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Effect of statin therapy on muscle symptoms: an individual 
participant data meta-analysis of large-scale, randomised, 
double-blind trials 
Cholesterol Treatment Trialists’ Collaboration*

Summary
Background Statin therapy is effective for the prevention of atherosclerotic cardiovascular disease and is widely 
prescribed, but there are persisting concerns that statin therapy might frequently cause muscle pain or weakness. We 
aimed to address these through an individual participant data meta-analysis of all recorded adverse muscle events in 
large, long-term, randomised, double-blind trials of statin therapy.

Methods Randomised trials of statin therapy were eligible if they aimed to recruit at least 1000 participants with a 
scheduled treatment duration of at least 2 years, and involved a double-blind comparison of statin versus placebo or 
of a more intensive versus a less intensive statin regimen. We analysed individual participant data from 19 double-
blind trials of statin versus placebo (n=123 940) and four double-blind trials of a more intensive versus a less intensive 
statin regimen (n=30 724). Standard inverse-variance-weighted meta-analyses of the effects on muscle outcomes were 
conducted according to a prespecified protocol.

Findings Among 19 placebo-controlled trials (mean age 63 years [SD 8], with 34 533 [27·9%] women, 59 610 [48·1%] 
participants with previous vascular disease, and 22 925 [18·5%] participants with diabetes), during a weighted average 
median follow-up of 4·3 years, 16 835 (27·1%) allocated statin versus 16 446 (26·6%) allocated placebo reported 
muscle pain or weakness (rate ratio [RR] 1·03; 95% CI 1·01–1·06). During year 1, statin therapy produced a 7% 
relative increase in muscle pain or weakness (1·07; 1·04–1·10), corresponding to an absolute excess rate of 11 (6–16) 
events per 1000 person-years, which indicates that only one in 15 ([1·07–1·00]/1·07) of these muscle-related reports 
by participants allocated to statin therapy were actually due to the statin. After year 1, there was no significant excess 
in first reports of muscle pain or weakness (0·99; 0·96–1·02). For all years combined, more intensive statin regimens 
(ie, 40–80 mg atorvastatin or 20–40 mg rosuvastatin once per day) yielded a higher RR than less intensive or moderate-
intensity regimens (1·08 [1·04–1·13] vs 1·03 [1·00–1·05]) compared with placebo, and a small excess was present 
(1·05 [0·99–1·12]) for more intensive regimens after year 1. There was no clear evidence that the RR differed for 
different statins, or in different clinical circumstances. Statin therapy yielded a small, clinically insignificant increase 
in median creatine kinase values of approximately 0·02 times the upper limit of normal.

Interpretation Statin therapy caused a small excess of mostly mild muscle pain. Most (>90%) of all reports of muscle 
symptoms by participants allocated statin therapy were not due to the statin. The small risks of muscle symptoms are 
much lower than the known cardiovascular benefits. There is a need to review the clinical management of muscle 
symptoms in patients taking a statin.
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Introduction 
Atherosclerotic cardiovascular diseases, chiefly myo­
cardial infarction and ischaemic stroke, accounted for 
approximately 18 million deaths worldwide in 2019,1 and 
low-density lipoprotein (LDL) cholesterol is a major 
causal risk factor.2 Randomised controlled trials have 
shown that the long-term reduction of LDL cholesterol 
concentrations with an 3-hydroxy 3-methylglutaryl-coen­
zyme A reductase inhibitor (ie, a statin) reduces the 
incidence of myocardial infarction and of ischaemic 
stroke by approximately a quarter for every 1 mmol/L 

LDL cholesterol reduction achieved, which corresponds 
to the avoidance of approximately 50 major vascular 
events in those with pre-existing vascular disease 
(secondary prevention), and 25 major vascular events 
when used for primary prevention, in every 1000 people 
administered this therapy for 5 years.2 Moreover, a more 
intensive statin regimen (ie, 40–80 mg atorvastatin once 
per day, or 20–40 mg rosuvastatin once per day), which 
could reduce LDL cholesterol by 2 mmol/L, would 
prevent twice as many major vascular events, and longer 
treatment yields greater benefits. For a given reduction 
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in LDL cholesterol, similar proportional reductions in 
risk are seen across a wide range of patients (including 
men and women, older and younger patients, and those 
with and without a previous history of cardiovascular 
disease).3–6 Consequently, statins are now used by 
millions of people worldwide.

It is known that statins can, rarely, cause substantial 
muscle damage (ie, myopathy [approximately one extra 
case per 10 000 person-years]; or, in a more severe form, 
rhabdomyolysis [approximately 2–3 cases per 
100 000 person-years]) as indicated by muscle symptoms 
accompanied by biochemical changes (eg, multi-fold 
rises in creatine kinase).2 However, there are concerns 
regarding statin-related muscle adverse effects,7 although 
reviews of the data from randomised trials (including 
N-of-1 trials) have shown that most such muscle 
symptoms are due to the so-called nocebo or drucebo8 
effect (that is, that they are not generally due to the 
statin).2,9 Moreover, on the basis of non-randomised 
observational studies of routine health-care records, it 
has been suggested that statin therapy is associated with 
large excess risks of musculoskeletal disorders;10–12 and, 
although such studies are susceptible to statistical bias 
and confounding,2 they are often cited without reference 

to their limitations. In addition, most studies of statin 
intolerance, or of statin-associated muscle symptoms, 
report the proportions of patients who do not adhere to 
the statin regimen because of symptoms they attribute to 
a statin. However, such estimates have the potential to be 
misleading, because a proportion of such symptoms will 
not truly be due to the statin. Perhaps as a consequence, 
there is widespread disinformation and confusion 
among patients about statin safety.13

To provide more reliable information about the size, 
severity, and timing of any adverse effects caused by 
various statin regimens, the Cholesterol Treatment 
Trialists’ (CTT) Collaboration sought new individual 
participant data on all recorded adverse events, together 
with supporting information about the methods used to 
record and classify such events in each trial.14 The current 
analyses were restricted to trials in which the treatment 
was double blinded (to minimise reporting biases). We 
selected such trials to avoid the limitations of 
observational studies, notably their susceptibility to 
biases and confounding.2 We also aimed to minimise 
other methodological limitations (eg, the selective 
reporting of adverse events) that might have biased 
previous meta-analyses of randomised trials using only 

Research in context

Evidence before this study
We searched Medline and the Cochrane Central Register of 
Controlled Trials for randomised trials, meta-analyses, or review 
articles published in any language between Jan 1, 1990, and 
June 1, 2021, that had specifically assessed the effects of statin 
regimens on muscle symptoms. These previous randomised 
trials, and several meta-analyses of published data from such 
trials, indicated that statins cause a small excess risk of muscle 
pain, but these studies might be affected by biases due to 
missing data. Observational studies, and meta-analyses 
including such studies, have also estimated the prevalence of 
statin-associated muscle symptoms, but such studies are 
subject to reporting biases and other biases, and cannot reliably 
establish the causal contribution of statins to such symptoms. 
There is a need, therefore, for a reliable assessment of the 
effects of various statin regimens on muscle symptoms in 
different clinical circumstances.

Added value of this study
We were able to minimise biases by restricting our analyses to 
large-scale, randomised, double-blind trials of statin therapy 
versus placebo in which there was systematic and unbiased 
event reporting. To overcome the potential bias arising from 
the selected publication of results, we obtained details of all 
adverse events related to muscle recorded in each individual 
trial participant, and coded them using the common 
nosological standard (from the Medical Dictionary for 
Regulatory Activities). The availability of individual participant 
data permitted more detailed analyses of risk for each statin 
than have previously been possible, including analyses 

examining the effects on particular symptoms, the timing of 
any excess risk, and the variation in treatment effects in 
different types of patients. Statin regimens caused a small 
relative increase (3%) in the number of first reports of muscle 
symptoms, but the excess of reports due to statin therapy was 
largely confined to the first year of treatment, during which 
there was an absolute excess rate of 11 (95% CI 6–16) events 
per 1000 person-years. Statins had similar effects on a range of 
reported muscle symptoms, including myalgia, muscle cramps 
or spasm, limb pain, and other musculoskeletal pain. There was 
no evidence for variation in the relative effects of different 
statins. The relative increase in the rate of muscle symptoms 
was similar in a wide range of trial participants, and was 
irrespective of the variation in the methods used to ascertain 
symptoms, suggesting that the observed relative effects of 
statins on muscle symptoms are likely to be generalisable. 
Overall, for the regimens studied in these trials, the increase in 
symptoms was greater for more intensive statin regimens, and 
a small excess risk was likely to persist for longer, than for 
less intensive or moderate-intensity regimens. Based on 
previous analyses of these trials, this excess risk of muscle 
symptoms is greatly outweighed by the known cardiovascular 
benefits of statin therapy.

Implications of all the available evidence
These results from randomised double-blind trials suggest that 
when a patient reports muscle symptoms when taking a statin, 
the probability that it is actually caused by the statin is low 
(<10%). Consequently, current recommendations on the 
management of such muscle symptoms should be reviewed.
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published data.14 The aim of the current meta-analysis 
was to evaluate the effects of statin therapy on muscle 
effects of differing severity and to explore how any excess 
risks varied over time, in different types of individual, 
and for different statin regimens.

Methods 
Search strategy and selection criteria 
Methods and analyses were prespecified.14,15 Briefly, all 
trials of statin therapy with more than 1000 participants 
and a scheduled mean follow-up of 2 years or more were 
eligible if they involved a double-blind comparison of 
statin versus placebo or of more intensive versus less 
intensive statin regimens. Statin intensity (relative 
reduction in LDL cholesterol from baseline) for each 
statin regimen was defined according to the American 
Heart Association and American College of Cardiology 
guidelines, with a low intensity classified as a less than 
30% LDL cholesterol reduction, moderate intensity as a 
30 to less than 50% reduction, and high intensity as a 
50% or more reduction (appendix p 6).16 The main results 
were estimated separately for less intensive, moderate-
intensity, and more intensive statin regimens. Analyses 
involved only unconfounded trials (ie, those in which 
there were no protocol-mandated differences between 
randomly assigned groups other than those created by 
the random allocations). We requested individual 
participant data on all adverse events, including the 
timing of such events, the timing of and reasons for 
stopping study treatment, non-trial statin use, use of 
other (non-trial) medications, comorbidities, and 
laboratory results (including creatine kinase for those 
regarding muscle; appendix p 2). Data on the exclusion 
criteria of potential relevance to previous intolerance to a 
statin are shown in the appendix (p 3). Ethics approval 
was granted by the UK National Health Service Health 
Research Authority (21/SC/0071).

Statistical analysis 
All variables for which the data were extracted were 
specified previously.15 Data were converted into a common 
format on the basis of the Clinical Data Interchange 
Standards Consortium Study Data Tabulation Model.17 
Adverse events were mapped to a common dictionary (the 
Medical Dictionary for Regulatory Activities version 20.0).

The protocol prespecified that analyses of muscle 
symptoms would consider reported muscle pain 
(ie, myalgia) and weakness separately from myopathy. 
Before the unmasking of treatment allocation, 
non-myopathic muscle outcomes were categorised as: 
myalgia, limb pain, other musculoskeletal pain, muscle 
cramp or spasm, any muscle pain (ie, the combination of 
the previous four outcomes), muscular fatigue or 
weakness, and any muscle pain or weakness (ie, all the 
previous outcomes combined; appendix pp 4–5). We 
searched for creatine kinase values obtained within 
2 weeks of the reported events to check for any 

biochemical evidence of muscle damage, and assessed 
the effect of the statin on the distribution of all creatine 
kinase values (reported as multiples of the trial-specific 
upper limit of normal [ULN]). Although the protocol 
specified that myopathy would be defined as muscle pain 
or weakness accompanied by creatine kinase more than 
ten times the ULN, it was redefined (before unmasking) 
as any event coded as myopathy or rhabdomyolysis owing 
to the frequent absence of creatine kinase data.

The log-rank observed minus expected statistic (O–E) 
and its variance were calculated for the first occurrence of 
each outcome among participants randomly assigned into 
each trial. The inverse-variance-weighted average of the 
log of the rate ratio (log RR) across all trials was then 
calculated as S/V (with variance 1/V, and hence with a 
95% CI of S/V ±1·96/√V), where S is the sum of (O−E) 
and V is the sum of variance over all trials.18,19 Prespecified 
subgroup analyses involved analyses within particular 
participant characteristics (age, gender, race and ethnicity, 
history of vascular disease, history of diabetes, BMI, LDL 
cholesterol, and estimated glomerular filtration rate), 
analyses by year of treatment, and analyses of different 
statin regimens or intensities, or both. Tests for 
heterogeneity (or trend) across levels of each subgroup 
were performed. Further post-hoc subgroup analyses 
involved analyses of trials subdivided by whether they had 
an active run-in period, placebo run-in period, or no run-
in period before random assignment and by statin 
solubility (ie, hydrophilic vs lipophilic). For exploratory 
analyses of the effects of statins on all events (ie, not just 
the first event), a negative binomial regression model 
(which provides additional flexibility compared with 
Poisson regression) was fitted in each trial to estimate the 
log RR and its SE. These estimates were then combined in 
a meta-analysis using the standard inverse-variance-
weighted method.

Only two trials allowed for a direct assessment of a more 
intensive statin regimen versus placebo, but an indirect 
assessment of the effects of more intensive statin therapy 
was made by combining the log event RR from the 15 trials 
of a moderate-intensity statin regimen versus placebo 
(SA/VA) with the log event RR from the two trials of more 
intensive versus moderate-intensity statin therapy (SB/VB). 
Specifically, the log event RR for more intensive statin 
therapy versus placebo was estimated indirectly by 
SA/VA+SB/VB (which had the variance 1/VA+1/VB). The 
overall estimate of the effect of more intensive statin 
therapy versus placebo was then calculated as the inverse-
variance-weighted average of the direct and indirect 
estimates.

To estimate the average absolute effect of statin therapy 
on the underlying rate of specific outcomes in these trials, 
we applied the RR (or its lower and upper 95% CI limits) 
to the absolute rate in the appropriate control group. The 
percentage of such outcomes reported by those who were 
allocated statin therapy that could be attributed to such 
therapy was calculated as 100 × (RR–1)/RR. Note that this 

See Online for appendix

For the Medical Dictionary for 
Regulatory Activities see https://

www.meddra.org/
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attributable proportion is unaffected by the absolute rate 
of muscle adverse event reporting in the underlying 
population.

We used the Wilcoxon rank-sum test to compare 
creatine kinase measurements recorded during follow-
up between randomly assigned groups. Overall RRs were 
reported with 95% CIs, but all other RRs were reported 
with 99% CIs to provide some allowance for multiple 
comparisons. Analyses of all categories of muscle 
symptoms were done by intention-to-treat analysis and 
implemented using SAS version 9.4 and R version 4.1.3.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report

Results 
Individual participant data were available from 
19 randomised double-blind trials of any statin regimen 
versus placebo (123 940 patients) and four randomised 
double-blind trials of more intensive versus less intensive 
statin therapy (30 724 patients; table 1). Of the 19 double-
blind trials of any statin regimen versus placebo, one study23 
compared a less intensive statin regimen versus placebo 
(6605 patients), 16 studies20–22,24–32,34,35,37,38 compared a 
moderate-intensity statin regimen versus placebo 
(95 890 patients), and two studies33,36 compared a more 
intensive statin regimen versus placebo (21 445 patients).

In the 19 double-blind trials of statin versus placebo 
(mean age 63 years [SD 8], with 34 533 [28%] women, 

59 610 [48%] participants with previous vascular disease, 
and 22 925 [18%] participants with diabetes), 
16 835 (27·1%) participants assigned a statin versus 
16 446 (26·6%) participants assigned placebo reported at 
least one episode of muscle pain or weakness during a 
median of 4·3 years. This corresponded to a 3% relative 
increase (RR 1·03; 95% CI 1·01–1·06; figure 1; 
appendix p 9). The RRs were similar (heterogeneity  
p=0·43) for each term used to categorise muscle 
symptoms (myalgia, 1·03 [0·99–1·08]; limb pain, 
1·00 [0·92–1·09]; other musculoskeletal pain, 1·03 
[0·99–1·08]; muscle cramp or spasm, 1·09 [1·00–1·19]; 
any muscle pain, 1·03 [1·01–1·06]; and muscle fatigue or 
weakness, 1·10 [0·92–1·31]). Figures showing trial 
specific findings for each category of muscle event can be 
downloaded from the CTT website.

Statin therapy produced a 7% relative increase in 
muscle pain or weakness during the first year (RR 1·07; 
95% CI 1·04–1·10), but no significant increase thereafter 
(0·99; 0·96–1·02; p value for heterogeneity for year 1 vs 
all subsequent years was 0·0005; figure 2). An increased 
risk was already present within the first 3 months after 
random assignment to treatment (1·08, 99% CI 
1·02–1·15; figure 2). The aggregate rate of reporting of 
any muscle pain or weakness (ie, for statin and placebo 
groups combined) during the first year of treatment 
varied substantially by trial (appendix p 10), from 1·0% 
to 60·5%, reflecting heterogeneity in how actively 
information was sought. Despite this, there was no 
evidence that the RR for the comparison of statin versus 
placebo depended on the absolute reporting rate. By 

Figure 1: Effect on muscle adverse events in trials of any statin regimen versus placebo (A) and more versus less intensive statin regimens (B)
Bold data are the totals or subtotals. O–E=observed minus expected. Var=variance.

Events (%) Rate ratio (95% CI or 99% CI)

Statin or more 
intensive statin 
group

Placebo or less 
intensive statin 
group

O−E Var(O−E)

(A) Statin vs placebo
Myalgia 1·03 (0·99–1·08)

Limb pain 1·00 (0·92–1·09)

Other musculoskeletal pain 1·03 (0·99–1·08)

Muscle cramp or spasm 1·09 (1·00–1·19)

Any muscle pain 1·03 (1·01–1·06)

Muscle fatigue or weakness 1·10 (0·92–1·31)

Any muscle pain or weakness 1·03 (1·01–1·06)

(B) More vs less intensive statin
Myalgia 1·04 (0·98–1·11)

Limb pain 1·02 (0·88–1·19)

Other musculoskeletal pain 1·06 (0·97–1·16)

Muscle cramp or spasm 1·04 (0·89–1·22)

Any muscle pain 1·05 (1·01–1·09)

Muscle fatigue or weakness 1·07 (0·79–1·43)

Any muscle pain or weakness

120·1

3·6

131·3

71·2

274·8

19·4

283·1

70·2

7·3

47·8

10·3

132·0

4·9

132·8

3657·4

921·3

4066·1

812·4

8206·8

212·7

8292·7

1712·7

305·5

836·9

252·5

2686·6

76·5

2720·5

(n=62 028)

7446 (12·0%)

1850 (3·0%)

8245 (13·3%)

1697 (2·7%)

16 656 (26·9%)

445 (0·7%)

16 835 (27·1%)

(n=15 390)

3485 (22·6%)

619 (4·0%)

1721 (11·2%)

515 (3·3%)

5490 (35·7%)

158 (1·0%)

5558 (36·1%)

(n=61 912)

7269 (11·7%)

1836 (3·0%)

8037 (13·0%)

1553 (2·5%)

16 281 (26·3%)

406 (0·7%)

16 446 (26·6%)

(n=15 334)

3380 (22·0%)

603 (3·9%)

1628 (10·6%)

495 (3·2%)

5274 (34·4%)

148 (1·0%)

5342 (34·8%)

0·8 1·0 1·2 1·4 1·6

1·05 (1·01–1·09)

99% CI 95% CI

Favours statin or more intense statin Favours placebo or less intense statin

For R see www.R-project.org

For the CTT website see https://
www.cttcollaboration.org
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applying the RRs in the first and subsequent years to 
the average rates over these periods among patients 
allocated to the placebo group, allocation to a statin 
regimen resulted in an absolute excess rate of muscle 
pain or weakness of 11 (95% CI 6 to 16) per 1000 person-
years in the first year and 0 per 1000 person-years 
(–2 to 1) in subsequent years (figure 3). Approximately 1 
in 15 (calculated as [1·07–1·00]/1·07) reports of muscle 
symptoms (<10% of reports) during the first year were 
attributable to statin therapy.

When trials were subdivided by statin and statin dose, 
there was no evidence that the summary RRs varied 
significantly among different statins (heterogeneity 
p=0·10; appendix p 11). Nor was there any clear dose 
relationship for any specific statin (p value for trend all 
non-significant). When categorised by statin intensity 
(appendix p 6), less intensive and moderate-intensity 
regimens yielded a 3% relative increase in the rate of first 
reports of muscle pain or weakness (RR 1·03; 95% CI 
1·00–1·05) with a 6% increase in the first year (1·06; 
1·03–1·10) but no increase thereafter (0·98; 0·95–1·02; 
appendix p 12). There was no evidence for differences in 
the RR between different statins in year 1 (less intensive 
or moderate-intensity statin therapy, heterogeneity 
p=0·50; more intensive statin therapy, heterogeneity 
p=0·28).

The RR in year 1 did not appear to differ according to 
whether there was an active or placebo pre-
randomisation run-in period or no run-in, nor did it 
differ between whether the statin was hydrophilic or 
lipophilic (appendix p 13). The RR for muscle pain or 
weakness was greater in women for less intensive and 
moderate-intensity statin regimens, both during the 
whole follow-up period (RRs 1·09, 99% CI 1·03–1·16 in 
women vs 1·00, 0·97–1·04 in men; heterogeneity 

p=0·0019; figure 4) and during the first year alone when 
most of the excess risk was observed (so subgroup 
analysis should be most sensitive to variation in risk; 
heterogeneity p=0·012; appendix p 14). RRs did not 
differ significantly by other patient characteristics 
(figure 4; appendix p 14), or within groups of trials that 
exclusively recruited patients with major underlying 
health conditions (data not shown).

Analyses of statin intensity used data from two 
randomised trials of more intensive statin therapy 
versus placebo33,36 combined with data from four 
randomised trials of more intensive versus less 
intensive statin therapy that included 30 724 participants 
(median duration 4·9 years, mean age 62 years; SD 9 
years; all with known vascular disease; table 1). As 
compared with a moderate-intensity regimen, more 
intensive statin regimens resulted in a 5% relative 
increase in the rate of reporting of a first episode of 
muscle pain or weakness (two trials RR 1·05; 95% CI 
0·99–1·11; table 2; appendix pp 7,15).39,41 There was a 
similar 5% relative increase in the comparisons of 
different statin regimens, where both regimens fell 
within the moderate-intensity range (two trials 1·05; 
1·00–1·11; appendix p 15).40,42 There were broadly 
similar increases in any muscle pain or weakness for 
any type of more-intensive versus less-intensive statin 
therapy, both in the first and subsequent years 
(heterogeneity p=0·61; appendix p 16). There was no 
evidence that the increase in muscle symptoms varied 
significantly within any of the subgroups, including sex 
(heterogeneity p=0·61; appendix p 17). To obtain a 
reliable estimate of the effects of more intensive regimens, 
we combined the results of a direct comparison of more 
intensive statin regimens versus placebo in two trials33,36 
with the results of an indirect comparison involving 

Figure 2: Effect on any muscle pain or weakness, by duration of treatment, in trials of any statin regimen versus placebo
Bold data are the totals or subtotals. White squares indicate months, black squares indicate years. The test for heterogeneity in the log rate ratio between the first year 
and all subsequent years combined: χ2 =12·1, p=0·0005. For each risk period, percentages shown are of those alive and still at risk of a first report of muscle pain or 
weakness at the start of the risk period. O–E=observed minus expected. Var=variance.

Events (%) Rate ratio (95% CI or 99% CI)

Statin (n=62 028) Placebo (n=61 912)

O−E Var(O−E)

0·7 0·8 0·9 1·0 1·2 1·4

Months 0 to ≤3 3931 (6·3%) 3655 (5·9%) 1·08 (1·02–1·15)

Months >3 to ≤6 2410 (4·2%) 2252 (3·9%) 1·08 (1·00–1·17)

Months >6 to ≤9 1454 (2·6%) 1344 (2·4%) 1·10 (0·99–1·21)

Months >9 to ≤12 1404 (2·6%) 1422 (2·7%) 1·00 (0·91–1·10)
Year 1 9199 (14·8%) 8673 (14·0%) 1·07 (1·04–1·10)

Year 2 3812 (7·4%) 3865 (7·5%) 1·00 (0·94–1·06)

Year 3 2169 (5·1%) 2272 (5·3%) 0·97 (0·90–1·05)

Year 4 1066 (3·0%) 1056 (3·0%) 1·01 (0·91–1·13)

Year 5+ 589 (2·1%) 580 (2·1%) 1·00 (0·86–1·17)
All after year 1 7636 (14·8%) 7773 (15·0%) 0·99 (0·96–1·02)
All years

152·8
91·4

64·2
1·4

309·8
1·1

−35·8
7·1
0·9

−26·7
283·1

1879·5
1161·6

698·3
705·3

4444·7
1916·9
1109·1

530·0
292·0

3848·0
8292·716 835 (27·1%) 16 446 (26·6%) 1·03 (1·01–1·06)

99% CI 95% CI

Statin better Statin worse
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two trials of more intensive versus moderate-intensity 
regimens39,41 and 16 trials of moderate-intensity regimens 
versus placebo.20–22,24–32,34,35,37,38 The direct comparison of 
more intensive statin regimens versus placebo during a 
median follow-up of 2·6 years yielded, for the rate of 
reporting a first episode of muscle pain or weakness, an 
RR of 1·09 (95% CI 1·03–1·16; table 2, appendix pp 7, 12). 
In the indirect comparison, the estimated RR for more 
intensive statin was 1·07 (1·01–1·14; table 2). Combining 
these direct and indirect comparisons yielded an overall 
RR of muscle pain or weakness with more intensive statin 
regimens of 1·08 (1·04–1·13), with RRs of 1·11 (1·05–1·17) 
in year 1 and 1·05 (0·99–1·12) after 1 year.

The RRs over the whole follow-up period for the effects 
of moderate-intensity or more intensive statin regimens 
on all reports (ie, not just the first report) of muscle pain 
or weakness were similar to the RRs for first events only 
(appendix p 7). The RRs were also similar when analyses 
were restricted to year 1 or to the period after year 1 
(appendix p 7).

A creatine kinase concentration was available in less 
than 6·2% of reports of muscle pain or weakness, but 
for 96·7% of those cases the concentrations were less 
than 3 times the ULN. After excluding those with a 
recorded myopathy event, allocation to statin therapy 
resulted in a small (approximately 0·02 times the ULN) 
increase in median creatine kinase values during 
follow-up: 0·43 (IQR 0·30–0·62) times the ULN for a 
moderate-intensity regimen versus 0·41 (0·29–0·59) 
times the ULN for placebo (Wilcoxon test p<0·0001), 
and 0·49 (IQR 0·34–0·71) times the ULN for high 
intensity regimen versus 0·45 (IQR 0·31–0·65) times 
ULN for placebo (Wilcoxon test p<0·0001; appendix p 18). 
Only one trial26 provided information on treatment 
adherence in relation to muscle symptoms. In both 
patients allocated simvastatin and patients allocated 
placebo, the distribution of recorded adherence after the 
year 1 visit was nearly identical among those who did 
versus those who did not report muscle pain or weakness 
within the first year (appendix p 8).

50 100 150 200 250

Rate ratio (95% CI) 

Myalgia 1·06 (1·02 to 1·11)78
83

Limb pain 1·08 (0·97 to 1·21)10
11

Other musculoskeletal pain 1·08 (1·03 to 1·13)55
59

Muscle cramp or spasm 1·14 (1·02 to 1·27)10
12

Any muscle pain 1·07 (1·04 to 1·10)153
164

Muscle fatigue or weakness 1·14 (0·92 to 1·40)3
3

Any muscle pain or weakness 1·07 (1·04 to 1·10)155
166

Myalgia 0·99 (0·93 to 1·04)15
15

Limb pain 0·96 (0·89 to 1·04)6
6

Other musculoskeletal pain 1·00 (0·96 to 1·04)26
26

Muscle cramp or spasm 1·06 (0·97 to 1·16)5
5

Any muscle pain 0·99 (0·96 to 1·03)50
49

Muscle fatigue or weakness 1·07 (0·89 to 1·27)1
1

Any muscle pain or weakness 0·99 (0·96 to 1·02)50
50

5 (1 to 8)

1 (0 to 2)

4 (1 to 7)

1 (0 to 3)

11 (6 to 16)

0 (0 to 1)

11 (6 to 16)

0 (−1 to 1)

0 (−1 to 0)

0 (−1 to 1)

0 (0 to 1)

0 (−2 to 1)

0 (0 to 0)

0 (−2 to 1)

0
Absolute rate per 1000 person-years

50 100 150 200 2500
Absolute rate per 1000 person-years

A Year 1

B After first year

Statin (n=62 028)
Placebo (n=61 912)

Absolute excess rate 
per 1000 person-years 
(95% CI)

Rate ratio (95% CI) Absolute excess rate 
per 1000 person-years 
(95% CI)

Figure 3: Rate ratio and absolute rate difference for muscle adverse events by duration of treatment, in trials of any statin regimen versus placebo
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Myopathy (based on Medical Dictionary for Regulatory 
Activities coding) was reported by 0·08% of those 
assigned any statin regimen versus 0·04% of those 
assigned placebo (RR 1·74; 95% CI 1·11–2·74, p=0·016; 
appendix p 19), which corresponded to an absolute 
excess of 0·08 (0·01–0·18) per 1000 person-years. The 
RR was 3·04 (1·43–6·47; p=0·0039) in year 1 and 1·28 
(0·72–2·25; p=0·40) after year 1; thus, in year 1, statin 
therapy was the cause of approximately two-thirds 
([3·04–1·00]/3·04) of myopathy cases reported by 
patients allocated to a statin. The RRs for less intensive 
and moderate-intensity (1·73 [1·05–2·87]) compared 
with more intensive regimens (1·78 [0·63–5·08]) were 
similar (appendix p 19). In analyses of more intensive 
versus less intensive regimens, there were few reports of 

myopathy with 80 mg atorvastatin once per day, but 
there was clear evidence of an excess with 80 mg 
simvastatin once per day (which is no longer approved) 
in the SEARCH trial42 compared with 20 mg simvastatin 
once per day (6·45; 99% CI 3·26–12·77; appendix p 20).

Discussion 
Previous randomised trials and meta-analyses of trials,43–47 
as well as N-of-1 trials of statin therapy,48,49 have not been 
able to resolve whether statin therapy might lead to a 
small increased risk of muscle pain. We aimed to evaluate 
the causal effects of statin therapy on muscle events of 
differing types and severity, and to explore how any 
excess risk varied over time, in different types of 
individual, and for different statin regimens. On the 

Figure 4: Effect of less intensive or moderate-intensity statin regimens on any muscle pain or weakness, by participant characteristics
Bold indicates the overall summary result. White squares indicate missing data. Tests of heterogeneity (or trend) listed after each prognostic characteristic are of the 
log rate ratio for each of the subgroups of that characteristic, and are uncorrected for multiple comparisons. GFR=glomerular filtration rate. LDL=low-density 
lipoprotein. O–E=observed minus expected. Var=variance.

Events (%) Rate ratio (95% CI or 99% CI)

Statin (n=51 288) Placebo (n=51 207)

O−E Var(O−E)

Age, years (Trend: χ2
1=1·2, p=0·28)

≤65
>65 to ≤75

>75

Sex (Heterogeneity: χ2
1=9·6, p=0·0019)
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Race or ethnicity (Heterogeneity: χ2
3=2·1, p=0·55)
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History of vascular disease (Heterogeneity: χ2
1=2·9, p=0·089)
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History of diabetes (Heterogeneity: χ2
1=0·3, p=0·57)
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BMI, kg/m2 (Trend: χ2
1=3·1, p=0·078)

≤25
>25 to ≤30

>30

LDL cholesterol mmol/L (Trend: χ2
1=0·1, p=0·81)

≤3·0
>3·0 to ≤4·0

>4·0

Estimated GFR, mL per min per 1·73 m2 (Trend: χ2
1=1·4, p=0·24) 

≤60
>60 to ≤90 

>90

On dialysis

Total

45·5
106·3

30·8

163·3
17·7

17·5
1·3

76·5
10·7
74·0

140·3
35·8

117·1
60·2

−0·4
87·8
94·4

73·5
30·8
77·4

55·1
82·5
60·4

−4·8

178·6

3908·8
2333·3

851·5

1883·0
5215·4

151·1
55·0

4225·8
101·1

2564·8

2828·8
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5498·4
1599·4

2216·1
3201·6
1662·3

1731·7
2730·5
2473·6

2124·4
3710·2

726·3
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7099·6

7887 (26·9%)
4757 (27·0%)
1707 (39·7%)

3901 (29·6%)
10 458 (27·4%)

321 (8·9%)
110 (19·2%)

8549 (30·6%)
210 (9·0%)

5169 (30·6%)

5745 (24·1%)
8614 (31·3%)

11 090 (27·6%)
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4402 (27·3%)
6538 (27·6%)
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3524 (28·0%)
5489 (26·7%)
5025 (30·5%)

4280 (31·6%)
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1504 (26·0%)

432 (22·7%)
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7800 (26·7%)
4619 (26·2%)
1720 (39·6%)

3665 (28·0%)
10 482 (27·5%)

287 (8·0%)
113 (19·8%)

8442 (30·3%)
196 (8·4%)

5109 (30·3%)

5593 (23·5%)
8554 (31·2%)
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3159 (28·8%)

4500 (27·4%)
6322 (27·2%)
3301 (29·1%)

3441 (27·4%)
5479 (26·6%)
4904 (29·8%)

4252 (31·1%)
7374 (28·4%)
1423 (25·0%)
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14 147 (27·6%)

1·01 (0·97–1·05)
1·05 (0·99–1·10)
1·04 (0·95–1·13)

1·09 (1·03–1·16)
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1·12 (0·91–1·38)
1·02 (0·72–1·45)
1·02 (0·98–1·06)
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1·05 (1·00–1·10)
1·01 (0·97–1·05)
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1·09 (0·99–1·20)
1·03 (1·00–1·05)

99% CI 95% CI
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basis of individual participant data on all recorded 
muscle events in large-scale, long-term statin trials, our 
study yielded many findings that enhanced 
understanding of the nature and risks of muscle 
symptoms caused by statin therapy.

Notably, we have reliably shown that the small excess 
risk of muscle symptoms due to statin therapy largely 
occurred within the first year of treatment. Other studies12 
have shown that the risks of statin-associated muscle 
symptoms or statin intolerance are highest in the period 
after commencing therapy with a statin, but since a large 
proportion of such events are not due to statin therapy, 
such studies do not help in furthering understanding of 
the causal role of statins over time. There were similar 
excesses of risk in different types of muscle symptoms, 
including those categorised clinically as myalgia, muscle 
cramps or spasm, limb pain, other musculoskeletal pain, 
or muscle fatigue or weakness, but we found that muscle 
symptoms caused by statin therapy were no more severe 
than the average severity of symptoms not caused by a 
statin. The different statins of equivalent LDL-lowering 
ability included in our meta-analysis had similar effects 
on muscle symptoms. The relative excess was similar in 
different types of patients, and irrespective of how 
muscle symptoms were defined, hence our results are 
likely to be widely generalisable. Although we did not 
find any clear evidence of a dose-response relationship, 
more intensive regimens caused a greater increase in 
muscle symptoms than moderate-intensity regimens in 
the first year of treatment (11% vs 6%), and there was 
some evidence that a small excess with more intensive 
regimens might persist for longer than 1 year.

Based on the evidence available from the Heart 
Protection Study, the small excess in risk appeared to be 
because of events that did not usually lead to treatment 
discontinuation (consistent with evidence from a 
previous review of tabular data from statin trials),2 and 
did not result in a clinically significant change in creatine 
kinase. This finding indicates that most of the episodes 
of muscle pain or weakness caused by a statin were 
clinically mild. This result also indicates that, since 
participants with muscle symptoms generally continued 
treatment, the absence of any significantly increased risk 
of repeat reports of muscle symptoms after year 1 is not 
explained by patients with symptoms stopping treatment 
after having muscle symptoms during the first year.

We were able to explore the generalisability of our 
findings in several ways. Since most excess risk appears 
in the period immediately after treatment commences, 
we restricted our analyses to the first year to increase 
their sensitivity. There was substantial variation in the 
methods used to record muscle symptoms, so the first-
year rates among participants allocated to the placebo 
group in the 19 trials of statin versus placebo also 
varied substantially. Nevertheless, there was little 
evidence that the RR for muscle pain or weakness 
varied according to the cumulative frequency of muscle 

events at 1 year. It is not clear why this is so (other than 
the absence of statistical power) since it might be 
expected that the RR should tend towards unity in 
those trials with higher recorded rates because of a 
larger proportion of misclassified events (so-called 
noise). However, when taken together with the general 
absence of variation in the relative effects of statin 
therapy on muscle pain or weakness in the subgroups 
studied, one practical conclusion is that the overall RR 
might be broadly generalisable in different clinical 
circumstances. Likewise, the absence of a sex-related 
difference in the trials comparing more versus less 
intensive regimens does not support the finding of a 
higher RR in women than in men in the placebo-
controlled trials.

Events (% py) Rate ratio (95% CI)

Statin or more 
intensive statin 
group

Placebo or less 
intensive statin 
group

Direct assessments, 0–1 year

High-intensity statin vs placebo (2 trials) 1495 (15·4% py) 1351 (13·8% py) 1·11 (1·03–1·20)

Moderate-intensity statin vs placebo 
(16 trials)

7668 (18·0% py) 7282 (17·0% py) 1·07 (1·03–1·10)

High-intensity vs moderate-intensity 
(2 trials)

1259 (20·4% py) 1218 (19·6% py) 1·04 (0·96–1·12)

Indirect assessments, 0–1 year

High-intensity statin vs placebo NA NA 1·10 (1·01–1·20)

Overall (direct and indirect) assessments, 0–1 year

High-intensity statin vs placebo NA NA 1·11 (1·05–1·17)

Direct assessments, after 1 year

High-intensity statin vs placebo (2 trials) 981 (6·8% py) 948 (6·4% py) 1·06 (0·97–1·16)

Moderate-intensity statin vs placebo 
(16 trials)

6616 (5·2% py) 6802 (5·4% py) 0·98 (0·95–1·02)

High-intensity vs moderate-intensity 
(2 trials)

1308 (8·5% py) 1248 (8·0% py) 1·06 (0·98–1·14)

Indirect assessments, after 1 year

High-intensity statin vs placebo NA NA 1·04 (0·95–1·13)

Overall (direct and indirect) assessments, after 1 year

High-intensity statin vs placebo NA NA 1·05 (0·99–1·12)

Direct assessments, all years

High-intensity statin vs placebo (2 trials) 2476 (10·3% py) 2299 (9·4% py) 1·09 (1·03–1·16)

Moderate-intensity statin vs placebo 
(16 trials)

14 284 (8·4% py) 14 084 (8·3% py) 1·02 (1·00–1·05)

High-intensity vs moderate-
intensity (2 trials)

2567 (11·9% py) 2466 (11·3% py) 1·05 (0·99–1·11)

Indirect assessments, all years

High-intensity statin vs placebo NA NA 1·07 (1·01–1·14)

Overall (direct and indirect) assessments, all years

High-intensity statin vs placebo NA NA 1·08 (1·04–1·13)

The table excludes one trial of a low intensity statin versus placebo (AFCAPS/TexCAPS) and two trials that compared 
two moderate-intensity statin regimens (SEARCH and A to Z). High intensity statin versus placebo trials: JUPITER and 
SPARCL. Moderate-intensity statin versus placebo trials: ALERT, ASCOT-LLA, ASPEN, AURORA, CARDS, CARE, CORONA, 
4D, GISSI-HF, HOPE-3, HPS, LIPID, LIPS, PROSPER, WOSCOPS, and 4S. High intensity versus moderate-intensity, double 
blind trials: PROVE-IT and TNT. py=per year.

Table 2: Effects of moderate-intensity and more intensive statin regimens on any muscle pain or 
weakness by period of follow-up
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Our analyses also help to address multiple concerns that 
have been raised about previous analyses of the effects of 
statins on muscle symptoms.50 We found no evidence that 
previous estimates based on published data were seriously 
biased by the incomplete reporting of adverse events in 
trial reports. There was also no evidence that the use of an 
active or placebo run-in period led to the underestimation 
of the risk of muscle symptoms attributable to statin 
therapy. Finally, there was no evidence that risk estimates 
were biased by the exclusion of patients with 
comorbidities,50 since the relative risks were similar in the 
trials that had recruited exclusively from groups of patients 
with underlying conditions, such as those with diabetes,30,32 
with New York Heart Association grade 2–4 heart failure,34,35 
or patients with chronic kidney disease undergoing 
haemodialysis,31,37 with no significant heterogenity in rate 
ratios between trials recruiting participants with these 
conditions (data not shown).

In these trials, statin therapy caused approximately 
11 additional reports of any muscle pain or weakness per 
1000 patients during the first year, but little excess 
thereafter (although there was some evidence that a risk 
persisted beyond the first year for more intensive 
regimens). This finding is in contrast with the 
cardiovascular benefits of statin therapy, which are 
observed in year 1, but which are then twice as high 
during each subsequent year that treatment continues as 
previously reported (9% [99% CI 3–15%] in year 1 vs 24% 
[95% CI 21–26%] in years 1 to ≥5).2 Consequently, 
provided that statin therapy is taken for some years, the 
absolute reductions in major vascular events will greatly 
exceed any small excess of muscle symptoms that occurs 
soon after treatment initiation. For example, for every 
1000 people in whom LDL cholesterol is lowered by 
approximately 1 mmol/L for 5 years (ie, an effect easily 
achievable in almost all patients with a moderate-
intensity statin), statins might cause 11 (generally mild) 
episodes of muscle pain or weakness, but prevent 
50 major vascular events in those with pre-existing 
vascular disease (secondary prevention), and 25 major 
vascular events in those without pre-existing vascular 
disease (primary prevention).2 Moreover, a high intensity 
regimen that can reduce LDL cholesterol by 50% would 
on average produce at least a 2 mmol/L reduction in LDL 
cholesterol in people with an LDL cholesterol of 
4 mmol/L or more (eg, which was the measured 
concentration in approximately a third of people not 
taking a statin in UK Biobank),51 and would be expected 
to prevent twice as many major vascular events in each 
setting, but without any material increase in the excess 
rate of muscle pain or weakness as compared with a 
regimen reducing LDL cholesterol by 1 mmol/L. 
Moreover, treatment for longer than 5 years will yield 
even higher cardiovascular benefits.

The main strength of our analyses is that they provide 
the first reliable estimates of the causal contribution of 
statins to muscle symptoms reported by a wide range of 

patients. The data are derived from large-scale, double-
blind, randomised trials, which guarantees the avoidance 
of both moderate random errors and moderate biases.52 
By contrast, non-randomised observational studies, in 
which outcomes are compared between individuals who 
received the treatment of interest and those who did not 
are (irrespective of their size) prone to moderate biases 
(especially where participants are aware of which drugs 
they are taking), which cannot be guaranteed to be 
removed through statistical adjustment (eg, propensity 
score matching).2,52

However, there are some potential limitations to our 
analyses. Firstly, there was considerable heterogeneity in 
the methods used for the ascertainment of muscle 
symptoms, and definitions varied from trial to trial. 
Nonetheless, as noted above, the relative excesses 
appeared to be broadly consistent among the different 
trials and clinical circumstances. Secondly, although we 
sought adverse event data from all randomised, double-
blind trials included in the CTT, some data were not 
available. However, the missing data represented less 
than 1% of all adverse events34,36,37 (mainly because of data 
privacy concerns). Furthermore, data were not 
consistently available on whether muscle events led to 
the discontinuation of allocated treatment (and thus 
planned on-treatment analyses for rare events were not 
possible), and there was no reliable information on some 
relevant comorbid conditions (such as hypothyroidism) 
or concomitant medications that might affect the risk of 
having symptoms. Thirdly, most reports of muscle pain 
or weakness were not accompanied by a measurement of 
creatine kinase value, so we were unable to assess 
whether some symptoms were associated with large 
increases in creatine kinase concentrations. However, 
among the cases for which there were data available on 
creatine kinase concentrations, more than 96% were less 
than 3 times the ULN, and there was no evidence that 
(after removing myopathy cases) extreme creatine kinase 
values were more common among participants allocated 
to the statin groups. Finally, although all trials excluded 
anyone known to have had a previous serious adverse 
reaction to statin therapy, and many took steps to exclude 
those with a previous statin sensitivity or hypersensitivity, 
most of them did not seek to identify or exclude 
participants who might now be categorised as statin 
intolerant (most of the trials had completed enrolment 
before statins were in common use and well before they 
were available generically).

Currently, the management of patients reporting 
muscle symptoms while taking statin therapy is 
challenging, since the belief that statin therapy often 
causes such symptoms is encouraged by drug labelling 
and other misleading sources of information (contributing 
to the so-called nocebo or drucebo effect, where negative 
expectations can lead to perceived adverse effects).8,53 By 
contrast, our results confirm that, in the majority of cases, 
statin therapy is not likely to be the cause of muscle pain 
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in a person taking statin therapy. This finding is 
particularly true if the treatment has been well tolerated 
for a year or more before developing symptoms; but, even 
during the first year of a moderate-intensity statin 
regimen, it is likely to be the cause in only approximately 
one in 15 patients who report muscle symptoms, rising to 
approximately one in 10 in those who are taking a more 
intensive regimen. In other words, the statin is not the 
cause of muscle symptoms in more than 90% of 
individuals who report such symptoms.

In conclusion, this individual participant data meta-
analysis of randomised trials has found that statin 
therapy causes a small proportional increase in reports 
of muscle pain, largely during the first year after 
treatment commences. These findings have shown that 
symptoms might differ from those observed in patients 
with myopathy (patients might report myalgia, cramps, 
limb pain, fatigue or weakness, or some other 
musculoskeletal pain) with no good evidence that the 
proportional risk increases vary between different types 
of patients or statins of equivalent LDL-lowering 
abilities, but some evidence that the proportional risk 
increase is higher for more intensive statin regimens 
than for moderate-intensity statin regimens. However, 
for all patients for whom statin therapy might be 
considered, the quantitative evidence from previous 
analyses of large trials within the CTT Collaboration 
clearly indicate that the risk is greatly outweighed by the 
cardiovascular benefits of statins. Our findings suggest 
that there is a need to review recommended strategies 
for managing such symptoms, and to revise the 
information in the drug label for statins. In particular, 
for patients who report mild muscle symptoms when 
taking a statin, our findings suggest that it is most likely 
that the symptoms are not due to the statin, and statin 
therapy should continue until other potential causes 
have been explored.
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