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Abstract

Statins are a family of lipid-lowering agents, long known to be beneficial in
conditions where dyslipidemia occurs, such as atherosclerosis. Very recently,
statins also have been proposed for use in neurodegenerative conditions, includ-
ing Alzheimer’s disease (AD). However, it is clear that the purported effective-
ness of statins in neurodegenerative disorders is not directly related to
cholesterol-lowering effects of these agents but, rather, to their pleiotropic
functions.

Moreover, evidence from randomized, double-blind clinical trials demon-
strated that statins have only limited beneficial effects in improving cognitive
function in AD patients with moderate dementia. There is also a suggestion that
in nondemented elderly people, statin use can be associated with cognitive
impairments. Possible mechanisms underlying these effects are discussed
along with the pros and cons of the use of statins in neurodegenerative disorders.
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1 Basic Pharmacology of Statins

Statins are a family of drugs with pleiotropic functions. To this class belong eight
drugs: mevastatin, lovastatin, pravastatin, and simvastatin, which are natural
compounds derived from fungal products, whereas fluvastatin, atorvastatin,
rosuvastatin, and pitavastatin are distinct synthetic compounds (Shitara and
Sugiyama 2006). In addition, lovastatin and simvastatin have a lactone ring in the
chemical structure which increases their liposolubility, whereas the remainder
statins have open acid forms (Shitara and Sugiyama 2006). These differences in
structure could modify the ability of individual statins to cross the blood-brain
barrier.

From a pharmacodynamic viewpoint, statins inhibit hydroxy-methyl-glutaryl-
CoA (HMG-CoA) reductase, which makes statins effective for the treatment of
dyslipidemias (Shitara and Sugiyama 2006). By inhibiting HMG-CoA reductase,
statins block the first step in cholesterol biosynthesis, namely, the conversion of
HMG-CoA into mevalonate (Shitara and Sugiyama 2006; Bersot 2011). As a result
of statin administration, low-density lipoprotein (LDL) cholesterol synthesis
decreases in hepatocytes that in turn leads to reduced cholesterol blood level.
In addition to this effect, statins reduce triglyceride and increase HDL cholesterol
plasma levels. Taken together, statins are cardiovascular agents, due to their ability
to counteract hyperlipidemias that are a major cause of atherosclerosis which, in
turn, is a common pathogenic mechanism for coronary artery disease, ischemic
cerebrovascular disease, and peripheral vascular disease (Shitara and Sugiyama
2006; Bersot 2011). In addition to this main pharmacological effect, statins are
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endowed with other pleiotropic activities. Statins reduce primary cardiac risk in
many types of cardiac and vascular surgeries, with greater benefits in high-risk
patients (Gajendragadkar et al. 2009). Furthermore, due to the well-known immu-
nomodulatory effect, statins prevent graft versus host disease and allogeneic trans-
plantation (Shimabukuro-Vornhagen et al. 2009).

Although all statins share the same main mechanism of action, their pharmaco-
kinetic profile is quite different. Statins are well absorbed by the intestine when
given by oral route, even though they undergo marked first-pass effects by the liver,
which reduces the systemic bioavailability (5-30 %) (Bellosta et al. 2004). With the
exception of simvastatin and lovastatin, which are prodrugs and require hepatic
activation, other statins are administered as f-hydroxy-acids. Upon administration,
statins reach C,,,x (peak plasma concentration) ranging from 10 ng/ml (lovastatin
and simvastatin) to 448 ng/ml (fluvastatin), with a T,,,x (time to reach C,,4) from
0.5-2 h (fluvastatin and pravastatin) to 2—4 h (atorvastatin, lovastatin, rosuvastatin,
simvastatin) (Bellosta et al. 2004). In the bloodstream, statins are bound to albumin
(43-99 %), which accounts for their variable half-life. Atorvastatin and rosuvastatin
are the statins with the longest half-life (15-30 h and 20.8 h, respectively),
whereas fluvastatin, lovastatin, pravastatin, and simvastatin have half-lives around
0.5-3 h (Bellosta et al. 2004). All statins are metabolized by the liver through the
isoforms 3A4 (atorvastatin, lovastatin, and simvastatin) and 2C9 (fluvastatin and
rosuvastatin) of the cytochrome P-450 (CYP) system, with the exception of prav-
astatin which undergoes sulfation (Bellosta et al. 2004). The primary route of
elimination is fecal, and only a minor fraction of statins is eliminated via urine
(Bellosta et al. 2004; Shitara and Sugiyama 2006; Bersot 2011).

2 Statins’ Toxicology

The main adverse effects of statins are hepatotoxicity and myopathy. A transient
elevation of serum transaminases (up to three times the baseline value) is a common
outcome of statin therapy (Bersot 2011). However, the incidence of this side effect
is low and dose dependent and does not imply the contraindication of statins in
individuals with concomitant liver diseases such as hepatitis C (Bersot 2011).
Myalgia is often associated with statin use and is paralleled by a 10-fold increase
in plasma creatine kinase (Bersot 2011). Rhabdomyolysis is quite rare, and the risk
of developing this side effect is correlated with the statin dose and plasma concen-
tration (Bersot 2011). About 30 cases of serious hepatic failure and 42 cases of
death due to rhabdomyolysis associated with statin administration were reported to
the FDA over the last 15 years (Bersot 2011; Law and Rudnicka 2006). Particularly
serious was the occurrence of fatal rhabdomyolysis in 31 patients treated with
cerivastatin in the USA; among these patients, 12 received cerivastatin and gemfi-
brozil, thus suggesting that the cerivastatin-induced miotoxicity was potentiated
by gemfibrozil (Staffa et al. 2002; Shitara and Sugiyama 2006). Due to this
severe adverse effect, Bayer voluntarily withdrew cerivastatin from the market.
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Rare adverse effects due to statin therapy are tendinous disorders. Tendinitis and
tendon rupture were mainly associated with atorvastatin, simvastatin, and prava-
statin therapy (Marie et al. 2008).

The main determinants of statin toxicity are the following.

2.1 Transporters

The organic anion-transporting polypeptide (OATP1B1) is expressed in the sinu-
soidal membranes of hepatocytes and is the most important influx transporter of
statins (Niemi 2010; Neuvonen 2010). The activity of OATP1B1, whose encoding
gene SLCOIBI undergoes genetic variability among individuals, accounts for
important differences in statin plasma levels and toxicity. Two common single
nucleotide polymorphism (SNP) variants of the SLCOIBI gene were identified:
¢.388A>G (p.Asnl130Asp; 1s2306283) and ¢.521T>C (p.Vall74Ala; rs4149056).
Individuals who carry the ¢.388A>G (haplotype SLCOIB1*1B) have an increased
OATPIBI activity which is associated with a 35 % reduction in pravastatin
bioavailability (measured as area under the concentration-time curve, AUC) but
without significant clinical outcomes (Niemi 2010). Conversely, subjects harboring
the haplotypes SLCOIBI*5 (¢.521T>C) and SLCOIBI*15 (c.521T>C together
with ¢.388A>G) have a reduced activity of the OATPIB1 transporter and an
increased statin plasma concentration (Niemi 2010). Both the latter haplotypes
are differentially distributed in the population, with a combined allele frequency
of 15-20 % in Caucasians, 10—15 % in Asians, and 2 % in sub-Saharan Africans and
African Americans (Niemi 2010). Individuals with the ¢.521CC genotype have an
increased bioavailability of simvastatin, pitavastatin, atorvastatin, pravastatin, and
rosuvastatin of 221 %, 173 %, 144 %, 90 %, and 87 %, respectively, with respect to
subjects carrying the c.521TT genotype (Niemi 2010; Neuvonen 2010). These
genetic polymorphisms have indeed important clinical outcomes. The administra-
tion of 80 mg/day simvastatin to individuals with myocardial infarction was
associated with myopathy, and the odds ratios were 4.5 per copy of the C allele
and 16.9 in ¢.521CC as compared with the c.521TT homozygotes (Link et al. 2008;
Niemi 2010). More than 60 % of these cases of myopathy were attributable to the
C variant (Link et al. 2008). Similar results were obtained when patients were
treated with 40 mg simvastatin/day with a relative risk of 2.6 per copy of the c.521C
allele (Link et al. 2008; Niemi 2010). It is also important to emphasize the
¢.521T>C polymorphism could be responsible for the onset of myopathy even
when other statins are administered. In order to reduce the risk of adverse effects,
Caucasian adults harboring the SLCOIBI ¢.521TC genotype should be treated with
a half dose of simvastatin, atorvastatin, pravastatin, rosuvastatin, and pitavastatin,
whereas those with the ¢.521CC genotype should receive a quarter dose of simva-
statin, atorvastatin, and pitavastatin (Niemi 2010).

ABCG?2 encodes the ATP-binding cassette G2 (ABCG2), an efflux transporter
located on the apical membranes of several cell types including intestinal epithelial
cells and hepatocytes. The ABCG2 gene undergoes genetic variability, and the more
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common SNP is the c.421C>A (p.Glnl41Lys; rs 2231142) which reduces the
transport function of ABCG2. Individuals who carry the c.421AA genotype have
an increased AUC of simvastatin lactone (111 %) as well as atorvastatin and
fluvastatin (72 %) with respect to those with the ¢.421CC genotype (Niemi 2010).
Individuals with a c.421AA genotype have a greater risk to develop myopathy if
treated with rosuvastatin, atorvastatin, and fluvastatin, even if no clinical trial
definitely proved this possibility (Niemi 2010).

2.2 Drug Interactions

In order to reduce the incidence of hepatotoxicity and myopathy, statins should not
be used in association with inhibitors of CYP3A4, including grapefruit juice (see
below). Several cases of rhabdomyolysis were associated with the concomitant
treatment of simvastatin, lovastatin, or atorvastatin with ritonavir, cyclosporine,
azole antifungals, macrolides antibiotics, and calcium channel blockers (Neuvonen
et al. 2006; Neuvonen 2010). Also the combination of statins and fibrates should be
avoided, in particular gemfibrozil (Bersot 2011). For further information about the
potential harmful effects deriving from the interaction of statins with other drugs or
nutraceuticals, see below.

3 Rationale for the Use of Statins in Alzheimer’s Disease

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder character-
ized by cognitive dysfunction, difficulties in performing the activities of daily
living, and mood changes. At autopsy, the AD brain is characterized by the
accumulation of amyloid-f peptide (AB) and hyperphosphorylated rau protein
(Sultana and Butterfield 2010; Citron 2010; Querfurth and LaFerla 2010).
Amyloid-B peptide is formed by the secretase-mediated cleavage of the amyloid
precursor protein (APP). B-Secretase cleaves APP at the N-terminus, generating an
extracellular soluble fragment named sAPPP and leaves an intramembrane frag-
ment called C99 (Mancuso et al. 2011; Querfurth and LaFerla 2010). The latter is
cleaved at the C-terminus by y-secretase and AP is released (Mancuso et al. 2011;
Querfurth and LaFerla 2010). Once formed, AP aggregates as oligomers and fibrils,
which form the central core of senile plaques (Sultana et al. 2009; Citron 2010;
Querfurth and LaFerla 2010). Current research suggests that A oligomers are more
toxic than aggregates (Shankar et al. 2008; Butterfield et al. 2007; Querfurth and
LaFerla 2010), and this evidence provides a plausible explanation of the reason why
drugs targeted to facilitate the disaggregation of AP fibrils into oligomers, e.g.,
bapineuzumab and solanezumab, failed to improve cognitive function in AD
patients (Ayrolles-Torro et al. 2011; Mancuso et al. 2011). Interestingly, the gene
encoding APP is located on the chromosome 21; therefore, individuals with down
syndrome (DS), who have 3 copies of this chromosome, have an increased risk of
developing AD (Bush and Beail 2004). Autopsy findings in individuals with DS
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Fig. 1 Cholesterol-dependent and cholesterol-independent effects of statins and repercussion on
the redox status of the cell. For further information, see text. Abbreviations: 3-NT 3-nitrotyrosine,
BVR-A biliverdin reductase-A, CoQ10 coenzyme Q10, eNOS endothelial nitric oxide synthase,
FPP farnesyl pyrophosphate, GPP geranyl pyrophosphate, GSH reduced glutathione, HMG-CoA
hydroxyl-methyl-glutaryl-CoA, HNE 4-hydroxynonenals, HO-I heme oxygenase-1, PC protein
carbonyls, SOD3 extracellular superoxide dismutase

revealed senile plaques and neurofibrillary tangles in the brain, which are secondary
to the formation and deposition of A and tau protein, respectively (Gyure et al.
2001; Itoh and Yagishita 1998).

Amyloid-f peptide and tau protein synergize and exert their neurotoxic effects
through several mechanisms: (a) generation of superoxide anion and nitric oxide
through the activation of NADPH oxidase and inducible nitric oxide synthase
(iNOS), respectively (Butterfield et al. 2007; Querfurth and LaFerla 2010), which
react each other and form peroxynitrite (ONOQO?); (b) mitochondrial impairment
secondary to the inhibition of key enzymes involved in the respiratory chain and
Krebs cycle (Querfurth and LaFerla 2010); and (c) stimulation of the ionotropic
glutamate receptor NMDA and increase of Ca®" overload thus leading to
excitotoxic cell death (Querfurth and LaFerla 2010). Taking into consideration
these multiple toxic pathways, statins may be particularly useful for AD. Statins
can inhibit endothelial O, " formation by preventing the isoprenylation of p21 Rac,
which is critical for the assembly of NADPH oxidase after activation of protein
kinase C (Wallerath et al. 2003) (Fig. 1). In addition, the cellular superoxide
clearance activity is increased given that SOD3 activity is more than doubled by
simvastatin. Further, simvastatin treatment also increases the number of function-
ally active endothelial progenitor cells (Landmesser et al. 2005). Moreover, statins
increase the expression of endothelial nitric oxide synthase (eNOS) through the
inhibition of Rho isoprenylation (Laufs et al. 1998), and statins can also
directly activate eNOS via posttranslational mechanisms involving activation of
the PI3K/Akt pathway (Kureishi et al. 2000). Statins showed positive effects
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against AP-induced oxidative stress in mouse models of AD (Kurinami et al. 2008;
Tong et al. 2009) as well as a reduction in the phosphorylation of tau protein in
human cerebrospinal fluid (CSF) (Riekse et al. 2006). However, although statins’
treatment appears to provide benefits, it is difficult to determine whether the
benefits are due to lower cholesterol levels or to statin pleiotropy. Atorvastatin
treatment was neuroprotective against cell degeneration induced by AP(1-40),
reducing inflammatory and oxidative responses and increasing the expression of
glutamatergic transporters (Piermartiri et al. 2010). Murphy et al. showed that long-
term atorvastatin did not reduce AP levels, despite a significant reduction in
B-secretase 1 (BACE1) protein levels and activity in the brains of aged beagles
(Murphy et al. 2010). Subsequently, Barone et al. found that although no changes in
AR levels occur, long-term atorvastatin significantly reduced lipid peroxidation,
protein oxidation and nitration, and increased GSH levels in the parietal cortex of
treated dogs (Barone et al. 2011). This effect was cholesterol and A independent
and specific for brain (Barone et al. 2011). Another possible mechanism by which
statins exert neuroprotective effects is the enhancement of the cell stress response.
The administration of atorvastatin 80 mg/day for 14.5 months to aged beagles
increased the expression of the heme oxygenase-1/biliverdin reductase-A (HO-1/
BVR-A) system, a main effector of the adaptive stress response (Mancuso and
Barone 2009), and this correlated with a significant reduction in both oxidative and
nitrosative stress biomarkers in the parietal cortex of treated beagles that showed
improved cognition (Barone et al. 2012; Butterfield et al. 2011). Conversely, side
effects of long-term statin treatment include a decrease in serum and tissue CoQ10
levels, which could result in an energy metabolism impairment in heart, skeletal
muscle, and liver (Martin et al. 2011; Bliznakov and Wilkins 1998). The impor-
tance of statin-induced energy metabolism impairment and its role in the develop-
ment of their side effects was demonstrated also in humans. The administration of
240 mg/day CoQ10 reverted fatigue, myalgia, and peripheral neuropathy in 50
patients chronically treated with statins (Langsjoen et al. 2005).

More detailed research into the pharmacology of statins is necessary, particu-
larly the concentrations achieved in the central nervous system and the level at
which they block the production of cholesterol and they modulate all the above
pathways, in order to prove their beneficial effect and support the potential use of
statins in neurodegenerative disorders.

4 Statins and Dementia: The Support Given by the
Evidence-Based Medicine

Although the majority of the preclinical evidence shows neuroprotective effects of
statins in ameliorating cognitive dysfunction, clinical data largely do not show similar
benefits. In addition, some clinical studies show the opposite results depending on
whether they are observational studies or randomized clinical trials (RCT).

Early cohort and case-control studies demonstrated that statins reduced the risk
of developing dementia, including AD, and this protective effect was maintained
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over a 6-year follow-up period (Beydoun et al. 2010; Li et al. 2010; Smeeth et al.
2009; Haag et al. 2009; Horsdal et al. 2009; Rosenberg and Allard 2008; Sparks
et al. 2008; Cramer et al. 2008). These findings were recently challenged by Benito-
Leon et al., who demonstrated that statins did not improve cognitive performance in
nondemented elderly subjects with a median age of 72 years (Benito-Leon et al.
2010). Similar results were obtained in a large cohort study, which involved more
than two million participants aged 30—84 years of whom 10.7 % received statins
(Hippisley-Cox and Coupland 2010). A cross-sectional research study, with
a follow-up of 5 years, demonstrated that in 123 Caucasian subjects with DS
(41-78 years), total cholesterol levels > 200 mg/dl positively correlated with the
development of AD (hazard rate 2.59), whereas individuals taking statins had less
than half the risk of developing AD with respect to nonusers (hazard rate 0.402)
(Zigman et al. 2007).

In order to confirm these epidemiological studies, some RCT were performed
with comparable results. The PROSPER study, which enrolled approximately 6,000
people aged 70-82 years, demonstrated that pravastatin (40 mg/day) did not have
any effect on cognitive function over a follow-up of 3 years (Trompet et al. 2010;
Shepherd et al. 1999). The LEADe study tested the hypothesis that atorvastatin
(80 mg/day) over 72 weeks delayed cognitive decline in patients with mild-to-
moderate AD. The results of this study did not support any significant positive
effect of atorvastatin on cognitive or global function in patients receiving the statin
compared to those with placebo (Feldman et al. 2010). In August 2011, Sano et al.
published the results of an RCT of simvastatin (20 mg/day for 6 weeks and
40 mg/day for the remainder 18 months) in participants with mild-to-moderate
AD that also demonstrated the lack of efficacy (Sano et al. 2011). On the other hand,
the ADCLT trial demonstrated that atorvastatin (80 mg/day) for 1 year exhibited
a significant positive effect on cognitive performance after 6 months of therapy
compared with placebo. However, this beneficial effect was selective for individ-
uals who matched restricted criteria, such as a higher MMSE score at baseline, total
cholesterol levels higher than 200 mg/dl, and the presence of an apolipoprotein E-4
allele (APOE-4) (Sparks et al. 2006a, b). When all the RCT study results are
combined, a meta-analysis suggests that there is insufficient evidence to recom-
mend statins for the treatment of dementia and AD (McGuinness et al. 2010). This
statement matches the guidelines of the British Association for Psychopharmacol-
ogy who also do not recommend statins for the prevention or treatment of AD
(O’Brien and Burns 2010). However, in a pilot clinical trial, a modest improvement
in cognition was detected in individuals with mild cognitive impairment (MCI),
arguably the earliest form of AD, treated with statins (Sparks et al. 2010).

5 Unresolved Issues
In order to understand the reasons for the inconsistent beneficial effects of statins in

aged or demented individuals, several issues need to be addressed and carefully
evaluated.
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Ability to Cross the Blood-Brain Barrier. As mentioned earlier, the presence of
a lactone ring in the chemical structures of simvastatin and lovastatin makes these
latter very liposoluble, whereas the open acids atorvastatin, fluvastatin, and
pitavastatin have an intermediate liposolubility, and pravastatin has the lowest
one (Shitara and Sugiyama 2006). Such different degree of liposolubility might
suggest the use of lipophilic statins in demented patients to increase the bioavail-
ability in the brain. However, both the LEADe and CLASP trials failed to demon-
strate a beneficial effect of lipophilic atorvastatin and simvastatin on cognitive
function in AD patients, similar to the results obtained in the PROSPER study
involving the lipophobic pravastatin. Thus, the different degrees of liposolubility
are unlikely to be a key determinant of the limited effectiveness of statins in these
clinical trials.

Age. Epidemiological data demonstrate that the incidence of AD increases with
age and doubles every 5 years after 65 years of age with 1,275 new cases/1,00,000
persons/year (Querfurth and LaFerla 2010). In the Western hemisphere, the preva-
lence of AD was calculated at approximately 1% in subjects aged 60—64 but increases
to between 33 % and 50 % in people aged 85 or older (Mayeux 2010). Much of the
epidemiological and clinical studies designed to examine the role of statins in AD
enrolled included individuals aged 65-84 years. Although the clinical studies and the
meta-analysis discussed above did not support an overall beneficial effect for statins
in dementia and AD, it is noteworthy to mention that those studies in which statins
had a major effect on cognitive functions included individuals aged 68-74 years
(Simons et al. 2002; Li et al. 2010; Haag et al. 2009). Consequently, it is possible that
68—74 years of age should be considered an optimal age for statin efficacy in
preventing dementia. On the other hand, both the LEADe and PROSPER studies,
which recruited individuals within the same range of age, failed to demonstrate any
beneficial effect of atorvastatin and pravastatin in people with AD. Subjects aged 80
or older also did not have any beneficial effects from statins (Li et al. 2010).

Cholesterol Blood Levels Before and After Treatment with Statins. An important
question to address when studying the HMG-CoA reductase-independent effects of
statins is the concomitant reduction of LDL cholesterol plasma levels. This issue is
quite important when the pleiotropic effects of statins are studied in the nervous
system because cholesterol is a main component of cell membranes, in particular
myelin (Saher et al. 2005), and if cholesterol blood levels fall due to uncontrolled
therapy with lipid lowering agents, nervous function would also decrease. The
majority of AD patients recruited for clinical trials had serum LDL cholesterol at
baseline around 131-147 mg/dL, which was significantly reduced by 50-54 % after
the administration of atorvastatin (80 mg for 52 weeks) or simvastatin (40 mg for
26 weeks) (McGuinness et al. 2009; McGuinness et al. 2010). These values of LDL
cholesterol, before and after statin treatment, are acceptable and do not imply any
possible adverse effects. However, although there is a marked effect of statins on
LDL cholesterol plasma levels, no beneficial effects on cognitive function are
observed in normocholesterolemic patients (McGuinness et al. 2009; McGuinness
et al. 2010). Indeed, even in hypercholesterolemic patients, the administration
of statins did not have any disease-modifying effect on AD (Hoglund et al. 2004;
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Riekse et al. 2006). Evans et al. showed that in AD patients heterozygous for APOE-4
allele or carriers of PS1 mutations, the administration of simvastatin or atorvastatin
only slightly reduced the concentration of CSF cholesterol at 6—7 months followed by
a peak at 2 years and a return to baseline levels after 3 years (Evans et al. 2009). This
finding suggests that despite changes in plasma cholesterol levels, statins cause only
minimal changes in brain cholesterol, and, therefore, the effect on cognitive functions
may be independent of systemic cholesterol metabolism.

Interaction with Xenobiotics. Patients with AD, as well as other types of
dementia, usually take additional drugs for other age-related disorders or
comorbidities. As mentioned above, all statins, with the exception of pravastatin,
are metabolized by CYP3A4 or CYP2C9, and their plasma levels could be reduced
or increased with concomitant administration of drugs that induce or inhibit these
CYP isoforms. Donepezil and galantamine, two acetylcholinesterase inhibitors
provided to AD patients, are metabolized by CYP3A4 (Jann et al. 2002) and,
therefore, could compete with statins. As a consequence of this competition, statin
plasma levels could increase as well as the risk of side effects. Also, AD patients
may also be supplemented with nutraceuticals including curcumin, green tea
extracts, or grapefruit juice as these natural substances are widely considered to
be free radical scavengers and therefore neuroprotective. Unfortunately, these
natural substances are inhibitors of CYP3A4 and, therefore, increase plasma con-
centrations of statins (Kiani and Imam 2007; Stump et al. 2006; Hare and Elliott
2003). Interestingly, it was reported that the concomitant administration of simva-
statin and consumption of grapefruit or green tea causes rhabdomyolysis (Dreier
and Endres 2004; Werba et al. 2008).

Taking into consideration the results from evidence-based medicine, it is possi-
ble to suggest that select individuals with AD may benefit more from statins: aged
65-74 years, carrier of an ApoE-4 allele (Sparks et al. 2006a) but without the
haplotype SLCOIBI*5 or SLCOIBI*15 or SLCOIBI*IB/*IB (Niemi 2010),
normocholesterolemic and sparing user of drugs which inhibit CYP3A4.

6 Conclusion

Although preclinical data suggest beneficial effects of statins in the treatment of
dementia and AD, results derived from epidemiological studies and RCT are
contradictory. Several critical issues may need to be considered (1) the genetic
profile of individuals with regard to specific genes involved in statin absorption,
(2) the rate of inhibition of cholesterol synthesis in normocholesterolemic patients,
(3) age of the individual, and (4) concomitant administration of drugs or
nutraceuticals. Thus, future RCT using statins may consider from recruiting AD
patients aged 65—75 years, which is an age range that appears to benefit from statin
therapy, with primary endpoint, the analysis of cognitive function, and a significant
longer follow-up. Another suggestion is to study the effect of statins in individuals
with MCI in order to understand whether or not the neuroprotective effect of statins
could block or slow the transition to AD. This recommendation could be especially
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important since preclinical studies with atorvastatin decreased oxidative stress in
aged dogs, and this benefit was correlated with levels of AB(1-42), which is same
sequence as that of humans (Barone et al. 2011). Oxidative stress is strongly
associated with amnestic MCI and AD (Perluigi et al. 2009; Sultana et al. 2010;
Sultana et al. 2009), and AP is hypothesized to contribute to this oxidative stress
(Butterfield et al. 2001).

In conclusion, the current clinical evidence is not strong enough to support the
widespread use of statins to treat dementia and AD. However, it is critical that
researchers and clinicians in the near future investigate whether or not statin
therapy should be restricted to selected populations of demented individuals with
the best chance of efficacy derived from evidence-based medicine is recommended.
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