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Abstract

Parkinson's disease (PD) is the second most frequent neurodegenerative brain disease
(NBD) after Alzheimer's disease (AD). Statins are the most common lipid-lowering
agents used in the management of dyslipidemia and the prevention of primary and sec-
ondary cardiovascular diseases (CVD) events. In addition, there is a controversial point
regarding the role of serum lipids in the pathogenesis of PD. In this bargain, as statins
reduce serum cholesterol so they affect the PD neuropathology in bidirectional ways
either protective or harmful. Statins are not used in the management of PD, but they
are frequently used in the cardiovascular disorders commonly associated with PD in
the elderly population. Therefore, the use of statins in that population may affect PD
outcomes. Concerning the potential role of statins on PD neuropathology, there are
conflicts and controversies either protective against the development of PD or harm-
ful by increasing the risk for the development of PD. Therefore, this review aimed to
clarify the precise role of statins in PD regarding the pros and cons from published
studies. Many studies suggest a protective role of statins against PD risk through the
modulation of inflammatory and lysosomal signaling pathways. Nevertheless, other
observations suggest that statin therapy may increase PD risk by diverse mechanisms
including reduction of CoQ10. In conclusion, there are strong controversies regard-
ing the protective role of statins in PD neuropathology. Therefore, retrospective and

prospective studies are necessary in this regard.

KEYWORDS
neurodegenerative brain disease, Parkinson's disease, statins

Abbreviations: AD, Alzheimer's disease; ANS, autonomic nervous system; ApoAl, apolipoprotein A-1; BBB, blood-brain barrier; CNS, central nervous system; CSF, cerebrospinal fluid;
CVD, cardiovascular diseases; HDL, high-density lipoprotein; HMG-CoA, hydroxyl-methyl-glutaryl coenzyme A reductase; LDL, low-density lipoprotein; MPP, 1-methyl-4-
phenylpyridinium; PD, Parkinson's disease; PPAR-a, peroxisome proliferator-activated receptor; ROS, reactive oxygen species; SN, substantia nigra; SREBP, sterol regulatory element
binding protein; Tregs, regulatory T cells; VLDL, very low-density lipoprotein.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2023 The Authors. Pharmacology Research & Perspectives published by British Pharmacological Society and American Society for Pharmacology and
Experimental Therapeutics and John Wiley & Sons Ltd.

Pharmacol Res Perspect. 2023;11:e01063.
https://doi.org/10.1002/prp2.1063

wileyonlinelibrary.com/journal/prp2 1of9


www.wileyonlinelibrary.com/journal/prp2
mailto:﻿
https://orcid.org/0000-0001-6948-4582
https://orcid.org/0000-0002-1188-7036
https://orcid.org/0000-0001-9555-7300
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:marios_papadakis@yahoo.gr

H

AL-KURAISHY ET AL.

20of9 m

1 | INTRODUCTION

BRITIS|
PHARMACOLOGICAL:
SOCIETY

#ASPET

Parkinson's disease (PD) is the second most frequent neurodegener-
ative brain disease (NBD) after Alzheimer's disease (AD).%? PD was
primarily recognized in 1817 by Doctor James Parkinson who illus-
trates shaking palsy.® Of note, PD is developing due to dopaminergic
neuron loss in the substantia nigra (SN) with subsequent dopamine
deficiency in the caudate nucleus and putamen.! These changes
promote the development of motor dysfunctions including rigidity,
resting tremors and bradykinesia.* Besides, numerous non-motor
disorders are present including apathy, depression, anxiety, auto-
nomic disorders, dementia, neuropsychiatric disorders, cognitive
dysfunction, and sleep disturbances.”> Remarkably, the incidence of
PD in the general population is 0.3% and reaches 4% above the age
of 80years.6 The mean age of PD onset is around 60years; though,
early-onset PD may develop in the younger age group 20-50years.”
The annual incidence of PD is 8-18 per 100000.”® Males are more
affected than females by PD with a ratio of 3:2.7 PD may be ge-
netic and non-genetic due to exposure to pesticides, and manganese
though most PD cases are sporadic.)®*!

The neuropathological characteristic of PD is the deposition of
Lewy bodies from aggregated a-synuclein (Figure 1).12

Concerning PD neuropathology, aggregation of a-synuclein
is not limited to the SN but extends throughout the entire brain
such as the autonomic nervous system (ANS).12 Deposition of
a-synuclein is progressive for many years before the onset of the
symptomatic period.12 Deposition of a-synuclein is started at first
in the ANS mostly in the dorsal motor nucleus of glossopharyngeal
and vagus nerves and then extends to the other brain regions, this
called stage 130 stage Il, a-synucleinopathy extends more to brain
stem areas including medulla oblongata, locus coeruleus, and pon-
tine tegmentum. In stage lll, the SN is mainly affected, and during
stage IV a-synucleinopathy there is intense degeneration of dopa-
minergic neurons in the SN and pathology of Lewy bodies extended
to the temporal cortex. In the last V and VI stages, Lewy bodies are

extremely deposited in the neocortex leading to the development
of cognitive dysfunction.’® These observations anticipated that PD
neuropathology is not limited to SN degeneration. Remarkably, in
the prodromal phase, non-motor symptoms including anosmia, con-
stipation, sleep disorders, and depression are developing before do-
paminergic degeneration in the SN. After the development of motor
symptoms, cognitive dysfunctions are propagated due to concern of
the temporal cortex.'*"*> As well, PD is linked with the progression
of a variety of inflammatory disorders, which are connected with the
progression of PD neuropathology.*®

On the other side, statins are the most common lipid-lowering
agents used in the management of dyslipidemia, and primary and
secondary prevention of cardiovascular diseases (CVD).Y” In general,
statins are not used to treat PD. Statins are used because of CVD
reasons. So, the benefit of statins needs to base on their benefit to
prevent CVD disorders like stroke and ischemic heart diseases.'”

Statins had pleiotropic effects including stability of atheroscle-
rotic plaques, endothelial protection, prevention of thrombotic
events, and antioxidant, and anti-inflammatory effects.'® Therefore,
statins can be used in a wide range of inflammatory disorders be-
yond cholesterol-lowering effects. Statins act through competitive
inhibition of hydroxyl-methyl-glutaryl coenzyme A (HMG-CoA) re-
ductase with subsequent inhibition of de novo cholesterol biosyn-
thesis in the liver and other organs including the brain.*” Reduction
of cholesterol biosynthesis is associated with the upregulation of
low-density lipoprotein (LDL) receptors with the further reduction
of LDL and circulating cholesterol.?° In addition, statins increase the
expression of protective high-density lipoprotein (HDL) which re-
duces peripheral cholesterol concentration.?! In addition, statins can
reduce plasma triglyceride and very low-density lipoprotein (VLDL)
independent of lipoprotein A.2?

Prolonged use of statins is associated with the development of
various adverse effects including muscle pain, increase risk of di-
abetes mellitus, and some cognitive dysfunction.23 There are two
types of statins either lipophilic like atorvastatin and simvastatin or
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Parkinson's disease (PD): Aging, genetic
mutations, and environmental factors
promote the formation and aggregation of
a-synuclein with subsequent formation of
Lewy bodies which lead to inflammation,
mitochondrial dysfunction, and generation
of reactive oxygen species (ROS). These
changes lead to oxidative stress and DNA
injury causing alteration of dopamine
metabolism and axonal dysfunction with
induction of apoptosis of dopaminergic

neurons.
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hydrophilic like rosuvastatin.?* Hydrophilic statins are less cross-
plasma membrane so they have less pleiotropic effects compared
to lipophilic statins.?* Of note, statins are also classified according
to their nature, either natural like simvastatin and lovastatin, or syn-
thetic like rosuvastatin.?* Natural and synthetic statins have differ-
ent pharmacokinetic properties but they have similar lipid-lowering
effects. Remarkably, statins lead to a dose-dependent effect in re-
ducing cholesterol and LDL.?*

Regarding the potential role of statins on PD neuropathology,
there are conflicts and controversies either protective against the
development of PD or harmful by increasing the risk for the devel-
opment of PD.24?” Therefore, this review aimed to clarify the role

of statins in PD from published studies regarding the pros and cons.

2 | LIPID PROFILE IN PD

The brain contains the highest level of cholesterol than other organs
and presents as an un-esterified form. Cholesterol-bound lipopro-
tein cannot cross the blood-brain barrier (BBB), so brain choles-
terol is exclusively biosynthesized within the brain from glial and

astrocyte cells and independent of plasma cholesterol.?®

Therefore,
plasma lipid levels do not reflect brain cholesterol concentration,
and PD-related genes are engaged with brain cholesterol metabo-
lism, suggesting a possible link between brain cholesterol and PD
neuropathology.?® Moreover, the reduction of apolipoprotein A-|
(ApoAl) is associated with PD severity and duration.?’ As well, the
over-expression of ApoE is linked with the advancement of PD
neuropathology.®° Higher levels of LDL and HDL in men but not in

women reduce PD risk®!

suggesting a protective effect of lipopro-
teins against the development of PD.

It has been reported that serum lipids play a crucial role in the
pathogenesis of NBDs including PD.%? Increasing serum lipids and
their metabolites are correlated with the induction of oxidative
stress and aggregation of a-synuclein in the dopaminergic neurons
of the SN.*3 Brain cholesterol metabolism is highly disturbed in PD.3*
A case-controlled study comprised 64 PD patients compared to 33
healthy control subjects illustrated that brain-derived cholesterol
metabolite (24-OH-cholesterol) was not changed compared with
a significant reduction of peripherally derived cholesterol metab-
olite (27-OH-cholesterol) which reduced significantly.>* However,
Schénknecht et al.®> observed that 24-OH-cholesterol was in-
creased in the cerebrospinal fluid (CSF) of AD and PD. As well, CSF
24-OH-cholesterol is correlated with PD severity and duration.3¢
Different studies revealed that high serum lipids and consumption
of cholesterol are linked with a higher risk for the development of
PD.%”*® However, a meta-analysis disclosed no association between
high cholesterol levels and PD risk.%’

Notably, there are controversial findings concerning plasma
lipids and the risk of PD.3*%” However, hypercholesterolemia may
increase the risk for the development of PD in young subjects.37
A prospective study conducted by Hu et al.%’ found that involved
24773 men and 26 153 women with hypercholesterolemia followed
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for more than 18years illustrated that most patients develop PD.

A meta-analysis showed that hypercholesterolemia was associated
with increased sporadic PD risk.4°

Moreover, expression of HMG-CoA reductase is reduced in the
fibroblast of PD patients with a subsequent decrease of brain choles-

terol.#

However, cholesterol metabolites are involved in the genera-
tion of Lewy bodies through induction aggregation of a-synuclein.*?
Nevertheless, many studies revealed the protective effects of dif-
ferent plasma levels including cholesterol and triglyceride.31’43 As
well, serum lipids like cholesterol, triglyceride, LDL, and VLDL are
reduced in PD patients compared with controls.** Notoriously,
a case-control study observed that reduction of serum LDL was
linked with the development of PD.*® Similarly, a cohort study re-
vealed that higher serum LDL and cholesterol level are associated
with a lower risk for the development of PD.%! Thus, higher choles-
terol serum levels may attenuate the progression of PD.*¢ Moreover,
the highest intake of monosaturated fatty acids and cholesterol can
decrease PD risk.*’

Of interest, the mutation in the genes linked with familial PD is
connected with the propagation of dyslipidemia.*® Therefore, there
is a genetic connection between PD and hypercholesterolemia.48 In
contrast, higher levels of plasma lipids are associated with reduced
risk for future PD.*® These findings suggest a potential link between
lipid metabolism and PD neuropathology, as lipid metabolism is af-
fected by the genetic background of PD. Remarkably, Fabelo et al.*’
observed that marked alterations were found in the lipid raft of the
frontal cortex in PD patients compared to the controls. In parallel,
phosphatidylinositol and phosphatidylserine were also increased in
PD patients.*’

These findings raised a controversial point regarding the role of
serum lipids in the pathogenesis of PD. In this bargain, as statins re-
duce serum cholesterol, they affect the PD neuropathology in bidi-

rectional ways either protective or harmful.

3 | PROTECTIVE ROLE OF STATINS IN PD

Different studies revealed that statins have a neuroprotective ef-
fect against the development and progression of PD (Table 1). It has
been reported that statins mainly the lipophilic ones which cross
BBB negatively correlated with the incidence of PD independent
of serum lipids.>° Simvastatin is the mainly potent statin in crossing
the BBB, and this particular statin drug negatively correlates with
the incidence of PD and shows efficacy in animal models of PD.*°
However, PD mainly occurs in the aging population, who are more
vulnerable to cholesterol or lipid-related disorders, raising questions
about whether this possible beneficial effect of statins in PD pa-
tients is cholesterol-dependent or cholesterol-independent. A clini-
cal study performed by Wahner et al.>* suggests the protective role
of statins against the development of PD. A population-based de-
sign that recruited 312 PD patients and 342 controls from California
showed the strongest protective association between statin use and
PD risk that was mainly observed in long-term therapy >15years.?
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Study type

Findings

Review Lipophilic statins decrease the
incidence of PD independent of

serum lipids.

A population-based design Protective role of statins against the

development of PD.

Prospective study Prolonged use of lipophilic statins
reduces PD risk in women and the

old age group.

Lipophilic statins are more effective
than hydrophilic statins in the
reduction of PD risk.

Prospective study

A longitudinal study
PD compared to statin non-users.

A retrospective study Prolonged use of statins for >4 years
reduces the incidence of motor

development.

A systematic review and

meta-analysis development of PD.

A systematic review and

meta-analysis PD risk.

Simvastatin attenuated LPS-induced
PD in rats.

An experimental study

Review
mediators and PD development.

A systematic review and

meta-analysis PD risk.

Both gender and age were estimated in this study, though confound-
ing CVD risk factors were not determined which may affect the
causal relationship between PD and statins therapy. Of interest, age
and sex not affect the clinical outcomes regarding use of statins in
PD patients.”* However, prolonged use of lipophilic statins can re-
duce PD risk mainly in women and the old age group.52 A prospec-
tive study illustrated that PD risk was low with statins users, and
continuation of statins therapy was associated with more reduction
in PD risk.>? Continuation of lipophilic statins was linked with a re-
duced risk of PD as compared with statin discontinuation, which was
not modified by comorbidities or medications. There was no associa-
tion between hydrophilic statins and the occurrence of PD. Among
lipophilic statins, a significant association was observed for simvas-
tatin and atorvastatin, particularly in women users. As for atorvas-
tatin users, the beneficial effect was seen in the elderly subgroup.
However, long-term use of statins, either lipophilic or hydrophilic,
was not significantly associated with PD in a dose/duration-response
relation.’? Therefore, the continuation of lipophilic statin therapy
was associated with a decreased incidence of PD as compared to
discontinuation in statin users, especially in subgroups of women
and the elderly. A long-term follow-up study is required to elucidate
the potential valuable role of lipophilic statins in PD.

Thus, lipophilic statins could be more effective in the reduction
of PD risk as compared to hydrophilic statins. Likewise, a large-scale
prospective study revealed that statins users moderately decrease
PD risk mainly in patients aged less than 60years.>® In this study,

T2DM patients on statins develop less

Protective effects of statins against the

Statin users mainly atorvastatin reduce

Statins attenuate the proinflammatory

Statins use has a protective role against

TABLE 1 Beneficial effects of statins

i on PD.

Roy and Pahan®°

Wahneret al.>

Lee et al.>?

Gao et al.>®

Lin et al.>*

Palermo et al.”®

Bykov et al.>

Yan et al.’’

Tanetal.””

Bagheri et al.®°

Wu et al.é?

38192 men and 90874 women on regular statins use were included
and followed for 12years revealed that the association between
statins use and low PD risk was observed in participants younger
than 60vyears at baseline but not among those who were older®®
suggesting that regular use of statins was linked with a modest re-
duction in PD risk. A longitudinal study involved one million T2DM
with or without statin therapy and followed for 7years for the de-
velopment of PD. In this study, T2DM patients on statins develop
less PD compared to statin non-users>* suggesting a protective role
of statins against the development of PD. The PD incidence rate was
lower in statin users than in non-users of statins. The crude hazard
ratio of PD incidence in statin users was 0.65 in women and 0.60 in
men compared with non-users of statins. All statins except lovasta-
tin exerted protective effects on PD incidence and had a significant
dose-dependent manner.>*

A retrospective study involved 181 participants, 104 were
evaluated (42 patients on statins and 62 were not on statins) re-
vealed that prolonged use of statins for >4 years reduces the inci-

dence of motor development.®®

This study proposed that statins
have a neuroprotective role against the development of motor
symptoms in PD. A systematic review and meta-analysis com-
prised 10 published studies confirmed the protective effects of
statins against the development of PD.>® Similarly, a systematic
review and meta-analysis comprised 17 published studies demon-
strated that statin users mainly atorvastatin reduce PD risk.”’

These systematic review and meta-analysis studies had some
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limitations including the results were obtained from observational
studies, which are susceptible to various biases, selective, infor-
mation, confounding, and follow-up biases were unavailable in the
cohort and case-control studies, the methods used to diagnose
PD varied among the included studies, and most cases were diag-
nosed using medical records. Therefore, the included cases may
have included some patients with secondary PD. Although the re-
sults from these studies suggest that statin drugs can reduce the
risk of PD, consistent doses and courses of treatment have not yet
been established. The numbers of subgroup analyses and analyses
of different types of statins were small, and therefore, the results
have a limited reference value. As well, researches on the applica-
tion time, measurement, and types of statin drugs are still lacking,
thus related researches are needed.

The protective effects of statins could be by different mecha-
nisms including anti-inflammatory and antioxidant effects. As well,
statins through activation of sterol regulatory element binding pro-
tein (SREBP) attenuate the degeneration of dopaminergic neurons
in the SN.*® High cholesterol also stimulated the accumulation of
a-synuclein, and treatment with the cholesterol-lowering drug lo-
(MPP)-induced
cell death by inhibiting the production of reactive oxygen species

vastatin reduced 1-methyl-4-phenylpyridinium
(ROS) but did not prevent lysosomal cholesterol increase nor affect
a-synuclein accumulation. Thus, there is a dual role of high choles-
terol in PD, in which it acts both as a protector against lysosomal
membrane permeabilization and as a stimulator of a-synuclein ac-
cumulation.®® In addition, statins prevent lysosomal dysfunction and
aggregation of oc-synuclein.59 An experimental study demonstrated
that simvastatin attenuated LPS-induced PD in a rat model by in-
hibiting inflammatory and oxidative stress-induced degeneration of
dopaminergic neurons in the SN.>?

As well, statins improve the regeneration of dopaminergic neu-
rons and upregulate dopamine transporters.sg'59 Palermo et al.>” re-
vealed statins use for more than 4 yearsin PD patients reduce the risk
of motor deterioration compared to PD patients' non-used statins.
Microglia are the primary innate immune system cells in the central
nervous system (CNS). They are crucial for immunity, neurogenesis,
synaptogenesis, neurotrophic support, phagocytosis of cellular de-
bris, and maintaining CNS integrity and homeostasis. The CNS injury
results in the activation of microglia known as microgliosis.60 The
activated microglia can release proinflammatory mediators leading
to neuroinflammation which is associated with PD neuropathology.
Evidence has indicated that statins have the potential to attenuate
the proinflammatory mediators and subsequent PD by controlling
the microglial activation and consequent reduction in neuroinflam-
matory mediators.® A recent mechanistic review demonstrated
that statins attenuate the development of neuroinflammation and
associated dopaminergic neuronal loss by inhibiting microglial acti-
vation and the release of proinflammatory cytokines.®® An experi-
mental study demonstrated that statins attenuate microglia-induced
neuronal injury by reducing the expression of inflammatory signal-
ing pathways and glucose deprivation.®! Up-to-date evidence from
15 observational studies revealed that statins use has a protective
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role against PD risk.%? Following adjusting of confounding factors,

the findings of this study showed that long-duration statin use was
linked with a decreased risk of PD. There was no significant decrease
in the risk of PD in short-term statin users. In addition, no significant
difference in the reduction in the risk of PD was observed between
men and women.®? This study indicated that only long-term statin
therapy is effective against the development and progression of PD
regardless of sex factor.

These findings suggest a protective role of statins against PD
risk through the modulation of inflammatory and lysosomal signaling
pathways as well as microglia activation.

4 | HARMFUL ROLE OF STATINS IN PD

Numerous studies illustrated that statin therapy may be associated
with a higher risk for the development of PD (Table 2), based on that
cholesterol has a neuroprotective effect against the development
of NBDs including PD. For example, Liu et al.*® showed that statins
use was linked with higher PD risk mainly in the initial period which
was about 2.5years. A retrospective case-control analysis involved
identified 2322 incident PD cases having a minimum of 2.5years of
continuous enrollment before the earliest diagnosis of PD. A total of
2322 controls were then matched individually by age, gender, and
a follow-up window to explore the relationship of statin use with
incident PD. This study revealed that the use of statin (especially
lipophilics) was associated with a higher risk of PD, and the stronger
association in initial use suggests a facilitating effect.®® This duration
of the study and associated confounding factors may restrict the final
conclusions. Short duration of statins therapy <2years may not be
sufficient to affect PD neuropathology.®* A previous study suggests
that 2years follow-up is not sufficient to determine the effect of
statins on the progression of PD.** However, the short-term effects
of statins may associate with an increased risk for the development
of PD.%® Of interest, the use of statins for less than 365days was
correlated with PD risk whereas the duration of more than 365 days
was not correlated with PD risk.® Interestingly, long-term statins
therapy affects the cellular and molecular metabolic rate of dopa-
minergic neurons.?” A recent study demonstrated that prolonged
use of statins affects the availability of dopamine transporters in the
putamen nucleus of PD patients compared to the controls.?” This
finding suggests that statins had detrimental effects on the expres-
sion of dopamine transporters in the SN, and may increase PD risk.
Of note, 10-year follow-up of patients on statin therapy disclosed
a greater risk for the development of PD compared to non-statin
users.®> An updated clinical trial demonstrated that simvastatin has a
potential role in the progression of PD.% A total of 216 patients pro-
gressed to the 80-mg dose, the primary outcome analysis showed
that the simvastatin group had an additional deterioration in motor
symptoms while not taking medication at 24 months compared with
the placebo group (p =.006). Thus, simvastatin was ineffective as a
disease-modifying therapy in patients with PD of moderate severity,

providing no evidence to support proceeding to a phase 3 trial.®®
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Study type

Findings
A retrospective study
associated with a higher risk of PD.

A prospective study Short-term effects of statins may associate

with an increased risk for the development

of PD.
A clinical trial study
PD patients.
An experimental study

induced PD in mice

An experimental study Statins may initially exacerbate motor

dysfunction in PD via the reduction of
expression of dopamine transporters.

A prospective study
effect on PD neuropathology.

A case-control study
than 12 months were associated with a
higher risk for the development of PD.

A prospective study
progression of PD neuropathology.

These observations may explain the duration-dependent effect of
statins in the progression of PD.

The harmful effect of statins was suggested in a preclinical
study, that atorvastatin increases the severity of 1-methyl-4-phen
yl-1,2,3,6-tetrahydropyridine (MPTP)-induced PD in mice.®” A pre-
vious experimental study tested the capability of simvastatin, ator-
vastatin, fenofibrate, and bezafibrate (two synthetic peroxisome
proliferator-activated receptor-alpha (PPAR-a) agonists) to prevent
dopaminergic cell death in the MPTP mouse model of PD illustrated
that both of fenofibrate and bezafibrate via activation of peroxi-
some proliferator-activated receptor (PPAR-a) in the dopaminergic
cell had neuroprotective effects in PD by inhibiting of inflammation,
oxidative stress, and apoptosis.67 However, simvastatin and atorvas-
tatin were infective and produced negative impacts.®”

The underlying mechanism of the harmful effect of statins on
PD neuropathology is through the reduction of CoQ10 which has an
anti-apoptotic effect and stabilizes the mitochondrial membrane.%®
Statin-treated patients frequently feature decreased muscle coen-
zyme Q10 (CoQ10) contents, suggesting that statins might impair
mitochondrial function. In cell cultures, statins diminish muscle ox-
ygen consumption, promote mitochondrial permeability transient
pore opening, and generate apoptotic proteins.®® Animal models
confirm the statin-induced decrease in muscle CoQ10 but reveal
no changes in mitochondrial enzyme activities. Human studies yield
contradictory results, with decreased CoQ10, elevated lipids, de-
creased enzyme activities in muscle, and impaired maximal oxygen
uptake in several but not all studies. Some patients are susceptible
to statin-induced myopathy due to variations in genes encoding
proteins.“’8

Reduction of dopamine transporters and/or endocytosis in the
SN might be due to statins effects on brain cholesterol which is
fundamental for functional dopamine transporters.‘”’70 Therefore,
statins may initially exacerbate motor dysfunction in PD via the

The use of statins (especially lipophilics) was

Simvastatin deteriorates motor symptoms in

Atorvastatin increases the severity of MPTP-

Lipophilic statins lead to a more detrimental

Lipophilic but not hydrophilic statins for more

Hydrophilic statins are linked with the rapid

TABLE 2 Detrimental effects of statins

i on PD.

Liu et al.®®

Jeong et al.®®

Stevens et al.¢

Kreisler et al.®’

Fukui et al.”*

Jeong et al.?’

Kim et al.”*

Lewis et al.”

reduction of expression of dopamine transporters. Further, statins
may affect synaptic stability and may increase the risk of PD de-
mentia.”! Reduction in cellular cholesterol also resulted in increased
basal autophagy and impairment of induction of autophagy by glu-
cose deprivation. Together, these data indicate that a reduction
in neuron-derived cholesterol content, similar to that observed in
the diabetic brain, creates a state of insulin and growth factor re-
sistance that could contribute to CNS-related complications of di-
abetes, including increased risk of neurodegenerative diseases,
such as AD.”* However, statins improve rather than reduce cogni-
tive function in AD patients.'®”2 Notably, lipophilic statins lead to a
more detrimental effect on PD neuropathology.?” The detrimental
effect of statins on PD neuropathology is through direct effects on

the neurons rather than by reducing serum cholesterol.?’

As well,
statins-induced mevalonate metabolites promote PD neuropathol-
ogy through the induction of apoptosis and microglial activation.?”
This study suggested that statins use is linked with the development
of PD. However, this recent study had many limitations which affect
the final conclusions. For example, biomarkers reflecting brain cho-
lesterol levels, such as 24 S-OH cholesterol and 27 S- OH cholesterol
were not measured. As well, the use of statins can induce selection
bias, in that statins are usually prescribed for patients with CVDs. In
addition, duration of statin use prior to diagnosis of PD and dose of
statins was not available in this study.?”

As well, an autoimmune response to autoantigens could be ef-
fective in the prevention of PD, and regulatory T cells (Tregs) inhibit
this reaction. Thus, statins through induction expression of Tregs
may attenuate the beneficial effect of autoimmune response with
subsequent increased risk of PD.”® A case-control study from the
Korean population comprised 3026 PD patients compared to 12104
healthy controls revealed that the use of lipophilic but not hydro-
philic statins for more than 12 months was associated higher risk for
the development of PD.”* However, in this study, actual adherence
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of patients to statins therapy was not clarified. As well, blood choles-
terol following statins therapy and its correlation with PD symptoms
were not determined. Most of the cases were obtained from data-
bases, so misdiagnosed PD cases cannot be excluded. Besides, the
duration of statins therapy, dietary patterns, other medications, and
confounding factors was not estimated. These factors may limit the
final conclusion between statins use and PD risk.

Notoriously, hydrophilic statins are linked with the rapid pro-
gression of PD neuropathology,75 and lipophilic statins did not affect
the progression of PD according to clinical scores and imaging find-
ings.75 In addition, hydrophilic statins lead to the rapid progression
of non-motor symptoms of PD patients.”” In this study, statins use
was evaluated at baseline and subtyped to hydrophobicity (n = 125)
with the determination of clinical and imaging scores following 18
months.”” This study had a short duration of statins therapy that
may affect the clinical outcome mainly for lipophilic statins which
required long-term effects.?” Thus, statins class-dependent effect
on the pathogenesis of PD is reversed in this state. Genetic vari-
ation of HMG-CoA reductase may affect statins effect on the PD
neuropathology, and variability of haplotype 7 of HMG-CoA reduc-
tase can decrease the neuroprotective effect of statins.”¢ Variability
in HMGCR affects statins response in patients with dyslipidemia.”®
These observations suggest that statins therapy for primary or sec-
ondary prevention of CVDs may increase PD risk by different mech-
anisms including reduction of CoQ10.

Taken together, according to the recent and updated studies,
controversial points still present regarding the short- and long-term

effects of statins on PD neuropathology.

5 | CONCLUSIONS

PD is the second most common NBD consequent to AD. Statins are
the most common lipid-lowering agents used in the management
of dyslipidemia and the prevention of primary and secondary CVD
events. Statins are not used in the management of PD, but they are
frequently used in the cardiovascular disorders commonly associ-
ated with PD in the elderly population. Therefore, the use of statins
in that population may affect PD outcomes. Statins have many pleio-
tropic effects like antioxidant and anti-inflammatory effects. The
possible effects of statins on PD neuropathology are conflicting ei-
ther protective or harmful on PD neuropathology. As well, there is
a controversial point regarding the role of serum lipids in the patho-
genesis of PD. In this bargain, as statins reduce serum cholesterol,
they may affect the PD neuropathology in bidirectional ways either
protective or harmful. The protective role of statins against PD risk
is through modulation of inflammatory, lysosomal signaling path-
ways, and microglia activation. However, long-term statins therapy
for primary or secondary prevention of CVDs may increase PD risk
by different mechanisms including reduction of CoQ10. Taken to-
gether, according to the recent and updated studies, controversial
points still present regarding the short- and long-term effects of
statins on PD neuropathology. Therefore, large-scale prospective
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and retrospective studies are warranted in this regard to confirm the

mechanistic role of statins in PD neuropathology.
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