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The impact of statin therapy on cognitive functioning
— current state of knowledge
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Abstract:

Statins are widely used drugs in the prevention of atherosclerotic cardiovascular disease, but their pleiotropic
effects are of growing interest to researchers. In addition to lowering LDL cholesterol levels, they exhibit an-
ti-inflammatory effects, reduce oxidative stress, and improve endothelial function and vascular tension. At the
same time, their effect on cognitive functions remains ambiguous. Some studies indicate potential benefits of
statin use in reducing beta-amyloid deposition in the brain, especially in patients with Alzheimer’s disease. On
the other hand, population data on people without dementia are divergent, and their interpretation is compli-
cated by the diversity of research methodologies and the complexity of the mechanisms of action of 3-hydroxy-
3-methyl-glutaryl coenzyme A (HMG-CoA) reductase inhibitors.

Given the increasing number of people with dementia, including Alzheimer’s disease, it is crucial to understand
the potential impact of statins on neurocognitive function. This review focuses on the available evidence re-
garding the impact of statins on cognitive function in both people with and without cognitive impairment. It in-
cludes molecular mechanisms discovered from laboratory studies as well as clinical data.

statins; cognitive functions; dementia

INTRODUCTION

Statins are a group of drugs used primarily to
prevent atherosclerotic cardiovascular disease,
which is the leading cause of death and disabili-
ty in the United States [1]. The mechanism of ac-
tion of these drugs is based on the inhibition of
3-hydroxy-3-methylglutarate attached to CoA
reductase (HMG-CoA), which limits the rate of
cholesterol biosynthesis and reduces the lev-
el of low-density lipoprotein cholesterol (LDL-
C) and on the regulation of low-density lipo-
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protein receptor expression. However, increas-
ingly, researchers point to pleiotropic effects of
statins, which include reducing inflammation,
reducing oxidative stress, improving vascular
tone and endothelial function, as well as increas-
ing the risk of rhabdomyolysis and hemorrhag-
ic stroke [2].

In the available literature the impact of these
drugs on cognitive functions is not clearly pre-
sented, which results in a lack of agreement and
a large discrepancy in the opinions of doctors
on statin therapy. Preceding phenomenon is il-
lustrated by the results of a study conducted
among 1,758 doctors of various specializations
from Germany, Japan, the Philippines and Co-
lombia. Only 5% of doctors from Germany were
in favor of an increased risk of cognitive impair-
ment as a result of statin therapy, while in other
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countries this opinion was shared by 14-37% of
respondents [3]. As can be seen from the above-
mentioned information, these data are not sim-
ilar, and the variety of opinions on the effect of
statins on neurocognitive functioning may re-
sult in excessive caution in their use. Hence the
idea to present current knowledge on the effect
of statins on this aspect of functioning based on
the mechanism of action of the drugs. Exploring
this issue could result in the creation of anoth-
er, new indication for the use of statins in addi-
tion to the existing one — prevention of athero-
sclerosis or establishing a specific contraindica-
tion to their use.

Diseases that cause cognitive decline include
many medical conditions, in this case vascular
diseases and Alzheimer’s disease [4,5]. In 2018,
Alzheimer’s Disease International presented re-
search results that dementia affects about 50 mil-
lion people worldwide. The projected number
of patients in 2050 is expected to be three times
that number [4]. The growing awareness of Alz-
heimer’s disease has also led to the identifica-
tion of a “subjective state of cognitive impair-
ment”, where no abnormalities are found in the
test results and the patient experiences a subjec-
tive decline in intellectual abilities [6]. A signifi-
cant challenge for researchers in the perspective
of future statin treatment strategies will be the
possibility of establishing specific determinants
of the patient’s individual cognitive response to
various drugs from this group, which is consist-
ent with the concept of personalized psychiatry.
Hence the need for the authors of this study to

analyze the effect of specific statins on the neu-
rocognitive functioning of people with cognitive
disorders and without these disorders at the be-
ginning. Since, as will be shown below, the re-
sults are ambiguous, sometimes divergent and
most of the materials used in this study refers to
patients with Alzheimer’s dementia, adopting
a uniform position is not possible and is a con-
stant challenge for the medicine of the future.

Purpose and Method

The aim of this work was to organize the cur-
rent knowledge on the effect of statin use on
cognitive functioning. The review of scientif-
ic publications was performed using PubMed,
National Institute of Mental Health and Google
Scholar. For this purpose, the following phras-
es were used: ‘statin therapy’, ‘cognitive func-
tions’, ‘cognitive impairment”’, ‘executive func-
tion’, “visuospatial episodic memory’, ‘psycho-
motor speed’, “verbal fluency’.

The material used for the analysis was collect-
ed from March 2024 to January 2025. The au-
thors used 33 research papers and 7 scientific
reviews to prepare the review. When selecting
publications, works that did not directly apply
to the analyzed topic were rejected. The work
was created based on publications from 2018-
2024. Selecting the most up-to-date literature al-
lowed us to determine and describe the latest
position on this topic. The figure below presents
the method of selecting the literature — Figure 1.

Items eliminated before further selection:

Items identified in Pubmed database: 9840

A 4

- duplicates: 2019
- works with restricted access: 3681

»  Items excluded based on incompatibility with topic: 3625

Items reviewed based on titles and abstracts: 4140

|

Items analyzed based on full text for eligibility for

Items excluded due to:

A 4

publication: 515

|

Items included in the review:
- inspection work: 7
- research works: 33

- inconsistencies with the subject of the work: 475

Figure 1. Diagram showing the selection of scientific publications that were included to the narrative review
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General information based on the latest data

The American Heart Association (AHA) issued
a scientific statement in 2019 regarding the safe-
ty of statins and describing the potential side
effects of their use. An increased risk of hem-
orrhagic stroke was observed in people using
drugs from this group, while this risk was re-
duced in people predisposed to stroke caused by
cerebral atherosclerosis. In the studies cited by
the AHA, no effect on cognitive impairment was
observed, which supports the safety of statins in
this regard [7]. The data contained in the collec-
tive review of publications show that the use of
statins in long-term therapy is safe, with a low
risk of clinically significant side effects, and the
use of drugs from this group does not affect the
cognitive functions of patients[8]. These obser-
vations were also confirmed in a meta-analysis,
which showed a reduced risk of dementia in sta-
tin users. It was noted that high cholesterol may
increase the risk of Alzheimer’s disease at the
later age, while statin therapy based on reduc-
ing cholesterol levels has a protective effect on
the central nervous system (CNS). It has been
proven that statins have a pleiotropic effect that
induces modulation of pathological biomarkers,
therefore slowing down the progression of de-
mentia [9].

Statins are a group of lipid-lowering drugs
that have a protective effect on the cardiovas-
cular system. In a population study involv-
ing 45,029 patients, the effect of statin use on
cognitive functions was assessed. It was noted
that each cardiovascular incident significant-
ly increases the risk of cognitive function de-
terioration. The use of statins over a 5-year pe-
riod reduced the risk of stroke by 2% in this
group, while the risk of heart attack decreased
by 2.4%, which slowed down cognitive deteri-
oration [10].

It is worth noting that low density lipoprotein
cholesterol (sdLDL-C) and lipoprotein a (Lp[a])
is crucial in the deterioration of cognitive func-
tions assessed by the following tests: delayed
word recall, digit symbol substitution (DSST),
verbal fluency (WFT) and the overall summa-
ry test. It has been observed that a high level of
sdLDL-C affectson the deterioration of cognitive
functions, while high Lp(a) levels slow down the
deterioration of these functions. Greater sensitiv-

ity to statins was also observed in patients with
high sdLDL-C levels, in whom significant de-
terioration of neurocognitive functioning was
observed. According to the authors of the cited
study, this is most likely due to long-term ele-
vated blood cholesterol levels and a predisposi-
tion to the deposition of atherosclerotic plaques
in the walls of arteries. Despite these data, scien-
tists point to significant cardiovascular benefits
associated with the use of statins and the need
for further studies [11].

As reported in their review by American sci-
entists who focused on assessing the impact of
statins on cognitive impairment as well as de-
termining their protective role in the develop-
ment of dementia, most studies do not confirm
chronic deterioration of cognitive functions as-
sociated with statin therapy. However, tempo-
rary impairment of cognitive functions during
statin therapy was noted among people with-
out dementia. It was also shownprotective effect
on the induction of dementia and the develop-
ment of Alzheimer’s disease and improvement
of cognitive functions in people with previously
confirmed dementia after the use of statin drugs.
According to the authors, the pleiotropic effect
of statins is associated with the need to identify
patients who can derive specific benefits from
statin therapy, which forces the adjustment of
statin treatment to the needs of patients. There-
fore, the physician should determine whether
the patient is at risk of cognitive deterioration
due to statin therapy or, on the contrary, the use
of statins will reduce the risk of cognitive dete-
rioration [12].

Another study conducted in Beijing includ-
ed 1,062 patients, 677 of whom had been tak-
ing statins for at least 6 months. Cognitive
function was assessed using MMSE and Mon-
treal Cognitive Assessment (MoCA), to as-
sess memory Auditory Verbal Learning Test
(AVLT) was used and to conduct neurological
assessment Complement Fixation Test (CFT)
and Clock Drawing Test (CDT) were used. Lan-
guage functions were assessed using the Cate-
gory Verbal Fluency Test (CVFT). It was noted
that the statin group showed better cognitive
parameters compared to the control group in
each test used [13].
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The effect of statin uses on cognitive functions
in patients with Alzheimer’s dementia

Alzheimer’s disease is the leading cause of de-
mentia and cognitive impairment worldwide,
resulting from damage to the central nervous
system. The exact mechanism of its develop-
ment is not fully understood, but a characteris-
tic feature of patients is the deposition of beta-
amyloidand plaques neurofibrillary tangles in
the brain [14]. Due to the widespread use of sta-
tin drugs in elderly patients, it seems important
to critically reflect on the impact of these drugs
on cognitive functioning in the elderly popula-
tion, in whom normal cognitive functions are of-
ten impaired.

In the studies conducted among the popula-
tion of 18,846 people over 65 years of age, no
significant effect of statins on the deterioration
of cognitive functions and the induction of de-
mentia was observed. The average incidence of
dementia per thousand people in patients tak-
ing statins was 6.91, while in people not taking
statins — 6.48. This indicator also did not show
a significant difference in the induction of de-
mentia in the case of lipophilic statins — 7.14,
compared to hydrophilic statins — 6.27. The oc-
currence of Alzheimer’s disease was observed
less frequently in people not taking statins com-
pared to those taking them (respectively — 2.65
and 2.97 per 1000 people). However, this differ-
ence was not statistically significant. The inci-
dence of Alzheimer’s disease was slightly high-
er in people using lipophilic statins — 3.08, com-
pared to people using hydrophilic statins - 2.71,
but these differences were not statistically sig-
nificant. The deterioration of cognitive functions
noticeable at the beginning of statin therapy was
not noted in the long-term follow-up, studied
for a period of less than 5 years [15]. In turn,
the data contained in a systematic review pub-
lished in 2022 show that the use of statins affects
the deterioration of functioncognitive (odds ratio
was on average 0.082). A reduction in the area
of the cerebral cortex was also observed, as well
as an increase in the reaction time of the patient
taking statins by about 2.8 mth/year. However,
no effect on the induction of dementia was ob-
served, and in most cases the adverse effect of
statins was reversible after discontinuation of
the drug. The authors of the study drew atten-
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tion to the cardiovascular benefits of using these
drugs, which significantly outweigh the nega-
tive impact on cognitive functions. Ultimately,
according to the authors of the cited review, the
use of statins does not affect the progression of
Alzheimer’s disease or the induction of demen-
tia with Lewy bodies [16].

In the next analysis, 3 groups of patients were
distinguished based on cognitive function as-
sessed before statin treatment: patients with nor-
mal cognitive functioning, patients with mod-
erate cognitive impairment and patients with
Alzheimer’s disease. Memory and executive
functions were specifically assessed, along with
a global neurocognitive evaluation using the
Alzheimer’s Disease Assessment Scale (ADAS),
providing measures of overall cognitive perfor-
mance, memory performance, and executive
functioning. In this 24-month study, an associ-
ation was noted between statin use and a slow-
er rate of decline in memory function (memory
composite). In addition, statin use had no sig-
nificant correlation with the time it took for the
patient to progress to the next stage of cognitive
deterioration in none of the diagnostic groups
studied. The remaining study groups did not
show any effect of statin use on cognitive func-
tions [17]. The next study was a European, mul-
ticenter, randomized phase IlI clinical trial of nil-
vadipine (NILVAD), used in people with mod-
erate and mild Alzheimer’s disease, which also
showed no association between statin use and
cognitive decline and no progression of demen-
tia symptoms in elderly people with previous-
ly diagnosed Alzheimer’s disease. Memory and
executive functions were specifically assessed
alongside global cognition using validated neu-
ropsychological tests, including the Alzheimer’s
Disease Assessment Scale-Cognitive Subsection
(ADAS-Cog) for overall cognitive performance.
The study authors point to the safety and bene-
fits of statin use in terms of preventive action on
the cardiovascular system [18].

In view of the many, often inconsistent reports
on the association of statins with cognitive func-
tioning in people with Alzheimer’s disease and
other types of dementia, Nabizadeh et al. con-
ducted their study, in which they observed the
effect of beta-amyloid deposition in the brain of
statin users. For this purpose, a PET (Positron
Emission Tomography) imaging study was per-
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formed using 18-fluorodeoxyglucose and [18F]
AV45. Initially, no difference in the rate of am-
yloid deposition was observed in people with
dementia taking statins, compared with those
not taking drugs from this group. After about
4 years of statin therapy, the increased amy-
loid deposition was2.0 + 6.3%, compared to
1.4 + 4.7% in non-statin treated individuals. In-
creased amounts of beta-amyloid deposition
were observed in patients taking high doses of
the drug. It was also noted that the use of sta-
tin drugs may slow amyloid deposition in in-
dividuals without cognitive impairment [19].
In turn, data obtained from a systematic re-
view of drugs affecting the slowing of the de-
velopment of Alzheimer’s disease and improv-
ing cognitive functions confirmed the benefits
of using statins. It was noted that statins stimu-
late the release of an enzyme that breaks down
insulin from microglia, which affects the remov-
al of beta amyloid present in extracellular spac-
es. The level of this enzyme as a result of us-
ing statins was higher in the extracellular area,
which affected its intensive production, and this
in turn affected the degradation of amyloid and
the improvement of cognitive functions. In par-
ticular, studies in mouse models of Alzheimer’s
disease, demonstrated that statin treatment re-
duced intraneuronal oligomeric AP levels and
led to measurable improvements in memory and
learning, as assessed by the Morris water maze
and Y-maze tests. These outcomes indicate that
statins not only modulate amyloid metabolism
but also positively influence spatial memory,
working memory, and learning abilities in pre-
clinical models [20].

In the next project, as part of the assessment of
the influence of vascular risk factors on biomark-
ers of Alzheimer’s disease and on the conversion
rate to dementia in people with mild cognitive
impairment (MCI- mild cognitive impairment),
the influence of statins on cognitive functions as-
sessed by MMSE and Clinical Dementia Rating
(CDR) tests was analyzed. Before statin thera-
py, high levels of low-density lipoproteins (LDL)
and high levels of the amyloid A42 to A340 ra-
tio and tau protein were observed. In the brain
MRI image before statin use, extensive degen-
erative changes in the white matter of the brain
were noted, which were reduced after a year of
therapy. The beneficial effect of statins on slow-

ing down the progression of dementia in Alz-
heimer’s disease and improving cognitive func-
tions in patients was proven. The results showed
a slowdown in the conversion of people with
MCI to more severe forms of Alzheimer’s dis-
ease [21].

Bosch et al. in the international, randomized
clinical trial Polycap 3 (TIPS-3) analyzed the
effect of a multi-ingredient tablet on cognitive
functions in 2098 patients over 65 years of age
with intermediate risk of cardiovascular dis-
ease. The drug consisted of simvastatin 40 mg
and a blood pressure lowering substance (aten-
olol, hydrochlorothiazideyd and ramipril) and
was compared with placebo, or in combination
with the aspirin group it was compared with
double placebo. Patients qualified for the study
were assessed at baseline and at least once dur-
ing the study with the following tests: MoCA,
DSST and the Trial Making Test (TMT). During
the 5 years of drug use, deterioration of cogni-
tive functions was observed in 356 patients tak-
ing the drug, which was a comparable result to
the control group taking placebo (328 patients).
According to the authors, the influence on the
deterioration of cognitive functions in the study
group should be attributed to the action of an-
tihypertensive drugs, not statins. Moreover, no
differences were found between the groups in
the results of the individual assessment and the
development of dementia [22].

Simvastatin, L-arginine and tetrahydrobiop-
terin are known to affect the endothelial path-
way of nitric oxide synthesis. Degrush et al.
studied the effect of therapy with these drugs
on cerebral blood flow (CBF) in 10 patients with
mild Alzheimer’s disease or MCI. An increase
in CBF of ~13% was noted in the limbic system
and ~15% in the cerebral cortex. Cognitive func-
tions were assessed using a battery of standard-
ized tests, including the MMSE for general cog-
nitive status, the ADAS-cog 13 for detailed as-
sessment of memory, attention, language, and
orientation, and the CDR and Cognitive As-
sessment Screening Test (CAST) for function-
al and cognitive domains. After a 16-week pe-
riod, the analysis showed significant improve-
ment in cognitive functions assessed using the
MMSE scale — from baseline (24.2 + 3.2) to final
(26.0 £2.7). In addition, patients with improved
results on the ADAS-Cog 13 scale showed a sig-
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nificant increase in CBF in the examined brain
structures [23].

A group of Polish scientists attempted to sys-
tematize knowledge about the effect of statins
on interneuronal transmission and to deter-
mine neuroprotective mechanisms in the CNS.
The authors noted that the first reports of a pos-
itive effect of low lipid concentration on the pre-
vention of CNS diseases dates back to the end of
the last century. It has been noted that the data
on the use of statins in Alzheimer’s disease vary,
but the vast majority of analyses show a positive
or neutral effect of statinsoncognitive functions.
These discrepancies were associated with many
factors influencing the study, including differ-
ent degrees of disease advancement, as well as
differences in the chemical properties of statins.
Lipophilic statins penetrate the blood-brain bar-
rier more easily, causing a stronger effect in the
CNS. According to the authors, in order for the
studies to be more reliable, they should be well
designed and controlled [24].

The effect of statin dose and duration of therapy
on cognitive functions

In the following prospective study, the effect
of statin doses on cognitive functioning was as-
sessed using a modified version of the MMSE.
Cognitive impairment was recorded in the case
of obtaining less than 79 points out of 100 possi-
ble. 213 patients were divided into two groups,
one (66.2% of the examined) was subjected to
moderate-intensity statin therapy (MIST), and
the other (33.8% of the examined) to high-in-
tensity statin therapy (HIST). An adverse ef-
fect of statin use on cognitive functioning was
shown in 17.8% of all examined patients, which
was 5.7% of those treated with a low dose of the
drug (MIST) and 41.7% of those in the group us-
ing a high therapeutic dose (HIST). In the HIST
group, it was observed that those using atorv-
astatin compared to rosuvastatin showed a sig-
nificant deterioration in cognitive functions, i.e.
66.7%, compared to 33.3%, respectively. Also, in
the group of patients treated with a low dose
of the drug in whom cognitive impairment oc-
curred, 50% of them used atorvastatin, 25% ro-
suvastatin, and the most beneficial drugs in this
context were simvastatin and pravastatin, which
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were used only in 12.5% of those with diagnosed
cognitive impairment. The authors of the study
emphasize the relationship between the dose
and type of statin used and the quality of cogni-
tive functioning in the patients they studied and
the negative correlation between the drug dose
and the efficiency of cognitive functions in the
global perspective [25]. The authors of another
randomized study reached a different conclu-
sion, in which the previously described negative
correlation between the drug dose and the qual-
ity of neurocognitive functioning was not con-
firmed. Patients took atorvastatin at a dose of 80
mg/day for 6 months. Cognitive functions were
examined using Hopkins Verbal Learning Test-
Revised (HVLT-R), Brief Visual Spatial Memory
Test-Revised (BVMT-R), which assess verba and
visual memory, as well as the Symbol Digit Mo-
dalities Test (SDMT), which evaluates attention,
processing speed and general cognitive function.
However, differences in brain activation pat-
terns were observed, which disappeared after
2 months of drug discontinuation. Increased ac-
tivity in the striatum was observed in the control
group compared to statin-treated patients (test
group). Patients treated with statins showed in-
creased bilateral activity in the precuneus dur-
ing the Figural Memory task (a brain structure
located in the medial part of the parietal lobes in
the cerebrum), which decreased after drug dis-
continuation [26].

In a population-based study conducted in the
UK, which included 55,114 people, a positive ef-
fect of statin use on cognitive function was noted
in the elderly group, in whom the reaction time
to a cognitive stimulus was shortened, whereas
in middle-aged people the reaction time was un-
changed. The control group consisted of 245,731
patients. Statin use adversely affected working
memory performance in patients regardless of
age, but the greatest effect was observed in mid-
dle-aged people. The effect of statins on reason-
ing ability independent of acquired knowledge
assessed using the Fluid Intelligence Test was
beneficial, as patients achieved better results, es-
pecially in the group of middle-aged patients.
There was also no connection between the length
of statin treatment and the adverse effect on cog-
nitive abilities, i.e. a negative correlation be-
tween the duration of treatment and the qual-
ity of cognitive functioning. The authors of the
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above study noted that the assessment of the ef-
fect of statins on neurocognition should take into
account the type of drug used, the dose and the
age of the patient [27].

In high-risk type 2 diabetes, high-intensity
statins are recommended. Unfortunately, this is
associated with an increased likelihood of side
effects, to which some researchers include cogni-
tive decline. Therefore, in 2020, a study was con-
ducted on 127 patients with type 2 diabetes, who
were divided into two groups to determine the
optimal doses of statins. The first group received
low doses of simvastatin (<20 mg/day), and the
second in high doses of atorvastatin (40 mg/day,
and if well tolerated, 80 mg/day). Cognitive
functions were studied by means of MoCA and
TMT, which evaluates executive function, mem-
ory, attention, language, visuospatial ability, ab-
straction, delayed recall, orientation, and clock-
drawing, as well as the Trail Making Test (TMT,
part B), which measures attention, visual scan-
ning, psychomotor speed, sequencing, flexibili-
ty, and the ability to maintain multiple streams
of thought. No significant difference was found
between the results of cognitive tests in the first
and second groups, and intensification of treat-
ment by switching from a low dose of simvas-
tatin to a much higher dose of atorvastatin did
not cause a decrease in cognitive functions as-
sessed in the above tests in patients without pre-
viously noted symptoms of dementia. Despite
the results obtained, the authors of the described
study emphasize the benefits of using statins in
high doses over their adverse effects [28]. Peo-
ple with diabetes are predisposed to cognitive
decline associated with impaired glycemia. An-
other study of cognitive function in diabetics
found that low-dose statins resulted in modest
improvements in cognitive function [29].

A systematic review conducted in 2022 not-
ed that the way statins affect the human body
varies depending on the drug used. Statins have
many mechanisms of action, which means that
each of them works in a different way. Howev-
er, no relationship was found between the lipo-
philic nature and the mode of action. Therefore,
it is reasonable to consider the effect of statins
on cognitive functions individually. According
to the authors, the essence is to conduct a study
in which the effect of statins on the human body
will be analyzed in terms of the dose used, du-

ration of therapy, risk factors for cognitive dis-
orders, genetic factors and comorbidities in a se-
lected group of patients [30].

Simvastatin - studies conducted on mouse models

In chronic hypercholesterolemia models of
young mice lacking apolipoprotein E, which is
accompanied by moderate hypertension, an in-
crease in the number of pro-inflammatory Ly-
6Chi monocytes is observed, while in older mice,
increased activity of the immune system facili-
tates the infiltration of these cells into the brain,
which results in memory problems. Memory
function in mice improves after the use of simv-
astatin therapy, which lowers cholesterol levels.
The results of the study also indicate an existing
relationship between chronic hypercholester-
olemia leading to the activation of myeloid cells
and inflammation, and memory impairment
in older mice [31]. Similar conclusions are pre-
sented by other scientists based on studies us-
ing atorvastatin [32]. In another study, rats with
cognitive impairment, after 3 weeks of simvas-
tatin therapy, showed improved spatial memory
and reduced degradation of hippocampal cells,
which improved cognitive functions [33].

In turn, in mice with increased expression of
transforming growth factor-betal (TGF), which
causes cerebral hypoperfusion and impaired cer-
ebral vasodilation, cognitive functions deterio-
rate and dementia occurs after a high-fat diet.
The use of simvastatin and physical exercise
brings similar, beneficial effects by normalizing
endothelium-dependent vasodilatory reactions
and limiting inflammation, consequently lead-
ing to the prevention or improvement of cog-
nitive impairment observed in the form of bet-
ter results in object recognition tests. Cognitive
function in these studies was evaluated using
the Novel Object Recognition (NOR) test, which
measures recognition memory by comparing the
time mice spend exploring a familiar object ver-
sus a novel object, and the Morris Water Maze
(MWM), which assesses spatial learning and
memory by measuring the latency and efficien-
cy with which mice locate a hidden platform in
a water pool. Improvements in these tests re-
flect enhanced memory retention, learning ca-
pacity, and executive function, indicating that
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both simvastatin and exercise can mitigate diet-
induced cognitive deficits. [34]. Another study
conducted on mice with overexpression of TGF
also confirms the benefits of simvastatin on cog-
nitive functioning [35].

A significant effect on granule cell matura-
tion via the Wnt/beta-catenin signaling path-
way was demonstrated by Xin-Kand Tong et al.
Their study on mouse models of Alzheimer’s
disease (APP) showed that immature neurons in
the granule cell layer of the dentate gyrus were
characterized by shorter dendrite lengths com-
pared to the wild-type control litter. Important-
ly, the initial structural changes improved af-
ter the use of simvastatin, which did not restore
the thickness of the molecular layer, but allowed
for obtaining a normalized dendritic length of
cell bodies immunostained with doublecortin
(DCX), i.e. immature neurons. The basis for cog-
nitive benefits, improvement of spatial memory
and granule cell maturation is the activation of
the Wnt/beta-catenin pathway by reducing the
expression of the endogenous DKKI1 protein, as
evidenced by the fact that all benefits of the ther-
apy were eliminated after the use of XAV939 —
a blocker of the aforementioned pathway [36].

Atorvastatin

Neurological disability is often caused by se-
vere hypoxia caused by global cerebral ischemia.
The potential neuroprotective effect of atorvas-
tatin in the above situation was examined in ex-
periments analyzing acute and chronic — 4-week
treatment. In the group receiving atorvastatin,
the number of degenerating neurons in the Subi
and CA1 regions decreased compared to the
group receiving the vehicle (Veh). It was shown
that excessive activation of NADPH producing
destructive reactive oxygen species is responsi-
ble for hippocampal damage resulting from is-
chemia. Oxidative damage was significantly re-
duced by atorvastatin treatment, which further
indicates its antioxidant effect. It also acts by re-
ducing the possibility of astrocyte and micro-
glia activation, which also causes a reduction in
neuronal death. Reduced neovascularization re-
sulting from atorvastatin therapy may be anoth-
er therapeutic target by limiting the delivery of
proinflammatory components to the places af-
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fected by damage, what may cause limitation of
increasing damage [37].

The effects of atorvastatin studied by mono-
mer consumption, transmission electron micros-
copy (TEM) data, thioflavin-T (ThT) fluorescence
assay, and CD spectroscopy indicate the poten-
tial of atorvastatin to modulate A342 aggrega-
tion in vitro. It was shown that Ca-free atorvas-
tatin has the potential to improve AP42 aggre-
gation, while Ca-bound atorvastatin has the po-
tential to improve AP42 aggregation. Calcium
does not have this property. Moreover, molecu-
lar dynamics simulations proved the importance
of increasing the concentration of atorvastatin as
a factor necessary to inhibit the conformational
transition of AP from the a-helical structure to
the (3-sheet [38].

The effect of atorvastatin on cognitive impair-
ment induced by cerebral microhaematomas
was studied by Bergeron et al. using mice that
were divided according to sex. In male models,
atorvastatin therapy resulted in improved vis-
ual memory, increased expression of brain-de-
rived neurotrophic factor (BDNF) in the cortex,
as well as its receptor — neurotrophic tyrosine ki-
nase receptor 2 (trkB). It induced local modula-
tion of the microglial response to microhaemato-
mas and increased the level of vascular endothe-
lial growth factor (vascular endothelial growth
factor, VEGF). An increase in glucose metabo-
lism and modulation of astrocyte morphology
in the hippocampus was also observed. In turn,
female models were not characterized by modu-
lation of visuospatial memory. Only an increase
in BDNF was observed, but without changes in
the level of its receptor, and there was a decrease
in the expression of cortical estrogen receptors
— ERa and ER. In both sexes, no effect of phar-
macotherapy on body weight and serum cho-
lesterol levels was noted [39]. BDNF has neuro-
protective effects by binding to a specific trkB re-
ceptor. It may also regulate synaptic interactions
that affect memory and cognitive function [40].

Scientists from Seoul and Boston have created
a mathematical model examining the effect of
atorvastatin on improving cognitive functions
in cancer patients taking trastuzumab. The au-
thors of the paper emphasize that recent stud-
ies report that atorvastatin in studies on mice
shows a reduction in the progression of cogni-
tive disorders at the cellular level. The result of



88 Karolina Sas et al.

the study is the beneficial effect of atorvastatin
on the patient’s cognitive functions. It was not-
ed that high doses of atorvastatin can lead to an
improvement in cognitive functions in patients
with initial cognitive deterioration. Specifical-
ly, atorvastatin appears to support memory, at-
tention, and learning abilities, potentially coun-
teracting the cognitive impairment often associ-
ated with long-term cancer therapy. In order to
confirm the validity of the mathematical model,
a clinical trial should be conducted [41].

Rosuvastatin

According to the latest data, type II diabetes
(T2DM) is a cause of increased risk of mild cog-
nitive impairment. The novel proposal of using
rosuvastatin (RSV) with vitamin D3 in patients
with T2DM showed direct anti-inflammatory ef-
fect by increasing the activity of IL27, protective
effects by modulating the feedback (crosstalk) be-
tween insulin/AKT/GSK-3beta and signaling of
the Wnt/Beta-catenin pathway. The results of the
study also indicate an increase in the expression
ofa7 nicotinic acetylcholine receptor(a7nAChR),
positively influencing Wnt/p-catenin signaling.
In addition, RSV treatment improved impaired
cognitive functions by reducing cholesterol dep-
osition, Abetal-42 peptide aggregation, acetyl-
cholinesterase activity, and increasing locomotor
activity [42]. Rosuvastatin has also been used in
a study of cognitive functions in rats with chron-
ic hypertension. RSV treatment resulted in re-
duced hypertensive white matter changes, high-
er expression of tight junction proteins in the cor-
pus callosum and reduced occurrence of deposits
AR in the cortex and hippocampus. The rats also
showed improved cognitive function through
better performance in the Morris water maze test
and the new object recognition test. These ben-
eficial effects were associated with reduced oxi-
dative stress, improved mitochondrial function,
and activation of the Nrf2-ARE pathway, which
collectively support neuronal survival and syn-
aptic plasticity, key mechanisms underlying cog-
nition [43].

Lowe’s syndrome (LS) is a developmental dis-
ease caused by functional deficiencies of the in-
ositol 5-phosphatase Ocrll, in which cognitive
impairment occurs. Statins have previously been

shown to inhibit RhoA overactivation, which
may be considered as the cause of LS membrane
remodeling, by deregulating RhoGTPase sign-
aling. An amelioration of the disease phenotype
was observed after high-dose rosuvastatin (100
uM for 1 hour) and lower concentrations (1-10
uM) for prolonged periods (272 h), and com-
bined treatment with rapamycin may provide
even greater therapeutic benefits [44].

In a study on rats, a high-cholesterol diet was
used to induce cognitive impairment, which
caused changes in oxidative markers. Rosuv-
astatin administration improved neurobehav-
ioral performance in rats and improved cogni-
tive function. This proved the effectiveness of
the drug in cognitive impairment caused by high
blood cholesterol levels in rodents [45].

Lovastatin

The potential use of lovastatin can be seen in the
treatment of neurofibromatosis 1, where symp-
toms include learning disabilities. Randomized,
placebo-controlled clinical trial revealed a sig-
nificant increase in the cortical silence period
index included in the cortical inhibition study
using TMS protocols during lovastatin therapy.
This increase in cortical silent period reflects en-
hanced GABA_B-mediated inhibition in the mo-
tor cortex, suggesting that lovastatin can mod-
ulate the excitatory-inhibitory balance in the
brain. These physiological changes may under-
lie improvements in cognitive processes, such
as attention, learning, and memory, indicating
that lovastatin has the potential to positively in-
fluence cognitive function in neurofibromatosis
1 patients. [46].

SUMMARY

In July last year, modified diagnostic criteria for
Alzheimer’s disease were announced. It is diag-
nosed based on abnormalities of basic biomark-
ers assessed in vivo. It should be assumed that
people even without clinical symptoms of the
disease, i.e. in the preclinical phase but with ab-
normal biomarkers should be considered ill.
In light of these reports, as well as the constant-
ly increasing number of people with symptoms
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of dementia and in the era of the development
of drugs that act causally in Alzheimer’s disease
(lecanemab), the potential impact of other drugs
on cognitive functioning should not be underes-
timated. Such drugs include statins, whose ac-
tion is described as pleiotropic. The reports to
date, in the vast majority, show a positive effect
of statin use on improving cognitive functions in
people affected by Alzheimer’s disease, result-
ing from reduced deposition of beta-amyloid in
the brain, which was proven in a PET imaging
study.

Recent reports from population studies on the
effect of statin therapy on cognitive functioning
in individuals without cognitive impairment
and without dementia are inconsistent. Howev-
er, it should be remembered that the most im-
portant indication for the use of statins is the
prevention of cardiovascular events and the re-
duction of clinically significant side effects of
these incidents, which include impaired cog-
nitive functions caused by stroke. The Ameri-
can Heart Association has confirmed the safety
of long-term statin treatment in the context of
cognitive functioning. Studies conducted using
animal models report on further mechanisms
of statin action through their effect on the en-
dothelium of cerebral blood vessels and even the
structure of neurons, which may explain their
beneficial effect on cognitive functioning. The
discrepancy in research results, in addition to
the diverse methodology of assessing individu-
al domains of cognitive functions and different
statin dosages may be caused by the above-de-
scribed pleiotropic, difficult to predict effects of
drugs that are not fully understood.
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