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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 I? statistic. Outcomes included muscle symptoms
(any, myalgia and attrition due to muscle symptoms),
rhabdomyolysis and elevated creatine kinase (CK) (>10 x
upper limit of normal).

Results 0f 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%
C11.00 to 1.07; 1>=0%), myalgia (RR=1.04, 95% CI 1.00
to 1.08; 1>=0%, number needed to harm (NNH)=173),
attrition due to muscle problems (RR=1.37, 95% CI 1.09
to 1.73, 1°>=0%, NNH=218) and elevated CK (RR=4.69,
95% Cl 2.50 to 8.80; 1>=7%, NNH=527). Risk also was
significantly higher for high intensity compared with
placebo for any muscle problem (RR=1.05, 95% Cl 1.01
t0 1.09, I’>=0%), myalgia (RR=1.13, 95% CI 1.05 to 1.23;
[2=0%, NNH=182), attrition due to muscle problems
(RR=1.55, 95% Cl 1.15 to 2.08, I>=0%, NNH=187) and
elevated CK (RR=5.37, 95% Cl 2.48 to 11.61; I’=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 in-
vestigators to minimise bias.

» Study-level data preclude meta-analysis with re-
gression for relevant covariables affecting risk of
outcome.

» Heterogeneity of terms across trials prevented anal-
ysis of full trial set for each outcome.

INTRODUCTION

The Cholesterol Treatment Trialists” Collab-
oration meta-analysis (MA) on patient-level
data from large randomised controlled trials
(RCTs) demonstrated that statin therapy
is efficacious in reducing major vascular
events.' * Statin therapy is now prominent
in cholesterol management guidelines.”™
Statin-associated muscle symptoms (SAMS),
however, may lead to non-adherence or
discontinuation with therapy and ult-
mately to poorer cardiovascular outcomes.”
Most RCTs have shown small, insignificant
increases in risk for SAMS, although patients
taking statins may complain of muscle prob-
lems and may discontinue therapy due to
muscle problems.” For example, a 2016 MA
found a non-significant increase in myop-
athy. However, it did not report on the more
mundane myalgias that often cause statin
attrition.” 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.”
Observational studies suggest that these mild
SAMS may occur as often as 7%-29% of
patients.” One review” suggested that clinical
observations of increased muscle problems
with statin therapy may be due to patient
expectations.

BM)

Davis JW, Weller SC. BMJ Open 2021;11:6043714. doi:10.1136/bmjopen-2020-043714 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-8137-0323
http://orcid.org/0000-0002-0695-736X
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-043714&domain=pdf&date_stamp=2021-06-15

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,'" " few RCTs
have examined high intensity therapy.'* ' 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 esti-
mates 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.

METHODS

The trials

PubMed, Cochrane Database, Web of Science and Clin-
icalTrials.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 musclerelated adverse events. Both authors inde-
pendently reviewed trials for final inclusion and coded
each for quality with Oxford Center for Evidence-based
Medicine ratings'* and a five-point Jadad quality score.'”
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.'" High intensity signifies an expected 50% or
greater reduction in Low-density lipoprotein cholesterol
(LDL-C) levels when taking that statin (ie, 80 mg ator-
vastatin) and moderate signifies 30%-50% reduction in
LDL-C."

Outcome variables
Adverse muscle-related events were coded into five main
outcomes. The first outcome was for any patient-reported

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 rhab-
domyolysis, with or without a trial definition. The fifth
was elevated CK, greater than 10 times the upper limit of
normal (CK>10 x ULN). This threshold was used to distin-
guish this outcome from less meaningful CK increases
and also because CK>10 x 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 y” test was used to test for homogeneity in
the proportion of incident cases across studies, within
each arm, although these crude estimates ignored rando-
misation. 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 conti-
nuity 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 imple-
mented in the meta package in R)'"'® for a statin effect
by treatment intensity from direct (head-head compar-
ison) trials (online supplement contains detailed results
for random effects with Mantel-Haenszel and inverse vari-
ance 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 (I* Q)" *’ and
funnel plots. When I* <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.'?*’
Residual I represents the heterogeneity remaining after
accounting for subgroups of treatment intensity.
Cochrane’s Q (a subcomponent of I?) indicates the prob-
ability 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 correc-
tion’. In addition, analyses were conducted excluding the
simvastatin 80 mg studies because of US Food and Drug
Administration (FDA) muscle-related safety warnings.”'
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. Prespec-
ified 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
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comparable across original studies and the pairwise MA
previously. In contrast to an MA that provides a direct esti-
mate 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 indi-
rect estimates.”” Heterogeneity was assessed with and I”
and Q statistics.'”* Number needed to harm (NNH; the
inverse of the absolute difference in incidence) was esti-
mated when the pooled RR was significantly greater than
1.0 and the pooled absolute risk reduction (risk differ-
ence (RD)) was significantly greater than 0.0. Sensitivity
analyses included replacement of zeros with 0.10 and with
0.0001.

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,%_44 3
were placebo-high intensity cornparisons[}‘r’_47 and 4 were
moderate to high intensity comparisonsm_lg (table 1).
The active blood pressure treatment arm of the HOPE-3
trial®” 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.'’ ' 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 adules® ¥ 1916 o end-stage renal
disease (ESRD) patients. Sample sizes ranged from 1255%
to 20 536 with follow-up periods from 1.9% 0 6.7" years.
Of the 24 RCTs, 6 were included in the 2006 MA,* 17 in
the 2014 systematic review, 23 in the 2016 MA® and 18
in the 2013 NMA.* None of the previous analyses sepa-
rated trials into subgroups by treatment intensity. Crude
estimates of incidence increased with intensity of treat-
ment from placebo to moderate intensity to high inten-
sity therapy but with heterogeneity across trials (online
supplemental file 1).

Any muscle symptoms

Twenty-three  trials  reported  some
muscle symptom,'? 13 25720 31 35 30 40 46 470 34
myalgia,'* 2 70 32 3 2 myopathy,** * or discontinuation
due to muscle-related symptoms.'" * *® 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; *=0%).
Sensitivity analyses indicated that RRs were essentially
unchanged without an outlier” identified on the funnel

type  of

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
(I’=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, attri-
tion due to myalgiag6 B or pain and/or weakness.”” The
pairwise MA indicated (figure 2) a 13% non-significant
increase in myalgia between placebo and moderate inten-
sity, 2 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; 1°=0%). The three
trials comparing placebo and high intensity therapies
suggested moderate heterogeneity in results (I°=45%).
Funnel plots did not suggest bias by any of the studies,
and there were no zero cells (online supplement). Exclu-
sion 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-significantincrease
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 (I°=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
(I°=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).

25 29-32 42 44-47
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GENERAL MUSCLE PROBLEMS

Heterogeneity: 2= 0%, = 0,p=0.51
Residual heterogeneity: 1= 0%, p =0.50

Figure 1 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,? 20 2 32 3658 40 44 hree that compared
moderate with high intensity therapy'’ "' '* and none that
directly compared high intensity to placebo. In the pair-
wise 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 (I’=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% signifi-
cant increase in risk between moderate and high intensity

Study Experimental Control Risk Ratio RR 95%-Cl Weight
Events Total Events Total
CARE, P40 0 2078 4 2081 — 0.11 [0.01; 2.07] 0.0%
LIPID, P40 8 4512 10 4502 — 0.80 [0.32; 2.02] 0.0%
AURCRA, R10 310 1389 343 1378 4 0.90 [0.78; 1.03] 2.0%
WOSCOPS, P40 97 3302 102 3293 -+ 0.95 [0.72; 1.25] 0.5%
CARDS, A10 495 1428 497 1410 ‘ 0.98 [0.89; 1.09] 3.7%
HPS, 840 3380 10269 3410 10267 0.99 [0.95; 1.03] 24.4%
ALERT, F40-F80 526 1045 531 1049 ; 0.99 [0.91; 1.08] 5.1%
SS888S, 520-540 613 2221 592 2223 i 1.04 [0.94; 1.14] 4.0%
AFCAPS, L20-L40 2053 3304 1971 3301 1.04 [1.00; 1.08] 24.7%
ASCOT, A10 298 5101 283 5079 + 1.05 [0.90; 1.23] 1.5%
CORONA,R10 225 2514 207 2497 + 1.08 [0.90; 1.29] 1.1%
GISSI-HF, R10 23 2285 21 2289 —— 1.10 [0.61; 1.98] 0.1%
PROSPER, P40 36 2891 32 2913 - 1.13 [0.71; 1.82] 0.2%
4D, A20 7 619 5 636 —— 1.44 [0.46; 451] 0.0%
ASPEN, A10 36 1211 19 1199 — 1.88 [1.08; 3.25] 0.1%
HOPE, R10 3 3181 1 3168 B B 2.99 [0.31; 28.71] 0.0%
SPARCL, A80 129 2365 141 2366 - 0.92 [0.73; 1.15] 0.7%
JUPITER, R20 1421 8869 1375 8864 1.03 [0.96; 1.11] 8.0%
TRACE RA, A40 132 1504 117 1498 T+ 1.12 [0.89; 1.43] 0.7%
TNT, A80 vs A10 241 4995 234 5006 + 1.03 [0.87; 1.23] 1.2%
SEARCH, S80 vs S20 2621 6031 2512 6033 1.04 [1.00; 1.09] 21.5%
Ato Z, S40-S80 vs S20 41 2263 34 2230 —— 1.19 [0.76; 1.87] 0.2%
PROVE-IT, A80 vs P40 69 2099 56 2063 T 1.21 [0.86; 1.71] 0.3%
Random effects model 75476 75345 : 1.02 [1.00; 1.04] 100.0%

[ I I
0.01 0.1 1 10 100

Statin Protective  Statin Harmful

(RR=1.37,95% CI 1.09 to 1.73; p=0.007) and a 16% signif-
icant 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 (I’=0%; Q p=0.72) and
closely paralleled direct results provided by the MA, but
the NMA provided an estimate for the placebo-high inten-
sity comparison for which there were no head-to-head
trials. The pooled RD between moderate and high inten-
sity 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 compar-
ison, and both were non-significant (online supplemental
file 1).

Rhabdomyolysis

Rhabdomyolysis was reported on by 14 moderate
intensity-placebo comparison RCTs,**28 3032 35 36 3942
four moderate to high intensity comparison RCTs'""
and three high intensity-placebo comparison RCTs.
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Table 2 RR and RD results for comparisons of treatment intensity pairs

Placebo - high Intensity

NNH RR (95%Cl)

Moderate - high Intensity

NNH RR (95%Cl)

Placebo - moderate Intensity

RR (95% Cl)

NNH

RD (95% Cl)

RD (95% Cl)

RD (95% Cl)

Outcome

0.004 (-0.001 to 0.008)
0.007 (0.002 to 0.011)

1.049 (1.010 to 1.089)
1.134 (1.046 to 1.230)
1.155 (1.147 to 2.084)
1.624 (0.579 to 4.553)
5.252 (2.293 to 12.028)

0.004 (-0.000 to 0.008)
0.006 (0.001 to 0.010)

0.000 (-0.001 to 0.001) - 1.039 (1.004 to 1.075)

0.001 (-0.000 to 0.001)
0.001 (000 to 0.001)

1.010 (0.988 to 1.033)

Any probs

182

173
218

1.041 (1.001 to 1.083)

1.090 (0.9997 to 1.188)

Myalgia

187

0.005 (0.002 to 0.008)

0.005 (0.002 to 0.007)

1.372 (1.091 to 1.726)

1.127 (0.931 to 1.364)

Attrition

0.002 (0.000 to 0.003)

0.002 (0.001 to 0.003)

- 1.326 (0.487 to 3.614)

-0.000 (-0.001 to 0.001)
-0.000 (-0.001 to 0.001)

1.225 (0.624 to 2.405)

Rhabdomyolysis
CK >10x ULN

589

0.002 (0.000 to 0.003)

527

0.002 (0.001 to 0.003)

4.594 (2.320 to 9.098)

1.143 (0.686 to 1.905)

NNH, number needed to harm; RD, risk difference; RR, relative risk.

Incidence of rhabdomyolysis was very low, and statistical
comparisons were not conclusive. Pairwise MA indicated
a 39% nons-significant increase in rhabdomyolysis inci-
dence 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 (I>=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
x ULN) between placebo and moderate intensity
therapy,?27 32 % 36 345 three compared moderate to
high intensity therapy'*" and two compared high inten-
sity therapy with placebo.* 7 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 heteroge-
neity among the three trials (I’=50%). Estimates were
not stable across sensitivity analyses. Removal of two
possible outliers,'’ *® 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
(I*=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 signifi-
cantly different from zero, and the NNH was 527. The
pooled RD between high intensity therapy and placebo
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MYALGIA

Experimental

Control

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
CARDS, A10 57 1428 67 1410 — 0.84 [0.59; 1.19] 2.3%
AURORA, R10 1 1389 1 1378 0.99 [0.06; 15.85] 0.0%
WOSCOPS, P40 20 3302 19 3293 — 1.05 [0.56; 1.96] 0.7%
PROSPER, P40 36 2891 32 2913 —p 1.13 [0.71; 1.82] 1.3%
S8SS, S20-540 82 2221 72 2223 +— 1.14 [0.84; 1.56] 2.9%
HPS, 540 16 10232 14 10237 —— 1.14 [0.56; 2.34] 0.6%
AFCAPS, L20-L40 11 3304 9 3301 — 1.22 [0.51; 2.94] 04%
ASPEN, A10 38 1211 19 1199 — 1.88 [1.08; 3.25] 0.9%
ASCQT, A10 17 5158 9 5124 - 1.88 [0.84; 421] 04%
>
SPARCL, A80 129 2365 141 2366 - 092 [0.73; 1.15] 5.0%
TRACE RA, A40 132 1504 117 1498 B 1.12 [0.89; 1.43] 4.8%
JUPITER, R20 658 8869 560 8864 1.17 [1.05; 1.31] 18.6%
>

TNT, A80 vs A10 241 4995 234 5006 T+ 1.03 [0.87; 1.23] B84%
SEARCH, $80 vs S20 2621 6031 2512 6033 1.04 [1.00; 1.09] 53.7%
Random effects model 54900 54845 b 1.07 [1.01; 1.13] 100.0%
Heterogeneity: 1> = 8%, 1> = 0.0009, p = 0.36 ' ‘ ' '

Residual heterogeneity: 12 = 3%, p = 0.41 0.1 051 2 10

Figure 2 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 reli-
ability 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

Statin Protective Statin Harmful

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-analyses
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 esti-
mates. 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.” * The 2016 MA estimated risk for

34849
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ATTRITION DUE TO MUSCLE SYMPTOMS

Experimental

Control

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
CARDS, A10 7 1428 9 1410 0.77 [0.29;2.06] 2.2%
HPS, S40 60 10269 62 10267 —_— 0.97 [0.68;1.38] 17.2%
GISSI-HF, R10 23 2285 21 2289 —E—— 1.10 [0.61;1.98] 6.2%
HOPE, R10 38 3181 34 3168 — 1.11 [0.70; 1.76] 10.2%
WOSCOPS, P40 37 3302 32 3293 — 1.15 [0.72;1.85] 9.7%
AFCAPS, L20-L40 11 3304 9 3301 1.22 [0.51;294] 28%
SSSS, S20-3840 11 2221 8 2223 1.38 [0.55;3.41] 26%
ASCOT, A10 37 5158 23 5124 T 1.60 [0.95;2.69] 8.0%
_
Ato Z, S40-S80 vs S20 41 2263 34 2230 R 1.19 [0.76; 1.87] 10.6%
PROVE-IT, A80 vs P40 69 2099 56 2063 — 1.21 [0.86;1.71] 17.9%
SEARCH, S80 vs S20 63 6031 34 6033 —=—  1.85 [1.22;281] 12.5%
_—

Random effects model 41541 41401 <> 1.22 [1.05; 1.41] 100.0%
Heterogeneity: 12 =0%, =0, p =064

Residual heterogeneity: 1% = 0%, p=072 0.5 1 2

Figure 3 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 SEARCH"
and A to Z trials found a significant increase in CK
and the TNT trial'® did not. An NMA that compared
dosage increments within brands” suggested no system-
atic 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.”” 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 x ULN)
but only for lovastatin and simvastatin.”’ CK>10 x ULN

Statin Protective Statin Harmful

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 patientreported 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 observa-
tional studies suggest that incidence of mild SAMS might
be as high as 30% among statin users,”> 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
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RHABDOMYOLYSIS
Study Experimental Control Risk Ratio RR 95%—-Cl Weight
Events Total Events Total
AFCAPS, L20-L40 1 3304 2 3301 — 0.50 [0.05; 5.51] 5.8%
CARDS, A10 0 1428 0 1410 0.99 [0.02; 49.73] 22%
ASPEN, A10 1 1211 1 1199 —— 0.99 [0.06; 15.81] 4.3%
CORONA, R10 0 2514 0 2497 0.99 [0.02; 50.04] 22%
LIPS, F80 0 822 0 818 1.00 [0.02; 50.09] 2.2%
GISSI-HF, R10 0 2285 0 2289 1.00 [0.02; 50.46] 2.2%
ALERT, F40-F80 1 1045 1 1049 — 1.00 [0.06; 16.03] 4.3%
PROSPER, P40 0 2891 0 2913 i 1.01 [0.02; 50.76] 2.2%
4D, A20 0 619 0 636 1.03 [0.02; 51.70] 2.2%
AURORA, R10 3 1389 2 1378 —— 149 [0.25; 8.89] 10.4%
HPS, S40 5 10269 3 10267 — 1.67 [0.40; 6.97] 16.2%
HOPE, R10 1 3181 0 3168 — 2.99 [0.12; 73.31] 3.2%
SSSS, S20-540 1 2221 0 2223 —_— 3.00 [0.12; 73.67] 3.2%
ASCOQT, A10 2 5101 0 5079 — 4.98 [0.24;103.67] 3.6%
<<=
SPARCL, A80 2 2365 3 2366 — 0.67 [0.11; 3.99] 104%
TRACE RA, A40 0 1504 0 1498 1.00 [0.02; 50.16] 2.2%
JUPITER, R20 1 8901 0 8901 —_— 3.00 [0.12; 73.63] 3.2%
_—
TNT, A80 vs A10 2 4995 3 5006 — 0.67 [0.11; 4.00] 10.4%
PROVE-IT, A80 vs P40 0 2099 0 2063 0.98 [0.02; 49.51] 22%
Ato Z, S40-S80 vs 520 3 2263 0 2230 — 6.90 [0.36; 133.46] 3.8%
SEARCH, S80 vs S20 7 6031 0 6033 +—=— 15.00 [0.86; 262.66] 4.0%
_—

Random effects model 66438 66324 = 1.41 [0.80; 2.51] 100.0%
Heterogeneity: ?=0%, =0, p =099 ‘ ‘ ! ' ‘

Residual heterogeneity: 1% = 0%, p=0.99 0.01 0.1 1 10 100

Figure 4 Rhabdomyolysis. RR, relative risk.

years) may resultin 33% increased risk of a cardiovascular
event within 3 months™ and adherence to statins in those
65 years and older may reduce mortality by a third.”*

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 discontin-
uing 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.*” They observed an inci-
dence 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

Statin Better Statin Worse

and usual care groups when unblinded (HR=1.41).%
Both comparisons indicate absolute differences less than
1%. A recent N-of-1 trial”® also found minimal differ-
ences 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 inten-
sity 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 defi-
nitions,”® 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
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CK >10xULN
Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
CARDS, A10 0 1428 4 1410 — 0.11 [0.01; 2.04] 3.9%
LIPS, F80 0 822 3 818 ———F——— 0.14 [0.01; 2.75] 3.8%
CORONA, R10 1 2514 3 2497 —_— 0.33 [0.03; 3.18] 57%
AFCAPS, L20-L40 21 3304 21 3301 . H 1.00 [0.55; 1.83] 15.0%
GISSI-HF, R10 1 2285 1 2289 4;'7 1.00 [0.06; 16.01] 4.2%
PROSPER, P40 0 2891 0 2913 i : 1.01 [0.02; 50.76] 2.4%
4D, A20 0 619 0 636 - 1.03 [0.02; 51.70] 2.4%
HPS, 40 11 10269 6 10267 T 1.83 [0.68; 4.95] 12.3%
WOSCOPS, P40 3 3302 1 3293 — 299 [0.31; 28.75] 57%
ALERT, F40-F80 3 1045 1 1049 — 3.01 [0.31; 28.90] 5.7%
SS8S, S20-540 6 2221 1 2223 I 6.01 [0.72; 49.84] 6.2%
<=
TRACE RA, A40 0 1504 0 1498 : 1.00 [0.02; 50.16] 2.4%
SPARCL, A80 2 2365 0 2366 — % 5.00[0.24;104.14] 3.7%
_————
TNT, A80 vs A10 1 4995 2 5006 — & 0.50 [0.05; 552] 52%
SEARCH, S80vs S20 68 6031 12 6033 . B 567 [3.07; 10.46] 14.9%
Ato Z, S40-S80 vs S20 9 22863 1 2230 ——=—— 8.87 [1.12; 69.94] 64%
—_—

Random effects model 47858 47829 = 1.66 [0.86; 3.21] 100.0%
Heterogeneity: /> = 52%, t° = 0.6582, p < 0.01 ! ' ‘ '

Residual heterogeneity: 12 = 12%, p =032 0.01 01 1 10 100

Figure 5 CK >10 x 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 studies'?*”**** (n=48 950) employed statin ‘washout’
phases and eight trials**** % ** ST (10284 042) excluded
patients with known statin hypersensitivity. Collins et af’
noted that ‘statin hypersensitivity’ exclusion was a rare
occurrence across these trials, as almost all patients
enrolled were statin naive at screening. The risk of attri-
tion due to SAMS and rhabdomyolysis was actually highest
in SEARCH, where an 8week long, active run-in phase
was conducted,” '’ although no patients were excluded for
elevated muscle enzymes.'” 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 treat-
ment evidence, this may limit interpretation of CK and
rhabdomyolysis risk. Also, adverse events may have been

Statin Protective Statin Harmful

increased due to the presence of comorbidities; only
three trials studied healthy adults (n=30 756).%° %7 % A
final limitation is that although risk estimates are based
on the best available evidence and should provide rela-
tively 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 observa-
tional studies may be related to statin therapy or patient
expectations but more likely may be due to methodolog-
ical biases or the generally high prevalence of muscle
problems.
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