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Effect of Statins on Skeletal Muscle Function

Beth A. Parker, PhD; Jeffrey A. Capizzi, MS; Adam S. Grimaldi, BS; Priscilla M. Clarkson, PhD;
Stephanie M. Cole, PhD; Justin Keadle, BS; Stuart Chipkin, MD; Linda S. Pescatello, PhD;
Kathleen Simpson, MS; C. Michael White, PharmD; Paul D. Thompson, MD

Background—Many clinicians believe that statins cause muscle pain, but this has not been observed in clinical trials, and
the effect of statins on muscle performance has not been carefully studied.

Methods and Results—The Effect of Statins on Skeletal Muscle Function and Performance (STOMP) study assessed
symptoms and measured creatine kinase, exercise capacity, and muscle strength before and after atorvastatin 80 mg
or placebo was administered for 6 months to 420 healthy, statin-naive subjects. No individual creatine kinase value
exceeded 10 times normal, but average creatine kinase increased 20.8+141.1 U/L (P<0.0001) with atorvastatin. There
were no significant changes in several measures of muscle strength or exercise capacity with atorvastatin, but more
atorvastatin than placebo subjects developed myalgia (19 versus 10; P=0.05). Myalgic subjects on atorvastatin or placebo
had decreased muscle strength in 5 of 14 and 4 of 14 variables, respectively (P=0.69).

Conclusions—These results indicate that high-dose atorvastatin for 6 months does not decrease average muscle strength or
exercise performance in healthy, previously untreated subjects. Nevertheless, this blinded, controlled trial confirms the
undocumented impression that statins increase muscle complaints. Atorvastatin also increased average creatine kinase,
suggesting that statins produce mild muscle injury even among asymptomatic subjects. This increase in creatine kinase
should prompt studies examining the effects of more prolonged, high-dose statin treatment on muscular performance.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00609063. (Circulation.

2013;127:96-103.)
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statins are the most effective medications for reducing
elevated concentrations of low-density lipoprotein (LDL) cho-
lesterol and produce remarkable reductions in cardiovascular
events.' Statins can produce life-threatening rhabdomyolysis,
but this is rare.? Statins are more frequently associated with
mild muscle complaints, including myalgia, cramps, and
weakness, which may compromise medication compliance
and quality of life. The reported incidence of myalgia during
statin therapy ranges from 1% in controlled studies® to 25%
in clinical reports.* Muscle weakness has also been reported
with statin therapy, but muscle performance and exercise per-
formance have not been carefully studied.’
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The Effect of Statins on Muscle Performance study
(STOMP; National Heart, Lung, and Blood Institute
SROTHLO081893, NCT00609063) determined the incidence of
statin-associated muscle complaints and examined the effect
of statins on muscle performance and exercise capacity by

administering atorvastatin 80 mg daily or placebo to healthy
subjects for 6 months or until subjects developed myalgia.

Methods

Study Overview

STOMP was a double-blind, random-assignment clinical trial; the
methods used have been described previously.® Equal numbers of
men and women across 3 age ranges (20-39, 40-54, and =55 years)
were recruited over 4 years. Baseline lipid, liver, kidney, thyroid,
and creatine kinase (CK) measurements were obtained. Subjects
completed a baseline muscle symptom questionnaire and exercise
testing, including a maximal exercise test with gas analysis; hand
grip, elbow flexor, and knee extensor strength testing; and a knee
extensor endurance exercise test. Subjects were then randomly
assigned in a double-blind fashion to identical placebo or atorvastatin
80 mg daily (Lipitor; Pfizer, Inc, New York, NY). Atorvastatin
tablets were crushed for compounding, but this does not influence
relative bioavailability of the statin (Medical Information Letter
337882; Pfizer, Inc) Subjects were called twice monthly to ascertain
symptoms. Subjects performed repeat testing after 6 months or after
they developed muscle symptoms meeting the study definition of
statin-induced myalgia. The study was approved by the Institutional
Review boards at Hartford Hospital, the University of Massachusetts,
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and the University of Connecticut and was monitored by a Data
Safety and Monitoring Board.

Subject Inclusion/Exclusion Criteria

In total, 1415 possible subjects were evaluated. Subjects were not
included if they had cancer within 5 years, a baseline alanine amino-
transferase (ALT) value >2 times the upper limit of normal (ULN), a
creatinine level >2 mg/L, an abnormal thyroid-stimulating hormone
level, a history of cardiovascular disease, an ischemic-appearing ECG
response to exercise testing, diabetes mellitus, subjective muscle
complaints or weakness, or physical disabilities that would prohibit
exercise testing. LDL cholesterol was not an inclusion/exclusion cri-
terion because many patients with cardiovascular disease or other
cardiovascular risk factors currently receive statin therapy regardless
of their baseline LDL values. Women who were pregnant or planned
to become pregnant were not recruited, and all women in the study of
child-bearing age agreed to use an established method of birth control
for the duration of the trial. Subjects presently or previously treated
with lipid-lowering medications were excluded, as were individuals
treated with medications known to affect skeletal muscle or to al-
ter statin metabolism.” Subjects with hypertension were recruited if
their blood pressure was controlled and <140/90 mm|Hg at baseline.
A total of 468 subjects were randomized to atorvastatin or placebo,
of whom 203 in the atorvastatin group and 217 in the placebo group
provided complete data for analysis. Subjects were removed from the
study if their CK exceeded 10 times the ULN on any occasion or if
their ALT exceeded 3 times the ULN on 2 measurements performed
within 1 week of the first elevated value. No subject was excluded for
elevated CK values, but 9 atorvastatin and 1 placebo subjects were
excluded for elevated ALT levels (Figure 1).

Serological Markers

Total, LDL, and high-density lipoprotein cholesterol; triglyceride;
ALT; creatinine; 25-hydroxy vitamin D (which measures both vi-
tamin D, and D,); and CK levels were obtained at baseline and 6
months. Participants, their physicians and investigators were unaware
of subjects’ lipid values during the study.

Study Measurements

Body anthropometrics, hand-grip isometric strength of the dominant
hand, elbow and knee extension/flexion isometric and isokinetic
strength, knee endurance fatigue index® of the dominant limb, maxi-
mal oxygen uptake, resting and peak respiratory gas exchange ra-
tio and ventilatory threshold, and habitual self-reported and directly
measured physical activity were measured at baseline and after 6
months of drug treatment as described.® Compliance with study medi-
cations was assessed by pill counts of unused medication at 3 months
and again at 6 months.

Myalgia/Muscle Symptoms

Muscle complaints were assessed at the baseline, at the 3- and
6-month visits, and by phone twice monthly with the Short-Form
Brief Pain Inventory as described.® Subjects met the study definition
for “myalgia” if all of the following occurred: (1) They reported new
or increased muscle pain, cramps, or aching not associated with ex-
ercise; (2) symptoms persisted for at least 2 weeks; (3) symptoms
resolved within 2 weeks of stopping the study drug; and (4) symp-
toms reoccurred within 4 weeks of restarting the study medication.
Subjects who tested positive for myalgia with these criteria subse-
quently performed repeat serological, muscle, and aerobic testing im-
mediately after reoccurrence of muscle symptoms.

Sample Size

The primary outcome was the incidence of statin-associated myal-
gia. Thus, sample size estimates were based on the projection that
10% of the statin group would develop myalgia.” Assuming a non-
specific muscle complaint rate of 2% with placebo, 162 subjects per
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group were needed to detect a significant difference between groups
(0=0.05, power=0.80). In addition, groups of 200 subjects each pro-
vided power to detect a 5% to 10% change with statin therapy in all
exercise outcomes.

Statistical Analyses

Outcomes were assessed for normality by use of normal probability
plots, histograms, and Kolmogorov test statistics. Transformations
were used as necessary. All tests were 2 sided with statistical signifi-
cance set at a=0.05. Analyses were performed with SAS version 9.1
(SAS Institute Inc, Cary, NC).

Primary analyses were carried out on an intent-to-treat basis. We
also compared outcomes excluding 23 subjects who did not reduce
LDL cholesterol by 220% on atorvastatin (to exclude noncompliant
subjects as denoted in the original published analysis plan), but this
did not alter the main study findings. Therefore, the following data
include all subjects who completed the study. To determine the in-
cidence of statin muscle complaints, the proportion of subjects de-
veloping complaints was compared between the statin and placebo
groups by use of a Pearson % test. The effect of atorvastatin on se-
rological markers, muscle strength, and aerobic performance was as-
sessed with ¢ tests (or a Mann-Whitney U test for CK) comparing
the change scores observed in the statin- and placebo-treated subjects
before and after treatment. Models were also run controlling for sex
and age as categorical covariates and random site effects, which did
not alter findings. Further models examined 2-way and 3-way inter-
actions with ANOVA by modeling change scores in study outcomes
with age, sex, and drug treatment, again controlling for random
site effects with nonsignificant interactions dropped for parsimony.
Change scores according to myalgia status were also examined be-
tween treatment groups given the small number of myalgic subjects.

Results

Baseline Characteristics and Lipid Changes

Subjects randomized to the atorvastatin and placebo groups
were similar at baseline, although more women on atorvas-
tatin used oral contraceptives or hormone therapy and more
placebo subjects used prescription pain medication (Table 1).
Compliance with treatment medication was similar in the ator-
vastatin and placebo groups (94.5+7.0% versus 93.9+8.2%).
Atorvastatin subjects showed the expected reductions in LDL
cholesterol (Table 2).

Changes in Serological Markers

Atorvastatin produced a 20.8+141.1 U/L (P<0.0001) increase
in CK, although no subject demonstrated a CK value >10
times the ULN (Figure 2). In addition, 40 subjects on atorv-
astatin versus 29 subjects on placebo demonstrated CK above
the ULN (x*=3.2; P=0.08). Atorvastatin also increased aver-
age ALT values 15.7£27.4 U/L (P<0.0001; Figure 2). There
was no effect of 6 months of atorvastatin treatment on vitamin
D (atorvastatin:,35.1£12.4-34.2+12.5 ng/mL versus placebo,
36.8+14.6-35.1£14.3 ng/mL; P=0.94).

Muscle Complaints

Twenty-three atorvastatin and 14 placebo subjects reported
new, unexplained muscle pain. Nineteen atorvastatin and
10 placebo subjects ultimately met the study definition for
myalgia (y*=3.74; P=0.05). Myalgic subjects on atorvastatin
reported predominantly leg symptoms: hip flexor, quadriceps,
hamstring, and/or calf aches (n=10); quadriceps or calf cramps
(n=5); and/or quadriceps, hamstring, and/or calf fatigue (n=6).
Myalgic subjects on placebo reported more diverse symptoms
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such as whole-body fatigue (n=3), worsening of pain in
previous injuries (n=3), groin pain (n=3), and foot cramping
(n=1), but they were otherwise similar (Table 1). Time to
symptom onset was shorter in atorvastatin myalgic subjects
than in myalgic subjects on placebo (35+31 versus 61+33
days; P=0.045). Myalgic versus nonmyalgic subjects on
atorvastatin or placebo did not exhibit differences in CK, ALT,
lipid (Table 2), or vitamin D changes with treatment (P>0.19).

Pain severity and pain interference with daily life in all
subjects with myalgia averaged 0.7+1.2 and 0.3+0.6 of a pos-
sible 10 at baseline, increased to 2.4+1.8 and to 2.0+2.3 with
treatment (P=0.001), and did not differ between the atorvas-
tatin and placebo subjects (P=0.37). Baseline pain severity
and pain interference with daily life were similar in nonmyal-
gic subjects for the atorvastatin and placebo groups (0.4+0.9
and 0.2+0.7, respectively) and did not change with treatment
(P=0.14).

Effects of Atorvastatin on Muscle and Exercise
Performance

There were no baseline differences in measured strength and
aerobic outcomes (all P>0.06).There were no differential
effects of atorvastatin on skeletal muscle strength and endur-
ance, aerobic performance, or physical activity levels compared

with placebo (all P>0.17; Table 3). Physical activity decreased
(P=0.007) regardless of drug treatment, but the decrease in the
atorvastatin group was due to a decrease in activity among the
oldest tertile of study participants (P=0.03; Figure 3).

QOutcomes in Individuals With Myalgia

One atorvastatin subject with myalgia refused final testing
and was not included in the analyses. Compared with the
asymptomatic subjects on atorvastatin, myalgic subjects had
lower muscle strength in 5 of 14 measured variables (Table 4).
Compared with the asymptomatic subjects on placebo, placebo
myalgic subjects had significantly lower muscle strength in 4
measured variables ()*=0.16; P=0.68).

Discussion
STOMP is, to the best of our knowledge, the first randomized,
double-blind, clinical trial to confirm the common clinical
impression that statins increase the incidence of myalgia.
The definition of myalgia in STOMP was predefined and
required resolution of muscle symptoms promptly after
stopping study medication and reappearance of symptoms
on restarting the medication. STOMP also documented
that statin-associated mild muscle complaints do not
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Table 1. Subject Baseline Characteristics and Medication Use by Drug Assignment for All Subjects and Those Who Developed
Myalgia
Entire Sample Myalgic Sample

ATOR (n=203) PL (n=217) ATOR (n=19) PL (n=10)
Women, n 103 113 11 5
White, n 192 201 18 10
Age, y 43.6 (41.4-45.8) 44.6 (42.4-46.8) 52.5 (47.1-50.9)* 56.9+8.0 (51.9-61.9)*
BMI, kg/m? 26.3 (25.6-27.0) 26.5 (25.8-27.2) 24.7 (22.8-26.6) 25.0+3.0 (23.1-26.9)

Vo, max, mL-kg~"-min-"
Resting SBP, mmIHg
Resting DBP, mmiHg
Total-C, mg/dL
LDL-C, mg/dL
HDL-C, mg/dL
Triglycerides, mg/dL
Medication, n

OTC pain

Prescription pain

Blood pressure

Thyroid

Hormone therapy

(

(

34.6 (33.3-35.9)
119.5 (117.7-121.3)
75.5 (74.2-76.8)
198.7 (193.3-204.1)
119.0 (114.1-123.9)
57.6 (55.2-60.0)
110.5 (102.9-118.1)

21
5
9

12

31

(

(
33.2(31.9-34.5)
118.3 (116.5-120.1)
75.1 (73.8-76.4)
194.8 (189.9-199.7)
116.0 (111.8-120.2)
58.6 (56.3-60.9)
103.1 (95.7-110.5)

21
16*
15
13
18*

(

(

31.0 (26.7-35.3)
122.3 (117.4-127.2)
76.4 (73.2-79.6)
215.3 (195.9-234.7)
128.9 (110.8-147.0)
68.7 (61.5-75.9)*
88.1 (72.4-103.8)

3
2
2
4

2

(

(

30.7 (26.0-35.4)
119.0 (112.7-125.3)
72.6 (68.9-76.9)
212.0 (195.6-228.4)
130.2 (116.1-144.3)
61.0 (53.2-68.8)
114.2 (73.5-154.9)

2
2
0
2

0

ATOR indicates atorvastatin; BMI, body mass index; C, cholesterol; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OTC,
over-the-counter; PL, placebo; SBP, systolic blood pressure; and \'Iozmax, maximal oxygen uptake. OTC pain indicates regular use of such medications as nonsteroidal
antiinflammatory drugs and acetaminophen; prescription pain, regular use of prescription pain medications; blood pressure, blood pressure—lowering drug; thyroid,
synthetic thyroid drug; and hormone therapy, oral contraceptives or hormone replacement therapy if female. Data are presented as point estimates and 95% confidence

intervals for atorvastatin versus placebo subjects in the entire sample and only in subjects classified as myalgic.
*Significant difference between myalgic and nonmyalgic subjects within a treatment group at P<0.05.

appear to have measurable physiological consequences in
that muscle strength was not reduced to a greater extent in
myalgic participants on atorvastatin compared with placebo
subjects also satisfying the study definition of myalgia. The
observation that some placebo patients satisfied the myalgia
definition documents the importance of using a double-
blind trial to examine the incidence and characteristics of
statin-associated myalgia and not relying solely on clinical
characteristics. STOMP also demonstrated, we believe again
for the first time, that high-dose statin treatment increases
average CK levels, suggesting that statins produce low-level
muscle injury in healthy subjects that occurs independently
of muscle symptoms.

The reported incidence of myalgia during statin therapy has
varied from 1% to 25%.*'*!! Determining the true incidence of

mild muscle complaints from prior studies is difficult because
these complaints are typically not solicited and because most
large trials typically define myopathy as either myositis or
rhabdomyolysis and require CK levels to be >10 times the
ULN. We used a standardized study protocol and definition
and observed that high-dose atorvastatin doubled the inci-
dence of reproducible muscle complaints, from 4.6% to 9.4%
of subjects. STOMP enrolled equal numbers of young, middle-
aged, and older men and women, but the incidence of myalgia
was similar to the 10.5% rate reported among 7924 French
patients.” Observational reports suggest that statin-associated
muscle complaints are more frequent in older adults and/or
women.'>* Subjects with statin myalgia in STOMP tended to
be older and almost 60% were women, but the STOMP sam-
ple size was too small to detect sex differences in incidence.

Table 2. Lipid Changes by Drug Assignment and Myalgia Status
Total Sample Myalgic Sample
ATOR (n=203) PL (n=217) ATOR (n=19) PL (n=10)
ATotal-C, mg/dL —65.3 (~70.1 to —60.5)* (-0.2 10 5.6) ~73.9(-88.0 to —59.8)* 12.2 (0.0 t0 24.4)
ALDL-C, mg/dL ~59.0 (-63.4 to —54.6)* 0.9 (-1.81t0 3.6) ~70.6 (-83.5t0 -57.7)* 10.1 (1.4 t0 21.6)
AHDL-C, mg/dL -0.8(-2.0100.4) 0.4 (-0.7 t0 1.5) 2(-4.3104.7) -3.4(-9.1102.3)
ATRIG, mg/dL -28.3 (-34.4 t0 —22.3)* (-3.11010.1) -18.2 (-28.0 to —8.4)* 16.5 (-12.3 t0 45.3)

A indicates absolute change from before to after the study; ATOR, atorvastatin; C, cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PL,
placebo; and TRIG, triglycerides. Data are presented as point estimates and 95% confidence intervals for atorvastatin versus placebo subjects in the entire sample and

only in subjects classified as myalgic.

*Significant change from baseline at P<0.01. There were no differences between myalgic and nonmyalgic subjects within a treatment group.
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Figure 2. Group mean+SD of creatine kinase (CK; top) and
alanine aminotransferase (ALT; bottom) before (Pre) and after
(Post) 6 months of atorvastatin (ATOR) or placebo (PL) treatment.
Brackets indicate the P value for group-by-time interaction. *Sig-
nificant difference between groups within a time point at P<0.05.

Interestingly, the French study® observed that muscle symp-
toms generally appeared within a month of drug initiation.
This was also true in STOMP, and the time to symptom onset
was significantly shorter in myalgic subjects on atorvastatin
than on placebo, 1 versus 2 months.

Clinical trials define statin-associated myopathy as CK
levels >10 times the ULN.*!* No subject in STOMP recorded
a CK >10 times the ULN, but 6 months of treatment with
atorvastatin resulted in a small (~20 U/L) but significant
(P<0.01) increase in CK. This suggests that low-level muscle
injury occurs with high-dose statins, although there are other
possible explanations for the CK increase. Inflammatory
conditions, including rheumatoid arthritis and systemic
lupus, are associated with reduced CK levels.' Statins reduce
systemic inflammation' and could increase average CK by
decreasing inflammation. We did not measure inflammatory
markers in STOMP and thus cannot evaluate this possible
relationship. Alternatively, hepatic macrophages participate in
the clearance of CK.'® Decreasing the hepatic macrophages in
animal models increases CK concentrations, suggesting that
statins, if they decrease the hepatic macrophage content, could
reduce CK clearance and increase CK levels. There was no

Table 3. Absolute (Post Minus Baseline) Aerobic and Strength
Data by Drug Assignment

ATOR (n=202%) PL (n=217)
Resting RER .0(=0.011t00.01) 0.0 (-0.03 to 0.03)
Vozmax, mL-kg~"-min~' -0. 8( 1.3t10-0.3) -0.8(-1.410-0.2)
VT, mL-kg="-min-" -0. 9( 16t0-0.2) -0.6(-1.61t00.4)
Hand grip, kg 1(-051t00.7) -0.6(-1.3t100.1)
Arm strength (APT), N-m
Isom Ext .8(-0.2101.8) .3(-0.61t01.2)
Isom Flex —05( 21t01.1) -02(-1.1100.7)
Isok Ext at 60°/s 5(-02t01.2) -0.2(-0.91t00.5
Isok Flex at 60°/s .0 (-0.6 0 0.6) .0 (—0.6 t0 0.6)
Isok Ext at 180°/s 5(-0.2t01.2) .6(0.2t01.2)
Isok Flex at 180°/s .2(-0.61t01.0) .1(-0.5100.7)
Leg strength (APT), N-m
Isom Ext -21(-5.1100.9) -0.4(-3.4102.6)
Isom Flex -1. 8( 3.2t0-04) -1.3(-2.6100.0)
Isok Ext at 60°/s .2(-0.8103.2) 09(-1.1102.9)
Isok Flex at 60°/s 9(-051t023) -05(-2.7101.7)
Isok Ext at 180°/s .9(2.0105.8) 3.8(2.3105.3)
Isok Flex at 180°/s .7(1.5103.9) 1(1.0t03.2)

Knee endurance fatigue index —0.1(-1.610 1.4) 0.2(-0.8t01.2)

APT indicates average peak torque; ATOR, atorvastatin; Ext, extension; Flex,
flexion; Isom, isometric; PL, placebo; RER, respiratory exchange ratio; Vozmax,
maximal oxygen uptake; and VT, ventilatory threshold. There were no significant
differences in change scores between atorvastatin and placebo treatment
groups. Data are presented as point estimates and 95% confidence intervals for
atorvastatin versus placebo subjects.

*One ATOR subject with myalgia did not complete muscle and aerobic
posttesting and thus was not included in analyses.

correlation between changes in CK and ALT in STOMP, but
we cannot further evaluate this possibility. Both explanations
seem less likely than the hypothesis that statins produce low-
level muscle injury given the plethora of data linking statins
to skeletal muscle damage,'”""” even in the absence of muscle
symptoms.*

The long-term clinical consequences of this mild CK eleva-
tion are unclear because the CK elevation was not accom-
panied by changes in muscle strength. Anecdotally, some
patients with weakness attributed to statin therapy develop
such complaints only after years of treatment.'> Therefore,
it is possible that low-level muscle injury, indicated by mild
elevations in CK, will produce subsequent weakness in some
statin-treated subjects. Testing this hypothesis will be difficult
because it requires a long-term placebo-controlled trial, an
ethically difficult proposition given the documented therapeu-
tic value of statins. In addition, such a study would require
sophisticated strength testing because we detected decreased
strength among our myalgic subjects even though few com-
plained of muscle weakness.

There were no significant changes in muscle strength,
endurance, and aerobic performance in the total atorvastatin
STOMP population. Previous investigations have been equiv-
ocal, with some studies suggesting that statins reduce muscle
strength in older individuals and that statins may shift exercise
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Figure 3. Group mean+SD of changes in physical activity (aver-
age counts per day) by age group after 6 months of atorvastatin
(ATOR) or placebo (PL) treatment. Brackets indicate the P value
for treatment-by-age interaction.

substrate use from fat to carbohydrate.?'-** Most studies were
small, used crude measures of strength and exercise perfor-
mance, and were not blinded or placebo controlled.> STOMP
provides reassurance that healthy adults who tolerate high-
dose atorvastatin without muscle complaints experience no
deleterious effects on muscle strength or performance over
6 months of treatment. We observed that average physical
activity, measured by accelerometer, decreased significantly
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in the oldest STOMP age group with atorvastatin therapy, but
this could simply represent measurement variability because
physical activity increased in the youngest atorvastatin-treated
subjects.

In contrast to the total study sample, statin-treated subjects
meeting the study definition of myalgia demonstrated reduc-
tions in muscle strength in 5 of 14 measured muscle strength
variables (Table 4). Several observational studies have sug-
gested that patients with myalgia experience a decrease in
strength.*> However, subjects in the placebo group meeting
the study definition of myalgia also demonstrated muscle
strength declines in 4 measured variables, suggesting that
the majority of muscle strength changes with myalgia in
STOMP may have been nonspecific. Caution should be exer-
cised in the interpretation of these data, however, because
the analyses were secondary to major study outcomes in a
very small sample of patients. Therefore, larger studies of
patients with true statin myalgia—rigorously tested with
a double-blind, randomized, crossover period to confirm
myalgia in the initial study population—are needed to deter-
mine the effects of statin on muscle outcomes in myopathic
patients.

STOMP has significant advantages over prior observational
studies, but it also has limitations. STOMP examined only
the effect of atorvastatin on muscle complaints and function
and thus cannot evaluate whether other statins at comparable
doses would produce similar results. STOMP enrolled
only healthy individuals; therefore, it cannot address the
frequency or severity of muscular complaints in patients

Table 4. Absolute (Post Minus Baseline) Aerobic and Strength Data by Drug Assignment in Myalgic Patients

ATOR (n=18%) PL (n=10)
Resting RER 0.0 (~0.05 t0 0.05) 0.1(-0.1t00.3)
Vo,max, mL-kg~"-min-" —0.5(-1.3100.3) -1.3(-2.8100.2)
VT, mL-kg~"-min~" -2.1(-3.9100.3) -2.3(-5.91t01.3)
Hand grip, kg -1.4(-3.4100.6) -1.0(-3.71t01.7)
Arm strength (APT), N-m
Isom Ext -0.4(-4.2103.4) 1.1 (-2.4 t0 4.6)
Isom Flex -32(-75%01.1) 0.7 (-3.6t05.0)
Isok Ext at 60°/s -2.6(-6.2t01.0) 0.3(-1.9t02.5)
Isok Flex at 60°/s -3.8(-7.8100.2)1 0.8 (-1.2t02.8)
Isok Ext at 180°/s -1.3(-4.4101.8) 0.4 (-2.2t0 1.4t
Isok Flex at 180°/s —-0.5(-4.11t03.1) 0.2 (-2.2t0 3.6)
Leg strength (APT), N-m
Isom Ext -17.3 +(-25.1 o -9.5)t -21.5(-30.6t0 -12.4) +
Isom Flex -5.3(-10.4t0 -0.2) -4.3(-10.210 1.6)
Isok Ext at 60°/s -10.4 (-20.2 to -0.6)t -6.6 (-14.5101.3)
Isok Flex at 60°/s -3.6 (-8.6t0 1.4)t —-4.6 (-8.7 t0 —0.5)
Isok Ext at 180°/s -3.0(-8.91t02.9)t -41(-10.1t0 1.9)F
Isok Flex at 180°/s -1.0 (-4.6 t0 2.6) -3.9(-6.8t0 -1.0)t
Knee endurance fatigue index -2.1(-44100.2) -3.6(-5.7t0-1.5)

APT indicates average peak torque; ATOR; atorvastatin; Ext, extension; Flex, flexion; Isom, isometric; PL, placebo; RER, respiratory exchange ratio; Vozmax, maximal
oxygen uptake; and VT, ventilatory threshold. Data are presented as point estimates and 95% confidence intervals for atorvastatin versus placebo subjects in subjects

classified as myalgic.

*One ATOR subject with myalgia did not complete muscle and aerobic posttesting and thus was not included in analyses.
tSignificant difference in change scores between myalgic and nonmyalgic groups (from Table 3) within a treatment group at P<0.05.
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with concomitant diseases and medications. The inclusion
of younger subjects and both sexes may have reduced the
number of subjects with myalgia during atorvastatin treatment
because subjects with statin myalgia in STOMP tended to be
older and more were woman. STOMP lasted only 6 months
and therefore may underestimate the incidence of myopathic
complaints during longer-term statin therapy, although the
onset of myalgia with atorvastatin occurred an average of 1
month after initiation of therapy. Longer placebo-controlled
trials to examine the frequency of myopathic complaints in
sicker subjects will be difficult, however, given the general
reluctance to assign statin-eligible subjects to placebo
treatment. On the other hand, given that statins have been
clinically available and widely used in the United States
since 1987 and the paucity of documented decreases in
muscle strength among statin-treated patients, STOMP may
overestimate the frequency and strength changes of statin-
associated myalgia. This seems unlikely, however, given the
rigor of the STOMP design.

Conclusions

STOMP is, to the best our knowledge, the first randomly
assigned, double-blind study designed to examine the effects
of statins on muscular complaints, muscle strength, and exer-
cise performance. The results are reassuring in that there was
no effect of atorvastatin 80 mg daily on muscle strength or
exercise performance over 6 months of treatment in healthy
subjects. On the other hand, STOMP documented that ator-
vastatin significantly increased the frequency of myalgia.
STOMP also demonstrated an increase in average CK in the
atorvastatin-treated cohort, suggesting that statins could pro-
duce low-level muscle injury. These results should prompt
additional studies examining muscular performance with
long-term statin treatment in both healthy patients and those
with confirmed statin-associated myalgia.
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CLINICAL PERSPECTIVE

Many clinicians believe that statins cause muscle pain, but this has not been observed in clinical trials, and the effect of statins
on muscle performance has not been carefully studied. The Effect of Statins on Skeletal Muscle Function and Performance
(STOMP) study assessed symptoms and measured creatine kinase, exercise capacity, and muscle strength before and after
atorvastatin 80 mg or placebo was administered for 6 months to 420 healthy, statin-naive subjects. No creatine kinase value
exceeded 10 times normal in any subject during the trial, but average creatine kinase increased 20.8+141.1 U/L (P<0.01) with
atorvastatin. There were no significant changes in several measures of muscle strength or exercise capacity with atorvastatin,
but more atorvastatin than placebo subjects developed myalgia (19 versus 10; P=0.05). Myalgic subjects on atorvastatin or
placebo had decreased muscle strength in 5 of 14 and 4 of 14 variables, respectively (P=0.43). These results indicate that high-
dose atorvastatin treatment for 6 months does not decrease average muscle strength or exercise performance in healthy, previ-
ously untreated subjects. Nevertheless, this blinded, controlled trial confirms the undocumented impression that statins increase
muscle complaints. Atorvastatin also increased average creatine kinase, suggesting that statins produce mild muscle injury even
among asymptomatic subjects. This increase in creatine kinase should prompt studies examining the effects of more prolonged,
high-dose statin treatment on muscle performance.

/102 ‘T snbBny uo 1enb Aq /Bio'sfeuinofeyer0419//:dny wolij papeojumoq


http://circ.ahajournals.org/

/102 ‘T snbBny uo 1enb Aq /Bio'sfeuinofeyer0419//:dny wolij papeojumoq

' I ez American
QLm_u.l.aIJQD “ Heart

Associatione

Effect of Statins on Skeletal Muscle Function
Beth A. Parker, Jeffrey A. Capizzi, Adam S. Grimaldi, Priscilla M. Clarkson, Stephanie M.
Cole, Justin Keadle, Stuart Chipkin, Linda S. Pescatello, Kathleen Simpson, C. Michael White
and Paul D. Thompson

Circulation. 2013;127:96-103; originally published online November 26, 2012;

doi: 10.1161/CIRCULATIONAHA.112.136101
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2012 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://circ.ahajournals.org/content/127/1/96

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissionsin the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://ww.Ilww.com/reprints

Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournal s.org//subscriptions/



http://circ.ahajournals.org/content/127/1/96
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/



