
Low vitamin D does not predict statin associated muscle 
symptoms but is associated with transient increases in muscle 
damage and pain

Beth A. Taylor1,2,*, Lindsay Lorson1, Michael White1,2, and Paul D. Thompson1,2

1Department of Kinesiology, University of Connecticut, Storrs, CT, 06269, USA

2Division of Cardiology, Henry Low Heart Center, Hartford Hospital, Hartford, CT, 06102, USA

3University of Connecticut School of Medicine, Farmington, CT, 06032, USA

Abstract

Background and aims—Low vitamin D (VITD) may contribute to statin-associated muscle 

symptoms (SAMS). We examined the influence of baseline and change in VITD in patients with 

verified SAMS.

Methods—SAMS was verified in 120 patients with prior statin muscle complaints using 8-week 

randomized, double-blind crossover trials of simvastatin (SIMVA) 20 mg/d and placebo. 25 

(OH)vitamin D was measured at each phase of the trial.

Results—Forty-three patients (35.8%) experienced muscle pain on SIMVA but not placebo, 

exhibiting confirmed SAMS. VITD (mean ± standard deviation) prior to SIMVA treatment were 

not different between patients who did (31.7 ± 12.1 ng/mL, n=43) or did not (31.6 ± 10.3 ng/mL, 

n=77) develop SAMS and did not predict SAMS (p=0.96). The change in VITD with SIMVA 

treatment was not different between patients with and without SAMS (0.3 ± 5.9 vs. 0.2±8.3 

ng/mL, respectively) and did not predict SAMS (p=0.96). The proportion of patients classified as 

VITD deficient (<20 ng/mL) did not differ between patients with (n=16) and without (n=10) 

SAMS (χ2=1.45; p=0.23), nor did the proportion of patients classified as VITD insufficient (<30 

ng/mL) (n=42 vs. 48; χ2<0.01 and p=0.94). Both baseline and on-statin VITD were inversely 

related to the change in creatine kinase (CK) with statin therapy (p=0.01 and 0.02, respectively), 

independent of SAMS (p=0.36 and 0.35).
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Conclusions—Baseline VITD, VITD deficiency/insufficiency and changes in VITD with statin 

therapy do not predict SAMS in patients with rigorously verified SAMS. However, low VITD may 

exacerbate statin-induced muscle injury and could contribute to SAMS development with a longer 

duration of statin treatment.
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INTRODUCTION

Statins markedly lower LDL-C and reduce cardiac events. Statins have few side effects but 

can produce statin-associated muscle symptoms (SAMS) consisting of pain, cramps and 

weakness in an estimated 5–10% of patients (1–3). SAMS reduce medication compliance 

and quality of life (4, 5), and 60% of adults who discontinue statins report SAMS as the 

reason (6).

Several studies and meta-analyses have found a higher prevalence of low vitamin D levels in 

patients with SAMS (7, 8) and that low Vitamin D is a risk factor for SAMS (9). In addition, 

vitamin D supplementation may mitigate SAMS (10), but other studies have found no 

relationship between low vitamin D levels and SAMS (11, 12). Our and others’ results 

suggest that up to 50% of self-reported SAMS may be non-specific and not attributable to 

statins (13, 14), which may explain the discrepant results between studies examining the 

relationship of vitamin D and SAMS.

The present investigation investigated associations between baseline vitamin D levels, and 

changes in vitamin D with statin therapy, using data from a randomized clinical trial 

(NCT01140308) in which SAMS were verified using a double-blind, placebo-controlled 

cross-over design.

MATERIALS AND METHODS

The Coenzyme Q10 in Statin Myopathy trial (NCT01140308) (13, 15) enrolled men and 

women ≥20 yrs of age with a history of SAMS during statin treatment. Subjects were 

excluded if they had had cancer within 5 years of entry, hypo- or hyperthyroidism, alanine 

aminotransferase > 2 UNL), creatinine > 2 mg/dL or were using medications known to 

affect skeletal muscle metabolism. Subjects using supplemental CoQ10 discontinued 

supplementation for 2 months before the study.

Subjects were first taken off of cholesterol-lowering drugs for 4 weeks, then entered into a 

randomized, double-blind, crossover, lead-in trial of SIMVA (20 mg/d) or placebo for 8 

weeks to confirm SAMS. Subjects were treated with either the SIMVA or placebo for 8 

weeks or until muscle symptoms developed. Study pharmacists compounded identical 

SIMVA and placebo capsules. Subjects then underwent a 4-week wash-out period, and were 

crossed over from SIMVA to placebo or vice versa. Muscle symptoms were documented 

weekly by telephone and were defined as muscle pain that was new/unexplained, 

unassociated with recent exercise, and persisted for a week (unless intolerable). Only 
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subjects who experienced muscle pain on SIMVA but not on placebo were classified as 

having confirmed SAMS and entered the subsequent CoQ10 treatment arm of the study. 

Informed consent was obtained from each patient according to the ethical guidelines of the 

1975 Declaration of Helsinki and approved by the Hartford Hospital Institutional Review 

Board.

Serologic markers

Blood was drawn at each testing time point during the run-in for measurement of serum 

lipids (total, high-density lipoprotein (HDL), and low-density lipoprotein (LDL)-cholesterol 

and triglycerides), creatine kinase, 25 (OH)vitamin D, and alanine aminotransferase levels. 

In addition, creatinine and thyroid stimulating hormone (TSH) levels were measured at 

baseline in the run-in trial.

Measurement of muscle pain

Subjects in the statin and placebo groups were contacted weekly throughout each phase of 

the run-in trial to inquire about muscle symptoms using the Brief Pain Inventory (Short 

Form) (BPI-SF). (16) A pain severity score (PSS) was calculated by averaging scores on 4 

pain-intensity items.

Statistical analyses

With a sample size of 120 subjects, a power of 0.80, and an average standard deviation of 

10.5 ng/mL in vitamin D, the minimum detectable difference in vitamin D between statin 

and placebo therapy and/or patients with/without SAMS was 2.7 ng/mL, less than half that 

observed in previously published literature (8). Standard diagnostics were performed to 

ensure that basic statistical assumptions, including variance homogeneity, normality, and the 

presence of outliers, were met prior to data analyses. Vitamin D was either considered as a 

continuous variable alone and with the inclusion of other potential covariates such as BMI 

and baseline CK for analysis of variance (ANOVA) models or a categorical variable for chi-

square analyses comparing vitamin D levels in patients who did vs. did not develop SAMS. 

In addition, multilinear regression was used to investigate relationships between continuous 

variables such as vitamin D, CK, and pain scores in patients with and without SAMS. 

Seasonal variations for vitamin D were controlled for categorically in models (1 = 

December–February; 2 = March–May; 3 = June–August; 4 = September–November). All 

analyses were conducted with the IBM SPSS 22 software package and significance was set 

at p < 0.05.

RESULTS

The Co Q10 study results have been published (13). In summary, 131 patients were 

randomized to the cross-over trial; 11 dropped out and 120 completed both phases of the 

trial. Only 43 (36%) were classified as having confirmed SAMS meaning that they 

developed muscle pain only on the statin. Of the 77 patients in whom SAMS was not 

confirmed, 21 (17.5%) reported no pain on either treatment, 21 (17.5%) reported pain on 

both treatments, and 35 (29%) reported pain on placebo only. Subjects who tested positive 

for SAMS had a higher BMI and greater CK at study entry (Table 1).
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Vitamin D levels before and after statin therapy and placebo were not different in patients 

with and without confirmed SAMS (all p > 0.45) (Table 2). There was a significant impact 

of season on post-SIMVA vitamin D levels and changes in vitamin D with statin therapy that 

was not observed with placebo (Fig. 1) or in either group before treatment (p = 0.59 and 

0.64, respectively). However, there were no interactions between SAMS status and season 

on vitamin D levels with placebo or statin therapy (all p > 0.19).

When patients were classified as vitamin D deficient (vitamin D levels pre-statin therapy < 

20 ng/mL) or vitamin D insufficient (vitamin D levels pre-statin therapy < 30 ng/mL), there 

was no impact of either deficiency (χ2=1.45; p = 0.23) or insufficiency (χ2 < 0.01; p = 0.94) 

on the development of SAMS (Fig. 2).

Univariate correlations between pre- and post-levels and changes (Δ) in vitamin D with Δ in 

pain severity score (PSS) and Δ in CK indicated a significant, inverse relationship between 

both baseline (Pearson coefficient = −0.24; p = 0.01) and post-treatment (Pearson coefficient 

= −0.22; p = 0.02) vitamin D levels and Δ CK with statin therapy (Fig. 3). These 

relationships were not observed with placebo treatment (both p > 0.80) and were not 

influenced by SAMS status (both p > 0.35 in the multiple linear regression model). By 

contrast, the Δ in vitamin D with placebo treatment was inversely associated with Δ in PSS 

(Pearson coefficient = −0.21; p = 0.03); this was not observed with statin treatment (p=0.61) 

and was influenced by SAMS status (p < 0.01; Fig. 4) as it was marginally significant in 

patients without validated SAMS (p = 0.07) but insignificant in those with SAMS (p=0.25).

DISCUSSION

Low vitamin D levels are a potential contributor to developing SAMS, but results from 

previous investigations have been equivocal. We performed a retrospective analysis of 

vitamin D levels before and after statin and placebo treatment in 120 patients in whom 

SAMS were validated using a rigorous double-blind, cross-over study design. There was no 

impact of baseline vitamin D levels or changes in vitamin D with statin therapy on the 

development of SAMS, nor did clinical vitamin D deficiency or insufficiency differentiate 

the development of SAMS. However, there were associations between baseline and post-

treatment vitamin D levels and Δ in CK with statin therapy, as well as Δ in vitamin D levels 

and pain with placebo. This suggests that low vitamin D may play a role in both statin-

associated muscle damage as well as non-specific muscle pain, potentially explaining the 

variable results with vitamin D in past studies.

Molecular mechanisms of vitamin D action on muscle tissue include genomic and non-

genomic effects via receptors present in and on muscle cells (17, 18), and vitamin D 

deficiency alone can cause skeletal muscle myopathy (19) as well as decreased muscle 

strength (20, 21). Cholesterol is used to synthesize 7-dehydrocholesterol (7-DHC), the 

precursor to vitamin D3 (cholecalciferol), but studies to date have shown that statin therapy 

either has no effect on vitamin D (22, 23), or, conversely, increases vitamin D levels in 

asymptomatic adults (24, 25). Despite these latter findings, several studies and systematic 

reviews (7–9, 26, 27) have linked low vitamin D levels to SAMS, and consequently vitamin 

D supplementation to mitigation of muscle symptoms (10, 28), although other investigations 

Taylor et al. Page 4

Atherosclerosis. Author manuscript; available in PMC 2018 August 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



have not supported this association (11, 12, 29). In the current report, we found no 

association between vitamin D levels, pre- and post-statin therapy, or clinical vitamin D 

deficiency and insufficiency, on the development of SAMS. These results persisted despite 

controlling for seasonal variations in vitamin D, which were significantly impacted by statin 

therapy but not placebo treatment.

We did observe that, regardless of SAMS, patients with lower vitamin D levels pre- or post-

statin treatment exhibited greater increases in CK with statin therapy. Moreover, patients 

with greater reductions in vitamin D during placebo treatment had greater increases in self-

reported pain severity; this relationship was observed in patients without SAMS but not with 

SAMS (likely because patients with confirmed SAMS by study criteria did not exhibit 

marked changes in muscle pain on placebo). These two associations support that low 

vitamin D levels are related to transient increases in muscle pain and damage, and that the 

damage may be exacerbated by statin therapy. This potential muscle injury was not specific 

to SAMS because it occurred with SIMVA treatment even in those not confirmed to have 

SAMS. It is possible that the 8-week duration of SIMVA treatment was too short for these 

subjects to develop SAMS and that a study with a longer duration of statin therapy in 

subjects with low vitamin D levels would produce SAMS in these subjects since they do 

show CK evidence of muscle injury. Consequently, these results cannot dismiss low vitamin 

D as a factor in SAMS and suggest that low vitamin D may indeed be a potential mechanism 

contributing to SAMS.

Alternatively, the observation that reductions in vitamin D were related to increased muscle 

pain with placebo could indicate that low vitamin D is related to nonspecific muscle pain. 

Since research from our laboratory as well as others (1, 13, 14, 30) suggests that only 30–

50% of patients with self-reported SAMS actually experience muscle pain due to statins, it is 

possible that vitamin D deficiency may contribute to nonspecific muscle complaints rather 

than true SAMS for some patients. This needs to be confirmed in a larger trial, but could 

explain the variable findings on vitamin D status and the development of SAMS as well as 

vitamin D treatment for mitigation of SAMS (10).

There are limitations to the current study. As noted, the treatment duration of SIMVA and 

placebo was only 8 weeks each, and thus results may differ with longer statin treatment. The 

median time for the development of SAMS in this study as well as previous studies is 

approximately 1 month (1, 13, 31), but it is possible that longer term treatment would have 

unmasked a relationship between development of SAMS, changes in CK, and vitamin D 

levels. Moreover, we cannot make conclusions about associations between vitamin D and 

SAMS with other doses and types of statin therapy, as we only administered SIMVA 20 mg 

daily. Creatine kinase is sensitive to fluctuations in physical activity, but the definition of 

muscle symptoms in the current study attempted to limit those fluctuations by defining drug-

related muscle symptoms as those unassociated with recent physical activity and measuring 

creatine kinase only after symptoms had persisted for a week (unless intolerable). In this 

cohort, patients with confirmed SAMS had higher CK at baseline (13), and changes in CK 

with simvastatin distinguished patients with confirmed SAMS from those with non-specific 

muscle pain (32). Therefore, we do not believe that physical activity patterns unduly 

influenced changes in CK, but caution is still warranted because CK is also influenced by 
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factors such as age, sex, race and concomitant medications and cannot be systematically 

used to confirm SAMS. Only only ~25% of patients in the study were classified as vitamin 

D deficient, and thus enrolling only patients with very low levels of vitamin D deficiency 

may have produced a stronger relationship between very low vitamin D and SAMS. Finally, 

we did not conduct a supplementation trial of vitamin D in the current investigation as it was 

outside of the scope of the original funded trial design. The strengths of the current study 

include measuring vitamin D levels in patients before and after statin and placebo therapy, 

and confirming SAMS with a cross-over, placebo-controlled study design. This confirmation 

protocol yielded a similar percent of patients testing positive for SAMS as a recent clinical 

trial utilizing an almost identical design (14), but nonetheless the lack of sensitive 

biomarkers for SAMS still limits conclusive diagnostic capabilities (33).

There was no impact of baseline vitamin D levels or Δ in vitamin D with statin therapy on 

the development of SAMS, nor did clinical vitamin D deficiency or insufficiency 

differentiate the development of SAMS. Instead, associations between vitamin D levels and 

Δ in CK and pain severity with both statin and placebo therapy suggest that low vitamin D 

levels are related to transient increases in muscle pain and damage, and that the damage may 

be exacerbated by statin therapy. Low vitamin D could thus be a mechanism for both SAMS 

and non-specific muscle pain in patients on statins, but this relationship needs to be clarified 

in a large-scale clinical trial of vitamin D, statin treatment and SAMS.
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Highlights

• We assessed associations between Vitamin D and development of statin-

associated muscle symptoms (SAMS)

• Baseline Vitamin D and changes in Vitamin D with simvastatin did not 

predict SAMS

• Clinical Vitamin D deficiency and insufficiency did not predict SAMS

• Low Vitamin D was associated with transient increases in creatine kinase and 

pain

• Future studies are needed to clarify the relationship between Vitamin D and 

SAMS
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Fig. 1. Seasonal variations in vitamin D
Group means (± standard deviation) of 25 (OH)vitamin D levels post-statin and placebo 

therapy (A) and as changes with statin and placebo therapy (B), categorized by season.
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Fig. 2. Impact of clinical vitamin D classifications on SAMS
Percent of patients with vitamin D deficiency (< 20 ng/mL; black shading) and vitamin D 

insufficiency (< 30 ng/mL; black shading) who did (n=43) vs. did not develop (n=77) 

confirmed SAMS.
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Fig. 3. Creatine kinase levels and vitamin D
Relationship between the chance in creatine kinase with simvastatin treatment and post-

simvastatin vitamin D levels, graphed as data points in individual patients with confirmed 

SAMS (black circles) and without SAMS (white triangles). There was no influence of 

SAMS so the regression line represents all data in the sample.
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Fig. 4. Pain severity and vitamin D
Relationship between the change in pain severity score (PSS) and change in vitamin D with 

placebo treatment, graphed as data points in individual patients with confirmed SAMS 

(black circles) and without SAMS (white triangles). There was a significant influence of 

SAMS (p < 0.01) so regression lines are graphed for each group separately.
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Table 1
Subject characteristics

Baseline characteristics of subjects who were or were not confirmed for SAMS.

Confirmed (n=43) Not confirmed (n=77)

Women (n) 16 35

Age (yr) 58 ± 11 61 ± 9

BMI (kg/m2) 29.6 ± 5.3a 27.8 ± 4.2

SBP (mmHg) 122 ± 14 124 ± 14

DBP (mmHg) 75 ± 7 75 ± 6

CK (U/L) 152 ± 89a 117 ± 68

Total C (mg/dL) 255 ± 53 255 ± 49

LDL-C (mg/dL) 166 ± 49 165 ± 43

HDL-C (mg/dL) 52 ± 16 55 ± 15

Triglycerides (mg/dL) 186 ± 128 173 ± 111

a
Significant difference between groups at p < 0.05.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CK, creatine kinase; C, colesterol; LDL, low density 
lipoprotein; HDL, high density lipoprotein.
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Table 2
Study vitamin D levels

Vitamin D levels (ng/mL) before and after statin and placebo therapy in patients with and without confirmed 

SAMS.

Confirmed (n=43) Not confirmed (n=77)

Pre-placebo 30.6 ± 10.3 31.9 ± 11.5

Post-placebo 31.5 ± 11.3 31.6 ± 11.6

Δ placebo 0.5 ± 4.7 −0.3 ± 5.3

Pre-statin 31.7 ± 12.1 31.5 ± 10.3

Post-statin 31.4 ± 10.8 31.8 ± 10.7

Δ statin 0.3 ± 5.9 0.2 ± 8.3

Δ indicates difference between post- to pre-levels. There were no significant differences between groups.
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