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Abstract Proprotein convertase subtilisin-kexin type 9
(PCSK9) inhibitors are a novel class of medications that
greatly lower low-density lipoprotein cholesterol (LDL-C)
by upregulating LDL receptor availability. In early 2014,
the US Food and Drug Administration (FDA) directed
developers of PCSK9 inhibitors to monitor neurocognitive
adverse effects and consider neurocognitive testing in at
least a subset of participants in ongoing late-stage trials.
Available trial evidence indicates that neurocognitive ad-
verse events may occur more commonly in individuals
receiving an antibody to PCSK9, but these events are un-
common and have not been associated with on-treatment
LDL-C levels. Moreover, it is unclear to what extent closer
monitoring of trial participants allocated to PCSK9 in-
hibitors has led to an ascertainment bias. Regardless, fur-
ther trial data are needed, and long-term outcomes trials are
ongoing, with at least one including a neurocognitive
substudy. Considering lessons learned from the statin ex-
perience, high-quality prospective cohort studies and ran-
domized trials may not be enough to allay concerns or
settle debate since the focus of effect in these studies is the
group average. Therefore, we suggest that n-of-1 trials
could be considered to bring the focus to the individual
while retaining the benefits of blinding and randomization
in evidence generation. Ultimately, any neurocognitive
adverse effects that might exist with PCSK9 inhibition and
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lipid lowering must be weighed against potential benefits
of therapy, including avoidance of myocardial infarction
and stroke, and a reduced risk of dementia due to neu-
rovascular benefits from long-term lipid lowering.

Key Points

Available trial evidence indicates neurocognitive
adverse events are uncommon but may occur more
frequently in patients allocated to the proprotein
convertase subtilisin-kexin type 9 (PCSK9)
treatment group.

N-of-1 trials may be a potential solution for patients
experiencing neurocognitive adverse events while
taking PCSK9 inhibitors.

Providers should inform patients of the potential
cardiovascular and neuroprotective benefits of
PCSKO therapy as well as the potential risk for
neurocognitive adverse effects.

1 Introduction

Proprotein convertase subtilisin-kexin type 9 (PCSKD9) in-
hibitors, which are injectable antibodies to PCSK9, are
generating excitement for their ability to greatly lower low-
density lipoprotein cholesterol (LDL-C) by upregulating
low-density lipoprotein receptor (LDLR) availability. Later
in 2015, it is expected that the US Food and Drug Ad-
ministration (FDA) will decide if and for whom regulatory
approval will be granted on the grounds of efficacy and
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safety records from existing trial data. It is conceivable that
approval could be issued for patients with familial hy-
percholesterolemia, statin intolerance, or even broader
cardiovascular indications. Additionally, pivotal clinical
trials powered for atherosclerotic cardiovascular disease
outcomes are ongoing in patients with established cardio-
vascular disease or cardiovascular risk factors who are al-
ready on background lipid therapy. In early 2014, reacting
to early safety signals with the novel drug class, the FDA
issued a directive to developers of PCSK9 inhibitors to
assess the potential for neurocognitive adverse effects [1].
Along with monitoring for adverse neurocognitive events,
the FDA requested that developers determine the feasibility
of including neurocognitive testing in at least a subset of
participants in ongoing late-stage trials.

Concerns about cognition with lipid lowering are not
new. Memory complaints may be, at least according to one
targeted survey, the second most common patient-reported
adverse effect for statin medications [2]. In 2012, the FDA
mandated a black box warning change for all statin drugs
citing “ill-defined memory loss or impairment” [3]. De-
spite systematic reviews and clinical practice guidelines [4]
finding that high-quality evidence does not support a claim
of cognitive harm, the label change persists. Adding to
confusion, statin therapy is associated with a decreased
incidence of dementia in high-quality prospective cohort
studies [5]. There may be lessons from the statin experi-
ence that will help sort through PCSK9 safety concerns.

In this context, we discuss the possibility of neurocog-
nitive impairment with any lipid-lowering therapy and how
to possibly reconcile discordant reports. Psychiatric effects,
such as affective disorders or mood changes, are not the
intended focus of this review. Next, we discuss whether
concern for adverse neurocognitive effects extends to
PCSKO inhibitors. Then, we examine evidence to date from
PCSKO trials, take a look into the ongoing studies that are
planned, and explore how n-of-1 trials might be a useful
tool for rigorous patient-centered safety evaluation.

2 Why It is Biologically Plausible that
Lipid-Lowering Therapy Could Cause
Cognitive Adverse Effects

While statins have received most of the attention for po-
tential neurocognitive effects through lipid lowering, such a
mechanism could in theory apply to any single lipid-low-
ering intervention. The effect would be theoretically ex-
pected to relate to the magnitude of lipid lowering, with a
threshold below which harm could occur. Hence, the true
underlying source of cognitive decline, if such an effect
were to be observed, would be the impact of lowering lipid
levels on the functions of the central nervous system (CNS).
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The brain houses an estimated 25 % of the body’s total
cholesterol [6]. Cholesterol is a principal component of
myelin, a fatty sheath that serves an essential role in cellular
signaling and blood-brain barrier integrity [7]. Statins, re-
gardless of their lipophilicity and ability to penetrate the
blood—brain barrier, alter the composition of brain lipids in
rat models [8]. Additionally, reduced serum cholesterol
may also enhance blood—barrier permeability, exposing the
CNS to normally barred toxins [9]. It is therefore at least
biologically plausible that lowering serum cholesterol could
impact brain function, particularly in cell signaling.

PCSK9 inhibitors dramatically lower LDL-C by as
much as 75 % according to phase III data [10-12]. But
should this impact on cholesterol homeostasis raise le-
gitimate concerns about the effect of lipid-lowering therapy
and cognitive problems? While the animal studies refer-
enced above suggest an influence of serum on CNS
cholesterol, the real question is whether this influence
reaches a threshold to cause functional impairment. To our
knowledge, no studies—animal or human—have demon-
strated a causal link between CNS cholesterol reductions
(initiated by lipid-lowering therapy) and functional im-
pairment. Additionally, the average LDL-C level in Wes-
tern society (115 mg/dL in 2005-2006 in the USA [13]) far
exceeds the approximately 50 mg/dL seen in hunter-gath-
erers, human neonates, and genetically similar primates
[14]. It seems unlikely that a reduction from our popula-
tion’s “normal” serum cholesterol values to the physio-
logical (and nearly arteriosclerosis-free) range seen in our
direct ancestors would result in alterations to brain func-
tion. Furthermore, persons born with genetic loss-of-func-
tion variants in PCSK9 have not shown an increased
burden of cognitive dysfunction [15].

3 Why PCKS9 Inhibitors Could Improve
Cognition

As with statins, the concern for short-term cognitive chan-
ges must be weighed against potential long-term protective
effects. PCSK9 binds to the LDLR, inducing its degrada-
tion, and, therefore, increases serum LDL-C by reducing
LDL clearance from the blood [16]. LDLR, which is also
expressed in the brain, is responsible for -clearing
apolipoprotein E (apoE), a protein known to influence the
accumulation of amyloid B (AP)—the peptide responsible
for Alzheimer’s disease. LDLR is also upregulated by sta-
tins [17] and serves as one possible explanation for a de-
creased incidence of dementia in statin-treated patients [5].

Modulation of LDLR levels pharmacologically via
PCSKO inhibition can be considered as a potential strategy
for dementia prevention. Indeed, knockout mice for the
PCSK9 gene have been shown to have significantly lower
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apoE and plaque burden [18]. Controversy exists, however,
as to whether circulating PCSK9 influences CNS expres-
sion of LDLR and, therefore, whether PCSK9 inhibitors
could influence CNS lipid homeostasis [19, 20]. Rousselet
et al. [21] showed in mice that PCSK9 inhibition did not
interfere with brain development or recovery following an
ischemic stroke, suggesting, at least via the interaction with
LDLR, that these medications should not cause major
cognitive harm. While this is reassuring, the translatability
to humans and ability of injectable PCSK9 inhibitors to
cross the blood-brain barrier in humans are important
questions. PCSK9 inhibitors are antibodies which generally
are unable to cross the blood-brain barrier without engi-
neered “shuttle” molecules [22].

Alternatively, long-term lipid lowering through PCSK9
inhibition could lead to dementia prevention by improving
arterial health. It is becoming increasingly recognized that
traditional cardiovascular risk factors are not only risk
factors for coronary and cerebrovascular events, but also
for dementia [23, 24]. Triglyceride rich lipoproteins in
particular are associated with small vessel cerebrovascular
disease [25]. As with coronary artery disease, long-term
lipid lowering may slow, halt, or even reverse the process
of atherosclerosis in neurovascular network. Recognizing
that the development of atherosclerosis and vascular de-
mentia are not simply matters of cholesterol, it is con-
ceivable that the arterial benefits of long-term lipid
lowering by statins, PCSK9 inhibition, lifestyle changes, or
other mechanisms could protect against vascular dementia.

4 The Statin Experience

Although concerns had surfaced in years prior, the concern
that statin therapy may cause memory loss really came to
the forefront of popular media and physician office visits in
2012 with the FDA label change. It was primarily based on
reports from the Adverse Event Reporting System (AERS),
a national case report database the FDA utilizes for drug
safety surveillance. The FDA noted that symptoms were
“ill-defined” and that the time to onset of the event was
“highly variable, ranging from one day to years after statin
exposure”. A subsequent narrative review [27] of obser-
vational and randomized statin studies found no increased
risk of cognitive decline and suggested that clinical prac-
tice should not change. Despite this, the public was not
assured and scientific debate continued.

Much of the concern originated from the UCSD Statin
Effects Study [2], which received particular attention in
2009. The study sought out patients who perceived side
effects of statin therapy, and the majority (422/714; 59 %)
reported cognitive and/or memory problems. Of those re-
porting cognitive impairment, 171 (40 %) completed a

“cognitive survey” indicating a median time of onset of
5 months, with recovery after statin cessation ranging from
1 day to multiple years. Of note, a very high proportion
(70 %) of these patients also reported muscle problems.

Although the UCSD study provides unique and impor-
tant information, the ability for survey data to establish
causality is limited, and there were serious concerns raised
about both selection and reporting bias [27]. Regarding the
latter bias, this group of investigators conducted a ran-
domized trial on the effects of statins on cognition, with
results available in 2004 [28], but have not published an
article on the primary results, raising additional concerns
about publication bias.

Since 2012, systematic reviews [5, 29-31] and narrative
reviews [32-35] have repeatedly reported a lack of con-
clusive evidence that statins cause cognitive impairment.
A Cochrane review in 2013 found that a mean reduction in
LDL-C by 22 % was not associated with worsening of
cognitive function [36]. Most recently, Ott et al. [31]
analyzed 27,643 participants from 14 randomized con-
trolled trials (RCTs) finding that statin therapy was not
associated with unfavorable effects on tests of cognition in
those with or without impaired cognitive impairment at
baseline. Richardson et al. [29] reached a similar conclu-
sion citing moderate evidence that statin users did not ex-
perience an increase in mild cognitive impairment or
change in global cognitive performance scores, executive
function, declarative memory, processing speed, or vi-
suoperception. Additionally, in our systematic review,
analyzing 23,443 patients, we found that statin users in
high-quality prospective cohort studies had a lower inci-
dence of all-cause dementia [odds ratio (OR) 0.71, 95 %
confidence interval (CI) 0.61-0.82; number needed to treat
(NNT) 50, 95 % CI 33-100] [5]. This protective effect has
been noted by other investigators [37, 38].

In an important demonstration of the limitations of self-
reported data, Richardson et al. [29] independently ana-
lyzed the FDA AERS database to calculate the reporting
rates per prescription dispensed for statins, losartan, and
clopidogrel. They found similar cognitive-related adverse
reporting rates for all three drugs; however, clopidogrel and
losartan have not received the same national attention or
regulatory precautions as statins. Importantly, all three
drug classes are often prescribed at the time of a cardio-
vascular event, which may impair cognition [39, 40].

5 Limitations to Systematic Reviews
While the systematic review evidence is reassuring, there
are two notable limitations. The first limitation involves

inadequate powering of subgroup analyses. Plausible ar-
guments can be made that small subgroups of patients may
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be vulnerable to adverse effects and those effects are di-
luted out when analyzed with others. Such factors that may
increase vulnerability are (1) use of a more lipophilic
statin, increasing its ability to cross the blood—brain barrier;
(2) intensity of the statin regimen, as determined by statin
type and dose; and (3) underlying patient characteristics
predisposing to adverse effects, such as pre-existing cog-
nitive impairment, older age or genetic factors leading to
higher circulating statin concentrations.

Wong et al. [37] noted no difference in the prevention of
dementia with regard to statin lipophilicity (0.94, 95 % CI
0.61-1.44, vs. 1.07, 0.70-1.63), yet there is a paucity of
head-to-head data between hydrophilic and lipophilic sta-
tins in the short-term cognitive domain, prohibiting an
adequately powered analysis. The same is true in regard to
statin intensity [29]. In terms of patients with cognitive
impairment at baseline, four trials [41-43] examining the
effect of statins on global cognitive function in those with
Alzheimer’s disease and one high-quality observational
study [44] of patients with mild cognitive impairment have
shown no worsening of function.

The second limitation is the quality of tools used to
ascertain cognitive outcomes. While the limitations of
subjectively reported adverse events are clear, the objective
measures, such as the Mini-Mental State Examination
(MMSE), employed by the vast majority of the afore-
mentioned studies, may be too insensitive or unreliable for
detecting the changes perceived by patients. This is espe-
cially true in cognitively normal patients, with test-retest
reliability varying as much as 0.38-0.65 for the MMSE
[45]. In patients with Alzheimer’s disease, subjective
memory complaints have been shown to correlate with
dementia-related anatomical changes, but predate de-
creases in MMSE scores, raising more concern about the
sensitivity to detect mild impairment [46]. While objective
testing targeting more specific domains of cognition such
as declarative memory, attention, processing speed, Vvi-
suoperception, and motor speed have also failed to show
impairment in function with statin use, strength of evidence
varies and the sensitivity for these tests for drug-related
adverse effects is unknown [29].

Table 1 Cognitive adverse events in the OSLER study [47]

6 What We Know So Far About PCSK9 Inhibitors

What appears to have prompted the FDA’s directive was
the Open-Label Study of Long-Term Evaluation Against
LDL-C (OSLER) study, a safety, tolerability, and efficacy
study from Amgen Inc., the developer of evolocumab [47].
The OSLER study enrolled patients from the initial
12-week phase II safety trials [47-50], with the goal of
assessing safety at the end of 1 year. A cohort of 1104
hypercholesterolemic  patients received 420 mg of
evolocumab every 4 weeks plus standard of care (SOC) or
SOC alone. In the SOC group, 58 % of patients were
taking statins at baseline relative to 65 % in the
evolocumab + SOC cohort. Patients receiving evolocumab
had a 52 % reduction in LDL-C at 52 weeks compared
with 2 % in the SOC group. Overall, 81.4 % of patients on
evolocumab experienced an adverse event (73.1 % in SOC
group), of which 3.7 % required discontinuation of the
treatment drug. The most common adverse events were
nasopharyngitis (12 %), upper respiratory infections (8 %),
arthralgias (7 %), muscle-related events (9 %) and injec-
tion-site reactions (5 %).

Cognitive side effects were uncommon in the OSLER
study (Table 1); three patients (<1 %) reported amnesia and
five (<1 %) reported either memory or mental impairment.
No events were reported in the SOC group. Of note, these
patients were not blinded to treatment and no objective
measures were performed. Interestingly, the adverse events
were not related to the degree of LDL-C lowering such that
clustering did not occur in the LDL-C <25 mg/dL group
(n = 98) relative to those in the 25-50 mg/dL (n = 409)
and >50 mg/dL (n = 323) groups.

More recent data from the OSLER program supports the
earlier findings [52]. The OSLER investigators reported
11-month follow-up of two open-label, randomized trials
involving 4465 patients who had participated in parent
trials without having an adverse event leading to drug
discontinuation. Neurocognitive events were reported in
0.9 % of those allocated to evolocumab and 0.3 % in the
SOC group. This differential may be related, at least partly,
to the unblinded study design and ascertainment bias

Adverse events, n (%) LDL-C <25 mg/dL*

LDL-C <50 mg/dL*

LDL-C >50 mg/dL

Evolocumab + SOC Evolocumab + SOC SOC Evolocumab 4+ SOC
(n = 98) (n = 409) (n = 359) (n = 323)

Amnesia 1 (1.0) 1(0.2) 0 (0.0) 1(0.3)

Memory or mental impairment 0 (0.0) 4 (1.0) 0 (0.0) 1(0.3)

LDL-C low-density lipoprotein cholesterol, SOC standard of care

? No patients in the SOC group had LDL-C <25 mg/dL and two patients had LDL-C <50 mg/dL
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because participants on PCSK9 inhibitors were required to
attend more in-person visits. Moreover, very low LDL-C
levels of <25 mg/dL raise a new safety concern; however,
there was not a significant association of neurocognitive
reports with on-treatment LDL-C levels.

The ODYSSEY LONG TERM trial, using alirocumab,
showed a similar numerically higher proportion of neu-
rocognitive adverse events in the active treatment group of
1.2 versus 0.5 % in the placebo group [52]. The reported
adverse events were mostly related to memory. Although
the difference between the groups did not reach formal
statistical significance (p = 0.17), it is notably similar to
the signal in OSLER. In contrast to OSLER, ODYSSEY
LONG TERM participants were blinded and follow-up was
somewhat longer (78 weeks).

It is worth mentioning the other side of the coin: car-
diovascular events. Though neither OSLER nor ODYSSEY
LONG TERM was designed primarily as a hard outcome
trial, they offer early looks at the potential for PCSK9
inhibitors to confer protection from cardiovascular events.
A pre-specified exploratory analysis in OSLER showed a
cardiovascular event rate of 2.18 % in the SOC group
compared with 0.95 % in the evolocumab group [hazard
ratio (HR) 0.47, 95 % CI 0.28-0.78, p = 0.003]. In
ODYSSEY LONG TERM, there was a similar approximate
50 % relative risk reduction in cardiovascular events.

7 Ongoing PCSK9 Studies

There are four ongoing phase III trials (Fig. 1) evaluating
major adverse cardiac events, ODYSSEY OUTCOMES
[53], FOURIER [54], SPIRE-1 [55], and SPIRE-2 [56],
with results expected in 2017 and 2018. All four compa-
nies—Pfizer (bococizumab), Amgen (evolocumab), and
Sanofi/Regeneron (alirocumab)—released press releases
stating they are in communication with the FDA regarding
potential neurocognitive adverse events and have seen no
safety signals to date in these late-stage trials [1, 57]. While
it remains mostly unclear whether these events will be
subjectively reported or objectively determined (via neu-
rocognitive testing), all four companies plan to monitor for
such side effects and report results from their late-stage
trials.

We are aware of one dedicated neurocognitive substudy
sponsored by Amgen [58]: evaluating PCSK9 Binding
antiBody Influence oN coGnitive HeAlth in High cardio-
vascUlar Risk Subjects (EBBINGHAUS) (NCT02207634).
FOURIER trial participants free of current or past dementia
or mild cognitive impairment are eligible, with an expected
enrollment of 4000 participants. The primary outcome is
mean change from baseline over time in the Spatial
Working Memory (SWM) index of executive function.

Secondary outcomes include mean changes from baseline
over time in the SWM between-errors score and adjusted
Paired Associated Learning total errors, and median
5-Choice Reaction Time. The study began in August 2014,
and estimated completion is in September 2017. It will
provide important data as a specific assessment of neu-
rocognitive function with longer-term follow-up.

8 Surveillance for Cognitive Dysfunction
with PCSK9 Inhibitors: A Case for N-of-1 Trials

As with the statin experience, even if ongoing PCSKO9 trials
do not show any overall risk of adverse neurocognitive
effects, it is unlikely that this will provide complete reas-
surance or settle debate. There could still be hidden vul-
nerable subgroups, and even if proportionally small, the
sheer market potential for these drugs means the absolute
size of such a group could be considerable. Statins as a
class were prescribed 255.4 million times in 2010 [59] and,
with an estimated 10-20 % of patients “intolerant to sta-
tins”, and many more high-risk patients not attaining an
optimal LDL-C on statin monotherapy [60], PCSK9 in-
hibitors have the potential to be used in millions of patients
around the globe. PCSK9 inhibitors can also lower LDL-C
to a greater degree than is seen with even the strongest
statin therapy, which raises concern about a dose-response
effect.

The FDA has issued an important directive about cog-
nitive safety monitoring; however, what remains unclear is
whether traditional clinical trials are the best approach.
Randomized clinical trials are the sine que non of medical
research, but are best utilized to determine group averaged
effects on common outcomes, such as major adverse car-
diac events, with objective means of measure. What seems
desirable is a study design that can incorporate the ran-
domized, blinded rigor of randomized trials with the tar-
geted patient-centeredness of case reports and case series.
Such a design may offer scientific purists the desired level
of evidence while offering other experts the desired at-
tention to patients who deviate from the group average.

To bridge the divide between both sides of the debate,
we suggest n-of-1 trials. An n-of-1 trial is a single patient
crossover trial in which a patient is randomized to active
drug or placebo in blinded fashion for specified periods of
time. Multiple crossovers may be desired. N-of-1 trials may
be better suited to establish causality, be less costly, and be
a more efficient means of pursuing adverse cognitive
events in patients exposed to PCSKO9 inhibitors and statins.
Following the completion of ongoing PCSKO9 trials, those
participants who reported an adverse neurocognitive event
could be offered the opportunity to participate in an n-of-1
trial. Moreover, if PCSKO9 inhibitors are approved, then the
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(a) Alirocumab
(SAR236553/REGN727)
ODYSSEY programme
l Phase Ill
l | l l
Lipid lowering Safety MACE
Monotherapy ; tSltatln High LDL-C | High LDL-C | High LDL-C High LDL-C FH FH FH Safety MACE
ntolerance
ODYSSEY ODYSSEY ODYSSEY | ODYSSEY ODYSSEY ODYSSEY ODYSSEY || ODYSSEY ODYSSEY || ODYSSEY ODYSSEY
MONO® ALTERNATIVE® || OPTIONS 1°? || COMBO I** || COMBO I1°® || CHOICE 1% || FH I’ HIGH FH™ OLE LONG OUTCOMES**
n=103 n=314 n=347 n=306 n=660 n=700 | n=471 n=105 n=1,200 TERM® n=18,000
24 weeks 24 weeks 24 weeks 52 weeks || 115 weeks 24 weeks || 78 weeks || 78 weeks Up to n=2,100 5-6 years
- - | : ‘ : i 120 weeks | 88 weeks
ODYSSEY | ODYSSEY
OPTIONS 113 FH 119¢
n=300 n=249
24 weeks | 52 weeks
(b) Evolocumab
(AMG 145)
PROFICIO programme
Phase IlI
l — : 4 }
Lipid lowering Safety Imaging (IVUS) MACE
‘ Monotherapy = Statin intolerance ‘ At-target LDL-C High LDL-C FH OLE Lesion regression MACE
MENDEL-2'%? GAUSS-21%* DESCARTES™™ LAPLACE-2'* ‘ RUTHERFORD-21%¢ OSLER-2%7 GLAGOV'*® FOURIER'™
n=600 n=500 n=905 n=1,700 ‘ n=300 n=3,515 | n=900 n=22,500
12 weeks 24 weeks 52 weeks 12 weeks || 12 weeks 104 weeks | 78 weeks 5 years
(c) Bococizumab
(RN316/PF-04950615)
SPIRE programme
Phase Il
4 | }
Lipid lowering MACE
SPIRE-HF'*? SPIRE-HR'** SPIRE-LDL''® SPIRE-1'¢ SPIRE-2'%7
n=600 n=300 n=1,600 MACE in patients MACE in patients
18 months 12 months 18 months with LDL-C 70-99mg/dlI with LDL-C 2100 mg/dl
n=12,000 n=6,300

Fig. 1 Ongoing phase III clinical trials of PCSK9 inhibitors. Phase III trials designed to evaluate the long-term safety and tolerability of
a alirocumab, b evolocumab, and ¢ bococizumab, and their efficacy in reducing the rate of cardiovascular events in various populations of
patients. FH familial hypercholesterolemia, /VUS intravascular ultrasonography, LDL-C low-density lipoprotein cholesterol, MACE major
adverse cardiac events, OLE open-label extension, PCSK9 proprotein convertase subtilisin-kexin type 9. Reproduced from Dadu et al. [62] with

permission from Nature Reviews Cardiology

FDA could develop a program to select post-approval
surveillance cases from the AERS database and offer those
patients the opportunity to undergo testing using an n-of-1
design. Individuals would receive objective neurocognitive
testing in addition to keeping a symptom diary during
blinded, random allocations to PCSK9 inhibition and
placebo, with a washout period between crossovers.
Through these means, causality could be more definitively
assessed in a patient-centered approach. This approach
would also be free of ascertainment bias introduced to
PCSKO trials by more closely monitoring patients on active
study drug.

Although the n-of-1 approach has not been applied in
statin-related cognitive dysfunction, to the best of our
knowledge, it has shown usefulness for statin-related
myalgias [61]. Joy et al. [61] enrolled eight patients with
prior statin-related myalgia from a tertiary care lipid clinic
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in n-of-1 trials with three double-blind, crossovers
separated by 3-week washouts. The primary outcome was
the visual analog scale myalgia score, which patients re-
ported weekly. Scores did not differ in any of the n-of-1
trials, and when patients were presented with these results,
five patients chose to resume statin treatment. Therefore,
this limited experience with the n-of-1 trial in assessing
statin safety may serve as a useful model that can be
considered for efficient, rigorous, and patient-centered
safety assessments of PCSK9 inhibitors.

9 Conclusion
In conclusion, neurocognitive impairment is theoretically

possible with any lipid-lowering therapy. The statin expe-
rience indicates that apparently discordant reports of
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neurocognitive adverse effects may be related to differ-
ences in research methodologies with inherent tradeoffs in
risk of bias and patient-centeredness. On both theoretical
and empirical grounds, concern for adverse neurocognitive
effects currently extends to PCSK9 inhibitors. Available
evidence from PCSKO trials suggests an uncommon effect,
but is inconclusive; ongoing trials providing more data,
longer-term data, and objective testing will be informative.
Still, the statin experience indicates that traditional RCT
evidence is insufficient to settle debate given its inherent
focus on group averages. As a solution to this problem, we
propose that n-of-1 trials warrant close consideration in
moving forward with PCSK9 inhibitor safety evaluation.
Having safety data of the highest possible quality is critical
to best inform the shared decision-making process that
occurs when a patient and his or her clinician weigh po-
tential benefits and risks of any lipid-lowering therapy.
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