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Abstract
Since the first approval of lovastatin in 1987, hydroxy-methyl-glutaryl CoA (HMG CoA) reductase inhibitors, or statins, have
been effective and widely popular cholesterol-lowering agents with substantial benefits for the prevention and treatment of
cardiovascular disease. Not all patients can tolerate these drugs, however, and statin intolerance is most frequently associated
with a range of side effects directed toward skeletal muscle, termed statin-associated muscle symptoms or SAMS. SAMS are
particularly difficult to treat because there are no validated biomarkers or tests that can be used to confirm patient self-reports of
SAMS, and a number of patients who report SAMS have non-specific muscle pain not attributable to statin therapy. This review
summarizes the most recent evidence related to diagnosis and management of SAMS. First, the range of skeletal muscle side
effects associated with statin therapy is described. Second, data regarding the incidence and prevalence of SAMS, the most
frequently experienced muscle side effect, are presented. Third, the most promising new techniques to confirm diagnosis of
SAMS are explored. Finally, the most effective strategies for the clinical management of SAMS are summarized. Better diag-
nostic and treatment strategies for SAMS will increase the number of patients using these life-saving statins, thereby increasing
statin adherence and reducing the costs of avoidable cardiovascular events.
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Introduction

Hyperlipidemia is a major public health problem.
Approximately 30% of US adults have elevated low-density
lipoprotein cholesterol (LDL-C), which doubles their heart
disease risk [1]. Hydroxy-methyl-glutaryl (HMG) coenzyme
A reductase inhibitors or statins are effective in reducing
LDL-C and decrease the incidence of cardiac events by 20
to 44% for both secondary [2] and primary prevention [3].
The release of the 2013 American College of Cardiology
and the American Heart Association (ACC-AHA) guidelines
of the treatment of cholesterol expanded the number of US

adults eligible for statin therapy from 43.2 million (37.5% of
US adults) to 56.0 million (48.6%) [4]. According to the
Centers for Disease Control, 26% of US adults > 40 years of
age and 48% of adults > 75 years of age report using a
cholesterol-lowering drug, with 93% of respondents using a
statin [1]. In addition, it has been estimated that 49.7% of US
adults at high CVD risk (> 20% 10 year CVD risk) are not
receiving statins [5]. Collectively, these data support an indi-
cation for continued widespread, and likely increasing, statin
use.

Statins are well-tolerated in most adults, with few common
serious adverse effects. However, they are associated with a
range of skeletal muscle side effects, ranging from mild to
severe. Among the serious but rare muscle side effects are
rhabdomyolysis and statin-induced necrotizing autoimmune
myopathy (SINAM). Rhabdomyolysis is typically diagnosed
as a creatine kinase (CK) level > 10 times the upper limit of
normal, with evidence of renal compromise, and without other
causes of muscle injury. The incidence of statin-associated
rhabdomyolysis is estimated to be 2.0 cases per 10,000
person-years of treatment and ranged from 0.3 cases for lov-
astatin to 8.4 cases for cerivastatin [6, 7]. Cerivastatin has been
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removed from the market because of its rhabdomyolysis risk
so that the current incidence of rhabdomyolysis is ~1 case per
10,000 person-years. The rhabdomyolysis generally associat-
ed with statin use resolves with cessation of the statin. By
contrast, SINAM is an autoimmune myopathy classified by
the presence of a myositis-specific autoantibody against 3-
hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR)
[8]. SINAM is distinct from, but in rare cases can cause, statin-
associated rhabdomyolysis. SINAM patients present with
proximal muscle weakness, markedly elevated CK levels,
and persistence (or often worsening) of symptoms and CK
elevations despite drug discontinuation. Muscle biopsies
show myonecrosis often with few inflammatory cells [9].
Antibodies against HMGCR are detected in 94% of patients
with SINAM [10] and distinguish it from other related idio-
pathic inflammatory myopathies, although it should be noted
that a number of anti-HMGCRmyopathy patients do not have
a history of exposure to statin drugs [8]. These statin-
unexposed adult patients are generally younger and tend to
have more severe disease and worse prognosis than the classic
statin-exposed cohort [11]. Regardless, anti-HMGCR autoan-
tibodies are highly specific and are not found in patients with
other muscle diseases (such as self-limited statin intolerance
or muscular dystrophy), although they can co-occur with other
myositis-specific autoantibodies in patients with multiple au-
toimmune disorders [8]. Immunosuppressive therapy is re-
quired to prevent progression to severe, often irreversible,
muscle weakness and wasting in patients with SINAM.
SINAM is estimated to occur in 2–3 of 100,000 statin users,
although HMGCR antibodies are not routinely measured and
the clinical presentation of rhabdomyolysis makes estimation
of incidence difficult [10].

Statins are most frequently associated with mild muscle
complaints, termed statin-associated muscle symptoms or
SAMS, which include myalgia, cramps, and perceived weak-
ness. These symptoms are the most difficult to diagnose be-
cause the time from statin initiation to symptoms, the type of
complaints, and their severity varies dramatically among pa-
tients, and there is no confirmatory diagnostic test for SAMS.
Moreover, a large number of patient self-reports of SAMS
appear to be due to non-specific muscle pain, and/or the so-
called nocebo or expectation of harm effect. Treatment strate-
gies are largely based on either drug cessation or alteration in
the type or dose of statin until the patient reports that symp-
toms are absent, diminished, or tolerable. Despite these treat-
ment strategies, 62% of former statin users reported stopping
statin therapy because of side effects [12], making SAMS a
serious public health problem. Patients stopping [13] or alter-
ing their statin use [14] due to intolerance have a markedly
increased risk of cardiovascular events. Patients who are statin
intolerant and/or less adherent to statin therapy incur greater
healthcare costs because of their higher rate of cardiovascular
events [15, 16]. Indeed, it has been estimated that expanding

statin use in the USA to the 5.27 million untreated high-risk
and 20.29 million untreated moderate-risk adults would pre-
vent 384,000 and 616,000 CVD events, respectively, over
10 years [5].

The present review focuses on updates in the diagnosis and
treatment of SAMS and addresses the 3 critical questions on
how to better manage SAMS in clinical practice.

What Is the True Rate of SAMS?

Estimates of SAMS have varied from < 1 to > 20% of patients,
in part because many of the initial reports of SAMS originated
from observational studies, or clinical case compilations from
lipid specialists. For example, the PRedIction ofMusular Risk
in Observational Conditions or PRIMO study obtained ques-
tionnaires on 7924 French patients treated for at least 3months
with fluvastatin 80 mg, atorvastatin 40–80 mg, pravastatin
40 mg, or simvastatin 40–80 mg daily [17]. Muscular symp-
toms were reported by 10.5% of participants, but this was an
observational, unblinded, uncontrolled retrospective study.
Similarly, a retrospective analysis of National Health and
Nutrition Examination Survey data reported that 22% of re-
spondents with a statin prescription reported muscle pain,
while 16.7% of non-statin users reported muscle pain [18].

Randomized controlled, double-blinded clinical trials of
statin therapy have also failed to establish a rigorous SAMS
prevalence in participants, possibly because of study design.
A systematic review identified 1012 reports of statin random-
ized controlled clinical trials [19]. Among 42 trials which
qualified for detailed analysis, only 4 reported average CKs,
and only 1 queried participants specifically for muscle symp-
toms using predefined criteria. A total of 26 studies reported
muscle symptoms, which occurred in 12.7% and 12.4% of
statin- and placebo-treated subjects, respectively. This small
difference approached statistical significance (p = 0.06) due to
the large sample size.

Even in the few studies designed to rigorously assess
SAMS, true prevalence rates are confounded by the fact that
a substantial portion of SAMS are probably due to non-
specific muscle pain; that is, pain not directly attributable to
the effects of statins on skeletal muscle. For example, in our
The Effect of Statins on Muscle Performance, or STOMP
study, we randomized 420 statin-naïve subjects to either pla-
cebo or atorvastatin 80 mg daily for 6 months. STOMP used a
predefined definition of myalgia which required subjects to
report unexplained new or increased myalgia, cramps, or mus-
cle aching that lasted at least 2 weeks, resolved within 2 weeks
of treatment cessation, and returned within 4 weeks of drug
reinitiation. Subjects were called every 2 weeks and queried
about muscle symptoms. Twenty-three atorvastatin and 14
placebo subjects reported new, unexplained muscle pain
(χ2 = 3.16, p = 0.08). Of these, 19 atorvastatin and 10 placebo
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subjects met the study myalgia definition (χ2 = 3.74; P =
0.054) [20]. This suggests that only approximately half of
the subjects whose pain is attributable to statins actually have
statin-induced symptoms.

In our more recent Coenzyme Q10 in Statin Myopathy
study, we used a double-blind, placebo-controlled, cross-
over protocol to confirm SAMS in 120 patients with a history
of statin-associated muscle complaints [21]. After a 4-week
washout period from all cholesterol-lowering drugs, the sub-
jects were randomized to simvastatin 20 mg daily or placebo
for 8 weeks, washed out for 4 weeks, and then crossed over to
alternative therapy. Only 35.8% of patients (n = 43) experi-
enced myalgia on simvastatin and did not experience myalgia
on placebo, what was termed true or confirmed statin myalgia,
and 17.5% of patients (n = 21) had no symptoms on simva-
statin or placebo. However, 29.2% (n = 35) experienced pain
on placebo but not on simvastatin and 17.5% (n = 21) experi-
enced pain on both simvastatin and placebo during the confir-
mation phase. In the similarly designed Goal Achievement
After Utilizing an Anti-PCSK9 Antibody in Statin-Intolerant
Subjects 3 (GAUSS-3) clinical trial, patients with a history of
intolerance to 2 or more statins were washed out for 4 weeks,
then randomized to either atorvastatin 20 mg or placebo for
10 weeks. A 2-week washout period separated the cross-over
to the alternative treatment. In GAUSS-3, 209 of 472 patients
who completed both phases of the run-in (42.6%) with a his-
tory of muscle-related side effects reported SAMS on 20 mg
atorvastatin alone whereas 130 of the 491 patients (26.5%)
reported SAMS on placebo alone. An additional 48% or
9.8% of patients had symptoms on both treatments, and 85%
or 17.3% of patients experienced no muscle pain on either
treatment [22]. Collectively, then, data from STOMP,
CoQ10, and GAUSS-3 support that there is a high percentage
of false positive (or non-specific) muscle complaints associat-
ed with SAMS, suggesting that 30 to 50% of patients who
report SAMSmay have another source of muscle pain besides
their statin drug.

These reports over the entire range of clinical and observa-
tional trials are so discrepant and unreliable that some re-
searchers and clinicians have stated that SAMS do not exist
at all and instead are solely a product of the Bnocebo effect^
[23], citing recent clinical trial data from the Anglo-
Scandinavian Cardiac Outcomes Trial-Lipid-Lowering Arm
(ASCOT-LLA) showing similar rates in SAMS during
double-blind 10 mg/day atorvastatin versus placebo adminis-
tration (2.03% vs 2.00%). These rates only differed when pa-
tients shifted from double-blind to open-label statin adminis-
tration; at this point, patients on statin therapy experienced a
higher rate of SAMS than patients not taking them.
Specifically, muscle-related AEs were reported at a signifi-
cantly higher rate by participants taking statins than by those
who were not (1.26% vs 1.00%) [24]. However, a closer look
at this trial yields an alternative interpretation of the data. If

SAMS were solely attributable to a nocebo effect, then it
would be expected that the rate of SAMS in patients taking
atorvastatin would increase following the shift from blinded
administration to open-label administration. Instead, the rate
of SAMS decreased (from 2.03 to 1.26%), and thus these data
are not wholly convincing of the premise that SAMS are at-
tributable only to a nocebo effect. Moreover, combined num-
bers and percentages of SAMS classifications from the
CoQ10 and GAUSS-3 trials as described above are shown
in Table 1. As 42.6% of patients with a previous history of
SAMS experience confirmed SAMS on statin alone and
27.9% experience SAMS on placebo alone, it might be in-
ferred that the ~15% difference between these 2 groups indi-
cates that SAMS are due to more than a nocebo effect.

Of critical importance, then, for better addressing this ques-
tion are trials aimed at elucidating SAMS rates and
distinguishing between confounding factors such as non-
specific muscle pain, the nocebo effect, statin-drug interac-
tions that evoke muscle pain, and underlying myopathies. To
this end, a newly designed statin web-based investigation of
side effects (StatinWISE) is promising, as the study comprises
a series of randomized controlled N-of-1 trials comparing
atorvastatin and placebo in the primary care setting [25].
Two hundred patients who have discontinued or are consider-
ing discontinuing statin therapy due to SAMSwill be recruited
and exposed to 6 2-month treatment periods during which
they will receive atorvastatin 20 mg per day or matched pla-
cebo. At the end of each treatment period, patients will rate
their muscle symptoms. Although a criticism of this trial is
that patients are only exposed to 1 type and dose of statin,
which therefore may not reproduce previous SAMS, it estab-
lishes a study design that is likely to have utility for better
establishing SAMS rates by using patients as their own
control.

What Are the Most Effective Methods
for Confirming a Diagnosis of SAMS?

The absence of definitive diagnostic tests requires that the
diagnosis of statin myalgia and other mild SAMS be based
on clinical criteria [26, 27]. Current criteria support that mus-
cle pain and aching (myalgia), cramps, and weakness are
among the most common manifestations of SAMS. For ex-
ample, in the clinical trial GAUSS-2, 80% of patients
exhibiting statin intolerance reported myalgia, and 39% de-
scribed muscle weakness [28]. Symptoms are usually bilateral
and involve large muscle groups including the thigh, buttock,
back, and shoulder girdle musculature. In contrast, cramping
is usually unilateral and may involve small muscles of the
hands and feet. Symptoms often appear early after starting
stain therapy or after an increase in dose. For example, the
median time to onset of symptoms is ~1 month [29], and in
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both our STOMP and CoQ10 studies, patients who had con-
firmed SAMS (i.e., muscle symptoms on statin only) experi-
enced their symptoms in approximately half the time as pa-
tients experiencing non-specific or unconfirmed SAMS [20,
21]. In addition, muscle symptoms typically resolve or start to
dissipate within 2–4 weeks after cessation of therapy, although
it may take several months for symptoms to totally resolve.
Persistence of symptoms for more than 2 months after drug
cessation suggests an alternative diagnoses or an underlying
muscle disease possibly provoked by statin therapy. Different

statins usually produce similar symptoms. Some patients do
tolerate 1 statin better than another, likely attributable to var-
iations in pharmacodynamics, pharmacokinetics, and
pharmacogenomics, although there is currently no clinical test
or algorithm to predict a patient’s tolerance to different statins
[30]. The reappearance of symptoms with statin rechallenge
and their disappearance with drug cessation offers the best
evidence that the symptoms are truly SAMS [27].
Unfortunately, such clinical drug challenges are unblinded
and subjective and especially difficult for the group of patients
experiencing the nocebo effect or non-specific muscle pain
because reemergence of symptoms does not definitively con-
firm SAMS.

Few noninvasive assessments exist to accurately quantify
these clinical observations, as summarized in Table 2. The
most commonly used biomarker is CK, a marker of muscle
damage, but SAMS can occur in the absence of clinically
elevated CK. Moreover, CK elevations can occur in the ab-
sence of SAMS, attributable instead to factors such as medi-
cations and recent exercise, and CK itself varies according to
age, gender, and ethnicity [26, 31]. Nonetheless, small eleva-
tions in CK do occur with statin therapy, and thus serial mea-
surements on a patient could be useful to confirm muscle
symptoms, despite often widespread advice against the

Table 2 Potential noninvasive diagnostic tools for SAMS

Diagnostic tool Description Evaluation of utility

Diagnosis based on
clinical criteria
alone

Uses patient self-reported description of symptoms (timing of
onset, location of symptoms, time to resolution) to define
likelihood of SAMS based on physician opinion

Requires minimal time and patient burden but is biased by
non-specific muscle pain and the nocebo effect.

Statin
challenge--
dechallenge
protocol

Requires patient to confirm self-reported symptoms by ceasing
statin therapy until symptom resolution and restarting to
test for replication

Unblinded protocol introduces source of bias and patients
with intolerable muscle pain may be unwilling to
rechallenge with the statin.

Creatine kinase (CK) Serologic measurement that must include at least 1 off-statin
measurement and 1 on-statin measurement

Small changes may differentiate SAMS but CK measurements
have large variability.

CK + downhill
walking

Serial measurements of CK performed following downhill
walking (eccentric) exercise

May amplify statin-associated changes in CK but protocol
requires equipment, time, and substantial patient burden.

Exercise testing
(muscle and/or
aerobic)

Measurements of muscle strength and/or aerobic performance
parameters (respiratory exchange ratio, lactate threshold,
exercise capacity, or maximal oxygen uptake) that must
include at least 1 off-statin measurement and 1 on-statin
measurement

Previous studies have not shown measurable differences in
patients with SAMS and protocols require equipment, time,
and substantial patient burden and physical capacity.

SAMS-CI
questionnaire

Physician-administered questionnaire that scores SAMS as
probable (score 9–11), possible (score 7–8), and unlikely
(score 2–6) based on 4 scales of muscle symptom
characteristics: location, pattern, timing of onset, and timing
of improvement after statin withdrawal

Appears useful for identifying patients with non-statin-related
muscle pain (i.e., high negative predictive value) but has not
yet been validated prospectively in a patient population.

ACC statin intolerance
tool

Categorizes muscle symptoms in 8 different categories into a
dichotomous outcome (possible vs unlikely) for statin
intolerance

Encourages clinician/patient discussion to decide the
likelihood of statin intolerance and the next potential
treatment steps but lacks a scoring system.

Indirect measurements
of mitochondrial
function

31P magnetic resonance spectroscopy and oxygen uptake
kinetics during exercise

Evidence for utility in diagnosing SAMS is lacking to date and
time requirement, equipment cost, and patient burden
associated with testing are substantial.

Text in italics indicates the most common diagnostic tools currently used. SAMS-CI = Statin-Associated Muscle Symptoms Clinical Index; ACC =
American College of Cardiology

Table 1 Comparison of SAMS rates by number and (%) in CoQ10 and
GAUSS-3 trials

CoQ10 GAUSS-3 Combined

SAMS on statin 43 (35.8) 209 (44.3) 252 (42.6)

SAMS on placebo 35 (29.2) 130 (27.5) 165 (27.9)

No SAMS 21 (17.5) 85 (18.0) 106 (17.9)

SAMS on both 21 (17.5) 48 (10.2) 69 (11.7)

Total 120 472 592

SAMS = statin-associated muscle symptoms; CoQ10 = Coenzyme Q10
in Statin Myopathy [21] trial; GAUSS-3 = Goal Achievement After
Utilizing an Anti-PCSK9 Antibody in Statin Intolerant Subjects 3 trial
[22]; Combined = additive data from both trials
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practice. For example, in the STOMP study, patients treated
with 80 mg atorvastatin for 6 months exhibited on average a
20-U/L increase in CK that was not observed with placebo
[20]. In fact, of the 36 subjects who doubled their CK value at
6 months compared to baseline, twice as many were in the
atorvastatin (n = 24) than in the placebo (n = 12) groups [32].
Moreover, in the Coenzyme Q10 in Statin Myopathy study
[21], patients with verified SAMS (i.e., muscle pain on sim-
vastatin only) also exhibited an ~20-U/L increase in CK that
was not observed in patients with pain on placebo only or pain
on both placebo and simvastatin [33]. However, most clinical
trials have not reported CK on and off treatment except to
report as a safety marker the number of patients experiencing
CK > 10 times upper normal limits, so the utility of pre- and
post-treatment resting CK is not clear for widescale and indi-
vidualized diagnostic purposes.

Muscle symptoms may be more frequent in physically ac-
tive individuals [17], and highly physically active individuals
appear less able to tolerate statin therapy [34]. Consequently,
because exercise elevates CK, it is possible that a bout of
exercise may augment the small CK elevations associated
with statin therapy so as to better diagnose SAMS. For exam-
ple, our previous studies in asymptomatic individuals on
statins have demonstrated that 1 45-min session of downhill
walking at a − 15% grade evokes a > 200-U/L greater increase
in CK in statin- versus placebo-treated subjects over the fol-
lowing 24–48 h [35, 36]. Several (but not all) studies have also
suggested that exercise-associated elevations in CK are great-
er in asymptomatic patients on statins than those not on statins
[37, 38], but to our knowledge this model has not been used to
diagnose patients with SAMS. Because creatine kinase eleva-
tions with exercise are dependent on several mediators such as
previous bouts of exercise (which provide a protective effect
against future muscle damage) and chronic exposure to phys-
ical activity, further research is necessary to determine wheth-
er exercise-associated elevations in CK are greater in patients
with SAMS and whether there is clinical utility in the exercise
model.

Muscle strength testing is an established technique for de-
tecting muscle weakness, and initial reports in patients with
and older asymptomatic adults on statins suggested decre-
ments in muscle strength of 10 to 40% [39, 40]. However,
we have used the established, standardized techniques of
isokinetic dynamomettry and have not observed changes in
muscle strength in healthy adults on high-dose statin therapy
[20] and in patients with confirmed SAMS [21], nor have we
observed decrements in strength in patients with self-reported
SAMS in clinical practice [41]. In addition, muscle strength
equipment is expensive and not readily accessible to clinicians
and therefore not likely to bewidely used in clinical practice to
access muscle function in patients with SAMS. Aerobic per-
formance parameters such as maximal oxygen uptake and the
ratio of CO2 production to O2 consumption (the Brespiratory

exchange ratio^) also require specialized equipment and per-
sonnel and have shown no differences in between patients
with and patients without SAMS [20, 39].

Mitochondrial dysfunction has been suggested as a mech-
anism causing SAMS, and multiple studies support this hy-
pothesis [42–45]. For example, atorvastatin treatment evokes
the generation of reactive oxygen species (ROS), resulting in a
39% decrease in maximal mitochondrial respiration in rats
[44]. Subsequently, the same researchers then reported greater
ROS and mitochondrial apoptosis in glycolytic muscles of
patients with SAMS [45]. We also observed that transcription-
al patterns between statin myopathic and statin-tolerant sub-
jects differ after eccentric leg exercise; symptomatic subjects
treated with a statin exhibited decreased skeletal muscle gene
expression for oxidative phosphorylation-related and mito-
chondrial ribosomal protein genes relative to asymptomatic
subjects [46]. Consequently, muscle measurements assessing
mitochondrial function may be useful in diagnosing SAMS,
although to date a direct relationship between mitochondrial
decrements and SAMS severity/symptomology has not been
established. Nonetheless, 31P magnetic resonance spectrosco-
py can be used to assess phosphocreatine recovery kinetics
following calf flexion exercise; a slower time course of recov-
ery indicates impaired mitochondrial oxidative function. Wu
et al. found such an impairment in 10 patients treated with
statins for 4 weeks, but this study needs to be replicated in a
larger clinical trial which is unlikely given the cost and tech-
nical expertise necessary to conduct magnetic resonance im-
aging [47]. Alternatively, the kinetics of pulmonary oxygen
uptake during the transition from rest to exercise represent the
instantaneous mitochondrial capacity to respond to the meta-
bolic requirements of acute exercise. Slower kinetics, indica-
tive of impaired skeletal muscle oxidative metabolism and
mitochondrial function, have been observed in patients with
major metabolic diseases [48], but this methodology has not
been tested in patients with SAMS and again is costly, diffi-
cult, and time-consuming to use clinically.

Systematic deficits in muscle function with SAMS may
manifest a blunted response to exercise training. A recent
study randomized sedentary, statin-naïve adults to 12 weeks
of supervised, aerobic exercise training only or in combination
with simvastatin 40 mg daily. Key indicators of the mitochon-
drial adaptation to endurance exercise including increases in
maximal oxygen uptake, citrate synthase activity, and skeletal
muscle mitochondrial complexes improved as expected with
aerobic exercise training alone but did not improve with exer-
cise training in the simvastatin-treated subjects [49]. However,
an aerobic exercise training study is unlikely to be clinically
useful to detect SAMS, nor are the measurements of perfor-
mance (e.g., time to fatigue, maximum power output) routine-
ly used in highly active individuals [50]. So, to date, noninva-
sive assessments of muscle function have not been successful
for evaluating the presence of SAMS and distinguishing
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between real and non-specific statin-associated muscle
symptoms.

Of note is that several recent publications have begun to
address the diagnostic limitation in distinguishing between
SAMS and non-specific muscle symptoms. In 2014, the
National Lipid Association Statin Muscle Safety Task Force
published a proposed Statin Myalgia Clinical Index (SMCI)
that attempted to classify the likelihood of true SAMS [26].
The National Lipid Association expert panel used both re-
search, such as our STOMP trial [20], and clinical experience
to create a clinical profile of true statin myalgia. For example,
atorvastatin-treated subjects in STOMPwith myalgia predom-
inantly reported aching, cramps, or fatigue in the thigh and
calf muscles whereas placebo-treated subjects reported gener-
alized fatigue, pain in areas of prior injury, or groin pain. Time
from drug initiation to pain onset was half as long in the
STOMP atorvastatin-treated subjects as the placebo-treated
subjects (35 ± 31 vs 61 ± 33 days, p = 0.045) so the SMCI
assigns more points toward the symptom being true statin
myalgia when pain onset < 4 weeks rather than later onset.
The SMCI was updated and revised as the Statin-Associated
Muscle Symptoms-Clinical Index (SAMS-CI; Fig. 1) based
on author interviews and physician feedback [51]. The
SAMS-CI scores SAMS as probable (score 9–11), possible
(score 7–8), and unlikely (score 2–6) based on 4 scales of
muscle symptom characteristics: location, pattern, timing of
onset, and timing of improvement after statin withdrawal. In
2016, a Canadian Working Group proposed several modifica-
tions to the original SMCI, based on addition of several more
decisive factors such as the existence of muscle pain with non-
statin cholesterol-lowering drugs [31], but to date these pro-
posed modifications have not been incorporated into a pub-
lished questionnaire. A recent publication validating the
SAMS-CI from the Coenzyme Q10 in Statin Myopathy trial
[21] reported that patients with confirmed SAMS did indeed
exhibit higher scores than patients with muscle symptoms on
placebo alone, muscle symptoms on both treatments, or no
muscle symptoms on either treatment [52]. While only half
of the patients with confirmed SAMSwere appropriately clas-
sified by the SAMS-CI as having possible or probable SAMS,
65 of 76 (86%) patients who did not test positive for SAMS
were classified as unlikely with the index such that negative
predictive value was 76.5%. Lowering the cutoff for classifi-
cation as unlikely to 4 from 6 points increased negative pre-
dictive value to 90.6%. These preliminary results suggest that
the SAMS-CI can be used to identify patients with self-
reported SAMSwho are unlikely to have true SAMS, perhaps
improving the diagnosis of statin intolerance and encouraging
statin adherence. The SAMS-CI needs to be validated pro-
spectively in large clinical trials, as well as in clinical practice,
however, before wide-scale adoption can be recommended.

Alternatively, the ACC statin intolerance tool, which is
based on the 2013 ACC/AHA Guideline on the Treatment

of Blood Cholesterol to Reduce Atherosclerot ic
Cardiovascular Risk in Adults [53], is available in both a
web-based platform (http://tools.acc.org/statinintolerance/#!/)
as well as a mobile app. This tool seeks to categorize muscle
symptoms in 8 different categories into a dichotomous
outcome (possible vs unlikely) based on the following
factors: symptom timing, symptom type, symptom location,
sex, age, race/ethnicity, CK elevations > 5× upper limit of
normal, known risk factors for SAMS, and non-statin causes
of SAMS. After entering information in these 8 categories, the
tool provides a summary indicating the number of factors
classified as either possible or unlikely. Clinician and patient
discretion is encouraged following the visual representation of
the data to decide the likelihood of statin intolerance and the
next potential treatment steps, such as dechallenge/rechal-
lenge, reducing dose, or switching statins. The major draw-
back of the app is that it lacks a scoring system to differentiate
the categorizations of possible versus unlikely into a diagnos-
tic cutoff. Nonetheless, both the SAMS-CI and the ACC statin
intolerance tool appear promising strategies that can be used
to improve the distinction between true SAMS and non-
specific muscle pain or the nocebo effect.

What Are the Most Effective Treatment
Strategies for Managing SAMS
and Encouraging Statin Adherence?

The majority (~60%) of adults who discontinue statins reports
SAMS as the primary reason for statin non-adherence and
discontinuation [54]. The adverse impact of SAMS on optimal
statin dosing and adherence has substantial health impacts.
For example, among 45,037 adults with documented statin
intolerance between 2006 and 2012, 25.5% discontinued their
statin prescription and 30.0% altered their statin therapy (with
52.6% down-titrating and 17.2% up-titrating their dose).
Patients who discontinued their treatment exhibited the
greatest LDL-C increases and were least likely to achieve an
LDL-C < 100 mg/dL and < 70 mg/dL [55]. Moreover, statin
intolerance is associated with a 36% higher rate of recurrent
MI, a 43% higher rate of CHD events, and a 15% higher rate
of all-cause mortality [14]. Therefore, clinicians must use a
variety of strategies to manage and treat SAMS.

Managing the patient with possible SAMS requires a se-
quence of steps, which may vary by clinician and patient.
Nonetheless, treatment requires reassessing the benefit of stat-
in therapy, making the tentative diagnosis, eliminating con-
tributing factors, reassuring the patient that SAMS are not
permanent, trying alternative statins and doses, and prescrib-
ing alternative treatment strategies (Fig. 2) [56]. True SAMS is
more likely when the typical clinical features are present [26,
51], so a careful documentation of symptoms is the initial
diagnostic step. In addition, there is almost uniform agreement
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that any definition of SAMS requires a dechallenge and re-
challenge phase to assess potential causal associations, as well
as attempting to use several (≥ 2) different statins to support

the diagnosis [27]. The dechallenge phase should ideally in-
volve statin cessation until symptoms have resolved (measur-
ing the time course of symptom resolution), as well as some

Fig. 1 The Statin-Associated Muscle Symptom Clinical Index (SAMS-
CI). The SAMS-CI [51] is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /

creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium
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measurement of general muscle pain or status so that a true
symptom Bbaseline^ can be established prior to reinitiating a
statin. This approach is critical because many patients have
background chronic levels of muscle pain and symptoms as-
sociated with other conditions or medications. Repeated CK
measurements can be beneficial to exclude clinically threaten-
ing muscle injury and to assist with the diagnosis because
small increases in CK levels from baseline (~20 U/L) may
help identify individuals who are truly experiencing SAMS,
although again the large intra-individual variability in the
measurement must be taken into consideration when
interpreting changes with statin therapy [33]. It is equally im-
portant to exclude potentially contributing factors such as hy-
pothyroidism and other medications and to evaluate the pa-
tient for other muscle diseases and conditions.

Careful determination of vitamin D status should also be
included in the initial evaluation of SAMS, although the rela-
tionship between vitamin D deficiency and SAMS is equivo-
cal. Vitamin D deficiency alone can cause skeletal myopathy
[57] as well as decreased muscle strength [58, 59].
Consequently, vitamin D deficiency may exacerbate statin
muscle symptoms and several studies and systematic reviews
[60–64] have linked low vitamin D levels to SAMS. Vitamin
D supplementation may mitigate muscle symptoms [65, 66],
although this is not a consistent finding [67–69]. In our
CoQ10 in Statin Myopathy Trial, we found no relationship
between vitamin D levels, pre- and post-statin therapy, or clin-
ical vitamin D deficiency and insufficiency, on the develop-
ment of SAMS [70]. Nonetheless, vitamin D repletion when
appropriate is recommended given the overall importance of
vitamin D for muscle function.

Finally, an overlooked but critical step in the initial diag-
nosis and treatment of SAMS involves reassuring patients that
statins are extremely safe and effective and that SAMS is
reversible with drug cessation. Many patients are concerned
about statin side effects, and negative media reports about
statins are associated with their early discontinuation. For ex-
ample, a Danish study investigated 674,900 individuals aged
40 or older who were initiated on statin therapy in 1995–2010
and followed them to 2011. Statin use increased from < 1 to
11% and early statin discontinuation increased from 6 to 18%
in the study population from 1995 to 2010. Odds ratios for
early statin discontinuation versus continued use were 1.09
(95% confidence interval, 1.06–1.12) in relation to the number
of published negative statin-related news stories, demonstrat-
ing that increasing attention to potential statin adverse side
effects is likely creating a nocebo effect [71]. This nocebo
effect, the opposite of the placebo effect, almost certainly con-
tributes to some patient’s complaints during statin therapy
[23]. Indeed, primary care physicians report that SAMS are
the most common reason patients report for statin discontinu-
ation, and patient fear of side effects is ranked by 70% of these
physicians as the biggest challenge in persuading patients to

reconsider statin therapy [72]. Promisingly, many patients can
tolerate the drugs once the fear that the symptoms will prog-
ress and become permanent is addressed: over 90% of patients
with statin complaints managed in an academicmedical center
were subsequently able to tolerate a statin [73].

After thorough diagnostic steps, 2 pharmaceutical strate-
gies can be used to treat blood lipids to goal in the patient truly
experiencing SAMS: alternate-day dosing and use of other,
non-statin medications alone or in combination with low-
dose statin therapy. Statins with longer half-lives such as
rosuvastatin, atorvastatin, and pitavastatin can be given every
other day or even less frequently [74]. A meta-analysis of 12
RCTs and 1 quasi-RCT (n = 1023 patients) revealed no statis-
tically significant difference between alternate-day and daily
regimens of atorvastatin and rosuvastatin in terms of change in
LDL-C and triglycerides, although daily regimens of atorva-
statin and rosuvastatin were superior to alternate-day regimes
for change in total cholesterol. In addition, there was no sta-
tistically significant difference between alternate-day and dai-
ly regimens on all lipid outcomes for both fluvastatin and
pravastatin [75]. It should be noted that the majority of trials
included in this meta-analysis used the same dose of statin
(i.e., 10 mg both daily and on alternate days) so that
alternate-day dosing resulted in a lower total weekly dose.
Consequently, clinicians should consider alternate-day dosing
a cornerstone for managing elevated cholesterol and reducing
cardiovascular risk in patients with SAMS.

Among the most commonly used non-statin medications
are ezetimibe and monoclonal antibody proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors. The 2016
American College of Cardiology Expert Consensus regarding
the use of non-statin therapies for LDL-C lowering suggests
the addition of ezetimibe as the first non-statin agent for pa-
tients not at lipid goals [76], and most studies have shown that
ezetimibe does not increase SAMS in statin-intolerant patients
[22, 77]. The 2 approved PCSK9 inhibitors (alirocumab and
evolocumab) are used for lowering LDL-C in patients who are
unable to reach desired LDL-C levels with diet and maximally
tolerated lipid-lowering therapy alone. These PCSK9 inhibi-
tors reduce LDL-C by an additional 50 to 70% in patients on
statin (and other lipid-lowering) therapy, and several landmark
trials involving statin-intolerant patients have demonstrated
that the rates of SAMS and resultant drug discontinuation
are equal to and perhaps less than rates observed with statin
therapy alone [22, 77, 78]. For example, in the GAUSS-3 trial,
which enrolled patients with a history of statin intolerance to
≥ 2 statins, atorvastatin treatment evoked muscle symptoms in
209 of 491 (42.6%) of patients on atorvastatin but not placebo
in the first phase of the study. These patients were then ran-
domized to ezetimibe versus evolocumab, where muscle
symptoms were reported in 28.8% of ezetimibe-treated pa-
tients and 20.7% of evolocumab-treated patients [22]. In the
Odyssey Alternative trial, SAMS occurred less frequently
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with alirocumab (32.5%) versus atorvastatin (46.0%), al-
though treatment discontinuation due to SAMS was not dif-
ferent between the 2 treatments [77]. The recent FDA approv-
al of evolocumab for expanded use to prevent heart attacks,
strokes, and coronary revascularizations in adults with
established cardiovascular disease [79] indicates that PCSK9
inhibitors will continue to gain widespread use, particularly in
patients with SAMS. Finally, alternative lipid-lowering regi-
mens including niacin, cholestyramine, fenofibrate, and gem-
fibrozil, which are less favored due to ambiguous early trial
results, potential interactions with statins, and other adverse
side effects, can be considered when statins are not tolerated as
more recent evidence and review of the data indicates they
should not be wholly excluded as treatment options [56].

There is a paucity of data addressing the efficacy of nutra-
ceutical supplementation for patients with SAMS [80]. The
most thoroughly investigated is CoQ10 supplementation,
which is one of the most widely popular treatments for reduc-
ing SAMS. Multiple trials have evaluated the impact of coen-
zymeQ10 supplementation on statin-associatedmuscle symp-
toms with approximately half showing a benefit and the other

half showing no effect [21, 81–89]. When we placed subjects
with confirmed SAMS on either simvastatin 20 mg daily plus
CoQ10 or placebo for 8 weeks [21], CoQ10 supplementation
had no effect on the incidence and severity of SAMS, time to
onset of pain, muscle strength, or aerobic performance.
Similarly, a recent meta-analysis of 5 CoQ10 supplementation
trials with 253 participants found no significant effect of
CoQ10 on SAMS despite a small, non-significant trend (p =
0.20) toward a decrease in muscle pain [90]. A study investi-
gating the effect of CoQ10 supplementation on phosphocrea-
tine (PCr) recovery kinetics (a more direct assessment of mus-
cle mitochondrial function) found no impact of CoQ10 on PCr
kinetics compared to statin therapy alone [88]. Collectively,
data do not strongly support the concept that CoQ10 supple-
mentation mitigates SAMS.

Future Directions and Conclusions

This review summarized recent evidence related to diagnosis
and management of SAMS. Several major themes emerge

Fig. 2 A schematic of the diagnosis, treatment, and management strategies for SAMS
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with respect to gaps in knowledge and future directions. Given
the uncertainties surrounding the true prevalence of SAMS,
and the almost certain fact that many reports and studies of
patients with SAMS have enrolled patients with non-specific
muscle complaints and/or the nocebo effect, future trials need
to more accurately assess SAMS in study participants via a
rigorous dechallenge-rechallenge protocol or double-blind,
placebo-controlled statin run-in study. This will improve
reporting of SAMS rates and also ensure that trials of statin
intolerance enroll only true patients with SAMS. Moreover, a
biomarker of SAMS is desperately needed in order to aid
clinicians in the diagnosis of SAMS and to improve statin
adherence in patients not truly statin intolerant. Small changes
in study design, such as uniformly assessing and reporting CK
levels before and after statin treatment, could greatly increase
the likelihood of such a biomarker being found. And finally,
long-term outcome trials of various statin and non-statin reg-
imens in patients with SAMS are still lacking. These large
outcomes trials are necessary to develop a consensus treat-
ment plan that weighs the costs and benefits of statin use
versus other pharmacological and non-pharmacological op-
tions for the long-term reduction of atherosclerotic cardiovas-
cular disease events.
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