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Abstract. Background/Aim: Lipid-lowering drugs have
been suggested to affect neurocognitive function. This review
aimed to give the latest evidence on the way these agents
affect neurocognitive function based on clinical trials.
Materials and Methods: A systematic search concerning
original studies from 2015 to 2020 was performed through
the databases PubMed, EMBASE and Cochrane, according
to the PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) guidelines. The trials enrolled
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numerous patients and were conducted in different areas of
the world. The terms used are cholesterol, lipid-lowering
drugs, statins and cognitive function. Results: Eleven
randomized trials met the inclusion criteria. The trials
included patients suffering from cardiovascular conditions.
In particular, patients with coronary heart disease, coronary
heart disease risk equivalents and hypercholesterolemia
were tested. The trials included evolocumab, alirocumab,
statin, ezetimibe or placebo. Conclusion: Lipid-lowering
drugs seem to have no significant effect on neurocognitive
function, but further research specifically focused on this
matter is needed.

Previous evidence has shown that the more risk factors for
vascular disease one has in middle age, the greater the risk for
dementia later in life. High risk cholesterol levels are among
the risk factors. Evidence suggests that LDL is associated with
cognitive impairment while HDL improves memory (1).
Cognitive impairment relates to attention, processing
speed, learning, memory and verbal flexibility. Studies of
two rare diseases, Down’s syndrome and Niemann Pick type
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C, have found that cholesterol interferes with the process of
cellular proliferation and this results in defective offspring
of cells throughout the body, leading to various diseases,
such as heart diseases and Alzheimer’s disease (2, 3). Also,
it has been found that people with high cholesterol have
significantly more plaques in their brains and that high
cholesterol is related to a reduced risk of cognitive
impairment to the elderly (4). Furthermore, it has been
observed that statins are associated with some protection
against cognitive impairment, but as individuals grow,
protection declines (4). Lately, proprotein convertase
subtilisin-kexin type 9 (PCSK9) inhibitors have constituted
a noteworthy class of medical treatment that significantly
lower low-density lipoprotein cholesterol (LDL-C) via
upregulation of LDL receptor availability (5). However, there
is great concern whether these treatments affect
neurocognitive function. This article reviews the latest
evidence from randomized trials on this matter.

Materials and Methods

Three known databases (EMBASE, PubMed and Cochrane library)
were systematically explored for retrieval of potentially relevant
articles published from 2015 through 2020. The keywords used
were cholesterol, lipid-lowering drugs, statins and cognitive
function. Articles were also searched from references of the original
papers and review articles. Articles concerning clinical trials were
included. All duplicates were removed, and the remained records
were screened for eligibility criteria. Studies suspected for bias were
excluded. The research was performed in agreement with the
PRISMA (Preferred Reporting Items for Systematic reviews and
Meta-Analyses) guidelines as presented in Figure 1. The database
resulted in 11 trials that met the inclusion criteria. They are all
randomized trials that compare evolocumab and alirocumab either
to each other or each to placebo or a statin. The number of patients
in the presented trials ranged from 250 to 27,500 and was from
different sites in many countries of the world (Table I).

Results

A recently developed and effective method for lowering
LDL-C levels and reducing cardiovascular diseases is the
employment of human mAbs inhibiting PCSK9. Two mAbs
for LDL-C reduction, evolocumab and alirocumab, have
been permitted by both the FDA and European Medicines
Agency and both have affirmed a notable ability in reducing
LDL-C along with a promising safety profile (6).
Additionally, according to the Further Cardiovascular
Outcomes Research that reported the PCSK9 inhibition in
patients with elevated risk trial (7), patients presenting high
cardiovascular risk were investigated at first. Evolocumab
has been proven to decrease cardiovascular episodes.
However, patients treated with either alirocumab or
evolocumab provided significantly decreased levels of on-
treatment plasma cholesterol in the majority of cases (mean
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level 30 mg/dl:FOURIER trial and even <25 mg/dl:
ODYSSEY LONG-TERM trial) (8), which is worrying in
terms of potential unfortunate effects of these drugs, like
neurocognitive disorders.

Some studies have observed similar neurocognitive
adverse effects in patients receiving PCSK9 inhibitors and in
control groups. In ODYSSEY LONG-TERM trial,
medication based on alirocumab was related to a no notable
increase in neurocognitive disorders such as memory
impairment, amnesia and confusional state in patients being
prone to present cardiovascular events. Similarly, in the
reported studies ODYSSEY FH I, FH II and ODYSSEY
HIGH FH and COMBO I (9-11), a small number of
neurocognitive events was reported in patients treated with
alirocumab [2 (0.6%) in FH I, 1 in HIGH FH and no events
were reported in FH II and COMBO 1] or placebo [2 (1.2%)
in FH I, 1 (1.2%) in FH II, COMBO I and HIGH FH]. On
the other hand, the OSLER trial cited a slight increase of
neurocognitive unfavorable events in patients that received
evolocumab. When 11.1 months of treatment were
completed, the overall incidence of declared neurocognitive
events was detected and was found to be extremely low
(<1%). This outcome was not linked to the therapy of plasma
LDL-C level (12). According to ODYSSEY OPTIONS I and
II studies, as well as the ODYSSEY COMBO II trial (13-
15), alirocumab can be compared to ezetimibe, as adjuvant
therapy to maximally tolerated statin therapy in patients at
increased cardiovascular risk with insufficient controlled
hypercholesterolemia. Not many neurocognitive episodes
appeared in either group in both trials [4 (0.8%) in patients
that received alirocumab and 3 (1.2%) in ezetimibe group in
ODYSSEY OPTIONS 1II, 1 patient in each group in
ODYSSEY COMBO 1II trial and none in ODYSSEY
OPTIONS I]. Evolocumab vs. placebo treatment was studied
in RUTHERFORD-2 study and no neurocognitive events
were reported (16).

The Evaluating PCSK9 Binding Antibody Influence on
Cognitive Health in High Cardiovascular Risk Subjects
(EBBINGHAUS), constitutes a randomized and double-
blind study that utilized placebo-controlled tests, and was
conducted to investigate the impact on neurocognitive
testing, during the treatment, in patients treated with
evolocumab combined with statin vs. statin alone. In order
for cognitive tests to take place, the Cambridge
Neuropsychological Test Automated Battery, a tablet-based
tool assessing executive function, working memory, memory
function, and psychomotor speed at first, weeks 24 and 48,
every 48 weeks thereafter, and at the end, was utilized. The
main endpoint was spatial working memory strategy index
of principal function (SWMSI). The researchers aimed to
investigate whether evolocumab would result in similar
outcomes to placebo in the mean change in SWMSI from
the beginning onwards. Investigators estimated that up to
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Figure 1. PRISMA flow diagram for the current literature review.

fifteen hundred participants without cognitive issues were
required in order to have 97% power to identify
noninferiority; they also set the noninferiority boundary at
20% of the standard deviation. Spatial Working Memory
strategy index findings were similar between patients treated
with evolocumab and placebo at baseline (17.8 for each) or
at the end of the trial (17.5 vs. 17.6, respectively; p<0.0001
for noninferiority). Concerning the secondary endpoints,
including additional neuropsychological items of Cambridge
Neuropsychological Test Automated Battery, also provided
similar results between patients randomized to medical
treatment of evolocumab or placebo. Moreover, reports from
patients and investigators regarding cognitive adverse events
did not differ not only for placebo, but also for evolocumab.
The analysis findings indicated that cognitive function was
not influenced by on-treatment LDL-C status; therefore,
cognitive performance in patients with an LDL-C <25 mg/dl

was alike to that in patients presenting higher plasma LDL-
C levels (17).

In 2017, Guigliano et al. conducted a study in which 15,281
patients were included. Patients received simvastatin 40 mg plus
ezetimibe 10 mg or placebo for a median period of 6 years. As
far as the neurocognitive dysfunction is concerned, neither long-
term nor short-term adverse events appeared during treatment,
even in patients with LDL-C levels lower than 30 mg/dl (18).

Discussion

Cholesterol and especially LDL cholesterol homeostasis has
a pivotal role in the appropriate cellular function since it is
a part of the cell membrane (19). The safety of new lipid-
lowering therapies and the combinations of these agents have
attracted the interest of the research community. However,
the long-term effects of the use of lipid-lowering drugs on
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neurocognitive functioning still need to be investigated, as
the increase in reported adverse outcome rates of 0.1 to 1.0%
indicate that they are not uncommon (20).

Pooled data analysis on alirocumab showed that both patients
treated with alirocumab and patients receiving placebo
experienced comparable neurocognitive events (1.0% and 0.9%)
and the findings of neurocognitive episodes did not differ
between patients that obtained a dose of LDL-C less or more
than 25 mg/dl (21). That was also the case in a pooled data
analysis on evolocumab, which presented rare neurocognitive
unfavorable events that were compared in the different study
groups (0.1% in evolocumab vs. 0.3% in control groups) (22).

On the other hand, a more recent meta-analysis found a
notable raise in neurocognitive adverse episodes among
patients treated with PCSK9 inhibitor in comparison to
patients who received placebo (23). However, since it
included results from the Open-Label Study of Long-Term
Evaluation against LDL Cholesterol trial and results obtained
from its long-term extension, the same patients were tested
twice in the same study. Once those findings were omitted,
there was no correlation between PCSK9 therapy and
neurocognitive adverse events (24). Nonetheless, in recent
trials, the neurocognitive adverse events were reported by
patients and no objective assessments of cognitive ability
took place. Moreover, in most trials, no data on patients’
beginning cognitive level were reported.

Our review, based on the latest studies, does not show any
significant repercussion of neurocognitive events in patients
taking lipid-lowering drugs. However, there are some
limitations that affect our conclusions, such as the missing
patients’ cognitive status at the beginning of some trials, and
the variety regarding the magnitude of LDL lowering, which
may affect neurocognition.

Conclusion

In conclusion, neurocognitive dysfunction is a medical
challenge, which is frequently met in people receiving drugs
against dyslipidemia. Even though lipid-lowering drugs seem
to be safe in terms of neurocognitive function, more trials
specifically focusing on that issue need to be performed in
order to have solid conclusions on the matter.
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