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Aim. Statin-associated muscle symptoms (SAMS)
are a major determinant of poor treatment adher-
ence and/or discontinuation, but a definitive diag-
nosis of SAMS is challenging. The PROSISA study
was an observational retrospective study aimed to
assess the prevalence of reported SAMS in a cohort
of dyslipidaemic patients.

Methods. Demographic/anamnestic data, biochemi-
cal values and occurrence of SAMS were collected
by 23 Italian Lipid Clinics. Adjusted logistic regres-
sion was performed to estimate odds ratio (OR) and
95% confidence intervals for association between
probability of reporting SAMS and several factors.

Results. Analyses were carried out on 16 717 statin-
treated patients (mean � SD, age 60.5 �

12.0 years; 52.1% men). During statin therapy,
9.6% (N = 1599) of patients reported SAMS.
Women and physically active subjects were more
likely to report SAMS (OR 1.23 [1.10–1.37] and OR
1.35 [1.14–1.60], respectively), whist age ≥ 65 (OR
0.79 [0.70–0.89]), presence of type 2 diabetes
mellitus (OR 0.62 [0.51–0.74]), use of concomitant
nonstatin lipid-lowering drugs (OR 0.87 [0.76–
0.99]), use of high-intensity statins (OR 0.79
[0.69–0.90]) and use of potential interacting drugs
(OR 0.63 [0.48–0.84]) were associated with lower
probability of reporting SAMS. Amongst patients
reporting SAMS, 82.2% underwent dechallenge
(treatment interruption) and/or rechallenge
(change or restart of statin therapy), with reap-
pearance of muscular symptoms in 38.4% (3.01%
of the whole cohort).

Conclusions. The reported prevalence of SAMS was
9.6% of the whole PROSISA cohort, but only a
third of patients still reported SAMS after
dechallenge/rechallenge. These results emphasize
the need for a better management of SAMS to
implement a more accurate diagnosis and treat-
ment re-evaluation.

Keywords: adverse effects, myopathy, statin-associ-
ated muscle symptoms, statins.

Introduction

Statins are the cornerstone of pharmacological
therapy for low-density lipoprotein cholesterol
(LDL-C) lowering and play a pivotal role in the
prevention and treatment of coronary heart disease

and other cardiovascular (CV) diseases [1].
Although statins are generally safe and well toler-
ated, not all patients are able to use them at the
recommended dose [2]. Indeed, all statins are
associated with some adverse effects (AE) including
muscle-related AE, hepatic or gastrointestinal AE,
especially at higher doses, which could lead
patients to discontinue or interrupt the statin*The members of PROSISA Study Group are listed in Appendix 1.
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treatment [3]. The problem of ‘statin intolerance’,
defined as the inability to tolerate a dose of statin
required to appropriately reduce a patient’s CV
risk, represents a relevant health issue [4], partic-
ularly in secondary prevention.

The most frequent cause of intolerance is repre-
sented by statin-associated muscle symptoms
(SAMS) [5]. Almost 30% of subjects on statin
therapy complain of muscle symptoms [5], and
SAMS are reported as the primary reason for statin
nonadherence and discontinuation by 60% of
patients who interrupt the therapy [6,7]. SAMS
include myalgia, myopathy, myositis and muscle
injury in some instances leading to rhabdomyoly-
sis. Defining SAMS is further compounded by no
current consensus on the terminology to be used,
because the terms myalgia, myositis and myopathy
are often interchanged and misused [5]. Moreover,
increased plasma levels of creatine kinase (CK), a
biomarker of muscle damage, are not consistently
associated with SAMS [8], imaging methods for the
detection of SAMS are missing, and the electromyo-
gram provides no specific findings with SAMS even
with increased CK plasma levels [8]. Moreover, the
absence of a univocal definition of statin intoler-
ance [9], together with the lack of a ‘gold standard’
diagnostic test and of a validated, universally
accepted, questionnaire for the evaluation of
SAMS, makes it difficult to estimate the real
incidence rate of this event.

In the absence of a unique definition, Consensus
documents by European and Canadian Groups
[5,10] proposed to define SAMS according to the
nature of symptoms and their temporal relation-
ship with statin initiation. Moreover, withdrawal
(dechallenge) and re-exposure (rechallenge) to
statin treatment have been suggested by current
guidelines as useful tool to screen whether
reported muscle symptoms are truly associated
with statin medication. Usually, after this
approach, the diagnosis of SAMS is confirmed only
in 5%–6% of patients [5,11]. This percentage fur-
ther decreases to 2%–3% if a gradual diagnostic
approach is applied, which includes the following:
(i) meticulous physical examination of the patient,
(ii) evaluation of previous history and (iii) evalua-
tion of drug interactions and exclusion of possible
risk factors for SAMS, including the nocebo effect
[12], which is associated with the person’s prior
expectations of adverse effects from treatment as
well as with conditioning in which the person
learns from prior experiences to associate a

medication with certain somatic symptoms or from
observations of symptoms in other patients.
Indeed, available data show that the reported
incidence of SAMS is consistently lower in ran-
domized controlled trials (RCTs) than in observa-
tional studies [13,14]. This evidence, combined
with the absence of a univocal definition and the
heterogeneity of the clinical presentation, makes it
challenging to estimate the incidence of this phe-
nomenon, especially in a real-world context. There-
fore, the main aim of the PROSISA (PROject Statin
Intolerance SISA) study was to assess the preva-
lence of statin intolerance, due to muscular symp-
toms, in a cohort of dyslipidaemic patients on
statin therapy in a real-life setting.

Methods

The PROSISA study was an observational, multi-
centre and retrospective study.

The study was approved by the Ethics Committee
of the Coordinating Centre (Centro per lo studio
dell’Aterosclerosi IRCCS Multimedica, Sesto San
Giovanni, Milan, Italy, 24.05.2016) and then by the
local Ethics Committees of each participating cen-
tre. It was conducted in accordance with the
protocol, the standards of Good Clinical Practice
(ICH GCP), the ethical principles of Helsinki Dec-
laration, the data protection laws and other appli-
cable regulations.

Study population

The study included subjects ≥ 18 years, of both
sexes managed in one of the 23 Italian Lipid
Clinics participating in the Italian Atherosclerosis
Society (SISA) network and reference centres for
the diagnosis and treatment of dyslipidaemias
(Figure S1). To be enrolled, hypercholesterolaemic
patients should have been treated with any statins
at any dosage in a period between 1 January 2006
and 31 December 2015 (index visit) and followed
up by one of the SISA centres involved in the
study.

Data collection

The data collection was performed using an elec-
tronic case report form (eCRF) in a strictly anony-
mous way to guarantee the privacy of every patient.
Because of the retrospective and observational
nature of the study, patients did not undergo any
procedures other than normal clinical practices,
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and only clinical variables collected in daily prac-
tice by physicians were recorded in the eCRF.

For each enrolled subject, demographic data,
height and weight, blood pressure, lifestyle habits
and pathological anamnesis at index visit were
collected. As far as statin treatment is the concern,
type and dose of statin, other lipid-lowering ther-
apies, lipid profile pre- and on-treatment, and
concomitant use of drugs known for their potential
interaction with statins were collected. Moreover,
muscle symptoms reported by subjects, as anno-
tated in clinical records by physicians, and time to
symptom onset since starting statin treatment
were collected in eCRF as well.

For patients reporting muscular symptoms, the
study protocol required to report data about two
additional phases: dechallenge (statin interrup-
tion) and rechallenge (statin reintroduction, or
dose reduction if the dechallenge was not applied),
if performed and available. The dechallenge phase
consisted of a period of complete statin withdrawal,
and data about the lipid profile and persistence of
muscular symptoms were collected, if available.
For patients who had their statin treatment re-
administered, data about the rechallenge phase
were also collected. According to routine clinical
approach, some SAMS-reporting subjects did not
interrupt statin treatment, as for to physician’s
judgement, and changed statin treatment without
any wash-out period; for these patients, rechal-
lenge data were collected even in the absence of a
dechallenge phase. In particular, for these
patients, data about the new treatment, the lipid
profile and the recurrence of muscular symptoms
were collected, as shown in Figure S2.

In addition, a survey was carried out in order to
evaluate the different approaches used by centres
in the diagnosis and management of SAMS. The
questionnaire consisted of multiple-choice ques-
tions regarding the routine clinical practice
approach in the evaluation of the SAMS diagnostic
criteria. The presence of SAMS was considered
confirmed in patients with dechallenge and rechal-
lenge phases, that is, if the muscle symptoms
reported at the index visit were not reported during
treatment interruption and then were reported
again with statin reintroduction. For patients who
did not perform the dechallenge phase, SAMS were
confirmed if the muscle symptoms at the index visit
did not disappear after dose reduction or change in
statin.

Statistical analysis

Continuous variables are expressed as mean � s-
tandard deviation (SD), whilst categorical variables
are expressed as cases (N) and percentage rate (%).
Chi-square or ANOVA for categorical variables with
more than two modalities and t-tests were used to
evaluate the differences in categorical and contin-
uous variables between groups, respectively.

A multivariate logistic regression model was per-
formed to estimate odds ratios (OR) and 95%
confidence intervals [95% CI] for the association
between the probability of reporting SAMS and
several covariates included sex, age (≥65 years or
younger), body mass index (BMI, classified as <25,
25–29.9, ≥30 kg m�2), physical activity (yes/no),
familial dyslipidaemias (yes/no), hypertension (yes/
no), type 2 diabetes mellitus (yes/no), previous CV
event (yes/no), concomitant lipid-lowering treat-
ments (yes/no) and statin intensity (low/high) [15].

Because data on some covariates were missing in
some patients, the corresponding analyses were
performed by allocating missing values in a sepa-
rate category. The model was adjusted for centres,
in order to minimize heterogeneity.

Statistical significance was set at the 0.05 level for
each analysis performed. All analyses were per-
formed using the Statistical Analysis System Soft-
ware version 9.4 (SAS. Institute, Inc. Cary, NC).

This research was done without patient involve-
ment. Patients were not invited to comment on the
study design and were not consulted to develop
patient-relevant outcomes or interpret the results.
Patients were not invited to contribute to the
writing or editing of this document for readability
or accuracy.

Results

Baseline

Our study cohort included 16 717 valid subjects,
with mean age of 60.5 years (�12.0 years, 58.9
[�12.6] in men and 62.9 [�11.2] in women,
P < 0.001), and about 52.1% of them were men
(Table 1). At baseline, 18.6% of the cohort was
current smoker, and 24.4% reported regular phys-
ical activity. More than half of the cohort was
hypertensive, and about one out of four had type 2
diabetes mellitus. Overall, 38.0% of subjects had a
previous cardiovascular event. Pretreatment mean
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LDL-C levels were 191.7 (�54.6) mg dL�1 [5.0
(�1.4) mmol L�1], whilst mean levels reported dur-
ing statin treatment were 111.1 (�38.3) mg dL�1

[2.9 (�1.0) mmol L�1]. Simvastatin and atorvastatin
were the most commonly prescribed statins (31.9%
and 31.8%, respectively) (see Table 1). A

Table 1. Characteristics of the PROSISA cohort

Males, N (%) 8699 (52.1%)

Age [years], mean (SD) 60.5 (12.0)

BMI [kg m�2], mean (SD) 27.3 (4.5)

Systolic blood pressure [mmHg], mean (SD) 131.3 (16.4)

Diastolic blood pressure [mmHg], mean (SD) 78.8 (9.7)

Physical activity, N (%) 2602 (24.4%)

Smoking status, N (%)

Never 7630 (52.2%)

Former 4277 (29.2%)

Current 2720 (18.6%)

Hypertension, N (%) 8345 (57.3%)

Type 2 diabetes mellitus, N (%) 3439 (24.4%)

Any previous cardiovascular event, N (%) 5234 (38.0%)

Ischaemic heart disease, N (%) 2581 (19.5%)

Peripheral arterial disease, N (%) 3297 (24.5%)

Chronic kidney disease, N (%) 1165 (9.0%)

Significant liver disease, N (%) 765 (6.1%)

Total cholesterol [mg dL�1], mean (SD) [mmol L�1, mean (SD)]

Pretreatment 281.6 (60.2) [7.3 (1.6)]

On-treatment 192.1 (44.4) [5.0 (1.1)]

LDL cholesterol [mg dL�1], mean (SD) [mmol L�1, mean (SD)]

Pretreatment 191.7 (54.6) [5.0 (1.4)]

On-treatment 111.1 (38.3) [2.9 (1.0)]

HDL cholesterol [mg dL�1], mean (SD) [mmol L�1, mean (SD)]

Pretreatment 54.3 (16.4) [1.4 (0.4)]

On-treatment 53.8 (16.0) [1.4 (0.4)]

Triglycerides [mg dL�1], median (IQR) [mmol L�1, median (IQR)]

Pretreatment 147.0 (102.0–225.0) [1.7 (1.2–2.5)]

On-treatment 118.0 (86.0–166.0) [1.3 (1.0–1.9)]

Statin treatment at baseline, N (%; mean dose [mg day�1])

Simvastatin 5285 (31.9%; 21.2)

Atorvastatin 5278 (31.8%; 20.6)

Rosuvastatin 4522 (27.2%; 12.1)

Pravastatin 856 (5.2%; 27.3)

Fluvastatin 419 (2.5%; 75.5)

Lovastatin 234 (1.4%; 21.2)

High-intensity statin therapy, N (%) 4337 (26.2%)

Other lipid-lowering treatments, N (%) 4218 (25.2%)

Potential statin interacting drugs, N (%) 1091 (6.5%)

BMI, body mass index; IQR, interquartile range.
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concomitant nonstatin lipid-lowering drug was pre-
scribed to 25.3% of patients. In particular, ezetim-
ibe and omega-3 fatty acids were the most
prescribed lipid-lowering therapies (55.3% and
43.6%, respectively), whilst fibrates were prescribed
in 10.7% of the cohort. The concomitant use of
potential interacting drugs involved 6.5% of
patients; amlodipine, diltiazem and amiodarone
being the most frequently reported drugs.

Reported SAMS

SAMS were reported by 9.6% (N = 1599) of the
cohort (Fig. 1). This percentage was higher
amongst women (10.7% vs. 8.7% in men,
P < 0.0001) and in younger subjects (10.5% vs.
8.2% in subjects ≥ 65 years, P < 0.0001). Higher
percentages of SAMS were also reported amongst
subjects reporting physical activity (11.5% vs.
9.8% in inactive subjects, P = 0.0127). No differ-
ences in percentage of reported SAMS were
detected between primary and secondary preven-
tion, neither considering any previous cardiovas-
cular event (9.9% in both groups, P = 0.982; Fig. 1)
nor specifically in subjects with or without periph-
eral arterial disease (10.0% vs. 9.8, respectively,
P = 0.711).

Amongst 1812 subjects with the information on
plasma CK levels available at baseline, the per-
centages of reported SAMS were 10.8%, 12.7% and
19.4% in the three CK tertiles, respectively
(P < 0.001). No significant difference was found
on pretreatment LDL-C levels between subjects
reporting or not-reporting SAMS: 194.5 (�55.5)
mg dL�1 [5.0 (�1.4) mmol L�1] vs. 191.3 (�54.5)
mg dL�1 [4.9 (�1.4) mmol L�1], respectively;
P = 0.110).

Overall, 47.4% of reported SAMS occurred within
6 months since the initiation of statin therapy, and
25.3% of these within 3 months (Figure S3).

Amongst 1252 subjects who reported SAMS and
with on-treatment CK data available, 47.3%
showed CK levels higher than ULN (upper limit of
the normal range), and 5.1% of patients exhibited
an increase in CK value more than 4xULN.

According to the results of the regression model
(Fig. 2), women and subjects who were engaged in
regular physical activity were more likely to report
SAMS (OR 1.23; CI 95% 1.10–1.37; and OR 1.35;
CI 95% 1.14–1.60, respectively), whilst older

patients (OR 0.79; CI 95% 0.70–0.89), the presence
of type 2 diabetes mellitus (OR 0.62; CI 95% 0.51–
0.74), use of concomitant nonstatin lipid-lowering
drug (OR 0.87; CI 95% 0.76–0.99), prescription of
high-intensity statins (OR 0.79; CI 95% 0.69–0.90)
and use of potential interacting drugs (OR 0.63; CI
95% 0.48–0.84) were associated with a low prob-
ability of reporting SAMS.

SAMS confirmed by dechallenge/rechallenge

As retrospectively obtained from clinical charts,
1599 patients reported SAMS. Of these, 1314
(82.2%) underwent dechallenge/rechallenge,
whilst 285 (17.8%) did not follow this approach.
Amongst patients undergoing dechallenge/rechal-
lenge, 504 (38.4%) still reported SAMS. This group
represents 31.5% of all patients reporting SAMS
and 3.01% of the whole PROSISA cohort (Fig. 3).

The distribution of patients with confirmed SAMS
through dechallenge/rechallenge as compared
with those with nonconfirmed SAMS was similar
by gender, age, presence of hypertension, type 2
diabetes mellitus and history of previous CV
events. On the other hand, physical activity and
use of drugs potentially interacting with statins
were features more commonly found in patients
with nonconfirmed SAMS (Table S1).

SAMS management by lipid specialists

Results of the questionnaire underlined that only
26% of the lipidologists routinely warned patients
of the possibility of muscle symptoms in normal
clinical practice, whilst all are aware of the poten-
tial nocebo nature of this effect. In case of patients
reporting SAMS, 83% of lipidologists reported that
they measure CK routinely; 78% recognized that
SAMS can occur even in the absence of increased
CK.

In the differential diagnosis routinely performed by
each site, only 17% reported to use validated
questionnaires for the evaluation of drug-event
causality in SAMS, but all the lipidologists agreed
in declaring the importance of investigating the
risk factors for the development of SAMS (Fig. 4). In
particular, 65% considered the older age as rele-
vant, 61% female sex or low BMI, 17% Asian
ethnicity. The role of physical activity is taken into
account in 91%. Hypothyroidism or vitamin D
deficiency was considered by 87% and 61%,
respectively. The concomitant therapy with
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potential interacting drugs was evaluated by 96%,
whilst a previous experience of statin intolerance
by 91%. Discontinuation of statin therapy is
reported as a common step following the reporting
of SAMS in 91%, and in two cases out of three, it is
requested by the same patient.

The therapeutic approach in the rechallenge phase
showed a higher use of low-dose rosuvastatin,
pravastatin and fluvastatin, compared with the
initial choice (Figure S4). Combination with eze-
timibe increased from 14.0% to 33.1%.

Discussion

The PROSISA study addressed the prevalence of
reported SAMS by the lipid specialists in 23 centres
and reports a real-life clinical approach in patients
with SAMS by selected Lipid Clinics in Italy. In our

study, SAMS were reported by 9.6% of the cohort.
This percentage is lower as compared to those
reported in other settings. For example, observa-
tional studies conducted in the primary care set-
ting reported SAMS in up to 20%–30% of subjects
receiving statins [16-19]. These data suggest the
importance of specific education and competence
of both healthcare professionals and patients in
the management of statin therapy [20]. Notably,
the survey responses indicated that the approach
to diagnosis and management of SAMS was
extremely variable amongst centres, and often not
in line with the indications of the current guideli-
nes, even in this setting of specialist centres.
However, as already reported in the literature, our
estimate of SAMS in a real-world setting is higher
than the incidence rate reported in RCTs [14,21].
Although the nocebo effect may be relevant, a likely
explanation of our results is that the real-life

Fig. 1 Percentage of patients reporting SAMS in the total cohort and in subgroups.

Statins and muscle symptoms / M. Casula et al.

ª 2020 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine 121

Journal of Internal Medicine, 2021, 290; 116–128

 13652796, 2021, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joim

.13219 by U
niversity Polit D

elle M
arche-A

ncona C
tr A

teneo, W
iley O

nline L
ibrary on [22/08/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



population receiving statin therapy is remarkably
different, that is multiple comorbidities, poly-phar-
macotherapy, lack of motivation and poor adher-
ence, as compared to subjects typically enrolled in
RCTs. Moreover, some RCT designs provide a run-
in period in which patients are statin treated, and if
intolerant they are excluded from the trial, thereby
reducing the final number of adverse drug reac-
tions.

However, the evaluation of the prevalence of mus-
cle-related signs and symptoms during statin

treatment is challenging [9]. Nowadays, the true
incidence is unknown: clinicians lack effective
biomarkers and tests to confirm diagnosis [5].
The majority of patients reporting SAMS do not
present plasma CK elevation, making CK not a
reliable nor a clinically meaningful biomarker to
properly diagnose statin intolerance [22], whilst a
pretreatment increased CK is an indication to
search for primary myopathy, although there may
be other reasons for an increase in CK, such as
intense physical activity. Moreover, it is difficult to
get rid of the supposed nocebo effect underlying a

Fig. 2 Adjusted odds ratio estimates for the probability of reporting SAMS (model adjusted for centre).

17.8%

50.7%

31.5%

no dechallenge/rechallenge non-confirmed SAMS confirmed SAMS

(N = 285)

(N = 504)

(N = 810)

Fig. 3 Evaluation of 1599 patients after reporting SAMS at the index visit, leading to a confirmation or not of SAMS
through dechallenge/rechallenge phases.

Statins and muscle symptoms / M. Casula et al.

122 ª 2020 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine

Journal of Internal Medicine, 2021, 290; 116–128

 13652796, 2021, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joim

.13219 by U
niversity Polit D

elle M
arche-A

ncona C
tr A

teneo, W
iley O

nline L
ibrary on [22/08/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



vast proportion of reported SAMS [12]. Recent
studies suggest that only 30%–50% of patients
with self-reported statin myalgia, as highlighted by
a careful clinical examination of the patient, actu-
ally experience muscle pain because of statins and
not from other causes, highlighted by a careful
clinical examination of the patient that may be
indeed associated with muscle symptoms. A large
portion of supposed statin muscle side effects are
likely nonspecific, and several confounders make
the diagnosis and treatment of statin myalgia
difficult [13,23,24]. Accordingly, slightly more than
one third of PROSISA patients complaining of
SAMS still reported SAMS after dechallenge/
rechallenge. However, it should be pointed out
that, beside the confirmation of the diagnosis,
physicians often deal with patients who complain
of discomfort during the treatment and who asks to
stop it [6,25] (or sometimes discontinue the treat-
ment spontaneously, without consulting the physi-
cian) [20]. A lack of ‘shared decision-making’
seemed quite common amongst current statin

users [6,26], and this represents a critical point
to be addressed to enhance not only statin adher-
ence, but also patient satisfaction and quality of
life on statin therapy [20,27].

In our study, we also evaluated the impact of
patients’ characteristics on the probability of
reporting SAMS. The results confirmed the
reported role of female gender and of physical
activity as risk factors for developing muscle
symptoms during statin treatment [28,29].

We also found that patients aged 65 years or more
were less likely to report SAMS. A meta-analysis of
trial conducted by Iwere and Hewitt [30] suggested
that the risk of myopathy and rhabdomyolysis was
not significantly different in the same age groups,
regardless of whether they were exposed to statin
monotherapy or a placebo. Thus, it is possible that
the reduction in risk we observed in elderly
depends on the fact that these patients, character-
ized by comorbidities and by a worse pathological

Fig. 4 Factors for the development of SAMS considered by lipid specialists in normal clinical practice.
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status, are more aware of the importance of the
therapy [31] and less prone to report SAMS. Also, it
is possible that the potential of drug–drug interac-
tions in this poly-treated population leads the
physicians to use a lower starting statin dose in
older patients, as also recommended by recent
guidelines [15], contributing to the results
observed in our study.

In our study, the presence of diabetes was associ-
ated with a lower probability of reporting SAMS.
This should be interpreted in the light of the
observational and retrospective nature of the
PROSISA study; moreover, we should acknowledge
that in the PROSISA cohort, diabetic subjects
showed a higher male/female ratio and a higher
prevalence of treatment with high-intensity statins
and with potential interacting drugs (both associ-
ated with a lower probability of reporting SAMS in
our analysis), although the model was adjusted for
these covariates. Diabetic patients may be more
aware of the importance of statin therapy [25],
therefore more willing to tolerate mild muscle
symptoms or less prone to develop the nocebo
effect [32]. Nevertheless, this result is of potential
interest. There is no clear evidence in the literature
about the role of diabetes, or any pathophysiolog-
ical mechanisms associated with the disease, in
the incidence of SAMS [28,33]. The presence of
different degrees of peripheral neuropathy [34]
might contribute to the lower probability of report-
ing SAMS in patients with diabetes; however,
additional research is needed to confirm the find-
ings also in different populations.

Of note, unlike previously published studies, our
analysis modelled the likelihood of reporting
SAMS, regardless of whether they were confirmed
or not, either by dechallenge/rechallenge or
through differential diagnosis and clinical evalua-
tion. This may also explain the results relating to
the odds ratios associated with the use of high-
intensity statins or potentially interacting drugs.
Indeed, prescription of high-intensity statins was
associated with a lower probability of reporting
SAMS (�21%). It is plausible that patients treated
with more intense statin therapy are more edu-
cated and motivated due to their higher CVD risk,
aware of the benefit arising from the statin treat-
ment and less likely to report SAMS. It should be
also taken into account that these patients were
referred and seen in a specialized network of lipid
clinics, which makes this population somewhat
selected by the referring physician, who may have

decided to consult a specialist for a patient difficult
to manage, for example due to the manifest intol-
erance to statin therapy.

Our study has some limitations that need to be
considered whilst interpreting the results. Since
the study entails a retrospective and multicentre
data collection, the diagnostic criteria for SAMS
were neither standardized nor homogeneous
between the centres, but rather based on patient
reporting and/or on investigator judgement, and
the evaluation of some factors was impossible due
to the high number of missing data, for example
the measurement of CK levels (CK levels were
reported in 11% at baseline and in 62% during
statin treatment). Finally, it should be remembered
that our aim was to evaluate the prevalence of
SAMS reported by the patient in a real-life setting
and evaluate any characteristics associated with a
higher or lower probability of reporting SAMS. The
study design does not allow to evaluate the role of
these characteristics as risk factors for confirmed
SAMS: this should be addressed through a
prospective evaluation, with uniform and stan-
dardized criteria of diagnosis and confirmation.
Nevertheless, to the best of our knowledge, the
PROSISA study is the largest study to have
assessed the SAMS-reporting rate in a real-life
setting. This provides important evidence to
improve statin therapy management.

In summary, the PROSISA study allowed to deter-
mine the prevalence of statin intolerance due to the
appearance of musculoskeletal symptoms in sub-
jects referring to specialized centres. This rate,
together with its decrease following dechallenge/
rechallenge, highlights the need for prompt, accu-
rate and shared management of statin therapy.
Indeed, the PROSISA is the largest study so far
highlighting the following relevant clinical points.
First, even in highly specialized lipid clinics, the
implementation of the approach suggested by the
current guidelines in case of SAMS is sketchy and
far from adequate, which might imply that amongst
nonspecialists and general practitioners, the real-
life approach to SAMS is probably even more
inadequate. Secondly, the currently suggested
approach to SAMS, which implies a dechallenge/
rechallenge pathway, is effective in a real-life
setting and possibly the best option so far since
we are missing a clinically relevant biomarker of
SAMS; by adopting the dechallenge/rechallenge
approach, more than 2/3 of patients initially
classified with SAMS were able to receive a statin,
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resulting in a far better CVD prevention manage-
ment for these subjects.

In conclusion, the PROSISA study reinforces the
strong need to implement the dechallenge/rechal-
lenge approach, both amongst general practitioners
and specialists, to provide a far better CVD preven-
tion management in patients initially reported as
statin intolerant due to SAMS. Moreover, the study
shed some light from a real-life observation, sup-
porting the good safety profile of statin therapy
amongst high-intensity statin users, elderly sub-
jects and those receiving multiple drug therapy,
suggesting that these groups were likely to be
highly motivated and educated by general practi-
tioners/specialists, who should provide the proper
counselling and support to all treated patients,
avoiding premature and unnecessary interruption
of a life-saving pharmacological approach.
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at different time after statin initiation

Figure S4. Statin distribution at baseline
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