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ABSTRACT

Objective: Mounting evidence suggests that inflammation is
involved in the pathogenesis of schizophrenia. This evidence
implies that anti-inflammatory agents are potentially useful
therapeutic strategies in schizophrenia. This article quantitatively
summiarizes the efficacy of nonsteroidal anti-inflammatory
drugs (NSAIDs) to augment antipsychotic treatment to reduce
schizophrenia symptom severity.

Data Sources: An electronic search was performed using
MEDLINE, Embase, the National Institutes of Health Web site
clinicaltrials.gov, Cochrane Schizophrenia Group entries in

PsiTri, and the Cochrane Database of Systematic Reviews.

The following basic search terms were used: schizophrenia,
nonsteroidal anti-inflammatory drug, and NSAID together with
the name of each specific NSAID (ibuprofen, diclofenac, naproxen
sodium, and acetylsalicylic acid). We applied no year or language
restrictions.

Study Selection: Studies were selected if they met the

following inclusion criteria: (1) randomized, double-blind,
placebo-controlled trials regarding augmentation of
antipsychotic medication with an NSAID, (2) patients included
had a diagnosis of a schizophrenia spectrum disorder according
to the diagnostic criteria of the Diagnostic and Statistical
Manual of Mental Disorders, and (3) studies reported sufficient
information to compute common effect size statistics, or
corresponding authors could supply these data upon request.

Data Extraction: The primary outcome measure was the mean
change in total score on the Positive and Negative Syndrome
Scale (PANSS). Secondary outcome measures included positive
and negative symptom subscores of the PANSS.

Results: We could include 5 double-blind, randomized, placebo-
controlled trials, reporting on 264 patients. Four studies applied
celecoxib, and 1 used acetylsalicylic acid. We found a mean
effect size of 0.43, which was significant at P=.02 in favor of
NSAIDs on total symptom severity. For positive symptom
severity, the mean standardized difference was 0.34 (P=.02).

For severity of negative symptoms the mean standardized
difference was 0.26 (P=.03).

Conclusions: These results suggest that NSAID augmentation
could be a potentially useful strategy to reduce symptom
severity in schizophrenia. As these are the first studies on

a relatively new strategy and the included sample size is
modest, these results should be interpreted with caution.
However, augmentation with acetylsalicylic acid may have the
additional benefit of reducing cardiac and cancer mortality in
schizophrenia. We therefore believe that application of NSAIDs
in schizophrenia deserves further investigation as augmentation
of antipsychotic treatment and reducing comorbid somatic
diseases.
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S chizophrenia is a severe mental disorder, with a world-
wide prevalence of around 1%’ placing significant
burden on global health.? Although the introduction of
antipsychotic medications in the 1950s has substantially
improved clinical symptoms of schizophrenia,® the disease
is still causing considerable morbidity and mortality.* Vari-
ous pharmacologic therapies as adjuncts to antipsychotics
have emerged over the last decades,>® such as antidepres-
sants,® anticonvulsants,” lithium,® benzodiazepines,’ fatty
acids,'” and vitamins.!! However, none have come into gen-
eral clinical practice so far because of insufficient efficacy or
conflicting evidence.*®

The pathogenesis of schizophrenia is still far from elu-
cidated, which hampers the rational development of novel
pharmacologic therapies. Different lines of evidence now
suggest that inflammation in the central nervous system is
involved in the pathogenesis of schizophrenia.!"!* These
lines include the altered risk of schizophrenia patients
and their relatives for specific autoimmune diseases,!®
clinical similarities between the course of schizophrenia
and autoimmune disease,!* and decreased prevalence of
schizophrenia in men who have used nonsteroidal anti-
inflammatory drugs (NSAIDs)" or glucocorticosteroids.'®
Furthermore, an infectious cause or trigger is suggested by
the observed association between schizophrenia and prena-
tal and perinatal infections,'” as well as by seroconversion
to certain pathogens in patients with schizophrenia.'>!¥ On
a cellular level, inflammation of the central nervous system
is suggested by an increased number of activated microglia
cells in the brains of patients with schizophrenia, as visu-
alized by positron emission tomography!'®?° and altered
function of immune cells in serum.!>?! A large, pooled,
data set of single nucleotide polymorphism-based, genome-
wide, association studies followed up the most significant
association signals.”> One of the most remarkable findings
was a significant association with several markers span-
ning the major histocompatibility complex (MHC) region
on chromosome 6p21.3-22.1. This genetic deviation in the
MHC region is consistent with an immune component to
schizophrenia risk.

Finally, immune dysregulation might be reflected by
abnormal levels of cytokines and the presence of autoanti-
bodies in serum and cerebrospinal fluid.'*?* This mounting
body of evidence suggests that anti-inflammatory drugs can
be viewed as potential candidates for new augmentation
therapies.

Nonsteroidal anti-inflammatory drugs are a relatively
safe, well-known, and broad class of anti-inflammatory
drugs that inhibit the conversion of arachidonic acid to
prostaglandins by blocking the enzyme cyclooxygenase-1
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NSAID Augmentation in Schizophrenia

= Nonsteroidal anti-inflammatory drug (NSAID)
augmentation to antipsychotic medication can
potentially improve both positive and negative
symptoms, but more research is needed before this can
be implemented in clinical practice.

® The 5 randomized controlled trials included in this
meta-analysis did not show increased side effects of
NSAID augmentation as compared to placebo, but longer
application (ie, years) may induce side effects, especially
on the stomach.

= Augmentation with aspirin may have the additional

benefits of reducing cardiovascular and cancer mortality,
which are both increased in patients with schizophrenia.

(COX-1) and/or -2 (COX-2) (also referred to as prostaglan-
din synthase).?*?> Prostaglandins and their receptors are
found throughout the body and are involved in many regu-
latory processes, including inflammation, pain, and thermal
regulation. By blocking prostaglandins, NSAIDs have anti-
inflammatory effects, among many others. Several studies
have applied NSAIDs to augment antipsychotic treatment
in order to improve clinical outcome (see Table 1). However,
sample sizes were rather modest. This meta-analysis aims
to evaluate the efficacy of NSAIDs as adjunctive therapy in
schizophrenia. We aim to include all double-blind placebo-
controlled studies published so far. By combining these
studies in a meta-analysis, we can increase power and come
to a more general answer regarding the efficacy of NSAIDs
in decreasing total, positive, and negative symptoms.

DATA SOURCES AND STUDY SELECTION

Literature Search

This meta-analysis was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement.?® An electronic search was
performed using MEDLINE, Embase, the National Institutes
of Health Web site clinicaltrials.gov, Cochrane Schizophre-
nia Group entries in PsiTri (http://psitri.stakes.fi/EN/psitri.
htm), and the Cochrane Database of Systematic Reviews. We
applied no year or language restrictions. The following basic
search terms were used: schizophrenia, nonsteroidal anti-
inflammatory drug, and NSAID together with the name of
each specific NSAID (ibuprofen, diclofenac, naproxen sodium,
and acetylsalicylic acid). Additionally, the reference lists
of the retrieved articles and relevant review articles were
examined for cross-references. When necessary, correspond-
ing authors were contacted to provide full details of study
outcomes.

Inclusion
Consensus on the studies included was reached on the
basis of the following criteria:
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1. Studies were randomized, double-blind, placebo-
controlled trials regarding augmentation of
antipsychotic medication with an NSAID.

2. Patients included had a diagnosis of a schizo-
phrenia spectrum disorder (schizophrenia,
schizophreniform disorder, or schizoaffective
disorder) according to the diagnostic criteria of
the Diagnostic and Statistical Manual of Mental
Disorders*” (DSM-III, DSM-III-R, DSM-IV,
DSM-1V-TR, or ICD-9 or -10).

3. Studies reported sufficient information to compute
common effect size statistics—ie, means and stan-
dard deviations; exact P, t, or z values (cf Lipsey
and Wilson?®); or corresponding authors could
supply these data upon request.

Crossover studies were not excluded in order to obtain
as much information as possible.

DATA EXTRACTION

Outcome Measures

The primary outcome measure was the mean change
in total score on the Positive and Negative Syndrome Scale
(PANSS).? Secondary outcome measures included positive
and negative symptom subscores of the PANSS or scores
on the Scale for the Assessment of Positive Symptoms>°
and the Scale for the Assessment of Negative Symptoms.>!
Patient data of the last observation carried forward were
used for analysis when provided. If only data of completers
analyses were given, these data were used instead. Where
possible, side effects were evaluated by comparing scores on
the various side effects scales. Two reviewers independently
extracted data from the articles; any disagreements were
resolved by consensus.

Statistical Analyses

Standardized differences were calculated from the mean
differences (placebo versus augmentation) of the change
score (end of treatment minus baseline) mean and stan-
dard deviation values. When possible, change scores were
used instead of pretreatment and posttreatment scores
in order to avoid overestimation of the true effect size
because of the pretreatment-posttreatment correlation.
When only exact F or P values for main effect of treatment
group (augmentation or placebo) were provided, these data
were used. All standardized differences were calculated
twice independently from the original articles to check for
errors. Standardized differences of studies were pooled in
meta-analyses to obtain mean standardized differences
for primary and secondary outcome measures. Hedges g
was used to quantify the mean standardized differences of
combined studies using a random model.*> A homogeneity
statistic, I?, was calculated to test whether the studies could
be taken together to share a common population effect
size.?® High heterogeneity (ie, I? value of 50% or higher)
indicates heterogeneity of the individual study effect sizes,
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Figure 1. PRISMA Flow Diagram of the Literature Search

5 598 Records identified 10 Additional records

= through identified

& database searching through other sources

€

[

3 |
— 553 Records after
M) duplicates removed

2 553 Records 514 Records

Z screened by title excluded

[N

g

3 !

39 Records
screened by abstract 10 Records excluded
29 Full-text articles Full-text articles excluded, with reasons:
g‘ assessed for eligibility 2 No relevant outcome measures
2 3 Unpublished results
g l 15 Review articles
3 Repeated data sets
— 5 Studies included in T1 Clase Siuzdi’
qualitative synthesis gl =

3 I

v

E

S 5 Studies included in

£ quantitative synthesis

(meta-analysis)

(S

Abbreviation: PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Table 1. Included Randomized, Double-Blind, Placebo-Controlled Trials on Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)

Duration of

Study Illness, Mean, y NSAID, mg/d Duration Subjects,n PANSS Score? Antipsychotic

Miiller et al,>* 2002 5.9 Celecoxib, 400 50 Not provided Risperidone (flexible dose)

Rapaport et al,* 2005 <10° Celecoxib, 400 35 84.2 Risperidone or olanzapine (fixed dose)
Akhonzadeh et al,* 2007 7.9 Celecoxib, 400 60 Not provided Risperidone (fixed dose)

Miiller et al,*” 2010 1.3 Celecoxib, 400 49 95.2 Amisulpride (flexible dose)

Laan et al,*® 2010 3.7 Acetylsalicylic acid, 1000 3 mo 70 722 Risperidone, olanzapine, or clozapine

(fixed dose)

Values are provided as the mean score of both groups at baseline.
No mean provided.
Abbreviation: PANSS = Positive and Negative Syndrome Scale.

which poses a limitation to a reliable interpretation of the
results. Values of I> between 30% and 50% were considered
moderate. Mean standardized differences with a P value
smaller than .05 were considered significant. All standard-
ized differences were computed using Comprehensive Meta
Analysis Version 2.0.%4

RESULTS

Inclusions

Using our search criteria, we found 598 reports (Figure 1),
of which we could include 5 studies that provided augmen-
tation of NSAIDs to antipsychotic medication in patients
with schizophrenia in a double-blind, randomized, placebo-
controlled fashion.>>~* None of the included studies used a
crossover design. These studies reported on 264 patients in
total. Table 1 lists details of the 5 included studies.

J'Clin Psychiatry 73:4, April 2012

Effect of NSAID on Symptom Severity

All studies provided enough data to calculate standard-
ized differences for the change in symptom severity as
measured with the PANSS total scores. These standard-
ized differences were combined to calculate Hedges g,
signifying the mean standardized difference, as shown in
Figure 2.

The mean standardized difference of 0.43 was significant
at P=.02, indicating a moderate effect. The 95% confidence
interval ranged from 0.06 to 0.80. Data were highly hetero-
geneous, as reflected in an I* of 56%.

The effect of NSAID augmentation on the severity of
positive symptoms as scored with the positive symptoms
section of the PANSS is shown in Figure 3. The mean stan-
dardized difference was 0.34, significant at P=.02. The 95%
confidence interval ranged from 0.05 to 0.64. There was
moderate heterogeneity with an I of 32%.

PSYCHIATRIST.COM 416
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Figure 2. Meta-Analysis of Augmentation of Antipsychotic Therapy With NSAIDs Versus Placebo

on PANSS: Total Scores

Lower Upper
Study Hedgesg  Limit Limit P Value Hedges g and 95% Cl NSAID, mg/d
Miiller et al, 34 2002 054  -001 1.10 06 - Celecoxib, 400
Rapaport et al,3> 2005 -0.34 -0.99 0.31 31 —— Celecoxib, 400
Akhondzadeh et al 362007 0.93 0.41 1.46 00 —m— Celecoxib, 400
Miiller et al, 37 2010 0.52 -0.03 1.08 .06 — Celecoxib, 400
Laan et al, 382010 037 -0.10 0.83 13 Aspirin, 1,000
Overall 043 0.06 0.80 02 <>
-2.00 -1.00 0.00 1.00 2.00
Placebo NSAID

Abbreviations: NSAID = nonsteroidal anti-inflamatory drug, PANSS = Positive and Negative Syndrome Scale.

Figure 3. Meta-Analysis of Augmentation of Antipsychotic Medication With NSAIDs Versus Placebo

on PANSS: Positive Scores

Lower Upper
Study Hedgesg  Limit Limit ~ PValue Hedges g and 95% Cl NSAID, mg/d
Miiller et al, 34 2002 0.37 -0.18 0.92 19 —— Celecoxib, 400
Rapaport et al,35 2005 -0.26 -0.91 0.39 44 —i— Celecoxib, 400
Akhondzadeh et al,36 2007 0.70 0.18 1.21 01 —— Celecoxib, 400
Miiller et al,37 2010 056  -0.00 1.1 .05 —— Celecoxib, 400
Laan et al,38 2010 023  -0.24 0.69 34 —l— Aspirin, 1,000
Overall 034 0.05 0.64 .02 <>
-200  -1.00 0.00 1.00 2.00
Placebo NSAID

Abbreviations: NSAID = nonsteroidal anti-inflamatory drug, PANSS = Positive and Negative Syndrome Scale.

Figure 4. Meta-Analysis of Augmentation of Antipsychotic Medication With NSAIDs Versus Placebo

on PANSS: Negative Scores

Lower Upper
Study Hedgesg  Limit Limit P Value Hedges g and 95% Cl NSAID, mg/d
Miller et al,34 2002 0.47 -0.09 1.02 .10 — Celecoxib, 400
Rapaport et al,35 2005 -0.05 -0.69 0.60 .89 —— Celecoxib, 400
Akhondzadeh et al,36 2007  0.14 -0.36 0.64 .58 — B Celecoxib, 400
Miller et al,37 2010 0.40 -0.15 0.95 15 —— Celecoxib, 400
Laan et al,38 2010 0.28 -0.19 0.74 24 —— Aspirin, 1,000
Overall 0.26 0.02 0.50 03 <
-2.00  -1.00 0.00 1.00 2.00
Placebo NSAID

Abbreviations: NSAID = nonsteroidal anti-inflamatory drug, PANSS = Positive and Negative Syndrome Scale.

The standardized differences for the effect of NSAID
augmentation on negative symptoms were combined to
yield the mean standardized difference, as shown in Figure
4. The mean standardized difference for the effect of NSAID
augmentation on negative symptoms was 0.26, significant
at P=.03, indicating a small effect size. The 95% confidence
interval ranged from 0.02 to 0.50. These data were homoge-
neous, with an I of 0%.

Side Effects

Most studies excluded patients with peptic ulcers from
participation. The patients generally tolerated NSAID aug-
mentation well. Miiller et al*> and Rapaport et al*® reported
no effect of celecoxib augmentation on extrapyramidal
side effects nor on safety parameters. Comedication such
as biperiden and benzodiazepine was not prescribed more
frequently in the celecoxib augmentation group.>>*¢ Specific
side effects of NSAIDs, such as gastrointestinal problem,
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were not reported more frequently in the celecoxib group
(Miiller et al*®), nor in the acetylsalicylic acid group (Laan
et al*), as compared to placebo.

DISCUSSION

This article provides a quantitative review of 5 random-
ized, double-blind, placebo-controlled trials including 264
schizophrenia patients on NSAID augmentation of anti-
psychotic medication. The meta-analysis demonstrated
a moderate effect on total symptom severity, with Hedges
g=0.43, but studies were heterogeneous. The mean stan-
dardized difference for the severity of positive symptoms was
0.34, again with some heterogeneity among studies. For both
total and positive symptom severity, the study by Rapaport
et al* had findings that deviated from the rest. The reason
why the results of this study are less positive than the others
remains unclear. Trial duration or baseline clinical status is

J Clin Psychiatry 73:4, April'2012



not likely to explain the difference, as this study did not differ
on these measures (see Table 1). It is possible that the dura-
tion of illness was somewhat longer, but the study provided
no exact mean duration of illness.

Finally, the mean standardized difference for severity
of negative symptoms was 0.26, which is a small but sig-
nificant effect. For severity of negative symptoms, the data
were homogeneous. Side effects were comparable between
the augmentation and the placebo groups.

These meta-analyses show that randomized controlled
trials (RCTs) on NSAID augmentation for schizophrenia that
have been published so far show moderate but significant
positive results. Therefore, NSAID augmentation appears to
be an avenue that deserves more research, as it may provide
a possibility to obtain better symptom reduction.

The main limitation of this meta-analysis is that not more
than 5 studies could be included. In addition, those stud-
ies did not include very large samples. Therefore, a note of
caution may be in place here. When new treatment strate-
gies are introduced, initial reports tend to include relatively
small sample sizes and provide favorable results, while small
sampled studies with negative findings do not become pub-
lished.* Indeed, in a review article, Miiller and Schwarz'?
mention 2 other trials on celecoxib addition without sig-
nificant effects that had not been published. In time, sample
sizes tend to increase and negative findings become pub-
lished as well. Such trends have led effect sizes to decrease
with year of publication.*! As this is an early meta-analysis
of a relatively young field, future studies may show less posi-
tive results. Thus, although the possibility of publication bias
remains, the positive effect of these initial studies does
warrant further research into this direction, as NSAID aug-
mentation could be a potential strategy to increase efficacy of
pharmacologic treatment. The negative results of the study
by Rapaport et al*® may indicate that NSAID augmentation
is effective only in the early stages of the disease, but more
studies in different disease stages are needed to confirm this
hypothesis. It is conceivable that NSAIDs are most effective
in the prodromal phase, or before disease onset.>* There-
fore, another possible role for NSAID treatment would be as
monotherapy in ultra-high-risk groups. Anti-inflammatory
drugs could be candidates for neuroprotection,'>!® given the
emerging role of inflammation in the disease process.

We should emphasize that the reviewed RCTs have
applied NSAID augmentation for a relatively short time,
the longest treatment duration being 12 weeks. Much longer
augmentation, for 1 or more years, could potentially yield
higher symptom reductions but also carry more risk of side
effects. Since NSAIDs are relatively mild and broadly acting
anti-inflammatory drugs, further unraveling of the inflam-
matory pathways putatively involved in schizophrenia could
lead to anti-inflammatory treatments that more specifically
and effectively affect a dysregulated immune response. Sev-
eral studies have tried to address the underlying mechanism
for the positive effect of NSAID augmentation in schizo-
phrenia. Cyclooxygenase-2 expression was not altered in
the hippocampus of schizophrenia patients,*? and celecoxib

J'Clin Psychiatry 73:4, April 2012
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treatment did not affect cytokine profiles in peripheral blood
mononuclear cells.** However, the positive effect of acetyl-
salicylic acid augmentation was associated with disturbed
cytokine profiles in peripheral blood.*

Schizophrenia has been associated with a rate of premature
mortality that is 2 to 3 times higher than that in the general
population.** Patients with schizophrenia have a 79% in-
creased risk to die of cardiovascular disorders.** By inhibiting
platelet aggregation, COX-1 inhibition decreases the risk to
cardiovascular events. Cancer is another source of increased
mortality in schizophrenia patients.** Long-term treatment
with acetylsalicylic acid was recently demonstrated to reduce
cancer mortality, even at relative low dose.*® Therefore, ace-
tylsalicylic acid augmentation might reduce morbidity as well
as mortality in schizophrenia patients.

Interestingly, the effect size on symptom reduction for
augmentation using acetylsalicylic acid, which is a COX-1
and COX-2 inhibitor, was not superior to that of celecoxib,
a selective COX-2 inhibitor. Side effects and additional ben-
eficial effects may therefore direct the choice between those
2 classes of NSAIDs in the future. While acetylsalicylic acid
may have the additional benefit of cardioprotection, cele-
coxib has relatively few side effects,*” which might lead to
improved compliance over acetylsalicylic acid.

In summary, we found provisional evidence from 5 RCTs
reporting on 264 patients that NSAID augmentation has
a moderate beneficial effect on total symptom severity as
well as on positive symptoms in schizophrenia and a small
effect on negative symptoms in schizophrenia. Although
the efficacy of new therapeutic options tends to be overesti-
mated at early stages of research, further investigations into
this direction, especially with longer treatment duration,
seems warranted.

Drug names: biperiden (Akineton), celecoxib (Celebrex), clozapine
(FazaClo, Clozaril, and others), diclofenac (Zipsor, Cambia, and others),
lithium (Lithobid and others), olanzapine (Zyprexa), risperidone
(Risperdal and others).

Author affiliations: Neuroscience Department, University Medical Center
Utrecht, The Netherlands.

Potential conflicts of interest: Dr Kahn has received grants, honoraria

for education programs, or served as consultant for Astellas, AstraZeneca,
Bristol-Myers Squibb, Eli Lilly, Janssen-Cilag, Pfizer, Roche, and Sanofi-
Aventis. Drs Sommer and de Witte and Ms Begemann have no conflicts

of interest to report.
Funding/support: None reported.

REFERENCES

1. Jablensky A, Sartorius N, Ernberg G, et al. Schizophrenia: manifestations,
incidence and course in different cultures: a World Health Organization
ten-country study. Psychol Med Monogr suppl. 1992;20:1-97.

2. Ayuso-Mateos J. Global burden of schizophrenia in the year 2000.
Available at: http://www.who.int/evidence/bod. Accessed October 1,
2011.

3. Tandon R, Nasrallah HA, Keshavan MS. Schizophrenia, “just the facts”

5. Treatment and prevention: past, present, and future. Schizophr Res.
2010;122(1-3):1-23.

4. Saha S, Chant D, McGrath J. A systematic review of mortality in schizo-
phrenia: is the differential mortality gap worsening over time? Arch Gen
Psychiatry. 2007;64(10):1123-1131.

5. Zink M, Englisch S, Meyer-Lindenberg A. Polypharmacy in schizophre-
nia. Curr Opin Psychiatry. 2010;23(2):103-111.

6. Tancu I, Tschernihovsky E, Bodner E, et al. Escitalopram in the treatment
of negative symptoms in patients with chronic schizophrenia:

PSYCHIATRIST.COM 418



NSAID Augmentation in Schizophrenia

a randomized double-blind placebo-controlled trial. Psychiatry Res. 20105
179(1):19-23.

27.

American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition. Washington, DC: American Psychiatric

7. Schwarz C, Volz A, Li C, et al. Valproate for schizophrenia. Cochrane Association; 1994.

Database Syst Rev. 2008;(3):CD004028. 28. Lipsey MW, Wilson DB. Practical Meta-Analysis. Thousand Oaks, CA:
8. Citrome L. Adding lithium or anticonvulsants to antipsychotics for Sage; 2001.

the treatment of schizophrenia: useful strategy or exercise in futility? 29. Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome

J Clin Psychiatry. 2009;70(6):932-933. scale (PANSS) for schizophrenia. Schizophr Bull. 1987;13(2):261-276.
9. Volz A, Khorsand V, Gillies D, et al. Benzodiazepines for schizophrenia. 30. Andreasen NC. Scale for the Assessment of Positive Symptoms (SAPS).

Cochrane Database Syst Rev. 2007;(1):CD006391. Towa City, IA: University of Iowa; 1984.

10. Horrobin DE. The membrane phospholipid hypothesis as a biochemical 31. Andreasen NC. Scale for the Assessment of Negative Symptoms (SANS).
basis for the neurodevelopmental concept of schizophrenia. Schizophr Towa City, IA: University of Iowa; 1983.

Res. 1998;30(3):193-208. 32. Shadish WR. HACK. Combining estimates of effect size. In: Cooper

11. Adler LA, Rotrosen J, Edson R, et al. Vitamin E treatment for tardive H, Hedges LV, eds. The Handbook of Research Synthesis. New York, NY:
dyskinesia. Veterans Affairs Cooperative Study #394 Study Group. Russell Sage Foundation; 1994:261-281.

Arch Gen Psychiatry. 1999;56(9):836-841. 33. Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency

12. Miiller N, Schwarz MJ. Immune system and schizophrenia. Curr in meta-analyses. BMJ. 2003;327(7414):557-560.

Immunol Rev. 2010;6(3):213-220. 34. Borenstein M, Hedges L, Higgins J, et al. Comprehensive Meta-Analysis

13. Eaton WW, Byrne M, Ewald H, et al. Association of schizophrenia Version 2. Engelwood, NJ: Biostat Inc; 2010.
and autoimmune diseases: linkage of Danish national registers. 35. Miiller N, Riedel M, Scheppach C, et al. Beneficial antipsychotic effects
Am ] Psychiatry. 2006;163(3):521-528. of celecoxib add-on therapy compared to risperidone alone in schizo-

14. Knight JG, Menkes DB, Highton J, et al. Rationale for a trial of immuno- phrenia. Am J Psychiatry. 2002;159(6):1029-1034.
suppressive therapy in acute schizophrenia. Mol Psychiatry. 2007;12(5): 36. Rapaport MH, Delrahim KK, Bresee CJ, et al. Celecoxib augmentation of
424-431. continuously ill patients with schizophrenia. Biol Psychiatry. 2005;57(12):

15. Laan W, Selten JP, Grobbee DE, et al. Non-steroidal anti-inflammatory 1594-1596.
drugs and the risk of psychosis. Eur Neuropsychopharmacol. 2007;17(4): 37. Akhondzadeh S, Tabatabaee M, Amini H, et al. Celecoxib as adjunctive
309-311. therapy in schizophrenia: a double-blind, randomized and placebo-

16. Laan W, Smeets H, de Wit NJ, et al. Glucocorticosteroids associated controlled trial. Schizophr Res. 2007;90(1-3):179-185.
with a decreased risk of psychosis. ] Clin Psychopharmacol. 2009;29(3): 38. Miiller N, Krause D, Dehning S, et al. Celecoxib treatment in an early
288-290. stage of schizophrenia: results of a randomized, double-blind, placebo-

17. Brown AS, Derkits EJ. Prenatal infection and schizophrenia: a review controlled trial of celecoxib augmentation of amisulpride treatment.
of epidemiologic and translational studies. Am ] Psychiatry. 2010;167(3): Schizophr Res. 2010;121(1-3):118-124.

261-280. 39. Laan W, Grobbee DE, Selten JP, et al. Adjuvant aspirin therapy reduces

18. Torrey EE, Bartko JJ, Lun ZR, et al. Antibodies to toxoplasma gondii in symptoms of schizophrenia spectrum disorders: results from a random-
patients with schizophrenia: a meta-analysis. Schizophr Bull. 2007;33(3): ized, double-blind, placebo-controlled trial. J Clin Psychiatry. 2010;71(5):
729-736. 520-527.

19. van Berckel BN, Bossong MG, Boellaard R, et al. Microglia activation in 40. Emerson GB, Warme W], Wolf FM, et al. Testing for the presence of
recent-onset schizophrenia: a quantitative (R)-[11C]PK11195 positron positive-outcome bias in peer review: a randomized controlled trial.
emission tomography study. Biol Psychiatry. 2008;64(9):820-822. Arch Intern Med. 2010;170(21):1934-1939.

20. Doorduin J, de Vries EE, Willemsen AT, et al. Neuroinflammation in 41. Munafo MR, Flint J. How reliable are scientific studies? Br ] Psychiatry.
schizophrenia-related psychosis: a PET study. ] Nucl Med. 2009;50(11): 2010;197(4):257-258.

1801-1807. 42. Yokota O, Terada S, Ishihara T, et al. Neuronal expression of

21. Monji A, Kato T, Kanba S. Cytokines and schizophrenia: Microglia hy- cyclooxygenase-2, a pro-inflammatory protein, in the hippocampus of
pothesis of schizophrenia. Psychiatry Clin Neurosci. 2009;63(3):257-265. patients with schizophrenia. Prog Neuropsychopharmacol Biol Psychiatry.

22. Stefansson H, Ophoff RA, Steinberg S, et al; Genetic Risk and Outcome 2004;28(4):715-721.
in Psychosis (GROUP). Common variants conferring risk of schizophre- 43. Bresee CJ, Delrahim K, Maddux RE, et al. The effects of cele-
nia. Nature. 2009;460(7256):744-747. coxib augmentation on cytokine levels in schizophrenia. Int J

23. Bechter K, Reiber H, Herzog S, et al. Cerebrospinal fluid analysis in affec- Neuropsychopharmacol. 2006;9(3):343-348.
tive and schizophrenic spectrum disorders: identification of subgroups 44. Tran E, Rouillon F, Loze JY, et al. Cancer mortality in patients with
with immune responses and blood-CSF barrier dysfunction. J Psychiatr schizophrenia: an 11-year prospective cohort study. Cancer. 2009;

Res. 2010;44(5):321-330. 115(15):3555-3562.

24. Riedel M, Strassnig M, Schwarz MJ, et al. COX-2 inhibitors as adjunctive 45. Jin H, Folsom D, Sasaki A, et al. Increased Framingham 10-year risk of
therapy in schizophrenia: rationale for use and evidence to date. CNS coronary heart disease in middle-aged and older patients with psychotic
Drugs. 2005;19(10):805-819. symptoms. Schizophr Res. 2011;125(2-3):295-299.

25. Brooks PM, Day RO. Nonsteroidal antiinflammatory drugs—differences 46. Rothwell PM, Wilson M, Elwin CE, et al. Long-term effect of aspirin
and similarities. N Engl ] Med. 1991;324(24):1716-1725. on colorectal cancer incidence and mortality: 20-year follow-up of five

26. Moher D, Liberati A, Tetzlaff ], et al; PRISMA Group. Preferred reporting randomised trials. Lancet. 2010;376(9754):1741-1750.
items for systematic reviews and meta-analyses: the PRISMA statement. 47. Chakraborti AK, Garg SK, Kumar R, et al. Progress in COX-2 inhibitors:
BM]J. 2009;339:b2535. a journey so far. Curr Med Chem. 2010;17(15):1563-1593.

419 PSYCHTATRIST.COM J Clin Psychiatry 73:4, April'2012



	Table of Contents


