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Abstract: Statins are widely accepted as first-choice agents for the prevention of lipid-related car-
diovascular diseases. These drugs have both anti-inflammatory and anti-oxidant properties, which
may also make them effective as potential treatment marked by perturbations in these pathways,
such as some neuropsychiatric disorders. In this narrative review, we have investigated the effects of
statin therapy in individuals suffering from major depressive disorder (MDD), schizophrenia, anxiety,
obsessive-compulsive disorder (OCD), bipolar disorder (BD), delirium, and autism spectrum disor-
ders using a broad online search of electronic databases. We also explored the adverse effects of these
drugs to obtain insights into the benefits and risks associated with their use in the treatment of these
disorders. Lipophilic statins (including simvastatin) because of better brain penetrance may have
greater protective effects against MDD and schizophrenia. The significant positive effects of statins in
the treatment of anxiety disorders without any serious adverse side effects were shown in numerous
studies. In OCD, BD, and delirium, limitations, and contradictions in the available data make it
difficult to draw conclusions on any positive effect of statins. The positive effects of simvastatin
in autism disorders have been evaluated in only a small number of clinical trials. Although some
studies showed positive effect of statins in some neuropsychiatric disorders, further prospective
studies are needed to confirm this and define the most effective doses and treatment durations.

Keywords: statins; neuropsychiatric disorders; clinical trials; adverse effects; major depressive
disorder; schizophrenia; anxiety; obsessive-compulsive disorder; bipolar disorder; delirium; autism
spectrum disorders
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1. Introduction

Statins (3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors) are categorized
as first-choice agents for primary and secondary prevention of cardiovascular diseases
(CVDs). These drugs reduce the circulating plasma concentration of cholesterols via in-
hibition of the main enzyme involved in cholesterol synthesis in the liver. Statins also
suppress the inflammatory response and decrease the expression of lipopolysaccharide
(LPS)-induced monocyte tissue factor [1]. Since these agents inhibit the production of
mevalonate (MVA), which is responsible for cholesterol synthesis and several non-steroidal
isoprenoid compounds, they are described as having “pleiotropic effects” [2], which makes
these drugs distinct from most of the other lipid-lowering therapies [3,4]. These effects
include improvements in endothelial function, thrombosis, plaque-stabilizing effects, vas-
cular inflammation, and oxidation [5-10].

Observational findings have identified a relationship between statin use and decreased
risk of fracture in osteoporosis patients. Several studies have also hypothesized a delay
in the pathogenesis of Alzheimer’s disease, progression of aortic stenosis, valvular calcifi-
cation, and congestive heart failure [11]. The anti-inflammatory effects of statins can be
seen via decreased levels of C-reactive protein (CRP) and low-density lipoprotein (LDL)
cholesterol. Statins also decrease tumor necrosis factor alpha (TNF-«) and gamma inter-
feron (IFNYy) production in stimulated T cells, and reduce immune activations of T-helper
cells [12]. Because of these effects, statins may also have therapeutic benefits in the treat-
ment of psychiatric diseases, including major depressive disorder (MDD), schizophrenia,
and dementia, which may be marked by perturbations in inflammation and immune system
pathways [13-15]. For example, one study found that long-term use of statins was associ-
ated with a reduced risk of MDD in patients with coronary artery disease [16]. In addition,
the negative symptoms of schizophrenia may be partially alleviated with adjuvant therapy
of statins [17]. Furthermore, statin treatment may offer a protective effect in patients at risk
of dementia, although unfortunately, these findings are not consistent [18-21].

Statins are divided into lipophilic or hydrophilic types based on their permeability
across the blood-brain barrier (BBB). The hydrophilic statins, including pravastatin, ro-
suvastatin, and fluvastatin, have low BBB permeability. In contrast, lipophilic statins,
such as simvastatin, lovastatin, and atorvastatin, can traverse the BBB more readily. The
lipophilic statins can enter cells and become extensively distributed in different tissues via
passive diffusion, whereas the hydrophilic statins more specifically target the liver [12].
Despite their diversity in lipophilicity and pharmacokinetics, the two classes of statins
have relatively similar biological activities [22]. It is unclear whether or not some of the
effects of statins are related to their brain penetration or mediated by cytokine reduction
in the periphery, as found in the case of rosuvastatin [23]. As stated above, perturbations
in inflammatory pathways have been implicated in the pathogenesis of many psychiatric
and neurodegenerative diseases. For example, an abnormal inflammatory response could
result in resistance to treatment in schizophrenia [24]. Therefore, many investigators have
evaluated statin treatment as a potential means of reducing symptoms in mental health
disorders [12].

In this narrative review, we have explored clinical trials of statins in different neuropsy-
chiatric diseases, including MDD, anxiety, bipolar disorder (BD), obsessive compulsive
disorder (OCD), schizophrenia, panic disorder, autism, and delirium. The effect of statins
in different neuropsychiatric disorders was illustrated in Figure 1.
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depressive disorder (MDD)
score, Hamilton Depression
Rating score, and risk of
MDD in patients with
cardiovascular disease
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and triglyceride in patients
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Reduction in the risk of
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Aberrant Behavior
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ce subscales scores

Reduction of Yale—
Brown obsessive-
compulsive symptoms
scores in obsessive-
compulsive disorder

Figure 1. The effect of statins in neuropsychiatric disorders. Statins have been associated with the
reductcion in major depressive disorders, improvement of lipid profile in schizophrenia, reduction of
aberrant behavior, reduction of obsessive-compulsive symptoms and risk of anxiety /depression.

2. Pharmacological Mechanism of Statins in Neuropsychiatric Disorders

There is a reasonable body of evidence that both central and peripheral inflammatory
mechanisms may play a role in the etiology and/or the pathophysiology of many neuropsy-
chiatric disorders, including MDD, BD, schizophrenia, and autism. Here, the inflammatory
effects might be related to alterations in cytokines and acute-phase reactants. Inflammation
in the nervous system is typically associated with microglial activation [25]. In the M1
type microglial activation, microglial cells may synthesize proinflammatory molecules,
such as interleukin-1beta (IL-13), TNF-«, and interleukin-6 (IL-6), superoxide radicals,
glutamate, and nitric oxide (NO) [26,27]. Because of their role in neuronal signaling and
signal transduction, a change in morphology of microglial cells, or in their number, is
associated with the cognitive and behavioral symptoms reported in many psychiatric
disorders [28]. The involvement of peripheral inflammation in psychiatric diseases was
reviewed recently, and the tryptophan-kynurenine metabolic pathway is gaining growing
attention. Pro-inflammatory molecules stimulated the indoleamine 2,3-dioxygenases in
peripheral blood monocytes, which converts tryptophan to kynurenine. Suppression of
this pathway may consequently be a significant factor in neuroprotection [29]. The most
well-known mechanism of action of statins is through their effects on lowering endoge-
nous cholesterol biosynthesis through inhibition of 3-Hydroxy 3-methylglutaryl-CoA
(HMG-CoA) reductase, the rate-limiting enzyme in the pathway that produces cholesterol.
However, considering the potential for treating psychiatric disorders the anti-inflammatory
and anti-oxidant effects of statins are probably more important [12] although the action
of statins in reducing LDL, which has pro-inflammatory activity, is certainly one means
of reducing inflammation. In addition, statin treatment can directly reduce inflammation
through inhibiting production of TNF-« and IFNY, the T-helper cell immune response [30],
and CRP release [31].
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3. MDD and Statins

There is a growing body of evidence of a close relationship between inflammation and
pathogenesis of MDD, and some anti-inflammatory medications are potential methods
for alternative treatment of MDD. Therefore, the effects of anti-inflammatory agents on
depressive disorders have been investigated in various studies including randomized con-
trolled trials (RCTs) [12]. To date, several drugs with anti-inflammatory effects have shown
some antidepressant effects, including non-steroidal anti-inflammatory drugs (NSAIDs),
such as aspirin [32,33], celecoxib [34,35], monoclonal antibodies [36], minocycline [37],
N-acetylcysteine [38], pioglitazone [39], and statins [12]. The direct anti-inflammatory
effects of statins [40] have naturally led to studies exploring the potential impact of statins
on MDD.

The standard first-line pharmacological treatment for MDD is long-term administra-
tion of a selective serotonin reuptake-inhibitor (SSRI) [41,42]. Due to the considerable role
of inflammation in the pathophysiology of MDD [43-45], the concomitant treatment with
statins and SSRI has been investigated compared to an SSRI alone [46]. In a nationwide
cohort study on n = 872,216 Danish patients who were identified as SSRI users (1997-2012),
it was shown that combinational treatment of a statin and an SSRI (n = 113,108) could
reduce by 30% the risk of both psychiatric hospital contacts (for any reason) and psychiatric
hospital contacts due to MDD compared to treatment with an SSRI alone. Importantly,
there was no detrimental effect on all-cause mortality with concomitant use of SSRIs and
statins compared with SSRI treatment alone. The estimation of treatment duration for
both SSRIs and statins was performed on the basis of the prescribed number and dose of
oral dosage forms and the Defined Daily Dose (DDD). The estimated treatment duration
for each prescription was calculated as follows: treatment duration (days) = ((number of
packages x number of tablets per package x dose of tablets)/DDD) x 1.15 + 7) to more
closely align with actual drug consumption in clinical practice [46,47].

The potential effects of statins on mood and mood-related quality of life as a primary
or secondary outcome have been investigated in numerous RCTs [48-50] and observational
studies [16,51-55] with mixed outcomes. Taking a slightly different perspective, the effect
of statin treatment on the risk of MDD remains unclear [56]. Two meta-analyses have
shown that statins can be useful for reducing depressive symptoms in specific populations.
In one meta-analysis of seven observational studies (four cohort, two nested case-control,
and one cross-sectional study), it was found that depressive symptoms were less likely
in statin users than non-users [53]. Another meta-analysis of three double-blind RCTs
including 165 participants with moderate to severe MDD has shown that statins (lovas-
tatin, atorvastatin, and simvastatin), as an add-on treatment, largely improved depressive
symptoms although this outcome is limited by the small number of studies and short-term
follow-up periods (6-12 weeks) [46].

The efficacy of statins in treating MDD has been studied in several RCTs [57-59]. For
instance, a double-blind RCT conducted over six weeks in patients with untreated depres-
sive symptoms after a coronary artery bypass graft (n = 46) concluded that simvastatin
(20 mg/day) tended to improve depressive symptoms earlier and more effectively than did
atorvastatin (20 mg/day) although the response rates were not significantly different [60].
If there is any positive effect from simvastatin, it may be linked to the ability of simvastatin
to permeate the BBB. Another double-blinded RCT of Iranian patients (n = 60) who suffered
from MDD included two intervention groups, one treated with citalopram 40 mg/day
and atorvastatin 20 mg/day or the placebo group treated with citalopram 10 mg/day and
placebo. This showed that atorvastatin had a greater effect on depressive symptoms than
placebo. The results indicate that adding atorvastatin to a treatment regimen favorably
influences depressive symptoms in patients with severe MDD [58]. In a randomized double-
blind placebo controlled-clinical trial on 68 Iranian patients with MDD in the year 2013,
the sample was randomly allocated into the treatment group (fluoxetine up to 40 mg/day
plus lovastatin 30 mg/day) and the placebo group (in which patients took fluoxetine plus
placebo). There was a significant decrease in MDD score in both groups based on the Hamil-
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ton Depression Rating (HDR) scale. However, there was a greater decrease in MDD score
for the treatment group over that of the placebo group [57]. In a double-blind randomized
placebo-controlled trial ran over six weeks, Gougol and coworkers compared one group
taking fluoxetine (20 mg/day rising to 40 mg/day) plus simvastatin (20 mg/day) with indi-
viduals taking fluoxetine plus placebo. The results showed that the patients who received
simvastatin experienced significantly early improvement and response rates with more
reductions in HDR scores compared to the placebo group by the end of the trial [59]. The
protocol of Youth Depression Alleviation: Augmentation with an anti-inflammatory agent
(YoDA-A) was investigated by Quinn et al. in a 12-week triple-blinded placebo-controlled
randomized trial on Australian 15-25-year-old participants with moderate to severe MDD
in 2017. Participants received 10 mg/day rosuvastatin, or 100 mg/day aspirin, or placebo
in addition to their usual other treatments. This study has identified the potential of new
adjunctive treatment options included aspirin and rosuvastatin for youth MDD [61]. A
summary of these trials is given in Table 1.

The association between statin use and reduced risk of MDD was reported in four
prospective studies including large populations (n = 26,852—4,607,990) [47,62-64]. Statin use
appears not to be associated with worsening of MDD in acute myocardial infarction (AMI)
patients [65] or with any worsening of MDD risk in a community population (n = 1631) [66].
Moreover, the potential beneficial effects of statins on MDD have been reported in a num-
ber of community studies [47,62,63], which included larger numbers of participants and
generally younger populations [66]. The beneficial influence of statins was observed in a
non-randomized, one-year prospective study of patients experiencing symptoms of MDD
following acute coronary syndrome (ACS), independent of medical status and the use of
escitalopram. The combined treatment of statins and escitalopram was associated with
greater effects than either drug alone. The study also demonstrated that lipophilic statins
may have greater anti-depressive activity than hydrophilic statins [67]. The association
between statin treatment and MDD was investigated in a large propensity score matched
study. The results of this study did not find direct beneficial effects of statins on the risk
of developing MDD. Instead, the findings indicated that statin users and non-users are
probably equally likely to develop MDD but that MDD is more likely to be diagnosed and
then treated among statin users [56]. A retrospective cohort study on U.S. adult patients
who were initiated on lipophilic statin therapy (included atorvastatin, lovastatin and sim-
vastatin) compared to hydrophilic statin therapy (included pravastatin and rosuvastatin)
was performed to evaluate the risk of new-onset MDD. Of the participants who received
lipophilic statins, only simvastatin was associated with a moderate increase in the risk
of MDD. Altogether, lipophilic statin use, however, was not associated with a significant
increase in the risk of incident MDD [68]. Since the beneficial anti-inflammatory effects
of statins have not been seen in healthy populations without inflammatory loading, the
direction of risks and beneficial associations of statins may depend on the characteristics of
the participants. On the other hand, patients who experienced excess inflammation due to
physical diseases, such as CVD, have shown reduced risk of MDD after using statins [12].
Further research is needed to determine whether lipophilic statins have any advantage
over hydrophilic statins or vice versa in preventing or treating MDD. However, one might
postulate that lipophilic statins (such as simvastatin) may have greater protective effects
against MDD because of their ability to better penetrate the brain [62].

In summary, statins have been shown to reduce the risk of MDD in patients with an
inflammatory condition, such as CVD, in both epidemiological and interventional studies.
Statins show potential for improving depressive symptoms when used in combination
with antidepressants, over and above either drug used alone.
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Table 1. Summary of clinical trials using in major depressive disorders. HDR, Hamilton Depression Rating; MDD, Major

depressive disorder; RCT, Randomized Clinical Trial.

Disease

Statin Type No. of Patients ~ Study Design =~ Dosage/Duration Main Outcomes References

Coronary artery ~ Simvastatin and Double-blind 20 mg/day for

bypass graft

atorvastatin RCT 6 weeks

Simvastatin tended
to improve
depressive
symptoms earlier [60]
and more
effectively than did
atorvastatin

46

MDD

Atorvastatin 60

Adjuvant
atorvastatin
Double-blind 20 mg/day for favorably affect
RCT 12 weeks symptoms of MDD
among patients
with severe MDD

[58]

MDD

Lovastatin 68

Treatment group
was more effective
than placebo group [57]
in reduction of
MDD score

Double-blind 30 mg/day for
RCT 6 weeks

Moderate to
severe MDD

Simvastatin 48

Simvastatin
showed early
improvement and
Double-blind 20 mg/day for  response rates with
RCT 6 weeks more reductions in
HDR scores
compared to the
placebo group

[59]

Youth MDD

Rosuvastatin 85

Aspirin and
rosuvastatin can be
Triple-blind 10 mg/day for  considered as new
RCT 12 weeks adjunctive
treatment options
for youth MDD

[61]

4. Schizophrenia and Statins

Schizophrenia is a main cause of psychosis. Antipsychotics that antagonize monoamine
receptors such as dopamine receptors are the common treatment options of the disease [69].
Some studies have shown the role of immune dysfunction and inflammation in the patho-
genesis of schizophrenia [70,71]. The level of pro-inflammatory cytokines, such as IL-6,
IL-1B3, and TGF-§3, is increased in patients [72,73]. A higher microglia activation is seen in
the brain of patients with schizophrenia compared to the general population [74]. Therefore,
the use of anti-inflammatory drugs as an adjuvant therapy may be useful in the treatment
of schizophrenia. Metabolic syndrome and hyperlipidemia are typical disorders in patients
with schizophrenia. These patients have a higher risk of developing CVD [75,76]. Hyperlipi-
demia is associated with the use of antipsychotic drugs, such as olanzapine and quetiapine.
However, hyperlipidemia can, of course, be found in patients with no history of antipsy-
chotic therapy. It is believed that hyperlipidemia develops because of the pathophysiology
of schizophrenia [77,78]. Therefore, the use of anti-inflammatory cholesterol-lowering
drugs, such as statins, could be effective in the treatment of schizophrenia symptoms.
Hert et al. in a clinical trial showed that the use of daily rosuvastatin for three months
decreased total cholesterol (TC), LDL, and triglyceride (TG) concentrations in patients with
schizophrenia and schizoaffective disorder [79]. Ojala and coworkers showed that the use
of statins as an add-on therapy could also reduce hyperlipidemia in psychiatric patients.
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This study evaluated the effects of several statins, including atorvastatin (19 &+ 8.5 mg/day),
fluvastatin (80 mg/day), rosuvastatin (10 mg/day), and simvastatin (10-20 mg/day), for
up to two months. The authors showed that the use of statins along with second-generation
antipsychotic agents could reduce TC, LDL, and TG [80]. Chaudhry et al. showed that
the use of simvastatin (20 mg once daily rising to 40 mg once daily after four weeks)
decreased the negative symptoms of schizophrenia after 26 weeks. No adverse effects were
reported [81]. Mansi and colleagues in a retrospective cohort study showed that the use of
statins did not decrease the risk of developing psychologic disorders including schizophre-
nia, psychosis, MDD, and BD in a military population [82]. In a study by Ghanizadeh
and colleagues, 20 mg/day lovastatin was used for eight weeks as adjunctive therapy in
the treatment of schizophrenia. However, no changes were observed in the Positive and
Negative Syndrome Scale (PANSS) score between the intervention and placebo groups.
In this study, no serious adverse events were observed in either group [83]. Similar out-
comes were observed in the study of Vincenzi and coworkers in which they showed that
pravastatin, as adjunctive therapy, lowers TC and LDL levels but did not change cognition
or psychopathology of the disease in patients. Muscle soreness was the only notable side
effect in the patients receiving pravastatin in comparison to the placebo group [84]. Tajik-
Esmaeeli et al. in a double-blind RCT showed that the use of 40 mg daily simvastatin for
eight weeks could reduce the negative but not positive symptoms of schizophrenia [17].
Osborn et al. showed that the use of statins did not reduce TC or decrease the risk of CVD
after 12 months. However, this cluster RCT showed that the use of statins is associated with
fewer psychiatric admissions and potential cost-effectiveness [85]. Overall, the balance
of these studies shows that the use of statins could decrease the serum level of TC, LDL,
and TG in patients with schizophrenia. A summary of these trials is given in Table 2. A
meta-analysis by Nomura et al. also showed that statins have considerable potential as
adjuvant therapy in reducing some of the symptoms of schizophrenia [86]. However, there
is doubt in the beneficial effects of statins in reducing the psychiatric symptoms of the
patients, which was also shown in a meta-analysis by Cakici et al. [87].

Some antipsychotic drugs may have an interaction with statins, as they have anti-
inflammatory actions [88]. In addition, the lipophilic statins may be more effective due
to their ability to pass through BBB. Simvastatin has been most prominently used in
RCTs, and this is a lipophilic statin [68]. It seems that statin therapy is more effective in
stabilized patients with schizophrenia. As animal studies have showed that a high dose
of simvastatin is effective in the reduction of anxiety-like behavior by upregulating the
N-methyl-D-aspartate (NMDA) receptor [89,90], it is suggested that a higher dose of statins
may be more effective in human clinical trials. A review by Kim et al. recommended the
use of statins at a sufficient dose for at least 12 weeks for a fairer test in these patients [12].

Table 2. Summary of clinical trials using in schizophrenia. BD, bipolar disorder; TC, total cholesterol; LDL, lo-density

lipoprotein; TG, triglyceride; PANSS, Positive and Negative Syndrome Scale; RCT, randomized clinical trial.

Disease Statin Type No. of Patients Study Design Dosage/Duration Main Outcomes References
. Reduction of negative
Schizophrenia Simvastatin 66 Doulf{lg}ahnd 40 mg daily /8 weeks symptoms of [17]
schizophrenia
Schizophrenia
and . Reduction of TC, LDL,
Schizoaffective Rosuvastatin 100 RCT Unknown/3 months and TG [79]

Disorder
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Table 2. Cont.

Disease Statin Type No. of Patients Study Design Dosage/Duration Main Outcomes References
S . Atorvastatin
Statins 1nclu§hng (19 + 8.5 mg/day),
atorvastatin fluvastatin
Schizophrenia, (n =20), Retrospective, (80 mg/day)
bipolar psychosis, fluvastatin (n = 2), etrosp ! &/aay), Reduction of TC, LDL,
. . 28 single-center rosuvastatin [80]
organic rosuvastatin and TG.
. _ study (10 mg/day), and
psychosis gn =2) or simvastatin
sm(?:a_sztm (10-20 mg/day)/
- 14-54 days
20 mg once daily Improvement in
. . . . Two-center giving rise to 40 mg symptoms of
Schizophrenia Simvastatin 216 double-blind RCT once daily after schizophrenia, no [81]
4 weeks/26 weeks serious side-effects
Statins including
simvastatin,
Psvchologic atorvastatin, Retrospective A similar risk of
Y & pravastatin, 46,249 P ! Unknown developing [82]
disorders . cohort study L
rosuvastatin, psychologic disorders
fluvastatin, or
lovastatin
. . . Double-blind . No changes in the
Schizophrenia Lovastatin 36 mdd 20 mg daily /8 weeks PANSS score [83]
Reduction of
cholesterol and LDL,
Schizophrenia Pravastatin 60 Pilot RCT 40 mg daily/12 weeks no changes in [84]
cognition and
psychiatric scores
Schizophrenia 47 out of
P . Statins 144 recruited Cluster RCT Unknown/12 months No reduction in TC [85]
BD, psychosis patients

5. Anxiety Disorders and Statins

Statins are the most effective drugs for reducing plasma cholesterol and preventing
cardiovascular events. Despite the effects on LDL, statins reduce CRP and subsequently
lead to a reduction in pro-inflammatory cytokines interleukin-1 (IL-1), IL-6, TNF-«, cy-
clooxygenase (COX)-2, prostaglandin E2 (PGE2), reactive oxygen species (ROS), and NO.
All statins have been shown to reduce the levels of inflammatory mediators, especially
CRP levels [91-94]. The anti-inflammatory and anti-oxidant effects of statins may predict
beneficial mechanisms in the treatment of various psychiatric diseases [95]. For example,
long-term use of statins in coronary artery disease (CAD) patients reduces the risk of MDD,
anxiety, and hostility [16]. Although beneficial effects of statins on anxiety disorders have
been reported, the exact mechanism has not yet been determined. The results of several
previous studies show that inflammation has an important effect on the pathogenesis of
psychiatric diseases, such as anxiety-related disorders [96-99]. It has been suggested that
statins in combination with conventional psychiatric medications may be useful in treating
these disorders [12]. Chronic use of statins has also been reported to impair the function
of neurotransmitter receptors, such as the 5-HT1A receptor. This suggests that statins can
alter synaptic transmission by changing the function of neurotransmitter receptors in the
brain [100]. The association between anxiety and non-adherence to statins was investigated
in a prospective cohort study of n = 1924 individuals in 2016. Based on the results of the
study, somatic anxiety-related symptoms but not psychological symptoms were found
to be associated with non-adherence to statin therapy [101]. In another cohort study of
n = 1632 subjects from January 1996 to December 2012, the incidence rate of anxiety /MDD
in the head and neck cancer patients with a history of hyperlipidemia was markedly higher
than in patients without hyperlipidemia. Statins had a protective effect for new-onset anxi-
ety /MDD and decreased the risk of these disorders in patients with hyperlipidemia [102].
A retrospective cohort study in 2019 investigated the effects of statins on anxiety and MDD
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in patients with asthma-chronic obstructive pulmonary disease overlap syndrome (ACOS).
The results showed that statin use significantly reduced the risks of anxiety and MDD [103].
A summary of these trials is given in Table 3. Alprazolam-like anxiolytic effects have also
been reported for atorvastatin and simvastatin in animal models [104]. On the other hand,
it has also been shown that chronic use of simvastatin, lowering cholesterol levels and
decreasing the serotonin neurotransmission in the brain, leads to increased levels of anxiety
in experimental animals [105].

Based on the results of the studies mentioned above, we conclude that statins have
significant positive effects in the treatment of anxiety disorders, while no major adverse
effects were observed. However, more large-scale, longer-term studies are needed to
conclude whether the effects of statins on anxiety disorders provide sufficient evidence for
active interventions.

Table 3. Summary of clinical trials using in anxiety disorders.

Disease Statin Type N‘?' of Stu.d y Dosage/Duration Main Outcomes References
Patients Design
Frequent occurrence
of somatic symptoms
. of anxiety but not
Anxiety and Prospective . psychological
nonadherence to Unknown 1924 Not defined [101]
statin thera cohort study symptoms was found
py to be associated with
future nonadherence
to statin therapy
New-onset Statins use for head
. . and neck cancer
anxiety /depression A matched atients with
in patients with Unknown 1632 longitudinal Not defined h Er lividemia could [102]
head and neck cohort study zlfgcreaze the risk of
cancer anxiety/depression
Anxiety and
dep.ressmn. n The incidences of
patients with anxiety and
asthma-chromc Unknown 9139 Retrospective Not defined depression were [103]
obstructive cohort study ;
ulmonar relatively low among
P y users of statins
disease overlap
syndrome

6. OCD and Statins

OCD, which has a prevalence of 2-3% in the general population and 10% in psychiatric
patients, is known for the uncontrollable repeating thoughts (obsessions) and behaviors
(compulsions) in affected patients [106]. The first-line treatment of OCD is the use of SSRIs
and sometimes clomipramine [107,108]. The etiology of the disease is unknown; however,
studies have shown the connection between OCD and the increase in the dopamine
neurotransmitter in basal ganglia [109]. An increase in glutamate may also be linked
to OCD [110]. It has been shown that 40% of patients with OCD do not respond to first-
line treatment options [111], and therefore, there is a need for a new approach to reduce
the symptoms of the disease. As described above, statins have anti-inflammatory and
neuroprotective properties [112,113]. Studies have shown that statins have an influence on
the dopamine neurotransmitter and decreases dopamine concentrations in the prefrontal
cortex [114,115]. Statins also affect the neurotransmitter glutamate. It has been shown
that high doses of simvastatin maintain NMDA and inhibits neuronal degeneration in
a Parkinson’s model [89]. Furthermore, statins have an influence on NO, an important
neurotransmitter involved in defensive reactions, anxiety, and MDD [116-118]. It has
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been demonstrated that statins alter NO synthesis from endothelial cells [119], and this is
important because NO also regulates dopamine and glutamate activity [119,120]. Therefore,
the use of statins may decrease the pathogenic role of NO and other neurotransmitters in
OCD patients.

Only a small number of studies have evaluated the use of statins in OCD patients in
clinical trials. In a double-blind trial, Rahim and Sayyah showed that the use of 10 mg/day
atorvastatin in OCD patients for 12 weeks significantly reduced the Yale-Brown obsessive-
compulsive symptoms (Y-BOCS) obsession score. However, no significant difference in
the Y-BOCS compulsive score was shown between the intervention and control groups.
A significant decrease in libido was noted in the intervention group [121]. In another
study, Akouchekian and colleagues showed that daily 40 mg atorvastatin reduced Y-BOCS
scores after the fourth and eighth week of treatment of OCD patients. In this study, three
patients were excluded due to severe drug reactions (such as headache, abdominal pain,
and constipation) and therefore refused to continue [122]. A summary of these trials is
given in Table 4. Although these studies demonstrated the effectiveness of atorvastatin in
reducing Y-BOCS scores, due to the limitations of these studies, it is difficult to confirm the
efficacy of atorvastatin in the treatment of patients with OCD.

Table 4. Summary of clinical trials using in OCD. Y-BOCS, Yale-Brown Obsessive-Compulsive Symptoms; OCD, Obsessive-

Compulsive Disorder; RCT, randomized clinical trial.

Disease Statin Type No. of Patients Study Design Dosage/Duration Main Outcomes References
. . 10 mg Reduction of
OCD Atorvastatin 26 Double-blind RCT daily/12 weeks Y-BOCS scores [121]
OoCD Atorvastatin 64 Double-blind RCT 40 mg daily/1 year Reduction of [122]

Y-BOCS scores

7. BD and Statins
7.1. BD Definition

BD is a chronic progressive illness characterized by recurrent cycling episodes of
mania and MDD. Symptoms of manic episodes include hyper-elevated mood, irritability,
increased goal-directed activity, inflated self-esteem, poor judgment, and excessive motor
activity. Depressive episodes of BD share the same characteristics as for major depressive
disorder, including depressed mood, loss of interest in normally enjoyable activities, loss
of self-worth, diminished ability to concentrate, and suicidal thoughts. Although the
diagnostic criteria require there to be cycles mania/hypomania and MDD, the depressive
phase represents the predominant mood state for both BD type I and BD type II. The
pathophysiology of BD is poorly understood although treatment with drugs that target
monoamine neurotransmitters sometimes provide relief. Mood stabilizers, including
valproate, lithium, or atypical antipsychotics, are appropriate first-line treatments for acute
mania. However, the neurobiology of BD remains unclear. Reviews report conflicting
evidence for the effect of statins on mood [123]. Some studies support the association
between statin use and adverse effects on mood, and some find that statin use reduces the
risk of MDD [124].

7.2. Evidence from Clinical Trials

Lipids play an important role in brain functioning and are critical in the formation of
neuronal cell membranes, the myelin sheath, and neuronal synapses. It has been hypothe-
sized that decreased serum lipid levels in the brain can reduce available cholesterol, which
can in turn decrease serotonergic activity through a reduction in 5-HT receptor expression.
This could result in the alteration of behavior and psychological effects including irritabil-
ity /aggression, anxiety or depressed mood, violent ideation or behavior, sleep disturbance,
and suicide [125]. Simvastatin and lovastatin have a lipophilic structure that, compared
to other statins, enables them to better cross the blood-brain barrier [126]. The effect of
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statins on mood and long-term reduction in total cholesterol concentration were evaluated
in a randomized placebo-controlled study of n = 621 psychologically healthy adults [127].
Patients treated with simvastatin 20 mg or 40 mg for an average of 152 weeks were no more
likely to have developed symptoms of MDD or anxiety or to have begun treatment with
psychotropic than those who had been on placebo. In addition, intermittent use of statins
was not associated with the development of MDD and BD in a retrospective cohort study
of 13,626 statin users [128]. On the other hand, another study found an association between
statin exposure and a lower rate of psychiatric hospitalization in BD patients [129]. Statins
also have potent anti-inflammatory and anti-oxidative properties that may contribute to
their effects on cardiovascular risk [12,130]. BD has been described as a multi-systemic
inflammatory disease [131], and inflammation and oxidative stress are non-specific biologi-
cal markers of BD [132,133]. To date, three human clinical trials have evaluated the effects
of statins in BD. Since lovastatin has been shown to improve symptoms of MDD [58], it
might be hypothesized that lovastatin should exacerbate mania in BD. To investigate this,
lovastatin was added as an adjuvant to lithium for treating the manic phase of patients
with BD in a randomized, placebo-controlled, double-blinded clinical trial [134]. Lovastatin
was initiated at a dose of 10 mg/day and titrated up to 30 mg/day over one week. Clinical
assessment after two and then four weeks of treatment demonstrated no significant differ-
ence in score using the Young Mania Rating Scale (YMRS) between lovastatin and placebo
groups, and with no serious adverse effects. These results suggest that the anti-depressive
effects of lovastatin do not exacerbate the manic phase of BD. The effects of atorvastatin
on cognition and mood were also examined through a double-blind placebo-controlled
RCT in 60 patients with BD and major depressive disorder (MDD) [135]. Administration of
20 mg/day atorvastatin for 12 weeks did not improve global cognition in these patients.
Furthermore, the use of atorvastatin was not associated with less MDD relapse, mania
relapse, mood episode relapse. However, statin use appeared to be safe in the study
population. Cognitive dysfunction is another characteristic of BD, especially in elderly
subjects [136,137]. There are no existing pharmacological treatments, but it is possible
that statins may show some promise. Statins have been associated with reduced cognitive
decline [130] and less adverse white matter changes [138], and it is well known that low
circulating LDL cholesterol levels are generally protective. A cross-sectional study assessed
the association between statin use and cognition in 143 older euthymic participants with
BD [139]. There was little difference between statin users and non-users for cognitive
outcomes in tests of language, memory, executive function, and visual-motor ability. The
type and dose of statin were not elucidated from the data. However, it is possible that
statin use for treating cardiovascular diseases may not have clinically important adverse
associations with cognition in older BD patients, who may have pre-morbid cognitive
decline. RCTs designed to determine the effects of statins on BD are limited. None of these
RCTs demonstrated severe adverse effects following statin administration [127,134,135].
Long-term use of simvastatin 20 or 40 mg/day was not associated with any alterations in
mood compared with placebo [127]. Additionally, four weeks of treatment with 30 mg/day
lovastatin combined with lithium could not decrease mania symptoms more than lithium
alone [134]. Moreover, 12 weeks of 20 mg/day atorvastatin did not result in less depressive,
manic episode relapses versus placebo in BD patients [135]. A summary of these trials is
given in Table 5. Therefore, while statins may not be associated with negative psychiatric
events in BD, the potential for statins to play a role in improving mania or depressive
episodes of BD needs further investigation.
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Table 5. Summary of clinical trials using in BD. BD, bipolar disorder; MDD, major depressive disorder; RCT, randomized

clinical T = trial.

Disease Statin Type No. of Patients Study Design Dosage/Duration Main Outcomes References
No significantly
Atorvastatin different between
Double-blinded, atorvastatin and
lacebo- 20 mg/day lacebo groups in
BD and MDD Atorvastatin 60 p for the 12-week p group [135]
controlled : MDD relapse
duration of the .
RCT or mania relapse
study.
or any mood
episode relapse
Statin use is not
independently
BD Unknown 143 Cross-sectional Unknown ass oc1.ated w ith . [139]
cognitive impairment in
older patients with
bipolar disease
Started with the No significant
Double-blinded, dose of dlffer?nce betweep
lacebo- 10 mg/day, then groups in exacerbation
BD Lovastatin 45 p titrated or decrease the [134]
controlled
RCT up to 30 mg/day symptoms of
during one week mania in patients
for 4 weeks with BD
No significant
20mgor40mgor  differences in the use of
Psychologically Simvastatin 621 RCT followed up at an . psychotrgplc [127]
healthy average of medication or in reports
152 weeks of symptoms possibly

related to mood

8. Delirium and Statins
8.1. Delirium Definition

Delirium is recognized by brain dysfunction and cognitive impairment [140]. The
incidence of delirium is increased after surgery and intensive-care stay [141]. The exact
pathophysiological mechanism of long-term cognitive impairment in patients remains
unknown, but it is believed that delirium is associated with neuroinflammation [142]. In
addition, oxidative damage and neuronal apoptosis are increased in the brains of patients
suffering from delirium [143]. The increase in serum inflammatory markers, such as IL-
1B, and CNS inflammation is observed in delirious patients [144,145], and it has been
shown that inflammatory markers are increased in the cerebrospinal fluid of patients with
delirium [145]. A systemic inflammation resulting from severe sepsis may also cause
patients to develop delirium [146]. No truly effective pharmacological agents are available
for the prevention and treatment of delirium in hospitalized patients.

8.2. Evidence from Clinical Trials

A preclinical study showed that statins reduce the inflammation caused by severe
sepsis, decrease the neural oxidative damage, and protect the brain from cognitive im-
pairment [147]. Clinical trials have shown that statins protect patients undergoing cardiac
and vascular surgery from delirium [148,149]. More importantly, statins reduced the risk
of delirium in hospitalized ICU patients possibly through the reduction of systemic in-
flammation [150,151]. Statins, as anti-inflammatory agents, may protect the brain from
neuroinflammation, oxidative damage, apoptosis, and ischemia. It is shown that statins
decrease the expression of toll-like receptors (TLRs) involved in the trigger of inflammation.
They also reduce the production of inflammatory molecules, such as TNF-« and IL-f3 [152].
Statins appear to have neuroprotective effects, as they preserve postoperative memory
and increase the survival and function of neurons in brain injury [153]. As statins have
putative anti-inflammatory activities, they may reduce the risk of delirium in critically ill
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patients. In a multi-center RCT, Needham et al. evaluated that the effect of 20 mg daily
rosuvastatin on the incidence of delirium in patients with sepsis-associated acute respira-
tory distress syndrome. However, they showed that the administration of rosuvastatin
for up to 28 days was not able to reduce the risk of delirium in such patients. A 12-month
follow up showed no significant difference in cognitive impairment between intervention
and placebo groups [146]. The same result is shown in another study conducted by Page
and colleagues. In this modifying delirium using simvastatin (MoDUS) trial, they showed
that 80 mg daily simvastatin did not reduce the risk of delirium and coma in critically ill
patients undergoing mechanical ventilation [154]. In a retrospective single-center study,
Lee et al. showed that the use of preoperative statins decreased the incidence of delirium
in patients who underwent vascular surgery. However, preoperative statins did not reduce
mortality or hospitalization time [155]. A summary of these trials is given in Table 6. A
meta-analysis by Vallabhajosyula et al. showed that statins have no significant effects in
reducing the symptoms of delirium [156]. Due to the limited number of published studies
and contradictory findings, it is difficult to fully evaluate the effect of statins on preventing
or treating delirium in critically ill patients.

Table 6. Summary of clinical trials using in delirium. RCT, randomized clinical trial.

Disease Statin Type No. of Patients ~ Study Design =~ Dosage/Duration Main Outcomes References
40 mg loading No changes in
. . Multi-center dose with 20 mg delirium incidence
Delirium Rosuvastatin 272 RCT daily /up to and cognitive [146]
28 days impairment
Double-blind 80 mg daily/u No reduction in
Delirium Simvastatin 142 & y/up delirium incidence [154]
RCT to 28 days
and coma
. Retrospective, .
Delirium Preope.r ative 1132 single-center Unknown A .decr.eas.e n [155]
statins study delirium incidence

9. Autism and Statins
9.1. Autism Definition

Autism spectrum disorder (ASD) is a developmental disorder that affects both com-
munication and behavior, impacting everyday activities, including education and social
interaction [157]. The primary treatment of autism is non-pharmacological intervention
consisting of specialized education, physical therapy, occupational therapy, speech and lan-
guage therapy, and behavioral therapy. Some individuals with symptoms of irritability and
aggression benefit from pharmacological treatments, such as risperidone and aripiprazole.
Neurobiological findings in autism reveal impaired excitatory/inhibitory balance of neuro-
transmission, lipid metabolism, and immune/inflammatory responses, and therefore, there
is a basis for statins to be investigated as an adjuvant treatment although the possible mech-
anisms of action of statins in treating symptoms and behaviors commonly seen in autism is
not yet elucidated. Statins inhibit the synthesis of cholesterol and downstream isoprenoids
in the mevalonate pathway [126,158], and it has been shown that cholesterol synthesis is al-
tered in autism [159]. Statins also have anti-inflammatory and immune-modulatory effects
through the reduction of lipid peroxidation, production of reactive oxygen species, and
NO [160], while increased oxidative damage and reactive oxygen species are detected in the
brains of individuals with autism [161]. In addition, statins reduce the capability of leuko-
cyte infiltration, interfere with antigen presentation to T cells, decrease pro-inflammatory
cytokines, increase anti-inflammatory cytokines, and inhibit microglial activation [158].
There is evidence of immune/inflammatory changes in autism. Variations in genes coding
for cell surface proteins result in increased production of pro-inflammatory cytokines in
brain specimens and cerebrospinal fluid, decreasing the anti-inflammatory cytokines, and
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improved microglial and astrocytic activation [160]. Evidence of brain-specific patterns
of increases in oxidative stress suggests a strong role for immune/inflammatory factors
in autism [161], consisting of raised peripheral pro-inflammatory cytokines, decreased
levels of peripheral anti-inflammatory cytokines, and defective systemic cell-mediated
immunity [162].

9.2. Evidence from Clinical Trials

Few human clinical trials have, to date, evaluated the effect of statins in autism dis-
orders. A double-blind, placebo-controlled RCT was the first report of positive effects
of statins as adjunctive therapy to risperidone on irritability symptoms in 66 children
with autism disorder [163]. Simvastatin was administered at 20 mg/day to children
<10 years of age and 40 mg/day for those >10 years of age for 10 weeks. The difference in
the Aberrant Behavior Checklist—Community (ABC-C) scale, including lethargy/social
withdrawal, stereotypic behavior, and inappropriate speech, irritability, and hyperactiv-
ity /noncompliance subscale score changes, was measured. The only significant differences
were in the reduction of the ABC-C scale irritability and hyperactivity /noncompliance
subscales scores. The strong time X treatment interactions in the ABC-C irritability and
hyperactivity /noncompliance subscale scores indicate that patients in the simvastatin
arm experienced higher response rates. There were no significant differences between the
simvastatin and placebo arms in terms of the incidence of adverse events. Another RCT
evaluated statin efficacy in autism treatment of 26 children with neurofibromatosis type 1
(NF1) [164]. Participants received placebo or simvastatin in liquid form at 0.5 mg/kg/day,
and if no adverse effects were reported, the simvastatin dose was increased 1 mg/kg/day
to a maximum of 30 mg/day for 12 weeks. There were no reports of severe adverse events
in this study. Clinical response was observed in only 25% of the statin treatment group
(compared to none of the placebo group), so no significant behavioral effect of simvastatin
was observed. A summary of these trials is given in Table 7. It is worth noting that in this
trial, the effects of simvastatin on the upstream processes at the cell and neural system
levels were studied in detail, reflecting a relationship between gene disruption and the
autism-related behavioral psychopathological outcomes known in NF1. Findings at the
cellular level showed a reduction of MAPK function in peripheral lymphocytes, concor-
dant with a cellular-level statin effect on the activation of the Ras pathway. The results of
this investigation support the hypothesis that there is reduced extra-cellular water-free
diffusion in NF1 and also that simvastatin may reduce intra-myelin edema and improve
cellular packing. Simvastatin demonstrated specific effects in key brain areas associated
with the NF1 neural pathology in previous studies that are highly associated with social
impairment and autism psychopathology [165]. Neither study reported adverse effects on
behaviors due to the addition of statins. Further clinical trials are warranted to understand
the potential benefits of statin use in autism spectrum disorders.

Table 7. Summary of clinical trials using in autism spectrum disorders. ABC-C, Aberrant Behavior Checklist-Community;

RCT, randomized clinical trial.

Disease Statin Type No. of Patients Study Design Dosage/Duration Main Outcomes References
Significant differences
in change of the ABC-C
scale irritability and
Children <10 years: . hyperacnl\f -
. 20 mg/day ity/ non_cog;_p iance.
Autism Simvastatin 66 Double-blind Children >10 years: N? signt 1ca.mt [163]
RCT difference in
40 mg/day

lethargy/social
withdrawal, stereotypic
behavior, and
inappropriate speech
subscale

for 10 weeks
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Table 7. Cont.
Disease Statin Type No. of Patients Study Design Dosage/Duration Main Outcomes References
Simvastatin or . No sign.ifica.nt.
placebo in liquid difference in clinical
A single-site preparation Mullzc?s};;):rfé tric
triple-blind at0.5mg/kgina ima irlf suggests
Neurofibromatosis . . (clinician, family, single daily dose, 1IN SUSEESLS
. Simvastatin 26 . possible simvastatin [164]
Type 1-Autism assessor) placebo- then increased to offects in brain
controlled 1mg/kg/day to a iousl
RCT maximum of areas previonsy
30 me /day for associated with NF1
12gweelz,s pathophysiology and

the social brain network

10. Potential Adverse Effects of Statins

Statins are generally well tolerated by patients with very few adverse effects [166].
The most common side effects noticed by users include myotoxicity (myalgia, myopathy,
and myositis), gastrointestinal symptoms, headache, and skin reactions [167-170]. Lipids
have a key role in brain function, formation of neuron cell membranes, myelin sheath,
and nerve synapses. Thereby, lowering of serum lipid levels may lead to reduction in
cholesterol obtained by neurons leading to alteration of behavior, including irritability,
aggression, mood swings, sleep disturbance, and suicidal thoughts [125]. Some studies
report cognitive dysfunction among patients who take statin therapy, yet the causality
for this correlation has not been demonstrated [171,172]. Furthermore, there are some
possible but not proven links between statin use and the occurrence of hemorrhagic stroke,
kidney impairment, tendon rupture, and interstitial respiratory diseases [173]. There
are conflicting results from different studies in the association between statin use and
occurrence of MDD. Some studies found no association (increase or decrease) in mood
alteration [50,127,174-176], while others emphasize the possible role of statin usage in
increasing of MDD scores [177]. As discussed previously, there are clinical trials outcomes
suggesting statins as a potential adjuvant for better management of MDD [58-60]. Some
researchers have hypothesized that because there is an established relationship between
hyperlipidemia and MDD, administration of medication with lipid-lowering properties
may also reduce the risk of depression [16,64]. Interestingly, similar findings were reported
for anxiety. A retrospective study found an increased rate of aggression in consumers
of statins [50,176]. Furthermore, psychiatric inpatients with low serum cholesterol are at
higher risk of behavioral changes [124], whereas some studies found the positive benefit
from statins administered as a protective intervention in aggressive behaviors [16,101,103].
Some observational studies report a possible association between statin use and insom-
nia [178]. This could be problematic and negatively affect the quality of life, as the majority
of statin consumers are elderly, and around 50% of older people have insomnia [179]. In
a randomized placebo-controlled clinical trial of pravastatin as an adjunctive therapy in
schizophrenia patients, muscle soreness was the only notable side effect in the patients
receiving pravastatin in comparison to the placebo group [84]. When simvastatin was
administered at 0.5 mg/kg/day in autistic children with neurofibromatosis type 1, no
adverse effects were reported [164]. Similar findings were reported when simvastatin
20-40 mg/day was added to risperidone to reduce irritability and hyperactivity in chil-
dren with autism. No adverse effects were reported on behaviors due to the addition of
statins [163]. Simvastatin and lovastatin as add-on therapies in patients with schizophrenia
were not associated with serious side effects [80,83].

11. Future Prospect

Much evidence suggests that inflammation is a key factor involved in the pathogenesis
of many psychiatric diseases. Statins have anti-inflammatory and anti-oxidant properties and
should be considered as part of a treatment package for some neuropsychiatric disorders.
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One of the limitations of this narrative review is lack of quantitative analysis, which
limits the strength of our conclusions. Given the small sample size and the low statisti-
cal power to detect an efficacy outcome difference, the data assessed herein should be
cautiously interpreted. Accordingly, we recommend further studies in the form of phase
II clinical trials to be conducted to evaluate the possibility of beneficial effects of statins
in neuropsychiatric disorders. Therefore, it is recommended that future research pay
more attention to determining the efficacy of statins in neuropsychological outcomes by
using different instruments and especially in specific subgroups of patients identified by
pre-treatment assessments of inflammatory and lipid profiles.

12. Conclusions

Several studies have evaluated the effect of statins in neuropsychiatric disorders. The
beneficial effect of adjunctive statin therapy in improving depressive symptoms has been
demonstrated in several clinical trials. Although lipophilic statins (including simvastatin)
because of better brain penetrance may have greater protective effects against MDD than hy-
drophilic statins (including rosuvastatin and pravastatin), more studies are needed to prove
this matter. The effects of statins in reducing the psychiatric symptoms of schizophrenic
patients are doubtful, but it seems that the use of lipophilic statins, such as simvastatin with
sufficient dose and duration, could be effective, especially in relieving negative symptoms.
The significant positive effects of statins in the treatment of anxiety disorders without any
serious adverse side effects were shown in numerous studies. In OCD, BD, and delirium,
limitations and contradictions in the available data make it difficult to draw conclusions
on any positive effect of statins, and further investigation is needed. The positive effects
of simvastatin in autism disorders have been evaluated in only a small number of clinical
trials, but further studies must be performed to determine their effects properly. Therefore,
further extensive, well-designed prospective clinical trials are warranted to establish any
therapeutic role for statins in neuropsychiatric disorders.
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