Clinical research

Statin-associated side effects in patients attending
a lipid clinic: evidence from a 6-year study

Fotios Barkas, Petros Adamidis, Amalia-Despoina Koutsogianni, George Liamis,
Evangelos Liberopoulos

Department of Internal Medicine, Faculty of Medicine, School of Health Sciences, Corresponding author:
University of loannina, loannina, Greece Dr Evangelos Liberopoulos

Faculty of Medicine
Submitted: 28 July 2021 School of Health Sciences
Accepted: 4 October 2021 University of loannina

45 110 loannina, Greece
Arch Med Sci Atheroscler Dis 2021; 6: e182-e187 Phone: +302651099265,
DOI: https://doi.org/10.5114/amsad.2021.111313 +302651007502,
Copyright © 2021 Termedia & Banach +306972022747

Fax: +302651007016
Abstract E-mail: vaglimp@yahoo.com,

elibero@uoi.gr
Introduction: There is conflicting evidence regarding the actual incidence
of statin-associated side effects in clinical practice. We aimed to record the
incidence of statin-associated side effects in the setting of a lipid clinic. We
focused on clinically relevant liver enzyme increase and statin-associated
muscle symptoms (SAMS).
Material and methods: This was a retrospective study including adult pa-
tients with dyslipidemia followed up for > 3 years in a university hospital
lipid clinic in Greece. We recorded the incidence of clinically relevant liver
enzyme increase (> 3 x upper limit of normal (ULN) on 2 occasions) and
SAMS (muscle crumps, creatine kinase (CK) increase > 10 x ULN and rhabdo-
myolysis) during follow-up.
Results: Among study participants (n = 1,334), 3.1% and 2.8% presented
with clinically relevant liver enzyme increase and SAMS at least once during
a median follow-up of 6 years (4-10). Only 11% (n = 5) of subjects with
a clinically relevant liver enzyme increase and 6% (n = 2) of those with
SAMS did not tolerate any statin at any dose. Most subjects with a history
of a clinically relevant liver enzyme increase or SAMS were eventually treat-
ed with a moderate- or high-intensity statin (76% and 80%, respectively)
or with combination treatment of a statin plus another lipid-lowering drug
(15% and 36%, respectively). No risk factors for these statin-associated side
effects were identified.
Conclusions: The incidence of statin-associated side effects is low in the
setting of a lipid clinic. The vast majority of these individuals were still able
to tolerate statin treatment.
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Introduction

Statins are the most commonly prescribed drugs nowadays and re-
main the cornerstone therapy in cardiovascular (CV) prevention [1].
Well-documented statin-associated side effects include new-onset di-
abetes, statin-associated muscle symptoms (SAMS), and liver enzyme
increase [1-3]. SAMS and clinically relevant liver enzyme increase are
the major causes of partial or total statin intolerance [2-4]. The actu-
al frequency of statin-associated side effects is uncertain and differs
between randomized controlled trials (RCTs) and observational studies
[2, 3]. Although more than 90% of patients with SAMS could eventually
be treated with statins, the rate of treatment withdrawal remains high
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[5], and is associated with a large increase in car-
diovascular morbidity and mortality [6, 7]. In this
regard, 2 randomized, double blind, placebo con-
trolled n-of-1 trials, the Self-Assessment Method
for Statin Side-effects Or Nocebo (SAMSON) and
Statin Web-based Investigation of Side Effects
(StatinWISE) trials, recently demonstrated that
a considerable proportion of subjects with SAMS
tolerated the re-initiation of statin therapy [8, 9].
In this context, we aimed to identify the inci-
dence of statin-associated side effects and ‘true’
statin intolerance in the setting of a lipid clinic. In
the present work, we mainly focused on clinically
relevant liver enzyme increase and SAMS.

Material and methods

This was a retrospective study including 1,334
consecutive adult patients with dyslipidemia who
attended the Outpatient Lipid Clinic of the Univer-
sity Hospital of loannina in Greece for > 3 years
(from 1999 to 2015) [10-13]. Our study protocol
was approved by the Local Institutional Ethics
Committee and informed consent was obtained
from each patient.

Study details have been previously published
[10-13]. All study participants were of Caucasian
origin. A complete assessment of clinical and lab-
oratory profile was performed at regular visits
during follow-up. Patient demographic and clinical
characteristics included: i) sex, ii) age, iii) smok-
ing, iv) follow-up duration, v) concomitant diseas-
es, with a particular emphasis on atherosclerotic
cardiovascular disease (ASCVD) and CV risk fac-
tors, vi) body mass index (BMI) and waist, and
vii) blood pressure. Laboratory data included:
i) fasting plasma glucose (FPG), ii) a complete
lipid profile, including total cholesterol (TC), tri-
glycerides (TG), high-density lipoprotein cholester-
ol (HDL-C) and low-density lipoprotein cholesterol
(LDL-Q), iii) creatinine, iv) creatine kinase (CK) and
v) liver enzymes, including aspartate transami-
nase (AST), alanine transaminase (ALT), y-glutamyl
transpeptidase (y-GT), alkaline phosphatase (ALP),
and total and direct bilirubin (TBIL and DBIL).

Concomitant therapy was additionally record-
ed, with a particular emphasis on lipid-lowering
drugs. The intensity of statin therapy was classified
as ‘high’, ‘moderate’ and ‘low’ based on the aver-
age expected LDL-C lowering of > 50, 30-50 and
< 30%, respectively [1].

Clinically relevant liver enzyme increase was
defined as persistent elevations in hepatic amino-
transferases (AST, ALT) by > 3 x upper limit of nor-
mal (ULN) (at least on 2 occasions) [2]. SAMS in-
cluded: i) myalgias (i.e. muscle pain and/or muscle
crumps), ii) marked elevation of creatine kinase
(CK) (> 10 x ULN), and iii) rhabdomyolysis (CK in-
crease > 40 x ULN associated with renal impair-

ment and/or myoglobinuria) [3]. The definition of
statin intolerance was based on the inability to
tolerate at least 2 different statins with one statin
at the lowest daily dose [3, 4]. Statin intolerance
may be total if no statin can be tolerated or partial
if some statin can be eventually given (e.g., inter-
mittent dosing).

The study was conducted according to the guide-
lines of the Declaration of Helsinki and approved
by the Ethics Committee of the University General
Hospital of loannina, Greece (220/23-05-2012).

Statistical analysis

Continuous variables were tested for normali-
ty by the Kolmogorov-Smirnov test and logarith-
mic transformations were performed if necessary.
Data are presented as mean + standard deviation
(SD) and median (interquartile range (IQR)) for
parametric and non-parametric data, respective-
ly. For categorical values, frequency counts and
percentages were applied. The x?* test was per-
formed for interactions between categorical val-
ues. The independent sample t-test (parametric
and non-parametric) was used for the comparison
of continuous numeric values between 2 groups.
One-way analysis of variance (one-way ANOVA)
was performed to assess the difference of the vari-
ables of interest between > 2 groups. Univariate
binary logistic regression analysis was performed
to investigate the association of a factor with the
investigated outcomes of interest. Multivariate lo-
gistic regression analysis was conducted using the
variables that were statistically significant in the
univariate analyses (backward conditional meth-
od was used). Associations with the outcomes of
interest are expressed as odds ratios (OR) with
accompanying 95% Cl. Two-tailed significance
was defined as p < 0.05. Analyses were performed
with the SPSS v21.0 software (SPSS IBM Corpora-
tion, Armonk, New York, USA).

Results

A total of 1,334 subjects were included in the
present study. Of those, 79% (n = 1,058) were sta-
tin-naive upon inclusion and were subsequently
prescribed a statin. During a median follow-up
of 6 years (4-10), 3.1% and 2.8% of participants
presented with clinically relevant liver enzyme in-
crease and SAMS at least once, respectively. There
was no difference between statin-naive patients
and those already on statin: 3.2% vs. 2.7%, p =
NS, for the incidence of relevant liver enzyme in-
crease, and 3.1% vs. 3.0%, p = NS, for the inci-
dence of SAMS.

Among those with SAMS, 2.0% of subjects
reported myalgias and 1.1% had increased CK >
10 x ULN. No significant differences were noted
between groups apart from the lower prescrip-
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Table 1. Clinical and laboratory data of study participants at last visit

[ml/min/1.73 m?]

Parameter Total popula- Subjects with Subjects with Subjects with
tion no adverse clinically rele- SAMS
effects vant liver en-
zyme increase
N 1,334 1,257 41 37
Sex (male) (%) 46 46 49 34
Age [years] 64 (55-73) 64 (55-72) 63 (54-74) 66 (58-78)
Follow-up [years] 6 (4-10) 6 (4-10) 5 (4-9) 5(3-11)
Atherosclerotic cardiovascular disease (%) 22 22 21 20
Familial hypercholesterolemia (%) 12 12 4 13
Type 2 diabetes (%) 19 19 8 17
Chronic kidney disease (%) 14 14 13 18
Hypertension (%) 70 71 72 66
Metabolic syndrome (%) 45 46 40 36
Hypothyroidism (%) 9 9 18 6
Smoking (%) 17 17 8 12
Body mass index [kg/m?] 28.3 (25.6-31.2) 28.3(25.8-31.1) 27.9 (26.2-31.2) 27.0 (24.9-30.8)
Waist [cm] 100 (91-107) 100 (91-107) 101 (93-110) 95 (89-102)
Systolic blood pressure [mm Hg] 129 (120-136) 129 (120-136) 128 (122-135) 130 (121-138)
Diastolic blood pressure [mm Hg] 78 (72-84) 78 (72-84) 77 (70-83) 77 (72-83)
Fasting plasma glucose [mg/dl] 98 (95-106) 98 (90-109) 96 (89-107) 97 (92-109)
Estimated glomerular filtration rate 75 (64-83) 74 (64-83) 77 (61-87) 70 (60-80)

Total cholesterol [mg/dl]

174 (151-198)

174 (151-198)

170 (157-197)

174 (148-206)

[mg/dl]

Triglycerides [mg/dl] 109 (82-149) 109 (83-148) 125 (90-162) 98 (73-146)
High-density lipoprotein cholesterol 53 (45-61) 53 (44-61) 50 (45-59) 53 (49-63)
[mg/dl]

Low-density lipoprotein cholesterol 96 (78-115) 95 (78-115) 96 (84-113) 96 (77-117)

Thyroid stimulating hormone [mIU/1]

1.23 (0.80-1.88)

1.23 (0.79-1.85)

1.41 (0.97-1.89)

1.34 (1.08-1.85)

Concomitant treatment

Lipid lowering therapy (%) 95 95 90 100
Statin (%) 92 92 89* 94
Type of statin, % (median dose):
Atorvastatin 40 (20 mg) 40 (20 mg) 44 (20 mg) 50 (20 mg)
Rosuvastatin 29 (20 mg) 29 (20 mg) 31 (20 mg) 26 (10 mg)
Simvastatin 19 (40 mg) 20 (40 mg) 10 (40 mg) 12 (40 mg)
Fluvastatin 3 (80 mg) 3 (80 mg) 5 (80 mg) 9 (80 mg)
Pravastatin 1 (40 mg) 1 (40 mg) 0 0
Intensity of statin therapy (%):
High-intensity 33 33 29 20
Moderate-intensity 50 50 47 60
Low-intensity 10 9 13 14
Ezetimibe (%) 24 24 13 34
Colesevelam (%) 1 1 3 3
Fibrates (%) 6 6 8 3
Statin combination therapy (%) 29 30 15 36
Omega-3 fatty acids (%) 4 4 3 3

*p < 0.05 for the comparison with subjects with no adverse effects. SAMS - statin-associated muscle symptoms, ULN — upper limit of normal.
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tion rates of high-intensity statins in patients
with a history of relevant liver enzyme increase or
SAMS (Table I).

Only 11% (n = 5) of subjects with a history of
relevant liver enzyme increase and 6% (n = 2) of
those with SAMS did not tolerate any statin at any
dose (total statin intolerance).

Most subjects with a history of relevant liver
enzyme increase or SAMS were eventually treat-
ed with a moderate- or high-intensity statin (76%
and 80%, respectively for the 2 groups) or with
combination of a statin with another lipid-lower-
ing drug (15% and 36%, respectively, Table I).

The statin-treated subjects with SAMS had
higher CK levels compared with subjects with
a history of relevant liver enzyme increase or no
side effects (Table I1). No risk factors for these sta-
tin-related side effects were identified (Table I11).

Discussion

The present study shows that the incidence of
statin-associated clinically relevant liver enzyme
increase and SAMS is low in the setting of a lipid
clinic. Most subjects with a history of relevant liver
enzyme increase or SAMS were eventually treated
with a statin with or without a second lipid-low-
ering drug.

Although RCTs have provided reassurance re-
garding statin safety, these have included specif-
ic patient populations fulfilling certain inclusion
and exclusion criteria and treated for a relatively
short duration. In this context, the incidence of
statin-associated side effects may be higher in
unselected populations treated in clinical practice.
Relevant liver enzyme increase and SAMS are the
most frequent statin-associated side effects [2-4].
Although a variety of risk factors have already
been established [3, 14], we could not find any
significant predictors for statin-associated side ef-
fects in this study. This may be partially explained
by its small sample size and the low actual inci-
dence of statin-associated side effects.

Although true statin-induced hepatotoxicity
is extremely rare (1.2 per 100,000 patients) [15],
liver enzymes might increase in clinical practice
[2, 4]. Indeed, asymptomatic elevation of liver
transaminases occurs in 0.5-2.0% of patients on
any statin therapy, usually within 3 months of
treatment initiation [2, 4]. These elevations have
a clear dose-response relationship, but are tran-
sient and usually normalized with ongoing thera-
py [16]. Clinically relevant liver enzyme increase is
rare. An analysis of 49 RCTs (n = 14,000) demon-
strated persistent elevations in hepatic transami-
nases (> 3 x ULN) in 0.1%, 0.6%, and 0.2% of pa-

Table Il. Safety profile of statin-treated subjects at last visit

Parameter Total population  Subjects without Subjects with Subjects with
side effects relevant liver SAMS
enzyme increase
Aspartate aminotransferase [U/] 23 (20-27) 23 (20-27) 25 (20-28) 24 (19-27)
Alanine aminotransferase [U/] 22 (17-29) 22 (17-29) 23 (17-29) 23 (16-27)
y-glutamyltranspeptidase [U/(] 18 (13-27) 18 (13-27) 17 (13-23) 19 (12-28)
Alkaline phosphatase [U/l] 58 (48-73) 58 (48-73) 60 (47-75) 58 (51-68)
Creatine kinase [U/1] 106 (78-156) 104 (77-156)* 121 (79-150)* 134 (108-211)
Total bilirubin [mg/dl] 0.7 (0.6-0.9) 0.7 (0.58-0.9) 0.8 (0.7-0.9) 0.7 (0.4-0.9)

Direct bilirubin [mg/dl] 0.13 (0.10-0.18)

0.13 (0.10-0.18)  0.16 (0.12-0.17)  0.14 (0.09-0.17)

*P < 0.05 for the comparison with the subjects with SAMS. SAMS — statin-associated muscle symptoms.

Table Ill. Risk factors of relevant liver enzyme increase or statin-associated muscle symptoms

Parameter

0Odds ratio (95% confidence interval)

Sex (male)

0.82 (0.51-1.32)

Age, per 1-year increase

1.007 (0.998-1.027)

Type 2 diabetes

0.59 (0.29-1.21)

Chronic kidney disease 1.17 (0.55-2.51)
Hypothyroidism 1.40 (0.68-2.89)
Heavy drinkers 0.76 (0.46-1.25)
Body mass index, per 1-kg/m?increase 1.00

Waist, per 1-cm increase

1.00 (0.95-1.05)

Estimated glomerular filtration rate, per 1-ml/min/1.73 m?increase

0.99 (0.98-1.01)

Thyroid stimulating hormone, per 1-mIU/l increase

0.95 (0.73-1.22)
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tients treated with atorvastatin 10 mg, 80 mg, and
placebo, respectively. The incidence of relevant liv-
er enzyme increase noted in this study is higher
than previously described in statin trials [17]. This
could be attributed to its longer follow-up com-
pared with statin trials, and the enrollment of an
unselected population, including elderly subjects
with many comorbidities.

SAMS are the most common side effects [3].
Statins may decrease mitochondrial function,
attenuate energy production, and alter muscle
protein degradation, thereby resulting in muscle
symptoms [3]. Statin-associated marked CK eleva-
tion (> 10 x ULN) is a rare but serious side effect
affecting 1 : 1,000-10,000 statin-treated patients
[3]. Rhabdomyolysis is even less frequent (0.01%)
[4]. However, muscle symptomes, such as pain, stiff-
ness, tenderness or cramps, are more common
and are usually associated with normal or slightly
elevated CK [3]. In contrast to RCTs, patient regis-
tries and post-market reports indicate that 7-29%
of patients report SAMS [1-3]. Herein, we report
a much lower SAMS frequency (2.8%). A possible
explanation is that this study was conducted in
the setting of a lipid clinic. Specialized physicians
could carefully assess related symptoms, and
thus reported a lower incidence of SAMS. Also,
compliance with treatment may be better in this
setting. The Effects of Statins on Muscle Perfor-
mance (STOMP) trial, the first randomized, dou-
ble-blinded, placebo-controlled trial investigating
the effect of atorvastatin 80 mg on SAMS in 420
statin-naive subjects, showed a higher prevalence
of myalgias in statin-treated subjects compared
with placebo (9.4% vs. 4.6%, p = 0.054) [18]. An
analysis from the Anglo-Scandinavian Cardiac
Outcomes Trial-Lipid-Lowering Arm (ASCOT-LLA)
showed that the reporting annual rate of muscle
adverse events did not differ between atorvas-
tatin and placebo (2.03% vs. 2.00%, p > 0.05) in
the blinded phase, but was higher among statin
users than non-users in the non-blinded phase
(1.26% vs. 1.00%, p = 0.006) [19]. Likewise, the
rates of treatment withdrawal due to SAMS in the
ODYSSEY ALTERNATIVE trial, which included 361
statin intolerant patients, were 16% in the ali-
rocumab group, 20% in the ezetimibe group,
and 22% in the atorvastatin group [20]. In the
double-blind phase, ‘statin-intolerant’ patients
withdrew treatment at similar rates regardless
of treatment group allocation, whereas most pa-
tients could tolerate atorvastatin [20]. GAUSS-3
showed that 42.6% of ‘statin-intolerant’ patients
reported intolerable SAMS with atorvastatin but
not with placebo, whereas 26.5% of patients re-
ported SAMS with placebo but not with atorvasta-
tin [21]. This actually meant that true SAMS were
seen in 4 out of 10 patients previously character-
ized as ‘statin intolerant’ [21]. Therefore, it seems

that a large proportion of statin-associated effects
may be attributed to the ‘nocebo’ effect.

According to a double-blind, three-group, n-of-1
trial, the SAMSON study, 50-57% of patients who
had previously discontinued statins due to side
effects (n = 60) were able to resume long-term
statin therapy [8]. In the same context, the Stat-
inWISE study, a series of n-of-1 trials (n = 200),
demonstrated similar rates of intolerable muscle
symptoms during a statin and placebo period (9%
vs. 7%), whereas two thirds of those completing
the trial successfully initiated long-term statin
therapy [9]. In line with these trials, the vast ma-
jority (91%) of our study participants with pre-
vious statin-associate side effects were able to
tolerate statin therapy.

The retrospective design is the major limitation
of this study. No specific protocol regarding the re-
port of side effects and statin dechallenge/rechal-
lenge existed. The lack of data on comorbidities
predisposing to increased risk for musculoskeletal
symptoms or dedicated questionnaires for SAMS
could have influenced our results.

On the other hand, this study had a long fol-
low-up of 6 years in a real-world outpatient lip-
id clinic. Our results showing a low incidence of
‘complete statin intolerance’ underline the impor-
tance of careful assessment of statin-associated
symptoms. Physicians should persist in the con-
tinuation or re-initiation of statin therapy in such
patients and ensure best adherence to treatment.

In conclusion, the present study conducted in
the setting of a lipid clinic with a long follow-up
confirms that the incidence of clinically relevant
liver enzyme increase and SAMS is low in clinical
practice. Most patients can be eventually treated
with a statin even if reporting statin-associated
side effects.
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