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Objective: Youth at clinical high risk (CHR) for psychosis
often demonstrate significant negative symptoms, which
have been reported to be predictive of conversion to psy-
chosis and a reduced quality of life but treatment options
for negative symptoms remain inadequate. Therefore, we
conducted a systematic review and network meta-analy-
sis of all intervention studies examining negative symp-
tom outcomes in youth at CHR for psychosis. Method:
The authors searched PsycINFO, Medline, Embase,
CINAHL, and EBM from inception to December 2016.
Studies were selected if they included any intervention
that reported follow-up negative symptoms in youth at
CHR for psychosis. Treatment comparisons were evalu-
ated using both pairwise and network meta-analyses. Due
to the differences in negative symptom scales the effect
sizes were reported as the standardized mean difference
(SMD). Results: Of 3027 citations, 32 studies met our
inclusion criteria, including a total of 2463 CHR par-
ticipants. The null hypothesis was not rejected for any
of the 11 treatments. /N-methyl-D-aspartate-receptor
(NMDAR) modulators trended toward a significant
reduction in negative symptoms compared to placebo
(SMD = —-0.54; 95% CI = —1.09 to 0.02; I* = 0%, P =
.006). In respective order of descending effectiveness as per
the treatment hierarchy, NMIDAR modulators were more
effective than family therapy, need-based interventions,
risperidone, amisulpride, cognitive behavioral therapy,
omega-3, olanzapine, supportive therapy, and integrated
psychological interventions. Conclusions: Efficacy and
effectiveness were not confirmed for any negative symp-
tom treatment. Many studies had small samples and the
majority were not designed to target negative symptoms.
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Introduction

Attenuated psychotic symptoms have been the primary
focus in individuals at clinical high risk (CHR) for psy-
chosis both for meeting inclusion criteria using either
the Structured Interview of Psychosis-Risk Syndromes
(SIPS)! or the Comprehensive Assessment of At-Risk
Mental State (CAARMS)? and for subsequent conver-
sion to a full-blown psychotic disorder.®* Consequently,
CHR individuals with predominantly negative symptoms
and less severe attenuated positive symptoms are not
necessarily perceived as needing treatment.* Thus, inter-
ventional studies examining those at CHR for psychosis
have predominately focused on the prevention of conver-
sion or the reduction of attenuated psychotic symptoms,
while largely ignoring negative symptoms.” However,
evidence suggests that negative symptoms in the CHR
state may provide insight into underlying pathophysio-
logical mechanisms in schizophrenia and lead to effective
interventions.®’

Youth at CHR for psychosis frequently present with
a wide range of negative symptoms such as flat affect,
alogia, anhedonia, avolition, emotional withdrawal, diffi-
culty in abstract thinking, and deterioration in role func-
tioning.® Furthermore, CHR youth often demonstrate
persistent and significant negative symptoms, which have
been reported to be predictive of conversion to a psy-
chotic disorder.>® Moreover, negative symptoms have
been shown to reduce quality of life and impact long-
term outcomes in CHR individuals,'*!” nevertheless they
remain undertreated. In fact, even in schizophrenia, treat-
ment development for negative symptoms has remained
slow.!® There is a clear need for interventions for treating
a range of symptoms in CHR youth,” including nega-
tive symptoms. This has led to renewed interest in under-
standing the determinants of negative symptoms* and
designing interventions to decrease the burden of nega-
tive symptoms in CHR youth.?-*!
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A previous traditional meta-analysis examined the
effects of different interventions on negative symptoms
as a secondary outcome reported in 9 studies in a search
performed in 2011 and only found a difference in nega-
tive symptoms in a single omega-3 trial considered to
be of low quality.>** Since then interventional studies in
CHR samples have increased substantially and are com-
prised of newer approaches such as N-methyl-D-aspartate
receptor (NMDAR) modulator interventions (glycine and
D-serine), cognitive remediation therapy (CRT), and fam-
ily therapy. Our review expands on the previous review,
by including more than a 3-fold increase in interventional
studies and the impact on negative symptoms as a primary
outcome, not only in traditional pairwise meta-analyses,
but in paired pre/post nonrandomized controlled stud-
ies meta-analyses and finally a network meta-analysis
(NMA). The NMA allowed for indirect comparisons
between treatment arms that have not been compared
before (eg, omega-3 to glycine) that used a common com-
parator (eg, placebo). By including additional studies, new
interventions, pre/post interventional studies, and indirect
evidence, the evidence based on negative symptom inter-
ventions in CHR youth will be expanded.

Method

Protocol

This systematic review and NMA was conducted accord-
ing to a prespecified protocol (PROSPERO [International
Prospective Register of Systematic Reviews] number:
CRD42016049319) and reported in accordance with
MOOSE and PRISMA guidelines.?*?¢ PRISMA check-
lists for both pairwise and network meta-analyses are
provided in supplementary material 1.2+%’

Search Strategy

The authors conducted an electronic database search of
PsycINFO, Medline, Embase, CINAHL, and EBM from
inception to December 2016. Full search details are shown
in supplementary material 2. Each reviewer (A.P. and D.D.)
independently performed title and abstract screening, and
the full text of any study considered relevant according to
the selection criteria was retrieved for detailed review. In
addition, a Google Scholar search was conducted using
the key words “psychosis risk” and “treatment” and both
The International Clinical Trials Registry Platform (http://
apps.who.int/trialsearch/) and the Clinicaltrials.gov regis-
try were searched using the terms “psychosis” and “risk.”
Finally, reference lists of included articles were hand-
searched for relevant citations.

Selection Criteria

Two reviewers (A.P. and D.D.) independently assessed the
full text of each potentially relevant study for inclusion.
Studies that met the following eligibility criteria were
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selected: (1) studies including participants at risk of psy-
chosis meeting established criteria for CHR for psycho-
sis, the attenuated psychosis syndrome (APS), the at-risk
mental state (ARMYS), ultra-high-risk (UHR), or schizo-
typy; (2) studies including observational interventions or
experimental treatments; (3) studies reporting follow-up
negative symptom scores reported using the Positive and
Negative Syndrome Scale (PANSS),?® the Scale for the
Assessment of Negative Symptoms (SANS),” the Scale
of Prodromal Symptoms (SOPS),** or the Comprehensive
Assessment of At-Risk Mental States (CAARMS),?
and (4) studies reporting a mean age between 12 and
30. Studies were not excluded based on languages. Case
reports, review articles, editorials, nonintervention stud-
ies, and articles with overlapping datasets were excluded.
Disagreements were resolved by a third author (J.A.).

Data Extraction

All data were extracted in duplicate and included study
characteristics (author, publication year, country, study
design, sample size, and negative symptom scale), partic-
ipant details (number of CHR participants, mean * SD
age, number of males/percent male), and treatment char-
acteristics (intervention, control, treatment duration, and
negative symptom results). The following clinical out-
come data were extracted: (1) mean £ SD negative symp-
tom scores at follow-up and baseline, (2) sample size per
treatment group, and (3) paired pre/post negative symp-
tom scores for nonrandomized controlled studies with
the P or ¢ value of change in negative symptom scores.
If articles only provided confidence intervals or standard
error, an SD was obtained using the methods described
in the Cochrane Handbook.' Additional data were
obtained by contacting corresponding authors, access-
ing ClinicalTrials.gov, obtaining follow-up articles, and
extracting data from graphical format using GraphClick
software.’> Articles published in languages other than
English were translated using the Google Translator
Toolkit.

Risk-of-Bias Assessment

For randomized studies included in the pairwise meta-
analysis, risk of bias was evaluated using the Cochrane
Collaboration’s tool for assessing risk of bias.*! To evalu-
ate the quality of evidence associated with comparisons
in the NMA colored edges (green = low risk, yellow=
unclear risk, red= high risk) according to risk of bias for
blinding of outcome assessments was estimated as the
level of bias in the majority of the trials and weighted
according to the number of studies in each compari-
son. The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach was
use to evaluate the quality of evidence associated with
the results in the NMA and the Newcastle-Ottawa Scale
(NOS) criteria was applied to nonrandomized studies.***
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Quality assessment did not influence the decision to
include studies in the meta-analyses.

Data Synthesis and Analysis

Due to the differences in negative symptom scales the prin-
cipal summary measures used across the majority of meta-
analyses (ie, pairwise, paired nonrandomized controlled
studies, and NMAs) were effect sizes calculated as Hedges
g Hedges g was reported as the standardized mean differ-
ence (SMD) of negative symptom scores at follow-up.*
Glycine and p-serine (herein: NMDAR modulators) are
both amino acids that serve as neuromodulators in the
brain by acting as a coagonist on the NMDAR in com-
bination with glutamate,’**" thus both were combined in
pairwise and network meta-analyses. Treatment as usual,
community care, monitoring, and needs focused inter-
ventions were pooled as need-based interventions in the
meta-analyses due to similarities in design. Finally, due to
expected differences between studies due to study design,
CHR criteria, and the different treatment strategies, all
results were combined using random-effects models.

For the primary analyses, direct treatment effects on
negative symptoms from interventions (eg, 2 studies com-
paring omega-3 to placebo) were combined using a pair-
wise random-effects model by DerSimonian and Laird.*®
If negative symptom scores were rated on the same scale
the pooled mean difference (MD) was reported instead
of the SMD. Thus, the likelihood of a reduction in neg-
ative symptoms in CHR youth who received a similar
intervention was compared to a control. Direct treatment
comparisons and risk of bias were analyzed using Review
Manager 5.%* Paired pre/post nonrandomized controlled
studies (eg, 3 aripiprazole studies reporting paired sam-
ple results) meta-analyses were analyzed using the
Comprehensive Meta-Analysis Software.*® Essentially,
paired sample observations were pooled, thus measuring
negative symptoms before and after receiving an inter-
vention in the absence of a control.*#!

For the secondary analysis, RCTs treatment effects
between individual intervention arms were evaluated using
arandom-effects multivariate NMA (greater details are pro-
vided for the NMA in supplementary material 3) assuming
consistency and a common heterogeneity across all com-
parisons in the network model.** The NMA allowed for
indirect comparisons between treatment arms that have not
been compared before (eg, omega-3 to glycine to antipsy-
chotics) that used a common comparator (eg, placebo) by
integrating direct evidence (eg, an existing study comparing
omega-3 to placebo).* Transitivity is a critical assumption
ina NMA, which assumes that comparisons in the network
model are consistent (similar effect modifiers such as age
across all interventions).**” Simply put, whether it was
equally likely that any CHR youth in the network could
not be contraindicated to any of the treatments in the net-
work,® due to this schizotypy studies were excluded from
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the NMA. Thus, an inconsistency plot assuming loop-spe-
cific heterogeneity was produced to determine what might
be important sources of inconsistency between direct and
indirect evidence.*> In addition, baseline characteristics
(age, CHR criteria) that might modify the treatment effect
were restricted using an a priori inclusion criteria to pre-
vent inconsistencies from being introduced into the model.
Surface under the cumulative ranking curve (SUCRA)
plots were visually inspected to determine the most effec-
tive interventions compared to a superior hypothetical
treatment, the faster a curve approaches one, the more
probable it will be more effective.*** Publication bias was
assessed using a network comparison-adjusted funnel
plot.* Data in the NMA were analyzed using Stata, version
13.1 (StataCorp LP). The graphical toolset in Stata called
“networkplot” was utilized to produce graphical represen-
tations of the network evidence.”

Statistical heterogeneity was quantified using the I* sta-
tistic with an 2 > 50% indicating substantial heterogene-
ity and an I > 75% indicating considerable heterogeneity.
Inter-rater reliability for title and abstract screening was
calculated using the kappa statistic. All SMDs (effect
sizes) with a P < .05 were considered significant and as a
general guide SMDs of 0.2 represented a small effect, 0.5
a medium effect, and 0.8 a large effect.>

Results

Search Yield

The search strategy generated 3027 unique citations; 2767
citations were excluded after reviewing title and abstract.
The study eligibility agreement between reviewers for
abstract and title screening was high (k = 0.91). A total of
260 articles were retrieved for full-text review (figure 1).
Of these, 32 primary studies were eligible for inclusion in
our systematic review of which 22 were included in the
meta-analyses. Reasons for exclusion included outcomes
of interest not reported in the article (» = 118), noninter-
vention study (n = 101), wrong population (rn = 5), and
review paper (n = 4; figure 1). Among the 32 included
studies, 13 were nonrandomized or noncontrolled obser-
vational studies and 19 were RCTs. Additional data for
9 studies was acquired from the corresponding authors.

Study and Participant Characteristics

Characteristics of the 32 studies included in the system-
atic review are outlined in table 1. Of the 32 studies, 15
studies were conducted in North America,’***% 9 in
Europe,*”” 4 in Australia,”®” and 4 in Asia.*** Sixteen
studies measured negative symptoms with the SOPS,
PANSS (N = 10), SANS (N = 5), and the CAARMS
(N = 3). The number of CHR participants ranged from 5
to 304, for a total of 2463 CHR participants. The mean
age was 20.3 years (range = 15.6-27.2 years) and 1348
(54.7%) were male (range = 29-75%).
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PRISMA flow diagram of systematic search and included studies.

Fig. 1. PRISMA flow diagram of systematic search and included studies.

Features of Treatment Interventions and Controls

The mean treatment duration was 26.3 weeks
(range = 4-104 weeks). The nature of the interventions
varied greatly between studies; CRT (N = 6), cogni-
tive behavioral therapy (N = 3), aripiprazole (N = 3),
family-based treatments (N = 3), NMDAR modulators
(N = 3), risperidone (N = 3), omega-3 (N = 3), inte-
grated psychological intervention (N = 2), amisulpride
(N = 1), olanzapine (N = 1), low-dose lithium (N = 1),
ziprasidone (N = 1), perospirone (N = 1), and second
generation antipsychotics (N = 1). The control condi-
tions varied as well; placebo (N = 7), computer games
(N = 95), need-based interventions (N = 5), supportive
therapy (N = 3), community care (N = 2), antipsychotic
short-term exposure patients (N = 1), and combination
therapies (N = 1). Eight studies did not use a control
group. Seven interventions included additional partici-
pants (n = 308) that were not at CHR and consequently
these participants were excluded from the current
analyses.
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Risk-of-Bias Assessment

Quality assessment of RCTs (N = 19) is reported in
figure 2. Most RCTs had a low risk of bias for random
sequence generation (N = 18) and selective reporting
(N = 14). Studies had a high risk of bias for allocation con-
cealment (N = 6), attrition bias (N = 8), and other bias due
to funding (N = 7). Blinding of outcome assessment had an
unclear risk of bias (N = 3) and a high risk of bias (N = 3).
Blinding of participants and personnel had the highest risk
of bias (N = 10). Risk of bias assessment in the NMA plot
(figure 3) for blinding of outcome assessments demonstrated
that 7 had a low risk of bias, 5 had an unclear risk of bias, and
3 had a high risk of bias. Quality assessment for GRADE
and NOS are provided in supplementary material 4.

Publication Bias

Visual inspection of the network comparison-adjusted
funnel plot for symmetry indicated the absence of small
study effects, see supplementary material 5.
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Fig. 2. ( A) Risk of bias graph for RCTs: review authors’ judgments about each risk of bias item presented as percentages across all
included studies. (B) Risk of bias summary: review author’s judgments about each risk of bias item for each included study.

Transitivity

Transitivity can be measured by inconsistency between
direct and several indirect effect estimates using trian-
gular or quadratic loops (eg, 4 treatments compared
within the loop).* The inconsistency plot produced one
quadratic loop which found no significant evidence of
inconsistency between direct and indirect evidence in the
NMA, see supplementary material 5.

Primary and Secondary Outcomes

NMDAR Modulators. Three NMDAR modulator
(glycine and p-serine) interventions reported on nega-
tive symptoms. Two NMDAR modulator (glycine and
D-serine) interventions including 52 participants had suf-
ficient data for meta-analysis (supplementary material 6).
NMDAR modulator interventions were not associated
with a significant reduction in negative symptoms com-
pared to placebo (SMD = —0.54; 95% CI = —1.09 to 0.02;
> =0%; P = .06, supplementary material 6). In the NMA
NMDAR modulators consistently ranked ahead of the
majority of interventions; risperidone (SMD = —0.59;
95% CI = —1.48 to 0.30), olanzapine (SMD = —0.42; 95%
CI = —1.30 to 0.47), amisulpride (SMD = 0.54; 95% CI

—0.57 to 1.65), CBT (SMD = 0.53; 95% CI = —0.46 to
1.52), supportive therapy (SMD = 0.40; 95% CI = —0.50
to 1.31), family therapy (SMD = 0.81; 95% CI = -0.29
to 1.92), need-based interventions (SMD = 0.80; 95% CI
= —0.18 to 1.78), integrated psychological interventions
(SMD = 0.33; 95% CI = =0.72 to 1.37), and omega-3
(SMD = 0.46; 95% CI = —0.25 to 1.17) (figure 4). Lastly,
SUCRA plots of the absolute effects and rank test among
the 11 treatments indicated that NMDAR modulators
ranked higher than the other 10 treatments, but this is
in the context of no statistically supported efficacy com-
pared to placebo (supplementary material 5).

Omega-3. Three omega-3 studies reported on negative
symptoms at 6 and 12 months. Three studies including 375
participants had sufficient data for meta-analysis (sup-
plementary material 6). Omega-3 interventions were not
associated with a significant reduction in negative symp-
toms at 6- or 12-month follow-up compared to placebo
(SMD = -0.26; 95% CI = —0.86 t0 0.35; I> = 86%; P = .40
vs SMD = —0.06; 95% CI = —0.46 to 0.35; > = 63%;
P = .78). In the NMA omega-3 demonstrated small to
medium effects sizes for negative symptom reduction
compared to need-based interventions (SMD = 0.34; 95%
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Omega-3

Needs Based Interventions

NMDAR Modulators

o Olanzapine

Risperidone
Amisulpride
Placebo
CBT

Supportive Therapy

Integrated Psychological Intervention

Family Therapy

/ Computer Games

CRT

Fig. 3. Plot of the negative symptom network. Nodes are weighted according to the number of studies including the respective
interventions. Edges are weighted according to the number of studies including either that treatment or that comparison. Colored
edges(green = low risk, yellow = unclear risk, red = high risk) according to risk of bias for blinding of outcome assessments, estimated as
the level of bias in the majority of the trials and weighted according to the number of studies in each comparison.

CI = —0.48 to 1.15) and family therapy (SMD = 0.35;
95% CI = —=0.61 to 1.31). Omega-3 had no effect com-
pared to risperidone (SMD = —0.13; 95% CI = —0.83 to
0.57), olanzapine (SMD = 0.05; 95% CI = —0.64 to 0.74),
amisulpride (SMD = 0.08; 95% CI = —0.89 to 1.05), CBT
(SMD = 0.07; 95% CI = —0.75 to 0.89), supportive ther-
apy (SMD = -0.06; 95% CI = —0.78 to 0.66), and inte-
grated psychological interventions (SMD = —0.13; 95%
CI =-1.02 to 0.75) (figure 4).

Psychosocial Interventions. Three CBT studies includ-
ing 236 participants had sufficient data for meta-analy-
sis (supplementary material 6). CBT interventions were
not associated with a significant reduction in negative
symptoms compared to controls (SMD = —0.12; 95%
CI=-0.37t00.14; P =0%; P = .37, supplementary mate-
rial 6). In the NMA CBT appears to be more effective at
reducing negative symptoms than need-based interven-
tions (SMD = —0.27; 95% CI = —0.71 to 0.18) and family
therapy (SMD = 0.28; 95% CI = —0.40 to 0.96) (figure 4).

Three family therapy studies reported negative symp-
toms; only 2 studies including 211 participants had
sufficient data for a paired pre/post meta-analysis (sup-
plementary material 6). Family therapy was not associ-
ated with a significant reduction in negative symptoms
but demonstrated a large effect size in the absence of a
control (SMD = —1.17; 95% CI = =3.29 to 0.95; I> = 0%;
P = .28, supplementary material 6). However, in the
NMA family therapy did not appear to be more effective
than any other treatment (figure 4).

Integrated psychological interventions could only
be combined in the NMA due to having only one
available study. Integrated psychological interven-
tions appears to be more effective than need-based
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interventions (SMD = —0.47; 95% CI = —1.27 to 0.33),
family therapy (SMD = 0.49; 95% CI = —0.46 to 1.43),
CBT (SMD = —0.20; 95% CI = —=0.96 to 0.55), amis-
ulpride (SMD= -0.21; 95% CI = —-1.17 to 0.74), and
risperidone (SMD = —0.26; 95% CI = —1.04 to 0.51).
Need-based interventions did not appear to be more
effective than any other treatment (figure 4). Lastly, sup-
portive therapy appears to be more effective than need-
based interventions (SMD = —0.40; 95% CI = —1.01 to
0.22) and family therapy (SMD = 0.49; 95% CI = —0.46
to 1.43) in the NMA.

Antipsychotics. Two risperidone studies (both included
a CBT component) reported on negative symptoms at 6
and 12 months; both studies including 146 participants
had sufficient data for meta-analysis (supplementary
material 6). Risperidone interventions were not associ-
ated with a significant reduction in negative symptoms at
6- or 12-month follow-up (MD = 0.09; 95% CI = —7.63
to 7.81; > = 64%; P = .98 vs MD = 0.41; 95% CI = —4.45
to 5.28; P = 0%; P = .87, supplementary material 0).
Risperidone in the NMA appears to be more effective at
reducing negative symptoms than need-based interven-
tions (SMD = 0.21; 95% CI = —0.33 to 0.74) and family
therapy (SMD = 0.22; 95% CI = —0.52 to 0.96) (figure 4).

Three aripiprazole studies reported on paired pre/post
negative symptoms; all 3 studies including 61 participants
had sufficient data for meta-analysis (supplementary
material ©6). Aripiprazole interventions were associ-
ated with a significant reduction in negative symptoms
(SMD = —-0.66; 95% CI = —1.03 to —0.30; > = 0%; P <
.01, supplementary material 6). Aripiprazole interven-
tions could not be combined in the NMA due to having
no comparable control.



Negative Symptom Interventions in Youth at Risk of Psychosis

Treatment Effect SMD with 95%CI1
RIS vs PLA F - 1 0.07 (—0.56 0.69
VD | e —— : 845 %?‘ﬁ'“o'?o}
OME ) T -0.06 (-0.37.0.24
NBI - - 0.27 (-0.48,1.03
AMI ' y 0.02 {-0.90.0.93
Sor / - i PN
P — Pl — -0.20 E:ﬁoa:oiaa;
FAM * 0.29 (-0.62,1.20)
OLA vs RIS ' *> | -0.18 (-1.05,0.70
NMD ' - ] -0.59 (-1.48.0.30
OME I > q 0,13 (-0.83.0.57
NBI e 0.21 {—0.3-3.0‘743
AMI ' » 1 ~0.05 (-0.80,0.7
CBT e e -0.08 (-0.67,0.55
- ' . - 20.28 (-7:64'0:57
FAM o P i 0.22 (-0.52.0.986)
NMD vs OLA - -0.42 (-1.30,0.47)
e q P— 998 (0:25:9-%8
AMI ' - i 0.13 (-0.98.1.23
Sob P = , .61 (001 0. 6¢
iPi - - - 808 £9:32:0:83)
FAM i - 1 0.40 (-0.70,1.50)
oME vs NMD - - ! , 9as(02s1.17
AMI '  — ' 054 (057,165
S6r : - o 830 0260135
Pl [ - 1 0.33 (-0.72.1.37
FAM ! - i 081 (025182
AN Ve OME ; : r— " oS08 ;'3'33'-"'82
SaL o T ARSI
iPi — - — 895 (9:82:8:58)
FAM ' - i 0.35 (-0.61,1.31)
AMI vs NBI —— -0.26 (-0.78,0.27
CBT —— -0.27 (-0.71,0.18
e it "~ i 8.4 (197,053
FAM ' — 0.01 (-0.50,0.53)
CBT vs AMI ' g -0.01 (-0.69,0.68
SupP < i 20.14 (-0.83.0.67
Pl [ *> ; -0.21 (-1.17.0.74
FAM } + 0.27 (-0.46,1.00)
sSuP vs CBT ———— -0.13 (-0.88.0.42)
A = -0,20 (-0.96,0.55
FAM ' > g 0.28 (-0.40,0.98)
1Pl vs SUP — e -0.08 (-0.59,0.44)
FAM ! - | 0.41 (-0.38.1.21)
FAM vs IPI - 0.49 (-0.46,1.43)

T T T T T T
2 15 -1 -5 0 .5 1

Favours First Treatment

Favours Second Treatment

Fig. 4. Forest plot of the network meta-analysis. PLA, placebo; RIS, risperidone; OLA, olanzapine; NMD, N-methyl-p-aspartate
receptor modulators; OME, omega-3; NBI, need-based interventions; AMI, amisulpride; CBT, cognitive behavioral therapy; SUP,
supportive therapy; IPI, integrated psychological interventions; FAM, family therapy.

Amisulpride and olanzapine could only be combined
in the NMA due to having only one available study
each. Amisulpride appears to be more effective at reduc-
ing negative symptoms than need-based interventions
(SMD = —0.26; 95% CI = —0.78 to 0.27) and family ther-
apy (SMD = 0.27; 95% CI = —0.46 to 1.00). Olanzapine
appears to be more effective than need-based interven-
tions (SMD = 0.38; 95% CI = —0.59 to 1.36) and family
therapy (SMD = 0.40; 95% CI = —0.70 to 1.50) at reduc-
ing negative symptoms.

Cognitive Remediation Therapy. Six CRT studies repor-
ted on negative symptoms; only 3 studies including
154 participants had sufficient data for meta-analysis
(supplementary material 6). CRT interventions were
not associated with a significant reduction in negative

symptoms compared to computer games (SMD = 0.21;
95% CI = =0.12 to 0.53; > = 0%; P = .21, supplementary
material 6). No CRT studies were assessed in the NMA
due to having no comparable intervention, denoted by
having no connecting node in the network plot (figure 3).

Discussion

We compared the effects of NMDAR modulators,
omega-3, antipsychotics, psychosocial interventions,
CRT, need-based interventions, and integrated psycho-
logical interventions in individuals at CHR for psycho-
sis on negative symptoms using pairwise meta-analyses,
paired pre/post meta-analyses, and a NMA. No treat-
ments significantly reduced negative symptoms and in the
NMA all confidence intervals overlapped the null line.
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NMDAR modulators were not significantly better than
placebo but in the NMA emerged more effective than ris-
peridone, olanzapine, omega-3, amisulpride, CBT, sup-
portive therapy, family therapy, need-based interventions,
integrated psychological interventions, and combination
therapies at reducing negative symptoms in CHR youth.
Omega-3 interventions were found to be better than fam-
ily therapy and need-based interventions in the NMA,
but the effect sizes were usually small and were not sig-
nificant compared to placebo in pairwise meta-analysis.
Antipsychotics fared better than need-based interven-
tions and family therapy in the NMA. Aripiprazole pro-
duced a significant reduction in negative symptoms but
in the absence of a control group. Psychosocial interven-
tions (CBT, family therapy, supportive therapy) were not
more efficacious than placebo in reducing negative symp-
toms in both pairwise meta-analyses and the NMA. Both
Omega-3 and risperidone pairwise meta-analyses demon-
strated significant amounts of heterogeneity, however, in
meta-analyses of very few studies such as this the Z may
not be accurate.®

Antipsychotics function primarily to block dopamine
receptors, targeting positive symptoms, but seem to have lit-
tle impact on negative symptoms in CHR youth compared
to placebo.?! However, amisulpride and olanzapine both
showed favorable results at the reduction of negative symp-
toms compared to other interventions such as need-based
interventions and family therapy. An improvement in nega-
tive symptoms has been shown in amisulpride and olanzap-
ine treatment with low-dose amisulpride (50-100 mg/day)
and olanzapine in schizophrenia patients.®>* Finally, none
of the needs based interventions, CBT, and supportive ther-
apy arms targeted negative symptoms in CHR and thus the
results may be merely emphasizing the fact that these inter-
ventions were not designed to reduce negative symptoms.

NMDAR antagonists (phencyclidine and ketamine)
can induce cognitive and behavioral changes compara-
ble to patients with schizophrenia, thus formulating the
NMDAR modulator postulate.?*¥7# In addition to the
results here for NMDAR modulators in CHR youth, there
are mixed results in improving negative symptoms for
those with schizophrenia.®® Only 3 studies on NMDAR
modulators in CHR youth exist to date, all of which
have been pilot studies. Pilot studies represent a founda-
tional step in investigating novel interventions such as
NMDAR modulators. However, the NMDAR modulator
pilot studies should be interpreted with caution as they
require subsequent implementation in larger samples to
determine a precise and meaningful effect size that is gen-
eralizable beyond the inclusion and exclusion criteria of
the respective pilot design.? Moreover, NMDAR modu-
lator studies to date suffer from small sample sizes and the
results of the NMA should be interpreted with caution
until larger trials investigating the impact of NMDAR
modulator in CHR samples emerge. Lastly, glycine and
D-serine are not equally encouraging for the reduction
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of negative symptoms in CHR, which was demonstrated
in the results of the pairwise meta-analysis. Efficacy of
NMDAR modulators has varied, with patients needing
larger doses of glycine while D-serine is tolerated in much
smaller doses.®* Thus, N-acetylcysteine (NAC) may be an
important compound to investigate in CHR in regards to
negative symptoms due to its effects on NMDAR func-
tioning and having a mild side-effect profile.**' Taking
these limitations into account, NMDAR modulators
taken in conjunction with psychosocial interventions and
antipsychotics may prove to be an effective approach to
treating the array of symptoms (eg, positive, negative, dis-
organized) that CHR youth face, nevertheless larger trials
are needed.

Strengths and limitations

This review included 32 interventions with more than
2400 CHR youth. We used a broad and rigorous approach
to identify interventions, extracted outcomes in dupli-
cate, and used sound meta-epidemiological methodology.
Thus, making this review the most comprehensive system-
atic review of negative symptom interventions in CHR
to date. However, our study has several limitations. First,
there is a relative paucity of high-quality literature on
interventions in CHR on negative symptoms. Although
the majority of studies identified were RCTs, a large
amount of attrition occurred, which may have introduced
important biases in the meta-analyses. However, most
RCTs had relatively balanced dropouts across groups and
handled incomplete data with an intention-to-treat anal-
ysis, which may have attenuated attrition bias. Thus, attri-
tion appears to be inherent in CHR samples and not due
to a lack of efficacy in the RCTs. In addition, almost half
of the RCTs had either an unclear or high risk of bias for
blinding of outcome assessments which has been shown
to be associated with an inflated estimate of effects.’
Second, paired pre/post nonrandomized controlled
studies can only establish an association between an inter-
vention and negative symptoms. Therefore, even though
aripiprazole nonrandomized controlled studies showed
a significant decrease in negative symptoms and family
interventions demonstrated a large effect size, neither
results establish causality and should be interpreted with
extreme caution. These studies are plagued with method-
ical problems such as confounders, sampling biases, and
effect modifiers and rated poorly in quality assessments.
Third, the primary outcome for the majority of
interventions was conversion to a psychotic disor-
der, a concomitant of attenuated psychotic symptoms.
Consequently, studies were designed to decrease conver-
sion rates, while negative symptoms were primarily jux-
taposed as a secondary outcome with a battery of other
secondary outcomes (eg, cognition). Indeed, the recent
meta-analysis of 168 RCTs that examined treatment
for negative symptoms in schizophrenia resonates with



our results that almost no studies were designed to tar-
get negative symptoms, nor used the required design for
efficacy. In addition, it was observed that the literature
was inconsistent on persistent negative symptoms, which
was a subject that was not addressed in CHR trials.® The
NIMH-MATRICS consensus on negative symptoms and
amore recent perspective on methodological issues in neg-
ative symptom trials contend that the design of future tri-
als targeting negative symptoms should take into account
a variety of methodical considerations including a co-
primary measure of functional improvement, optimal
duration, investigation into interventions and agents that
could have broad spectrum implications for both positive
and negative symptoms, and addressing the strengths and
weaknesses of available instruments for measuring nega-
tive symptoms.®>*3 Albeit, neither of the abovementioned
perspectives considered CHR participants in their con-
sensus, thus any future consensus on negative symptoms
should include schizophrenia, first episode, and high-risk
researchers. Furthermore, most of the psychosocial treat-
ments did not target negative symptoms failing to include
elements designed to diminish negative symptoms. Thus,
it may very well be that CBT in CHR, without a negative
symptom component, is not effective for negative symp-
tom reduction.

Fourth, we pooled a variety of negative symptom
scales using SMD which may have important implica-
tions when interpreting the current results. The majority
of studies employed the SOPS scale for measuring nega-
tive symptoms in CHR which measures social anhedonia,
avolition, decreased expression of emotion, decreased
experience of emotions and self, decreased ideational
richness, and a deterioration of role function. However,
it does not measure 2 of the 5 core negative symptoms,
alogia and restricted affect, which has been established
by the NIMH consensus. Interestingly, a new scale, the
Prodromal Interview of Negative Symptoms (PINS) has
recently been developed as a result of the consensus con-
ference recommendations.®* To date, however, this scale
has only reported preliminary data on psychometric
properties although plans for further development are
underway.’*

Fifth, the current results cannot disambiguate between
primary negative symptoms (pathophysiological schizo-
phrenia mechanisms) and secondary negative symptoms
(other mechanisms such as depression). CHR youth sam-
ples often have high comorbid rates of depression and
anxiety, which has been shown to be correlated with neg-
ative symptoms such as anhedonia.”® None of the cur-
rent studies utilized methods to reduce the influence of
secondary negative symptoms nor provided a distinction
between the two, which may have confounded the rela-
tionship between negative symptom improvement or lack
of improvement and their respective interventions. To this
point, our analysis cannot amend analytically issues of
pseudospecificity and the current studies have important

Negative Symptom Interventions in Youth at Risk of Psychosis

limitations related to the underreporting of both the per-
sistence of negative symptoms in CHR and transience of
these symptoms.

Lastly, the effect of omega-3 on negative symptoms
in both the pairwise and NMA was strongly influenced
by one small study conducted in 2010, which failed to
be replicated in 2 subsequent studies.®>” Thus, although
omega-3 demonstrated a small effect compared to family
therapy this would primarily be due to the presence of the
2010 study the data. Moreover, all omega-3 confidence
intervals overlapped the null line in the NMA and it was
not significant when compared to placebo in both analy-
ses. Thus, the results of omega-3 should be interpreted
with caution.

Directions for future research

The findings of the current systematic review lead to
2 potential areas for future research. First, NMDAR
modulators (D-serine and glycine) were shown to have
a moderate effect on negative symptoms and merit fur-
ther investigations into other NMDAR modulators
such as p-alanine and sarcosine, which may be effective
early intervention for negative symptoms.” In addition,
NMDAR modulators have shown promising results in
the reduction of positive symptoms in CHR and may
represent a treatment for wider range of symptomatol-
ogy than psychotherapies or antipsychotics.”” However,
larger studies are needed to assess NMDAR modulators
effects on quality of life, long-term outcomes of negative
symptoms, and transition to a psychotic disorder?! as well
as side effects and compliance issues.

Second, aripiprazole nonrandomized controlled stud-
ies produced a moderate effect on negative symptoms in
the absence of a control group. However, one study com-
pared aripiprazole to short-term antipsychotics in sample
of 10 CHR individuals and found no significant differ-
ence between groups.®! Due to the poor study designs and
being significantly under powered, a large randomized
control trial is needed to understand the overall effect of
aripiprazole on negative symptoms compared to controls.

Lastly, due to the pluripotent nature of the CHR state,
those at risk may never develop psychosis, albeit many
still suffer from reduced quality of life and low function-
ing and require evidence-based treatments.”

Conclusions

In conclusion, this review contained information on clin-
ical trials of 11 treatment approaches. Support for effi-
cacy or effectiveness did not reach statistical significance
for any of the treatments. Many of the relevant studies
had small samples and the majority was not designed to
target negative symptoms, thus reducing their clinical
importance with respect to negative symptoms. Future
research should be undertaken in the form of large clini-
cal trials that target negative symptoms in CHR.
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Supplementary Material

Supplementary data are available at Schizophrenia
Bulletin online.
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