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ABSTRACT
Objective To estimate relative risk (RR) of statin-
associated musculoskeletal symptoms by statin therapy
intensity.
Setting Network meta-analysis assessing multicentre
randomised controlled trials (RCTs) across several
countries.
Participants PubMed, Web of Science, Cochrane
database and ClinicalTrials.gov were searched through
January 2021 for doubled-blinded RCTs testing the effect
of statin therapy on lipids with at least 1000 participants
and 2 years of intended treatment. Two coders assessed
articles for final inclusion, quality and outcomes. Treatment
intensity was categorised according to American Heart
Association definitions.
Outcomes Pairwise and network meta-analysis
(NMA) estimated RR and risk difference with random
effects modelling. Heterogeneity was evaluated with
the I2 statistic. Outcomes included muscle symptoms
(any, myalgia and attrition due to muscle symptoms),
rhabdomyolysis and elevated creatine kinase (CK) (>10 ×
upper limit of normal).
Results Of 2919 RCTs, 24 (n=152 461) met inclusion
criteria. NMA results indicated risk was significantly
greater for high compared with moderate intensity
statin therapy for any muscle problem (RR=1.04, 95%
CI 1.00 to 1.07; I2=0%), myalgia (RR=1.04, 95% CI 1.00
to 1.08; I2=0%, number needed to harm (NNH)=173),
attrition due to muscle problems (RR=1.37, 95% CI 1.09
to 1.73, I2=0%, NNH=218) and elevated CK (RR=4.69,
95% CI 2.50 to 8.80; I2=7%, NNH=527). Risk also was
significantly higher for high intensity compared with
placebo for any muscle problem (RR=1.05, 95% CI 1.01
to 1.09, I2=0%), myalgia (RR=1.13, 95% CI 1.05 to 1.23;
I2=0%, NNH=182), attrition due to muscle problems
(RR=1.55, 95% CI 1.15 to 2.08, I2=0%, NNH=187) and
elevated CK (RR=5.37, 95% CI 2.48 to 11.61; I2=7%,
NNH=589). Due to inconsistency of results across
sensitivity analyses, estimates were inconclusive for
rhabdomyolysis and CK. There were no significant
differences in risk between moderate intensity therapy
and placebo for all outcomes.
Conclusions For approximately each 200 patients on high
intensity statins, one additional patient may experience
myalgia or discontinue therapy due to muscle problems
compared with moderate intensity therapy.
Trial registration number CRD42019112758.

Strengths and limitations of this study
►► High-
quality, large randomised controlled trials

(RCTs) analysed with low risk of heterogeneity bias.
►► Novel use of network meta-
analysis to compare

treatment intensities allows for large analysis of
dose-dependent effect.
►► Coding of outcome terms directly as reported by investigators to minimise bias.
►► Study-
level data preclude meta-analysis with regression for relevant covariables affecting risk of
outcome.
►► Heterogeneity of terms across trials prevented analysis of full trial set for each outcome.

INTRODUCTION
The Cholesterol Treatment Trialists’ Collaboration meta-analysis (MA) on patient-level
data from large randomised controlled trials
(RCTs) demonstrated that statin therapy
is efficacious in reducing major vascular
events.1 2 Statin therapy is now prominent
in cholesterol management guidelines.3–8
Statin-associated muscle symptoms (SAMS),
however, may lead to non-
adherence or
discontinuation with therapy and ultimately to poorer cardiovascular outcomes.7
Most RCTs have shown small, insignificant
increases in risk for SAMS, although patients
taking statins may complain of muscle problems and may discontinue therapy due to
muscle problems.3 For example, a 2016 MA
found a non-
significant increase in myopathy. However, it did not report on the more
mundane myalgias that often cause statin
attrition.3 These milder symptoms are the
major public health concern, as statin non-
adherence can lead to significant increases in
risk of major adverse cardiovascular events.3
Observational studies suggest that these mild
SAMS may occur as often as 7%–29% of
patients.7 One review9 suggested that clinical
observations of increased muscle problems
with statin therapy may be due to patient
expectations.
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METHODS
The trials
PubMed, Cochrane Database, Web of Science and C
 linicalTrials.gov were searched for “systematic reviews” and
“meta-
analysis” in the title, abstract or keywords prior
to 31 January 2021 to identify eligible trials (Prospero
#CRD42019112758; see online supplementfor search
terms and strategy). Double-
blinded RCTs to improve
lipid levels comparing statin therapy with placebo or
higher lower dose statin therapy were selected. In order
to detect most adverse events, RCTs were selected that
had at least 1000 participants with 2 years of intended
follow-up, where statin treatment was not given with other
prescription drug therapies, and results contained reports
on muscle-
related adverse events. Both authors independently reviewed trials for final inclusion and coded
each for quality with Oxford Center for Evidence-based
Medicine ratings14 and a five-point Jadad quality score.15
Any disagreements were reconciled by joint review and
discussion.
Patient and public involvement
Patients were not involved in design or implementation
of this study.
Exposure variable
Studies were classified by intensity of statin treatment
(‘high’ or ‘moderate’) according to American Heart
Association definitions for potency in reduction of lipid
levels.16 High intensity signifies an expected 50% or
greater reduction in Low-density lipoprotein cholesterol
(LDL-C) levels when taking that statin (ie, 80 mg atorvastatin) and moderate signifies 30%–50% reduction in
LDL-C.16
Outcome variables
Adverse muscle-related events were coded into five main
outcomes. The first outcome was for any patient-reported
2

muscle complaint coded from reports of ‘muscle aches’,
‘pains’, ‘cramps’, ‘stiffness,’ ‘musculoskeletal disorders’,
etc. The second focused on only myalgia or muscle pain.
The third focused on attrition due to musculoskeletal
complaints. A fourth captured explicit reporting of rhabdomyolysis, with or without a trial definition. The fifth
was elevated CK, greater than 10 times the upper limit of
normal (CK>10 × ULN). This threshold was used to distinguish this outcome from less meaningful CK increases
and also because CK>10 × ULN is commonly reported in
RCTs. All outcomes were coded as reported by original
investigators in published and online reports and were
independently coded by both authors. Ambiguities were
resolved by contacting trial investigators.
Analysis
Published aggregate data from each trial were used. A
crude estimate of incidence was calculated from the total
number of cases observed divided by the total person-
years (using the median or mean follow-up time for each
study), and a χ2 test was used to test for homogeneity in
the proportion of incident cases across studies, within
each arm, although these crude estimates ignored randomisation. To facilitate interpretation and comparison of
results to the original trials, risk of adverse effects was
estimated with pooled relative risk (RR). A 0.50 continuity correction was added to aggregate frequencies for
trials that observed zero cases of an outcome in either
treatment arm. A pairwise MA was used to estimate the
RR (Mantel-Haenszel method, random effects as implemented in the meta package in R)17 18 for a statin effect
by treatment intensity from direct (head–head comparison) trials (online supplement contains detailed results
for random effects with Mantel-Haenszel and inverse variance methods). Because aggregations across studies are
only meaningfully interpreted when results are consistent
across studies, heterogeneity among RCTs was assessed
with an index of consistency across trials (I2 Q)19 20 and
funnel plots. When I2 <25%, results are considered to
be at low risk of bias due to heterogeneity; high values
(>75%) indicate high risk of bias due to heterogeneity.19 20
Residual I2 represents the heterogeneity remaining after
accounting for subgroups of treatment intensity.
Cochrane’s Q (a subcomponent of I2) indicates the probability that the observed heterogeneity is due to chance.
Sensitivity analyses included omitting outliers identified
in funnel plots and using a 0.10 as a ‘continuity correction’. In addition, analyses were conducted excluding the
simvastatin 80 mg studies because of US Food and Drug
Administration (FDA) muscle-related safety warnings.21
An NMA, conducted in R,22 used all available pairs of
comparisons for each outcome to estimate increased risk
between the three levels of treatment exposure. Prespecified comparisons were between placebo and moderate
intensity, between moderate and high intensity therapy
and between placebo and high intensity. The RR was
used to estimate effect size (frequentist, inverse variance
method and random effects), so that results would be
Davis JW, Weller SC. BMJ Open 2021;11:e043714. doi:10.1136/bmjopen-2020-043714
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SAMS also may be more likely with higher intensity
therapy. Although this is assumed to be true, especially
with the evidence against simvastatin 80 mg,10 11 few RCTs
have examined high intensity therapy.12 13 This study used
a network meta-
analysis (NMA) to combine evidence
across trials to estimate the risk of SAMS by treatment
intensity. In contrast to pair-wise MA that directly estimates causal effects, an NMA can indirectly estimate risk
between placebo and moderate, moderate and high,
and between placebo and high intensity treatment, even
though placebo, moderate and high intensity treatment
levels were not compared within a single trial. Results
contribute to the debate about whether muscle adverse
events are due solely to patient expectations or whether
statins might have an independent effect on symptoms.
Finally, this study contributes to the ongoing debate as
to whether statins cause myalgias and attrition due to
muscle problems without marked creatine kinase (CK)
elevations.

Open access

RESULTS
Searches yielded 134 relevant reviews, including 2919
RCTs that reduced to 24 unique RCTs that met eligibility
requirements (see online supplement). Of the 24 RCTs:
17 were placebo-moderate intensity comparisons,24–44 3
were placebo-high intensity comparisons45–47 and 4 were
moderate to high intensity comparisons10–13 (table 1).
The active blood pressure treatment arm of the HOPE-3
trial37 was excluded, but the statin only and placebo only
arms were retained, allowing for a statin and placebo
comparison. Two trials compared moderate and high
intensity therapy using 80 mg/day of simvastatin.10 11 All
24 RCTs scored the highest quality (1) on the Oxford
rating and on the Jadad scale 18 scored 5/5 and 6 scored
4/5 (missing detail on random assignment). The RCTs
included heterogenous patient populations, for example,
healthy middle-
aged adults26 37 43 46 to end-
stage renal
disease (ESRD) patients. Sample sizes ranged from 125524
to 20 53640 with follow-up periods from 1.946 to 6.710 years.
Of the 24 RCTs, 6 were included in the 2006 MA,48 17 in
the 2014 systematic review,49 23 in the 2016 MA3 and 18
in the 2013 NMA.50 None of the previous analyses separated trials into subgroups by treatment intensity. Crude
estimates of incidence increased with intensity of treatment from placebo to moderate intensity to high intensity therapy but with heterogeneity across trials (online
supplemental file 1).
Any muscle symptoms
Twenty-
three
trials
reported
some
type
of
muscle symptom,10 13 25–29 31 35 39 40 46 47 myositis,34
myalgia,12 24 30 32 33 42 45 myopathy,24 38 or discontinuation
due to muscle-related symptoms.11 13 36 The pairwise MA
pooled across subsets of trials indicated consistent trial
results with a 1% non-significant increase in risk between
placebo and moderate intensity therapy, a 3% non-
significant increase between placebo and high intensity
therapy (figure 1) and a 5% significant increase between
moderate and high intensity therapy (RR=1.05, 95%
CI 1.01 to 1.09; p=0.027, four RCTs, n=30 720; I2=0%).
Sensitivity analyses indicated that RRs were essentially
unchanged without an outlier30 identified on the funnel
Davis JW, Weller SC. BMJ Open 2021;11:e043714. doi:10.1136/bmjopen-2020-043714

plot, with a 0.10 correction, or without the simvastatin 80
mg trials (online supplemental file 1).
The NMA pooled direct and indirect evidence from all
23 trials and suggested increased risk with higher intensity
therapy. Results (table 2) indicated a 1% non-significant
increase in risk between placebo and moderate intensity
therapy, a 4% significant increase between moderate and
high intensity therapy (RR=1.04, 95% CI 1.00 to 1.08;
p=0.031) and a 5% significant increase between placebo
and high intensity therapy (RR=1.05, 95% CI 1.01 to
1.09; p=0.012). The RRs were consistent across studies
(I2=0%; Q, p=0.54), were not significantly different
between direct and indirect estimates (p=0.48) and were
not sensitive to substitutions for zero values. Pooled RDs
between pairs of treatment groups were not significantly
different from zero. There were no outliers in the NMA
analysis. Exclusion of the two simvastatin 80 mg trials did
not meaningfully change risk, but comparisons with high
intensity were not statistically significant, likely due to the
decreased sample size (online supplemental file 1).
Myalgia or pain
Thirteen RCTs reported cases of myalgia,25 29–32 42 44–47 attrition due to myalgia26 28 or pain and/or weakness.40 The
pairwise MA indicated (figure 2) a 13% non-significant
increase in myalgia between placebo and moderate intensity, a 9% non-significant increase between placebo and
high intensity and a 4% significant increase between
moderate and high intensity (RR=1.04, 95% CI 1.00 to
1.09, p=0.040, two RCTs, n=22 065; I2=0%). The three
trials comparing placebo and high intensity therapies
suggested moderate heterogeneity in results (I2=45%).
Funnel plots did not suggest bias by any of the studies,
and there were no zero cells (online supplement). Exclusion of the simvastatin 80 mg trial did not meaningfully
change the magnitude of risk, although results were non-
significant for high intensity compared with moderate
intensity therapy possibly due to decreased sample size
(online supplemental file 1).
The NMA results combining evidence for all 13 trials
suggested an increase in myalgia with increased therapy
intensity (table 2). There was a 9% non-significant increase
in risk between placebo and moderate intensity therapy,
a 4% significant increase between moderate and high
intensity therapy (RR=1.04, 95% CI 1.00 to 1.08; p=0.046)
and a 13% significant increase in risk for high intensity
therapy compared with placebo without heterogeneity
(RR=1.13, 95% CI 1.05 to 1.23; p=0.002). The RRs were
consistent across studies (I2=0%, Q, p=0.48) and direct
and indirect estimates were not significantly different
(p=0.63). The pooled RD was significant between high
and moderate intensity (NNH=173) and between high
intensity and placebo (NNH=154) with low heterogeneity
(I2=20%; Q, p=0.25). Exclusion of the simvastatin 80
mg trial did not change the magnitude of risk although
results were not significant for high intensity compared
with moderate intensity therapy (online supplement).
3
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comparable across original studies and the pairwise MA
previously. In contrast to an MA that provides a direct estimate of the RR, an NMA provides estimates by combining
direct and indirect evidence from all data. A ratio test was
used to test for consistency between NMA direct and indirect estimates.23 Heterogeneity was assessed with and I2
and Q statistics.19 20 Number needed to harm (NNH; the
inverse of the absolute difference in incidence) was estimated when the pooled RR was significantly greater than
1.0 and the pooled absolute risk reduction (risk difference (RD)) was significantly greater than 0.0. Sensitivity
analyses included replacement of zeros with 0.10 and with
0.0001.
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Trial name

Table 1

Open access

Open access

Any muscle problems. RR, relative risk.

Attrition
Attrition due to muscle problems was reported by eight
RCTs that compared moderate intensity statin therapy
with placebo,25 26 28 32 36–38 40 44 three that compared
moderate with high intensity therapy10 11 13 and none that
directly compared high intensity to placebo. In the pairwise MA (figure 3), patients on moderate intensity statin
therapy had a 13% non-significant increase in attrition
due to muscle problems compared with placebo. Patients
on high intensity therapy had a 38% significantly higher
attrition rate than those on moderate intensity (RR=1.38,
95% CI 1.04 to 1.82; p=0.024, three RCTs, n=20 719) with
moderate heterogeneity across trials (I2=31%). Funnel
plots did not suggest bias, and there were no zero cells.
Exclusion of the two simvastatin 80 mg trials left only
one moderate to high intensity comparison RCT (online
supplemental file 1).
The NMA results for the 11 trials suggested that risk
for attrition increased with intensity of therapy. There was
a 13% non-significant increase in risk between placebo
and moderate intensity therapy (table 2), a 37% significant increase in risk between moderate and high intensity
Davis JW, Weller SC. BMJ Open 2021;11:e043714. doi:10.1136/bmjopen-2020-043714

(RR=1.37, 95% CI 1.09 to 1.73; p=0.007) and a 16% significant increase in risk between placebo and high intensity
therapy (RR=1.16, 95% CI 1.15 to 2.08; p=0.004). The
RRs were consistent across studies (I2=0%; Q p=0.72) and
closely paralleled direct results provided by the MA, but
the NMA provided an estimate for the placebo-high intensity comparison for which there were no head-to-head
trials. The pooled RD between moderate and high intensity therapy was significant, and the NNH was 218. The
pooled RD between high intensity therapy and placebo
also was significant, and the NNH was 186. Exclusion of
the two simvastatin 80 mg trials resulted in a slightly lower
risk estimate for the moderate to high comparison and a
slightly higher estimate for the placebo to high comparison, and both were non-significant (online supplemental
file 1).
Rhabdomyolysis
Rhabdomyolysis was reported on by 14 moderate
intensity-
placebo comparison RCTs,24–28 30–32 35 36 39–42
four moderate to high intensity comparison RCTs10–13
and three high intensity-placebo comparison RCTs.45–47
5
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Figure 1
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Incidence of rhabdomyolysis was very low, and statistical
comparisons were not conclusive. Pairwise MA indicated
a 39% non-significant increase in rhabdomyolysis incidence between placebo and moderate intensity therapy,
145% non-
significant increase between moderate and
high intensity and a 4% non-significant decrease between
placebo and high intensity therapy (figure 4). Results were
inconclusive as estimates were not robust across sensitivity
analyses. Approximately half (22/42) of the cells were
zeros, and RR increased for the moderate-high intensity
comparison with a smaller correction and removal of the
simvastatin 80 mg trials meaningfully changed effect sizes
(online supplemental file 1).
NMA results based on all 21 trials indicated increased
risk for rhabdomyolysis with increased intensity of therapy
(table 2). There was a 22% non-significant increase in
risk between placebo and moderate intensity therapy, a
33% non-significant increase between moderate and high
intensity and a 66% non-
significant increase between
placebo and high intensity therapy with consistency across
trials (I2=0%, Q p=0.99). Direct and indirect RR estimates
were not significantly different (p=0.31). Results were
not consistent after exclusion of simvastatin 80 mg trials
or replacement of zeros but remained non-
significant
(online supplemental file 1).
Elevated CK
Of 16 RCTs, 11 compared rates of elevated CK (CK>10
× ULN) between placebo and moderate intensity
therapy,24–27 32 35 36 39–43 three compared moderate to
high intensity therapy10–12 and two compared high intensity therapy with placebo.45 47 Incidence of elevated CK
was low. Pairwise MA indicated (figure 5) a 17% non-
significant increase in CK elevation between placebo
and moderate intensity therapy, a 173% non-significant
increase between placebo and high intensity therapy
and a 288% significantly higher risk for high compared
with moderate intensity (RR=3.88, 95% CI 1.05 to 14.31;
p=0.042, three RCTs, n=26 558) with some heterogeneity among the three trials (I2=50%). Estimates were
not stable across sensitivity analyses. Removal of two
possible outliers,10 26 exclusion of simvastatin 80 mg trials
and adjustment for cells with zeros (9/32) meaningfully
changed RR estimates (online supplemental file 1).
Using evidence from all 16 trials, the NMA estimates
indicated increased risk with increased intensity. NMA
results indicated a 14% non-significant increase between
placebo and moderate intensity therapy (table 2), a
359% significant increase in CK elevation between
moderate and high intensity (RR=4.59, 95% CI 2.32 to
9.10; p<0.0001) and a 425% significant increase between
placebo and high intensity (RR=5.25, 95% CI 2.29 to
12.03; p<0.0001). Results were consistent across trials
(I2=7%, Q p=0.37), and direct and indirect RR estimates
were not significantly different (p=0.57). The pooled RD
between moderate and high intensity therapy was significantly different from zero, and the NNH was 527. The
pooled RD between high intensity therapy and placebo
Davis JW, Weller SC. BMJ Open 2021;11:e043714. doi:10.1136/bmjopen-2020-043714
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NNH

Open access

Open access

Myalgia or pain. RR, relative risk.

also was significant, and the NNH was 589. There were
no outliers in the NMA analysis. Although results were
homogeneous with the simvastatin 80 mg trials, exclusion
of these trials meaningfully reduced risk associated with
statin therapy between moderate and high intensity and
between placebo and high intensity therapy, and smaller
zero replacement values increased risk estimates (online
supplemental file 1).
DISCUSSION
A novel contribution of this study was the application
of NMA to estimate the dose–response effect of statin
therapy on muscle symptoms using clinically meaningful
categories of treatment intensity. The NMA RR estimates
closely paralleled the direct estimates, indicating reliability of estimates and increased risk with high intensity
statin therapy. The NMAs provide information about
risk by using all available evidence, whereas traditional
meta-
analyses are limited only to direct, head-
to-
head
comparisons. For patient-reported symptoms, there were
non-significant increases in SAMS between placebo and
Davis JW, Weller SC. BMJ Open 2021;11:e043714. doi:10.1136/bmjopen-2020-043714

moderate intensity therapy and significant increases
between moderate and high intensity therapy. Because
simvastatin 80 mg therapy is now restricted because of
muscle injury,51 analyses also were run with and without
those trials. This did not meaningfully affect results for
patient-reported outcomes. Rhabdomyolysis and elevated
CK also showed increased risk with higher intensity, but
because of low incidence (with 25%–50% zero cells)
and inconsistency across sensitivity analyses, results were
inconclusive.
Double-blinded RCTs and traditional meta-analyses3 48 49
suggest no significant increase in risk of muscle adverse
events with statin therapy. Since most evidence comes
from moderate intensity trials, possible adverse effects of
high intensity therapy may be masked in aggregate estimates. In this study, high intensity therapy and focused
definitions of patient-reported muscle problems detected
higher risk. However, the absolute excess of SAMS was
less than 1% for all outcomes. In previous meta-analyses,
absolute excess of muscle problems also was small but
non-significant.3 49 The 2016 MA estimated risk for
7
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Attrition due to muscle symptoms. RR, relative risk.

extreme outcomes (myopathy and rhabdomyolysis) but
did not analyse patient reports of milder SAMS that we
present and that concern patients. We did not code for
myopathy as an outcome, because we did not have access
to patient-level data and could not determine if elevated
CK co-occurred with myalgia.
Direct lower higher dose comparisons in individual
RCTs were not consistent; for example, the SEARCH10
and A to Z trials found a significant increase in CK
and the TNT trial12 did not. An NMA that compared
dosage increments within brands50 suggested no systematic increase in risk for myalgia or discontinuation with
higher dosages. These negative findings may have been
due to smaller sample sizes, smaller dosage increments
in restricted comparisons or exclusion of the simvastatin
80 mg trials.50 In this study, results were homogeneous
including the simvastatin 80 mg trials and indicated
high intensity therapy significantly increased myalgia
compared with placebo even after their exclusion. The
previous NMA did identify a dose–response relationship
between statin dose and mildly elevated CK (2–3 × ULN)
but only for lovastatin and simvastatin.50 CK>10 × ULN
8

may be more interpretable than modest elevations, and in
this study, it was significantly increased with high-intensity
statin therapy. While removal of 80 mg simvastatin trials
had little effect on patient-
reported symptoms, their
exclusion resulted in smaller non-significant increases in
risk for elevated CK. It is unclear if simvastatin 80 mg was
responsible for the significant increases in CK.
A practical question concerns how large an excess of
cases might be observed with statin therapy for myalgia/
pain, attrition due to muscle problems, and elevated CK
or rhabdomyolysis. Although estimates based on observational studies suggest that incidence of mild SAMS might
be as high as 30% among statin users,52 RCTs suggest a
much lower rate. In this study, pooled risk estimates
suggested that for each 173 patients on high intensity
therapy, one additional patient will experience statin-
caused myalgia, and for each 218 patients, one additional
patient will discontinue therapy due to muscle problems
compared with those on moderate intensity therapy. This
represents numerous patients who are at greatest risk
for major vascular events as these are often higher risk
patients. Discontinuation of statins in the elderly (>75
Davis JW, Weller SC. BMJ Open 2021;11:e043714. doi:10.1136/bmjopen-2020-043714
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Rhabdomyolysis. RR, relative risk.

years) may result in 33% increased risk of a cardiovascular
event within 3 months53 and adherence to statins in those
65 years and older may reduce mortality by a third.54
Myalgias and attrition due to SAMS are important
outcomes for the average patient but have not received
as much attention as rhabdomyolysis and myopathy. This
study provides evidence that while blinded, moderate
intensity statin takers did not report significantly more
general muscle problems or myalgias, but those on
high intensity therapy did. Because many myalgia cases
occurred without CK elevation increases, this also serves
as evidence that SAMS occur in the absence of large
elevations in CK. Clinicians with patients who are ‘statin
intolerant’ may consider encouraging the patient to first
decrease intensity of statin therapy, rather than discontinuing it, in light of these findings.
This analysis also contributes to the ‘nocebo’ debate.
A large, unblinded follow-up of RCT patients suggested
SAMS are expectation related.29 They observed an incidence of 2.03% and 2.00% muscle-related adverse events
in statin and placebo groups, respectively, when double
blinded (HR=1.03) and 1.26% and 1.00% in the statin
Davis JW, Weller SC. BMJ Open 2021;11:e043714. doi:10.1136/bmjopen-2020-043714

and usual care groups when unblinded (HR=1.41).29
Both comparisons indicate absolute differences less than
1%. A recent N-of-1 trial55 also found minimal differences in muscle symptoms when patients took statin
versus placebo (blinded) but significantly more muscle
symptoms when taking a placebo versus taking nothing
(unblinded). Both nocebo and causal effects are small,
although they can result in increased SAMS. In a clinical
setting, SAMS with moderate intensity therapy may be
the result of patient expectations, but with high intensity therapy, SAMS may be due to expectations and statin
therapy. Intensity of treatment and patient expectations
may need to be considered before making changes in
statin therapy in the absence of CK elevations.
A limitation of study-level meta-analyses is that definitions,56 assessment and variable reporting of muscle-
related outcomes may differ across studies. Aggregation
of heterogeneous outcomes and estimated outcomes
(eg, myopathy) not explicitly reported by investigators
can mask an effect. Protocol differences may partially
explain incidence disparities across studies. However, use
of the RR to estimate effect size minimises bias due to
9
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CK >10 × upper limit of normal (ULN). RR, relative risk.

between-study variations in protocol (eg, using a symptom
checklist vs recording spontaneous mention of symptoms
and then categorising responses).
Estimates in this analysis may have underestimated
SAMS by excluding patients with statin hypersensitivity, as
four studies12 37 40 45 (n=48 950) employed statin ‘washout’
phases and eight trials24 25 30 32 34–37 47 (n=34 042) excluded
patients with known statin hypersensitivity. Collins et al3
noted that ‘statin hypersensitivity’ exclusion was a rare
occurrence across these trials, as almost all patients
enrolled were statin naïve at screening. The risk of attrition due to SAMS and rhabdomyolysis was actually highest
in SEARCH, where an 8-week long, active run-in phase
was conducted,3 10 although no patients were excluded for
elevated muscle enzymes.10 Also, an N-of-1 trial in patients
who were considering stopping or who had stopped statin
therapy because of muscle symptoms found no difference
in severity of patient-reported muscle symptoms between
statin and placebo groups.57 Because simvastatin 80 mg
trials comprise a high proportion of high intensity treatment evidence, this may limit interpretation of CK and
rhabdomyolysis risk. Also, adverse events may have been
10

increased due to the presence of comorbidities; only
three trials studied healthy adults (n=30 756).26 37 46 A
final limitation is that although risk estimates are based
on the best available evidence and should provide relatively unbiased estimates, CIs and alpha significance
levels may be approximate due to multiple comparisons.

CONCLUSION
Statins may cause SAMS but at much lower rates than
observational data suggest. We found significant but small
increases in risk for patient-reported muscle problems on
high-
intensity statins. Complaints of SAMS in observational studies may be related to statin therapy or patient
expectations but more likely may be due to methodological biases or the generally high prevalence of muscle
problems.
Acknowledgements We would like to thank Julie Trumble, our research librarian,
for performing the search and providing guidance in optimising the search strategy.
Contributors Both authors are responsible for the design and implementation
of the study. The first author (JD) selected studies for inclusion, compiled the
Davis JW, Weller SC. BMJ Open 2021;11:e043714. doi:10.1136/bmjopen-2020-043714

BMJ Open: first published as 10.1136/bmjopen-2020-043714 on 15 June 2021. Downloaded from http://bmjopen.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Figure 5

Open access

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

11

12

Competing interests None declared.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available in a public, open access repository.
Extra data can be accessed via the Dryad data repository at http://datadryad.org/
with the d oi.org/10.5061/d ryad.kprr4xh2q.
Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
ORCID iDs
John W Davis http://orcid.org/0000-0002-8 137-0323
Susan C Weller http://orcid.org/0 000-0002-0695-736X

13
14
15
16

17
18
19
20
21

22
23
24

REFERENCES

1 Cholesterol Treatment Trialists' (CTT) Collaborators, Mihaylova B,
Emberson J, et al. The effects of lowering LDL cholesterol with statin
therapy in people at low risk of vascular disease: meta-analysis of
individual data from 27 randomised trials. Lancet 2012;380:581–90.
2 Cholesterol Treatment Trialists' (CTT) Collaboration. Protocol for
analyses of adverse event data from randomized controlled trials of
statin therapy. Am Heart J 2016;176:63–9.
3 Collins R, Reith C, Emberson J, et al. Interpretation of the
evidence for the efficacy and safety of statin therapy. Lancet
2016;388:2532–61.
4 Catapano AL, Graham I, De Backer G, et al. 2016 ESC/EAS
guidelines for the management of Dyslipidaemias. Eur Heart J
2016;37:2999–3058.
5 US Preventive Services Task Force, Bibbins-Domingo K, Grossman
DC, et al. Statin use for the primary prevention of cardiovascular
disease in adults: US preventive services Task force recommendation
statement. JAMA 2016;316:1997–2007.
6 Grundy Scott M, Stone Neil J, Bailey Alison L. AHA/ACC/
AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
guideline on the management of blood cholesterol. Circulation
2018;139:e1082–143.
7 Stroes ES, Thompson PD, Corsini A, et al. Statin-associated muscle
symptoms: impact on statin therapy-European atherosclerosis
Society consensus panel statement on assessment, aetiology and
management. Eur Heart J 2015;36:1012–22.
8 Mach F, Baigent C, Catapano AL. ESC/EAS guidelines for the
management of dyslipidaemias: lipid modification to reduce
cardiovascular riskThe Task force for the management of
dyslipidaemias of the European Society of cardiology (ESC) and
European atherosclerosis Society (EAS). Eur Heart J 2019;41:111–88.
9 Penson PE, Mancini GBJ, Toth PP, et al. Introducing the 'Drucebo'
effect in statin therapy: a systematic review of studies comparing
reported rates of statin-associated muscle symptoms, under
blinded and open-label conditions. J Cachexia Sarcopenia Muscle
2018;9:1023–33.
10 Study of the Effectiveness of Additional Reductions in Cholesterol
and Homocysteine (SEARCH) Collaborative Group, Armitage
J, Bowman L, et al. Intensive lowering of LDL cholesterol with

Davis JW, Weller SC. BMJ Open 2021;11:e043714. doi:10.1136/bmjopen-2020-043714

25

26

27

28

29

30

31
32

80 Mg versus 20 Mg simvastatin daily in 12,064 survivors of
myocardial infarction: a double-blind randomised trial. Lancet
2010;376:1658–69.
de Lemos JA, Blazing MA, Wiviott SD, et al. Early intensive vs
a delayed conservative simvastatin strategy in patients with
acute coronary syndromes: phase Z of the A to Z trial. JAMA
2004;292:1307–16.
LaRosa JC, Grundy SM, Waters DD, et al. Intensive lipid lowering
with atorvastatin in patients with stable coronary disease. N Engl J
Med 2005;352:1425–35.
Cannon CP, Braunwald E, McCabe CH, et al. Intensive versus
moderate lipid lowering with statins after acute coronary syndromes.
N Engl J Med 2004;350:1495–504.
OCEBM Levels of Evidence Working Group. OCEBM levels of
evidence. CEBM, 2016. Available: https://www.cebm.net/2016/05/
ocebm-levels-of-evidence/
Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports
of randomized clinical trials: is blinding necessary? Control Clin Trials
1996;17:1–12.
Chou R, Dana T, Blazina I, et al. Statins for prevention of
cardiovascular disease in adults: evidence report and systematic
review for the US preventive services Task force. JAMA
2016;316:2008–24.
Mantel N, Haenszel W. Statistical aspects of the analysis of data from
retrospective studies of disease. J Natl Cancer Inst 1959;22:719–48.
Schwarzer G. Meta: an R package for meta-analysis. R news, 2007.
Available: https://cran.r-project.org/web/packages/meta/meta.pdf
Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002;21:1539–58.
Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring
inconsistency in meta-analyses. BMJ 2003;327:557–60.
Research C for DE and. Drug safety and availability - FDA drug
safety communication: ongoing safety review of high-dose Zocor
(simvastatin) and increased risk of muscle injury, 2018. Available:
https://www.fda.gov/Drugs/DrugSafety/ucm204882.htm
Rücker G, Krahn U, König J, et al. Netmeta: network meta-analysis
using Frequentist methods, 2021. Available: https://CRAN.R-project.
org/package=netmeta [Accessed March 15, 2021].
van Valkenhoef G, Dias S, Ades AE, et al. Automated generation of
node-splitting models for assessment of inconsistency in network
meta-analysis. Res Synth Methods 2016;7:80–93.
Wanner C, Krane V, März W, et al. Atorvastatin in patients with
type 2 diabetes mellitus undergoing hemodialysis. N Engl J Med
2005;353:238–48.
Survival Study Group. Randomised trial of cholesterol
lowering in 4444 patients with coronary heart disease: the
Scandinavian simvastatin survival study (4S). Lancet Lond Engl
1994;344:1383–9.
Downs JR, Clearfield M, Weis S, et al. Primary prevention of
acute coronary events with lovastatin in men and women with
average cholesterol levels: results of AFCAPS/TexCAPS. air
Force/Texas coronary atherosclerosis prevention study. JAMA
1998;279:1615–22.
Holdaas H, Fellström B, Holme I, et al. Effects of fluvastatin on
cardiac events in renal transplant patients: alert (assessment of
Lescol in renal transplantation) study design and baseline data. J
Cardiovasc Risk 2001;8:63–71.
Sever PS, Dahlöf B, Poulter NR, et al. Prevention of coronary and
stroke events with atorvastatin in hypertensive patients who have
average or lower-than-average cholesterol concentrations, in the
Anglo-Scandinavian cardiac outcomes Trial—Lipid lowering arm
(ASCOT-LLA): a multicentre randomised controlled trial. The Lancet
2003;361:1149–58.
Gupta A, Thompson D, Whitehouse A, et al. Adverse events
associated with unblinded, but not with blinded, statin therapy in
the Anglo-Scandinavian cardiac outcomes Trial-Lipid-Lowering
arm (ASCOT-LLA): a randomised double-blind placebo-controlled
trial and its non-randomised non-blind extension phase. Lancet
2017;389:2473–81.
Knopp RH, d'Emden M, Smilde JG, et al. Efficacy and safety
of atorvastatin in the prevention of cardiovascular end points in
subjects with type 2 diabetes: the atorvastatin study for prevention of
coronary heart disease endpoints in non-insulin-dependent diabetes
mellitus (aspen). Diabetes Care 2006;29:1478–85.
Fellström BC, Jardine AG, Schmieder RE, et al. Rosuvastatin and
cardiovascular events in patients undergoing hemodialysis. N Engl J
Med 2009;360:1395–407.
Colhoun HM, Betteridge DJ, Durrington PN, et al. Primary prevention
of cardiovascular disease with atorvastatin in type 2 diabetes in
the Collaborative atorvastatin diabetes study (cards): multicentre
randomised placebo-controlled trial. Lancet 2004;364:685–96.

11

BMJ Open: first published as 10.1136/bmjopen-2020-043714 on 15 June 2021. Downloaded from http://bmjopen.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

data for the outcomes of interest, analysed the data in R and is responsible for
the final manuscript in its entirety. SCW was responsible for the oversight and
implementation of the project. She was the second coder for all trials and offered
guidance and support in all decisions regarding design and implementation of the
analysis.

Open access

12

46 Ridker PM, Danielson E, Fonseca FAH, et al. Rosuvastatin to prevent
vascular events in men and women with elevated C-reactive protein.
N Engl J Med 2008;359:2195–207.
47 Kitas GD, Nightingale P, Armitage J. Trial of atorvastatin for the
primary prevention of cardiovascular events in patients with
rheumatoid arthritis (trace RA): a multicenter, randomized, placebo
controlled trial. Arthritis Rheumatol Hoboken NJ 2019;71:1437–49.
48 Kashani A, Phillips CO, Foody JM, et al. Risks associated with
statin therapy: a systematic overview of randomized clinical trials.
Circulation 2006;114:2788–97.
49 Ganga HV, Slim HB, Thompson PD. A systematic review of
statin-induced muscle problems in clinical trials. Am Heart J
2014;168:6–15.
50 Naci H, Brugts J, Ades T. Comparative tolerability and harms of
individual statins: a study-level network meta-analysis of 246 955
participants from 135 randomized, controlled trials. Circ Cardiovasc
Qual Outcomes 2013;6:390–9.
51 FDA Drug Safety Communication. Fda drug safety communication:
new restrictions, contraindications, and dose limitations for Zocor
(simvastatin) to reduce the risk of muscle injury. FDA, 2019. Available:
http://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-
safety-communication-new-restrictions-contraindications-and-dose-
limitations-zocor
52 Zhang H, Plutzky J, Skentzos S, et al. Discontinuation of
statins in routine care settings: a cohort study. Ann Intern Med
2013;158:526–34.
53 Giral P, Neumann A, Weill A, et al. Cardiovascular effect of
discontinuing statins for primary prevention at the age of 75 years:
a nationwide population-based cohort study in France. Eur Heart J
2019;40:3516–25.
54 Eilat-Tsanani S, Mor E, Schonmann Y. Statin Use Over 65 Years of
Age and All-Cause Mortality: A 10-Year Follow-Up of 19 518 People.
J Am Geriatr Soc 2019;67:2038–44.
55 Wood FA, Howard JP, Finegold JA, et al. N-Of-1 trial of a statin,
placebo, or no treatment to assess side effects. N Engl J Med
2020;383:2182–4.
56 Banach M, Rizzo M, Toth PP, et al. Statin intolerance - an attempt at
a unified definition. Position paper from an International Lipid Expert
Panel. Arch Med Sci 2015;11:1–23.
57 Herrett E, Williamson E, Brack K, et al. Statin treatment and muscle
symptoms: series of randomised, placebo controlled n-of-1 trials.
BMJ 2021;372:n135.

Davis JW, Weller SC. BMJ Open 2021;11:e043714. doi:10.1136/bmjopen-2020-043714

BMJ Open: first published as 10.1136/bmjopen-2020-043714 on 15 June 2021. Downloaded from http://bmjopen.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

33 Newman CB, Szarek M, Colhoun HM, et al. The safety and
tolerability of atorvastatin 10 Mg in the Collaborative atorvastatin
diabetes study (cards). Diab Vasc Dis Res 2008;5:177–83.
34 Sacks FM, Pfeffer MA, Moye LA, et al. The effect of pravastatin on
coronary events after myocardial infarction in patients with average
cholesterol levels. cholesterol and recurrent events trial Investigators.
N Engl J Med 1996;335:1001–9.
35 Kjekshus J, Apetrei E, Barrios V, et al. Rosuvastatin in older patients
with systolic heart failure. N Engl J Med 2007;357:2248–61.
36 Tavazzi L, Maggioni AP, Marchioli R, et al. Effect of rosuvastatin in
patients with chronic heart failure (the GISSI-HF trial): a randomised,
double-blind, placebo-controlled trial. Lancet 2008;372:1231–9.
37 Yusuf S, Bosch J, Dagenais G, et al. Cholesterol lowering in
intermediate-risk persons without cardiovascular disease. N Engl J
Med 2016;374:2021–31.
38 LIPID Study Group (Long-term Intervention with Pravastatin
in Ischaemic Disease). Long-Term effectiveness and safety of
pravastatin in 9014 patients with coronary heart disease and
average cholesterol concentrations: the lipid trial follow-up. Lancet
2002;359:1379–87.
39 Serruys PWJC, de Feyter P, Macaya C, et al. Fluvastatin for
prevention of cardiac events following successful first percutaneous
coronary intervention: a randomized controlled trial. JAMA
2002;287:3215–22.
40 MRC/BHF Heart Protection Study of cholesterol lowering
with simvastatin in 20 536 high-risk individuals: a randomised
placebocontrolled trial. The Lancet 2002;360:7–22.
41 MRC/BHF Heart Protection Study Collaborative Group. Effects of
simvastatin 40 Mg daily on muscle and liver adverse effects in a 5-
year randomized placebo-controlled trial in 20,536 high-risk people.
BMC Clin Pharmacol 2009;9:1–10.
42 Shepherd J, Blauw GJ, Murphy MB, et al. Pravastatin in elderly
individuals at risk of vascular disease (prosper): a randomised
controlled trial. Lancet 2002;360:1623–30.
43 West of Scotland coronary prevention study: identification of high-
risk groups and comparison with other cardiovascular intervention
trials. Lancet 1996;348:1339–42.
44 Compliance and adverse event withdrawal: their impact on the West
of Scotland coronary prevention study. Eur Heart J 1997;18:1718–24.
45 Amarenco P, Bogousslavsky J, Callahan A, et al. High-dose
atorvastatin after stroke or transient ischemic attack. N Engl J Med
2006;355:549–59.

