice deficient in androgen activity.78,79 
However, studies with larger, more representative samples 
are needed to confirm their muscle-protective properties. 
The benefits of ghrelin were also examined in a rodent 
post-myocardial infarction chronic heart failure model 
by Barazzoni et al.80 Administration of acylated ghrelin 
showed positive effects on skeletal muscle mitochondrial 
function, inflammation, and insulin activity. Vitamin D 
supplementation has been shown to help enhance muscle 
strength in healthy elderly individuals but its efficacy in 
improving muscle function and exercise capacity in patients 
with cardiovascular disease and sarcopenia has not been 
fully explored.81
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CONClUSION

Multiple studies support that a mutual relationship 
between sarcopenia and cardiovascular diseases exists. The 
pathophysiology behind this association is complex and 
involves several systemic factors including inflammation, 
oxidative stress, endothelial dysfunction, neurohormonal 
signaling, and other metabolic disturbances. Sarcopenia 
in the elderly not only influences the development 
and progression of cardiovascular diseases but is also 
heavily affected by the presence and severity of these 
comorbidities. Thus, early screening and diagnosis of 
sarcopenia have relevant implications for the management 
of cardiovascular diseases and overall quality of life. 
There are several potential management options for 
sarcopenia. The pharmacologic approach includes utilizing 
angiotensin-converting enzyme inhibitors, angiotensin-II 
receptor blockers, mineralocorticoid antagonists, statins, 
beta-blockers, and hormone replacement. However, 
further investigation is required to fully comprehend their 
potential to treat sarcopenia, especially in the context of 
cardiovascular diseases. Another approach that has been 
proven to be effective is to introduce lifestyle modifications 
which include increasing dietary protein intake and 
engaging in regular exercise, particularly aerobic and 
resistance training. Overall, more comprehensive research 
has to be done to gain a clearer understanding of the 
mechanisms involved in sarcopenia and their implications 
on future therapeutic approaches.

Statement of Authorship
All authors certified fulfillment of ICMJE authorship criteria. 

CRediT Author Statement
FR: Conceptualization, Methodology, Validation, Resources, 
Writing - review and editing, Supervision, Project administration, 
Funding acquisition; BTE: Formal Analysis, Investigation, Data 
Curation, Writing - original draft preparation, Writing - review 
and editing, Visualization; FMN: Formal Analysis, Investigation, 
Data Curation, Writing - original draft preparation, Writing 
- review and editing, Visualization; SC: Writing - review and 
editing, Supervision, Project administration; GPC: Writing - review 
and editing, Visualization, Supervision; EL: Conceptualization, 
Methodology, Validation, Resources, Writing - review and editing, 
Supervision, Project administration; KV: Writing - review and 
editing, Visualization, Supervision; MGY: Writing - review and 
editing, Visualization, Supervision
 
Author Disclosure
The authors declared no conflict of interest.
 
Funding Source
None.

References 
1. Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet. 2019;393(10191): 

2636–46. PMID: 31171417. https://doi.org/10.1016/S0140-6736(19) 
31138-9.

2. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: Revised European 
consensus on definition and diagnosis. Age Ageing. 2019;48(1): 
16-31. PMID: 30312372. PMCID: PMC6322506. https://doi.org/10.1093/
ageing/afy169.

3. Chen LK, Liu LK, Woo J, et al. Sarcopenia in Asia: Consensus 
report of the Asian Working Group for sarcopenia. J Am Med Dir 
Assoc. 2014;15(2):95–101. PMID: 24461239. https://doi.org/10.1016/ 
j.jamda.2013.11.025.



9

www.asean-endocrinejournal.org

Frederick Rivera, et alInterrelationship of Sarcopenia and Cardiovascular Diseases

46. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia: European 
consensus on definition and diagnosis. Age Ageing. 2010;39(4): 
412–23. PMID: 20392703. PMCID: PMC2886201. https://doi.org/10.1093/
ageing/afq034.

47. Lang T, Streeper T, Cawthon P, Baldwin K, Taaffe DR, Harris TB. 
Sarcopenia: Etiology, clinical consequences, intervention, and 
assessment. Osteoporosis Int. 2009;21(4):543–59. PMID: 19779761 
PMCID: PMC2832869. https://doi.org/10.1007/s00198-009-1059-y.

48. Barbat-Artigas S, Pion CH, Leduc-Gaudet J-P, Rolland Y, Aubertin-
Leheudre M. Exploring the role of Muscle Mass, obesity, and age 
in the relationship between muscle quality and physical function. 
Journal of the American Medical Directors Association. 2014;15(4). 

49. Tian S, Xu Y. Association of sarcopenic obesity with the risk of all-
cause mortality: A meta-analysis of prospective cohort studies. 
Geriatr Gerontol Int. 2015;16(2):155–66.PMID: 26271226. https://doi.
org/10.1111/ggi.12579.

50. Pu CT, Johnson MT, Forman DE, et al. Randomized trial of 
progressive resistance training to counteract the myopathy of chronic 
heart failure. J Appl Physiol. 2001;90(6):2341–50. PMID: 11356801. 
https://doi.org/10.1152/jappl.2001.90.6.2341.

51. Malmstrom TK, Morley JE. SARC-F: A simple questionnaire to 
rapidly diagnose sarcopenia. J Am Med Dir Assoc. 2013;14(8):531–2. 
PMID: 23810110. https://doi.org/10.1016/j.jamda.2013.05.018.

52. Barbosa-Silva TG, Menezes AM, Bielemann RM, Malmstrom TK, 
Gonzalez MC, COCONUT. Enhancing SARC-F: improving sarcopenia 
screening in the clinical practice. J Am Med Dir Assoc. 2016;17(12): 
1136-41. PMID: 27650212. https://doi.org/10.1016/j.jamda.2016.08.004.

53. Dhillon RJS, Hasni S. Pathogenesis and management of sarcopenia. 
Clin Geriatr Med. 2017;33(1):17–26. PMID: 27886695. PMCID: 
PMC5127276. https://doi.org/10.1016/j.cger.2016.08.002.

54. Chen LK, Woo J, Assantachai P, et al. Asian Working Group for 
Sarcopenia: 2019 consensus update on sarcopenia diagnosis and 
treatment. J Am Med Dir Assoc. 2020;21(3):300-7. PMID: 32033882. 
https://doi.org/10.1016/j.jamda.2019.12.012.

55. Marzetti E, Calvani R, DuPree J, et al. Late-life enalapril administration 
induces nitric oxide-dependent and independent metabolic 
adaptations in the rat skeletal muscle. AGE. 2012;35(4):1061–75. PMID: 
22639176. PMCID: PMC3705103. https://doi.org/10.1007/s11357-012-
9428-4.

56. Loh DR, Tan RS, Lim WS, Koh AS. Cardio-sarcopenia: A syndrome 
of concern in aging. Front Med (Lausanne). 2022;9:1027466. PMID: 
36388892. PMCID: PMC9640679. https://doi.org/10.3389/fmed.2022. 
1027466.

57. Caulfield L, Heslop P, Walesby KE, Sumukadas D, Sayer AA, 
Witham MD. Effect of angiotensin system inhibitors on physical 
performance in older people – a systematic review and meta-analysis. 
J Am Med Dir Assoc. 2021;22(6):1215-21.e2. PMID: 32859513. PMCID: 
PMC8189253. https://doi.org/10.1016/j.jamda.2020.07.012.

58. Burnier M, Egan BM. Adherence in hypertension. Circ Res. 
2019;124(7):1124–40. PMID: 30920917. https://doi.org/10.1161/
CIRCRESAHA.118.313220.

59. Burks TN, Andres-Mateos E, Marx R, et al. Losartan restores skeletal 
muscle remodeling and protects against disuse atrophy in sarcopenia. 
Sci Transl Med. 2011;3(82):82ra37. PMID: 21562229. PMCID: 
PMC3140459. https://doi.org/10.1126/scitranslmed.3002227.

60. Lin CH, Chang PC, Chu PH, Chuang YF, Huang RC, Chen CN. 
Effects of losartan and exercise on muscle mass and exercise endurance 
of old mice. Exp Gerontol. 2022;165:111869. PMID: 35710057. https://
doi.org/10.1016/j.exger.2022.111869.

61. Ng TP, Nguyen TN, Gao Q, Nyunt MS, Yap KB, Wee SL. Angiotensin 
receptor blockers use and changes in frailty, muscle mass, and 
function indexes: Singapore Longitudinal Ageing Study. JCSM Rapid 
Communications. 2021;4(2):111–21. https://doi.org/10.1002/rco2.31.

62. Lee JL, Zhang C, Westbrook R, et al. Serum concentrations of 
losartan metabolites correlate with improved physical function 
in a pilot study of prefrail older adults. J Gerontol A Biol Sci Med 
Sci. 2022;77(12):2356–66. PMID: 35511890. PMCID: PMC9799219. 
https://doi.org/10.1093/gerona/glac102.

63. Bea JW, Wassertheil-Smoller S, Wertheim BC, et al. Associations 
between ACE-inhibitors, angiotensin receptor blockers, and lean 
body mass in community dwelling older women. J Aging Res. 2018: 
8491092. PMID: 29670769. PMCID: PMC5836326. https://doi.org/ 
10.1155/2018/8491092.

64. Burniston J, Saini A, Tan L, Goldspink D. Aldosterone induces 
myocyte apoptosis in the heart and skeletal muscles of rats in vivo. 
J Mol Cell Cardiol. 2005;39(2):395–9. PMID: 15907929. https://doi.
org/10.1016/j.yjmcc.2005.04.001.

65. Farquharson CA, Struthers AD. Spironolactone increases nitric 
oxide bioactivity, improves endothelial vasodilator dysfunction, 
and suppresses vascular angiotensin I/angiotensin II conversion in 
patients with chronic heart failure. Circulation. 2000;101(6):594–7. 
PMID: 10673249. https://doi.org/10.1161/01.cir.101.6.594.

66. Edelmann F, Wachter R, Schmidt AG, et al. Effect of spironolactone 
on diastolic function and exercise capacity in patients with heart 

24. Costamagna D, Costelli P, Sampaolesi M, Penna F. Role of 
Inflammation in Muscle Homeostasis and Myogenesis. Mediators 
Inflamm. 2015;2015:805172. PMID: 26508819. PMCID: PMC4609834. 
htpps://doi.org/10.1155/2015/805172.

25. Reiss AB, Siegart NM, De Leon J. Interleukin-6 in atherosclerosis: 
atherogenic or atheroprotective? Clin Lipidol. 2017;12(1):14–23. 
https://doi.org/10.1080/17584299.2017.1319787.

26. Tap L, Kirkham FA, Mattace-Raso F, Joly L, Rajkumar C, Benetos A. 
Unraveling the links underlying arterial stiffness, bone demineralization, 
and muscle loss. Hypertension. 2020;76(3):629–39. PMID: 32755468. 
https://doi.org/10.1161/HYPERTENSIONAHA.120.15184.

27. Tyrrell DJ, Goldstein DR. Ageing and atherosclerosis: Vascular intrinsic 
and extrinsic factors and potential role of IL-6. Nat Rev Cardiol. 
2020;18(1):58–68. PMID: 32918047. PMCID: PMC7484613. https://doi.
org/10.1038/s41569-020-0431-7.

28. Yoon S-K, Kim H-N, Song S-W. Associations of skeletal muscle mass 
with atherosclerosis and inflammatory markers in Korean adults. 
Arch Gerontol Geriatr. 2020;90:104163. PMID: 32629371. https://doi.
org/10.1016/j.archger.2020.104163.

29. Curcio F, Testa G, Liguori I, et al. Sarcopenia and heart failure. 
Nutrients. 2020;12(1):211. PMID: 31947528. PMCID: PMC7019352. 
https://doi.org/10.3390/nu12010211.

30. McKellar GE, McCarey DW, Sattar N, McInnes IB. Role for TNF 
in atherosclerosis? Lessons from autoimmune disease. Nat Rev 
Cardiol. 2009;6(6):410–7. PMID: 19421244. https://doi.org/10.1038/
nrcardio.2009.57.

31. Dalle S, Rossmeislova L, Koppo K. The role of inflammation in age-
related sarcopenia. Frontiers in Physiology. 2017;8:1045. PMID: 
29311975. PMCID: PMC5733049. https://doi.org/10.3389/fphys. 
2017.01045.

32. Liguori I, Russo G, Curcio F, et al. Oxidative stress, aging, and 
diseases. Clin Interv Aging. 2018;13:757–72. PMID: 29731617. PMCID: 
PMC5927356. https://doi.org/10.2147/CIA.S158513.

33. Tsutsui H, Kinugawa S, Matsushima S. Oxidative stress and heart 
failure. Am J Physiol Heart Circ Physiol. 2011;301(6):H2181-90. 
PMID: 21949114. https://doi.org/10.1152/ajpheart.00554.2011. 

34. Giannitsi S, Maria B, Bechlioulis A, Naka K. Endothelial dysfunction 
and heart failure: A review of the existing bibliography with 
emphasis on flow mediated dilation. JRSM Cardiovasc Dis. 
2019;8:204800401984304. PMID: 31007907. PMCID: PMC6460884. 
https://doi.org/10.1177/2048004019843047.

35. dos Santos MR, Saitoh M, Ebner N, et al. Sarcopenia and endothelial 
function in patients with chronic heart failure: Results from the studies 
investigating comorbidities aggravating heart failure (SICA-HF). 
J Am Med Dir Assoc. 2017;18(3):240–5. PMID: 27816483. https://doi.
org/ 10.1016/j.jamda.2016.09.006.

36. Lena A, Anker MS, Springer J. Muscle wasting and sarcopenia in 
heart failure—the current state of science. Int J Mol Sci. 2020;21(18): 
6549. PMID: 32911600. PMCID: PMC7555939. https://doi.org/10.3390/
ijms21186549.

37. Feike Y, Zhijie L, Wei C. Advances in research on pharmacotherapy 
of sarcopenia. Aging Med (Milton). 2021;4(3):221-33. PMID: 34553120. 
PMCID: PMC8444957. https://doi.org/10.1002/agm2.12168.

38. Kim YS, Sainz RD, Summers RJ, Molenaar P. Cimaterol reduces 
β-adrenergic receptor density in rat skeletal muscles. J Anim Sci. 
1992;70(1):115–22. PMID: 1374751. https://doi.org/10.2527/1992.701115x.

39. Fonseca GWPD, Santos MRD, Souza FR, et al. Sympatho-vagal 
imbalance is associated with sarcopenia in male patients with heart 
failure. Arq Bras Cardiol. 2019;112(6):739-46. PMID: 30970141. PMCID: 
PMC6636362. https://doi.org/10.5935/abc.20190061.

40. Kontoleon PE, Anastasiou-Nana MI, Papapetrou PD, Alexopoulos G, 
Ktenas V, Rapti AC, et al. Hormonal profile in patients with congestive 
heart failure. International Journal of Cardiology. 2003;87(2-3):179–83. 

41. Cicoira M, Kalra PR, Anker SD. Growth hormone resistance in chronic 
heart failure and its therapeutic implications. Journal of Cardiac 
Failure. 2003;9(3):219–26. 

42. Breitbart A, Auger-Messier M, Molkentin JD, Heineke J. Myostatin 
from the heart: Local and systemic actions in cardiac failure and 
muscle wasting. Am J Physiol Heart Circ Physiol. 2011;300(6): 
H1973-82.PMID: 21421824. PMCID: PMC3119101. https://doi.org/ 
10.1152/ajpheart.00200.2011.

43. Sharma M, Kambadur R, Matthews KG, et al. Myostatin, a 
transforming growth factor-beta superfamily member, is expressed 
in heart muscle and is upregulated in cardiomyocytes after infarct. J 
Cell Physiol. 1999;180(1):1-9. PMID: 10362012. https://doi.org/10.1002/
(SICI)1097-4652(199907)180:1<1::AID-JCP1>3.0.CO;2-V.

44. Gruson D, Ahn SA, Ketelslegers JM, Rousseau MF. Increased 
plasma myostatin in heart failure. Eur J Heart Fail. 2011;13(7):734-6. 
PMID: 21467027. https://doi.org/10.1093/eurjhf/hfr024.

45. Amare H, Hamza L, Asefa H. Malnutrition and associated factors 
among heart failure patients on follow up at Jimma University 
Specialized Hospital, Ethiopia. BMC Cardiovasc Disord. 2015;15(1): 
128.PMID: 26471898. PMCID: PMC4608297. https://doi.org/10.1186/
s12872-015-0111-4.



10

www.asean-endocrinejournal.org

Frederick Rivera, et al Interrelationship of Sarcopenia and Cardiovascular Diseases

review and meta-analysis. J Am Geriatrics Soc. 2011;59(12):2291–300. 
PMID: 22188076. https://doi.org/10.1111/j.1532-5415.2011.03733.x.

82. Murphy CH, Oikawa SY, Phillips SM. Dietary protein to maintain 
muscle mass in aging: A case for per-meal protein recommendations. 
J Frailty Aging. 2016;5(1):49-58. PMID: 26980369. https://doi.org/ 
10.14283/jfa.2016.80. 

83. Deer RR, Volpi E. Protein intake and muscle function in older adults. 
Curr Opin Clin Nutr Metab Care. 2015;18(3):248–53. PMID: 25807346. 
PMCID: PMC4394186. https://doi.org/10.1097/MCO.0000000000000162. 

84. Moore DR, Churchward-Venne TA, Witard O, et al. Protein ingestion 
to stimulate myofibrillar protein synthesis requires greater relative 
protein intakes in healthy older versus younger men. J Gerontol 
A Biol Sci Med Sci. 2014;70(1):57–62. PMID: 25056502. https://doi.
org/10.1093/gerona/glu103.

85. Lancha AH, Zanella R, Tanabe SG, Andriamihaja M, Blachier F. 
Dietary protein supplementation in the elderly for limiting muscle 
mass loss. Amino Acids. 2016;49(1):33–47. PMID: 27807658. https://doi.
org/10.1007/s00726-016-2355-4.

86. Hamarsland H, Nordengen AL, Nyvik Aas S, et al. Native whey 
protein with high levels of leucine results in similar post-exercise 
muscular anabolic responses as regular whey protein: a randomized 
controlled trial. J Int Soc Sports Nutr. 2017;14:43. PMID: 29200982. 
PMCID: PMC5697397. https://doi.org/10.1186/s12970-017-0202-y.

87. Lowery RP, Joy JM, Rathmacher JA, et al. Interaction of beta-hydroxy-
beta-methylbutyrate free acid and adenosine triphosphate on 
muscle mass, strength, and power in resistance trained individuals. 
J Strength Cond Res. 2016;30(7):1843–54. PMID: 24714541. https://doi.
org/10.1519/JSC.0000000000000482.

88. Holeček M. Beta-hydroxy-beta-methylbutyrate supplementation 
and skeletal muscle in healthy and muscle-wasting conditions. J 
Cachexia Sarcopenia Muscle. 2017;8(4):529–41. PMID: 28493406. 
PMCID: PMC5566641. https://doi.org/10.1002/jcsm.12208.

89. Rossi AP, D’Introno A, Rubele S, et al. The potential of β-hydroxy-
β-methylbutyrate as a new strategy for the management of 
Sarcopenia and sarcopenic obesity. Drugs Aging. 2017;34(11):833–40. 
PMID: 29086232. https://doi.org/10.1007/s40266-017-0496-0. 

90. Silva VR, Belozo FL, Micheletti TO, et al. Β-hydroxy-β-methylbutyrate 
free acid supplementation may improve recovery and muscle 
adaptations after resistance training: A systematic review. Nutr 
Res. 2017;45:1–9. PMID: 29037326. https://doi.org/10.1016/j.nutres. 
2017.07.008.

91. Costa Riela Nde, Alvim Guimarães MM, Oliveira de Almeida 
D, Araujo EM. Effects of beta-hydroxy-beta-methylbutyrate 
supplementation on elderly body composition and muscle strength: 
A review of clinical trials. Ann Nutr Metab. 2021;77(1):16–22.
PMID: 33709969. https://doi.org/10.1159/000514236.

92. Bacurau AVN, Jannig PR, de Moraes WMAM, et al. AKT/mTOR 
pathway contributes to skeletal muscle anti-atrophic effect of 
aerobic exercise training in heart failure mice. Int J Cardiol. 2016;214: 
137–47. PMID: 27060274. https://doi.org/016.03.071.

93. Pearson MJ, Mungovan SF, Smart NA. Effect of aerobic and 
resistance training on inflammatory markers in heart failure patients: 
Systematic Review and meta-analysis. Heart Fail Rev. 2018;23(2): 
209–23. PMID: 29392623. https://doi.org/10.1007/s10741-018-9677-0

94. Smart N, Steele M. Exercise training in hemodialysis patients: 
A systematic review and meta-analysis. Nephrology. 2011; 16(7): 
626-32. PMID: 21557787. https://doi.org/7.2011.01471.x.

95. Gielen S, Sandri M, Kozarez I, et al. Exercise training attenuates 
MURF-1 expression in the skeletal muscle of patients with chronic 
heart failure independent of age. Circulation. 2012;125(22):2716–
27. PMID: 22565934. https://doi.org/10.1161/CIRCULATIONAHA.111. 
047381.

96. Lenk K, Erbs S, Höllriegel R, et al. Exercise training leads to a 
reduction of elevated myostatin levels in patients with chronic heart 
failure. Eur J Prev Cardiol. 2011;19(3):404–11. PMID: 21450574. 
https://doi.org/10.1177/1741826711402735.

failure with preserved ejection fraction. JAMA. 2013;309(8):781. PMID: 
23443441. https://doi.org/10.1001/jama.2013.905.

67. Burton LA, Sumukadas D, Witham MD, Struthers AD, McMurdo 
MET. Effect of spironolactone on physical performance in older 
people with self-reported physical disability. Am J Med. 2013; 
126(7):590–7. PMID: 23706520. PMCID: PMC3695565. https://doi.
org/10.1016/j.amjmed.2012.11.032.

68. Lim SY. Role of statins in coronary artery disease. Chonnam Med 
J. 2013;49(1):1–6. PMID: 23678470. PMCID: PMC3651980. https://
doi.org/10.4068/cmj.2013.49.1.1.

69. Sahebkar A, Cicero AFG, Di Giosia P, et al. Pathophysiological 
mechanisms of statin-associated myopathies: Possible role of the 
ubiquitin-proteasome system. J Cachexia Sarcopenia Muscle. 
2020;11(5):1177–86. PMID: 32743965. PMCID: PMC7567138. https://
doi.org/10.1002/jcsm.12579.

70. Harada, H, Nishiyama, Y, Niiyama, H, Katoh, A, Kai, H. Angiotensin 
II receptor blocker and statin combination therapy associated with 
higher skeletal muscle index in patients with cardiovascular disease: 
A retrospective study. J Clin Pharm Ther. 2022;47(1):89–96. PMID: 
34668212. https://doi.org/10.1111/jcpt.13540.

71. Valdiviesso R, Sousa-Santos AR, Azevedo LF, et al. Statins are 
associated with reduced likelihood of sarcopenia in a sample of heart 
failure outpatients: A cross-sectional study. BMC Cardiovasc Disord. 
2022;22(1):356. PMID: 35931947. PMCID: PMC9354359. https://doi.
org/10.1186/s12872-022-02804-5.

72. Clark AL, Coats AJS, Krum H, et al. Effect of beta-adrenergic 
blockade with carvedilol on cachexia in severe chronic heart failure: 
Results from the Copernicus trial. J Cachexia Sarcopenia Muscle. 
2017;8(4):549–56. PMID: 28244261. PMCID: PMC5566644. https://doi.
org10.1002/jcsm.12191.

73. Lainscak M, Keber I, Anker SD. Body composition changes in 
patients with systolic heart failure treated with beta blockers: A pilot 
study. Int J Cardiol. 2006;106(3):319–22. PMID: 16337039. https://
doi.org/10.1016/j.ijcard.2005.01.061.

74. Bian A, Ma Y, Zhou X, et al. Association between sarcopenia and 
levels of growth hormone and insulin-like growth factor-1 in the 
elderly. BMC Musculoskelet Disord. 2020;21(1):214. PMID: 32264885. 
PMCID: PMC7140321. https://doi.org/10.1186/s12891-020-03236-y.

75. Onder G, Liperoti R, Russo A, et al. Body mass index, free insulin-
like growth factor I, and physical function among older adults: Results 
from the IlSIRENTE study. Am J Physiol Endocrinol Metab. 2006;291(4). 

76. Caminiti G, Volterrani M, Iellamo F, et al. Effect of long-acting 
testosterone treatment on functional exercise capacity, skeletal muscle 
performance, insulin resistance, and baroreflex sensitivity in elderly 
patients with chronic heart failure. J Am Coll Cardiol. 2009;54(10): 
919–27. PMID: 19712802. https://doi.org/10.1016/j.jacc.2009.04.078.

77. Pugh PJ, Jones RD, West JN, Jones TH, Channer KS. Testosterone 
treatment for men with chronic heart failure. Heart. 2004;90(4): 
446–7. PMID: 15020527. PMCID: PMC1768161. https://doi.org/10.1136/
hrt.2003.014639.

78. Neil D, Clark RV, Magee M, Billiard J, Chan A, Xue Z, et al. 
GSK2881078, a SARM, produces dose-dependent increases in 
lean mass in healthy older men and women. J Clin Endocrinol 
Metab.2018;103(9):3215–24. PMID: 29982690. https://doi.org/10.1210/
jc.2017-02644.

79. Chisamore MJ, Gentile MA, Dillon GM, Baran M, Gambone C, Riley 
S, et al. A novel selective androgen receptor modulator (SARM) MK-
4541 exerts anti-androgenic activity in the prostate cancer xenograft 
R–3327G and anabolic activity on skeletal muscle mass & function 
in castrated mice. J Steroid Biochem Mol Biol. 2016;163:88–97. PMID: 
27106747. https://doi.org/10.1016/j.jsbmb.2016.04.007.

80. Barazzoni R, Cappellari GG, Palus S, et al. Acylated ghrelin treatment 
normalizes skeletal muscle mitochondrial oxidative capacity 
and Akt phosphorylation in rat chronic heart failure. J Cachexia 
Sarcopenia Muscle. 2017;8(6):991–8. PMID: 29098797. PMCID: 
PMC5700435. https://doi.org/10.1002/jcsm.12254.

81. Muir SW, Montero-Odasso M. Effect of vitamin D supplementation 
on muscle strength, gait and balance in older adults: A systematic 

Authors are required to accomplish, sign and submit scanned copies of the JAFES Author Form consisting of: (1) Authorship Certification, that authors contributed 
substantially to the work, that the manuscript has been read and approved by all authors, and that the requirements for authorship have been met by each author; (2) 
the Author Declaration, that the article represents original material that is not being considered for publication or has not been published or accepted for publication 
elsewhere, that the article does not infringe or violate any copyrights or intellectual property rights, and that no references have been made to predatory/suspected 
predatory journals; (3) the Author Contribution Disclosure, which lists the specific contributions of authors; (4) the Author Publishing Agreement which retains 
author copyright, grants publishing and distribution rights to JAFES, and allows JAFES to apply and enforce an Attribution-Non-Commercial Creative Commons 
user license; and (5) the Conversion to Visual Abstracts (*optional for original articles only) to improve dissemination to practitioners and lay readers Authors are 
also required to accomplish, sign, and submit the signed ICMJE form for Disclosure of Potential Conflicts of Interest. For original articles, authors are required to 
submit a scanned copy of the Ethics Review Approval of their research as well as registration in trial registries as appropriate. For manuscripts reporting data from 
studies involving animals, authors are required to submit a scanned copy of the Institutional Animal Care and Use Committee approval. For Case Reports or Series, 
and Images in Endocrinology, consent forms, are required for the publication of information about patients; otherwise, appropriate ethical clearance has been 
obtained from the institutional review board. Articles and any other material published in the JAFES represent the work of the author(s) and should not be construed 
to reflect the opinions of the Editors or the Publisher.


