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Schizophrenia-spectrum disorders (SSD) are associated 
with increased in�ammatory markers, both in brain and 
periphery. Augmentation with drugs that lower this pro-
in�ammatory status may improve clinical presentation. 
Simvastatin crosses the blood-brain barrier, has anti- 
in�ammatory and neuroprotective effects and reduces met-
abolic syndrome. In this study, we investigated if 12�months 
of simvastatin augmentation can improve symptoms and 
cognition in patients with early SSD. This double-blind 
placebo-controlled trial included 127 SSD patients across 
the Netherlands, <3� years after their diagnosis. From 
these, 119 were randomly assigned 1:1 to simvastatin 
40� mg (n� =� 61) or placebo (n� =� 58), strati�ed for sex 
and study site. Primary outcomes were symptom severity 
and cognition after 12� months of treatment. Depression, 
symptom subscores, general functioning, metabolic syn-
drome, movement disorders, and safety were secondary 
outcomes. Intention to treat analyses were performed 
using linear mixed models and ANCOVA. No main effect 
of simvastatin treatment was found on total symptom se-
verity after 12� months of treatment as compared to pla-
cebo (X2(1)�=�0.01, P�=�.90). Group differences varied over 
time (treatment*time X2(4)�=�11.2; P�=�.025), with signif-
icantly lower symptom severity in the simvastatin group 
after 6� months (mean difference� =� �4.8; P� =� .021; 95% 

CI: �8.8 to �0.7) and at 24�months follow-up (mean dif-
ference�=��4.7; P�=�.040; 95% CI: �9.3 to �0.2). No main 
treatment effect was found for cognition (F(1,0.1)�=�0.37, 
P�=�.55) or secondary outcomes. SAEs occurred more fre-
quently with placebo (19%) than with simvastatin (6.6%). 
This negative �nding corroborates other large scale studies 
on aspirin, minocycline, and celecoxib that could not repli-
cate positive �ndings of smaller studies, and suggests that 
anti-in�ammatory augmentation does not improve the clin-
ical presentation of SSD.
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Introduction

Patients with schizophrenia-spectrum disorders (SSD) 
have urgent unmet needs, as current treatment is far 
from optimal. First, not all patients achieve remission 
using standard treatments.1 Current treatment options 
also have little effect on negative and cognitive symp-
toms.2 Finally, mortality is much higher in SSD patients 
than in healthy peers.3 While suicide is partly respon-
sible for the increased mortality, the largest part stems 
from cardiovascular deaths due to the high prevalence 
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of  metabolic syndrome.3 Antipsychotic treatment tar-
gets increased striatal dopamine synthesis, which is a 
well-known, albeit not ubiquitous, feature of  schizo-
phrenia pathology. In recent years, other pathophys-
iological mechanisms have (partly) been elucidated, 
which may provide new leads for therapeutic strat-
egies.4 Immune dysregulation is one of  these leads, al-
though it is not a well-established etiological factor for 
SSD, given several negative results.5�7 Nevertheless, in-
creased levels of  the pro-in�ammatory cytokines IL-6, 
TNF�, IFN, IL-1, and acute-phase protein CRP, have 
repeatedly been reported in early-stage SSD patients.4 
In postmortem brain tissue, the expression of  pro-
in�ammatory genes was also increased.8 Such immune 
mechanisms mediate the interaction between neurons 
and glial cells, regulating neurodevelopmental pro-
cesses such as synaptic pruning and neurogenesis, as 
well as neurotransmission.9 Maternal bacterial infec-
tion and childhood infections, important risk factors 
for schizophrenia,10,11 elicit an immune response, which 
may result in functional changes that are retained into 
adulthood.9 Indeed, a meta-analysis showed increased 
activity of  microglia cells in schizophrenia,12 but a later 
review could not replicate this �nding.13 Application of 
anti-in�ammatory drugs may correct this immune acti-
vation and enable normal neurodevelopment.14

Several studies targeted this increased pro-in�ammatory 
status in SSD, with heterogeneous results.15 Multiple 
studies opted for minocycline, a broad-spectrum antibi-
otic that crosses the blood-brain barrier and decreases 
microglia activation.16 In 10 studies, this drug was admin-
istered (100�300�mg) for 2�12�months with an overall effect 
size of 0.4 (P�=�.007).15 However, the largest study found 
a signi�cant negative effect of minocycline.17 Potential del-
eterious actions of minocycline were also demonstrated 
in animal models18 and patient-derived organoids using 
high doses,19 urging the need for safer and more tolerable 
anti-in�ammatory drugs. Like minocycline, simvastatin 
crosses the blood-brain barrier. Importantly, statins lower 
cardiovascular mortality, an effect not only caused by its 
cholesterol lowering actions.20 Reduced cholesterol levels 
deplete the cholesterol-rich membrane domains known as 
lipid rafts, which affect cellular signaling,21 translating into 
neuroprotective effects: improved blood-�ow, reduced coag-
ulation, reduced oxidative damage and reduced in�amma-
tory status.22 As simvastatin is used chronically by millions 
of people world-wide, its long-term effects are well-known. 
Moreover, simvastatin reduces metabolic syndrome, a piv-
otal factor increasing mortality in SSD. A�study in patients 
with multiple sclerosis showed that 24�months of simvastatin 
use slowed down progression of cognitive dysfunction and 
loss of cerebral gray matter.23 Three small studies provided 
40�mg of statins (ie, simvastatin and pravastatin) to SSD pa-
tients for 824 to 1225,26 weeks. Although the mean weighted 
effect size of these studies was 0.5, signi�cance was not 
reached due to low power.15

In this study, we provided simvastatin 40�mg/d to SSD 
patients for 12� months and investigated the effects on 
symptom severity and cognitive decline. We included only 
recent-onset patients, as this group is reported to bene�t 
most from augmentation with anti-in�ammatory drugs.27 
To be robust against false-negative �ndings, we recruited 
a relatively large group of 127 patients.

Methods

Design and Registration
This is a double-blind randomized placebo-controlled 
multi-center trial. Trial registration: ClinicalTrails.
gov:NCT01999309; EudraCT-number:2013-000834-36.

Participants
Eligible patients were 18�50�years of age, with a DSM-IV di-
agnosis of schizophrenia, schizoaffective, schizophreniform 
disorder (295.x) or psychotic disorder not otherwise speci-
�ed (298.9), �gure�1.28 First psychosis onset was no longer 
than 3�years ago. Patients were recruited from Dutch inpa-
tient and outpatient settings between November 2013 and 
February 2019. Study procedures and instruments are de-
scribed per visit by Begemann et�al28.

Power Analysis
Following our unplanned interim analyses (at n�=�97) to 
reevaluate our power analysis and recruitment target, per-
formed by a blinded independent researcher, we adjusted 
our power analysis using the standard deviation of 14.3 
instead of 20 (based on our previous RCT), while the ex-
pected difference in mean total PANSS scores remained 
at 7.5 (based on previous studies).17,29,30 Correlation be-
tween PANSS baseline and 12�months was corrected to 
0.6 instead of 0.4.28 Dropout rate of 24% was also lower 
than the anticipated 30%,28 resulting in an adjusted power 
calculation of n�=�120.

Randomization and�Masking
A web-based randomization table was generated by the 
Julius Center (Utrecht, the Netherlands). Patients were 
randomized 1:1 to either simvastatin or placebo, using 
block-randomization (blocks of 4)�with strati�cation for 
study site and sex. Randomization codes were not avail-
able to the study staff. Emergency unblinding was only 
allowed in case of serious concerns about patient safety. 
The data management group was not involved in patient 
recruitment. All study staff and patients were blind to 
treatment allocation. Study drugs were manufactured by 
ACE pharmaceuticals (Zeewolde, the Netherlands), being 
simvastatin 40�mg or placebo, with indistinguishable ap-
pearance, shape, smell, mass, and taste. Drug accounta-
bility was performed by documenting drug shipment, 
storage conditions, drug dispense, return, and destruction.
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Procedures
Participants visited the research center 8 times during 
2� years. Medical history and medication use were 
checked to (re)assess in- and exclusion criteria. Blood 
was screened for cholesterol and when levels exceeded 
>8�mmol/L at any visit, patients were excluded as they 
had a clinical indication to start statin treatment. To pre-
vent the possibility of  unblinding due to the cholesterol-
lowering properties of  simvastatin, raters did not have 

access to cholesterol results. During participation, pa-
tients continued their regular (antipsychotic) medica-
tion treatment. The institutional review board of  the 
University Medical Center Utrecht approved the study 
(NL43806.041.13; Clinicaltrials.gov: NCT01999309).

Primary Outcomes
Symptom severity was evaluated using the Positive and 
Negative Syndrome Scale (PANSS)31 by trained and 

Fig. 1. Trial pro�le. *In case of familial risk for muscular disorders or previously experienced muscle toxicity when taking medication 
similar to simvastatin, creatine kinase (CK) levels will be checked (as recommended by the Dutch Farmacotherapeutisch Kompas).
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