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Statins

Statins are a class of drugs used to lower total and low-density lipoprotein (LDL)-choles-
terol. Clinical trials performed over the last 25 years have shown that these agents are
effective in improving cardiovascular outcomes in several different clinical settings.
However, in some cases statin treatment may be associated with significant side effects
and adverse reactions. The occurrence of these adverse events during statin therapy may
cause discontinuation of treatment, and hence the impossibility of achieving recom-
mended lipid goals. The clinical condition in which patients experience major unaccept-
able symptoms and/or develop laboratory abnormalities during statin therapy is defined
as statin intolerance. This document outlines the diagnostic and therapeutic pathways for
the clinical management of patients with hypercholesterolaemia and statin intolerance.

Introduction

Statins are drugs registered for the treatment of hypercho-
lesterolaemia. The clinical effect of these drugs is mainly
linked to a reduction of the plasmatic level of total
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cholesterol and of the low-density lipoprotein (LDL) frac-
tion which has a central role in the genesis of atheroscler-
otic cardiovascular disease. A reduction in plasmatic lipid
levels is obtained by inhibition of hepatic3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase, the key
enzyme in cholesterol biosynthesis. Depletion of hepatic
intracellular cholesterol triggers an increase in the expres-
sion of surface receptors for plasmatic LDL-cholesterol
(LDL-C) which facilitates its removal from the plasma. The
result is a reduction in the plasmatic cholesterol level due
to reduced synthesis and increased catabolism.1

There are differences among statins in terms of pharma-
cokinetics, metabolism, excretion route, and efficacy in
decreasing plasmatic cholesterol. Simvastatin and lovasta-
tin are both given as prodrugs, whereas other statins are
taken in the active form. Pravastatin and rosuvastatin are
hydrophilic compounds, but other statins are lipophilic.
Lipophilic compounds are metabolized in more hydrophilic
compounds as the latter are better able to be eliminated
via urinary excretion. Instead, hydrophilic statins are elimi-
nated without being metabolized, thus resulting in less
inter-drugs interactions. Excluding pravastatin and rosu-
vastatin, all the other statins are metabolized in the liver
by the isoenzymes of cytochrome P450 (Table 1).

The introduction of these drugs in clinical practice has
radically changed management of patients with high car-
diovascular risk, both in primary and secondary prevention.
In all clinical studies conducted in the last 25 years, the re-
duction of cholesterolaemia values obtained by statins has
always been linked with a significant reduction in athero-
sclerotic cardiovascular morbidity.1,2 The clinical effect of
statins seems independent of the molecule used, being in-
stead completely ascribable to the statin’s efficacy in
reducing LDL-C levels.1,2 Meta-analysis shows that each
1mmol/L (40mg/dL) LDL-C reduction, regardless of the
statin used, reduces the relative risk of ischemic cardiac
events by 25%, the relative risk of all-cause mortality by
10%, and the ictus risk by 17%.1,2 Being a relative risk re-
duction, the clinical benefit of statin therapy is independ-
ent of single patient characteristics. The probability of
adverse cardiovascular events decreases proportionally to
the initial risk profile, therefore the higher the initial car-
diovascular risk, the more considerable the benefit.

Scientific evidence shows a progressive increase in both
prescription and pharmaceutical expense for statins in

western countries. In Italy, for example, the statin con-
sumption in 2014 reached a defined daily dose of 66 per
1000 inhabitants per day, which reflects an approximately
4% increase in consumption as compared to the previous
year.3 Data analysis of pharmaceutical expense covered
by public insurance shows that statins have an overall cost
of 646 million euros for the Italian National Health Service
(SSN) with a total cost of about 11 euros per person
per year.3 This cost is quite high considering the lack of pa-
tent protection on almost all of these drugs. On the whole,
statins account for 3.2% of total SSN pharmaceutical
costs.3

Safety and tolerability of statin therapy

Statins have proven to be safe in the great majority of pa-
tients who use them. However, like all drugs, they are not
completely without adverse reactions and side effects. The
onset of these negative events is the main reason for insuf-
ficient adherence to statin treatment and for the resulting
failure to meet therapeutic targets. Statin side effects are
linked to fourmain risk factors.4–6

(1) Statin dose: as for all drugs, side effects depend on
the dose used and have been observed especially
during the so-called ‘intensive treatment’, when
high doses of lipophilic statins are used (atorvasta-
tin and simvastatin).

(2) Exogenous factors: alcohol consumption and exces-
sive physical activity may cause myalgia and an
increase in muscle enzyme levels during statin
treatment.

(3) Endogenous factors: advanced age, female gender,
and low body weight are all conditions that can pre-
dispose patients to statin side effects, especially in
cases of systemic disease (renal and hepatic dys-
functions, untreated hypothyroidism) and congeni-
tal metabolic muscle disease (McArdle disease,
carnitinepalmitoyl transferase II deficiency). A
complete list of endogenous and exogenous factors
associated with statin side effects is reported in
Table 2.

(4) Drug interaction: 58% of the most severe side ef-
fects are linked to an interaction with concomitant
drugs and occur mostly in cases where statins

Table 1 Clinical pharmacokinetics of the statins

Atorvastatin Fluvastatin Lovastatin Pravastatin Rosuvastatin Sinvastatin

Dose, mg 10–80 40–80 20–40 20–40 5-40 10–40
LDL-c reduction, % 30–55 25–35 25–35 25–35 35–60 25–40
Optimal time of administration Any time Evening With meals Evening Any time Evening
Absorption 30% 98% 30% 40% 50% 70%
Solubility Lipophilic Lipophilic Lipophilic Hydrophilic Hydrophilic Lipophilic
Primary metabolic pathway-cytochromes CYP3A4 CYP2C9 CYP3A4 CYP3A4-minimal CYP2C9-minimal CYP3A4
Metabolites Active Inactive Active Mainly inactive No Active
Renalexcretion 2% 6% 30% 60% 10% 15%
Hepaticexcretion 90% 90% 70% 40% 90% 85%

LDL-C, low-density lipoprotein-cholesterol.
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metabolised by cytochrome P450 were used.
Therefore, concomitant use of drugs known to
interact with statins has to be carefully evaluated.
Table 3 reports the list of interacting drugs.

Muscle-related adverse effects
The most prevalent side effects associated with statin
treatment are musculoskeletal complaints referred to in
scientific literature as statin-associated muscle symptoms
(SAMS). Muscle pain can be persistent and symmetrical,
typically involving proximal limb muscles and often associ-
ated with weakness and stiffness.4,7,8 Myalgia usually
occurs at the beginning of statin treatment (within the first
4weeks to 6months of statin exposure), has a widely vari-
able intensity, and, in the majority of cases, occurs without

an increased plasmatic level of cytolysis muscle markers,
such as creatine kinase (CK).4,7,8

A mild increase in CK levels can also be observed in the
absence of myalgia. In rare cases ‘myopathy or myositis’
(the presence of myalgia with a CK elevation typically
10-fold higher than the normal upper limit of normal) or
‘rhabdomyolysis’ (muscle symptoms associated with a CK
level >10 000U/L or 40-fold higher than the normal upper
limit, myoglobinuria, and acute renal failure) can
occur.4,7,8

Overall diagnosis of statin muscle injury can be challeng-
ing in clinical practice. To overcome these difficulties, sev-
eral criteria for defining myopathy induced by statins have
been proposed. The recent European Atherosclerosis
Society Consensus Panel4 avoiding the use of the term ‘in-
tolerance’, suggests classifying SAMS based on symptoms
and the increase of the CK plasmatic level. Based on these
criteria several distinct cases can be identified (Table 4).
Over the last 25 years, clinical trials have reported a

SAMS incidence of approximately 13% in both patients who
received statins and in those who received a placebo9

(Table 5). Rhabdomyolysis has seldom been observed, with
a rate of 0.03% in patients treated with statins and of 0.02%
in patient treated with placebo. Withdrawal of treatment
due to muscle problems has been reported in about 0.5% of
participants, with a rate of 0.49% in patients treated with
statins and of 0.47% in patients treated with a placebo.
However, it must be highlighted that in themajority of clin-
ical trials, SAMS are not systematically evaluated and there
is a lack of a standard definition for myalgia and myopathy.
Furthermore, CK values during treatment are often not ad-
equately collected and reported.9

Data gathered from the real world depicts a different
scenario than that reported in clinical trial. Based on ob-
servational studies, it has been estimated that 25–30% of
patients starting statin treatment develop SAMS during fol-
low-up.10,11 These adverse events lead to treatment dis-
continuation in the majority of cases.10 In patients who
had significant complaints or considerable CK elevation,
the treatment is often withdrawn permanently.10,11

However, the majority of patients who suspend statin

Table 2 Exogenous and endogenous risk factors for statin
side effects

Risk factors

Anthropometric Advanced age
Female sex
Small body weight
Asian ethnicity

Concomitant disease Acute infections
Hypothyroidism
Chronic kidney disease
Liver cirrhosis
Biliary tree obstruction
Hepatitis C virus infection
Vitamin D deficiency

Medical history Previous evidence of CK elevation
History of muscle pain
Neuromuscular disease
History of statin adverse reactions

Other factors Drug addiction
Alcohol abuse
Strenuous exercise
Grapefruit juice consumption

CK, creatine kinase.

Table 3 Main drug–statin interactions

Drugs Statin to use or to avoid

Fibrates (fenofibrate) Treatment with statins is possible but it is necessary to
check CK level because of the myopathy risk

Cyclosporine Statin use not recommended
Antifungals (azoles) Statin use not recommended
Macrolide antibiotics Statin use not recommended
Proteaseinhibitors Therapy is possible with pravastatin
Amiodarone Use of simvastatin and lovastatin not recommended
Dronedarone Use of simvastatin and lovastatin not recommended
Non-dihydropyridine
calcium channel blockers

Use of simvastatin not recommended

Ranolazine Use of simvastatin not recommended

CK, creatine kinase.
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therapy because of SAMS eventually restart the treatment
with a different statin without developing further compli-
cations.10,11 Discrepancy between real world and clinical
trial data might be explained, at least in part, by patient
selection criteria in clinical trials which often excludes sub-
jects with a concomitant disease potentially predisposing
them to statin adverse events. However, rhabdomyolysis
incidence in the real world is very low, similar to the 0.01%
incidence found in clinical trial.12

In closing, several clinical conditions can be associated
with muscle problems and biochemical abnormalities simi-
lar to those typical of statin myopathy (Table 2). Among
these conditions are advanced age, severe chronic renal
disease, untreated hypothyroidism, vitamin D deficiency
and neuromuscular disease.4–6 Furthermore, unfavourable
interaction with several drugs may also be relevant in clin-
ical practice, increasing plasmatic concentration of statins
and the risk of adverse reactions4–6 (Table 3).

Abnormalities in hepatic function
Asymptomatic alteration in hepatic function tests (trans-
aminases elevation >3 higher than the normal upper limit)
has been found in 0.5–2% of patients treated with statins.13

These abnormalities are more common in patients who
take higher statin doses and usually occur within the first
4–12weeks of treatment.14 In most cases, hepatic abnor-
malities are ascribable to adverse drug–drug interactions
rather than to statin toxicity.14 In clinical practice, detec-
tion of a hepatic alteration almost unavoidably leads to sta-
tin discontinuation.15

Other adverse reactions and side effects
Although SAMS and asymptomatic alterations in hepatic
function are the most frequent adverse events during sta-
tin treatment, other side effects can be observed with a
much lower frequency5 (Table 6).

How to define statin intolerance in clinical
practice

During statin treatment, the occurrence of the adverse
events previously described might require a dosage change
(lowering the dose or reducing the dosage frequency) or
treatment discontinuation, either temporarily or perman-
ently. In clinical practice, the term ‘statin intolerance’ (SI)
refers to the occurrence of clinically significant side effects
or adverse reactions that cause treatment discontinuation.
To date, a consensus on a standardized definition of SI does
not exist in Italy. This void has very relevant clinical and
normative implications, one of which being the employ-
ment of new non-statins cholesterol-lowering agents
(PCSK-9 inhibitors) which would potentially be useful in
case of SI. In general, SI can be defined as a condition in
which unacceptable patient symptoms or biochemical

Table 4 Definitions of statin-associated muscle symptoms according to the European Atherosclerosis Society EAS Consensus Panel

Symptoms Biomarkers Comment

Muscle pain, weakness,
cramps

Normal CK Usually named ‘myalgia’—causal relationship with statin treatment not
always certain or obvious. Detailed clinical assessment is advisable.

Muscle pain, weakness,
cramps

CK>ULN <4� ULN Muscle symptoms associated with modest CK increase are often ascribable
to physical activity. A detailed clinical study (thyroid function check)
and cardiovascular risk reassessment are advisable. Statin discontinu-
ation may be indicated.

Muscle pain, weakness,
cramps

CK> 4 <10� ULN Condition associated with higher risk of clinically significant muscle prob-
lems. Statin discontinuation is appropriate.

Muscle pain, weakness,
cramps

CK> 10� ULN Indicated as ‘myositis’ or ‘myopathy’ by international regulatory agencies.
It has an incidence of about 1 per 10 000 per year. Intense proximal
muscle pain associated with loss of strength. It is often associated with
underlying muscle disease. Statin discontinuation is necessary.

Muscle pain, weakness,
cramps

CK> 40� ULN Referred to as rhabdomyolysis if associated with impairment of kidney
function and/or myoglobinuria

Absent CK >ULN < 4� ULN CK elevation found incidentally during statin treatment. Useful to assess
thyroid function and the possibility of an exercise-related CK elevation.

Absent CK> 4� ULN Unclear clinical significance. Repeated checks of CK value end accurate
clinical evaluation are necessary.

CK, creatine kinase; ULN, upper limit of the normal range.

Table 5 Incidence of muscle problems associated with
statins in clinical studies9

Variables Statin
group (%)

Placebo
group (%)

P-value

Any muscle problems 12.7 12.3 0.06
CK> 5� ULN 0.3 0.1 0.11
CK> 10� ULN 0.2 0.1 0.28
Rhabdomyolysis 0.03 0.02 0.48
Treatment discontinuation
because of muscle symptoms

0.49 0.46 0.75

CK, creatine kinase; ULN, upper limit of the normal range.
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parameter alterations occur during statin treatment which
suggests a significant clinical risk. Both symptoms and bio-
humoral abnormalities should be reversible and conclu-
sively linked to statin treatment. The occurrence of these
events can lead to therapy discontinuation.16 In the major-
ity of cases, SI is characterized by disabling symptoms per-
ceived as unacceptable by patients which leads to the
discontinuation of treatment. Cases in which SI is related
to the occurrence of asymptomatic alterations in labora-
tory parameters are less frequent. Nevertheless, in a non-
negligible percentage of cases statins are withdrawn by a
physician because of an overstated perception of clinical
risk associated with the treatment, even when relevant
clinical complications are absent.15–17 The correct identifi-
cation of an actual condition of SI is particularly important
in order to avoid unnecessary treatment discontinuation.
Statin withdrawal can expose at-risk patients to adverse
cardiovascular events.15–17

The international definitions
In recent years, several scientific and professional associ-
ations have aimed to establish a more concrete definition of
the clinical condition termed SI. Various definitions have
been proposed for this complex phenomenon.16–19 Of particu-
lar interest is the work published on the SI issue by the
CanadianWorking Group Consensus Conference on Diagnosis,
Prevention, and Management of Statin Adverse Effects and
Intolerance in 2013.18 The Canadian working group proposes
defining SI as a clinical syndrome characterized by:

(1) Inability to use statins for reduction of LDL-C and
cardiovascular risk because of symptoms or bio-
marker abnormalities that are temporally linked
to starting or increasing dose of treatment.
Correlation between symptoms or laboratory alter-
ations and statins can be confirmed by treatment
withdrawal and rechallenge.

(2) SI can be either ‘complete’ (intolerance to any sta-
tin at any dose) or ‘partial’ (intolerance to some
statins at some doses).

(3) Symptoms or laboratory alterations not ascribable
to modifiable clinical conditions (such as concomi-
tant disease, drug interactions).

In 2014, the National Lipid Association (NLA) of the USA
also presented a document on SI,19 which proposes iden-
tifying SI in light of all symptoms, signs and laboratory
abnormalities attributed by the patient or by the physician
to statin therapy. Symptoms are perceived by the patient
as disabling when they interfere with normal daily activ-
ities, leading to a discontinuation or reduction of the treat-
ment dose. In some cases, the decision to discontinue or
reduce the treatment dose can be made by a physician due
to the occurrence of asymptomatic laboratory abnormal-
ities (increase of CK or transaminases values) suggesting a
significant risk of adverse events. The NLA highlights the
need for assessing each individual case in depth, taking
into account every aspect of physician–patient communica-
tion, and supporting a patient-centred approach. The NLA
discourages the discontinuation of treatment for a sympto-
matological framework which is not actually ascribable to
a possible statin toxicity. Furthermore, the NLA proposes a
pragmatic and actionable definition:

Statin intolerance is a clinical syndrome charac-

terized by the inability to tolerate at least 2 sta-

tins: one statin at the lowest starting daily dose

AND another statin at any daily dose, due to ei-

ther objectionable symptoms (real or perceived)

or abnormal lab determinations, which are tem-

porally related to statin treatment and reversible

upon statin discontinuation, but reproducible

by re-challenge with other known determinants

being excluded (such as hypothyroidism, inter-

acting drugs, concurrent illnesses, significant

changes in physical activity or exercise, and

underlying muscle disease). Specifically, the low-

est starting statin daily dose is defined as rosu-

vastatin 5 mg, atorvastatin 10 mg, simvastatin

10 mg, lovastatin 20 mg, pravastatin 40 mg, flu-

vastatin 40 mg, and pitavastatin 2 mg.

Operational summary for clinical practice
Inmany cases, theremay be difficulties inmaking an accur-
ate diagnosis of SI. A simplified approach focusing on the
identification and characterization of this condition can be
very useful in clinical management of these cases. A diag-
nosis of SI should be considered in the presence of muscle
symptom characteristics, the occurrence of CK and/or
transaminase elevation, and their temporal association
with statin use, discontinuation, and rechallenge.
We propose the following definitions:

(1) ‘Muscle statin intolerance’: the patient complains
of clinically relevant muscle symptoms, with or

Table 6 Possible side effects associated with statin
treatment

Organ/system Side effects

Respiratory system Risk of interstitial lung disease
increased by about 0.01%

Risk of upper respiratory tract
infection increased by 1%

Nervous system Headache increased by 2–17%
Dizziness increased by 1–4%
Asthenia increased by 1–4%

Endocrine Increase of the relative risk of diabetes
mellitus. One extra case every 255
patients after four years of
treatment

Eye Possible increase of cataract risk
Gastrointestinal
tract

Constipation risk increased by 1–5%
Dyspepsia risk increased by 1–5%

Diagnostic–therapeutic pathway in patients with hypercholesterolaemia and statin intolerance D59
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without significant CK increase, which disappear
when the treatment is withdrawn and recur after
the rechallenge;

(2) ‘Hepatic statin intolerance’: the patient has a sig-
nificant transaminase elevation of (>3 fold higher
the normal upper limit) that disappears when sta-
tins are withdrawn and recurs after the
rechallenge;

(3) ‘Complete statin intolerance’: the adverse reac-
tions occur with all statins at any dose;

(4) ‘Partial statin intolerance’: the patient can tolerate
a reduced dose of any statin.

Diagnostic–therapeutic pathway in patients
with muscle statin intolerance

In the event that a patient complains of muscle symptoms
during statin treatment, it is necessary to first of all check
the CK levels (Figure 1). In general, it is always advisable to
assess CK values before starting treatment with any statin.

If high CK levels are found (CK values in the rhabdo-
myolysis range) it is necessary to withhold drug intake,
carefully monitor renal function, and, if need be, to ar-
range hospitalization. When CK values are >4 times higher
than the normal upper limit, it is recommended to stop the
drug and evaluate the presence of factors that increase
myopathy/myalgia risk.1 More specifically, it is necessary
to exclude the presence of hypothyroidism, rheumatic
polymyalgia, osteo-articular disease, or recent intense
physical activity. If there are not secondary causes, a
rechallenge, using the same statin previously used or a dif-
ferent one based on the pharmacokinetic characteristics,
is encouraged. In the event that muscle symptoms recur
(regardless of whether or not they are associated with CK
increase), the presence of an SI can be considered
confirmed.

The management of patients with ‘confirmed SI’ should
contemplate:

(1) a further attempt at prescribing another statin, dif-
ferent from that/those initially used (hydrophilic vs
lipophilic molecules) and/or with different metab-
olism (CYP3A4 o CYP2C9), starting with a minimum
dosage then increasing the dose until the optimal
dose is achieved;

(2) prescription of a low statin dose combined with
ezetimibe (intestinal cholesterol absorption
inhibitor);

(3) prescription of statins with longer half-life (atorvas-
tatin and rosuvastatin) administered on alternate
days or every 2 days at low/minimum dosages;

(4) ezetimibe prescription as monotherapy or com-
bined with nutraceuticals, based on the target of
LDL-c reduction.

The sequence of these interventions must take into ac-
count the relative efficacy of single options. Indeed, using
ezetimibe or nutraceutical allows only a modest LDL-c re-
duction when compared to statin treatment. In conclusion,
an additional possibility is offered by the new non-statin
lipid lowering agents, particularly the PCSK9 protein

inhibitors. However, to date the cost of these drugs (aliro-
cumab and evolocumab) is not covered by the SSN in Italy.

Diagnostic–therapeutic pathway in patients
with hepatic statin intolerance

It should be take into account that an increase of trans-
aminases values <3 times the normal upper limit is not a
contraindication to statin therapy (Figure 2). Several pa-
tients with diabetes, metabolic syndrome, or obesity have
transaminases values fluctuating around 1–3 times the nor-
mal upper limit values20 because of a non-alcoholic steato-
hepatitis. In the case that an increase>3 times the normal
value occurs during statin treatment, it is recommended to
discontinue the drug. There is not a consensus on when the
best time is to recheck transaminases values. In some clin-
ical trials with statins, hepatic function tests were re-
checked after 2–3weeks, and in 70% of these cases the
values had normalized. Some authors suggest repeating
the tests after 6weeks.21

After verifying the absence of other factors which could
be responsible for transaminase increases, a rechallenge
should be considered in which the new intake of a statin is
prescribed (either the same previously used, or a different
one based on pharmacokinetic characteristics). If a trans-
aminase increase reoccurs, different options should be
contemplated. Since a greater incidence of hepatic abnor-
malities occurs when higher statin doses are used, it may
be more appropriate to prescribe low doses or non-daily
dosing regimens. Transaminase levels should be checked
monthly during the first 3–4months, and then every
3months thereafter. In addition, the use of statins not
metabolized in the liver (rosuvastatin or pravastatin) or
non-statin compounds may also be considered.

Conclusions

Currently, statins remain a mainstay of hypercholestero-
laemia treatment and it is not ethical to deny this therapy
to patients with high or very-high cardiovascular risk (like
those with diabetes or documented cardiovascular dis-
ease). On the other hand, the use of this ‘lifesaving’ treat-
ment in cases of SI opposes the basic therapeutic principle
of not causing damage (primum non nocere). Therefore, it
is fundamental to implement unanimous and unambiguous
procedures which can guarantee the continuation of an op-
timal lipid-lowering treatment complying with patient
safety needs. The diagnostic–therapeutic pathways pro-
posed in this document represent a summary of the current
knowledges and of the best available clinical procedures.
In conclusion, it is necessary to point out that the diagnos-
tic–therapeutic pathway of each individual patient with SI
must be completely and accurately documented. In par-
ticular, the rechallenge procedure must be sufficiently
verified and each therapeutic change duly recorded. These
precautions can safeguard the maximum appropriateness
and ensure transparency in public health care resource al-
lotment, especially in light of the high cost of prospective
new non-statin drugs.
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Figure 1 Diagnostic–therapeutic pathway in the patient with muscle statin intolerance. CK, creatine kinase; ULN, upper limit of the normal range.
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Figure 2 Diagnostic–therapeutic pathway in the patient with hepatic statin intolerance. ULN, upper limit of the normal range.
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