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Abstract
Objective: This study aims to find the prevalence and risk factors of myopathy in subjects on statin therapy.

Methods: Cross sectional study was conducted on 1046 subjects on statin therapy for dyslipidemia who were
attending the National center for Diabetes, Endocrinology and Genetics [NCDEG] in Jordan between Sep. and Dec.
2012. Questionnaire was used to collect demographic data, medical history and muscular symptoms.

Results: The prevalence of muscular symptoms among subjects taking statin was 27.9%, when subjects referred
their muscular symptoms to statin the prevalence drop to 16.4%. Bivariate and multivariate analyses showed significant
association between muscular symptoms and hypothyroidism, taking medication or substances that are known to
interact with statin treatment [Fibrates, Verapamil, Amiodarone, Warfarin, Digoxin or Grapefruit juice [>1 quart/day]],
and allopurinol therapy.

Conclusions: Statin use is significantly associated with high prevalence of musculoskeletal pain [27.9%]. Although
many clinicians perceive myalgia as a minor adverse effect, its clinical significance should not be underestimated, as

myalgia could be a major obstacle to treatment adherence.
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Introduction

High plasma levels of total cholesterol and Low-Density Lipoprotein
[LDL] are well-established risk factors for coronary heart disease [1-
3]. Statins significantly lower cholesterol levels and have been shown
to significantly reduce morbidity and mortality associated with heart
disease [4-8]. Because statins are potentially lifesaving, their tolerability
and adherence is a major concern. Generally, statins are well tolerated
with minimal serious side effects [9].

Muscular side effects are recognized as the most common adverse
effect associated with statin use [9-13]. The incidence of myalgia
[generally defined as muscle symptoms without significant creatine
kinase elevation] approximates 1-7% of statin-users in randomized
clinical trials, with rates similar to placebo groups [12-14]. However,
the frequency of muscle complaints reported in usual care settings
appears to be higher than in clinical trials with a frequency of 9% to
22% in outpatient settings [15-18].

Since adherence on statin therapy can be limited by patients
concerns about serious muscle toxicity and by more frequent but less
severe side effects of muscle aches, pain, weakness and cramps, and
given the more aggressive approach to lipid-lowering therapy advocated
by recent treatment guidelines; an increased understanding of the
nature of statin muscular side effects is of considerable importance [19].

The main objectives of this study were to assess the prevalence
of statin-induced myopathy, to identify the risk factors associated
with muscular symptoms and to characterize the onset, nature and
management of muscular symptoms in individuals on statin therapy.

Materials and Methods

Sampling and data collection

This is a cross-sectional study which was carried out at the National
Centre for Diabetes, Endocrinology and Genetics in Amman, Jordan,
over a period of three months [Sep 2012 to Dec 2012]; any patient aged
40 years or more and on statin therapy, was considered eligible to be
included in this study. Patients’ demographic and clinical data were

collected from medical records. A pre-structured questionnaire was
used to collect the patients’ muscular symptoms history. This included
the type, dose and duration of statin used along with other concomitant
medications and chronic diseases were obtained. In addition, the nature
and duration of muscle symptoms [pain, fatigue, tenderness, weakness,
stiffness and cramps] were included in the questionnaire. Laboratory
investigations such as Creatine Kinase [CK] levels, Thyroid-Stimulating
Hormone [TSH], Serum Electrolytes, Vitamin D levels, were also
collected from the medical records.

The present study was approved by the National Centre for
Diabetes, Endocrinology and Genetics [NCDEG] Ethics Committee.
Identifying information was kept strictly confidential and the data were
used only for scientific purposes by the researchers. A verbal approval
was obtained from all patients who participated in the study.

Definitions of the study variables

Measurements and laboratory analysis: BMI was expressed as the
quotient between weight [kg] and height squared meter [m?]. Patients
were classified according to BMI following the recommendation of
the World Health Organization as adopted by the American Diabetes
Association. The patients weight considered normal weight if BMI was
in the range of 18.5 up to 24.9, overweight when their BMI was 25 and
up to 29.9, and obesity was considered if BMI was 30 or more [20].
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Smoking was classified into three categories; current smoker
defined as a person who smokes cigarettes daily or occasionally. Past-
smoker: a person who was formerly a daily or occasional smoker, but
currently does not smoke at all. Nonsmoker: a person who has never
smoked before or has smoked very little in the past, and this definition
was according to WHO guidelines 1998 [21].

Exercise considered present if at least 150 min/week of moderate-
intensity aerobic physical activity, spread over at least 3 days/week with
no more than two consecutive days without exercise [20].

Diabetes mellitus was diagnosed if the patient had a fasting plasma
glucose 2126 mg/dl [7.0 mmol/l] in two occasions or if the patient had
a random plasma glucose 2200 mg/dl [11.1mmol/l] in the presence
of classical symptoms of hyperglycemia, or if he had HbA1C 26.5%.
Moreover, Diabetes was considered to be controlled if the patient had
HbA1C <7.0% [20].

High blood pressure was defined as systolic blood pressure >130
mmHg and/or diastolic blood pressure >80 mmHg or if the patient was
already on antihypertensive drugs [20].

Metabolic abnormalities were defined according to the American
Diabetes Association 2011 [18] as follows: Total serum cholesterol of
2200 mg/dl, Serum LDL of 2100 mg/dl, Serum triglyceride of 2150 mg/
dl, Serum HDL <40 mg/dl in men, and <50 mg/dl in women, or if the
patient was already on anti-dyslipidemic agents [20].

Definition of myopathy and related terms as described by American
College of Cardiology/American Heart Association/National Heart
Lung Blood Institute clinical advisory [12]: Myopathy: Any disease
of neuromuscular origin in which abnormal muscle fiber gives the
symptoms muscle weakness, muscle cramps, stiffness, and spasm.
This abnormality can be inherited or acquired. Myalgia: Muscle ache
or weakness without creatinine kinase elevation. Myositis: Muscle
symptoms with increased creatinine kinase levels. Rhabdomyolysis:
Muscle symptoms associated with marked creatinine kinase elevations,
typically substantially more than 10 times the upper limit of normal.

Statin induce myopathy was defined in this study as any muscular
pain reported by the patients after starting the statins therapy, or those
who already suffer from muscular pain before the statin treatment but
their muscular pain became more severe after the treatment, with or
without creatinine kinase elevation.

Medication or substances that were known to interact with statin
treatment include: Fibrates, Verapamil, Amiodarone, Warfarin, Digoxin
or Grapefruit juice [>1 quart/day] [22].

Level of disruption of daily activity was classified into 4 levels;
minor disruption if there is mild muscular pain and no limitation for
any physical activity, Interferes with major exertion if heavy physical
activity is limited by muscular pain, interferes with moderate exertion
if moderate physical activity is limited by muscular pain, and major
disruption if muscular pain prevent patient from any physical activity
[16].

Statistical Analysis

Data were entered and analyzed using the Statistical Package for
Social Science [SPSS version 17]. The prevalence of statin-induced
myopathy was obtained, overall and by subgroups defined by relevant
variables. The bivariate association between myopathy and a number
of variables was assessed for statistical significance using the chi square
test. Multivariate logistic regression was used to assess the independent

effect of a given variable after adjusting for potential confounders. A
P-value of <0.05 was considered statistically significant.

Results

One thousand forty-sixth subjects agreed to participate in this
study; 577 [55.2%] were females and 469[44.8%] were males. The
mean age of our study participants was 58.9 [+£8.8] with mean BMI of
31.6 [£5.5]. Ninety two percent of our sample had type two diabetes,
75% had hypertension, 13% had coronary artery disease, 11% had
hypothyroidism, and 4% had osteoporosis (Table 1).

Eighty two percent of our study subjects reported not to be engaging
in regular physical activity (Table 1). Most of our study participants
[76%)] were on Atorvastatin and the most prescribed dose was 20 mg
[79% of our study sample] (Table 2).

Twenty eight percent of the whole sample had reported muscular
pain, and among those who reported muscular pain 59% had attributed
their pain to statin use. Onset of muscle pain in 51% of them was
reported at the period between 4 and 24 months, 31% at the period
after 24 months, and only 19% of them had their statin related muscular
pain in the first 4 months. No triggering factors [physical activity, cold
and resting] for statin induced muscular pain was reported in 63% of
patients (Table 3).

The most common sites of pain were thighs, calves and arms 39.5%,
23.4% and 24.2%, respectively. Common types of pain were stiffness
[37.8%], cramps [23.8%] and weakness [23.3%]. However 81% of those
having statin-induced muscular pain had reported that this pain had
minor effect on their daily activities, as 75% of all those who had statin-
induced muscular pain did not need any action to overcome their pain:
13% took simple analgesics while continuing their statin treatment, and
7% needed to discontinue the statin therapy (Table 3).

Bivariate Analysis

On bivariate analysis, statin induced myopathy was significantly
associated with hypothyroidism [p value .034], taking medication or
substances that are known to interact with statin treatment [Fibrates,
Verapamil, Amiodarone, Warfarin, Digoxin or Grapefruit juice [>1
quart/day]] [p value .050] and Allopurinol [p value .047]. However, age,
gender, BMI, smoking, diabetes mellitus, vitamin D3 status, and the
laboratory results of creatinine kinase were not significantly associated
with statin induced myopathy (Table 4).

Multivariate Analysis

On logistic multivariate analysis, the study variables that
remained significantly associated with statin-induced myopathy were
hypothyroidism, taking medications that were known to interact with
statin therapy and Allopurinol use.

Patients with hypothyroidism were 1.6 times more likely to
develop statin-induced myopathy in comparison to those who had
no hypothyroidism, after controlling for other variables. Patients
taking medication or substances that are known to interact with statin
treatment [Fibrates, Verapamil, Amiodarone, Warfarin, Digoxin or
Grapefruit juice [>1 quart/day]] were 1.5 times more prone to have
statin induced than patients who were not on the above mentioned
medication, after controlling for other variables. On the other hand,
patients who were taking Allopurinol treatment for hyperuriceamia
were 2 times more likely to have statin induced myopathy than patients
who were not taking Allopurinol, after controlling for other variables
(Table 5).
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Table 2: Characteristics of statin treatment.
Discussion

The rate of occurrence of muscular symptoms in patients receiving
statins was 28% considerably higher than the 1-5% reported by
randomized clinical trials [12-14]. It is even higher than the rate
reported by the PRIMO study in which muscular symptoms were
reported by 11% of statin users [16]. In Jordan EL-SALEM et al in his
study had also demonstrated a high prevalence of muscular symptoms
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Characteristics N %
Gender
Male 469 44.8 Item Category Number (%)
Female 577 55.2
Age(mean + SD) (58.91 £ 8.8)
40-49 158 15.1 <3 months 32 (18.6)
50-59 403 385 Onset of pain 4-24 months 87 (50.6)
60-69 335 32.0
>70 150 143 >24 months 53 (30.8)
BMI (mean % SD) (31.6 + 5.5) Weakness 40 (23.3)
18.5-24.99 101 9.7 Heaviness 19 (11.0)
25-29.99 355 34.1 Type of pain Loss of strength 7(4.1)
30-39.99 506 48.6 Stiffness 65 (37.8)
240 80 7.7 Cramp 41(23.8)
Smokin
Currentgsmoker 180 17.2 Generalized 48 (29.9)
Past-smoker 181 17.3 Localization
Nonsmoker 685 65.5 Localized 124 (72.1)
$::r0|se 196 185 Thighs 49 (39.5)
No 852 815 Calves 29 (23.4)
Co-morbidity Trunk 3(24)
Sites of localized pain Arms 30 (24.2)
Diabetes Mellitus 957 91.5 Forearms 3(24)
Hypertension 788 75.3 Shoulders 8 (6.5)
Coronary Artery Diseases 136 13 No predominance 2(16)
Hypothyroidism 118 1.3 Continuous 20 (11.6)
Osteoporosis 40 3.8
Table 1: Socio-demographic characteristics of study participants (N=1046). Continuity of pain Hours 73 (42.4)
Minutes 79 (45.9)
No 108 (62.8)
ltem Category Number (%) Physical activity 46 (26.7)
Triggering factors Resting 6 (3.5)
Simvastatin 197 (18.8) Cold 12(7.0)
Atorvastatin 793 (75.8)
Minor effect 139 (80.8)
Rosuvastatin 17 (1.6) Interfere with major
Type of statin exertion 14 (8.1)
Fluvastatin 9(0.9) Level of disruption Interfere with minor
exertion 16(9.3)
Pravastatin 30 (2.9) Major effect 3(1.7)
10 152 (14_5) No action 129 (75.0)
Action was taken to Switch 8 (4.7)
o . 20 824 (78.8) manage the statin Discontinue 12 (7.0)
Statin daily dosage in mg 0 64 (6.1) induced myopathy Reduce 1(0.6)
Analgesic 22 (12.8)
80 6 (0.6)
Yes 30 (69.8)
. . < 36 months 538 (51.4) .
Duration of statin Improved after action
treatment > 36 months 508 (48.6) No 13 (30.2)

Table 3: Time to onset, characteristics, localization, continuity, triggering factors,
and impact on daily activities of statin- induced muscle pain and the actions were
taken to manage the statin induced myopathy.

[21%] among patients using statins [23].

Age, gender, Body Mass Index [BMI] and smoking were not
identified as risk factors for myopathy by bivariate analysis in our
study. Although there are, some studies that showed that elderly are
at increased risk for statin induced myopathy [24,25]. In fact, in one
of these studies, diabetic patients aged 65years or older prescribed
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Number of patients with statin induced myopathy

Variable (%) P-value
Age
40 - 49 years 30 (17.4)
50 - 59 years 68 (39.5) 0.730
60 — 69 years 51(29.7) '
270 years 23 (13.4)
Gender
Male 72(41.9)

0.403
Female 100(58.1)
BMI
18.5-24.99 18(10.5)
25-29.99 67(39.2)

0.248
30-39.99 71(41.5)
>40 15(8.8)
Smoking
Current smoker 31 (18)
Past-smoker 26 (15.1) 0.702
Nonsmoker 115 (66.9)
Diabetes mellitus
Yes 154 (89.5)

0.298
No 18 (10.5)
Hypothyroidism
Yes 28(16.3)

0.034
No 144(83.7)
Allopurinol
Yes 13(7.6)

0.047
No 159(92.4)
Taking any medication that might interact with statin
Yes 67 (39)

0.050
No 105 (61)
Vitamin D3 status (ng/ml)
<20 46 (29.9)
20 -30 36 (23.4) 0.941
>30 72 (46.8)
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0.584

Table 4: Bivariate analysis of factors associated with statin induced myopathy

CKP
Normal 77 (90.6)
Abnormal 8(9.4)
Variable OR P-value
Age
40 - 49 years 1
50 - 59 years 0.81 0.383
60 — 69 years 0.72 0.203
270 years 0.71 0.263
Gender
Male 1
0.186
Female 1.28
BMI
<25 1.25
25-29.99 1.26 0.580
30-39.99 0.81 0.490
240 1 0.506
Hypothyroidism
Yes 1.63
0.043
No 1
Allopurinol
Yes 2.18
0.026
No 1
Taking any medication that might interact with statin
Yes 1.46
.032
No 1

Table 5: Multivariate analysis of factors associated with statin induced myopathy.

lipid lowering agents had more than five times risk for hospitalization
due to rhabdomyolysis than younger counterparts and this might be
due to existence of multiple risk factors for myopathy such as the use
of concomitant medication, the presence of some disorders such as
diabetes mellitus and small body frame [frailty], age related decline in
renal and hepatic function, which in turn increase the risk for muscle
complain in the elderly due to the increased levels of statin therapy,
thus statin -associated myopathy could negatively affect elderly
patients ability to perform daily activity and predisposing them to
more hospitalization, nursing home admission and increased mortality
among them.

Inconsistent with our findings, physical activity may exacerbate
muscle complaints associated with statins in different studies [24,25].
In PRIMO study for example, 20% of patients with muscle complaints
had reported recent physical activity [16]. Thompson et al in another
study had reported that CK elevation was observed in 62% and 72% of
sedentary individuals following downbhill treadmill exercise [at 24 and
48 hours, respectively] [26]. Moreover, the observation that, smokers
were less likely to experience muscle pain could be by the fact that
smokers are usually less physically active and they could not tolerate
exercise for long period. On the other hand, physicians should be aware
that many CK elevations during statin treatment are exercise related
and they should evaluate this possibility before permanently stopping
statin therapy.

One of the most common considerations for physicians prescribing
statin treatment is polypharmacy because patients with dyslipidemia
are more likely to be on multiple other medications for cardiovascular
disease [10]. Our study showed that concomitant use of statins with
Allopurinol and other medication increases the risk of developing
statin- induced myopathy by 2.18 for Allopurinol and 1.46 for other
medication, respectively. It is notable that although concomitant
medication per se was not associated with a significantly higher risk of
muscular symptoms in the PRIMO study [OR 1.15; 95%CI 0.48-1.34;
p=0.081], starting a new medication was identified as a triggering factor
for muscular symptoms by 30%of patients who reported potential
factors [16].

Although the risk for statin-induced muscle dysfunction increases
in patients prescribed multiple medications, it is difficult to predict the
probability of drug-interaction-related myopathy due to the variability
of patients’ sensitivity to statin levels.

The most common medication for statin drug interaction involves
the cytochrome p-450 system. Approximately 40%of all drugs [including
most statins] are metabolized by the cytochrome p-450 system. The
choice of statin in various patient groups requires consideration of other
factors, including statin potency and renal clearance, keeping in mind
that agent not requiring CYP3A4 metabolism including Pravostatin,
Fluvastatin and Rosuvastatin [CYP2C9] have theoretical advantages in
patients receiving multiple drug treatment [24,25].

This study was one of the few studies done in Jordan to assess the
prevalence and associated risk factors for statin-induced myopathy.

Limitations

The vast majority of the study patients were taking Atorvastatin so
we could not compare the rate of occurrence of muscular symptoms
with different kinds and doses of statins. It would have added more value
to our findings had neurophysiologic testing with electromyography.

Conclusions

Statin use is significantly associated with high prevalence of
musculoskeletal pain [27.9%]. Although many clinicians perceive
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myalgia as a minor, adverse effect but it could be a major obstacle to
treatment adherence.

Numerous approaches to the statin-intolerant patients have been
suggested, however, it is important to rule out secondary causes of
myopathy [physical activity, hypothyroidism, drug interactions].

The clinician can reduce the incidence of statin-myopathy by
assessing each patient for the most common risk factors for statin
myopathy and adjust the dose of statin or change it to another statin for
those at risk. Prospective studies on stratified large cohorts of patients
with variable demographic and disease characteristics are still needed
to better understand the prevalence, risk factors, and natural history of
statin-induced myopathy.
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