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ARTICLE INFO ABSTRACT

Objective: Findings on the efficacy of intranasal oxytocin (IN-OT) in schizophrenia have been inconsistent. This
meta-analysis of double-blind randomized controlled trials (RCTs) examined the efficacy and tolerability of ad-
junctive IN-OT in the treatment of schizophrenia.

Methods: Standardized mean differences or risk ratios (SMDs or RRs) with their 95% confidence intervals (Cls)
were used to synthesize the results of studies included in the meta-analysis.

Results: Ten RCTs (n = 344) with 172 schizophrenia subjects on adjunctive IN-OT [range = 40-80 International
Units (IU)/day] and 172 schizophrenia subjects on adjunctive placebo over 2-16 weeks were included. No signif-
icant differences regarding total psychopathology measured with the total Positive and Negative Syndrome Scale
(PANSS) or the Brief Psychiatric Rating Scale (BPRS) [8 RCTs, n = 203; SMD: —0.08 (95%CIl: —0.53, 0.37),P =
0.74, 12 = 59%] and the positive, negative and general symptom scores [SMD: —0.20 to —0.04 (95%Cl: —0.75,
0.36), P = 0.28 t0 0.78; I* = 0% to 72%] were found between the IN-OT and placebo groups. Similarly, subgroup
analyses for total psychopathology found no group differences. Dose-response effect analyses showed that only
80 IU/day IN-OT had superiority over placebo in improving total psychopathology (P = 0.02) and positive symp-
tom score (P = 0.01). No group differences between adjunctive IN-OT and placebo regarding discontinuation due
to any reason [RR: 1.12 (95%Cl: 0.67, 1.88), P = 0.67, I> = 0%] and adverse drug reactions were found.
Conclusions: Although the meta-analysis did not show a positive effect in general, the higher dose of adjunctive
IN-OT (80 IU/day) appears to be efficacious and safe in improving total psychopathology and positive symptoms
in schizophrenia.
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1. Introduction

Schizophrenia is a severe, chronic, and devastating disorder that
leads to significant suffering as well as psychological, social and cogni-
tive functioning deficits (Heringa et al., 2015). Despite advances in anti-
psychotic (AP) treatment, the response and remission rates in
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schizophrenia remain unsatisfactory (Torrey and Davis, 2012), particu-
larly for patients with persistent negative symptoms and cognitive im-
pairment associated with poor functional outcomes (Fervaha et al.,
2014; Lepage et al., 2014). Therefore, augmentation of APs (Wolff-
Menzler et al., 2010), such as APs polypharmacy (Galling et al., 2017;
Galling et al,, 2016), antidepressants (Helfer et al., 2016), antiepileptics
(Zheng et al.,, 2016; Zheng et al., 2017c), anti-inflammatory drugs
(Xiang et al., 2017; Zheng et al., 2017a), electroconvulsive therapy
(Zheng et al., 2017b) and hormones (Heringa et al., 2015), are widely
used for treatment-resistant schizophrenia.

Hormonal treatment for schizophrenia has been gaining increasing
attention over the past decades (Heringa et al., 2015). Oxytocin, a
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pituitary hormone, is produced by the hypothalamus and secreted by
the posterior pituitary gland (Oya et al., 2016). Apart from its role in par-
turition and lactation, oxytocin also modulates several aspects of social
behaviour (Burkner et al., 2017; Lee et al., 2009). Some studies have
found oxytocinergic dysfunction in schizophrenia (Goldman et al.,
2008). Administration of intranasal oxytocin (IN-OT) was found to im-
prove facial recognition and increase feeling of trust (Ditzen et al.,
2009; Heinrichs et al., 2003; Shahrestani et al., 2013). Oxytocin also
has the potential to regulate central dopamine function and exhibit an-
tipsychotic effects (Feifel et al., 2010). Thus, IN-OT has been proposed as
a potential therapeutic agent for schizophrenia (Heringa et al., 2015).

The effectiveness of IN-OT has been examined in animal schizophre-
nia model (Feifel and Reza, 1999; Shilling and Feifel, 2016), observa-
tional studies (Ota et al., 2017), and non-randomized clinical trials
(Feifel et al., 2013). Findings from randomized controlled trials (RCTs)
(Buchanan et al., 2017; Cacciotti-Saija et al., 2015; Dagani et al., 2016;
Davis et al., 2014; Feifel et al., 2010; Gibson et al., 2014; Jarskog et al.,
2017; Lee et al.,, 2013; Modabbernia et al., 2013; Pedersen et al., 2011)
and meta-analyses (Burkner et al., 2017; Gumley et al., 2014; Heringa
et al,, 2015; Oya et al., 2016; Williams and Burkner, 2017) have been
inconsistent.

The largest meta-analysis (Williams and Burkner, 2017) that exam-
ined the efficacy of adjunctive IN-OT for schizophrenia included 8 RCTs
(n = 238). However, the Williams and Burkner study did not analyze
specific outcome measures (i.e. adverse drug reactions (ADRs) and dis-
continuation rate) and did not include the two double-blind RCTs that
have been recently published (Buchanan et al., 2017; Jarskog et al.,
2017). To update the existing literature on the place of IN-OT in schizo-
phrenia and provide more comprehensive and robust evidence for clin-
ical practice, the present meta-analysis of double-blind RCTs was
conducted to examine the efficacy and tolerability of adjunctive IN-OT
in the treatment of schizophrenia.

2. Methods
2.1. Inclusion criteria

According to the guideline of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement (Moher et al.,
2009), the inclusion criteria of this meta-analysis followed the PICOS
strategy: Participants: adult patients with schizophrenia based on any
diagnostic criteria who were receiving APs. Intervention and Compari-
son: adjunctive IN-OT versus placebo. Cognitive therapies, such as social
cognitive therapy (SCT), were allowed in order to investigate their po-
tential moderating effect as recommended by a recent meta-analysis
(Williams and Burkner, 2017). Outcomes: the primary outcome mea-
sure was efficacy [improvement in total psychopathology measured
with the Positive and Negative Syndrome Scale (PANSS) (Kay et al.,
1987) or the Brief Psychiatric Rating Scale (BPRS) (Overall and
Gorham, 1962) total scores]. The key secondary outcome measures in-
cluded efficacy [positive symptoms, negative symptoms, and general
psychopathology scores measured with the subscales of the PANSS,
the BPRS, and the total scores of the Clinical Assessment Interview for
Negative Symptoms (CAINS) (Kring et al., 2013), the Scale for the As-
sessment of Positive Symptoms (SAPS) (Andreasen, 1984) and/or the
Scale for the Assessment of Negative Symptoms (SANS) (Andreasen,
1983), where appropriate] and safety [any cause discontinuation, and
ADRs]. Study design: double-blind RCTs with data available on efficacy
and/or safety outcomes. Following the methodology of a previous
meta-analysis (Williams and Burkner, 2017), several RCTs that only re-
ported other outcomes (i.e. social cognition) were excluded.

2.2. Search strategy

Relevant studies comparing IN-OT augmentation and placebo were
systematically searched and identified by two independent investigators

(WZ and D-BC) through searching both Chinese (Wanfang Data, Chinese
Journal Net, China Biology Medicine) and English (PubMed, Cochrane Li-
brary databases, and PsycINFO) databases from their inception date to
September 25, 2017. The search strategy followed these key words: (ran-
dom* OR placebo) AND (oxytocin OR pitocin) AND (schizophrenic disor-
der OR disorder, schizophrenic OR schizophrenic disorders OR
schizophrenia OR dementia praecox). Additional eligible RCTs were also
searched by two independent investigators (WZ and D-BC) through scru-
tiny of the reference lists of the primary articles and relevant reviews and
meta-analyses (Burkner et al., 2017; Heringa et al., 2015; Oya et al,, 2016;
Williams and Burkner, 2017).

2.3. Data extraction

Two investigators (D-BC and X-HY) independently evaluated the
identified trials according to the inclusion criteria of this meta-
analysis, and later extracted, checked, and entered their data into the
RevMan software (Version 5.3) (http://www.cochrane.org) (Higgins
and Higgins, 2008). Disagreements were discussed between the investi-
gators and a consensus was reached. When data were not available in an
article, the first/corresponding authors were contacted or the data were
extracted from previous meta-analyses if available (Oya et al., 2016;
Williams and Burkner, 2017). For randomized cross-over studies, the
data on ADRs were extracted from the study endpoint, while the data
on efficacy in the first phase, i.e. prior to the cross-over, of randomized
studies were extracted and analyzed.

2.4. Data synthesis and statistical analyses

The RevMan software (Version 5.3) was used to pool intention-to-
treat (ITT) or observed cases (OC) data using the random effect model
(DerSimonian and Laird, 1986) according to the recommendation of
the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins and Higgins, 2008). ITT was preferred when both ITT and OC
data were available. For continuous data, standardized mean difference
(SMD) was calculated by combining the effect size (Hedges' g) data of
each RCT. For dichotomous data, the risk ratio (RR) with its 95% confi-
dential interval (CI) was estimated. Study heterogeneity was analyzed
using the Chi-square and I? statistics, with Q test P value < 0.1 and I
> 50%, to indicate heterogeneity, respectively (Higgins and Thompson,
2002).

In cases of I? > 50% for total psychopathology, the following 6 sub-
group analyses were conducted to examine the reasons for the hetero-
geneity: 1) Jadad score: >4 versus <4 (using a median split); 2) analyses:
using ITT versus OC data; 3) trial duration: >6 versus <6 weeks (using a
median split); 4) age: >38.4 versus <38.4 years (using a median split);
5) administration interval: every day versus sessional; and 6) cognitive
intervention: SCT versus no SCT. Additionally, a meta-regression analy-
sis was conducted using the Meta-Analyst program (Wallace et al.,
2009) to evaluate the association between the meta-analytic result for
total psychopathology and continuous moderators: 1) baseline PANSS
total score or converted PANSS total score from BPRS total score using
established conversion guidelines (Leucht et al., 2013); 2) baseline pos-
itive symptom score, and 3) baseline negative symptom score. In order
to examine the dose-response effect of IN-OT on total, positive, negative
and general symptom scores, RCTs with the same dose of IN-OT were
pooled separately.

Publication bias of the meta-analytic results for primary outcome
was examined using funnel plots and Egger's test (Egger et al., 1997).
All primary and secondary outcomes were considered significant at
the level of P < 0.05 (two-sided).

2.5. Assessment of study quality

The Jadad scale (Jadad et al., 1996) and the Cochrane risk of bias
(Higgins and Higgins, 2008) were used to measure the quality of
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included studies by two independent investigators (D-BC and X-HY).
The quality was defined as “high” when Jadad score was >3. The two in-
vestigators also independently assessed the overall evidence level of
primary and secondary outcomes using the grading of recommenda-
tions, assessment, development, and evaluation (GRADE) system
(Atkins et al.,, 2004; Balshem et al,, 2011).

3. Results
3.1. Literature search

The PRISMA flow diagram of study search is presented in Fig. 1. A
total of 198 hits were identified, of which finally 10 RCTs (Buchanan
et al,, 2017; Cacciotti-Saija et al., 2015; Dagani et al., 2016; Davis et al.,
2014; Feifel et al., 2010; Gibson et al., 2014; Jarskog et al., 2017; Lee
et al,, 2013; Modabbernia et al., 2013; Pedersen et al., 2011) fulfilled
the study entry criteria and were included for analyses.

3.2. Study, patient and treatment characteristics

In the 10 double-blind RCTs of 2-16 weeks duration (mean =
6.8 weeks; median = 6 weeks), 344 schizophrenia patients were ran-
domized to the IN-OT (n = 172) and placebo (n = 172) groups
(Table 1). The mean age was 37.1 (median = 38.4; range =
21.9-48.0) years, and 81.0% (range = 69.2%-100%) of the patients
were males. Seven of the 10 RCTs were conducted in the USA (n =
220), and one each in Iran (n = 40), Australia (n = 52) and Italy (n

= 32). The mean dose of IN-OT was 51 International Unit (IU)/day
(range = 40-80 IU/day). Baseline AP was risperidone in one RCT (n
= 40) and a variety of AP combinations in the remaining RCTs (n =
304).

3.3. Assessment of study quality

Using the Cochrane risk of bias, random sequence generation and al-
location concealment were rated as low risk in 5 RCTs and 4 RCTs, re-
spectively (Supplemental Fig. 1). Attrition bias (i.e. using ITT analysis)
was rated as low risk in 9 RCTs while other bias was rated as unclear
in all RCTs. The Jadad score ranged from 3 to 5 (mean = 4; median =
4) (Table 1), indicating that all RCTs were rated as high quality (Jadad
score 2 3). The overall evidence level for primary (n = 1) and secondary
(n = 27) outcomes were rated as “low” (7.1%) and “moderate” (92.9%),
respectively using the GRADE approach (Supplemental Table 1).

3.4. Psychotic symptoms

Meta-analyses of total psychopathology [8 RCTs, n = 203; SMD:
—0.08 (95%CI: —0.53,0.37), P = 0.74, I = 59%; Fig. 2] did not show su-
periority of IN-OT over placebo. Similar findings were obtained in all
subgroup analyses (Table 2).

In meta-regression analyses higher baseline positive symptom score
(coefficients = —0.080, P = 0.006, Supplemental Fig. 2) and lower
baseline negative symptom score (coefficients = 0.074, P = 0.007, Sup-
plemental Fig. 3) were significantly associated with superiority of

Individual hits Individual hits Individual hits
in PubMed in PsycINFO in Cochrane
(n=49) (n=41) Library (n=60)

Individual hits in Individual hits Individual hits in
China Biology in Wanfang Chinese Journal
Medicine (n=8) data (n=14) Net (n=26)

A 4 A 4 A 4

A 4 A 4 A 4

Records after duplicates removed (n=142)

A 4

(n=142)

Records screened

Records excluded based on title and
abstract (n=98)

A 4

Full-text articles assessed
for eligibility (n=44)

Full-text articles excluded (n=34):
-Animal trials (n=4)
-Data from the same study (n=4)

A 4

A 4

-Open-label study (n=1)
-Reviews (n=9)

Studies included in
qualitative synthesis (n=10)

-Without available data (n=16)

A 4

Studies included in
quantitative synthesis
(meta-analysis) (n=10 RCTs
with meta-analyzable data)

Fig. 1. PRISMA flow diagram.
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Table 1
Study, patient and treatment characteristics of the studies included in the meta-analysis.
Study Number of Blinding Analyses Trial -Diagnosis Diagnostic -lllness Age?: yrs Sex®: IN-OT: Jadad
(country) patients® duration  -Setting criteria severity® (range) male (%) Dose (IU): score
(wks) -lllness mean
duration® (range)
Buchanan et al., 2017 T: 38 DB ITT 6 -SCZ/SzA DSM-IV-TR ~ -33.3 445 86.1 0 =48 5
(USA) C:21 -Both (BPRS) (18-65) (FD)
.17 -NR
Cacciotti-Saija et al., 2015  T: 52 DB ITT 6 -SCZ/SzA/SzD DSM-IV-TR  -NR 219 69.2 0 =48 3
(Australia)® C:25 -Outpatients -NR (16-35) (FD)
1. 27
Dagani et al., 2016 (Italy) T: 32 DB ITT 16 -SCz DSM-IV -81.1 304 81.3 @ =40 5
C: 16 (crossover)© -NR (PANSS) (18-45) (FD)
I: 16 -3.7 yrs
Davis et al,, 2014 (USA)®  T:27 DB 0oC 6 -SCz DSM-IV -31.0 39.8 100 @ =40 3
C: 14 -Outpatients (BPRS) (NR) (FD)
I: 13 -NR
Feifel et al., 2010 (USA) T: 19 DB ocC 3 -SCz DSM-IV -81.8 48 80.0 2 =80 5
C: 10 (crossover)© -NR (PANSS) (218) (40-80)
I:9 -25.8 yrs
Gibson et al., 2014 (USA)  T: 20¢ DB ocC 6 -SCz DSM-IV-TR ~ -75.5 37.5 78.6 0 =48 3
C:9 -Outpatients (PANSS) (18-55) (FD)
I: 11 -NR
Jarskog et al., 2017 (USA)  T: 68 DB ITT 12 -SCZ/SzA DSM-IV -67.3 39.1 75.8 0 =48 5
C:33 -Outpatients (PANSS) (18-65) (FD)
I: 35 -21yrs
Lee et al,, 2013 (USA) T: 28 DB ITT 3 -SCZ/SzA DSM-IV -35.5 39.6 714 0 =40 3
C:15 -Both (BPRS) (18-60) (FD)
I: 13 -NR
Modabbernia et al., 2013 T: 40 DB ITT 8 -SCzZ DSM-IV-TR  -90.0 32.8 82.5 2 =280 5
(Iran) C:20 -Inpatients (PANSS) (18-50) (40-80)
1: 20 -6.4 yrs
Pedersen et al., 2011 T: 20 DB ITT 2 -SCZ DSM-IV -81.1 37.6 85.0 0 =48 3
(USA) Cc:9 -Both (PANSS) (18-55) (FD)
I: 11 -14.6 yrs

Abbreviations: Both = inpatients and outpatients; BPRS = Brief Psychiatric Rating Scale; C = control; DB = double blind; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders
4th edition; DSM-IV-TR = Diagnostic and Statistical Manual of Mental Disorders 4th edition, Text Revision; FD = fixed dosage; | = intervention; IU = International Units; ITT = intent to
treat; IN-OT = intranasal oxytocin; NR = not report; OC = observed cases; PANSS = Positive and Negative Syndrome Scale; SCZ = schizophrenia; SzA = schizoaffective disorder; SzD =

schizophreniform disorder; T = total; wks = weeks; yrs. = years; @ = mean.
2 Data were extracted based on mean baseline value of each included trials.
" Combined with social cognitive therapy.

¢ Apart from adverse drug reaction data extracted from the study endpoint; other data with only the first randomized study phase were extracted and analyzed.

4" Data were extracted from the prior meta-analysis.

adjunctive IN-OT in improving total psychopathology, but the baseline
PANSS total score (coefficients = —0.023, P = 0.126) did not show
any significant association. Publication bias for total psychopathology
could not be assessed using the funnel plots and Egger's test since the
number of studies was <10 (Sterne et al., 2011).

Meta-analyses of positive, negative, and general psychopathology
symptom scores did not show any group differences [SMD: —0.20 to
—0.04 (95%Cl: —0.75, 0.36), P = 0.28 to 0.78; I> = 0% to 72%; Fig. 2].
Dose-response effect analyses found superiority of IN-OT over placebo
in improving total psychopathology (P = 0.02) and positive symptom
scores (P = 0.01) in studies using 80 IU/day of IN-OT (Table 3).

3.5. ADRs and discontinuation rate

Meta-analysis of ADRs (such as akathisia and dizziness) [RR: 0.23 to
2.02 (95%Cl: 0.03, 7.81), P = 0.17 to 1.00, I> = 0% to 3%; Supplemental
Table 2] and discontinuation due to any reason [RR: 1.12 (95%CI: 0.67,
1.88), P = 0.67, I> = 0%; Supplemental Table 2] did not reveal group
differences.

4. Discussion

In this meta-analysis of 10 RCTs comprising 344 schizophrenia pa-
tients, we found that adjunctive IN-OT (range = 40-80 IU/day) did

not outperform placebo in treating schizophrenia. However, dose-
response effect analyses revealed that adjunctive IN-OT (80 IU/day)
was superior to placebo in the improvement of total psychopathology
(12 = 0%) and positive symptom scores (I> = 28%). All-cause discontin-
uation and ADRs outcomes were similar, which is consistent with the
findings of another meta-analysis (Oya et al., 2016).

The finding that 80 IU/day IN-OT improves total psychopathology
and positive symptoms is partly consistent with another meta-
analysis (Oya et al, 2016) that found that adjunctive IN-OT
(80 IU/day) significantly improved positive and negative symptom
scores. The improvement of positive symptoms may be partly attributed
to the effects of IN-OT on decreasing paranoid ideation and fear, and en-
hancing social interaction, trust and calm and affiliative behaviour.
(Ishak et al., 2011; Lee et al., 2009). Furthermore, IN-OT could signifi-
cantly increase facial expressivity (Woolley et al., 2017) and improve
cognitive function (Ota et al., 2017) in schizophrenia. The slight discrep-
ancy between the present and the Oya et al. (2016) studies could be
partly due to the fact that Oya et al. synthesized both change and end-
point data on psychopathology assessed with different rating scales di-
rectly, which is not recommended by the Cochrane Handbook (Higgins
and Green, 2014).

This meta-analysis involving 10 studies (n = 344) improved upon
(Williams and Burkner, 2017) Bayesian meta-analysis by adding two
more RCTs (Buchanan et al., 2017; Jarskog et al., 2017). The larger
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Std. Mean Difference Std. Mean Difference

Primary and secondary outcomes  Weight IV, Random, 95% ClI IV, Random, 95% CI
2.1 Total psychopathology
Buchanan et al. 2017 14.2% 0.37 [-0.33, 1.07] -1
Dagani et al. 2016 14.2% 0.46 [-0.24, 1.16) 1 "
Davis et al. 2014 12.3% -0.42[-1.26, 0.43) il
Feifel et al. 2010 10.0% -0.39[-1.44, 0.65) *
Gibson et al. 2014 9.4% -0.72[-1.83, 0.38] ¥
Lee etal. 2013 13.1% 0.90[0.11, 1.68) .
Modabbernia et al. 2013 15.0% -0.79[-1.44,-0.15) B
Pedersen et al. 2011 11.8% -0.30[-1.18, 0.59] = g
Subtotal (95% Cl) 100.0% -0.08 [-0.53, 0.37] -
Heterogeneity: Tau? = 0.24; Chi* = 16.91,df = 7 (P = 0.02); I* = 59%
Test for overall effect: Z= 0.34 (P = 0.74)
2.2 Positive symptom score
Buchanan et al. 2017 15.4% 0.54 [-0.17, 1.25] T "
Cacciotti-Saija et al. 2014 17.0% 0.63[0.08, 1.19] -
Dagani et al. 2016 15.5% 0.00 [-0.69, 0.69) T
Feifel et al. 2010 11.9% -0.38[-1.42,0.67] "
Gibson et al. 2014 1.1% -0.89[-2.01, 0.24] v
Modabbernia et al. 2013 15.8% -1.12[-1.80, -0.45) “
Pedersen et al. 2011 13.4% -0.47[-1.37,0.42] w5
Subtotal (95% Cl) 100.0% -0.19 [-0.75, 0.36] g
Heterogeneity: Tau? = 0.39; Chi* = 21.62, df = 6 (P = 0.001); I = 72%
Test for overall effect: Z = 0.68 (P = 0.50)
2.3 Negative symptom score
Buchanan et al. 2017 12.7% -0.26 [-0.96, 0.44] -
Cacciotti-Saija et al. 2014 18.6% -0.22[-0.77,0.32] = =
Dagani et al. 2016 12.0% 0.80[0.07, 1.52] T
Davis et al. 2014 9.3% 0.33[-0.51,1.17) N
Feifel et al. 2010 6.3% -0.47 [-1.52, 0.58] _
Gibson et al. 2014 6.2% 0.02[-1.04, 1.08]
Leeetal. 2013 1.1% -0.56 [-1.32, 0.20] - v |
Modabbernia et al. 2013 15.3% -0.14[-0.76, 0.49) ——
Pedersen et al. 2011 8.5% 0.23 [-0.65, 1.12) [
Subtotal (95% ClI) 100.0% -0.04 [-0.32, 0.24) >
Heterogeneity: Tau? = 0.03; Chi* = 9.60,df =8 (P =0.29); P=17%
Test for overall effect: Z = 0.28 (P = 0.78)
2.4 General symptom score
Dagani et al. 2016 26.9% 0.26 [-0.43, 0.96) I
Feifel et al. 2010 12.2% -0.21[-1.25, 0.83] - 1
Gibson et al. 2014 1.1% -0.57 [-1.65, 0.52] -
Modabbernia et al. 2013 33.2% -0.43[-1.06, 0.20] T
Pedersen et al. 2011 16.7% -0.24 [-1.12, 0.65) -4
Subtotal (95% Cl) 100.0% -0.20 [-0.56, 0.16] -
Heterogeneity: Tau? = 0.00; Chi*=2.67,df=4 (P =0.61); P=0%
Test for overall effect: Z = 1.08 (P = 0.28)

-2 -1 0 1 2

Favours [IN-OT] Favours [placebo]

Fig. 2. Adjunctive intranasal oxytocin for schizophrenia: the forest plot of overall, positive, negative and general symptom scores.

sample size has enabled more sophisticated analyses, especially dose-
response effect analyses, which yielded more comprehensive results
and robust interpretations.

Augmentation with other sex hormones has also been a promising
treatment option for schizophrenia. A recent review that examined es-
trogens (7 RCTs, n = 479), raloxifene (3 RCTs, n = 114), testosterone
(1RCTs, n = 30), dehydroepiandrosterone (4 RCTs, n = 160), and preg-
nenolone (4 RCTs, n = 222) found that estrogens and raloxifene appear
to be effective and safe augmentation strategies in treating women with
schizophrenia (Heringa et al., 2015). However, no head-to-head trials

have compared the efficacy of IN-OT and estrogens/raloxifene in the
treatment of schizophrenia.

There were several limitations to this study. First, the superiority of
80 IU/day IN-OT in improving the total psychopathology (SMD = —0.68)
and positive symptom scores (SMD = —0.86) were only pooled from 2
RCTs, although the corresponding effect sizes were rated as “moderate”
and “large”, respectively (Cohen, 1988). Second, significant heterogeneity
was found in the primary outcome in 8 of the 12 subgroups but not in
the dose-response effect analyses in studies using 80 IU/day IN-OT for the
total psychopathology and positive symptom scores. Third, important
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Table 2

Subgroup analysis of the effect of mediating variables on the “total psychopathology” outcome.

Variables Study (subjects) SMDs (95%CI) 12 (%) P-value for each subgroup P-value across subgroups

1. Jadad score
242 4(119) —0.08 (—0.72,0.57) 66 0.82 0.98
<4 4 (84) —0.09 (—0.82,0.64) 63 0.81

2. Analyses
Using ITT data 5(152) 0.12 (—0.49,0.73) 71 0.70 0.15
Using OC data 3(51) —0.49 (—1.06, 0.08) 0 0.09

3. Trial duration (weeks)
6% 5(140) —0.19 (—0.74,0.37) 61 0.51 0.57
<6 3(63) 0.11 (—0.75,0.97) 63 0.80

4. Age (years)
23847 4(97) 0.16 (—0.54, 0.78) 54 0.60 0.29
<384 4 (106) —0.31(—0.94,0.32) 59 0.33

5. Administration interval
Every day 7 (181) —0.03 (—0.54,047) 63 0.90 0.45
Every session 1(22) —0.42 (—1.26,043) N/A 033

6. Cognitive intervention
SCT 1(22) —0.42 (—1.26,043) N/A 0.33 0.45
Not SCT 7 (181) —0.03 (—0.54,047) 63 0.90

Abbreviations: CI = confidence interval; ITT = intent to treat; IN-OT = intranasal oxytocin; N/A = not applicable; OC = observed cases; SCT = social cognitive therapy; SMDs = standard

mean differences.
2 Analyzed using a median split.

outcome measures, such as neurocognitive functions, were not examined
because the relevant data were not available.

5. Conclusion

Although the meta-analysis of adjunctive IN-OT in general did not show
significant symptomatic improvement in schizophrenia, high dose adjunc-
tive IN-OT (80 IU/day) appears to be efficacious and safe in improving total
psychopathology and positive symptom scores. Further better quality RCTs
of high dose adjunctive IN-OT for schizophrenia are warranted to clarify the
place of IN-OT in the treatment of schizophrenia.
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Variables No of studies (no. of subjects) SMDs (95%CI) 12 (%) P-value for each subgroup P-value across subgroups
Total psychopathology
IN-OT dosage
40 1U/day 3(82) 0.33 (—0.38,1.05) 61 0.36 0.08
48 1U/day 3 (66) —0.11 (—0.74, 0.52) 35 0.73
80 IU/day? 2(55) —0.68 (—1.23, —0.13) 0 0.02
Positive symptom score
IN-OT dosage
40 1U/day 1(32) 0.00 (—0.69, 0.69) N/A 1.00 0.12
48 1U/day 4(118) 0.07 (—0.61, 0.75) 66 0.85
80 IU/day? 2 (55) —0.86 (—1.56, —0.17) 28 0.01
Negative symptom score
IN-OT dosage
40 1U/day 3(82) 0.19 (—0.62, 1.00) 69 0.64 0.70
48 1U/day 4(118) —0.13 (—0.49, 0.24) 0 0.49
80 1U/day? 2 (55) —022 (—0.76,0.31) 0 0.41
General symptom score
IN-OT dosage
40 IU/day 1(32 0.26 (—0.43, 0.96) N/A 0.46 0.31
48 1U/day 2 (34 —0.37 (—1.05,0.32) 0.29
80 IU/day? 2(55 —0.37 (—0.91,0.17) 0 0.18

Bolded p-values: P < 0.05.

Abbreviations: CI = confidence interval; [U = International Units; IN-OT = intranasal oxytocin; N/A = not applicable; SMDs = standard mean differences.

@40 IU/day for first week and 80 IU/day for thereafter.
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