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Abstract

Purpose of Review Hyperlipidemia is the major cardiovascular morbidity and mortality risk factor. Statins are the first-line
treatment for hyperlipidemia. Statin-associated muscle symptoms (SAMS) are the main reason for the discontinuation of
statins among patients. The purpose of this review is to guide clinicians to recognize the difference between self-limited and
autoimmune statin myopathy in addition to the factors that potentiate them. Finally, treatment strategies will be discussed.
This review mostly focuses on new data in the past 3 years.

Recent Findings Recent findings suggest that SAMS is a complex and multifactorial condition that involves mitochondrial
dysfunction, oxidative stress, and immune-mediated mechanisms. Effective management of SAMS requires a thorough evalu-
ation of the patient’s symptoms, risk factors, and medication history, as well as consideration of alternative treatment options.
Summary While statins are effective in reducing the risk of cardiovascular events, their use is associated with a range of

adverse effects, including SAMS.

Keywords Statins (HMG CoA reductase inhibitors) - Statin intolerance - Statin myopathy - SAMS - Self-limited statin

toxicity - Statin-induced IMNM

Introduction

Statins are commonly used for preventing or treating car-
diovascular diseases, which are the leading cause of death
and disability worldwide [1, 2]. Statins are a class of cho-
lesterol-lowering drugs and one of the most commonly
prescribed medications. They act to inhibit the enzyme 3-
hydroxy-3-methyl-glutaryl-coenzyme A reductase [2]. As
the most used class of lipid-modifying agents, statins have
seen a significant increase in their global use over the last
several years, with an annual compound rate of 4.13%, espe-
cially in Europe and North America [3, 4]. Statins are both
effective and generally safe. The most common side effect of
statins is associated muscle symptoms (SAMS). One-third
of statin users suffer from SAMS ranging from mild to mod-
erate muscle pain, weakness, or fatigue to life-threatening
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rhabdomyolysis or immune-mediated necrotizing myopa-
thy (IMNM) (Table 1). SAMS is the main reason for statin
discontinuation.

Clinical Phenotypes

Statin-associated muscle symptoms (SAMS) can be cat-
egorized into two primary groups. The initial classification
encompasses self-limited toxic statin myopathy, presenting a
spectrum from myalgia to the severe condition of rhabdomy-
olysis. The second group comprises statin-induced IMNM,
characterized by persistent muscle symptoms that persist
even upon discontinuation of statin therapy [6, 7].

Self-Limited Toxic Statin Myopathy

Self-limited statin myopathy includes myalgia with or with-
out mild CK elevation and rhabdomyolysis. Toxic statin
myopathy is caused by the direct effect of statins on the
muscle cells, leading to muscle damage and inflammation.
It usually occurs within the first few months of starting sta-
tin therapy. Still, it can also happen later and is more likely
to occur with higher doses of statins, or in combination
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Table 1 Spectrum of statin-associated muscle adverse events (adapted from 2014 National Lipid Association Task Force [5])

Term Clinical findings Histopathological findings
Myalgia Muscle symptoms which may range from an ache, stiff- None
ness, or tenderness to cramping or severe pain; may be
described as “flu-like” symptoms; with absence of CK
elevation
Myopathy Muscle weakness (not attributed to pain and CK may or ~ Variable findings: may be normal or show mitochondrial
may not be elevated) changes, atrophy, or inflammation
Myositis Muscle inflammation; weakness; muscle pain T cells > B cells; macrophages
Myonecrosis Muscle enzyme elevations Degeneration and regeneration with macrophages present

e Mild: > threefold the upper limit of normal adjusted for

age, race, and sex

and a paucity or absence of inflammation

e Moderate: > tenfold the upper limit of normal adjusted

for age, race, and sex

e Severe: > 50-fold the upper limit of normal adjusted for

age, race, and sex

Myonecrosis with myo-

globinuria (rhabdomy-
olysis)

Muscle symptoms with markedly elevated CK (typically
between 10- and 40-fold the upper limit of normal)
with possible renal insufficiency and myoglobinuria

Degeneration and regeneration with macrophages present
and a paucity or absence of inflammation

CK creatine kinase

with other drugs or factors that increase the blood levels of
statins. Toxic statin myopathy can be prevented or treated by
lowering the dose of statins, switching to a different type of
statin, avoiding drug interactions, or stopping statin therapy
altogether [7-9].

Rhabdomyolysis is a severe and potentially life-threaten-
ing response to certain medications. It typically manifests
with muscle problems such as weakness, muscle pain, and
the presence of dark urine. These symptoms may occur with
or without an increase in creatine kinase (CK) levels in the
blood. The connection between rhabdomyolysis and acute
renal failure (ARF) is crucial to understand, as ARF is the
most severe and immediately life-threatening consequence
of rhabdomyolysis. Approximately 10 to 40% of individuals
with rhabdomyolysis end up experiencing ARF, and as many
as 15% of all ARF cases can be traced back to rhabdomyoly-
sis as the underlying cause [10].

Statin-Induced IMNM

Many studies demonstrated a clear association between sta-
tin exposure and positive anti-HMGCR antibodies. In 2010,
the Johns Hopkins Cohort was the first to identify a novel
antibody against 100,200-kDa proteins. Subsequent stud-
ies confirmed that this autoantibody specifically recognizes
HMGCR, which is a 100-kDa protein forming 200-kDa
dimers as well. Notably, a significant 83.3% of individuals
aged 50 and above who had this condition were found to
have been using statins, in contrast to 25% of those with
dermatomyositis and 36.8% of those with polymyositis.
This suggests a potential link between statin usage and the
development of anti-HMGCR myopathy. They demonstrated

that 63% of patients with positive HMGCR antibodies had a
prior statin prescription [11ee, 12]. The differences between
self-limited statin myopathy and statin-induced IMNM are
shown in Table 2.

Statin Intolerance

Statin intolerance can refer to adverse symptoms that the
patient perceives as unacceptable and/or abnormal labo-
ratory tests that suggest undue risk that can be related to
statins and lead to discontinuation of statin therapy [13].
Generally, discontinuation of statin utilization due to mus-
cle complaints is more common than discontinuation due to
laboratory abnormalities [14, 15]. Statin intolerance (SI) is
defined differently by various organizations. The Interna-
tional Lipid Expert Panel (ILEP) defines it as the inability
to tolerate a dose of statin required to reduce an individual’s
cardiovascular risk sufficiently [15]. The National Lipid
Association (NLA) has a broader definition, including any
adverse effects that affect the quality of life and lead to the
decision to decrease or stop using this drug [13]. The Luso-
Latin American Consortium (LLAC) and the Canadian Con-
sensus Working Group (CCWG) have similar definitions,
referring to an inability to tolerate >2 statins at any dose
or an inability to tolerate increasing doses, with symptoms
not attributable to drug—drug interactions or conditions are
known to increase SI [16, 17]. Considering the definitions
mentioned above, we suggest the following definition of
true statin intolerance: The intolerance of any dose of sta-
tin, regardless of dosing schedule or brand specificity, due
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Table 2 Clinical phenotypes

Self-limited statin toxicity

Statin-induced IMNM

Frequency 7-29% of statin users (rhabdomyolysis, 0.1%) 1/100,000-1/500,000 per year

Myalgia Common Common

Proximal muscle weakness ~ Uncommon Common

Dysphagia None or rare Common

CK level Normal or elevated (thabdomyolysis; > tenfold the upper > 1000

limit of normal)

Genetic risk factor SNP in slcolbl DRB 11:01

Prognosis Resolves after statin discontinuation Poor, progressive, does not resolve after statin discon-
tinuation

Autoantibodies - HMGCR autoantibody

EMG
Muscle MRI
Muscle biopsy

May show irritable myopathy
May show muscle edema
Variable

Irritable myopathy

Muscle edema

Necrosis, degeneration, and regeneration
Withdraw statin, IVIG, immunosuppressive drugs

Treatment Withdraw statin treatment, statin rechallenge (thabdomy-
olysis: IV fluids; dialysis may be needed for acute renal
failure)

Statin rechallenge Yes

With brand switch, decrease statin dosing and/or fre-

quency

Never

Use of ezetimibe is controversial; fibrates are likely
safe but they are not potent enough; PCSKO inhibi-
tors monotherapy is safe and effective

to intolerable side effects that prevent the use of a statin in
doses that effectively lower serum lipids.

Risk Factors

Clinical risk factors for statin intolerance can include any
of the following: pre-existing neuromuscular disorders,
advanced age, including those over age 75 in particular [18],
female gender [19], obesity, and related metabolic syndrome
[20]; vitamin D deficiency [21], uncontrolled hypothyroid-
ism [22], chronic kidney disease, and excessive alcohol con-
sumption; concomitant liver disease, metabolic muscle dis-
orders, and a family history of statin intolerance; and Asian
ethnicity [23]. According to recent studies, American Indian
ethnicity may also be a risk factor for statin-associated
IMNM; therefore, clinicians who serve American Indians
need to be familiar with its presentations [24ee, 25e].

Drug Interactions

There are several drug interactions that are well-known
instigators of statin intolerance in combination with statins.
These include CYP3A4 inhibitors/substrate, CYP2C9 inhib-
itors/substrate, and some other drugs like gemfibrozil, war-
farin, P-glycoproteins, digoxin, niacin, and colchicine [8].
Of note, colchicine treats various conditions, includ-
ing cardiovascular, auto-inflammatory diseases, and gout.
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In 2019, over 2.7 million prescriptions for colchicine and
112.3 million for statins were filled in the United States.
Both medications can cause muscle damage, with colchicine
known for its vacuolar myopathy; thus, taken together, the
risk of these adverse effects may increase [26].

Diagnostic Approach

When a patient taking statins experiences muscle-related
symptoms, it is important to investigate whether the statin
therapy has caused these symptoms. This involves meas-
uring CK levels, analyzing risk factors for intolerance or
other potential causes of the symptoms, and assessing the
impact of temporarily stopping and reintroducing the statin.
Therefore, identifying true cases of statin intolerance is of
great practical importance to avoid unnecessary discontinu-
ation of statins from patients who would otherwise benefit
from them [27]. The American College of Cardiology has
recently developed an ACC Statin Intolerance App to aid
clinicians in evaluating and managing patients who report
muscle symptoms while on a statin (http://www.acc.org/Stati
nlntolerance App). Checking CK at the initiation of statin is
not recommended. Most patients on statins with elevated
transaminase levels do not have their CK checked in a timely
manner; however, finding an elevated CK may prevent fur-
ther unnecessary testing of liver status, reduce healthcare
costs, and allow for earlier treatment of statin-induced mus-
cle damage [28]. Most notably, when the AST is greater than
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ALT, a pattern typical of statin myopathy suggests that the
transaminases are of skeletal muscle origins.

If a patient is on a statin and experiences muscle symp-
toms, we suggest clinicians use the SAMS-CI (Statin-Asso-
ciated Muscle Symptoms Clinical Index) to evaluate the
likelihood of self-limited (non-autoimmune) statin-related
muscle symptoms. SAM-CI is a numeric scale for assessing
the likelihood that the patient’s muscle symptom is related
to statin use. It focuses on the location and pattern of the
muscle symptoms, timing of the symptoms, improvement,
and recurrence when physicians rechallenge the patient with
a statin regimen. It also depends on how many statin regi-
mens the patient has tried. Different scores lead to differ-
ent treatment strategies, ranging from statin rechallenge to
discontinuation [29]. We advise physicians to monitor CK
levels in patients on statin therapy who show any signs of
myalgia+/— weakness. We also recommend CK testing if
LFTs are incidentally elevated (Fig. 1).

Molecular Mechanism and Pathogenesis

Statin-associated myopathy (SAM) can be implicated
in several mechanisms, namely mitochondrial function
alteration, oxidative stress, and impaired formation of
downstream products of HMG-CoA reductase, includ-
ing mevalonate, farnesyl pyrophosphate, geranylgeranyl
pyrophosphate, exacerbation of the underlying neuromus-
cular disorders, placebo/nocebo effects, exercise-induced,
patient with increased pain sensitivity, and anti-HMGCR
antibody-mediated IMNM [30-32ee¢].

Mitochondrial dysfunction is believed to have a sig-
nificant implication on SAM because of the enormous
amount of energy consumption by the skeletal muscle
and their dependence on mitochondria. The proposed
mechanisms are depletion of coenzyme Q10 due to inhibi-
tion of the mevalonate pathway by statin, presented with

Check LFTs

High LFTs

Yes
Check CK
CK elevated
Yes No
Check HMGCR - Observe off statin for
Antibody one month

- Attempt brand switch

Positive

Negative

- EMG/NCS
- Muscle biopsy
- Muscle MRI

- Stop statin (statin is contraindicated)

- EMG/NCS

- MRI for muscle edema

- No muscle biopsy is indicated

- Start treatment with Immunosuppression
or Immunomodulation

- Start treatment with PCSK9 inhibitor

Fig. 1 Diagnostic approach to statin intolerance
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mitochondrial dysfunction [30, 33]. Also, statin-induced
reactive oxygen species (ROS) accumulation in the fast
glycolytic muscle fibers cells, which have relatively lower
antioxidant capacity, causes reduced phosphorylation of
protein kinase B (Akt) pathway, which leads to disrup-
tion of Akt pathway and ultimately leads to mitochondrial
depletion. It is worth mentioning that Akt pathway disrup-
tion may be caused by transcription and translation rate
reduction of peroxisome proliferator-activated receptor
gamma coactivator (PGC)-1 alpha and PGC-1 beta [33]. It
is reported that statin causes direct inhibition of the elec-
tron transport chain (ETC) in mitochondria, which may be
directly related to SAM. Besides, ETC inhibition (specifi-
cally, complex 1 inhibition) by statins leads to dysregula-
tion of calcium metabolism, which may lead to abnormal
excitation—contraction coupling in skeletal muscle cells
and may also implicated in SAM. Mitochondrial dysfunc-
tion, induced by statin, also correlates with the intrinsic
apoptosis pathway’s abnormal activation due to a decreased
ratio of the Bcl-2/Bax gene. Though there are many in vitro
studies regarding this mechanism, there are no significant
in vivo studies about the apoptotic effects of statin. Also,
lactone, the inactive prodrug form of statin, has been shown
to have a higher concentration in individuals affected by
SAM. Lactone is more likely to impair ETC complex III,
which may amplify muscle damage caused by statin [33].

Polymorphism of several genes, related to encoding protein
for different mitochondrial processes, is also implicated in SAM
[30, 33]. Among them, the carnitine palmitoyltransferase (CPT)
enzyme system, which is responsible for long-chain fatty acid
transport from cytosol to mitochondria, specifically CPT2 defi-
ciency, can cause features of SAM after statin therapy and stress
(e.g., infection, severe exercise) [30, 33]. On the other hand,
glycine amidinotransferase (GATM), which catalyzes the first
step of creatine biosynthesis, following mutations of GATM
rs9806699 G> A, 151719247 C> T and rs1346268 T> C might
provide a protective factor for SAM [30, 33, 34].

There are multiple genes involved in statin metabolism.
Among them, CYPs genes (involved in phase 1 hydroxyla-
tion), UGTs (uridine 5'-diphospho-glucoronosyltransferasees)
(involved in phase 2 glucuronidation), SLCO1B1 (solute car-
rier organic anion transporter family member 1B1) (in influx
transporter), and ABCB1(ATP-binding cassette subfamily B
member 1) and ABCG2 (efflux transporters) are significant
[7, 35]. Among these, SLCO1B1 encodes OATP1B1 (organic
anion-transporting polypeptide 1B1). OATP1BI1 is a hepatocyte-
specific sinusoidal influx transporter. In SLCO1B1, SNP (single-
nucleotide polymorphism) rs4149056 (521T > C) is consistently
linked with statin-associated myopathy [7, 36—40]. All the other
mechanisms stated above may alter statin exposure but are not
directly related to statin-associated myopathy [7]. For patients
with underlying neuromuscular disorders (myasthenia gravis,
motor neuron disease, MELAS, dermatomyositis, polymyositis),
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untreated hypothyroid myopathy has an increased risk of SAM
after statin therapy [30].

Anti-HMGCR antibody-mediated myopathy is strongly
related to Class I MHC allele DRB1*11:01 in the case of adults,
and in the case of children, it is related to DRB1#07:01 [41]. It
was established that most of the initial cases with anti-HMGCR
had a previous statin exposure. However, statin exposure was not
mentioned in some cases, especially in the Asian population.
This may be explained by the presence of natural statin in their
foods (oyster mushroom, red yeast rice, etc.), which requires
further investigation [31, 41, 42]. It was discovered that anti-
HMGCR antibodies target~ 100-kDa and ~200-kDa proteins,
where ~ 100 kDa is a monomer and ~200 kDa is a dimer [12].
Statin exposure causes excessive expression of the HMGCR,
ultimately leading to aberrant protein processing, which may
cause neoantigen production. After the beginning of the autoim-
mune destruction, continuous statin exposure for overexpression
of HMGCR is unnecessary as the repaired muscle cells naturally
express HMGCR [41]. It requires not only stopping statin but
also immunomodulator medication to treat myopathy [31].

A recent study described HMGCR mutation causing
limb-girdle muscle disease (LGMD) in humans for the first
time [32ee]. It showed that LGMD greatly overlaps with the
presentation of statin-associated myopathy, including proxi-
mal myopathy. As LGMD starts in the fourth decade of life,
statin-induced myopathy is also more common and severe
in advancing age. Like statin-associated myopathy, female
patients are affected more severely and more at younger ages
in the LGMD [32ee]. Also, just like end-stage statin myo-
pathy and immune-mediated necrotizing myopathy without
edema, the MRI picture in the case of LGMD showed mainly
large proximal and axial muscle involvement with fatty
replacement and atrophy [32ee, 41]. The study also exhibits
a murine model in which a group of mice previously exposed
to statins to develop statin-induced myopathy improved mus-
cle strength when they were given free access to mevalo-
nolactone water [32ee]. This finding may indicate that the
pathogenesis of SAM may be associated with mutation of the
HMGCR gene itself, which may cause accumulative defects.
Further studies/research is needed to reach a final conclusion.

Self-limited toxic statin myopathy usually does not show
the characteristic anti-HMGCR antibody. However, biopsy
shows necrotizing and regenerating muscle fibers and expres-
sion of MHC I protein on the regenerating muscle fibers [32ee,
43]. This finding makes distinguishing it from IMNM difficult
and usually requires negative anti-HMGCR antibody testing.

Risk of SAMS with Different Statins

Muscle injury is thought to be affected by the type and
amount of statin used [44]. The incidence of myopa-
thy appears to be lowest with fluvastatin, pravastatin, and
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pitavastatin, possibly due to the lack of metabolism by
cytochrome P450 3A4 (CYP3A4) and are thus less likely to
be involved with drug interactions [45, 46]. The lipophilicity
of statins is also controversial. It is believed that hydrophilic
statins (pravastatin, rosuvastatin) may cause fewer muscular
events than lipophilic statins (e.g., simvastatin, atorvastatin)
due to lower passive diffusion into muscle cells. A recent
observational cohort study showed no significant difference
between hydrophilic and lipophilic statins regarding muscu-
lar events. However, more studies are needed before implica-
tions for clinical use [47].

Natural Statins

In addition to medications, statin is present in mushrooms
[48], red yeast rice [49], and Pu-erh tea [50]. A recent study
reported the exacerbation of adult anti-HMGCR myopathy
after mushroom intake [51]. Another case report showed
that one out of six patients with positive anti-HMGCR
myopathy, which presumed limb-girdle muscular dys-
trophy (LGMD), had a history of mushroom supplement
intake. These studies indicate that mushroom supplements
can trigger IMNM [52ee]. Therefore, food-derived statins
may be a risk factor for anti-HMGCR myopathy in patients
who do not receive statin-based medication. Red yeast rice
is known for containing monacolin K, similar to lovastatin
in terms of pharmaceutical features. Some supplements
also contain statins. A recent case report showed that the
Bacopa supplement, frequently used in Ayurvedic medi-
cine regimens, may trigger IMNM as it has the ability to
inhibit HMGCR [53].

Management
Possible Strategies to Reduce SAMS Prevalence
Coenzyme Q10 (Ubiquinone)

Statins not only decrease cholesterol synthesis but also sig-
nificantly decrease the synthesis of CoQ10. While there is a
lack of evidence demonstrating the effectiveness of coenzyme
Q10 in reducing statin-associated muscle symptoms, it is still
commonly prescribed in clinical practice to alleviate such
symptoms. A recent meta-analysis indicates that coenzyme
Q10 (CoQ10) supplementation does not significantly affect
statin-induced myopathy, as measured by creatine kinase (CK)
activity and muscle pain scores. The study analyzed eight ran-
domized controlled trials with a total of 427 participants and
found no evidence of publication bias [54]. Thus, we do not

recommend CoQ10 routinely. However, if patients insist on
trying this supplement, we do not disagree as it is unlikely to
cause harm.

Vitamin D Supplement

A correlation between vitamin D deficiency and SAMS has
been suggested, but the impact of statin on vitamin D levels is
still uncertain. According to a recent meta-analysis of cohort
studies, patients with muscle complaints related to statin use
had lower levels of 250HD in their blood than patients who
did not have such side effects. Most patients with muscle intol-
erance to statins and vitamin D deficiency could resume statin
treatment after taking vitamin D supplements. However, the
exact link between muscle problems and vitamin D deficiency
due to statins remains unclear. It might be helpful to check the
blood levels of vitamin D before giving statins to patients and
to provide vitamin D supplements to patients with insufficient
blood vitamin D levels to reduce the risk of SAMS [55-57].

Ascorbic Acid

A recent study on mice suggests ascorbic acid can reduce
creatine kinase (CK) levels in statin-induced muscle injuries.
Moreover, this study observed that supplementation with ascor-
bic acid increased the swimming tolerance time of the mice.
These findings suggest that vitamin C may positively impact
muscle endurance and overall physical performance, particu-
larly in the context of statin-induced muscle injuries [58].

Alternative Drugs for Statin-Intolerant Patients
Mevalonolactone

A recent article described an autosomal recessive progres-
sive limb-girdle muscle disease caused by a partial loss of
function missense mutation in HMGCR that encodes a key
enzyme of the mevalonate pathway in six patients. Treatment
with mevalonolactone showed improved muscle strength and
increased peak expiratory flow, forced vital capacity, and
FEV1 in patients. Improvement in the function of activities
in daily living was noticed as well. They also tested mevalo-
nolactone on a murine model of severe statin-induced myopa-
thy. This study showed that oral mevalonolactone can protect
mice from myotoxicity induced by high-dose statin [32ee].
This may prove to have efficacy for statin-related myotoxic-
ity in humans.

Bempedoic Acid
A recent meta-analysis demonstrated the significant

efficacy of bempedoic acid in reducing major adverse
cardiac events [59]. In a double-masked, randomized,
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placebo-controlled trial involving 13,970 patients aged 18
to 85 across 32 counties, it was observed that statin-intol-
erant patients using bempedoic acid experienced a signifi-
cantly lower risk of major cardiovascular adverse events,
including cardiovascular-related death, nonfatal stroke,
nonfatal myocardial infarction, and coronary revasculari-
zation compared to the control group. Furthermore, the
bempedoic acid group demonstrated a more pronounced
reduction in high-sensitivity C-reactive protein (hs-CRP)
levels than the placebo group. However, patients on bem-
pedoic acid showed a higher incidence of hyperuricemia,
gout, and cholelithiasis than the placebo group. Notably,
the two groups had no significant difference concerning
myalgia and rhabdomyolysis [60]. Another trial has shown
that monotherapy with 180 mg daily bempedoic acid in
patients with hyperlipidemia who cannot tolerate statins
due to muscular adverse effects can lower the LDL-C levels
by approximately 24.5% to placebo [61].

Ezetimibe and PCSK9 Inhibitors

Ezetimibe is recommended as the second line of therapy for
statin-intolerant patients by the American College of Cardiol-
ogy. If the effect of ezetimibe is not enough to lower LDL-C,
adding the PCSK?9 inhibitors is recommended [62]. In par-
ticular, PCSK9 inhibitors are generally considered safe and
well tolerated in patients with positive anti-HMGCR statin
myopathy where statins are absolutely contraindicated. In a
small study, 8 out of 122 patients with anti-HMGCR IMNM
evaluated at the Johns Hopkins Myositis Center with severe
cardiovascular disease began treatment with PCSKO9 inhibi-
tors. During the follow-up period, no decrease in hip flexion
or arm abductor muscle strength was observed [63ee].

Exercise

Previous studies indicate that statin exacerbates muscle injury
with eccentric or high-intensity exercise, as evidenced by higher
post-exercise CK levels compared to a control group. They sug-
gested clinicians consider statin discontinuation for several days
before endurance physical events like marathons [64, 65]. In
contrast, another study found that statin-induced myopathy is
neither aggravated by physical activity nor prevented by fitness
training in mice with high cholesterol levels [66]. A recent study
showed that statin users can have a physically active lifestyle
and perform moderate-intensity exercise without having skeletal
muscle injury exacerbation and elevation in muscle enzymes
such as LDH and CK. This approach could be crucial in miti-
gating the risk of cardiovascular disease. They also measured
cardiac muscle markers, such as cTnl and NT-proBNP, to assess
damage to the heart muscle and showed no significant differ-
ences between those experiencing symptoms and those without
symptoms among statin users, as well as the control group [67].
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Conclusion

Statins are widely used for the management of hyperlipi-
demia and have been shown to reduce the risk of cardio-
vascular events. However, they are associated with a range
of adverse effects, including self-limited statin toxicity, and
statin-induced IMNM. The mechanisms underlying these
adverse effects are complex and multifactorial, involving
mitochondrial dysfunction, oxidative stress, and immune-
mediated mechanisms. Effective management of SAMS
requires a thorough evaluation of the patient’s symptoms,
risk factors, and medication history, as well as consideration
of alternative treatment options. Ongoing research is needed
to elucidate the mechanisms of statin-associated muscle
involvement further and develop more effective strategies
for preventing and managing these adverse effects.
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