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Background: The adjunctive therapeutic potential of simvastatin in schizophrenia treatment has generated interest due to its anti-
inflammatory and neuroprotective properties. This meta-analysis aims to assess the efficacy of simvastatin as an adjunct treatment for
schizophrenia, synthesizing results from various controlled trials.

Methods: We performed a comprehensive search of databases including PubMed, Embase, and the Cochrane Library for randomized
controlled trials (RCTs) evaluating the efficacy of simvastatin as an adjunct therapy in patients with schizophrenia. The primary
outcome measures were improvements in the Positive and Negative Syndrome Scale (PANSS) scores. Secondary outcomes included
changes in overall clinical condition and level of functioning. Data were pooled using random-effects models, and heterogeneity was
assessed through I? statistics.

Results: The four RCTs included in the analysis represented 425 participants. The combined results demonstrated no significant
advantage of simvastatin over placebo in reducing PANSS total scores with a pooled effect size (Standard Mean Difference, SMD) of
—0.36 (95% Confidence Interval, CI: —0.82 to 0.11) at 1 month, and —1.80 (95% Confidence Interval, CI: —4.82 to 1.21) at 3 months,
indicating minimal to no effect. Similarly, analyses of secondary outcomes showed no significant improvements in overall clinical
condition and level of functioning. The studies exhibited low heterogeneity (I* = 0%).

Conclusion: This meta-analysis provides evidence that simvastatin, used as adjunctive therapy, does not significantly improve the
symptomatic outcomes of schizophrenia compared to placebo. Although simvastatin is well-tolerated, its role in enhancing anti-
psychotic treatment efficacy in patients with schizophrenia appears limited. These findings suggest that simvastatin should not be
recommended as an adjunctive treatment in the clinical management of schizophrenia. Further research may explore the potential
subgroups that could benefit from such treatment or identify the biological reasons for the lack of efficacy.
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Introduction
Schizophrenia is a chronic and severe mental disorder characterized by distortions in thinking, perception, emotions,
language, sense of self, and behavior." This complex syndrome is associated with a variety of symptoms, often
categorized as positive, negative, and cognitive deficits, substantially impacting the quality of life and functioning of
affected individuals.? Although the etiology of schizophrenia remains partially understood, it is widely acknowledged to
be a multifactorial condition, with genetic, neurobiological, and environmental factors playing critical roles in its
development and progression.3

Current treatment options for schizophrenia predominantly revolve around antipsychotic medications, which primar-
ily target the dopaminergic system.” Unfortunately, these conventional antipsychotics have limited efficacy against the
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negative and cognitive symptoms of the disorder and are frequently accompanied by significant side effects, highlighting
the necessity for adjunctive treatments to address the breadth of symptoms experienced by patients.’

Emerging evidence has suggested a potential role for inflammatory processes in the pathophysiology of schizophrenia.®
Consequently, there has been growing interest in exploring anti-inflammatory agents,”* such as simvastatin, a lipid-lowering
statin drug, for adjunctive treatment. Simvastatin has been subject to scrutiny in this context due to its neuroprotective and anti-
inflammatory properties, which could hypothetically ameliorate various symptoms of schizophrenia.”'?

However, clinical trials investigating simvastatin as an adjunct to standard antipsychotic treatment have produced
inconsistent and sometimes conflicting outcomes.'"*'? This inconsistency presents a substantial challenge for clinicians
considering simvastatin as a complementary approach in managing schizophrenia. Given the necessity for evidence-
based treatments and the potential implications of employing statins adjunctively, a systematic consolidation of available
data is essential to accurately assess the efficacy of simvastatin in this capacity.

This meta-analysis aims to integrate findings from various clinical trials to evaluate the overall efficacy of simvastatin
as an adjunctive therapy in the treatment of schizophrenia. By reviewing and synthesizing the data from randomized
controlled trials, we seek to provide a comprehensive understanding of whether simvastatin offers any tangible benefits
for patients with schizophrenia when used alongside antipsychotic medications.

In addressing this question, we will examine the impact of adjunctive simvastatin therapy on various symptom
domains within schizophrenia, including positive symptoms, negative symptoms, and cognitive function. In doing so, the
present meta-analysis aims to offer evidence that could inform future clinical decisions and guide further research in the

quest for effective treatments for this debilitating disorder.

Methods

This study is in line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 statement.'
The study was not registered, and the study protocol was not applicable.

Search Strategy and Selection Criteria

This systematic review and meta-analysis was performed according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines.14 The Cochrane Central Register of Controlled Trials, MEDLINE, PubMed,
Embase, and PsycINFO were searched, along with ClinicalTrial.gov from the date of database inception to Mar 1, 2023.
The search strategy was the combination of “simvastatin” or “statin” and “schizophrenia” or “schizoaffective disorder” or
“psychosis”. No language restrictions were applied.

In the systematic review, we included randomized controlled trials that examined the effects of adjunctive therapy with
simvastatin on psychiatric symptoms of patients with schizophrenia. To determine comparisons that are applicable, we used
arigorous eligibility criterion. Two authors independently browsed and selected eligible studies through titles and abstracts.

Inclusion criteria in the study were the following: (1) randomized controlled trials; (2) according to Diagnostic and
Statistical Manual (DSM) diagnostic criteria; (3) subjects treated and compliant with any antipsychotic, and received
simvastatin treatment; and (4) Positive and Negative Syndrome Scale (PANSS). Exclusion criteria were as follows: (1)
no data reported; and (2) multiple reports of the same study. Any disagreements were resolved by consensus or
discussion with the third author.

Data Extraction and Assessment of Studies

Two authors extracted data from the included studies into a spreadsheet. Authors collected trials information including
study characteristics (authors, year of publication, details of the trial, diagnostic status, doses of simvastatin, duration of
treatment for simvastatin, and outcomes) and patients characteristics (sample size and age).

Two authors independently evaluated risk of bias using 2011 Cochrane Handbook tool, which includes random
sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessors,
incomplete outcome data, selective outcome reporting, and other sources of bias.'> Any discrepancy was resolved
through consensus.
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Outcomes and Statistical Analysis

A between-group meta-analysis was performed to compare psychiatric symptoms in schizophrenia patients with simvas-
tatin adjunctive therapy. The primary outcome was PANSS scores (Positive and Negative Syndrome Scale). It should be
noted that this outcome was designated as “primary” post hoc for the purposes of this systematic review. The secondary
outcomes were CGI (Clinical Global Impression) and GAF (Global Assessment of Functioning). The outcomes at 1 month
and 3 months are presented, because various trials reported the data at 1 month and 3 months respectively.

Continuous outcomes were combined using mean differences (MD). All trials reported continuous outcomes as the
changes from the baseline, and the differences of these values between groups were presented as the efficacy in the full
articles. These outcomes were also adjusted with the least-square methods. Statistical heterogeneity was assessed visually
with Galbraith plots and statistically with the I* and Q statistics.'® All analyses were conducted with Review Manager 5
software (Version 5.3, The Nordic Cochrane Centre, Copenhagen).

Results

Overall Summary of Included Studies

The results of the literature search and screening process are summarized in Figure 1. The literature search totaled 193
records. Of these studies, 4 randomized, placebo-controlled trials involving 425 participants met the eligibility criteria.
Eligible participants were adults (aged >18 years), based on DMS-V criteria, were included in the analysis. The study
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Figure | Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) flow diagram.
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durations varied from 2 weeks to 12 months. Key characteristics are displayed in Table 1. All trials were published in
clinical journals.

Risk of Bias in Included Studies

All studies, which adequately reported the prespecified primary outcomes in full articles, had adequate sequence
generation, allocation concealment, and blinding of outcome. The results are summarized in Table 2. All included
studies were assessed independently by two authors, and the risk of bias for each item was categorized as “low risk”,
“unclear” or “high risk”.

Primary Outcome Analysis

Pooled simvastatin add-on therapy showed no significant superiority over placebo in the improvement of PANSS total
scores at 1 month (MD = —0.36; 95% CI, —0.82 to 0.11; p = 0.14; > = 0%). Individually, there was no association
between the effect size for pooled simvastatin add-on therapy with respect to PANSS negative subscale (MD = —0.19;
95% CI, —0.63 to 0.25; p = 0.40; I> = 0%) at 1 month (Figure 2). Similarly, Meta-regression analysis showed that there
was no association between the effect size for pooled statin add-on therapy with respect to PANSS total scores (MD =
—1.80; 95% CI, —4.82 to 1.21; p = 0.24; I’ = 0%), PANSS positive subscale (MD = —0.65; 95% CI, —1.51 to 0.20; p =
0.13; I’ = 0%), PANSS negative subscale (MD = —0.12; 95% CI, —1.23 to 0.99; p = 0.83; I’ = 0%) or PANSS general
subscale (MD = —1.01; 95% CI, —2.67 to 0.65; p = 0.23; I> = 0%) at 3 months (Figure 3).

Secondary Outcome Analysis
A total of 2 trials reported data on CGI and GAF at 3 months. Compared with the control group, simvastatin adjunctive
therapy did not significantly affect CGI, and the pooled estimated change in CGI was —0.01 (95% CI, —0.23 to 0.21; p =

Table | Characteristics of Included Studies

Author, year | Inclusion Diagnostic Duration | Treatment Group, Age Outcomes

Criteria Status (No. of Participants) Range
Chaudhry, SZ, SA, DSM-IV 12 weeks Simvastatin 20—40mg/day 18-65 PANSS total, positive, negative, and
20147 P-NOS, SF (I'1)/Placebo (12) general,CGI, GAF
Sommer, SZ, SA, DSM-IV 48 weeks Simvastatin 40mg/day 18-50 PANSS total, positive, negative, and
2021" P-NOS, SF (56)/Placebo (48) general, GAF
Tajik-Esmaeeli, | SZ DSM-IV-TR 8 weeks Simvastatin 40mg/day 18-60 PANSS total, positive, negative, and
2016'® (33)/Placebo (33) general
Weiser, SZ, SA DSM-IV-TR 12 weeks Simvastatin 40mg/day 18-65 PANSS total, positive, negative, and
2023'? (116)/Placebo (116) general,CGI

Abbreviations: PANSS, Positive and Negative Syndrome Scale; DSM-(TR), Diagnostic and Statistical Manual of Mental Disorders (Text Revision); SZ, schizophrenia; SA,
schizoaffective disorder; P-NOS, psychosis not otherwise specified; SF, schizophreniform disorder; CGI, Clinical Global Impression; GAF, Global Assessment of Functioning.

Table 2 Risk of Bias in Included Studies

Ist Author (Year) Sequence Allocation Blinding of Blinding of Incomplete | Selective Other

Generation | Concealment | Participants and | Outcome Outcome Outcome Source

Personnel Assessors Data Reporting of Bias
Chaudhry, 2014'7 Low Low Low Low Low Low Low
Sommer, 2021"" Low Low Low Low Low Low Low
Tajik-Esmaeeli, 2016'® | Low Low Low Low Low Low Low
Weiser, 2023'2 Low Low Low Low Low Low Low
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Figure 3 Summary of primary outcome analysis at 3 months (PANSS total scores, PANSS positive subscale, PANSS negative subscale and PANSS general subscale).
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Figure 5 Summary of secondary outcome analysis at 3 months (GAF).

0.94; I> = 0%) (Figure 4). Two studies provided data on GAF, and pooling the data of these studies showed that
simvastatin adjunctive therapy failed to show a significant effect on GAF (MD = 7.12; 95% CI, —2.33 to 16.57; p = 0.14;
I = 82%) (Figure 5).

Discussion
The primary aim of this study was to evaluate the efficacy of simvastatin as an adjunctive treatment for patients with
schizophrenia. Our findings indicate that simvastatin, when used alongside standard antipsychotic medications, does not
yield a significant improvement in the clinical outcomes for schizophrenia patients. These results are somewhat
surprising given prior research that suggested possible anti-inflammatory and neuroprotective effects of statins, which
could potentially benefit individuals with schizophrenia.

Approximately 10% to 45% of schizophrenia patients are considered treatment-resistant, and these individuals often
require other antipsychotic medications or brain stimulation interventions.'® ' Nowadays, a myriad of drugs used for the
targeted treatment of schizophrenia, addressing positive symptoms, negative symptoms, cognitive impairments, and other

22-24 25-27 28,29

anticonvulsants, antihistamines,

37,38

related symptoms. These include antidepressants, anti-inflammatory

<11rugs,30’3 ! benzodiazepines,”*34 [3-blockers,35’36 cholinesterase inhibitors, 39,40

as well as various hormonal drugs.
Strategies for the enhanced use of these medications have also emerged accordingly.*'

Statins are a type of lipid-lowering medication used to treat high cholesterol, and numerous RCT studies in recent
years have explored the effects of statin intensification treatment.** ** There have been two meta-analyses regarding the
use of statins as an augmentation strategy for antipsychotic treatment in schizophrenia.®'® The two articles used similar
data but arrived at different conclusions due to different analytical methods. Dr. Andrade conducted a more in-depth
analysis and study of the data presented in these two meta-analyses.*> One meta-analysis concluded that statins
significantly improved both positive and negative symptoms compared to placebo, showing clear improvements in
total scores and general psychopathology subscale scores, while no significant differences were observed in the subscale
results. Conversely, the other meta-analysis found that statins surpassed placebo in the subgroup results for positive and
negative symptoms but did not show an advantage in total scores and general psychopathology subscale scores. However,
the two meta-analyses suffer from the following flaws: discrepancies in disease grading across different studies, the
relation of score changes within the same study and the association with key scores, and the use of erroneous data.
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Moreover, there are currently few RCT (Randomized Controlled Trials) studies related to intensified treatment regimens
with statin drugs, and the data all show very small, even negligible, statistical differences between the experimental drug
and the placebo.

Despite the exact mechanism remains unclear how statins improving psychiatric symptoms, the most common
explanations are their anti-inflammatory role in the brain. Immune dysfunction and inflammation have been described
not only in classical autoimmune brain diseases such as multiple sclerosis*® and autoimmune encephalitis*’ but also in
psychiatric disorders such as schizophrenia.*® Moreover, there is evidence of a clear link between autoimmune conditions
and schizophrenia.**>® Statins, HMG-CoA reductase inhibitors, have potent anti-inflammatory properties different than
those of NSAIDs. One hypothesis is that inflammatory responses may play a certain role in the pathology of schizo-
phrenia, and statins, being able to cross the blood-brain barrier, can reach the site of lesion and exert an anti-inflammatory
effect.’! The most evident reason for the negative results in this study may lie in the fact that reducing the inflammatory
state in patients with Schizophrenia Spectrum Disorders (SSD) does not itself contribute to the improvement of overall
symptoms and cognition.

Some research suggested that simvastatin could significantly decrease the levels of interleukin-1B (IL-1B), tumor
necrosis factor alpha (TNF-a) and C-reactive protein (CRP).”* Therefore, simvastatin may have the ability as adjuncts to
improve psychiatric symptoms of schizophrenia due to the anti-inflammatory effects. Additionally, while the anti-
inflammatory properties of simvastatin are well-documented, the complex pathophysiology of schizophrenia may
necessitate a broader or more specialized anti-inflammatory strategy. The neurobiological underpinnings of schizophrenia
are multifaceted, involving dopaminergic and glutamatergic neurotransmission, neuroinflammation, and oxidative stress.
Thus, therapies targeting a single aspect, such as inflammation with simvastatin, may not suffice to produce a noticeable
clinical benefit.

Statins can be classified into lipophilic and hydrophilic types based on their ability to penetrate the blood-brain
barrier. Lipophilic statins, such as simvastatin, can more easily cross the blood-brain barrier to reach brain tissue.>
Simvastatin had been hypothesized to enhance cognitive functions and reduce the severity of psychotic symptoms due to
its known effects on lipid metabolism and brain cholesterol synthesis.”* In contrast, hydrophilic statins (including
pravastatin, rosuvastatin, and fluvastatin) have lower permeability through the barrier, which may prevent them from
effectively reaching brain tissue. Therefore, we believe this may largely explain the differences in the efficacy of
simvastatin in the treatment of schizophrenia compared to other statins.

In addition, several reasons may account for the lack of observed efficacy in our study. Firstly, the dosage and
duration of simvastatin treatment may not have been sufficient to elicit a therapeutic response. It’s also possible that our
patient cohort had differentiating characteristics that made them less responsive to the effects of simvastatin, such as the
stage of illness, concurrent medical conditions, or genetic factors influencing drug metabolism. The study’s design could
also have influenced the results. Though we used randomized, placebo-controlled trials, certain limitations are inherent in
the study, such as sample size, follow-up duration, and a possible placebo effect. Future research with a larger participant
pool, a longer study period, and possibly higher doses may yield different outcomes.

It is also important to consider that the overall management of schizophrenia remains a complex endeavor that
necessitates a multifaceted treatment approach, including psychosocial interventions and optimized antipsychotic therapy.
The findings from this study suggest that simvastatin, while safe and well-tolerated, may not contribute meaningfully to
this therapeutic array as an adjunctive measure.

In conclusion, while the results of this study challenge the potential role of simvastatin as an adjunct therapeutic in
schizophrenia, they also highlight the need for continued exploration of novel treatment strategies. Future research should
aim to understand the diverse biological abnormalities associated with schizophrenia and develop targeted therapies that
address these complexities.

Conclusion
This study reveals that there is no sufficient evidence on the benefit of simvastatin use as an adjunctive therapy on
improving psychiatric symptoms of schizophrenia.
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