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Abstract: The nocebo effect, the inverse of the placebo effect, is a well-established phenomenon that is
under-appreciated in cardiovascular medicine. It refers to adverse events, usually purely subjective, that
result from expectations of harm from a drug, placebo, other therapeutic intervention or a nonmedical
situation. These expectations can be driven by many factors including the informed consent form in a
clinical trial, warnings about adverse effects communicated by clinicians when prescribing a drug, and
information in the media about the dangers of certain treatments. The nocebo effect is the best
explanation for the high rate of muscle and other symptoms attributed to statins in observational studies
and clinical practice, but not in randomized controlled trials, where muscle symptoms, and rates of
discontinuation due to any adverse event, are generally similar in the statin and placebo groups.
Statin-intolerant patients usually tolerate statins under double-blind conditions, indicating that the
intolerance has little if any pharmacological basis. Known techniques for minimizing the nocebo effect
can be applied to the prevention and management of statin intolerance.
� 2016 National Lipid Association. All rights reserved.
Characteristics of the nocebo effect

In 1985, Cairns et al1 found that aspirin 325 mg qid
significantly reduced total and cardiac mortality in a ran-
domized placebo-controlled trial in patients with unstable
angina, whereas the uricosuric agent sulfinpyrazone was
ineffective. The investigators subsequently noted2 that the
frequency of minor gastrointestinal (GI) adverse events
(AEs) in the study population (all patients regardless of
treatment allocation) was much greater in 2 centers they de-
noted A and B, than in center C, as summarized in Table 1.
Even more striking, discontinuations of blinded study
medication due to minor GI AEs were 6 fold greater in cen-
ters A and B, compared with center C.

All participating hospitals were university affiliated and
in Ontario. Study procedures were carried out in the same
tab.net

ociation. All rights reserved.
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way by all 3 centers using a common procedures manual,
including a uniform query for AEs. However, because of
local ethical review committee requirements, the consent
form differed among centers with regard to adverse effects.
In centers A and B, the relevant section read ‘‘Side effects
are not anticipated beyond occasional GI irritation and,
rarely, skin rash.’’ In center C, the consent form read
‘‘Sulfinpyrazone and aspirin are generally well tolerated .
Occasionally a patient taking sulfinpyrazone or aspirin may
develop a tendency to bleed but the risk of serious
hemorrhage is extremely unlikely.’’ Thus, study participants
in centers A and B were informed of the potential for GI
irritation, but at center C, they were not. The investigators
concluded that this was the probable source of the
differences in GI AEs.

To the best of our knowledge, this report2 is the first
convincing evidence of the nocebo (Latin: I will harm) ef-
fect in cardiovascular medicine. The nocebo effect (or phe-
nomenon) is the inverse of the placebo effect; it refers to
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Table 1 Adverse events (AEs) in 555 patients with unstable angina allocated to aspirin, sulfinpyrazone, aspirin 1 sulfinpyrazone, or
placebo2. All randomized patients included, irrespective of treatment group allocation

Centers (hospitals) A (4) B (3) C (1) c2 P

N 313 86 156
GI AEs in consent form Yes Yes No
Minor GI AEs 143 (46%) 32 (37%) 25 (16%) 39.8 ,.001
Major GI AEs* 8 (2.6%) 1 (1.2%) 6 (3.8%) 1.6 NS
DC due to minor AE† 61 (19%) 15 (17%) 5 (3%) 22.8 ,.001
DC due to major AE 27 (9%) 7 (8%) 11 (7%) 3.1 NS

DC, discontinued; GI, gastrointestinal; NS, not significant.

*For example, GI bleeding, peptic ulcer.

†All due to GI AEs.
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AEs, usually purely subjective, that result from expecta-
tions of harm from a drug, placebo, other therapeutic inter-
vention, or a nonmedical situation. These expectations can
be driven by many factors beyond the informed consent
form in a randomized controlled trial (RCT), including
warnings about adverse effects communicated by clinicians
when prescribing a drug,3,4 information on the Internet
and in social media,5 health scares propagated by broadcast
and print media,6 and simply observing the symptoms and
behavior of others.7,8 Just as an ineffective treatment can be
subjectively effective in an uncontrolled setting due to the
placebo effect, an innocuous treatment can be subjectively
toxic due to the nocebo effect.6,9 The placebo and nocebo
effects reflect normal human neuropsychology and not
drug efficacy or toxicity.

The differences reported by Myers et al2 were not ran-
domized comparisons, but there have since been many
studies randomizing subjects to receive different information
with follow-up for subsequent AEs. One of the few reports10

involving a cardiovascular treatment stemmed from the
perception at the time of the study that beta blockers
commonly cause erectile dysfunction. A total of 96 male pa-
tients with hypertension or angina pectoris and normal sex-
ual function completed a multidimensional quality of life
questionnaire designed to assess the presence of erectile
dysfunction (International Index of Erectile Function).
They were then all treated with atenolol 50 mg daily, ran-
domized into 3 groups of 32 receiving different information
about the drug. The first group did not know what drug they
were taking, the second knew but were not informed about
the potential adverse effects, and the third knew they were
taking atenolol and were further informed that atenolol could
cause erectile dysfunction. The language used was ‘‘. it
may cause erectile dysfunction but this is uncommon.’’

At the end of the 90-day treatment period, the same
questionnaire was administered again. Erectile dysfunction
was reported by 1 patient (3.1%) in the group blinded to
treatment, 5 (15.6%) in the group that knew they were
taking atenolol but were not informed about side effects,
and 10 (31.2%) in the group that was informed about sexual
dysfunction potentially attributable to atenolol (P , .01 for
the informed patient group vs the blinded group). The au-
thors concluded that erectile dysfunction in their study
was psychogenic. This conclusion is supported by a re-
view11 of beta blocker RCTs, which concluded that these
drugs rarely cause erectile dysfunction, contrary to wide-
spread belief at the time.

Several reviews3,7,12,13 have summarized studies report-
ing the nocebo effect in mostly noncardiovascular contexts.
The most common manifestation of the nocebo effect is
pain of various kinds, with or without other symptoms.
Pain may be heightened because of negative expectations
about a treatment or situation,14 and it can be experienced
in the total absence of a noxious stimulus, as in mass psy-
chogenic illness, which is the most dramatic manifestation
of the nocebo effect.15 As shown by functional MRI, nega-
tive expectations that heighten pain lead to increased activ-
ity of regions involved in pain processing, including the
prefrontal cortex, anterior cingulate cortex, and insula.14

The nocebo phenomenon is thus well established. It hinders
effective therapy, especially in the age of the Internet and
social media, where misinformation can proliferate.
The nocebo phenomenon in randomized
controlled trials vs observational studies

It is widely accepted that a well-performed double-blind
RCT provides high-quality evidence because it is the most
reliable way to evaluate the benefit, safety, and tolerability
of a treatment.16,17 Double-blind RCTs have the great
advantage that bias is controlled (providing the blind re-
mains secure), and the only factor (other than random er-
ror) determining the outcome of a properly performed
RCT is allocation to the test treatment or the control.
Because placebo and nocebo effects depend on expecta-
tions, they affect all blinded treatment arms equally.16,17

The main disadvantage of large RCTs is that they are diffi-
cult to carry out, require a long time to complete, and are
often very costly.

Observational studies can be useful to detect adverse
effects that are too rare to be reliably apparent in RCTs,
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particularly when the background incidence is very low.18

Before 2010, when simvastatin 80 mg was shown in an
RCT to cause myopathy (unexplained muscle pain or weak-
ness with creatine kinase .10X ULN) including rhabdo-
myolysis much more frequently than simvastatin 20 mg,19

this rare adverse effect had been recorded in statin RCTs,
but the numbers were too small for statistically significant
differences, so its detection was essentially observational.
In this case, observational data were reliable because the
background incidence of idiopathic rhabdomyolysis is
extremely low, so that any case occurring during statin ther-
apy without another known cause is likely to be causally
related to the statin. Cerivastatin was withdrawn from the
market in 2001 because observational data derived from
post-marketing surveillance revealed that the risk of rhab-
domyolysis was much higher than that with other statins.20

Because the comparisons made in observational studies
are not randomized, all observational studies, whether
controlled or not, are at risk of confounding.16,18 Evaluation
of the contribution of placebo or nocebo effects is rarely
possible. Statistical adjustment can reduce the risk of con-
founding but not eliminate it. There are numerous instances
of observational findings later refuted by RCTs. In cardio-
vascular medicine, among the best known is estrogen
therapy to reduce coronary heart disease (CHD) risk in
post-menopausal women, which was strongly supported
by numerous epidemiologic studies21,22 and subsequently
largely refuted by RCTs.23–25 Another example relates to
supplementation with the antioxidant vitamin E, which
was associated with a reduced risk of cardiovascular events
in several observational studies.26 RCTs subsequently
found no suggestion of cardiovascular benefit.26,27 These
examples and many others show that observational studies
should be interpreted cautiously.16,18

Surveys and clinical practice medical records provide
uncontrolled observational data. In contrast to double-blind
RCTs, which measure only the pharmacologic properties of
a drug (beneficial or adverse), these methods provide
information on the net effect of the pharmacologic
properties of the drug combined with background symp-
toms and any placebo or nocebo effect, subject to
confounding factors such as recall or selection bias, if
any. Surveys and medical records can provide information
on AEs associated with a treatment but are of limited value
for evaluating the causal relationship between the event and
the treatment.
Statin intolerance in the clinic

Statin intolerance is a recent concept. The first
statin, lovastatin, was introduced in 1987,20 but the first
article with ‘‘statin intolerance’’ in the title did not
appear until 2005. A Medline search returns 9 such arti-
cles before the end of 2010 and 44 from 2011 until
March 2016. Before the current decade, statins (other
than cerivastatin) were generally regarded as a safe and
well-tolerated class of drugs with a favorable benefit
risk relationship.20,28–30

One in 4 Americans aged older than 40 years, about 25
million people, take a statin.31 Statin therapy is a long-term
endeavor, sometimes lifelong. As with any chronic therapy
intended to prevent adverse outcomes rather than treat
symptoms, adherence can be problematic.32 Compounding
the problem, a significant minority of patients report AEs
during treatment with statins, which may lead to discontin-
uation. In a retrospective cohort study in eastern Massachu-
setts, 18,778 (17%) of 107,835 statin-treated patients had a
statin-associated AE.33 Of these, 11,124 (10%) patients dis-
continued their statin, at least temporarily, and were thus
intolerant. From a multinational survey of 810 statin pre-
scribers—mainly cardiologists—Hovingh et al34 estimated
an overall average of 6% as the percentage of patients
who are statin intolerant (defined as unable to tolerate the
recommended statin dose). The range was wide, even
within Western Europe, where the percentage was 2% in
Italy, Spain, and Sweden, 4% in Germany, 6% in France,
and 11% in the United Kingdom. English-speaking coun-
tries (Australia, Canada, the United Kingdom, and the
United States) all reported percentages of 8% to 12%,
with the 12% US value similar to the 10% reported previ-
ously by Zhang et al.33 Cultural factors, including local lan-
guage media misinformation that can create the nocebo
effect, likely play a role in this distribution. The most com-
mon complaints of statin-intolerant patients are related to
muscle, occurring in 64% in an international survey,34

and over 90% in a specialist lipid clinic.35 In the study
by Zhang et al the percentage of patients who discontinued
statins because of muscle symptoms is not provided; how-
ever, of 18,778 patients with AEs, of whom 11,124 discon-
tinued their statin, 27% had myalgia.33 Overall, perhaps
about half of all statin discontinuations caused by AEs
are due to muscle symptoms. Taking 10% as an overall
average for the percentage of patients who are statin-intol-
erant and one half as the proportion in whom the intoler-
ance is caused by muscle symptoms, roughly 5% of all
statin-treated patients are intolerant due to muscle symp-
toms. These symptoms are rarely accompanied by signifi-
cant elevations in creatine kinase (CK) or other objective
changes,35 and no pathophysiological explanation for mus-
cle symptoms during statin therapy has been found.36 As
discussed in the following section, RCTs demonstrate that
muscle and other intolerable symptoms are generally not
caused by the statin.
Statin intolerance in randomized controlled
trials

In contrast to the substantial AE rate under the uncon-
trolled open-label conditions of clinical practice, in ran-
domized placebo-controlled trials, the incidence of muscle
symptoms37 and of discontinuations due to any AE38 are
consistently similar in the patient group allocated to the
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statin and the group allocated to placebo.37 Recently, the
HOPE 3 investigators reported a small excess of patients
with muscle symptoms in patients allocated to rosuvastatin
10 mg daily compared with placebo (5.8% vs 4.7%, respec-
tively, P 5 .005), but no significant difference in the num-
ber of patients permanently discontinuing study treatment
because of these symptoms (1.3% vs 1.2%, respectively).39

Meta-analyses of placebo-controlled studies have shown no
significant difference between statin and placebo in the
rates of muscle symptoms.40,41 Table 2 summarizes AEs
pooled from 17 placebo-controlled trials with atorvastatin
(the statin most commonly prescribed) across the 10- to
80-mg dosage range. Table 2 is reproduced from the US
LIPITOR (atorvastatin) prescribing information and there-
fore has been reviewed and approved by the US Food and
Drug Administration, which had access to the raw data.
The 20-mg and 40-mg doses were used in few studies, so
data with these doses are sparse and less reliable. There
is no suggestion that atorvastatin increases the incidence
of any of these AEs, including muscle symptoms. Indeed,
there is a trend to fewer AEs with the maximal 80-mg
dose compared with lower doses and placebo. This may
reflect the play of chance and the fact that most studies
did not include all doses.
Randomized controlled trials in
statin-intolerant patients

The first study specifically in statin-intolerant patients
was a proof-of-concept N-of-1 placebo-controlled study in
8 patients.42 No difference between statin and placebo was
observed. ODYSSEY ALTERNATIVE43,44 was an RCT in
361 patients with statin intolerance due to muscle symp-
toms that included a rechallenge over 24 weeks with ator-
vastatin 20 mg, with the PCSK9 inhibitor alirocumab and
Table 2 Adverse events as listed in the LIPITOR (atorvastatin) US p

Adverse reaction*

Any dose 10 mg

N 5 8755 N 5 3908

Nasopharyngitis 8.3 12.9
Arthralgia 6.9 8.9
Diarrhea 6.8 7.3
Pain in extremity 6.0 8.5
Urinary tract infection 5.7 6.9
Dyspepsia 4.7 5.9
Nausea 4.0 3.7
Musculoskeletal pain 3.8 5.2
Muscle spasms 3.6 4.6
Myalgia 3.5 3.6
Insomnia 3.0 2.8
Pharyngolaryngeal pain 2.3 3.9

Clinical adverse reactions occurring in $2% in patients treated with any

causality (% of patients).

*Adverse reaction . 2% in any dose greater than placebo.
ezetimibe as comparators in a parallel design. In an explor-
atory analysis, there was no significant difference in
withdrawal due to muscle AEs, which were recorded in
16% of patients allocated to alirocumab, 20% to ezetimibe,
and 22% to atorvastatin (P . .20); 82%, 75%, and 75% of
study participants in these 3 groups, respectively, did not
have an AE of any type causing discontinuation.

In the most recent and largest rechallenge RCT in statin-
intolerant patients, GAUSS-3,45,46 491 patients with well-
documented statin intolerance were randomly allocated to
atorvastatin 20 mg or placebo for 10 weeks or until they
experienced intolerable muscle symptoms. After a 2-week
washout period, they were crossed over to the other treat-
ment for an additional 10 weeks or until the onset of intol-
erable muscle symptoms. This sequence comprised Phase
A of the study, the results of which were subject to an
exploratory analysis without predefined methods in the sta-
tistical analysis plan.46

Overall, 133 patients (27.1%) experienced intolerable
muscle-related symptoms while taking both treatments or
had no symptoms on either treatment. Intolerable symp-
toms were experienced by 209 patients (42.6%) on
atorvastatin but not placebo, and 130 (26.5%) on placebo
but not atorvastatin. Taking the results at face value, the
excess of 79 of 491 (16%) participants relative to placebo
could represent patients whose muscle symptoms were due
to the pharmacologic properties of atorvastatin. Symptoms
in the remaining 84% can be accounted for by the nocebo
effect.

Before settling on this conclusion, it should be noted that
the GAUSS-346 results contain features that complicate
interpretation. Most obviously, in the first period, the Ka-
plan–Meier cumulative probability curves do not start to
separate until at least 50 days after randomization (period
length was 70 days). Muscle symptoms causing statin intol-
erance can occur at any time but typically arise within the
rescribing information

20 mg 40 mg 80 mg Placebo

N 5 188 N 5 604 N 5 4055 N 5 7311

5.3 7.0 4.2 8.2
11.7 10.6 4.3 6.5
6.4 14.1 5.2 6.3
3.7 9.3 3.1 5.9
6.4 8.0 4.1 5.6
3.2 6.0 3.3 4.3
3.7 7.1 3.8 3.5
3.2 5.1 2.3 3.6
4.8 5.1 2.4 3.0
5.9 8.4 2.7 3.1
1.1 5.3 2.8 2.9
1.6 2.8 0.7 2.1

dose of LIPITOR and at an incidence greater than placebo regardless of
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first few weeks of treatment.36 Of the 262 patients in
GAUSS-3 who reported intolerable symptoms during
period 1, about 70% had reported these symptoms by
50 days after randomization. This is consistent with the
findings of a retrospective cohort study in a US specialist
lipid clinic, in which 52% of patients who could not tolerate
a statin (due to muscle symptoms in over 90%) reported
symptoms within the first month of therapy.35 Therefore,
if atorvastatin could produce reproducible muscle symp-
toms in these statin-intolerant patients, the excess over pla-
cebo in intolerable symptoms should have been substantial
in the early weeks after randomization. But the period 1
Kaplan–Meier cumulative probability curves are virtually
superimposable up to 50 days.

In GAUSS-3, the muscle symptom end point is purely
subjective, and intolerable muscle symptoms on at least 2
statins was an entry criterion. In this situation, maintaining
the blind is crucial, as without it virtually all subjects would
report muscle symptoms on atorvastatin but not placebo,
but in any study, participants may self-unblind if given the
opportunity.47,48 Crossover designs are particularly vulner-
able because all subjects have access to the 2 dosage forms
and can compare them.47 In GAUSS-3, participants had the
ability to self-unblind either by obtaining a lipid profile
outside the study or by removing the overencapsulation
from a dose of study medication.48 Some participants
may have felt that a placebo-controlled rechallenge ques-
tioned the credibility of their symptoms or exposed them
to the potential embarrassment of being found intolerant
of placebo, either of which would have created a motive
for self-unblinding. In addition, only patients who in phase
A had experienced intolerable symptoms on atorvastatin
but not placebo could enter phase B of the study, in which
they would be randomly allocated to either the PCSK9 in-
hibitor evolocumab or ezetimibe for 24 weeks, followed by
open-label evolocumab in phase C for 2 years. The mean
baseline low-density lipoprotein cholesterol in GAUSS-3
was very high—5.5 mmol/L (212 mg/dL), one third had
CHD, and all subjects believed they could not tolerate a
statin. Some sites may have been able to offer another evo-
locumab study to participants in GAUSS-3 not proceeding
to phases B and C, but participants at other sites who
wanted to be sure of access to evolocumab (in phase C)
would have had an additional motive to self-unblind. This
triad of a crossover design, unusual motivating factors,
and a purely subjective end point is not present in most
RCTs (for which the overencapsulation method used in
GAUSS-3 may suffice). Self-unblinding would most likely
commence toward the end of the period 1, when partici-
pants who had not yet reported intolerable symptoms might
well have started to have doubts about their ability to distin-
guish atorvastatin from placebo before the period ended.
This would create bias that can explain the delayed separa-
tion of the Kaplan–Meier curves toward the end of period 1,
a phenomenon that is otherwise not easily explained, and
the continuing separation in period 2. Therefore, bias
caused by self-unblinding explains the results of phase A
in GAUSS-3 at least as plausibly as an appreciably greater
frequency of intolerable muscle symptoms on a statin
compared to placebo, a phenomenon never previously
demonstrated. Future rechallenge studies in statin-intol-
erant patients should use designs that minimize incentives
and opportunities to unblind and should avoid overencapsu-
lation by contracting with a statin manufacturer to use es-
tablished tablet matching techniques that minimize the
risk of unblinding.47 It is easier to make a placebo tablet
matching simvastatin, which is tasteless, than atorvastatin,
which is bitter.

As previously noted (under ‘‘Statin intolerance in the
clinic’’ section), the incidence of statin intolerance due to
muscle symptoms in statin-treated patients appears to be
roughly 5%. If the 16% excess in the statin-intolerant pa-
tients studied in GAUSS-3 could be shown to accurately
reflect intolerance with a pharmacologic basis, as opposed
to self-unblinding, then the incidence of discontinuation
of statin therapy due to muscle AEs caused by the statin
would be about 1% in unselected patients. A difference be-
tween statin and placebo in discontinuations due to AEs has
not been observed in earlier clinical trials38 or the recent
HOPE 3 study,39 as previously noted. A new UK National
Institute for Health Research N-of-1 study in 200 patients49

may shed more light on statin intolerance under double-
blind conditions.

Taken together, GAUSS 3, ODYSSEYALTERNATIVE,
and the small N-of-1 study of Joy et al42 provide evidence
that intolerance usually depends on patients knowing they
are taking a statin.37,50,51 Added to the massive amount of
information provided by cardiovascular outcome and other
statin RCTs, these rechallenge studies provide further evi-
dence that the predominant cause of statin intolerance is
the nocebo effect, which is totally dependent on patient
awareness of a treatment and its potential adverse effects.
Under double-blind conditions, patients do not know what
they are taking (as long as the blind is secure), so expecta-
tions are the same regardless of treatment allocation; the
nocebo effect can increase the frequency of an AE in the
study population2,10 but cannot cause differences between
the treatment and control groups.
The nocebo effect and statin intolerance in
the clinic

Muscle symptoms are subjective and common in un-
treated middle-aged or elderly patients. In the Heart
Protection Study,52 which compared simvastatin 40 mg
and placebo in over 20,000 patients during a follow-up
period of 5 years, participants were directly questioned at
every visit about muscle symptoms (in addition to the stan-
dard general query for AEs typically used in clinical trials).
At each visit, about 6% of patients in both groups reported
muscle symptoms, and 32.9% and 33.2% reported these
symptoms at least once during the trial in the simvastatin
and placebo groups, respectively. The Heart Protection
Page  000005
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Study illustrates the high prevalence of muscle symptoms
in middle-aged to elderly people who are taking a placebo,
are queried at regular intervals about muscle symptoms,
and have been informed that a statin can cause muscle
injury.

The risk of myopathy and rhabdomyolysis is prominent
in statin patient information leaflets, and clinicians warn
patients to report muscle symptoms; furthermore, Internet
searches bring up mainly disturbing misinformation about
statin adverse effects. This is the fate of many advances in
medicine, such as vaccination programs and fluoridation of
water.5 Aggravating this problem, there is an inbuilt bias in
news outlets and social media; ‘‘Statins have very few
adverse effects’’ is not newsworthy, but ‘‘Cholesterol drugs
taken by millions are dangerous’’ often is. These influences
appear to have set up a powerful belief system. Therefore,
some patients will expect muscle and other symptoms6,9

and may associate background symptoms with their statin
use—the nocebo effect. Furthermore, normal healthy peo-
ple can experience pain in the absence of any painful stim-
ulus, as previously noted.

In recent years, various objections have been raised to
the reassuring adverse effect profile demonstrated in statin
RCTs, which include over 170,000 patients followed for
several years.30 Some have argued that the statin trials do
not reflect clinical practice and therefore fail to reliably
assess adverse effects.53–56 For example, the NLA Task
Force on Statin Safety has written55 ‘‘One of the major lim-
itations of using randomized controlled trials (RCTs) for
the evaluation of safety is that the populations studied are
very restricted in their study entry characteristics and often
patients with multiple comorbidities and previous statin
intolerance are excluded. Thus there is limited generaliz-
ability of patients in RCTs compared with the general clin-
ical population, which tends to have more comorbidity and
frailty.’’

We disagree. We have previously challenged the argu-
ment that any exclusion of patients with statin intolerance
casts doubt on the tolerability data in RCTs.38 Also, while it
is true that individual statin RCTs, in common with RCTs
in general, had inclusion and exclusion criteria, over
170,000 patients30 have participated in the statin RCTs
and among them are large numbers with multiple comor-
bidities. Table 3 summarizes discontinuation rates due to
any AE in 8 large cardiovascular outcome trials with statins
comprising over 45,000 participants, many female or
elderly, with complex medical histories including one or
more of CHD, stroke, diabetes, chronic kidney disease,
and heart failure. Taking the participants in the cardiovas-
cular outcome RCTs with statins as a whole, the entry char-
acteristics were very broad. Consequently, there is no good
reason not to generalize these RCT results to clinical
practice.

In any double-blind RCT, the difference between the
active and placebo treatments in discontinuation rates due
to any AE is a good measure of tolerability. The
discontinuation rates in the broad array of patient types
summarized in Table 3 were consistently similar in partic-
ipants allocated to statin and placebo, and withdrawal due
to any AE in the 8 studies pooled was 8.0% (1814/
22,714) and 8.1% (1843/22,715) in patients allocated to
statin and placebo, respectively. Thus, there was no intoler-
ance in these studies, not because of the characteristics of
the participants, whose comorbidities were at least that of
patients in most clinical practices, but because statins are
well tolerated when treatment is blinded.

The authors53–56 dismissing statin RCTs appear not to
have considered the possibility that the nocebo effect could
lead to high rates of subjective AEs attributed to statins in
uncontrolled observational studies, in contrast to RCTs,
which consistently show little difference between statin
and placebo. This is not surprising because there are few re-
ports of the nocebo effect in cardiovascular medicine. A
Medline search on March 19, 2016 using the terms ‘‘no-
cebo’’ and ‘‘cardiovascular’’ in any field revealed only 6
publications. Substituting ‘‘pain’’ for ‘‘cardiovascular’’ re-
turned 151 publications. As far as we are aware, the first
explicit mention of the nocebo effect in the context of sta-
tins was in a review of AEs in statin RCTs by Finegold
et al.57

Although most cases of statin intolerance can be
adequately explained by the nocebo effect, it remains a
clinical problem. Virtually all patients and some clinicians
are convinced that the intolerance has a pharmacologic
basis. In a typical scenario, a clinician prescribes a statin,
the patient returns complaining of muscle symptoms with
no obvious cause, the clinician or patient stops the statin,
and the symptoms resolve. This sequence of events
convinces the patient that the symptoms are caused by
the statin, especially if symptoms recur during rechallenge.
But this scenario is readily explained by the nocebo effect,
and there is no reason for the clinician to invoke drug
toxicity that somehow fails to appear in RCTs.37,38 Howev-
er, this does not make the symptoms any less relevant.

Although the nocebo effect reflects normal human
neuropsychology, very few patients will accept that their
symptoms are psychogenic; any such suggestion is stigma-
tizing for many people and should generally be avoided.
This is seen most clearly when the nocebo phenomenon is
manifested in a group setting as mass psychogenic illness;
those affected often vigorously reject any psychological
explanation.15 On the other hand, knowing that purely sub-
jective symptoms during statin therapy are unlikely to be
caused by the statin helps the clinician to preempt statin
intolerance and to deal with it if it does occur, as discussed
in the following section.

Devoting effort to restarting treatment with a statin is
important because the only class of lipid-lowering agent
capable of matching the efficacy of high-intensity statin
therapy is the PCSK9 inhibitors, but as of April 2016, these
lack cardiovascular outcome and long-term safety data. In
addition, atorvastatin 80 mg, the maximum dose of the
most commonly prescribed generic statin and capable of
producing a mean reduction in low-density lipoprotein
Page  000006



Table 3 Discontinuation due to any adverse event (AE) in randomized double-blind placebo-controlled cardiovascular outcome trials
of statins in patients with advanced disease

Trial* N Drug, dose (mg) Duration (y)† Patient type Age (y)† % Female

Discontinuation due to AEs (%)

Statin Placebo

4S 4444 S 20-40 5.4 CHD 59 19 5.7 5.7
HPS 20,536 S 40 4.9 Mixed‡ 64 25 4.8 5.1
ALERT 2102 F 40-80 5.1 Renal transplant 50 34 14.8 16.3
4D 1255 A 20 4.0 Diabetes on dialysis 66 46 11.8 8.2
SPARCL 4731 A 80 4.9 Stroke/TIAx 63 40 17.5 14.5
CORONA 5011 R 10 2.7 Heart failure 73 24 9.6 12.1
GISSI-HF 4574 R 10 3.9 Heart failure 68 23 4.6 4.0
AURORA 2776 R 10 3.8 Hemodialysis 64 38 14.9{ 16.8{

Total 45,429 8.0 8.1

A, atorvastatin; CHD, coronary heart disease; F, fluvastatin; HPS, Heart Protection Study; R, rosuvastatin; S, simvastatin; TIA, transient ischemic

attack.

*Trials are listed in order of publication date of the main results.

†Mean or median.

‡65% CHD, 16% cerebrovascular disease, and 29% diabetes.

x69% stroke and 31% TIA.

{Included end point events.

Reproduced from SAGE Publishing open access.38
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cholesterol of about 55%, is obtainable for less than $100
per year of treatment in the United States. The US list price
of both marketed PCSK9 inhibitors, alirocumab and
evolocumab, was over $14,000 per year of treatment at
launch in 2015.
Minimizing the nocebo effect during statin
therapy

Prevention of statin intolerance is better than cure. The
prescribing information for all statins advises warning
patients about the risk of myopathy (unexplained muscle
pain or weakness with CK .10X ULN), including
rhabdomyolysis, and to promptly report unexplained mus-
cle symptoms. Because warning patients about a subjective
AE can substantially increase the risk that it will
occur,2,4,6,10,58,59 the frequency of subjective AEs can be
strongly influenced by clinician–patient communica-
tion.3,4,9,59 The goal of the nocebo-conscious clinician is
to avoid creating negative expectations and to counter any
that already exist. Therefore, it is important to emphasize
to the patient that myopathy including rhabdomyolysis is
rare, occurring in less than 1 in 1000 patients, and to put
this very small risk in the context of the proven substantial
benefits of statins. Patients starting a statin can be reminded
that muscle aches and pains are very common background
symptoms in middle-aged and older people. They can also
be informed that in the event of any new muscle symptoms
with no reason such as vigorous exercise, a simple blood
test can determine whether the statin is the likely cause
(if CK is .5X ULN) or far more commonly not (if CK
is ,3X ULN). Clinicians can also advise patients that
statins are safe medicines in clinical use for nearly 30 years,
and that statins as a common cause of muscle and other
symptoms is a recent myth perpetuated on the Internet
and elsewhere.

The nocebo minimization approach summarized here is
very different from the advice of the National Lipid
Association Statin Intolerance Panel, whose recommenda-
tions to patients include ‘‘About 1 in 10 people who try
taking a statin will report some kind of intolerance, most
commonly muscle aches in the legs, trunk, or shoulders and
upper arms..’’.56 This is more explicitly negative than the
patient information examples provided at the beginning of
this article,2,10 which produced large nocebo effects. Pa-
tients need to know about proven serious adverse effects,
as described in the Patient Counseling or equivalent section
of the prescribing information; what other patients report is
not useful.

In patients stopping their statin because of subjective
AEs (such as muscle symptoms without a significant
elevation of CK), rechallenge is usually successful,33

although not necessarily with the same statin or at the
same dose. Patient expectations are critical.6 Communi-
cating an optimistic outlook3,9 can reverse or reduce the ef-
fect of previous negative expectations.5 Patients need to
know that intolerance is a soluble problem that responds
to therapy adjustments. It is also useful to remind the pa-
tient of the proven cardiovascular benefits of statins and
to explore any ambivalence about the need to take a statin.
Knowing the value of a treatment reduces the nocebo ef-
fect.9 There is some evidence60 that the nocebo effect is
attenuated if a choice of treatments is available, so it may
be worth asking a patient agreeing to rechallenge, which
option he or she prefers—switching to a different statin,
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lowering the dose of the existing statin, or just giving the
statin another try at the same dose.

In summary, the nocebo effect is a well-established
phenomenon that is under-appreciated in cardiovascular
medicine. It is the best explanation to account for the high
rate of muscle and other symptoms attributed to statins in
observational studies and clinical practice, in contrast to
RCTs where muscle symptoms, and rates of discontinua-
tion due to any AE, are consistently similar in the statin and
placebo groups. Statin-intolerant patients usually tolerate
statins under double-blind conditions, indicating that the
intolerance has little if any pharmacologic basis. Known
techniques for minimizing the nocebo effect can be applied
to the prevention and management of statin intolerance.
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