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RESUMO

O papel daobesidade visceral nadoenca aterosclerética estd bem definido. Pelo contrdrio, aimportanciado misculo esquelético
ndo estd completamente esclarecido. O musculo é entendido hoje, como um 6rgdo enddcrino produtor de mioquinas comuma
accdodiretaem vdrios mecanismos fisioldgicos e fisiopatolégicos, incluindo a aterosclerose. As mioquinas reduzem a produgdo
da neo-intima, a expressdo de mediadores inflamatérios, o recrutamento de células inflamatérias e a formagdo de “foam
cells”. Os estudos epidemiolégicos demonstram uma associacdo entre a reducdo da massa muscular e adoenca cardiovascular.
A baixa massa muscular esta associada a aumento da prevaléncia da doenca corondria, calcificacdo adrtica, aterosclerose
carotidea, espessamento média-intima, estenose das artérias cerebrais e disfuncdo endotelial. Deste modo, os exercicios
deresisténcia, que causam hipertrofia muscular e aumentam a foca muscular, podem ter um papel na aterosclerose. Aingestdo
proteica, em particular pelosidosos parece ser critica paraa manutencdo da massa muscular e paraaumentar a sobrevivéncia.
O objetivo deste artigo é proceder a umarevisdo da literatura relativamente ao papel musculo esquelético na aterosclerose.
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ABSTRACT

The role of visceral obesity in atherosclerosis is well recognized by the medical community. On the contrary, the importance
of skeletal muscle is almost unknown. Muscle is nowadays understood as an endocrine organ producing myokines with direct action
in several physiological and pathological pathways, including atherosclerosis. The myokines reduce the formation of neointima,
expression of inflammatory mediators, the recruitment of inflammatory cells and the formation of foam cells. Epidemiological studies
are demonstrating the association between reduced muscle mass and cardiovascular atherosclerotic disease. Low muscle mass
is associated with an increased prevalence of coronary heart disease, aortic calcification, carotid atherosclerosis, carotid inti-
ma-media thickness, intracranial artery stenosis and endothelial dysfunction. In this way resistance training, which increases
the muscle size and strength may have a key role in atherosclerosis while endurance training alone might not. The time and type
of protein intake by older adults may be critical to the maintenance of muscle mass and to the increase survival. The objective of this
paperwas to performareview about the published literature in the last 13years about the role of skeletal muscle in atherosclerosis.
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INTRODUCTION

The role of skeletal muscle as an endocrine organ with
adirectroleinatherosclerosisis starting to be defined®3459),
Understanding the skeletal muscle has an extraordinary
importance in these days, due to the increased prevalence
of sarcopenia”. Sarcopenia is the loss of muscle mass
and function, and one of its causes is aging”). Sarcopenia
andsarcopeniaassociated with obesity are both linked with
cardiovasculardisease™. Define the primary care interven-
tion, such as the tailored nutrition and exercise could help
inthe prevention of cardiovascular disease.

METHODOLOGY

A systematic review was performed. Were included all kind
of articles published in english and Portuguese, from January
2005 till December 2018 in which the full text was available.
The words used in research were: Peripheral Arterial Disease

AND Skeletal Muscle, Peripheral Arterial Disease AND Sarcopenia,
Atherosclerosis AND Skeletal Muscle, Atherosclerosis AND Sarco-
penia, Carotid Artery Disease AND Skeletal Muscle, Carotid Artery
Disease e AND Sarcopenia, Coronary Artery Disease AND Skeletal

Muscle, Coronary Artery Disease AND Sarcopenia. The research

was conducted between December 2017 to January 2018.

RESULTADOS

1580articles were found. Afterreading the title and abstracts.
45 articles were selected. These articles were read and 32
were selected to write this paper.

DISCUSSION

Skeletal muscle as an endocrine organ

Skeletal muscle is nowadays understood as an endocrine
organ®?, [t has the capacity to produce hormone-like factor,
called myokines, that influence metabolism and organs®.
Myokines have an autocrine, paracrine and endocrine
actions®. They have major implications on metabolic and
otherproperties of muscle as wellas distalorgans®. They are
responsible for the protective actions of exercise® (Figure 1).
The myokines release is the biological explanation for the
metabolic and anti-inflammatory effect of exercise®.
Are examples of myokines: irisin, myostatin, myonectin,
interleukin (IL)-6, IL-15 and IL-83. The first muscle-derived
secreted protein to be described was IL-6©. IL-6 induces
glucose uptake and fatty acid B-oxidation in muscle, stimu-
lates hepatic gluconeogenesis and induces lipolysis®.w
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Therefore the skeletal muscle is responsible for body’s glucose
and lipid metabolism®®), Decreased muscle mass causes dete-
rioration of insulin sensitivity, which is an underlying risk
factor for atherosclerosis®©,

Skeletal muscle

Myokines

Myostatin, IL-8,  IL-15, Irisin
FGF21, Myonectin, IL-6, TNF-t

Figure 1 - Theresistance training and consequent skeletal

muscle contraction increases the myokines release.

Adapted from: PratesiA, TarantiniF, DiBari M. Skeletal muscle:
Anendocrine organ. Clin Cases Miner Bone Metab. 2013. doi:10.11138/
ccmbm/2013.10.1.011Skeletal muscle: an endocrine organ

IL-15 is a myokine induced by resistance training that nega-
tively regulates the visceral fat mass and increases the
insulin sensitivity821112 |rjsin is also released by skeletal
muscle in response to exercise and regulates the glucose and
lipids homeostasis®*3, Irisin, induces glucose uptake, causes
increased in energy expenditure and oxidative metabolism
in skeletal muscle, and modulates the expression of metabolic
enzymesandintermediates®. Inobese subjects the sericlevels
of irisin are reduced and are related with insulin sensitivity®.
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Sarcopenia

Sarcopenia is a progressive decline of skeletal muscle mass
andstrengththatis associated with age andis related to phys-
iological, metabolic and functional compromise®214151617),
From a structural point of view, there is mitochondrial
disfunction, reduction in size and number of muscle fibbers,
particularly type Iland decrease in protein synthesis®.

The number of patients with sarcopenia has been increasing
worldwide as aresult of the aging population, being a major
healthcare concern for older adults0),

A progressive loss of muscle mass occurs from approximately
40 years of age®>?), This loss has been estimated at about
8% per decade until the age of 70 years, after which the loss
increases to 15% perdecade®>519),

Sarcopenia is usually accompanied by physical inactivity,
decreased mobility, slow gait, functional decline, decrease
in quality of life and mortality®714151617), As the muscle is the
major “reserve”of ready available amino acids?”. Inadequate
muscle mass prior to surgery or to the onset of a disease may
impair the recovery orincrease the risk of mortality”.

The causes of sarcopenia with age are (Figure 2):
1.Aprogressive andirreversible neuron loss thatis associated
with age and contributes to the reduction in the fibernumber
and fiber mass®.

2. Modification of hormones production and sensitivity which
occurwithage, inparticulargrowth hormone, corticosteroids,
androgen and estrogens®’4, These hormones influence
the anabolic and the catabolic state of the muscle protein
metabolism®. For instance the reduction, in testosterone
level, associated with age causes a decrease in muscle mass
and bone strength, with anincreased risk of fractures®'®,
3.Withaging the synthesis of proteinis resistant to the anabolic
action of insulin®. Inversely, loss of skeletal muscle, which
is the largest insulin-responsive target tissue, may produce
insulin resistance that promotes cardiovascular disease®.
Other factors, such as nutritional deficiencies, insulin resis-
tance, cigarette smoking, chronic lung disease, oxidative
stress, inflammation and physical inactivity also contributes
to sarcopenia (Figure 2)>*9,

nutrition/Malabsorption

Inadequate

Age-related(primary)
Sex hormones appoptosis
mitochondrial dysfunction

Sarcopenia

&/ Cachexia

Disuse

R Endocrine

Immobility physical

inactivity zero Neuro-degenerative

gravity diseases
motor neuron loss

Corticosteroids, GH, IGF-1
abnormal thyroid finction
insulin resistance

Figure 2 - Causes of sarcopenia. Adapted from: Kim TN, Choi KM.
Sarcopenia: Definition, Epidemiology, and Pathophysiology.
2013:1-10.
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The loss of muscle mass and strength causes a reduction
in physical activity®. Sedentary life style plays a major role on
the loss of the muscle mass (Figure 2)*41®), They cause adecrease
in total of energy expenditures, which results in the accumula-
tion of fat mass®41929(Figure 3). Along with visceral fat
accumulation, loss of skeletal muscle, which is the largest insu-
lin-responsive target tissue, produces insulin resistance
promoting metabolic syndrome®. Theseimbalances are extreme
insome individuals, producing a condition that is a combination
of obesity and sarcopenia termed “sarcopenic obesity 12021,

Frailty syndrome

Sarcopenia

Visceral obesity

Figure 3 - Withaging thereis anincrease prevalence of sarcopenia,
as wellas, visceral obesity. Both are risk factor for atherosclerosis.
Adapted from: Freitas WM, Carvalho LSF, Moura FA, Sposito AC.
Atherosclerotic disease in octogenarians: A challenge for science
and clinical practice. Atherosclerosis. 2012;225(2):281-289.
doi:10.1016/j.atherosclerosis.2012.06.070
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Sarcopenia, “sarcopenic obesity” and atherosclerosis
Some studies support the association between the decrease
inskeletal muscle mass and cardiovascular diseasel*>61416.22.23),
The sarcopenic subjects have a higherincidence of cardiovascular
risk factors. The total cholesterol, LDL-cholesterol, systolic and
diastolic blood pressures are higher in patients with sarcopenia
thaninthose without sarcopenia®®. Sarcopenia often co-exists
with insulin resistance®2%, The mass and quality of skeletal
muscle are associated with glucose uptake and consequently
sarcopenia can induce the development of type 2 diabetes®?,

It was found that individuals with sarcopenia have higher
seric level of high sensitivity c reactive protein than those
without sarcopenia®®,

“Sarcopenic obesity” exacerbates even more the cardiovas-
cularrisk®®, A reduction in muscle mass results in lower total
energy expenditure, leading to the development of visceral
obesity329, Visceral fat accumulation, rises the levels
of inflammatory cytokines, increasing the skeletal muscle
catabolism29, The skeletal muscle mass decline, diminish
the myokine secretion, increasing the inflammation and
the insulin resistance®®, Combinations of these alterations
inhumoral factors mightinduce orincrease oxidative stress@®,
Oxidative stress is the key pathway in vascular endothelial
damage, leading to the development of atherosclerosis®®,
Dislipidemia, hypertension, insulin resistance, sedentarism,
obesity and high sensitivity c reactive protein are well known
risk factor for arteriosclerosis*®.

Clinical studies demonstrated an association between reduced
muscle mass and cardiovascular atherosclerotic disease®142223,
Low muscle mass is associated with an increased prevalence
of coronary heart disease, aortic calcification, carotid athero-
sclerosis, carotid intima-media thickness, intracranial artery
stenosis and endothelial dysfunction>61416.22) QOther studies,
also demonstrated that low urinary creatinine excretion
(anindirect measure of muscle mass) is related to major cardio-
vascularevents in general population®+24,

In sarcopenic patients, the muscle function — strength -
isevenmoreimportant than muscle mass. The strength reduc-
tionis associated with subclinical atherosclerosis, endothelial
dysfunction, carotid intima-media thickness, high morbidity
andmortality, in particular cardiovascular mortality14162526:27,
Sarcopenia is also strongly associated with peripheral arte-
rial disease*”). Patients with peripheral arterial disease (PAD)
have a lower psoas muscle area and muscle size compared
to non-PAD patients®, Older patients with peripheral arte-
rial disease have 10-40% less muscle mass compared
to age-matched control”. Particularly, in PAD the dysfunc-
tion of skeletal muscle is increased by two mechanisms:

Numero 02/ Volume 15/Junho 2019
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the muscle hypoxia consequently to atherosclerotic occlusive
disease induces muscle atrophy impairing its function”22);
the intermittent claudication pain and critical limb ischemia
inactivity decreases the physical movement increasing the risk
of “sarcopenic obesity"). Critical limb ischemia patients with
reduced skeletal muscle mass have also a worse survival when
comparedtocritical limbischemia patients without sarcopenia?®),
As an endocrine organ the skeletal muscle secretes several
myokines, some of them with a direct role in atherosclerosis.
Irisin is an example of a myokine (a soluble transmembrane
protein |) described in 2012, released by the skeletal muscle in
response toexercise®*322), [tinduces glucose uptake andregulates
the lipids homeostasis®*322), Some authors considered thatirisin
can prevent obesity and obesity-associated type 2 diabetes®.
Irisin reduces the formation of neointima, expression of inflam-
matory mediators (ICAM-1, VCAM- 1, MCP-1), the recruitment
of inflammatory cells and the formation of foam cells®3.
It preserves the endothelial cells integrity®3. In animal models
theirisin reduces the atherosclerosis in aorta®?. It has also been
proved that serumirisin is a significant independent predictor
for carotid atherosclerosis®®.

IL-15isamyokine induced by resistance training that negatively
regulates visceral fat mass, increases insulin sensitivity and
interferes with the lipid metabolism3.510.2930),
Follistatin-like 1 is another myokine that protects against
vascular and cardiac injury®. It controls vascular smooth
muscle cell proliferation endothelial cell apoptosis and neoin-
timal formation®.

Muscle mass isimportant for prevention of metabolic disease
andatherosclerosis®®). Therefore, the treatment of sarcopenia
may playanimportantrole inthe prevention of arteriosclerotic
diseases*'¥, Resistance training and nutritional therapies used
to treat sarcopenia will prevent cardiovascular events®),

Exercise training AND Food

Regularexercise, particularly resistance training, contributes
to the maintenance of muscle mass, reducing the sarcopenia
and the rate of functional declinet522),

Itis known that endurance exercise reduces the cardiovascular
mortality and morbidity®®°1®, More interesting is that resistance
training (which causes muscle hypertrophy and strength-
ening) also benefits the cardiovascular system®. It has been
proposed that the well-known protective actions of exercise
are due to increased secretion of myokines®21®, Contracting
skeletal muscles release myokines with endocrine actions, medi-
ating anti-inflammatory effects, reducing the visceral fat and
improving the metabolism®©229, The benefits of exercise go far
beyondthe molecular adaptations of working skeletal muscle®®,
The neuromuscular system have the ability to respond to heavy
loading, eveninsedentary older adults®. Sedentary people into

their 80s demonstrate anincrease in skeletal muscle mass and
strength after short-term resistance exercise.

Another interesting data, is that, resistance training have
a key role in sarcopenia, compared to the endurance exercise,
becauseitincreases the muscle size andstrength, while endur-
ance training alone might not63Y,

Besides physical activity, nutrition have also a role in sarco-
penia. The timing and type of protein intake by older adults may
be critical to the maintenance of muscle mass. Patient should
have an adequate high-quality protein intake®®. Maintenance
of muscle mass requires relatively high protein intake on the
order of 1.2 to 1.5 g/kg®®?. There is evidence that the current
recommended dietary for protein intake may not be adequate
to maintain optimal skeletal muscle health in older adults®.
Over the course of three years, the people who consumed
more than the recommended dietary allowance for protein of
0.8g/kg/day experienced the smallest losses of skeletal mass®.
In contrast, individuals who had the most significant muscle
atrophy consumed less quantities of proteins®. Moreover,
protein synthesis declines in the elderly, when meals contain
less protein or are ingested in conjunction with carbohydrates®.
Loss of appetite, anorexia, economic limitations, gastrointes-
tinal, taste, smellandsocial changes, contribute to adecrease
in protein intake in the elderly people®. Caloric insufficiency
canresults the loss of muscle mass, but excess of caloricintake
resultsin obesity and accelerates sarcopenia®.

Older adults have inadequate diet and do not practice reqular
exercise. The US Department of Agriculture’s Healthy Eating
Index indicates that 80% of adults over the age of 65 years
do not perform any in regular physical activity®. 88% do not
practice muscle strengthening exercises, which provide many
beneficial effects in skeletal muscle®. 80% of older must
decrease the consumption of saturated fats and increase the
protein and fibber intake®.

CONCLUSION

Skeletal muscle is understood as an endocrine organ,
producing myokines with direct action in several disease
pathways, including atherosclerosis. Due to the population
aging, the number of sarcopenic patients, particularly “sarco-
penic obese”is increasing, with a negative impact on athero-
sclerosis. Resistance training, diets rich in proteins and poor
in carbohydrates can have a role in atherosclerosis prevention.
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