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Abstract

Study Objective—To characterize the properties and natural history of 3-hydroxy-3-

methylglutaryl coenzyme A reductase inhibitor (statin)-associated muscle-related adverse effects 

(MAEs).

Design—Patient-targeted postmarketing adverse-effect surveillance approach coupling survey 

design with an open-ended narrative.

Setting—University-affiliated health care system.

Subjects—Three hundred fifty-four patients (age range 34–86 yrs) who self-reported muscle-

related problems associated with statin therapy.

Measurements and Main Results—Patients with perceived statin-associated MAEs 

completed a survey assessing statin drugs and dosages; characteristics of the MAEs; time course 

of onset, resolution, or recurrence; and impact on quality of life (QOL). Cases were assessed for 

putative drug adverse-effect causality by using the Naranjo adverse drug reaction probability scale 

criteria and were evaluated for inclusion in groups for which mortality benefit with statins has 

been shown. Patients reported muscle pain (93%), fatigue (88%), and weakness (85%). Three 

hundred patients (85%) met literature criteria for probable or definite drug adverse-effect 

causality. Ninety-four percent of atorvastatin usages (240/255) generated MAEs versus 61% of 

lovastatin usages (38/62, p<0.0001). Higher potency statins reproduced MAEs in 100% of 39 

rechallenges versus 73% (29/40) with lower potency rechallenges (p<0.01). Time course of onset 

after statin initiation varied (median 14 wks); some MAEs occurred after long-term symptom-free 

use. Recurrence with rechallenge had a significantly shorter latency to onset (median 2 wks). The 

MAEs adversely affected all assessed functional and QOL domains. Most patients with probable 

or definite MAEs were in categories for which available randomized controlled trial evidence 

shows no trend to all-cause mortality benefit with statin therapy.
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Conclusion—This study complements available information on the properties and natural 

history of statin-associated MAEs, affirming dose dependence and strong QOL impact. The data 

indicating a dose-dependent relationship between MAE risk and recurrence suggest lower potency 

statins or discontinuation may bear consideration for ameliorating symptoms.
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The 3-hydroxy-3-methylglutaryl coenzyme-A reductase inhibitors (statins) are a widely 

prescribed drug class and include the best-selling prescription drug in the world, 

atorvastatin.1–3 Although statins are generally well tolerated and have documented 

cardiovascular benefits in many persons, the most commonly reported adverse effects are 

muscle-related problems (i.e., muscle pain, weakness, and/or fatigue),4, 5 which can occur in 

the absence of creatine kinase (CK) level elevation.6, 7 Blinded N-of-1 crossover biopsy data 

indicate that muscle-related problems with normal or minimally elevated CK levels reflect a 

(partially) reversible mitochondrial myopathy.6

The medical literature has described muscle-related adverse effects (MAEs) with 

cholesterol-lowering agents8–12 but has most commonly focused on severe cases entailing 

rhabdomyolysis.13–16 The properties, natural history, drug-dose relationship, and impact of 

nonrhabdomyolytic statin-associated MAEs have received somewhat less 

attention.6, 7, 10, 17–22

Patient attributions of adverse effects to drugs have been reported to be reliable.23 This case 

series capitalizes on that finding, by using an expanded, patient-directed, survey-based post-

marketing adverse-effect surveillance approach to preliminarily examine the characteristics, 

time course, functional impact, and quality-of-life (QOL) impact of nonrhabdomyolytic 

MAEs associated with statins. The importance of characterizing these MAEs is underscored 

by the prevalence of statin use and frequency of muscle-related problems among the 

reported adverse effects of statins.4, 24 Also, a previous study identified a lack of physician 

awareness of and receptivity to patient reports of adverse effects of statins that extend to 

nonrhabdomyolytic MAEs,25 reinforcing the need for more information on statin-associated 

MAEs. Demonstration of the concept and potential added value of an expanded, patient-

targeted surveillance approach is timely in the face of attention to limitations in existing 

postmarketing surveillance systems, including physician-targeted surveillance.26

Methods

Patients in this study were selected from a subset of patients who participated in the 

University of California, San Diego (UCSD) Statin Effects Study.25 Recruitment of patients 

for that study was passive, analogous to physician-targeted postmarketing surveillance, and 

most patients learned about the study through the Internet or media. Patients with perceived 

statin-associated adverse effects were asked to complete a survey on general statin adverse 

effects. Patients reporting MAEs—specifically, muscle pain, weakness, and/or fatigue 

associated with statin use—were asked to complete a second survey directly targeting 
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MAEs. This report is based on those patients who completed the second survey. Study 

methods and surveys were approved by the UCSD institutional review board, and all 

patients gave written informed consent.

The MAE survey instrument comprised a semi-structured survey with 55 items (additional 

items pertained for those patients citing more than one statin), as well as an open-ended 

narrative. Information was elicited on patient characteristics, drug(s), dose(s), lipid levels, 

MAE character (pain, weakness, fatigue) and severity, MAE time course of onset and 

recovery relative to statin usage, effect of statin change or discontinuation, recurrence with 

statin reinitiation, reported physician interaction in relation to the possible MAE, and 

functional as well as QOL impact. Data on physician interactions have been published 

elsewhere.25

Causality of Muscle-Related Adverse Effects

Cases were assessed for adherence to published presumptive Naranjo adverse drug reaction 

probability scale adverse-effect causality criteria,27 which uses a system of positive and 

negative causality points with a score of 9 or higher indicating definite adverse-effect 

causality, 5–8 probable, 1–4 possible, and 0 or lower doubtful causality. Causality 

assignments for statin-associated MAEs were generated conservatively. Functionally, cases 

deemed probable were limited to those patients who discontinued the drug (or reduced the 

dose) and experienced improvement. Cases deemed definite must have, in addition to 

recovery, undergone a statin rechallenge that produced symptom recurrence.

Distribution of Statin Use

Numbers citing MAEs with each statin were tallied absolutely as well as relative to the 

number citing use of each statin. Relative reporting frequencies were compared qualitatively 

(i.e., by rank) to reported relative sales of each statin and to relative statin potencies.

Comparison of Drugs by Potency

When comparing the rate of problems, we examined the fraction of trials producing MAEs 

(among those patients selected for experiencing statin-associated MAEs) as a function of 

cholesterol-lowering drug potency by using the χ2 test and tests of trend. For comparing 

drugs, a caveat is in order. Rosuvastatin is more potent than atorvastatin per milligram; 

however, in as-used doses, atorvastatin may be more potent on average: atorvastatin 80 mg 

is a widely accepted and advocated dose, but warnings by the United States Food and Drug 

Administration expressly caution against higher doses of rosuvastatin (e.g., 40 mg).28 Due to 

its withdrawal from the market, cerivastatin equivalencies were not considered.

Calculation of Dose Equivalencies

Statin dose equivalencies for each drug and dose were based on published drug and dose 

equivalencies for expected potency of cholesterol reduction and are as follows: rosuvastatin 

2.5 mg ≈ atorvastatin 5 mg ≈ simvastatin 10 mg ≈ lovastatin 20 mg ≈ pravastatin 20 mg ≈ 

fluvastatin 40 mg.29, 30 These are only approximate; for instance, in our 1000-person 

randomized controlled trial, simvastatin 20 mg/day led to a 49-mg/dl reduction in low-

Cham et al. Page 3

Pharmacotherapy. Author manuscript; available in PMC 2016 January 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



density lipoprotein cholesterol (LDL) versus a 40-mg/dl decrease with pravastatin 40 

mg/day (p<0.001).31

Dose-Response Effect of Statin Potency

Dose equivalencies that use within-patient rechallenge data were used in assessing whether 

evidence supported a dose-response effect. For patients who experienced a presumptive 

MAE that improved with discontinuation of the statin, and later restarted a statin (or if no 

time to recovery was taken, improved with switch of statin), we assessed the proportion in 

which recurrence occurred as a function of whether the expected potency of the rechallenge 

statin was higher than, approximately equivalent (similar) to, or lower than that of the index 

statin, or whether rechallenge was with a nonstatin cholesterol-lowering agent. Irrespective 

of potency category, a minimum 2-month period of the rechallenge agent was required for 

“nonrecurrence with rechallenge” to be designated. The χ2 tests and tests of trend were 

performed to evaluate whether relative potency of the rechallenge drug related to the 

likelihood of recurrence with rechallenge.

Time Course of Muscle-Related Adverse Effects

The reported time course for onset of MAEs, for recovery after discontinuation of statin use 

(first MAE), and for recurrence of MAEs with statin rechallenge were explored by using 

descriptive statistics (mean, median, range). Differences in time to onset and recovery for 

first MAE versus recurrence with rechallenge were assessed with paired t tests for patients 

who provided time to onset and/or recovery for both an index MAE and recurrence with 

rechallenge. A p value of less than 0.05 was considered to indicate a statistically significant 

difference.

Functional and Quality-of-Life Impact

The subjective impact of MAEs on six areas of everyday muscle-related activity and eight 

domains relevant to QOL was appraised on a visual analog scale ranging from −10 

(“maximally worse”) to +10 (“maximally better”) and was analyzed with nonparametric sign 

tests. Visual analog scales were selected because of their favorable psychometric properties 

for subjective outcomes.32, 33 They circumvent concerns regarding QOL instruments, which 

sum scores on specific questions and thereby may weight QOL considerations differently 

from patients’ weightings.34 Although patients were selected for reporting MAEs, benefits 

as well as harm to QOL domains were elicited.

Results

Patient Characteristics

Three hundred sixty-four male and female adult patients completed the MAE survey 

between January 2002 and June 2008. Six patients were excluded because of incomplete or 

inconsistent reported data; two patients were excluded because muscle-related symptoms 

were not attributed to cholesterol-lowering drugs (e.g., previously existing ailments); and 

two patients reported symptoms primarily consisting of peripheral neuropathy, which was 

not the focus of this analysis. The remaining 354 patients were included in the analysis. 

Table 1 summarizes patient characteristics. Male and female patients were similarly 

Cham et al. Page 4

Pharmacotherapy. Author manuscript; available in PMC 2016 January 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



represented. Patients were pre-dominantly Caucasian and were generally well educated, with 

86% of all patients having attended or graduated from college.

Among all patients, 93% cited muscle pain associated with statin use, 88% muscle fatigue, 

and 85% muscle weakness. Two-hundred thirty-two patients (66%) reported cessation of 

statin therapy after experiencing muscle-related symptoms; of these, 174 patients (75%) 

cited some recovery on discontinuation of the statin, with 66 patients (28%) citing complete 

recovery of their muscle-related symptoms with discontinuation. Based on the Naranjo 

criteria,27 which seek to categorize causality of adverse effects, 106 patients (30%) satisfied 

presumptive literature criteria for definite causality of statin-associated MAEs, 194 patients 

(55%) probable causality, 54 patients (15%) possible causality, and 0 patients doubtful (we 

excluded patients with known other causes of muscle-related symptoms). The total patient 

group and probable or definite subgroup were found to be demographically similar (Table 

1).

Figure 1 presents characteristics of the probable or definite subgroup as a function of age 

and sex, in comparison to published studies.35–38 Age and sex are characteristics that help 

define groups that have shown (or have not shown) all-cause mortality and morbidity benefit 

from statins.39–41 Even in studies focused on patients at high cardiovascular risk, patients 

who are female (Scandinavian Simvastatin Survival Study [4S]35, Long-term Intervention 

with Pravastatin in Ischaemic Disease [LIPID] study36) and those aged 70 years or older 

(Prospective Study of Pravastatin in the Elderly at Risk [PROSPER]37) have shown no trend 

to survival benefit. Middle-aged men have generally shown no trend to survival benefit or 

all-cause morbidity benefit (by the available proxy, serious adverse events) if not with high 

cardiovascular risk or high C-reactive protein level (Air Force/Texas Coronary Athero-

sclerosis Prevention Study [AFCAPS/TEXCAPS]38), but we erred conservatively and 

counted all men younger than 70 years as having prospect of net benefit. Thus, the findings 

overstate the fraction of those with MAEs in whom benefit might have been expected.

Distribution and Relation of Statin Use to Muscle-Related Adverse Effect

Table 2 outlines the distribution of statin drug use reported by patients, which parallels statin 

prescribing patterns in the United States1–3 based on both percentage of patients prescribed 

each drug and percentage of trials involving each drug (many patients were receiving 

sequentially more than one statin over time, or received the same statin more than once). 

The fraction of trials for each drug that resulted in MAEs is shown in Table 3. The 

percentage of trials resulting in muscle-related symptoms correlated with the potency of the 

statin used. For instance, 94% of atorvastatin trials resulted in MAEs compared with 61% of 

lovastatin trials (p<0.0001).

Dose Response

For patients who noted recovery while discontinuing the statin or with a switch to another 

statin or to a nonstatin cholesterol-lowering drug, the instances in which MAEs recurred was 

calculated for patients who reported rechallenging with an expected higher or lower potency 

statin or with a nonstatin cholesterol-lowering drug (Table 4). “Effective dose” was 

Cham et al. Page 5

Pharmacotherapy. Author manuscript; available in PMC 2016 January 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



calculated by using current literature on approximate statin dose equivalencies based on 

expected potency (cholesterol reduction).29, 30, 43–45

Recovery with discontinuation or change in statin was reported for 172 “trials.” The 

recurrence of MAEs with rechallenge was strongly dose dependent. In all trials, 

rechallenging with a statin of higher expected potency (for at least 2 mo with the new agent), 

patients reexperienced MAEs (100% recurrence). A smaller, but still substantial, fraction of 

rechallenges with a lower expected potency statin (73%), or rechallenges with a nonstatin 

cholesterol-lowering drug (41%), exhibited recurrence (75% of rechallenges with a similar 

potency statin showed recurrence; however, potency equivalencies are inexact.) Thus, 

recurrence of MAEs was strongly dose dependent, and the difference was highly significant 

(tests of trend p<0.001).

Time Course

Time course to onset of statin-associated MAEs, recovery, and recurrence with rechallenge, 

using as the index case the first trial of statin use resulting in MAEs, showed high individual 

variation (Table 5). Median reported time to initial onset was 14 weeks (mean ± SD 55 ± 95 

wks, reflecting the skewed distribution). Median time to first suggestion of improvement 

with discontinuation was 2 weeks. Cases that arose long into statin usage were reported to 

the database; these cases also abated or resolved with statin discontinuation and recurred 

with rechallenge, suggesting that these cases too were statin-associated.

For patients who underwent rechallenge with statins and had recurrence of MAEs (not 

considering lipid-lowering dose and/or drug), time to recurrence with rechallenge was 

significantly shorter (median 2 wks) than time to onset of first MAE after starting the index 

statin (median 14 wks, p=0.0015, paired t test). The median time to first noted improvement 

with discontinuation after rechallenge (2 wks) did not differ from median time to first noted 

improvement with discontinuation for the index MAEs. However, the mean time to 

improvement after the rechallenge statin (mean ± SD 12 ± 39 wks) was materially longer 

than the mean time to first noted recovery after the index statin (6 ± 11 wks; although the 

variance was high, this did not reach significance, p=0.240 paired t test). This suggests that 

some patients with impaired or prolonged recovery may have experienced further recovery 

delays with rechallenge.

Function and Quality of Life

Patients used visual analog scales (ranging from −10 [“maximally worse”] to +10 

[“maximally better”]) to rate how MAE symptoms affected six everyday muscle-related 

activities such as climbing stairs and sitting (Figure 2A). In the probable or definite adverse-

effect category, the overall impact of MAEs on everyday muscle-related activity was 

strongly negative (p<0.000000001 for each domain, sign test). The domains most adversely 

affected were running (mean rating −6.4) and walking (mean −5.1).

Patients also assessed the impact of their muscle-related symptoms on eight general QOL 

domains (Figure 2B). Each assessed general QOL domain was negatively affected, with 

high statistical significance (p<0.0001, sign test), including overall QOL. The magnitude of 

Cham et al. Page 6

Pharmacotherapy. Author manuscript; available in PMC 2016 January 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



effect was largest for pain (mean −6.0), recreation (mean −5.9), and overall QOL (mean 

−5.3), which is compatible with the character of the symptoms reported. Rarely, patients 

cited benefit to one or more QOL domains. On inquiry, some such patients thought that their 

health problems brought their family closer, thus improving family or social function.

The use of an open-ended narrative allowed patients to more fully elucidate the impact of 

statin-associated MAEs (Appendix 1). Many patients attributed a decrease in overall social 

and recreational activity to their symptoms, whereas others noted the impact it had on their 

occupation.

Discussion

To our knowledge, this study is the first to use patient-targeted postmarketing surveillance 

as an approach to characterize muscle-related problems associated with statins and to 

expand our understanding of statin-associated MAEs. Muscle-related adverse effects were 

reported with all prescribed statins, with most cases meeting existing literature criteria for 

probable or definite adverse-effect causality. Symptoms entailed pain, weakness, and/or 

fatigue, and commonly all three. “Trials” yielding MAEs correlated strongly with the 

potency of the statin in that trial. In addition, a powerful relationship was seen between the 

relative potency of the cholesterol-lowering agent and the recurrence of muscle-related 

symptoms with rechallenge. The time course for symptom onset was variable; however, 

time to onset for recurrence of MAEs with rechallenge was significantly shorter than time to 

onset for initial statin-associated MAEs. Findings agree with others’ observations that 

recovery from statin-associated MAEs is not universally complete.21, 22, 46 Visual analog 

scales as well as patient narratives indicated that symptoms had a significant and sometimes 

life-altering negative impact on function and QOL.

A key finding was the strong evidence for a dose-response relationship for MAEs across 

statins, concordant with published evidence for dose-related adverse-effect risk generally 

limited to single statin comparisons.8, 13, 16, 47 In our sample, patients with a statin-

associated MAE who underwent rechallenge for at least 2 months with any statin at a higher 

expected potency reexperienced MAEs 100% of the time versus a significantly lower 

fraction who underwent rechallenge at lower expected potency. This suggests that the 

therapeutic potency of a statin may be a seminal determinant of vulnerable patients’ risk 

when selecting a statin. Of note, the strong dose-response relationship and consistent 

recurrence with higher potency statins add support for a causal link between MAEs and 

statin use, as well as internal validity of these data. This finding is unlikely to result from 

reporting bias, as even physicians are commonly not aware of these dose equivalencies; 

patients are expected to be even less so.

A second key finding is that whereas adverse-effect cases commonly arise within weeks 

after drug initiation, new cases can continue to arise for statin-associated MAEs after 

successful symptom-free use. Muscle-related adverse effects occurring after prolonged 

successful statin use also reportedly resolved with drug discontinuation and recurred with 

rechallenge, suggesting that these cases were also causally influenced by the statin. Factors 

that could explain delayed onset of MAEs (new onset after prolonged statin tolerance) 
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include the following: patient’s continual aging (age is a risk factor for statin-related adverse 

effects47); accrual of muscle or mitochondrial dysfunction until clinical thresholds are 

achieved with continued use47; lags in depletion of tissue vitamin D, coenzyme Q10, or other 

factors after reduction in blood lipid levels with statins48; and interposition of drugs, 

exposures, or conditions that affect statin metabolism or contribute to mitochondrial (or 

other statin-associated) vulnerability. In addition, evidence suggests that statins may be toxic 

to muscle satellite cells (i.e., the muscle stem cells that enable regeneration and repair after 

injury).49 Thus, symptoms may arise in some patients only after accrued muscle wear and 

tear without repair that surpasses a clinical threshold.50 (Mitochondrial effects are also well 

recognized to progress subclinically until clinical thresholds are achieved.) The significantly 

shorter latency with rechallenge is compatible with postulated mechanisms of the adverse 

effects of statins, including reduced levels of coenzyme Q10,48 partially reversible 

mitochondrial injury,7 and injury to muscle satellite cells.49, 50 The study findings suggest 

that although new development of MAEs taper with duration of time receiving statin 

therapy, there may be no time period of successful, symptom-free statin use that guarantees 

future freedom from statin-associated MAEs.

A third observation is that mean recovery time after statin rechallenge (12 wks) was double 

that of mean recovery time after first statin-associated MAE (6 wks). Although in our 

sample this difference did not achieve statistical significance, it suggests additional studies 

should examine whether recovery is further impaired with rechallenge in some patients.

A fourth key finding is that statin-associated MAEs significantly affected many domains of 

QOL. Walking and running were particularly affected, which is relevant to mortality 

because of the established benefits of exercise to health and QOL extending to 

cardiovascular disease,51, 52 peripheral arterial disease,53, 54 cognitive function,55 mood,56 

bone density,57 all elements of metabolic syndrome,58 diabetes mellitus,59 as well as 

cancer60, 61 and all-cause mortality52, 62 in observational studies. General QOL domains 

were also significantly negatively impacted; among queried domains, pain was the most 

affected followed by recreational function. These data are buttressed by existing literature; it 

has been postulated that statins may interfere with muscle response to physical exertion,63 

and in a clinical observational setting, a great number of patients who indicated MAEs noted 

that symptoms prevented even moderate exertion.24 Moreover, a previous study has shown a 

majority of professional athletes with familial hyperlipidemia could not tolerate statins 

because of MAEs.19

A relevant observation is that large numbers of statin-associated MAEs may affect patients 

for whom, available evidence indicates, benefits from statin therapy do not exceed risks. 

Based on objective outcomes that balance risks and benefits of statin therapy such as overall 

mortality and all-cause morbidity (by the available proxy, all-cause serious adverse events), 

66% of the patients (examining the probable or definite subgroup) were female and/or 

elderly (≥ 70 yrs), groups for whom even patients at high risk for cardiovascular disease 

have shown no trend to net benefit from statins in randomized controlled trial data41 (4S35 

and LIPID36 for women, PROSPER37 for elderly). Thirty-four percent were middle-aged 

men, a group for which some—those with cardiovascular disease and/or some risk 

characteristics—have prospects for net benefit. However, this may overstate those with 
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prospects of benefit; men without such characteristics have shown no trend toward lower 

overall death rate or morbidity with statin use (AFCAPS38, 40). Thus, many individuals who 

experience muscle-related problems that may arise from statin therapy were in groups with 

no expectation of net health or survival benefit from statin therapy. The risk-benefit balance 

may bear consideration for determining whether statin rechallenge, in a patient who has 

experienced a putative adverse effect, is in fact merited.

A substantial literature review has linked mitochondrial mechanisms to statin-associated 

MAEs.47 Statins inhibit the mevalonate pathway, with products including coenzyme Q10 

and heme A (as well as steroid hormones including testosterone, estrogens, and vitamin D); 

dose-dependent reductions can cause effects that serve to cause or amplify mitochondrial 

dysfunction.47 Muscles are highly aerobically dependent “post-mitotic” tissues, highly 

dependent on mitochondrial function and vulnerable to its alteration. Muscle-related 

symptoms and pathologic conditions reflect classic manifestations of mitochondrial 

dysfunction, potentially accounting for the high rate of MAEs relative to other statin-related 

adverse effects.64

The finding of dose dependence for nonrhabdomyolytic MAEs of statins within individuals 

parallels findings of dose dependence across populations for MAEs (e.g., 

rhabdomyolysis,15, 16, 65 CK elevation,8, 13 and non–CK-elevating muscle-related 

symptoms66). It is consistent with heightened risk of rhabdomyolysis cited with high doses 

of more potent statins on a per-milligram basis, including rosuvastatin,67–69 and, formerly, 

cerivastatin.

The finding of dose dependence is relevant in light of guideline revisions endorsing more 

aggressive statin use, targeting lower LDL levels.70 Resulting considerations are of 

particular importance for groups in whom mortality benefit from statins is not suggested by 

current randomized controlled trial literature, such as women, the elderly, and persons not at 

high risk for cardiovascular disease.39 It may bear note that higher versus lower potency 

statin comparisons in randomized controlled trials have failed to show mortality benefit with 

higher potency statin use (the sole identified exception was in the acute coronary syndrome 

setting).41, 71

Limitations

This study has limitations, including those common to most surveillance approaches. There 

is no defined base population or control group, precluding calculation of relative rates or risk 

ratios. However, only patients who sustained a putative adverse effect are relevant to the 

goal of characterizing and understanding an adverse effect, its natural history, relation to 

dose and/or drug, time course, recovery, and QOL impact. This study provides data that 

randomized controlled trials do not provide, including information on continued use after 

onset of adverse effect, recovery time from adverse effects, or effect of switching drugs with 

or without change in drug potency. Moreover, patients serve as their own controls when they 

undergo rechallenge with the possible causative agent.

Self-selection to participate may affect external generalizability of study findings, as with all 

studies involving volunteer subjects. Patient distribution may be skewed, as access to paper 
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surveys occurred primarily through the Internet. Patients with mild problems may not be 

motivated to participate; and those with severe problems may be less able to participate—in 

this and other studies. However, the need to evaluate patients with minimal effects is 

limited; and more extensive literature exists for the most severe MAEs (e.g., entailing 

rhabdomyolysis); this study fills a significant gap in the literature for intermediate statin-

related adverse effects. Moreover, this study provides data that may be more relevant to the 

general population, as randomized controlled trials have strict imposed patient-selection 

criteria that limit generalizability of findings.

The data rely on self-reporting, providing opportunity for recall and reporting bias. 

However, this limitation pervades all studies entailing questionnaires, and there is no basis 

to suppose its impact is greater here. Previous studies have shown that patient self-reporting 

of adverse effects can be a valuable and reliable tool.23, 72–75 Physician-targeted reporting is 

not inherently more reliable and has prospects for bias especially if the physician’s actions 

may have contributed to the adverse effect, and in addition cannot validly address subjective 

elements such as QOL impact.

Patients may be flawed in their inferences regarding statin causality of the adverse effect. 

However, 85% of eligible cases met literature-based criteria for definite or probable drug 

causality of the adverse effect. (This is expected to understate the fraction of probable or 

definite cases because some patients completed the survey within days of discontinuing the 

statin and had not yet had a chance for improvement while discontinuing the statin to allow 

for probable causality to be achieved.) Moreover, the data are internally validating: a strong 

relationship was seen between the statin potency and MAE risk; and uniform recurrence of 

symptoms in patients who underwent rechallenge with higher potency statins militates 

against a major contribution by incidental symptoms falsely ascribed to statins. This study 

does not focus on MAEs arising with nonstatin cholesterol-lowering drugs, although some 

patients also experienced problems while taking other classes of cholesterol-lowering drugs 

and common underlying mechanisms are likely.

Although postmarketing surveillance evaluations have limitations for certain important 

functions (they cannot provide rates and risk ratios), they do have advantages for assessment 

of the character and natural history of the adverse effect. They focus directly on the 

population with relevance to understanding the characteristics and impact of adverse effects, 

that is, those who have experienced adverse effects.

Conclusion

Findings from this study extend existing literature on MAEs. Information based on patient 

self-report suggests that MAEs can arise with all statins, are dose dependent, can develop 

(although less commonly) even well after statin initiation, have significant functional and 

QOL implications, and do not universally show full recovery. Many individuals exhibiting 

MAEs were in groups for whom there is no expected mortality benefit from statins. 

Physicians should be aware of statin-associated MAEs and their functional and QOL 

implications to enable more informed risk-benefit decisions, and to allow effective treatment 

modification when MAEs occur.
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Figure 1. 
Expectation of overall mortality benefit from statins among patients with muscle-related 

adverse effects in the probable or definite causality subgroup as a function of age and sex 

(data were available for 290 of the 300 patients).
a“Expected benefit” uses outcomes that balance net risks and benefits from the use of 

cholesterol-lowering drugs (overall mortality, all-cause serious morbidity).
bExpected benefit of statin therapy in middle-aged men is expected to be overstated in this 

figure. Middle-aged men without high risk for cardiovascular disease (Air Force/Texas 

Coronary Atherosclerosis Prevention Study [AFCAPS]38) have shown no trend toward 

overall mortality or morbidity or serious adverse events benefit.
cWomen (Scandinavian Simvastatin Survival Study [4S]35 and Long-term Intervention with 

Pravastatin in Ischaemic Disease [LIPID]36) and those older than 70 years (Prospective 

Study of Pravastatin in the Elderly at Risk [PROSPER]37), even those at high risk for 

cardiovascular disease, have shown no trend to overall mortality benefit.
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Figure 2. 
Negative impact of statin-associated muscle-related adverse effects on six everyday 

activities (A) and eight general quality-of-life (QOL) domains (B). Data indicate mean 

ratings of patients with probable or definite muscle-related adverse effects based on Naranjo 

criteria.27 Error bars indicate standard error, 2-sided p<0.000000001 for all domains. Some 

patients indicated positive values for both everyday muscle-related activity (26 patients) and 

general QOL domains (18 patients). Some patients responded with positive values to all 

QOL domains (everyday muscle-related activity [4 patients], general QOL [8 patients]) 

indicating possible misinterpretation of the visual analog scales. All other patients indicating 

positive values (everyday muscle-related activity [22 patients], general QOL [10 patients]) 

reported at least one or more other domains with negative impact on QOL.
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Table 1

Patient Characteristics

Characteristic All Patients (n=354 Probable or Definite Causality Group (n=300)a p Value

Mean ± SD (range)

Age (yrs)b 63 ± 11 (34–86) 63 ± 11 (34–86) >0.99

Total cholesterol (mg/dl)c

 At baseline 243 ± 52 (116–451) 247 ± 49 (126–451) —d

 During treatment 180 ± 39 (102–300) 181 ± 39 (102–300) —d

 Decrease with treatment 63 ± 45 (–65–202) 66 ± 44 (–65–202) —

Percentage of Patients Reporting Datab

Male 53 52 0.77

Caucasian 94 95 0.54

Married 76 78 0.54

Some college education 86 84 0.50

Muscle-related problems incurred with statin use

 Pain 93 94 0.66

 Fatigue 88 88 >0.99

 Weakness 85 85 >0.99

Not taking statin therapy (at time of survey) 66 67 0.39

a
This group represents eligible patients for the Naranjo27 probable or definite categories (300 [85%] of 354 patients).

b
Limited to patients who reported data for these characteristics (≥ 86% of patients in each category).

c
Limited to patients for whom cholesterol values at baseline and during treatment were available (160 of 354 total patients; 133 patients in the 

probable or definite subgroup); the value during treatment is that associated with the first onset of muscle-related problems.

d
Baseline and during treatment total cholesterol paired t test: all patients p<2×10−39; probable or definite subgroup p<2×10−35.
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Table 3

Fractions of Drug Trials That Resulted in Muscle-Related Adverse Effects Correlated with Drug Potency

Drug No. of Trials Involving the Drug
No. (%) of Trials That Resulted in Muscle-

Related Adverse Effectsa, b Rank Order Potencyc, d

Current statins

 Atorvastatin 255 240 (94) 1, 2e

 Rosuvastatin 40 32 (80) 1, 2e

 Simvastatin 148 114 (77) 3

 Pravastatin 78 52 (67) 4

 Lovastatin 62 38 (61) 4

 Fluvastatin 11 9 (82)f 5

Other lipid-lowering agents

 Cerivastating 23 17 (74)f —

 Ezetimibe 29 13 (45)f —

 Simvastatin-ezetimibe 16 15 (94)f —

 Niacin 14 3 (21)f —

 Gemfibrozil 10 5 (50)f —

 Fenofibrate 4 4 (100)f —

a
If the patient switched to a new drug without time off between drugs, the second drug is reported here as a new trial if the patient reported a 

change in severity of the muscle-related symptoms. Only the drug that was used during the onset of muscle-related symptoms is reported here if 
subsequent drugs used did not result in a change of symptoms because it is not possible to determine if persistent symptoms reflected lack of 
resolution (index drug) versus reproduction of symptoms (new drug[s]).

b
The percentages represent trials by those who experienced muscle-related symptoms and are not indicative of trials of general statin users.

c
The p values for potency are as follows: atorvastatin vs lovastatin, p<0.0000001; atorvastatin vs lovastatin + pravastatin, p<0.0000001; 

atorvastatin + rosuvastatin vs lovastatin + pravastatin, p<0.0000001; atorvastatin vs simvastatin, p<0.0000002; atorvastatin + rosuvastatin vs 
simvastatin, p=0.000003; simvastatin vs lovastatin + pravastatin, p=0.01.

d
The test of trend p values are as follows: atorvastatin + rosuvastatin vs simvastatin vs lovastatin + pravastatin p<0.0000001; atorvastatin vs 

rosuvastatin + simvastatin vs lovastatin + pravastatin p<0.0000001; atorvastatin vs simvastatin vs lovastatin + pravastatin p<0.0000001.

e
Although rosuvastatin is more potent than atorvastatin per milligram, it is not as commonly prescribed or used at high doses. Whereas an 80-mg 

dose of atorvastatin is commonly used and widely advocated, a 40-mg dose of rosuvastatin has been discouraged by the U.S. Food and Drug 

Administration.28

f
These percentages are based on a small number of trials.

g
Cerivastatin was withdrawn from the U.S. market.
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Table 4

Dose Dependency of Recurrence of Muscle-Related Symptoms on Rechallenge

Expected Potency of Rechallenge Drug No. of Rechallenge Trialsa No Recurrence Recurrence Recurrence Rate (%)b

Statin

 Higher 39 0 39 100

 Similar 20 5 15 75

 Lower 40 11 29 73

Nonstatin cholesterol-lowering drug 27 16 11 41

Data are limited to patients who reported recovery and dose rechallenge data (126 trials). Patients were excluded if there was insufficient time (< 2 
mo) to note and report recovery.

a
A “rechallenge” is defined as any trial of a cholesterol-lowering drug after a period of noted recovery either while discontinuing the drug or after a 

change in the drug. If no time to recovery was taken, the severity of symptoms rated on an analog scale was compared. Trials that produced more 
severe symptoms were noted as a recurrence and those that produced less severe symptoms were noted as no recurrence with rechallenge. In those 
switching from simvastatin to the same dose of simvastatin as part of the ezetimibe-simvastatin combination, the latter was deemed a “higher” dose 
because of the addition of the ezetimibe.

b
The test of trend p values are as follows: four separate levels, p=0.0000003; three levels (higher, similar, lower), p<0.002; two levels (higher + 

similar, lower), p<0.02; two levels (higher, lower), p<0.0003; two levels (higher + similar, lower + nonstatin), p=0.00003.
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Table 5

Time Course to Muscle-Related Adverse-Effect Onset and Recovery for Trials of Statins That Resulted in 

Muscle-Related Adverse Effects

Time Course for Trials of Statins
No. of Patients 

Responding

Time to Onset or Recovery (wks)

Median Mean ± SD Rangea

First trials resulting in MAEsb

 Time to MAE onset after starting the statin 301 14 55 ± 95 0.14–520

 Time to first noted recovery after statin discontinuation 189 2 8 ± 16 0.14–144

 Time to maximal recovery after statin discontinuation 149 8 29 ± 64 0.14–624

 Time to complete recovery after statin discontinuation (confined to 
those reporting complete recovery)

70 4 14 ± 19 0.14–96

Index vs rechallenge trial resulting in MAEsb

 Time to onset, first occurrence, in those with rechallenge datac 98 12 43 ± 78 0.14–520

 Time to onset after first rechallengec 98 2 15 ± 42 0.14–286

 Time to recovery, first occurrence, in those with rechallenge datad 56 2 6 ± 11 0.14–48

 Time to recovery after first rechallenged 56 2 12 ± 39 0.14–286

Rechallenge trials resulting in MAEs

 Time to first noted recovery after first statin rechallenge discontinued 72 2 8 ± 18 0.14–104

 Time to maximal recovery after first statin rechallenge discontinued 62 10 27 ± 43 0.14–208

 Time to complete recovery after first statin rechallenge discontinued 
(confined to those reporting complete recovery)

33 4 9 ± 14 0.14–78

MAEs = muscle-related adverse effects.

a
0.14 wk = 1 day.

b
Limited to patients with time course data for both index and rechallenge MAEs.

c
Paired t test for index MAE onset vs first rechallenge onset, p=0.0014.

d
Paired t test for index MAE recovery vs first rechallenge recovery, p=0.24.
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Appendix 1

Patient Narratives Illustrating the Negative Impact on Quality-of-Life Domains

• I feel like my quality of life has been affected because I am only 44 years old but my physical activity is like an 80-year-old. I just 
can’t do what I used to be able to do. I have gained 40 pounds perhaps not because of statin use but because of muscle damage from 
statins keeps me from being able to do meaningful physical activity (my arm is killing me from these 2 paragraphs I’ve written and 
that is very frustrating). I have no cancer, diabetes, high blood pressure, or other diseases, but cannot get a health insurance policy; I 
can only get a group policy through work. Four months after all the medical tests, I was laid off work and tried to get health 
insurance coverage through my husband’s private insurance policy. They turned me down but would give me no explanation. I went 
back to work to get insurance. Also, please let me tell you that walking to the stadium for Saturday football college games is still 
very hard to do. I am now taking the shuttle. Isn’t that pathetic for a 44-year-old? I can’t keep up with my husband! I would like to 
exercise and get this weight off, but I am unable to. I can’t carry my 20-lb grandson for more than 4 or 10 minutes because my arms 
hurt. This is so sad for me.

• If I had known the cholesterol drugs would have had any side effects I would have never taken them; this was not explained to me. I 
also feel this has ruined my overall health… If I did not have a friend that I could work for who understands my limits, I believe I 
would have a hard time being able to hold down a full time job after taking these cholesterol medications, especially at my age. 
Recovering from cancer surgery and getting back to bodybuilding only took 1 year; this cholesterol drug crap is worse on my health 
than cancer was. It’s been 14 months and I still have problems.

• While taking both drugs, my arm muscles ached. Using a computer mouse would give me cramps in my right hand during the day. 
Any intense weight, elliptical trainer, or stair-climber workout drained me for the rest of the day. Muscle recovery took several days 
instead of my usual 1 day. My weight-lifting ability steadily decreased whether I trained lightly, heavily, or not at all. Eventually I 
quit weight training altogether, partially due to increased work travel. I was much slower and had less endurance when bicycling 
with friends. I couldn’t keep pace with people that I had easily stayed ahead of weeks during the summer of 2005. I lost all interest 
in working out and bicycling. I also lost all interest in sailing, one of my passions in life. I now have returned to bicycling 3–4 days/
week, weight training 2–3 days/week, and am getting my boat ready to sail again. My right arm and hand still tire much quicker 
than the left. On one drug (fenofibrate), I had severe backaches to the point of sleeping on the couch and floor for relief. I was 
continually drained of energy, even though my blood tests indicated everything was fine. All blood tests from my doctor indicated 
my liver enzymes were elevated, but well within the tolerances for taking these drugs.

• My doctor thought the negative result in the blood test for muscle breakdown indicated statins was not the cause of my pain and 
weakness. I took myself off the drug and felt better in 2–3 weeks. Felt even better as months went by… I am enjoying feeling 10 
years, maybe 15 or 20 years, younger… I climb ladders and hang drapes. I am not ready to try statins again at any dosage. I had 
agreed to go on two clinical trials as it would help fellow diabetics. They put me on atorvastatin 10 mg; within a week I was 
complaining of severe “arthritic like pains,” and they should have taken me off the drug. I took rosuvastatin for 1 week but within a 
day was experiencing severe muscle pains. I binned the tablets. Once the damage was done by the cholesterol drug, they should not 
have put me in the second trial. The general practitioner put me on rosuvastatin as the company claimed that it was a purer drug. 
Both companies are claiming that I was arthritic before the trial. This is not true; I was a fit and healthy person before and very 
strong…muscle wasting is a very painful condition.

• On visiting my doctor, my doctor told me that I wasn’t experiencing pain, the problem was in my head. I insisted the pain was real, 
and that my “quality of life” improved almost as soon as I removed myself from the drug. The doctor told me we would not discuss 
the questions of cholesterol control again—period. So my doctor and I have a “don’t ask, don’t tell policy.” It’s sick I know, but my 
doctor’s successful use of atorvastatin over the years stops him from listening and learning.

• Since being on atorvastatin and then getting off of it (8 mo later), my entire life has changed. I need constant assistance with 
everything. I cannot be left alone for a long period of time (1 to 1 1/2 hours tops), especially going to the bathroom. I sleep in a lift 
chair—I cannot lay in a bed (prone position). I cannot lift my head or shoulders off the bed. When in a regular chair, someone has to 
lift me up. I have a raised toilet seat at home but need assistance off that. I use a walker now. If I do walk, it is for a short period of 
time (short distance) and then become very tired. I need assistance into a car. My children have SUVs and I need stool assistance to 
get in and out, or my son carries me into the SUV. I need assistance in bathing, dressing—I cannot raise my arms over my head and 
have difficulty in putting pants, socks, and shoes on. I need assistance in cooking, I cannot stand for a long period of time or move 
around in kitchen…my entire quality of life has decreased considerably. I was riding a bike in the same year and now I need 
assistance in anything I do.

• The fatigue and weakness on the statin is the worst thing I have ever experienced. It caused me to stop participating in sports 
resulting in lost friendships and interest in participating. I’m still not confident to attempt what I used to do. It changed my life.
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