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Abstract

Statin treatment in association with physical exercise
practice can substantially reduce cardiovascular mortality
risk of dyslipidemic individuals, but this practice is associated
with myopathic event exacerbation. This study aimed to
present the most recent results of specific literature about
the effects of statins and its association with physical exercise
on skeletal musculature. Thus, a literature review was
performed using PubMed and SciELO databases, through
the combination of the keywords “statin” AND “exercise”
AND “muscle”, restricting the selection to original studies
published between January 1990 and November 2013.
Sixteen studies evaluating the effects of statins in association
with acute or chronic exercises on skeletal muscle were
analyzed. Study results indicate that athletes using statins
can experience deleterious effects on skeletal muscle, as the
exacerbation of skeletal muscle injuries are more frequent
with intense training or acute eccentric and strenuous
exercises. Moderate physical training, in turn, when
associated to statins does not increase creatine kinase levels
or pain reports, but improves muscle and metabolic functions
as a consequence of training. Therefore, it is suggested that
dyslipidemic patients undergoing statin treatment should
be exposed to moderate aerobic training in combination to
resistance exercises three times a week, and the provision
of physical training prior to drug administration is desirable,
whenever possible.

Introduction

High serum lipoprotein levels are recognized as one of the
most significant risk factors for cardiovascular diseases. Alone,
lipid abnormalities are accountable for 56% of heart disease and
18% of cases of infarction, being also associated to one third of
deaths worldwide . Due to the magnitude of its effects, great
efforts have been made by the medical community to prevent
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and control this metabolic condition, with the therapeutic
strategies recommended by the Brazilian Society of Cardiology
(SBC) and adopted by area specialists being such as encouraging
the adoption of healthy eating, increased physical exercise and
drug prescription®>.

Specifically on the drug therapy, inhibitors of 3-hydroxy-3-
methylglutaryl coenzyme A reductase, (HMG-CoA reductase),
also known as statins, are most effective class of drugs for the
treatment of lipid disorders**. Recent evidence indicates that
the combination of medical treatment and physical exercise
can substantially reduce the risk of cardiovascular mortality
in dyslipidemic patients when compared to both treatments
separately, suggesting that treatment with statins associated
with moderate to high physical fitness level provides additional
protection against premature cardiovascular death®.

However, the use of statins is associated with the
occurrence of undesirable muscle effects such as muscular
pain, cramps, and/or stiffness®®, as well as reduced muscle
strength in elderly individuals®. The practice of physical
exercises, in turn, is related to the exacerbation of these
discomforts, being directly associated with the intensity
of the physical effort performed”®. Evidently, this situation
presents as a paradox, as it is not desirable that lack of
physical activity be a prerequisite for treatment with statins
without complications. It is thus necessary to further
assess the evidence of this association, as well as clarify
the mechanisms by which these effects are mediated.
Considering these facts, the aim of this study was to
review recent data from specific technical literature on
the effects of statins and physical exercise combination
on skeletal muscle.

Methods

The survey was carried out in the databases PubMed
and Scientific Electronic Library Online (SciELO), using
the combination of the terms "statin / statins" AND
"exercise" AND "muscle" (as well as the equivalent terms in
Portuguese), Only original articles in English or Portuguese,
published between January 1990 and November 2013 that
aimed to evaluate the effect of the association of statins
with acute or chronic exercise on skeletal muscle were
selected for this update. Review studies, editorials, letters
and consensuses were not included. A total of 109 articles
were found in the PubMed search, of which 15 were
original articles that comprised the established criteria;
the search in SciELO, in turn, resulted in a single original
article, totaling 16 articles analyzed.
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Data on the sample (sample size, gender, age and study
groups), on the specific characteristics of the drug therapy
(statin type and dose), the physical exercise protocol (type
and intensity of exercise, and time of intervention) were
extracted from the articles, as well as the results and the
conclusions of the studies.

Results and Discussion

The results of the present study are described in the text and
systematized in Chart 1. As the understanding of the effect of
statins on skeletal muscle is critical to understand the effects
of its association with exercise, it was considered important
to contextualize the reader about such aspects and, therefore,
the results are shown as two topics.

Statins and skeletal muscle

Statins work by inhibiting the activity of HMG-CoA reductase
enzyme, preventing the formation of mevalonate (Figure 1),
which leads to a reduction in the liver synthesis of cholesterol
and, consequently, increased synthesis of low-density
lipoprotein (LDL) receptors in hepatocytes, thereby increasing
its uptake from circulation to restore intracellular cholesterol™.
Although well tolerated by most patients, statins are associated
with the occurrence of muscle toxicity'""'?, which may be mild
or severe, ranging from myalgia to rhabdomyolysis, and affecting
5 to 10% of patients®®2.

According to Parker and Thompson™, identifying the actual
incidence of muscle alterations caused by the use of statins may
be considered practically impossible, as these problems are
usually not evaluated in clinical trials funded by pharmaceutical
industries. They point out, however, that clinical reports have
confirmed the suspicion that muscle injuries produced by
statins are much more frequent. In fact, retrospective studies
in medical records have indicated that musculoskeletal injuries
and pain are more common amongstatin users when compared
to non-users', with a high number of reports associated with
statins as primary suspects'.

A randomized clinical trial on the use of atorvastatin
(80 mg/day) or placebo for 6 months using a double-blind'®
design found a higher incidence of myalgia among treated
individuals and only the symptomatic ones had decreased
muscle strength/resistance values'”, with no association being
observed between creatine kinase (CK) increases and muscle
function, indicating that the levels of this injury marker are
not predictive of muscle symptoms associated with statins'.
This evidence indicates that statins can cause muscle damage
to its users; however, the discrepancy on how to identify such
alterations limits the identification of their incidence”'2.

The most prevalent theories about the mechanisms of
muscle damage by statins are related to the inhibition of
mevalonate formation by the drug, which, in turn, limits
the formation of several intermediates in cholesterol
biosynthesis (Figure 1), such as ubiquinone (coenzyme
Q10), one of the intermediates in the mitochondrial
electron transport chain'?'. Although there is evidence
regarding mitochondrial dysfunction due to coenzyme
Q10 deficiency (CoQ10)*, this mechanism of muscle
injury by statins is quite controversial in the literature, as

ubiquinone supplementation has not shown to improve
muscle function?, suggesting possible direct effects of the
drug on muscle.

A study of the extensor digitorum longus (EDL) muscle of
rats (n = 32) indicated that drug treatment with lipid-lowering
drugs alters the expression of proteins involved in cellular
defense against oxidative stress, also being observed a
significant reduction in the expression of oxidative and
glycolytic enzymes, and showing a therapy trend of modifying
proteins associated with energy supply systems?*.

Similarly, Bouitbir et al.?>?¢ found that low doses of
atorvastatin may increase the production and concentration
of Reactive Oxygen Species (ROS) and reduce the maximum
mitochondrial respiration, muscle glycogen content and
mitochondrial DNA content in skeletal muscle of mice,
indicating that the statins may induce oxidative stress in skeletal
muscle and, consequently, cause mitochondrial dysfunction
due to reduction of its biogenesis.

Similar results have been found in research with
humans. In the study by Stringer et al.?”, it was found that
the skeletal muscles of symptomatic patients had lower
content of mitochondrial DNA than that of asymptomatic
ones, suggesting that statins can induce mitochondrial
DNA depletion. Moreover, Larsen et al.?® found that
individuals treated with simvastatin had reduced CoQ10
content, antioxidant proteins, compounds of complex IV
of the mitochondrial electron transport chain and type 1
fibers, when compared to their peers without medication,
suggesting that exposure to statins may limit the maximum
capacity of mitochondrial phosphorylation of skeletal
muscle. However, the mitochondrial alterations seem to
represent the early stage of the cascade of deleterious
mechanisms induced by statins. According to Sirvent
et al.’9293% alterations in the mitochondrial respiratory
chain result in depolarization of the mitochondrial
inner membrane, causing calcium extrusion, which in
turn would increase its sarcoplasmic concentrations
and overload the sarcoplasmic reticulum, resulting
in the so-called "calcium waves" and the consequent
statin-induced myotoxicity. Although isolated effects of
statins on calcium homeostasis have been reported in rat
muscles®” and in both symptomatic®?and asymptomatic??
individuals, apparently its dysregulation is, in fact, a
consequence of mitochondrial lesions.

In fact, in a recent study, Sirvent et al.>* observed that
the skeletal musculature of patients treated with statins,
symptomatic or not, showed alterations in complex | of
the electron transport chain, which modified mitochondrial
function and deregulated calcium homeostasis, confirming
their previous results observed in in vitro experiments.
Similar results were found in a double-blind randomized
clinical trial developed by Galtier et al.**, who found that
atorvastatin-induced muscle toxicity was associated with
a physiopathological mechanism, of which changes in
mitochondrial respiration caused by the drug resulted in
irregular calcium homeostasis .

Analyzed together, this evidence explains, in large part, statin-
induced myotoxicity: mitochondrial and calcium homeostasis
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Chart 1 - Description of the studies investigating the effect of statins and physical exercise on skeletal muscle

Reference Sample

Drug therapy

Physical exercise protocol

Results

Use of statins in athletes

Parker et al.¥” n = 80 individuals (597 and 219)

Different statin types and doses
(n=37)

Running a marathon

Increase in CK after 24
horas in the statin group

Statins and acute physical exercises

n =59 men (18-65 years)

38
Thompson et a. Double-blind randomized trial

n =10 men (27-28 years)
Double-blind crossover randomized
trial

Reust et al.*

n=79 men

40
Keams etal. Randomized trial

Panayiotou et al.*! n = 28 sedentary men (> 65 years)

Lovastatin (40 mg/day; n = 22) or
placebo (n = 27) for 5 weeks

Lovastatin (40 mg/day; n = 5) or
placebo (n = 5) for 30 days

Atorvastatin (10 mg/day, n = 42; or
80 mg/day, n = 37) for 5 weeks

Atorvastatin (10-80 mg/day; n = 14)
for = 1 year

Treadmill (45"; 15% incline; 65%
-
Elbow flexion (4;10 repetitions;
50% MF)

Treadmill (60’; 14% incline; 3
km/h)

Treadmill (3x15'; 15% incline;
65%HR )

Knee extension (5x8 maximum
EC; 2 sessions)

Increase in CK 24 and 48
hours after the walk in the
lovastatin group

Maintenance of CK after
lovastatin compared with
placebo

1 total CK, CK-MB and
muscular pain after
exercise

Similar muscular function
between groups

Different expression of

Urso et al. % n = 8 sedentary men (18-30 years) Atorvastatin (80 mg/day; n = 4) or Knee extension (300 EC) before genes from the PSU
' Randomized double-blind trial placebo (n = 4) for 4 weeks and after treatment pathway of catabolism and
of apoptosis
Statins and chronic physical exercises
Higher frequency of

n = 80 male rats (hyperlipidic diet,
n = 60; standard diet, n = 20) in
8 groups

Accioly et al.®

n = 48 female rats divided into

Seachrist et al.#
8 groups

Meex et al.®® n = 38 sedentary elderly men
n = 37 sedentary individuals with
Mikus et al.*® risk factor for MS (137 and 249;
25-59 years)
n = 31 sedentary individuals (15
Coen et al.¥ and 169; 40-65 years)

Randomized trial

Simvastatin (20 mg, n = 20),
Fluvastatin (10 mg, n = 20) or
placebo (n = 20)

Cerivastatin (0.1; 0.5; 1.0 mg/kg/day)

or placebo for 14 days

Different types and doses of statins
(n=14)

Simvastatin (40 mg/day) (n = 19)

Rosuvastatin (10 mg/day) for 20
weeks

Treadmill (60; 9.75 m/min)
5x/week for 8 weeks

Treadmill (257; 20 m/minute; 15°
of incline angle) 5x/week for
2 weeks

Cycloergometer (30’; 55%
ML) 2x/week and 8 resistance
exercises (3x8 repetitions; 55
and 75%) 1x/week, 12 weeks

Treadmill (45'; 60-75% rHR) 5x/
week for 12 weeks

Treadmill (207; 60-70% rHR) and
8 resistance exercises (70-80%
1MR), 3x/weeks for 10 weeks

morphological alterations
after statin, with or without
exercise

Exacerbation of
muscular degeneration;
mitochondrial involvement

Increase in ML, muscular
strength, muscular density
and mitochondrial function

in both groups

Increase in LM and
decrease in muscular
citrate synthase activity

Increase in CK 48 hours
after the 1% session;
absence of reports of pain/
fatigue

Mechanisms of muscular responses to statins and to physical exercises

n = 34 male rats divided into 4
groups

Bouitbir et al.®

n =10 subjects (57 and 59;

48
Wu et al. 35-69 years)

n = 14 users of statins (n =9

49
Hubal et al. symptomatic; n = 6 asymptomatic)

Meador and Huey® n =59 mice divided in 6 groups

n =20 male rats (trained, n = 10;

ithi 25
Bouitbir et al. sedentary, n = 10)

Atorvastatin (10 mg/kg/day; n = 18)
or placebo for 2 weeks

Different types and doses of statins
for 4 weeks

Simvastatin or Atorvastatin (10-80

mg) up to myalgia onset (2 weeks to

4 months)

Cerivastatin (1 mg/kg/day) or saline
solution (days 15-28)

Atorvastatin application (4, 10,
40, 100, 200 and 400 uM) to the
plantaris muscle

Treadmill (40’; 40 cm/s with
increase of 5 cm/s up to
exhaustion; 1 session)

Plantar flexion (40% ML) for 7" or
up to exhaustion

Sitting down and getting up
from a chair 300 times or up to
exhaustion

Running wheels (adapted: days
1-28; non-adapted: days 15-28)

Treadmill (30'; 40 cm/s; 15%
incline) for 10 days

Increase in ROS and
decrease in mitochondrial
respiration

Increase in time of
metabolic recovery and CK
maintenance

Decrease in the
expression of oxidative
phosphorylation genes and
of mitochondrial proteins in
symptomatic individuals

Adaptation to exercise
prevented loss of strength
and increased fatigue
associated with statin

Increased mitochondrial

tolerance to the drug and

decrease in production of
free radicals

CK: creatine kinase; HRmax: Maximum heart rate; MF: maximum force; CK-MB: cardiac creatine kinase; EC: eccentric contractions; UPS ubiquitin proteasome; ML: maximum
load; MS: metabolic syndrome; rHR: resting heart rate; LM: lean mass; MR: maximal repetition; ROS: Reactive Oxygen Species.
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Figure 1 - Cholesterol biosynthesis stages and statin action. The enzyme 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase catalyzes the conversion of
HMG-CoA into mevalonate; the action of inhibiting this enzyme by statins results in the reduction of cholesterol synthesis, as well as other intermediates (prenylated
proteins, dolichols and ubiquinone), which can contribute to muscle injury resulting from statin use. CoA: Coenzyme A; PP: pyrophosphate.

alterations are related to modifications in the production of proteins
activated by calcium, such as calpains and caspases, which in turn,
are directly related to the apoptotic processes, protein degradation
and muscle remodeling; in addition, this condition can modify the
excitation-contraction coupling of muscular fibers, causing episodes
of muscle weakness, pain and cramps'®*.

Effect of statins and exercise on skeletal muscle

The negative effects of statins on skeletal muscle, as well
as the reported reduction in exercise capacity caused by the
drug, culminate in the increasing dissemination of the theory
of lesion exacerbation caused by the association of statins
and exercise, which can be characterized as a limiting factor
for the recommendation of physical activity in dyslipidemic
patients. In an attempt to clarify these associations, the
literature search information is shown as subtopics, which
include the effects of statins in athletes and response to acute
and chronic exercises, as well as the mechanisms responsible
for muscle responses to this interaction.

Use of statins in athletes

Regarding physical exercises, it is important to understand
what the effects of statins are on athletes” musculature. In this
regard, Sinzinger and O'Grade’®® evaluated 22 professional
athletes of different modalities, all diagnosed with familial
hypercholesterolemia, which were followed for 8 years and
who received different classes of statins. Of the assessed athletes,
78% did not tolerate any of the administered compounds; the
experienced symptoms were similar between athletes and types
of statins administered to them and consisted of muscle pain,
cramps and weakness. After drug use cessation, symptoms
disappeared in all athletes after approximately 3 weeks.

In a more recent study, Parker et al.?” evaluated 37 athletes
that used statins for over 6 months and 43 control subjects,
before and after a marathon race. The results showed that
marathon runners that used statins had more significant
increases in CK levels 24 hours after the marathon completion
when compared to non-users. It is concluded that athletes may
experience deleterious effects on skeletal muscle when using
statins, as these may exacerbate muscle injury associated with
intense and strenuous exercise, both performed acutely or as
part of training (Chart 1).

Statins and acute physical exercises

The pioneering studies that aimed to identify the
exacerbation of muscle injury by exercise were double-blind
clinical trials randomized for the use of lovastatin (40 mg/day)
or placebo, carried out in adult men (n = 59, 18-65 years)*®
or young individuals (n = 10, 27-28 years)*, which found that
acute provision of eccentric and strenuous effort by walking
downbhill after a 4-week treatment with lovastatin (40 mg/day),
could increase’® or not*” serum CK levels. A more recent study
reproduced the abovementioned research protocol, in which
adult males (n = 79, age > 40 years) were randomly exposed
to doses of 10 or 80 mg of atorvastatin for 4 weeks, and
then submitted to an acute eccentric and strenuous exercise
session by walking downbhill. It was observed that exposure
to physical effort after the drug use increased CK levels and
reports of pain in both groups, with no significant differences
being identified between treatments with low or high dose*.
Together, the results a possible exacerbating effect of muscle
injury in response to these associations.

In contrast, a cross-sectional study that investigated the effects
of acute sessions of isokinetic eccentric exercises of the knee
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extensors (five series of eight maximal voluntary repetitions) on
muscle function of elderly men (n = 28, age > 65 years) treated
with atorvastatin (10-80 mg/ day) for more than one year, found
no differences in muscle function, in both moments, pre and
post-exercise, when compared to control patients. These results
indicated that the proposed eccentric exercise did not have a
negative impact on torque, range of motion and pain sensation
during squatting exercises and walking in statin users*'.

Similarly, the double-blind trial randomized for the use of
atorvastatin (80 mg/day) or placebo for 4 weeks in healthy men
(n = 8, age 18 to 30), in which Bear et al.** provided acute
strenuous exercise, characterized by 300 eccentric contractions
of the lower limbs before and after drug treatment, showed no
significant increases in CK levels with the combination of the
drug and the physical effort. However, it was observed that
this interaction increased the expression of genes involved
in protein catabolism and the ubiquitin proteasome (UPS)
pathway, changing the balance between protein breakdown
and muscle repair, indicating that the absence of changes in
CK may not reflect muscle tissue responses.

In general, the studies seem to indicate that men using
different statin classes, at low or high doses, show changes
in muscle function and injury markers when exposed to
acute sessions of eccentric and strenuous exercises walking
downbhill, but not with lower-limb eccentric exercises alone.
However, they warn that this reality does not rule out the
occurrence of possible structural and metabolic changes in
muscle tissue. It is also noteworthy that the heterogeneity
of methodological protocols, as well as the absence of
women in the studies significantly limits these conclusions,
indicating the need for further studies to satisfactorily
establish this association.

Statins and chronic physical exercises

Considering the body’s adaptation to training, it can
be assumed that muscle responses to chronic exercises
are different from those observed in acute exercises.
An experimental study with an animal model, which
evaluated the effects of 60 minutes of moderate aerobic
physical activity (9.75 m/min) on a treadmill, performed five
times a week for two months, concomitant with simvastatin
(20 mg/kg) and fluvastatin (20 mg/kg) treatment in rats
showed that the drug use caused mild to severe muscle
changes in the soleus muscle, which were more frequent
when the drug was associated with exercise®.

Similarly, in the study carried out with guinea pigs
performed by Seachrist et al.**, high doses of cerivastatin
were concomitantly administered to the practice of intense
physical exercise on a treadmill for 14 days. Results showed
that this association increased CK levels and exacerbated
degeneration of mitochondria and other organelles of
skeletal muscles. Evidence from animal studies indicated
that physical training, of both high and moderate intensity,
when associated with statin treatment at low or potentially
harmful doses, results in muscle damage. However, studies
performed in humans have shown different results.
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In the study performed by Meex et al.**, elderly men, users
or not of statins, were exposed to a 12-week training protocol,
characterized by the practice of moderate aerobic exercise
on a cycle ergometer and resistance exercises three times a
week, with the following parameters being evaluated: substrate
oxidation, phosphocreatine (PCr) recovery and expression
of proteins from the skeletal muscle mitochondrial electron
transport chain complex. The results of this study showed that
treatment with statins (atorvastatin, rosuvastatin, pravastatin
and simvastatin) at different doses did not limit the practice of
physical exercise or training-induced gains in muscle mass and
mitochondrial quality of those practicing exercises, indicating
that the proposed associations were safe.

When comparing previously sedentary adults with risk
factors for metabolic syndrome (n = 37, aged 25-59 years),
exposed to 12 weeks of moderate exercise on a treadmill,
performed five days a week, alone (n = 19 ) or associated
with the use of simvastatin (40 mg/ day, n = 18), Mikus et al.*
found that, although the association caused more significant
reductions in total cholesterol (TC) and LDL-cholesterol levels,
the increases in cardiorespiratory fitness and citrate synthase
enzyme activity of the vastus lateralis muscle, in response to
exercise, were attenuated in subjects treated with statins,
indicating that the drug may inhibit some of the body’s
adaptive responses to exercise. Despite their significance,
these results were obtained in the absence of a group treated
with statins only, which considerably limits the advance of
knowledge about the exacerbation of the deleterious effects
of statins by physical exercise.

In this regard, the present literature review found only
one study that assessed the effect of adding moderate
chronic exercise to regular treatment with rosuvastatin
(10 mg/day) in dyslipidemic adults of both sexes (n = 31,
aged 40-65 years). In this randomized clinical trial, it was
observed that both drug treatment and its association with
12 weeks of aerobic training on a treadmill and resistance
exercises, performed three times a week, led to significant
decreases in the participants’ lipid profile, with the reduction
in oxidized LDL more effective in individuals submitted to
exercises*. Statin users that practiced physical exercises had
an increase in maximum oxygen consumption compared to
their sedentary peers, with a similar effect observed for the
muscle strength variables, with no increase in CK levels or
the reports of pain, which demonstrates that this combination
results in health variable improvements with no additional
damage to the musculature of practitioners®.

In summary, it can be observed that treatment with statins,
both in elderly men and the general adult population, when
combined with 12 weeks of aerobic training with aerobic
and resistance exercises, does not increase reports of pain
or CK levels, in addition to leading to gains in muscle and
metabolic functions resulting from the training. Despite the
little evidence and the need for longer studies, with different
exercise modalities and training intensities, and the assessment
of alterations in muscle tissue, these results show that performing
moderate exercise during statin use is safe and more beneficial
than remaining sedentary.
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Mechanisms of muscle responses to statins and physical
exercises

To date, evidence from research indicates that the intense
training performed by athletes, as well as the practice of
eccentric and strenuous exercise may exacerbate muscle
injury caused by statin administration. In this regard,
Meador and Huey?' proposed, in their review study, some
of the mechanisms by which exercise exacerbates muscle
injury caused by statins. According to the authors, the
mitochondrial damage caused by statins, associated with
increased energy flow and glycogen depletion due to the
exercise, could be an exacerbation factor; however, they
add other possibilities, such as the activation of the protein
kinase pathway signaled by isoprenoids and stimulated by
muscle contraction, as well as increases in the UPS pathway
activity mediated by both statins and exercise.

In spite of this theoretical explanatory model of possible
muscle injury exacerbation mechanisms, the scientific
evidence to support these hypotheses is still scarce.
The increased expression of genes involved in protein
catabolism and UPS pathway was identified only in the
research Urso et al.*?, while mitochondrial damages and
energy supply disorders have been further explored, having
been verified in both the studies by Seachrist et al.*, as in
more recent studies.

In this regard, Bouitbir et al.? reported that rats treated with
atorvastatin (10 mg/ kg / day) showed mitochondrial function
loss in the plantar muscle. The exposure of these animals to an
exhaustive exercise test on a treadmill produced 226% more
ROS than in the placebo group, with a reduction in maximum
mitochondrial respiration (-39%) also being observed, which
was significantly associated with the shortest distance walked
in the test (r = 0.62; p <0.01). ROS are generated in the
mitochondria as a result of energy metabolism and their
increased production can cause damage to lipids, proteins and
cellular DNA, altering mitochondrial function and triggering
deleterious effects to muscle. These results indicate that
exhaustive exercise, associated with mitochondrial damage
resulting from treatment with statins, actually exacerbate
metabolic disorders in skeletal muscle, resulting in a more
oxidant status in this structure and, consequently, reducing
the effort capacity of the animals.

This disorder in the muscle energy supply system caused
by the use of statins has also been found in humans, as shown
in the work by Wu et al.*8, which characterized the kinetics
of PCr recovery after calf effort in individuals of both sexes
(n = 10, 35 to 69 years) treated with statins for 4 weeks.

The muscle PCr metabolic recovery rate is a parameter used
as an index of muscle oxidative capacity in vivo, with a longer
recovery time reflecting impaired oxidative phosphorylation
and/or mitochondrial ATP synthesis. The results showed that
exposure to statins did not alter CK levels, but resulted in a
significant increase in metabolic recovery time after effort
(from 28.1 to 55.4 seconds; p = 0.02), suggesting that this
drug may impair mitochondrial oxidative function, which
could explain the possible muscle involvement caused by its
association with physical exercise.

Despite evidence indicating non-selective mitochondrial
damage in the muscles of statin users, symptomatic individuals
are apparently more predisposed to lesions and show more
marked injury. In this regard, Hubal et al.*’ assessed the global
pattern of gene expression on skeletal muscle of patients of
both sexes that used myalgia-inducing statins (n = 9) or not
(n = 5) in response to eccentric exercise. After 4 months of
drug treatment, it was found that patients who had classic signs
and symptoms of myalgia had decreased NADH expression of
complex | of the electron transport chain, as well as decreased
succinate dehydrogenase in complex II, cytochrome c oxidase
in complex IV and ATP4B in complex V, indicating that pre-
existing deficiencies in energy production could contribute
to the development of symptoms caused by physical effort
during statin therapy*.

However, information about the association of statins to
moderate chronic exercise suggests that other responses may
occur, in addition to muscle injury exacerbation. According to
Meador and Huey?!, muscle adaptations caused by training,
such as increased heat shock protein protection (related to the
reduction in oxidative stress, apoptosis inhibition and muscle
injury attenuation), direct suppression of apoptotic factors
and increased mitochondrial biogenesis may result in muscle
injury attenuation. To test this hypothesis, the same authors
submitted mice to 14 days of combined treatment consisting
of physical exercise and statins, after a previous adaptation
of 14 days to exercise or physical inactivity and found that
the drug reduced muscle strength and fatigue resistance in
sedentary and non-adapted animals, when compared to
adapted ones, indicating that adaptation to exercise protects
the skeletal muscles against the deleterious effects of statins.

Similarly, Bouitbir et al.* found that training for 10 days on
a treadmill improved the oxidative and antioxidant capacity
of the plantar muscle in Wistar rats compared to sedentary
animals, and that in vitro exposure of the muscles of sedentary
animals to atorvastatin reduced the oxidative capacity in a
dose-dependent manner. However, they demonstrated that the
impaired mitochondrial function caused by drug exposure was
lower in the muscles of trained animals, indicating a protective
effect of physical exercise related to the improvement of
mitochondrial respiration and antioxidant capacity, aimed at
attenuating statin-induced oxidative stress.

The extrapolation of these results to humans seems to
suggest that physically active individuals prior to treatment
with statins may be protected from the deleterious drug effects,
indicating that the prescription of exercise training prior to
drug therapy with statins might be a preventive measure to
muscle effects. Despite the evidence, Bonfim et al.*" recently
found that many patients with dyslipidemia undergoing
treatment with statins are sedentary and, therefore, would
not be previously protected if they chose to carry out changes
in their lifestyle.

Practical contributions

In a recent review study, Opie®? briefly explored the
controversies between beneficial heart effects and myopathic
side effects of the statin and exercise association, outlining
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some practical guidelines for this situation. Based on the
findings of Kokkinos et al.>, who found that statin therapy
associated with a moderate-to-high physical fitness level
offers additional protection against premature cardiovascular
death, and a meta-analysis of prospective studies that assessed
the association of dose-response between exercise intensity
and cardiovascular protection, the author recommends
the practice of brisk walking for at least 3 hours a week to
maintain cardiovascular protection, but does not provide more
specifications regarding the intensity.

Considering the side effects on musculature, the author
proposes that dyslipidemic individuals using statins that have
their running capacity limited due to isolated muscle pain,
choose carrying out shorter or slower runs; however, he
emphasizes that the lack of evidence in the literature to deal
with cases where the pain is accompanied by an increase in
CK levels allows both the cessation or reduction in medication
dose, as well as reducing the intensity of exercise as possible
therapeutic measures, stressing the urgent need to perform
further research to find the balance between muscle symptoms
and cardiovascular protection levels®2.

In summary, considering the current state-of-the-art, it is
observed that the situations of muscle injury caused by statins
may be exacerbated by high-intensity physical training and
acute eccentric and strenuous exercises, while the chronic
practice of exercises at moderate intensity, both before and
concomitantly to treatment with statins, can attenuate the
injuries and even improve muscle function of the practitioners
(Figure 2). In this sense, it is suggested that dyslipidemic
patients on statins be exposed to aerobic exercises combined
with resistance exercises of moderate intensity, three days
a week. The provision of physical training prior to the
administration of drug treatment is desirable; however, in cases
when this is not feasible, we suggest caution in prescribing

physical activity during the first weeks, when strenuous and
eccentric exercises should be avoided.

Conclusion

The research evidence shows that intense training performed
by athletes, as well as the practice of eccentric and strenuous
exercises may exacerbate muscle injury resulting from the
administration of statins. On the other hand, chronic exercises
of moderate intensity, performed both before and concurrently
to treatment with statins, can attenuate the harmful effects and
improve muscle function in its practitioners.
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