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Background: Treatment with HMG-CoA reductase inhibitors 
(statins) is often complicated by muscle-related adverse 
effects (MAEs). Studies of the association between low 
plasma vitamin D levels and MAEs have yielded conflicting 
results. 
Objectives: To determine if low plasma vitamin D level is a 
risk factor for MAEs in statin users.
methods: Plasma levels of 25(OH) vitamin D were measured 
as part of the routine evaluation of unselected statin-
treated patients attending the coronary and lipid clinics at 
our hospital during the period 2007–2010. Medical data on 
muscle complaints and statin use were retrieved from the 
medical files. Creatine kinase (CK) levels were derived from 
the hospital laboratory database.
results: The sample included 272 patients (141 men) aged 33–
89 years. Mean vitamin D level was 48.04 nmol/L. Levels were 
higher in men (51.0 ± 20.5 vs. 44.7 ± 18.9 nmol/L, P = 0.001) and 
were unaffected by age. MAEs were observed in 106 patients 
(39%): myalgia in 95 (35%) and CK elevation in 20 (7%); 9 
patients (3%) had both. There was no difference in plasma 
vitamin D levels between patients with and without myalgia 
(46.3 ± 17.7 vs. 48.9 ± 21.0 nmol/L, P = 0.31), with and without 
CK elevation (50.2 ± 14.6 vs. 47.8 ± 20.3 nmol/L, P = 0.60), or 
with or without any MAE (50.4 ± 15.0 vs. 47.8 ± 10.2 nmol/L, P = 
0.27). These findings were consistent when analyzed by patient 
gender and presence/absence of coronary artery disease, and 
when using a lower vitamin D cutoff (< 25 nmol/L). 
conclusions: There is apparently no relationship between 
plasma vitamin D level and risk of MAEs in statin users.
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aBstract:

KeY wOrds:

h MG-CoA reductase inhibitors (statins) reduce mortality 
and morbidity in patients with coronary artery disease. 

They are one of the most widely used medications worldwide. 
However, statins have been associated with muscle-related 
adverse effects, such as myalgia and creatine kinase elevation 
[1,2]. Muscle-related adverse effects are the most common 

reason for statin discontinuation and, therefore, an impor-
tant barrier to cardiovascular risk reduction [3]. The exact 
mechanism underlying this complication has not been eluci-
dated. Potential risk factors implicated to date include genetic 
predisposition, high drug dose, low body mass index, female 
gender, hypothyroidism, alcohol abuse, polypharmacy, low 
plasma vitamin D level, concomitant use of fibrates and other 
medications, reduced production of specific regulatory pro-
teins, and reduced renal and hepatic function [1-5]. 

Muscle cells have vitamin D receptors [5], and low plasma 
levels of vitamin D 25(OH) are associated with proximal muscle 
weakness, hypotonia, prolonged time to peak muscle contrac-
tion and relaxation, as well as generalized musculoskeletal pain 
[4-6]. Recent studies suggest that vitamin D deficiency, a com-
mon finding in the general population [7-9], may be associ-
ated with an increased risk of statin-related muscle complaints 
[10] and that symptomatic myositis-myalgia in statin-treated 
patients with vitamin D deficiency may reflect an interaction 
between vitamin D deficiency and statins in skeletal muscle. 
Myositis may result from an autoimmune disease [11] which 
may be preventable by vitamin D supplementation [12]. Some 
researchers proposed that statin-related myalgia may be cor-
rectable by oral administration of vitamin D [13], although 
their findings were not confirmed by others [14]. The possible 
effect of background factors, such as gender, comorbidity, envi-
ronment, and ethnicity in this context, is still unknown. 

The aim of the present study was to examine the possible 
relationship between plasma vitamin D level and muscle 
complications in statin users in Israel and to explore the pos-
sible impact of patient gender and the presence of coronary 
artery disease on this association.  

Patients and methOds

Plasma 25(OH) vitamin D level was measured as part of the 
routine evaluation in unselected statin-treated patients attend-
ing the coronary and lipid clinics of our hospital from January 
2007 through December 2010. Exclusion criteria were condi-
tions known to predispose to myalgia, CK1 elevation, or vitamin 
D insufficiency such as hypothyroidism, renal failure (creati-

CK = creatine kinase
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nine > 1.2 mg/dl), active participation in competitive sports, 
known myopathy, vitamin D supplementation, acute coronary 
syndrome, and elevated baseline plasma CK level. Patients 
referred for myalgia or CK elevation were excluded as well. 
A detailed medical history was obtained from the patients’ 
clinic files, with emphasis on statin use, muscle complaints, 
concomitant medications, and vitamin supplementation. CK 
levels were derived from the hospital’s computerized laboratory 
database. We also recorded laboratory values of total plasma 
cholesterol, triglyceride, high density lipoprotein-cholesterol, 
and glucose, as well as findings on renal and liver function 
tests. Plasma 25(OH) vitamin D was considered low when 
recorded values were below 30 nmol/L (commonly described 
as vitamin D deficiency) [15,16]. MAEs2 were defined as typical 
myalgia, as described previously [3], and CK levels more than 
twice the upper limit of normal (> 400 IU/L) on at least two 
laboratory tests.

statistical analYsis

Nominal data were described as numbers and percentages, 
and continuous data as means and standard deviations. 
Comparisons of continuous parameters between groups 
were performed using Student’s t-test, and between nominal 
parameters with chi-square and Fisher’s exact tests. A P value 
< 0.05 was considered significant. To assess the possible rela-
tionship between plasma vitamin D level and risk of MAEs, 
we compared vitamin D levels and the frequency of low 
vitamin D level in patients with and without CK elevation, 
myalgia, or any MAE. Logistic regression analysis was used 
to identify independent risk factors for MAEs. All statistical 
analyses were performed using SPSS-19 software.

results

The study sample included 272 patients (141 men) aged 
33–89 years (median 66.0 years). Plasma vitamin D levels 
ranged between 10 nmol/L and 102 nmol/L (mean 48.04 
nmol/L). Vitamin D levels were higher in men (51.0 ± 20.5 
vs. 44.7 ± 18.9 nmol/L, P = 0.001) and were unaffected by 
patient age or gender, presence of hypertension or diabetes 
mellitus, family history of premature coronary artery dis-
ease, or smoking status. MAEs were recorded in 106 patients 
(39%): myalgia in 95 (35%) and elevated CK levels in 20 (7%); 
9 patients (3%) had both. CK elevation was more common 
in men (11% vs. 3%, P = 0.01, Fisher’s exact test). There was 
no association between patient gender and myalgia or any 
MAE, or between any of the other background variables (age, 
presence of coronary artery disease, hypertension, diabetes 
mellitus, family history of premature coronary artery disease, 
smoking status) and CK elevation, myalgia, or any MAE. 

MAE = muscle-related adverse effect

Patients were categorized by the presence or absence of a 
muscle-related statin complication. The patients’ character-
istics are depicted in Table 1. There were no significant dif-
ferences between the groups in gender distribution, plasma 
vitamin D level, or prevalence of traditional coronary risk 
factors. Additionally, no significant differences were found in 
plasma vitamin D levels between patients with and without 
myalgia (46.3 ±1 7.7 vs. 48.9 ± 21.0 nmol/L, P = 0.31) or with 
and without CK elevation (50.2 ± 14.6 vs 47.8 ± 20.3 nmol/L, 
P = 0.6). These results held true on separate analyses by gender 
and by age (above or below the study median of 66 years). 

Analysis of the frequency of MAEs yielded no difference in 
rates of myalgia, CK elevation, or any MAE between patients 
with vitamin D levels higher or lower than 30 nmol/L. Even 
very low plasma levels of vitamin D (< 25 nmol/L, n=34) had 
no effect on the prevalence of MAEs. Patients with coronary 
artery disease (n=172) had similar rates of myalgia and CK 
elevation to those of the entire study group. The prevalence 
of MAEs in patients with plasma vitamin D ≥ 70 nmol/L was 
comparable to that in patients with plasma vitamin D < 70 
nmol/L (36.4% vs. 39.5%, P = 0.7). 

On logistic regression analysis, none of the parameters 
(age, gender, diabetes mellitus, hypertension, family history, 
smoking habit, coronary artery disease) was found to be a 
predictor of MAEs, either in a model that included vitamin 
D status lower or higher than 30 nmol/L or a model in which 
a lower cutoff of 25 nmol/L vitamin D was used. Similar find-
ings were observed on analysis of each MAE separately. 

discussiOn 

The present study shows that there is no apparent relationship 
between plasma vitamin D level and risk of MAEs in statin-
treated adults. These results were consistent for both men 

table 1. Patient characteristics by presence/absence of muscle-
related adverse effects

P  
value 

mae
(n=106)

no mae
(n=166)

0.20366.3 ± 10.269.3 ± 10.0Age (yr)

0.4634953Male gender 

0.2786558Hypertension

0.8212728Diabetes

0.5671922 Smoking

0.2106067CAD

0.8363029Family history of premature CAD

0.26947.8 ± 10.250.4 ± 15.0Vitamin D level (nmol/L)

0.1661320Vitamin D < 30 nmol/L

Data on age and vitamin D level are presented as mean ± SD. All other data 
are percentages
MAE = muscle-related adverse effect, CAD = coronary artery disease
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not in the vast majority of patients with statin exposure [11]. 
Vitamin D deficiency has been linked to autoinflammatory 
disease, including the risk of coronary artery disease, prob-
ably via its effect on inflammatory cytokines. This finding 
was supported by a positive response of autoinflammation to 
vitamin D supplementation [6,12,18-20]. Additionally, some 
data indicate that vitamin D may modulate pain sensation, 
but this has not been confirmed [19]. Although the lack of 
an association between low plasma vitamin D and myo-
pathic complications in the present study does not support 
the hypothesis that low levels of vitamin D are an important 
risk factor for statin-related muscle adverse effects, it does 
not necessarily imply that administration of pharmacologi-
cal doses of vitamin D, as suggested by Ahmed et al. [10], 
would have no effect on statin-related muscle complications, 
particularly those with an underlying autoinflammatory 
mechanism. However, exploring this issue was beyond the 
scope of the present study. Further research on the mecha-
nisms of statin-related myalgia and CK elevation is necessary. 
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and women and for each side effect (myalgia, CK elevation) 
separately. Even very low levels of plasma vitamin D were not 
associated with muscle complications.
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myalgia. Their finding is similar to ours, although we added 
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MAE of statins. By contrast, Ahmed et al. [10] reported lower 
vitamin D levels in patients with statin-related myalgia. The 
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ences in the population studied, the statin used, the intensity 
of cholesterol lowering, and the ethnic background of the 
subjects, or to possible related differences in the prevalence 
of subclinical genetic myopathies, certain single nucleotide 
polymorphisms [17], and CYP 3A4 activity [3]. Differences 
in environmental factors may be involved, such as nutrition 
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Human body surface epithelia coexist in close association 
with complex bacterial communities and are protected by a 
variety of antibacterial proteins. C-type lectins of the RegIII 
family are bactericidal proteins that limit direct contact 
between bacteria and the intestinal epithelium and thus 
promote tolerance to the intestinal microbiota. RegIII lectins 
recognize their bacterial targets by binding peptidoglycan 
carbohydrate, but the mechanism by which they kill bacteria 
is unknown. Mukherjee et al. elucidated the mechanistic 
basis for RegIII bactericidal activity. They show that 
human RegIIIα (also known as HIP/PAP) binds membrane 
phospholipids and kills bacteria by forming a hexameric 
membrane-permeabilizing oligomeric pore. The authors 

derived a three-dimensional model of the RegIIIα pore by 
docking the RegIIIα crystal structure into a cryo-electron 
microscopic map of the pore complex, and showed that the 
model accords with experimentally determined properties of 
the pore. Lipopolysaccharide inhibited RegIIIα pore-forming 
activity, explaining why RegIIIα is bactericidal for Gram-
positive but not Gram-negative bacteria. These findings 
identified C-type lectins as mediators of membrane attack in 
the mucosal immune system, and provide detailed insight 
into an antibacterial mechanism that promotes mutualism 
with the resident microbiota.

Nature 2014;5 05: 103
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antibacterial membrane attack by a pore-forming intestinal c-type lectin

A subset of patients who develop scleroderma, a debilitating 
autoimmune disease, have an elevated risk of developing 
cancer. These patients harbor autoantibodies to RPC1, an RNA 
polymerase subunit encoded by the POLR3A gene. Joseph and 
fellow researchers explored whether the RPC1 autoantibodies 
target a “foreign” antigen derived from a mutated POLR3A 
gene. Sequence analysis revealed that POLR3A mutations 
were present in tumors from six of eight patients with RPC1 

autoantibodies but in no tumors from eight control patients who 
lacked RPC1 autoantibodies. Cell culture data suggested that 
the POLR3A mutations triggered cellular and humoral immune 
responses in the patients. These results provide support for the 
“immunosurveillance” hypothesis, which posits the continual 
eradication of nascent tumor cells via immune responses.

Science 2104; 343: 152
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cancer immunosurveillance gone bad?

After surgery, gliomas (a type of brain tumor) recur in nearly 
all patients and often in a more aggressive form. Johnson et 
al.  used exome sequencing to explore whether recurrent 
tumors harbor different mutations than the primary tumors and 
whether the mutational profile in the recurrences is influenced 
by postsurgical treatment of patients with temozolomide (TMZ), 
a chemotherapeutic drug known to damage DNA. In more than 

40% of cases, at least half of the mutations in the initial glioma 
were undetected at recurrence. The recurrent tumors in many 
of the TMZ-treated patients bore the signature of TMZ-induced 
mutagenesis and appeared to follow an evolutionary path to 
high grade glioma distinct from that in untreated patients.

Science 2014; 343: 189
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gliomas are back with new mutations




