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Abstract

Introduction The cognitive safety of monoclonal antibody proprotein convertase subtilisin/kexin type 9 inhibitors (PCSK91)
has been established in clinical trials, but not yet in real-world observational studies. We assessed the cognitive function in
patients initiating PCSKO9i, and differences in cognitive function domains, to analyze subgroups by the low-density lipoprotein
cholesterol (LDL-C) achieved, and differences between alirocumab and evolocumab.

Methods This has a multicenter, quasi-experimental design carried out in 12 Spanish hospitals from May 2020 to February
2023. Cognitive function was assessed using the Montreal Cognitive Assessment (MoCA).

Results Among 158 patients followed for a median of 99 weeks, 52% were taking evolocumab and 48% alirocumab; the mean
change from baseline in MoCA score at follow-up was +0.28 [95% CI (—0.17 to 0.73; p=0.216)]. There were no significant
differences in the secondary endpoints—the visuospatial/executive domain +0.04 (p=0.651), naming domain —0.01 (p=0.671),
attention/memory domain +0.01 (p =0.945); language domain —0.10 (p =0.145), abstraction domain +0.03 (p=0.624), and
orientation domain —0.05 (p =0.224)—but for delayed recall memory the mean change was statistically significant (improve-
ment) +0.44 (p=0.001). Neither were there any differences in the three stratified subgroups according to lowest attained LDL-C
level—0-54 mg/dL, 55-69 mg/dL and >70 mg/dL; p=0.454—or between alirocumab and evolocumab arms.

Conclusion We did not find effect of monoclonal antibody PCSK9i on neurocognitive function over 24 months of treatment,
either in global MoCA score or different cognitive domains. An improvement in delayed recall memory was shown. The
study showed no differences in the cognitive function between the prespecified subgroups, even among patients who achieved
very low levels of LDL-C. There were no differences between alirocumab and evolocumab.

Registration ClinicalTtrials.gov Identifier number NCT04319081.

1 Introduction

Low-density lipoprotein (LDL) cholesterol (LDL-C) is one

of the main risk factors for cardiovascular disease (CVD)
[1]. Reduction of LDL-C is highly effective in reducing
major cardiovascular events (MACE) [2, 3]. Lipid-low-
ering drugs are the main tool to prevent atherosclerotic
CVD by upregulation of LDL receptors, including statins,
ezetimibe, protein convertase subtilisin/kexin type 9 inhibi-
tors (PCSK9i), bempedoic acid, and inclisiran, a small inter-
fering RNA (siRNA) that inhibits the hepatic synthesis of
PCSKO9 [4-8]. Alirocumab and evolocumab are the first class

The members of the Investigadores MEMOGAL group are listed in
Supplementary Appendix 1.

Extended author information available on the last page of the article

Monoclonal antibody proprotein convertase subtilisin/
kexin type 9 inhibitors (PCSK9i) were not significantly
associated with neurocognitive events over 2 years, even
in patients with very low serum LDL-C levels.

There were no significant changes observed in the pri-
mary MoCA score or cognitive domains, but significant
changes were observed in delayed recall memory.

No differences in neurocognitive outcomes were found
between patients treated with alirocumab or evolocumab.

This is the first long-term, real world study to assess
neurocognitive function in monoclonal antibody PCSK9i
recipients.
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of PCSKO9i that demonstrated in randomized clinical trials
the ability to reduce the LDL-C levels by about 60% [9, 10].

The safety of very low LDL-C values, achieved through
lipid-lowering therapies, have frequently been questioned
due to the possibility of an increased risk of neurocogni-
tive decline. In fact, the US Food and Drug Administra-
tion (FDA) instructed the laboratories to assess potential
neurocognitive side effects of PCSK9i [11]. Several studies
showed that PCSK9i were associated with neurocognitive
adverse events: The OSLER1 and OSLER?2 studies reported
a higher incidence of neurocognitive events in patients
treated with evolocumab when compared with standard ther-
apy [9]. In the ODYSSEY LONG TERM study, alirocumab
had a higher incidence of neurocognitive events than placebo
[12]. Two more meta-analyses described similar results [13,
14]. In contrast, in two multicenter and randomized clini-
cal trials (RCT), FOURIER and ODYSSEY OUTCOMES,
there were not significant differences between PCSK9i and
placebo [9, 10]. Successively, two meta-analyses were not
associated with cognitive impairment [15, 16], and the EBB-
INGAHUS study (first study assessing cognitive changes
as a principal endpoint) did not find an association among
adverse cognitive effects and evolocumab [17]; further-
more, alirocumab also did not show effect on neurocogni-
tive function over 96 weeks in the trial from Janik et al. [18].
Recently, in FOURIER-OLE [19], an open-label extension
study with evolocumab and with a follow-up of 8.4 years,
neurocognitive events with evolocumab in the long term did
not exceed those reported for placebo-treated patients.

However, real-world data assessing cognitive function
as the primary endpoint are necessary. However, there are
currently no published data comparing alirocumab and
evolocumab.

The MEMOGAL study is a multicenter, non-rand-
omized, open-label trial aiming to assess cognitive func-
tion in patients who initiate treatment with PCSK?9 inhibi-
tors in a real-world setting.

2 Methods
2.1 Study Design

MEMOGAL is a multicenter, prospective study with a
quasi-experimental design in patients initiating PCSK9i
in 12 Spanish hospitals. The protocol and design were
already published [20] and registered in clinicaltrial.gov
(NCT05136287). This protocol was approved by the ethics
committee and the Agencia Espafiola de Medicamentos y
Productos Santitarios. Study design and patient disposi-
tion are shown in Fig. 1.
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2.2 Population

The inclusion criteria were individuals over 18 years of age
with a first prescription of PCSK9 inhibitors evolocumab
(140 mg every 2 weeks) or alirocumab (75 mg or 150 mg
every 2 weeks), and a diagnosis of established atheroscle-
rotic cardiovascular disease or hypercholesterolemia dis-
ease. Established atherosclerotic cardiovascular disease was
defined as myocardial infarction, stroke, or peripheral arte-
rial disease and hypercholesterolemia disease as homozy-
gous familial hypercholesterolemia and heterozygous
(familial and non-familial) or mixed dyslipidemia. Exclu-
sion criteria were a previous diagnosis of cognitive impair-
ment disease or dementia. All the subjects provided written
informed consent, and the study was conducted in accord-
ance with the principles of the Declaration of Helsinki.

2.3 Study Procedures

The study consisted of two study periods (Fig. 1): the inclu-
sion period from May 2020 to May 2022 and the follow-
up from May 2020 to February 2023. Montreal Cognitive
Assessment (MoCA) tests were assessed at baseline, month
12, month 24, and/or final visit for those patients who were
followed more or less than 24 months. The investigators
from the different participating centers (Appendix 1) were
responsible for administering the MoCA questionnaires to
the patients during the various study visits. They received
initial training before commencing the study, and they were
kept up to date through different meetings throughout the
study duration.

2.4 Endpoints

The primary endpoint was cognitive impairment, assessed
by the MoCA questionnaire [21]. Briefly, the score ranges
from O to 30 and normal values > 26 are considered nor-
mal. Using this cutoff, the MoCA detects 90% of mild
cognitive impairment of subjects [21]. MoCA assesses
cognitive impairment across different domains (further
details of the MoCA are provided in the Appendix 2).
It was performed at baseline visit, at 12 months, at
24 months, and/or at the end of the study. It is important
to note that an increase in each domain score over time
indicates improvement, while a decrease indicates poten-
tial deterioration in cognitive function.

The secondary end points included measures of other
components of MoCA test: visuospatial/executive mem-
ory, naming, attention, language, abstraction, delayed
recall memory, and orientation (Appendix 2).

Another secondary endpoint was changes in the MoCA
test by analysis of subgroups. Patients were categorized
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Fig.1 Design and study flow

into three pre-specified subgroups based on their achieved
LDL-C values at follow-up—< 55 mg/dL, 55-< 70 mg/dL,
and 70 mg/dL or higher—and by the magnitude of LDL
reduction. We assessed the differences in the cognitive
function between alirocumab and evolocumab.

Patients were included in the trial from May 2020 to
May 2022 and 32 months of follow-up. The study was
closed in February 2023.

2.5 Statistical Analysis

For the primary and secondary endpoints related to MoCA
domains, statistical analysis was performed following the
criteria of MoCA validation [21]. Thus, the means along
with their 95% confidence intervals (CI) and standard devi-
ations (SD) were calculated at different points during the
follow-up. Differences were assessed using the paired stu-
dent r-test. Additionally, we conducted an analysis of the
cognitive test, stratifying by LDL-C levels on one hand,
and comparing cognitive function between the two PCSK9

inhibitors on the other. Student 7-tests for independent sam-
ples were carried out to establish if there were differences
in each case. Statistical significance was defined as p <0.05.
All analyses were performed using SPSS 19.0 (IBM Corp.
Released 2010. IBM SPSS Statistics for Windows, Version
19.0. Armonk, NY: IBM Corp.).

3 Results

3.1 Patient Disposition

A total of 158 patients were recruited in the study from
25 May 2020 (first patient) to 6 April 2022 (last patient

included), and 143 (90.50%) patients completed the final
follow-up MoCA test (Fig. 1).
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3.2 Baseline Characteristics and Concomitant
Medication

The baseline characteristics are shown in Table 1. The
mean (SD) age of the patients was 6 years (10 years),
66.5% were male, the mean (SD) body weight was 81 kg
(16 kg), and mean (SD) body mass index (BMI) was 29 kg/
m? (5 kg/m?). Overall, regarding concomitant diseases,
85% had cardiovascular ischemic disease (CVD), 25%
familiar hypercholesterolemia (FH), 55% hypertension,
22% type 2 diabetes (T2D), and 17% heart failure. Regard-
ing the comorbidities, 20% had family history of dementia,
11% were smokers, and 72% were adherent to diet.
Among 158 patients, 75 patients were taking evo-
locumab 140 mg every 2 weeks (47.46%), 65 patients were
on alirocumab 150 mg every 2 weeks (41.14%), and 18
patients were taking alirocumab 300 mg every 2 weeks
(11.40%). Regarding additional lipid-lowering therapy,
33.5% of them were using rosuvastatin, 18.4% atorvastatin,
3.2% pitavastatin, 1.2% other statins, and 58.6% ezetimibe,
and 43.7% of the sample were not taking any statin. Of all
patients, 43.7% had statins intolerance (Table 1).

3.3 LDL-CReduction

The median duration of follow-up was 99.57 weeks
(74.53-104.29 weeks). During this period, the median
LDL-C (SD) level at baseline was 145.18 mg/dL (43.43 mg/
dL) and the median LDL-C (SD) at follow-up was 62.11 mg/
dL (33.98 mg/dL). The reduction in LDL-C was maintained
over time, and the percentage of reduction was 55.6% (95%
CI 51.04-60.23; p<0.001; Table 1).

3.4 Outcomes
3.4.1 Primary Endpoint: Neurocognitive Function

At follow-up, data were missing for 15 patients (9.50%), and
the rest of patients presented a MoCA test at baseline and
during the follow-up study. The median MoCA score (SD)
at baseline was 24.22 (3.98) [95% CI (23.52-24.84)], and
the median MoCA score (SD) at follow-up was 24.50 (4.14)
[95% CI (23.72-25.09)]. The primary endpoint mean change
from baseline in MoCA score at follow-up was + 0.28 [95%
CI (- 0.17 to 0.73); p=0.216]; there was no significant
change in the MoCA total score from baseline to follow-up.
See Fig. 2.

3.4.2 Secondary Endpoints: Changes in MoCA Cognitive
Domains; Subgroups and PCSK9 Analysis

The reported scores in the different cognitive domains of
the MoCA test had a similar trend; there were no significant
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Table 1 Demographics, baseline characteristics, and treatments

Sex (male); n (%) 105 (66.5)
Years; mean (SD) 60.6 (10.2)
Height; mean (SD) 1.67 (0.08)
Weight; mean (SD) 81.0 (15.7)
Medical history; n (%)
Cardiovascular disease 134 (84.8)
Familiar hypercholesterolemia 39 (24.7)
Statins intolerance 69 (43.7)
Dementia history 31 (19.6)
Diabetes 35 (22.2)
Hypertension 87 (55.1)
Heart failure 27 (17.1)

Diet 114 (72.2)
Smoking status; n (%)

Current 17 (10.8)
Past smoker 85 (53.8)
Never 56 (35.4)
PCSKO9 inhibitors; n (%)
Alirocumab 150 mg 65 (41.1)
Alirocumab 300 mg 18 (11.4)
Evolocumab 240 mg 75 (47.5)
Statins (%)
Rosuvastatin 33.5
Atorvastatin 18.4
Pitavastatin 32
Other statins 1.2
Ezetimibe 43.7
LDL-c; mg/dL (SD)
Baseline 145.18 (43.43)
Follow-up 62.11 (57.00)

changes. For the visuospatial/executive domain the mean
change from baseline to follow-up was +0.04 [95% CI
(—=0.14 to 0.23); p=0.651]; for the naming domain the
mean change from baseline to follow-up was —0.01 [95%
CI (-0.08 to 0.52); p=0.671]; for attention/memory domain
the mean change from baseline to follow-up was +0.01 [95%
CI (—0.20 to 0.21); p =0.945]; for language domain the
mean change from baseline to follow-up was —0.10 (95%
CI (—0.23 to 0.03); p =0.145]; for abstraction domain the
mean change from baseline to follow-up was +0.03 (95%
CI(—0.08 to 0.14); p=0.62]; and for orientation domain the
mean change from baseline to follow-up was —0.05 [95% CI
(—0.13 to 0.03); p =0.224), but for delayed recall memory
domain the mean change from baseline to follow-up was
statistically significant, indicating a meaningful improve-
ment of +0.44 [95% CI (0.18-0.70); p =0.001]. See Fig. 2.

The cognitive test results were also stratified according
to lowest attained LDL-C level in the three groups: from
0-54 mg/dL, from 55-69 mg/dL, and >70 mg/dL. The
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results are shown in Fig. 3. For the first group (0-54 mg/
dL), the mean MoCA score (SD) at follow-up was 24.06
(4.23) [95% CI (22.90-025.21)]; for the second group
(55-69 mg/dL), the mean MoCA score (SD) at follow-up
was 25.33 (3.70) [95% CI (23.77-26.90)]; and for the third
group (>70 mg/dL), the mean MoCA score (SD) at follow-
up was 24.18 (4.63) [95% CI (22.54-25.82)]. There were
not significant differences in the different cognitive domains
of MoCA test scores between the three groups of subanaly-
sis (p =0.454; Table 2). Additionally, even for patients who
achieved a final LDL value <40 mg/dL (n=36), the results
did not show statistical significance (p =0.118).

An additional stratified analysis was performed accord-
ing to magnitude of total LDL-C reduction and MoCA
score. We divided the patients into three subgroups:
mild reduction (<30%; n = 15), moderate reduction
(30-60%; n = 64), and intense reduction (> 60%; n = 64)
[3]. These results did not show significant differences
among the different groups (p =0.095).

Regarding sex, there were no significant differences
between sex and the final MoCA score value (p =0.221).
However, there were significant differences between
patients aged > 65 years and those younger than 65 years
(p<0.001).

We also compared the differences between changes in
cognitive function for the two PCSK9i: For alirocumab
the mean MoCA score (SD) at follow-up was 24.82 (3.8)
[95% CI (23.94-25.70)], and the mean change from base-
line to follow-up was +0.31 [95% CI (- 0.32 to 0.94)],
whereas for evolocumab the mean MoCA score (SD)
at follow-up was 23.96 (4.4) [95% CI (22.88-25.03);
p=0.212], and the mean change from baseline to
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Fig.3 Secondary endpoint: Global MOCA score at the end of the
study by achieved LDL-C target

follow-up was +0.13 [95% CI (—0.51 to 0.77); p=0.690].
There were no differences in change in cognitive function
between alirocumab and evolocumab. See Table 2 and
Fig. 4.

4 Discussion

The analyses on this observational and prospective study
involving real-world patients treated with PCSK9 inhibi-
tors demonstrates the absence of effect on cognitive func-
tion, measured by MoCA test after 24-month of follow-up.

Change from baseline in MOCA cognitive score and secondary
neurocognitive endpoints at 24 Months

MOCA TEST COGNITION

Mean difference (95% Cl; p-value)

Primary endpoint

MOCA test score

0.28 (-0.17-0.73); p=0.216

Primary endpoint
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-0.10 (-0.23-0.03); p=0.145
0.03 (-0.08-0.14); p=0.624
0.44 (0.18-0.70); p=0.001
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'
I
T
1
i

Visuospatial domain —_—
|
'

Naming domain =
I

Attenion domain —_——
b

Language domain ,_._i_‘
1

Abstraction domain :.

Delayed recall domain H
1 —_—
I

. . ] |

Orientation domain —
'
I
'
I

. i .
0,5 0 0,5

Fig.2 Outcomes

A\ Adis



588

J. Seijas-Amigo et al.

Table 2 Endpoints: change in global MoCA score and domains (subgroups population)

Baseline Follow-up Difference, % (95% CI), p-value
N=158 N=141
Primary endpoint
Global MoCA score
Global score (SD) 24.22 (3.9) 24.50 (4.0) 0.28 (-0.17 t0 0.73), p=0.216
Secondary endpoint
MoCA score for domains
Visuospatial/executive 3.96 (1.2) 4.00 (1.1) 0.04 (—0.14 t0 0.23), p=0.651
Naming 2.88(0.3) 2.87(0.4) —0.01 (-0.08 t0 0.52), p=0.671
Attention 4.95(1.3) 496 (1.2) 0.01 (=0.20 t0 0.21), p=0.945
Language 2.38(0.8) 2.28(0.9) —0.10 (-0.23 t0 0.03), p=0.145
Abstraction 1.68 (0.5) 1.71 (0.6) 0.03 (—0.08 to 0.14), p=0.624
Delayed recall 2.31(1.7) 2.75 (1.6) 0.44 (0.18-0.70), p=0.001
Orientation 5.87 (0.4) 5.82(0.4) 0.28 (=0.17 t0 0.73), p=0.216
Secondary endpoint
MoCA score for c-LDL subgroups
<55 mg/dL (n=>54) 24.22 (3.9) 24.06 (4.2) p=0.454
56-69 mg/dL (n=24) 24.22 (3.9) 25.33 (3.7) p=0.454
> 70 mg/dL (n=33) 24.22 (3.9) 24.18 (4.6) p=0.454
Secondary endpoint
MoCA score for PCSK9i subgroups
Alirocumab (n="74) 24.22 (3.9) 24.82 (3.8) p=0212"
Evolocumab (n=69) 24.22 (3.9) 23.96 (4.4) p=0.690?

*No significant differences alirocumab and evolcumab: 'p=0.212; not statistically significant differences between the final MoCA values

2p=0.690; not statistically significant differences between the mean differences from baseline to follow-up

Additionally, we also explored all the different cognitive
domains without differences in visuospatial/executive mem-
ory, naming, attention, language, and orientation domains;
moreover, a significant improvement in delayed recall cogni-
tive domain was observed. Our results showed no statisti-
cally significant differences between the three prespecified
subgroups stratified according to the LDL-C target reached
at follow-up for > 70 mg/dL or 55-69 mg/dL, or even among
the patients who achieved LDL-C concentrations <55 mg/
dL and by the magnitude of LDL reduction.

Among the 158 patients included in this study, the groups
taking alirocumab and evolocumab were balanced (48% and
52%), and 143 patients filled out the MoCA test at follow-
up (90%; Fig. 1). The main reduction of LDL-C was 55.6%
(from 145.18 mg/dL to 62.11 mg/dL), very similar results
to those reported in the pivotal RCT [9, 10]. Half of the
population achieved the target level recommended by current
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guidelines [3], in line with recent registries performed in our
environment [22].

4.1 Outcomes

Regarding the primary endpoint, the cognitive function
assessed by the MoCA test score, our results coincide
with the observations from the EBBINGHAUS trial [17]
and alirocumab neurocognitive trial [18], which revealed
no significant differences between the cognitive function
from baseline visit to follow-up. In relation to secondary
endpoints, we also did not find differences in the different
domains compared with the main RCT, nor in the subgroup
analysis [17, 18, 31], with the exception of the delayed recall
cognitive domain.

4.1.1 Background of Neurocognitive Function
with Lipid-Lowering Therapy

Since the FDA instructed laboratories to study the possibility
of neurocognitive impairment with any lipid-lowering ther-
apy [23], numerous studies about cognition with different
methodologies have been published. In the main RCT with
evolocumab and alirocumab (the EBBINGHAUS trial [17]
and the trial from Matthew et al. [18]), the primary endpoint
was to assess the cognitive function through the CANTAB
questionnaire; the results showed no differences between
LDL-C levels and cognitive changes [9, 10]. Conversely,
other important RCT with alirocumab showed contradictory
results. In the OYSSEY LONG TERM study, alirocumab
presented a higher incidence of neurocognitive events com-
pared with placebo [24], but in the ODYSSEY COMBO I
[25] no patients in the alirocumab arm reported neurocogni-
tive decline (0.9%). In relation to evolocumab, the OSLER
1 and OSLER 2 trials did not show differences in minimum
post-baseline LDL-C levels [9], but in the OSLER-1 Exten-
sion study, 0.4% of patients receiving evolocumab (n = 1255)
experienced neurocognitive events compared with O patients
receiving standard therapy [26]. Two meta-analyses were
also published, concluding that contemporary lipid-lower-
ing drugs were not associated with cognitive impairment in
RCT [15, 16]. However, a meta-analysis by Lipinski et al.
reported an increased incidence of neurocognitive adverse
events associated with PCSK9 inhibitors compared with pla-
cebo [odds ratio (OR) 2.34; p=0.02] [27]. Regarding real-
world studies, a hospital registry from Giirgoze et al. [28]
outlined higher cognitive disorders attributed to PCSK9i
than in RCT; in contrast, another real-world study showed a
favorable safety profile in cognitive impairment [29].

4.1.2 Primary and Secondary Neurocognitive Endpoints

Taking all the results into consideration, there is a paucity
of prospective studies evaluating the association of PCSK9
inhibitors with neurocognitive events. To our knowledge,
our study is the first prospective real-world study that assess
the cognitive function as primary endpoint, measuring the
scores through a validated and specific tool (MoCA ques-
tionnaire). Cognition is a very wide and complex concept
involving mainly four domains: executive function, memory,
language, and visuospatial memory. Cognitive dysfunction
can be an impairment in any of these domains [30]. The
mini-mental status examination (MMSE) was one of the ini-
tial tests used to assess cognition; however, it does not evalu-
ate executive function. Therefore, in the current study, the
Montreal Cognitive Assessment (MoCA) was utilized. From
our point of view, although more time-consuming, including
seven different domains could obtain more accurate conclu-
sions. Importantly, the present study is an independent study,
representing the first non-commercial project aimed at ana-
lyzing the cognitive function test scores, in contrast with the
other real-world studies, where the events were self-reported
by the patients without an objective assessment of cogni-
tive status. Another strength of the MEMOGAL study is
the standardized follow-up, in which subjects were followed
for 2 years, with only 10% of the patients dropping out. Our
results are in line with the main RCT published [17, 18, 31],
where no neurocognitive impairment was observed, not only
with the principal variable (MoCA global score) but also in
addition to the rest of domains of the assessment. After a
24-month follow-up we did not find differences in the visu-
ospatial/executive, naming, attention, language, abstraction,
or orientation domains. However, we did observe a signifi-
cant improvement in the delayed recall memory domain. To
our knowledge, this is the first study to report such results,
and a possible mechanism that may explain this improve-
ment is that, in this domain, patients were required to memo-
rize and repeat specific words (“face,” “velvet,” “church,”
“daisy,” and “red”) during the questionnaire. The repetition
of the same test in successive visits (at 0, 12, and 24 months)
could have led the patients to learn or remember the words
from one visit to another. Future studies incorporating differ-
ent words in each test may be necessary to further investigate
this phenomenon.

4.1.3 Subgroup Analysis

The cognitive results in prespecified subgroups were con-
sistent with the results in the overall population and in the
published RCT [17, 18, 31]. We did not find differences
between the three groups for >70 mg/dL or 55-69 mg/dL
or even among the patients who achieved LDL-C concen-
trations <55 mg/dL. Furthermore, there were no observed
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differences among the different subgroups stratified based on
the magnitude of LDL reduction. Our results have shown that
PCSKOYi are safe in those patients achieving current targets
from dyslipidemia guidelines [2]. In our study, we opted to
categorize the population into three groups, with the lowest
group range being <55 mg/dL instead of <25 mg/dL, as in
the EBBINGHAUS study [17]. This decision was influenced
by the current funding constraints for these drugs in the pub-
lic health system (12 hospitals participated in patient recruit-
ment for this study). The current Spanish funding for PCSK9
inhibitors is applicable to patients with LDL-C levels over
100 mg/dL [31], resulting in higher baseline values of LDL-C
and consequently higher values of LDL-C at follow-up. Nev-
ertheless, we defined a cutoff point at <40 mg/dL, and our
analysis revealed no statistically significant differences when
compared with the rest of the patients in the final MoCA score
outcome. For this reason, we think that our study has shown
that PCSK9i are safe from a neurological standpoint, not only
because of the results but also because it represents a more
realistic cohort of patients. For these reasons, we conclude
that PCSK9i seems to be safe in the overall population but
even in patients with very low values of LDL-C.

4.1.4 Differences by Sex

There were no statistically significant differences when
adjusting the final MoCA score value for sex (p=0.221),
but we did find statistically significant differences when
adjusting for age, revealing disparities in the final MoCA
outcome between patients aged 65 years and older and those
younger than 65 years (p <0.001). Since we also lack data
from clinical trials due to the underrepresentation of elderly
patients, these results could be interpreted as suggesting that
cognitive functions tend to diminish overall as age advances.

4.1.5 Differences Between Alirocumab and Evolocumab

To the best of our knowledge, to date, no studies have
compared neurocognitive decline between alirocumab and
evolocumab. Some RCT were published with PCSKO9i, but
they were carried out with only one PCSK9i [17, 18, 31].
Our results indicate that there are no apparent differences
in terms of cognitive function between alirocumab and
evolocumab.

4.2 Limitations

Our study has several limitations. The sample size is smaller
than RCT where more subjects were included. This is a
consequence of a prospective real-word study and the fact
of recruitment started at the beginning of the COVID-19
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outbreak (April 2020). In contrast, we would like to high-
light that all of the population was from 12 public hospi-
tals in a region in the northwest of Spain (population of
3 million), where 99% of the population is covered by the
National Health Service, which ends up being a real and
very complete analysis of the situation of PCSKO9i in the
real world. Another possible limitation is that the follow-up
is not long term, because it took over 2 years, very in line
with main RCT, and even longer than some of them [17,
18, 31]. Subsequently, an extended long-term study will be
carried out.

5 Conclusions

In conclusion, among patients who received PCSKO9 inhibi-
tors in the real world in addition to other lipid-lowering ther-
apies, we did not find any effect on neurocognitive function
over 24 months’ treatment, either by global MoCA score or
different cognitive domains. We only detected an improve-
ment in delayed recall memory, probably as consequence of
the methodology test. The study showed no differences in
the cognitive function between the prespecified subgroups,
even among patients who achieved very low levels of LDL-
C. There were no differences in cognitive function between
alirocumab and evolocumab. As a result of these real-world
findings, it has become evident that the use of PCSK9 inhibi-
tors is safe from a neurocognitive standpoint. These findings
contribute to the growing body of evidence supporting the
safety profile of these drugs in relation to neurocognitive
function.
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