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SOUHRN

Kontext: Existuje řada důkazů dokládajících přínos užívání statinů u kardiovaskulárních onemocnění, nicmé-
ně hlavním důvodem pro vysazování léčby statiny a obecně non-adherenci je statiny indukovaná myopatie. 
Se svalovou slabostí a těžkou myopatií byl nezávisle spojen defi cit vitaminu D, který může působit jako 
faktor zkreslující skutečné příčiny statiny indukovaných myopatií.
Cíle: Zjistit, zda jsou nízké koncentrace vitaminu D v séru spojeny se vznikem myalgie u pacientů léčených 
statiny.
Pacienti a metody: Do této průřezové studie bylo zařazeno 60 pacientů léčených statiny. Pacienti byli roz-
děleni do dvou skupin po 30. V první skupině byli pacienti užívající statiny a trpící myalgií, zatímco druhou 
skupinu tvořili pacienti také užívající statiny, avšak bez bolesti svalů.
Výsledky: Symptomatičtí pacienti trpěli myalgií již 5,03 ± 2,4 týdne. U pacientů s myalgií se skóre Statin 
Myalgia Clinical Index pohybovalo v rozmezí 9 až 11. Předložená studie nalezla významnou spojitost mezi 
nízkou koncentrací vitaminu D v séru a myalgií u pacientů léčených statiny. Pacienti se statinovou myalgií 
vykazovali významně nižší koncentrace vitaminu D než asymptomatičtí pacienti (29,3 ± 12,4 vs. 97,4 ± 15,1 
nmol/ml; p < 0,001). 
Závěr: Tato studie přinesla působivé důkazy o spojitosti mezi koncentracemi vitaminu D v plazmě a statino-
vou myalgií. U pacientů s myalgií indukovanou užíváním statinů byly naměřeny významně nižší koncentrace 
vitaminu D než u asymptomatických jedinců. Koncentrace vitaminu D mohou být užitečné v diagnostice 
a léčbě svalových symptomů v souvislosti s užíváním statinů.

© 2021, ČKS.

ABSTRACT

Background: There is a multitude of evidence supporting the benefi t of statin use in cardiovascular disease; 
however, statin-induced myopathy is a major reason for statin discontinuation and non-adherence. Vitamin 
D defi ciency has been independently associated with muscle weakness and severe myopathy, and may be 
a confounder for statin-induced myopathies. 
Objectives: To determine whether low serum vitamin D is associated with the occurrence of myalgia in statin 
treated patients. 
Patients and methods: This cross-sectional study enrolled 60 statin-treated patients. Patients were divided 
into two groups each was formed of 30 patients. Group 1 enrolled patients taking statins and suffering from 
myalgia, while group 2 enrolled patients on statins yet free of muscle pains. 
Results: The duration of myalgia in symptomatic patients was (5.03±2.4 weeks). Statin Myalgia Clinical Index 
score in myalgic patients ranged between 9 to 11. The current study found a signifi cant association between 
low serum vitamin D level and myalgia in statin treated patients. Patients with statin-associated myalgia had 
signifi cantly lower levels of vitamin D compared to asymptomatic patients (29.3±12.4 vs. 97.4±15.1 nmol/mL, 
p < 0.001). 
Conclusion: This study provided suggestive evidence that there is an association between plasma vitamin D 
levels and statin-associated myalgia. Patients with statin-associated myalgia had signifi cantly lower levels of 
vitamin D compared to asymptomatic patients. Vitamin D levels may be useful for the diagnosis and man-
agement of statin-associated muscle symptoms.
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Introduction  

3-hydroxy-3-methyl-glutaryl-CoA reductase (HMGR) is 
the rate-controlling enzyme of the mevalonate pathway 
which is responsible for cholesterol and other isoprenoid 
biosynthesis (Fig. 1).1 

HMG-CoA reductase inhibitors (statins) decrease mor-
tality and morbidity in patients with coronary artery dis-

Fig. 1 – Pathway of cholesterol and cholecalciferol biosynthesis.1 
ACAT2 – acetyl-CoA acetyltransferase 2; DHCR7 – 7-dehydrochole-
sterol reductase; FDPS – farnesyl diphosphate synthase; HMG-CoA 
– 3-hydroxy-3-methylglutaryl-CoA; HMGCR – HMG-CoA reductase; 
HMGCS1 – HMG-CoA synthase 1; LSS – lanosterol synthase; PP – py-
rophosphate; SQLE – squalene; SQLS – squalene synthase; UVB – ul-
traviolet B rays.

Ghatak et al. suggested two factors that may decrease 
the signifi cance of the CYP p450 system in statin myopa-
thy. The fi rst is that the CYP system is more signifi cant 
when statins are used with other drugs that used the 
CYP system in their metabolism. The second factor is that 
statins are also metabolized by glucuronidation, a sepa-
rate pathway that does not include in CYP system.10 The 
CoQ2 gene is implicated in the CoQ10 synthetic pathway. 
Previous study found that CoQ2 gene mutations were as-
sociated with statin induced myotoxicity.11

Since statin induced myotoxicity is dose-dependent, 
any medications that elevate the plasma concentration 
of statins will raise the risk of myotoxicity. Moreover, 
medications that affected the pharmacokinetic proper-
ties of statins can infl uence their potential toxicity. These 
pharmacokinetic properties include hepatic metabolism 
(oxidation by the CYP isoenzymes or glucuronidation by 
the uridine diphosphate glucuronosyltranferase [UGT] 
enzyme), the synthesis of active metabolites and use of 
hepatic transporters, bioavailability, protein binding and 
excretion (Table 1).12,13

Vitamin D
Vitamin D is a hydrophobic vitamin (or hormone as it is 
popularly called in recent years), which is mostly synthe-
sized in human skin by way of ultraviolet sunlight (the 
reason for it being called hormone) or assimilated in the 
body in negligible amounts by ingestion of egg yolk, 
some kinds of fi sh, and mushroom. Then 25 hydroxylated 
in the liver and 1-hydroxylated in the kidney to produce 
its biologically active form. 

In association with parathormone, vitamin D provides 
Ca homeostasis via its major target organs, i.e., small in-
testine, bone, and kidney (Fig. 3).14,15

Muscle cells have vitamin D receptors. It was found 
that >30 various tissues including skeletal muscle tissue 
express vitamin D receptors (VDR).16 Defi ciency of vitamin 
D not only bone mineral density are affected but also the 
muscle function, an entity called osteomalacic myopathy 
which is characterized by diffuse muscle pain, proximal 
muscle weakness, diffi culty in rising from a chair, and 
climbing up stairs.17

ease. They belong to the most widely worldwide used 
drugs. However, statins have been associated with mus-
cle-related adverse effects, such as myalgia and creatine 
kinase elevation.2,3

Muscle-related side effects are the most common cause 
for discontinuation of statin and therefore signifi cant 
barrier to cardiovascular risk reduction.4 The exact mecha-
nism underlying this complication has not been elucidat-
ed. Potential factors were implicated, e.g. genetic predis-
position, high drug dose, low body mass index, female 
gender, hypothyroidism, alcohol abuse, polypharmacy, 
low plasma vitamin D level, concomitant use of fi brates 
and impaired kidney and liver function.2–6 

Statin-associated muscle symptoms 
Autoimmunity may be a causative mechanism in statin 
induced myotoxicity.4 Statins are transported into hepa-
tocytes by the organic anion transporting polypeptide 
(OATP1B1) which is encoded by the gene SLCO1B1. Flu-
vastatin is presently the only available statin not trans-
ported through this system.4 Studies revealed combina-
tion between SLCO1B1 polymorphisms and myotoxicity.7 
Figure 2 illustrated other factors potentially involved in 
statins associated muscle injury.8

The cytochrome P (CYP) enzyme system is the most 
signifi cant enzyme system that is responsible for phase 1 
metabolism of the different statins. There are >30 known 
isoenzymes. Genetic variations in these isoenzymes may 
infl uence the rate of metabolism of statins.9 

Fig. 2 – Effects potentially involved in statin-related muscle injury/
symptoms.8
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Table 1 – Risk factors for statin-associated muscle symptoms13 

Risk factor Description

Anthropometric • Age >80 years (general caution advised for age >75)
• Female
• Low body mass index
• Asian descent

Concurrent conditions • Acute infection
• Hypothyroidism (untreated or undertreated)
• Impaired renal (chronic kidney disease classifi cation 3, 4, and 5) or liver function
• Obstruction in biliary tree
• Organ transplant recipients
• Severe trauma
• Human immunodefi ciency virus
• Diabetes mellitus
• Vitamin D defi ciency

Surgery Surgery with high metabolic demands. The American Heart Association recommends temporary cessation of 
statins prior to major surgery.

Related history • History of creatine kinase elevation, especially >10× the upper limit of the normal range
• History of pre-existing/unexplained muscle/joint/tendon pain
• Infl ammatory or inherited metabolic, neuromuscular/muscle defects (e.g. McArdle disease, carnitine pal-

mitoyl transferase II defi ciency, myoadenylate deaminase defi ciency, and malignant hyperthermia)
• Previous statin-induced myotoxicity
• History of myopathy while receiving another lipid-lowering therapy

Genetics Genetic factors such as polymorphisms in genes encoding cytochrome P450 isoenzymes or drug transporters

Other risk factors • High level of physical activity
• Dietary effects (excessive grapefruit or cranberry juice)
• Excess alcohol
• Drug abuse (cocaine, amphetamines, heroin)

Fig. 3 – Synthesis and metabolism of vitamin D in the regulation of calcium, phosphorus, and bone metabolism.15
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Statin-associated muscle symptoms (SAMS) 
While consensus groups including the American Heart 
Association/American College of Cardiology18 and the 
National Lipid Association19 have presented defi nitions of 
SAMS based on symptoms and the magnitude of CK ele-
vation. Indeed, a defi nitive diagnosis of SAMS is diffi cult 

because symptoms are subjective and there is no ‘gold 
standard’ diagnostic test. 

Assessment of the probability of SAMS being due to 
a statin take account of the nature of the muscle symptoms, 
the elevation in CK levels and their temporal association 
with statin initiation, discontinuation, and re-challenge.20

In absence of standardized classifi cation of SAMS, we 
have to integrate all muscle-related complaints (e.g. pain, 
weakness, or cramps) as muscle symptoms subdivided by 
the presence or absence of CK elevation (Fig. 4). 

A statin-associated myalgia index is proposed based on 
symptoms and signs notifi ed by patients in the STOMP 
study21 and the Prediction of Muscular Risk in Observa-
tional conditions study (PRIMO).22 This score provides dif-
ferent weighted values based on the distribution of the 
muscle complaints, temporal pattern of onset, improve-
ment after statin withdrawal and reccurrence of symp-
toms after rechallenge. The statin myalgia clinical index 
score estimate these symptoms as probable, possible or 
unlikely related to the statin (Table 2).23 

Management of statin-associated 
muscle symptoms
For patients at low cardiovascular risk (CVD) risk, their 
need for a statin should be reassessed and the benefi ts 
of therapeutic lifestyle changes, such as cessation of ciga-
rette smoking, blood pressure control, and adoption of 
a Mediterranean style diet, should be balanced against 
the risk of continuing statin therapy. Patients at high CVD 
risk, including those with CVD or diabetes mellitus, the 
benefi ts of ongoing statin therapy need to be weighed 
against the burden of muscle symptoms. Withdrawal of 
statin therapy followed by one or more re-challenges (af-
ter a washout) can help in determining causality. Additi-
onal approaches included the use of an alternative statin, 
a statin at lowest dose, intermittent (i.e. non-daily) do-
sing of a highly effi cacious statin, or the use of other lipid 
lowering medications (Fig. 5).

Table 2 – The original Statin Myalgia Clinical Index23 

Clinical symptoms (new or increased unexplained 
muscle symptoms) 

Points

Regional distribution/pattern

Symmetric hip fl exors/thigh aches 3

Symmetric calf aches 2

Symmetric upper proximal aches 2

Non-specifi c asymetric, intermittent 1

Temporal pattern

Symptoms onset <4 weeks 3

Symptoms onset 4–12 weeks 2

Symptoms onset >12 weeks 1

Dechallenge

Improves upon withdrawal (<2 weeks) 2

Improves upon withdrawal (2–4 weeks) 1

Doesn’t improve upon withdrawal (>4 weeks) 0

Challenge 

Same symptoms reoccur upon rechallenge <4 weeks 3

Same symptoms reoccur upon rechallenge 4–12 weeks 1

Statin Myalgia Index score

Probable 9–11

Possible 7–8 

Unlikely <7

Symptoms Biomarker Comment

Muscle symptoms Normal CK Often called ‘myalgia’. May be related to statin therapy. Causality is uncertain in the view 
of the lack of evidence of an excess of muscle symptoms in blinded randomized trials 
comparing statins with placebo.

Muscle symptoms CK >ULN <4 × 
ULN CK >4 <10 × 
ULN

Minor elevations of CK in the context of muscle symptoms are commonly due to increased 
exercise or physical activity, but also may be statin-related; this may indicate an increased 
risk of more severe, underlying muscle problems.19

Muscle symptoms CK >10× ULN Often called myositis or ‘myopathy’ by regulatory agencies and other groups (even in the 
absence of a muscle biopsy or clinically demonstrated muscle weakness). Blinded trials of 
statins vs placebo show an excess with usual statin doses of about 1 per 10 000 per year.4 

Pain is typically generalized and proximal and there may be muscle tenderness and weak-
ness. May be associated with underlying muscle disease.

Muscle symptoms CK >40× ULN Also referred to as rhabdomyolysis when associated with renal impairment and/or myo-
globinuria.

None CK >ULN <4× ULN Raised CK found incidentally, may be related to statin therapy. Consider checking thyroid 
function or may be exercise-related.

None CK >4× ULN Small excess of asymptomatic rises in CK have been observed in randomized blinded trials 
in which CK has been measured regularly. Needs repeating but if persistent, then clinical 
signifi cance is unclear.

Fig. 4 – Defi nitions of statin-associated muscle symptoms proposed by the European Atherosclerosis Society Consensus Panel.20
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Aim of the study

Some studies suggest that vitamin D defi ciency may be 
associated with elevated risk of statin-related muscle 
complaints. The current study aimed to examine whether 
low serum vitamin D is associated with the occurrence of 
myalgia in statin treated patients.

Patients and methods  

This prospective observational and cross-sectional stu-
dy was conducted on  60 subjects divided into 2 groups. 
Group 1 patients who were taking statins and com-
plained of myalgia diagnosed clinically as generalized 
muscle pain more prominent at the proximal sites of the 
extremities and exaggerated with exercise. It became ob-
vious minimally one week after initiating statin therapy 
and can be accompanied by fatigue, nocturnal cramps, 
and tendon pain. 

Group 2 included patients on statins yet not complain-
ing of myalgia. Patients were enrolled from Cardiovas-
cular Department at Cairo University Hospital. Informed 
consent was taken from all subjects.   

Exclusion criteria 
Patients who refuse to participate in this study, on exo-
genous vitamin D reinforcement, having other factors 
affecting statin metabolism (hypothyroidism, alcoholism, 
known muscle disease) or complaining of other clinical 
conditions that might cause musculoskeletal pain were 
excluded from the study.

Full history taking included other comorbidities (smok-
ing, diabetes, hypertension, coronary artery disease, 
rheumatologic diseases [osteoarthritis, rheumatoid ar-
thritis, fi bromyalgia and chronic pain syndrome], psychi-
atric diseases [depression, anxiety, and post-traumatic 
stress disorder], medication history [anti-diabetic medica-
tions, anti-hypertensive medications, and lipid-lowering 
drugs] and the duration of myalgia).

All patients were subjected to clinical examination 
with special emphasis on demographic characteristics and 

risk factors. Body mass index (BMI) was calculated accord-
ing to the following formula: BMI = body weight (kg) / 
height (m2). Obesity was defi ned as BMI ≥ 30 kg/m2.24

Statin Myalgia Index score to diagnose statin 
induced myalgia  
The scheme of Statin Myalgia Index score was translated 
to the Arabic edition after that it was applied on the pa-
tients who complained of myalgia. Statin myalgia clinical 
index score in myalgic patients ranged between 9 to 11.

Laboratory work up 
Plasma cholesterol, triglycerides, HDL (high-density lipo-
protein), LDL (low-density lipoprotein), CK (creatine kina-
se), alanine aminotransferase (ALT), aspartate transami-
nase (AST), blood glucose, glycated hemoglobin, thyroid 
stimulating hormone (TSH) and complete blood count  
were done for all patients.

Serum 25(OH) vitamin D level 
A 5 ml blood sample was drawn from patients and stored 
at 2–8 °C. Serum 25(OH) D was analyzed using the AR-
CHITECT 25-OH Vitamin D assay. The assay is reported to 
demonstrate 105% cross-reactivity with 25(OH)D

3
, 82% 

cross-reactivity with 25(OH)D
2
, 12.6% cross-reactivity with 

1,25(OH)
2
D

3
, 112% cross-reactivity with 24,25(OH)

2
D

3
, mini-

mal cross-reactivity with 3-epi-25(OH)D
3
 (2.7%), and a me-

asuring interval of 32.5–240.0 nmol/L (13.1–96.2 ng/mL).25

Statistical analysis 
Data were coded and entered using the statistical package 
SPSS (Statistical Package for the Social Sciences) version 
25. Data was summarized using mean, standard deviation, 
median, minimum and maximum for quantitative data. 
Frequency (count) and relative frequency (percentage) 
for categorical data. For comparing categorical data, Chi 
square (c2) test was performed. Exact test was used instead 
when the expected frequency is less than 5. Correlations 
between quantitative variables were done using Spearman 
correlation coeffi cient. ROC curve was constructed with 
area under curve analysis performed to detect best cutoff 
value of vitamin D for detection of myalgia. P-values less 
than 0.05 were considered as statistically signifi cant.

Results 

Sixty statin-treated patients were included in the study. 
Thirty patients with myalgia (group 1) and 30 asympto-
matic patients (group2). The mean age of the patients 
was 53.1 years. There were 19 women and 41 men. Table 
3 represents the comparison of risk factors and clinical 
data between the two study groups.

The standard deviation (SD) of duration of statin in-
take (months) was lower in group 1 compared to group 2 
(4.6±1.7 vs 25.6±13.0, respectively, p-value <0.001).

Table 4 illustrates the comparison of demographic, an-
thropometric measures of the study groups. Patients with 
the long duration of statin intake tend to have less my-
algia symptoms. On the other hand patients with long 
duration of hypertension are more myalgic. The other pa-
rameters were not statistically signifi cant.

Fig. 5 – Management of statin-associated muscle symptoms.13

•  Ensure that there is an indication for statin use and that the 
patient is fully aware of the expected benefi t in cardio-
vascular disease risk reduction that can be achieved with 
this treatment

•  Ensure that there are no contraindications to statin use
•  Counsel patients regarding the risk of ‘side effects’ and the 

high probability that these can be dealt with successfully
•  Emphasize dietary and other lifestyle measures
•  Use statin-based strategies preferentially notwithstanding 

the presence of statin-attributed muscle-related symptoms
•  If re-challenge does not work; use a low or intermittent dos-

ing preferably of a different (potent or effi cacious) statin
•  Use non-statin therapies as adjuncts as needed to achieve 

low-density lipoprotein cholesterol goal
•  Do not recommend supplements to alleviate muscle symp-

toms as there is no good evidence to support their use
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Table 5 represents the laboratory data of the study 
groups. Patients with myalgia had higher cholesterol, tri-
glycerides, LDL, and CK in spite of the fact that it was 
statistically insignifi cant. Serum level of 25(OH) vitamin 
D was signifi cantly lower in patients with myalgia (p 
<0.001). Moreover, it was found that the more the dura-
tion of statin intake, myalgia, and hypertension, the less 
the level of serum 25(OH) vitamin D, (r = 0.680, r = –0.825, 
r = –0.832, respectively and all p <0.005).

Table 3 – Risk factors and clinical data of the study groups  

Variables
Group 1  Group 2

p-value
Count Percent Count Percent

Smoking Yes 12 40.0 11 36.7 0.791

DM Yes 13 43.3 8 26.7 0.176

CAD Yes 18 60.0 15 50.0 0.436

HTN Yes 30 100.0 27 90.0 0.237

CAD – coronary artery disease; DM – diabetes mellitus; HTN – sys-
temic hypertension; p-values <0.05 were considered as statistically 
signifi cant.

Table 4 – Demographic, anthropometric measures, and risk factors among the study groups

Variable 
Group 1 Group 2

p-value
Mean±SD Median Mean±SD Median

 Age (years) 53.07±5.5 55.0 53.1±7.1 54.0 0.965

Duration of statin intake (months) 4.6±1.7 4.0 25.6±13.0 24.0 <0.001

DM duration (years) 1.9±2.6 0.00 0.8±1.5 0.00 0.124

HTN duration (years) 4.4±1.9 5.5 3.1±1.9 2.00 0.004

Weight (kg) 90.5±19.8 87.7 84.4±18.7 85.0 0.264

Height (cm) 167.9±8.1 167.5 166.9±6.9 169.0 0.941

BMI (kg/m2) 32.1±6.9 32.5 30.3±6.2 29.5 0.370

BMI – body mass index; DM – diabetes mellitus; HTN – systemic hypertension; p-values <0.05 were considered as statistically signifi cant.

Table 5 – Laboratory data of the study groups

Variables 
Group 1 Group 2

p-value
Mean±SD Median Mean±SD Median

Plasma cholesterol (mg/dl) 172.4±49.5 177.5 162.9±36.1 165.5 0.429

TG (mg/dl) 150.1±93.6 136.5 123.7±55.1 108.5 0.297

HDL (mg/dl) 40.4±12.91 39.0 39.7±9.3 40.0 0.865

LDL (mg/dl) 99.4±38.8 90.0 95.6±26.9 90.5 0.941

Creatinine (mg/dl) 0.87±0.16 0.8 0.83±0.20 0.76 0.127

HBA
1c

6.24±1.08 5.95 6.06±1.08 5.9 0.598

SGOT (μ/l) 23.4±4.2 23.0 23.13±4.03 22.5 0.738

SGPT (μ/l) 34.1±11.19 34.5 33.6±7.04 34.0 0.813

CK (μ/l) 119.7±57.3 111.0 105.3±37.4 110.00 0.191

Serum 25(OH) vitamin D (nmol/L) 29.34±12.47 27.05 97.46±15.11 93.50 <0.001

CK – creatine kinase; HBA
1c

 – glycosylated hemoglobin; HDL – high-density lipoprotein; LDL – low-density lipoprotein; SGOT – aspartate 
aminotransferase; SGPT – alanine aminotransferase; TG – triglycerides.

Discussion  

Statin therapy signifi cantly reduces cardiovascular dis-
eases morbidity and mortality in both primary and secon-
dary prevention trials. However, statins have been associ-
ated with muscle-related adverse effects, such as myalgia 
and creatine kinase elevation.26 

Muscle-related adverse effects are the most common 
reason for statin discontinuation and therefore an impor-
tant barrier to cardiovascular risk reduction.  

Myopathy is differentiated into three categories: my-
algia (muscle aches/weakness without CK elevation, myo-

sitis (muscle symptoms with CK elevation) and rhabdo-
myolysis (muscle symptoms associated with marked CK 
elevations >10 times the upper limit of normal).27 Low 
vitamin D serum concentration is a growing public health 
concern, even in regions with higher sun exposure. Vita-
min D serum concentrations can be defi ned as suffi cient 
(≥30 ng/mL), insuffi cient (21–29 ng/mL), or defi cient (≤20 
ng/mL).28
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In this study the association between low serum vi-
tamin D level and myalgia in statin treated patients 
were examined. This observational cross-sectional 
study that enrolled 60 statin-treated patients con-
cluded that there was an association between plasma 
vitamin D levels and statin-associated myalgia. 

Patients with statin-associated myalgia had signifi-
cantly lower levels of vitamin D compared to asymp-
tomatic patients. These findings are concordant with 
Ahmed’s et al.29 cross sectional study that was done on 
621 patients and found that 128 patients who treat-
ed with statins with myalgia had significantly lower 
mean serum vitamin D level than 493 asymptomatic 
patients (28.6 ± 13.2 vs. 34.2 ± 13.8 ng/mL). The study 
reported that vitamin D was lower in 64% patients 
with myalgia vs 43% of asymptomatic patients.

Minissian et al.30 conducted a retrospective clini-
cal chart review on 20 female patients from a tertiary 
chest pain center in 2008–2013. All women were indi-
cated for statin therapy and developed statin-induced 
myalgias. None of the women had a prior history of 
muscle related myalgias prior to statin therapy. The 
study findings supported earlier suggestions of a posi-
tive association between vitamin D deficiency and 
statin induced myalgias. 

A retrospective chart review was conducted at the 
University of Mississippi Medical Center’s ambulatory 
cardiometabolic clinic from December 2006 to April 
2008 on 105 patients in a cardiometabolic clinic. The 
study reported that patients with statin-induced my-
opathy had significantly lower vitamin D concentra-
tions and the majority of these myopathies were ob-
served in patients with a vitamin D <32 ng/mL.28

In the current study we found a significant associa-
tion between low serum vitamin D level and myalgia 
in statin treated patients. Patients with statin-associ-
ated myalgia had significantly lower levels of vitamin 
D compared to asymptomatic patients. Mean ± stan-
dard deviation (SD) of serum vitamin D was lower in 
patients with myalgia than in the asymptomatic pa-
tients (29.3±12.4 vs 97.4±15.1 nmol/mL, p <0.001).  Dis-
cordant with our findings, other studies did not sup-
port an association between low vitamin D status and 
statin-induced myalgia.31

Vitamin D supplementation 
Previous study concluded that vitamin D exerts a clear 
pro-myogenic effect on satellite cells in charge of 
muscle reconstitution after muscle injury or muscle 
waste. Moreover, the same study provided justificati-
on for vitamin D replenishment in muscle waste condi-
tions characterized by loss of muscle mass and also in 
vitamin D deficient elderly adults who have an age-re-
lated loss of muscle mass and strength.32 Kang et al.33 
concluded that replenishing low vitamin D in pati-
ents with statin-induced myopathy appeared to be an 
effective strategy in improving medication adherence. 
Other studies found that statin intolerance because of 
myalgia, myositis, myopathy, or myonecrosis associa-
ted with low serum vitamin D can be safely resolved 
by vitamin D supplementation (50,000–100,000 units/
week) in most cases (88–95%).34

Conclusion and recommendations 

Patients with statin-associated myalgia had signifi cantly 
lower levels of vitamin D compared to asymptomatic pa-
tients. Vitamin D levels may be useful for the diagnosis 
and management of statin-associated muscle symptoms 
(SAMS). The current study highlighted the need for fur-
ther research into the pathophysiology of statin-associa-
ted muscle symptoms. Other studies evaluating vitamin D 
supplementation in patients with statin-induced myalgia 
are needed.

Limitation of the study 

Although the topic has been dealt with repeatedly it is 
important in a clinical and practical point of view .The 
sample size was relatively small. A bigger sample size 
would allow better analysis of the subgroups. Also the 
effect of vitamin D supplementation on the statin-indu-
ced myopathy was not studied.

Acknowledgements 
The authors are grateful to all medical and paramedical 
staffs at cardiovascular department of Cairo University 
hospitals for their cooperation. 

Confl ict of interest 
None declared.

References
 1. Pennisi M, Di Bartolo G, Malaguarnera G, et al. Vitamin D 

Serum Levels in Patients with Statin-Induced Musculoskeletal 
Pain. Dis Markers 2019;2019:3549402.

 2. Joy TR, Hegele RA. Narrative review: Statin-related myopathy. 
Ann Intern Med 2009;50:858–868.

 3. Abd TT, Jacobson TA. Statin-induced myopathy: a review and 
update. Expert Opin Drug Saf 2011;10:373–387. 

 4. Sathasivam S. Statin induced myotoxicity. Eur J Intern Med 
2012;23:317–324.  

 5. Thompson PD, Clarkson P, Karas RH. Statin-Associated 
Myopathy. J Am Med Assoc 2003;289:1681–1690.  

 6. Gupta A, Thompson PD. The relationship of vitamin D 
defi ciency to statin myopathy. Atherosclerosis 2011;215:23–29.

 7. Pasanen MK, Fredrikson H, Neuvonen PJ, et al. Different 
effects of SLCO1B1 polymorphism on the pharmacokinetics 
of atorvastatin and rosuvastatin. Clin Pharmacol Ther 
2007;82:726–733.

 8. Needham M, Mastaglia FL. Statin myotoxicity: a review of 
genetic susceptibility factors. Neuromuscul Disord 2014;24:4–
15.

 9. Zuccaro P, Mombelli G, Calabresi L, et al. Tolerability of statins 
is not linked to CYP450 polymorphisms, but reduced CYP2D6 
metabolism improves cholesteraemic response to simvastatin 
and fl uvastatin. Pharmacol Res 2007;55:310–317.

 10. Ghatak A, Faheem O, Thompson PD. The genetics of statin-
induced myopathy. Atherosclerosis 2010;210:337–343.

 11. Oh J, Ban MR, Miskie BA, et al. Genetic determinants of statin 
intolerance. Lipids Health Dis 2007;6:7.

 12. Neuvonen PJ, Niemi M, Backman JT. Drug interactions with 
lipid-lowering drugs: mechanisms and clinical relevance. Clin 
Pharmacol Ther 2006;80:565–581.

 13. Mancini GB, Tashakkor AY, Baker S, et al. Diagnosis, 
prevention, and management of statin adverse effects and 
intolerance: Canadian Working Group Consensus update. Can 
J Cardiol2013;29:1553–1568.

058_065_Puvodni sdeleni_Hassanin.indd   64058_065_Puvodni sdeleni_Hassanin.indd   64 16/02/2021   10:02:1116/02/2021   10:02:11



N. Hassanin, Y. Baghdady, M. Shehata, A. Wagdi 65

 14. Taşoğlu Ö, Kutsal YG, Taşoğlu İ, et al. Is Vitamin D Defi ciency 
a Risk Factor for the Development of Statin-Induced Myalgia in 
Patients Receiving Statins? Turk J Phys Med Rehab 2015;61:314–
319. 

 15. Wallis DE, Penckofer S, Sizemore GW. The “Sunshine Defi cit” 
and Cardiovascular Disease. Circulation 2008;118;1476–1485.

 16. Bischoff HA, Borchers M, Gudat F, et al. In situ detection of 
1,25-dihydroxyvitamin D3receptor in human skeletal muscle 
tissue. Histochem J 2001;33:19–24.

 17. Pfeifer M, Begerow B, Minne HW. Vitamin D and muscle 
function. Osteoporos Int 2002;13:187–194.

 18. Pasternak RC, Smith SC Jr, Bairey-Merz CN, et al. American 
College of Cardiology, American Heart Association, National 
Heart, Lung and Blood Institute. ACC/AHA/NHLBI Clinical 
Advisory on the Use and Safety of Statins. Circulation 
2002;106:1024–1028.

 19. Rosenson RS, Baker SK, Jacobson TA, et al. The National Lipid 
Association’s Muscle Safety Expert Panel. An assessment by 
the Statin Muscle Safety Task Force: 2014 update. J Clin Lipidol 
2014;8(3 Suppl):S58–S71.

 20. Stroes ES, Thompson PD, Corsini A, et al. Statin-associated 
muscle symptoms: impact on statin therapy – European 
Atherosclerosis Society Consensus Panel Statement on 
Assessment, Aetiology and Management. Eur Heart J 
2015;36:1012–1022.

 21. Keech A, Collins R, Macmahon S, et al. Three-year follow-up of 
the Oxford cholesterol study: assessment of the effi cacy and 
safety of simvastatin in preparation for a large mortality study. 
Eur Heart J 1994;15:255–269.

 22. Richardson K, Schoen M, French B, et al. Statins and Cognitive 
Function: A Systematic Review. Ann Intern Med 2013;159:688–697.

 23. Rosenson RS, Miller K, Bayliss M, et al. The Statin-Associated 
Muscle Symptom Clinical Index (SAMS-CI): Revision for Clinical 
Use, Content Validation, and Inter-rater Reliability. Cardiovasc 
Drugs Ther 2017;31:179–186.

 24. Ogden CL, Fryar CD, Carroll MD, Flegal KM. Mean body weight, 
height, and body mass index, United States 1960–2002. Adv 
Data 2004;(347):1–17.

 25. Abbott ARCHITECT® 25-OH Vitamin D Assay [directional insert 
3L52, G2-3231/R03]. Abbott Laboratories, Abbott Park, IL, USA  
2011.

 26. Jacques PF, Felson DT, Tucker KL, et al. Plasma 
25-hydroxyvitamin D and its determinants in an elderly 
population sample. Am J Clin Nutr 1997;66:929–936.  

 27. Harper CR, Jacobson TA. The broad spectrum of statin 
myopathy: From myalgia to rhabdomyolysis. Curr Opin Lipidol 
2007;18:401–408.   

 28. Riche KD, Arnall J, Rieser K, et al. Impact of vitamin D status on 
statin-induced myopathy. J Clin Transl Endocrinol 2016;6:56–59.

 29. Ahmed W, Khan N, Glueck CJ, et al. Low serum 25 (OH) vitamin 
D levels (<32 ng/mL) are associated with reversible myositis-
myalgia in statin-treated patients. Transl Res 2009;153:11–16.

 30. Minissian M, Agarwal M, Shufelt C, et al. Do women with 
statin-related myalgias have low Vitamin D levels? BMC Res 
Notes 2015;8:6–10. 

 31. Daniel K, Israel H, Janet V, et al. Muscle pain and serum 
creatine kinase are not associated with low serum 25(OH) 
vitamin D levels in patients receiving statins. Clin Endocrinol 
(Oxf) 2012;77:36–41.

 32. Melissa B, Zena S, Keith C, et al. Vitamin D induces myogenic 
differentiation in skeletal muscle derived stem cells. Endocr 
Connect 2017;6:139–150.

 33. Kang J, Nguyen Q, Mutka J, Le QA. Rechallenging statin 
therapy in veterans with statin-induced myopathy post vitamin 
D replenishment. J Pharm Pract 2017;30:521–527.

 34. Khayznikov M, Hemachrandra K, Pandit R, et al. Statin 
intolerance because of myalgia, myositis, myopathy, or 
myonecrosis can in most cases be safely resolved by vitamin D 
supplementation. North Am J Med Sci 2015;7:86–93.

058_065_Puvodni sdeleni_Hassanin.indd   65058_065_Puvodni sdeleni_Hassanin.indd   65 16/02/2021   10:02:1116/02/2021   10:02:11



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


