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Abstract
Background—The present study examined if increases in creatine kinase (CK) levels during
high-dose atorvastatin treatment are associated with changes in skeletal muscle function and
symptoms.

Methods—The Effect of Statins on Muscle Performance study (STOMP) investigated the effects
of atorvastatin 80 mg daily for 6 months on muscle performance, exercise capacity, and the
incidence of statin-associated muscle complaints in healthy adults.

Results—CK levels increased with atorvastatin (n = 202) from 132.3 ± 120.9 U/L (mean ± SD)
at baseline to 159.7 ± 170.4 and 153.1 ± 139.4 U/L at 3 and 6 months, respectively (P≤0.002 for
both). Changes in CK with atorvastatin treatment were not associated with changes in muscle
function or the incidence of myalgia. More subjects on atorvastatin (n = 24) compared to placebo
(n = 12 of 217) doubled their CK level at 6 months (P = 0.02). No differences in muscle function
or physical activity were observed between atorvastatin-treated subjects who did or did not double
their CK.

© 2013 Elsevier Ireland Ltd. All rights reserved.
*Corresponding Author: Kevin D. Ballard, PhD, Division of Cardiology, Henry Low Heart Center, Hartford Hospital, Hartford, CT
06102, Phone: 860-545-4257, Fax: 860-545-2882, kballard@harthosp.org.

This study was registered at ClinicalTrials.gov (NCT00609063)

DISCLOSURES
Paul D. Thompson reports receiving research grants from the National Institutes of Health, GlaxoSmithKline, Anthera, B. Braun,
Genomas, Roche, Aventis, and Novartis; serving as a consultant for Astra Zenica, Regeneron, Merck, Roche, Genomas, Abbott,
Runners World, Genzyme, Sanolfi, Pfizer, and GlaxoSmithKline; receiving speaker honoraria from Merck, Pfizer, Abbott, Astra
Zenica, GlaxoSmithKline, and Kowa: owning stock in General Electric, JA Wiley Publishing, J&J, Sanolfi-Aventis and Abbott; and
serving as a medical legal consultant on cardiac complications of exercise, statin myopathy, tobacco, ezetimibe and non-steroidals.
The other authors report no conflicts of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Atherosclerosis. Author manuscript; available in PMC 2014 September 01.

Published in final edited form as:
Atherosclerosis. 2013 September ; 230(1): 121–124. doi:10.1016/j.atherosclerosis.2013.07.001.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Conclusions—Results of the present investigation extend the findings of STOMP by
demonstrating that greater increases in CK levels with high-dose atorvastatin treatment did not
deleteriously impact skeletal muscle function or predict skeletal muscle complaints.
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INTRODUCTION
Statins inhibit hydroxy-methyl-glutaryl coenzyme A reductase, effectively decreasing low-
density lipoprotein cholesterol (LDL-C) concentrations and markedly reducing
cardiovascular events [1]. Mild myopathy, with symptoms of myalgia, muscle cramps, and
weakness, can occur with statin use. The Effect of Statins on Muscle Performance study
(STOMP; National Heart, Lung, and Blood Institute 5R01HL081893, NCT00609063)
demonstrated that 6 months of treatment with atorvastatin 80 mg daily doubled the incidence
of muscle complaints compared with placebo from 4.6% to 9.4% [2].

Most clinical trials used creatine kinase (CK) levels greater than 10 times the upper limit of
normal (ULN) to define statin-associated myopathy [3–9]. In STOMP, no subject
demonstrated a CK level persistently greater than 10 times the ULN [2]. CK increased
slightly (27 and 21 U/L, P≤0.002 for both) after 3 and 6 months of atorvastatin treatment [2],
suggesting low-level muscle injury. There was no change in multiple measures of skeletal
muscle strength in STOMP [2], and it is not clear if larger increases in CK were associated
with decreases in muscle performance. The present investigation examined if greater
increases in CK with atorvastatin were associated with changes in muscle function and
symptoms.

METHODS
STOMP was a double-blind, random-assignment trial investigating the effects of
atorvastatin 80 mg daily for 6 months on muscle performance, exercise capacity, and the
incidence of statin-associated muscle complaints in healthy adults [2]. Serological markers,
aerobic exercise performance, knee extensor endurance, as well as handgrip, elbow and knee
strength were measured at baseline and during the last week of treatment. Subjects were
contacted twice monthly by study personnel and queried about muscle complaints using the
Short-Form Brief Pain Inventory. The Institutional Review Boards at Hartford Hospital,
University of Massachusetts, and University of Connecticut approved the study and the
study was monitored by a Data Safety and Monitoring Board.

The study definition of myalgia required that: 1) Subjects reported new or increased muscle
pain, cramps, or aching not associated with exercise; 2) these symptoms persisted for two
weeks; 3) symptoms resolved within two weeks of drug cessation; and 4) symptoms
reoccurred within four weeks of restarting the study drug. Subjects who met these criteria
had measurements repeated as soon as possible and were withdrawn from the study. A total
of 419 subjects completed the study of which 202 received atorvastatin.

Statistical analyses for the present report were performed with SPSS version 19.0 (SPSS,
Inc., Chicago, IL). Data were assessed for normality and log transformed as necessary. The
proportion of subjects who increased CK > twice their baseline level was compared between
treatment groups, between myalgics and non-myalgics, and within the atorvastatin group
using a Pearson χ2 test. Baseline values in atorvastatin-treated subjects who did or did not
increase CK > twice their baseline level were evaluated using one-way analysis of variance
(ANOVA) (or a Mann-Whitney U test for CK). An independent samples t-test was used to
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evaluate differences in the absolute change in muscle function in atorvastatin-treated
subjects who did or did not increase CK > twice their baseline level. Linear regression was
performed to evaluate if changes in CK predicted changes in muscle function. Further
models were run controlling for sex and age. Significance was determined at P<0.05.

RESULTS
Subjects in the atorvastatin and placebo (n = 217) groups were similar at baseline and had
similar medication compliance as assessed by pill count [2]. CK levels increased with
atorvastatin from 132.3 ± 120.9 U/L (mean ± SD) at baseline to 159.7 ± 170.4 (n = 186) and
153.1 ± 139.4 U/L (n = 202) at 3 and 6 months, respectively (P≤0.002 for both). There was
no relationship between final CK and changes in measures of muscle function or physical
activity levels (all P≥0.23) in atorvastatin-treated subjects by linear regression analysis.
There was also no relationship between absolute (P≥0.17) or relative change (P≥0.21) in CK
and most parameters of muscle function. Interestingly, change in handgrip strength was
directly related to both absolute (R2 = 0.017, P = 0.068) and relative change in CK (R2 =
0.041, P = 0.063), but neither reached statistical significance.

The absolute change in CK levels ranged from −532 to1039 U/L at 3 months and from −485
to 1049 U/L at 6 months. In contrast, CK levels in the placebo subjects were 135.1 ± 136.0,
129.2 ± 135.7, and 136.6 ± 163.0 U/L at baseline, 3, and 6 months, respectively. Their
absolute change ranged from −987 to 978 U/L at 3 months and from −938 to 1306 U/L at 6
months. The STOMP protocol required that subjects with CK levels >10 times ULN refrain
from exercise and have a repeat CK value obtained as soon as possible. Two subjects on
atorvastatin, a 31 year old man and a 20 year old woman, had CK values >10 times ULN at
3 months of 4557 and 2120 U/L, which decreased to 63 and 356 U/L, 8 and 3 days later,
respectively. Elevated CK levels were attributed to recent exercise in the man and to
unknown factors in the woman; the repeat values were used in analysis. No subject had CK
values >10 times ULN at 6 months.

Thirty six subjects doubled their CK value at 6 months compared to baseline, 24 in the
atorvastatin and 12 in the placebo groups (χ2 = 5.37, P = 0.02). The mean CK change in the
24 atorvastatin-treated subjects was 221.9 ± 248.7 U/L and increased from 85.0 ± 44.6 to
306.9 ± 255.5 U/L (P<0.0001) (Figure 1). Subjects on atorvastatin who did not double their
CK (n = 178) had a mean change of −6.3 ± 91.5 U/L (138.7 ± 126.5 to 132.4 ± 99.7 U/L, P
= 0.64). Subjects who did or did not double their CK were generally similar, although
baseline CK levels were lower (P = 0.01) in those subjects who doubled their baseline value
(Table 1). STOMP subjects were equally recruited by age into three groups. Doubling of the
CK was more common in the middle-aged group (7 of 75 (9.3%) adults <40 y, 14 of 66
(21.2%) adults 40–54 y, and 3 of 61 (4.9%) adults >55 y) (χ2 = 8.78, P = 0.01). Ten subjects,
5 on atorvastatin, at least tripled their CK levels from baseline.

There were also no differences in baseline muscle function or physical activity or change in
these parameters (Table 2) between atorvastatin-treated subjects who did or did not double
their CK. Among the 24 atorvastatin-treated subjects who exhibited a two-fold or greater
increase in CK, final CK values were not related to changes in measures of muscle function
or physical activity levels after adjustment for sex and age (P≥0.11). However, both the
absolute (Figure 2A) and relative increase in CK were directly related to an increase in
handgrip strength (R2 = 0.25 and 0.17 for absolute and relative increase in CK, respectively;
P≤0.047), but this relationship was no longer significant with adjustment for sex and age
(P≥0.063). Change scores for all other parameters of muscle function, including isometric
elbow extension (Figure 2B) and isometric knee extension (Figure 2C), were not related to
increases in CK (P≥0.096).
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More subjects on atorvastatin (n = 19) met the study definition of myalgia than on placebo
(n = 10) (P = 0.05) [2], but baseline, change, and final CK levels did not differ between
these groups (all P≥0.35). Three atorvastatin-treated myalgics, but no placebo-treated
myalgics doubled their CK (χ2 = 1.87, P = 0.17). Baseline, change, and final CK levels did
not differ between atorvastatin-treated myalgics (n = 3) and non-myalgics (n = 21) who
doubled their CK from baseline (P≥0.40).

DISCUSSION
STOMP demonstrated that high-dose statin treatment for 3 and 6 months increased CK
levels in healthy adults by 27 and 21 U/L, respectively, but did not impair skeletal muscle
function or exercise performance [2]. We presently report that more atorvastatin-treated than
placebo subjects at least doubled their baseline CK. Despite ostensibly more muscle injury,
these atorvastatin treated subjects did not demonstrate deleterious effects on skeletal muscle
function. Thus, the original STOMP report [2] and the present data demonstrate that high-
dose statin treatment does not detrimentally impact muscular performance, even in those
individuals displaying exaggerated CK responses.

Most prior clinical trials defined statin-associated myopathy as CK levels > than 10 times
the ULN [3–9]. No subject in STOMP persistently demonstrated such a large CK response.
Two subjects did temporarily demonstrate CK values of 4557 and 2120 U/L, respectively,
which were not present on repeat analysis. At least one of these remarkable CK increases
occurred after recent self-reported exercise confirming prior observations that statins
augment the increase in CK that occurs with strenuous exercise [10, 11]. Few placebo
controlled statin studies have reported average CK values at baseline and follow-up, but a
systematic review [12] of muscle symptoms in statin trials identified 4 of 42 studies
reporting baseline and change in CK values [3, 13–15]. CK increased 5.7, 6.8, and 13.3 U/L
in three [3, 14, 15] of these four studies after 0.5, 5.4, and 3.4 years of treatment.

The only difference between subjects who did and did not double their CK was lower
baseline CK values in the subjects with the more robust response. CK levels are higher in
subjects with greater lean body mass [16] so it is possible that subjects with lower baseline
CK had less muscle mass and would therefore receive a higher dose of statin per kg of
muscle thereby producing more muscle injury. There was no difference in body weight or
BMI between the two groups making this possibility unlikely although we do not have a
better estimate of skeletal muscle mass. It is also possible that regression to the mean
contributed to doubling CK since this was observed in those with the lower pretreatment CK
values.

We assume that the increase in CK in STOMP [2] is indicative of muscle injury, but the
absence of muscle dysfunction in those subjects doubling their CK values challenges this
assumption. Statins could also increase CK levels by reducing inflammation. CK levels are
lower in patients with inflammatory conditions such as rheumatoid arthritis and systemic
lupus [17]. Statins inhibit activation of the pro-inflammatory transcription factor NF-κB in
cultured human endothelial and vascular smooth muscle cells [18] and reduce systemic
inflammation in adults [1]. It is not clear why the CK increase would double in some
STOMP subjects and not others, but this could be due to genetic difference in CK related
genes [19, 20] or to differences in genes regulating statin metabolism [21]. Furthermore, it is
noteworthy that only 3 of the 24 subjects in STOMP who doubled their CK levels satisfied
the study definition of myalgia and conversely that only 3 of the 19 myalgics were in the
group that doubled their CK. This confirms prior clinical reports, not obtained from a double
blind protocol, that CK levels are not predictive of skeletal muscle symptoms [22, 23].
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Results of the present investigation extend the findings of STOMP [2] by demonstrating that
greater increases in CK levels with high-dose atorvastatin treatment, presumed to indicate
greater statin-induced muscle damage, did not translate into measurable changes in muscle
function. Although we cannot exclude the possibility of low-level skeletal muscle injury
with high-dose atorvastatin use in STOMP, any potential deleterious effect of statins on
skeletal muscle [24] did not translate into greater reductions in muscle strength [2].
Interestingly, 33% and 50% of subjects who exhibited CK increases greater than two-times
and three-times their baseline level, respectively, were on placebo. Why some placebo-
treated subjects doubled their CK is unknown and highlights that increases in CK during
statin therapy are not necessarily caused by the statin. We cannot exclude the contribution of
recent physical activity as an alternate explanation of our observation of a two-fold increase
in CK in ~12% and ~6% of atorvastatin- and placebo-treated subjects, respectively.
However, even if exercise contributed, the putative exercise CK increase can be exacerbated
by statins [10, 11]. We consider prior exercise as an unlikely explanation as no differences
in self-reported and directly assessed physical activity levels were observed between
treatment groups in STOMP [2], suggesting that differences in recent physical activity
would not be likely to contribute to differential CK increases. Future studies are required to
examine the impact of long-term statin use on muscular performance and their effect on
muscle injury in asymptomatic individuals.

Conclusion
The present data demonstrate that exaggerated CK responses occurring with high-dose
atorvastatin treatment in healthy adults do not deleteriously affect skeletal muscle function.
Furthermore, exaggerated CK levels do not predict pre-defined skeletal muscle complaints
[2] confirming that increased CK is not necessarily indicative of statin-associated myopathy.
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Highlights

• CK increased slightly with atorvastatin, suggesting low-level muscle injury.

• More subjects on atorvastatin doubled their CK level at 6 months.

• CK increases with atorvastatin were not associated with changes in muscle
function.

• CK increases with atorvastatin did not predict the incidence of myalgia.

• Increased CK is not necessarily indicative of statin-associated myopathy.
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Figure 1.
Individual changes in creatine kinase (CK) from baseline (Pre) in atorvastatin-treated
subjects (Post) who doubled their CK value from baseline (n = 24). Mean CK levels (grey
bars) increased significantly (P<0.0001).
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Figure 2.
Relationship between changes (Post - Pre) in creatine kinase (CK) and handgrip strength
(A), isometric elbow extension (B), and isometric leg extension (C) in atorvastatin-treated
subjects who exhibited a two-fold or greater increase in CK (n = 24). Linear regression was
performed to evaluate relationships between variables. Data were log transformed for
analyses but raw data are depicted in the figure. *The relationship between changes in CK
and handgrip strength was no longer significant when sex and age were controlled (r2 =
0.30, P = 0.063).
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Table 1

Baseline Characteristics of Atorvastatin-Treated Subjects Who Did or Did Not Double Their Baseline
Creatine Kinase Value

CK < 2x baseline (n = 178) CK > 2x baseline (n = 24) P

Male, n (%) 88 (49.4) 12 (50.0) 0.96

Age, yrs 43.4 ± 16.4 43.3 ± 12.1 0.97

Height, cm 170.9 ± 9.5 171.8 ± 8.9 0.67

Weight, kg 77.4 ± 17.1 79.1 ± 17.8 0.65

BMI, kg/m2 26.2 ± 4.7 26.8 ± 5.3 0.61

Waist, cm 85.1 ± 13.7 87.8 ± 14.6 0.40

Resting HR, bpm 68 ± 11 71 ± 13 0.24

Resting SBP, mmHg 119 ± 13 122 ± 13 0.30

Resting DBP, mmHg 76 ± 10 74 ± 8 0.48

Total-C, mg/dL 198.8 ± 38.3 196.8 ± 47.6 0.82

HDL-C, mg/dL 57.7 ± 17.2 57.1 ± 17.0 0.88

LDL-C, mg/dL 119.3 ± 34.4 116.5 ± 44.1 0.72

TG, mg/dL 109.4 ± 54.3 118.3 ± 64.7 0.46

CK, U/L 138.7 ± 126.5 85.0 ± 44.6 0.01

Data are means ± SD. BMI = body mass index; C = cholesterol; CK = creatine kinase; DBP = diastolic blood pressure; HDL-C = high-density
lipoprotein; HR = heart rate; LDL = low-density lipoprotein; SBP = systolic blood pressure; TG = triglycerides.
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Table 2

Change in Exercise Performance and Strength Values in Atorvastatin-Treated Subjects Who Did or Did Not
Double Their Baseline Creatine Kinase Value

CK < 2x baseline (n = 178) CK > 2x baseline (n = 24) P

Resting RER 0.0 ± 0.1 0.0 ± 0.1 0.42

VO2max, ml/kg/min −0.9 ± 3.8 −0.1 ± 2.0 0.36

VT, ml/kg/min −0.8 ± 5.1 −0.6 ± 4.0 0.82

Handgrip, kg 0.2 ± 4.5 0.4 ± 6.3 0.83

Arm Strength (APT), N-m

 Isom Ext 1.1 ± 9.0 1.7 ± 6.8 0.78

 Isom Flex 0.3 ± 1.0 1.0 ± 4.6 0.67

 Isok Ext at 60°/s 0.2 ± 6.7 1.3 ± 4.0 0.47

 Isok Flex at 60°/s 0.0 ± 5.6 1.2 ± 2.9 0.30

 Isok Ext at 180°/s 0.2 ± 5.9 1.6 ± 3.9 0.26

 Isok Flex at 180°/s 0.4 ± 5.5 1.3 ± 2.9 0.41

Leg Strength (APT), N-m

 Isom Ext −1.0 ± 23.5 −6.9 ± 20.0 0.24

 Isom Flex −1.8 ± 10.1 −1.3 ± 9.2 0.80

 Isok Ext at 60°/s 2.6 ± 15.7 −3.8 ± 19.1 0.07

 Isok Flex at 60°/s 1.1 ± 10.6 2.5 ± 10.2 0.54

 Isok Ext at 180°/s 4.3 ± 13.8 5.9 ± 23.1 0.63

 Isok Flex at 180°/s 2.8 ± 9.0 4.1 ± 12.5 0.52

 Knee Endurance Fatigue Index 1.2 ± 8.3 1.0 ± 6.9 0.92

Data are means ± SD. APT = average peak torque; CK = creatine kinase; Ext = Extension; Flex = Flexion; Isom = Isometric; Isok = Isokinetic;
RER = respiratory exchange ratio; VO2max = maximal oxygen uptake; VT = ventilator threshold.
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