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Abstract

Background. Individuals with schizophrenia have deficits in social cognition that are asso-
ciated with poor functional outcome. Unfortunately, current treatments result in only modest
improvement in social cognition. Oxytocin, a neuropeptide with pro-social effects, has signifi-
cant benefits for social cognition in the general population. However, studies examining the
efficacy of oxytocin in schizophrenia have yielded inconsistent results. One reason for incon-
sistency may be that oxytocin has typically not been combined with psychosocial interven-
tions. It may be necessary for individuals with schizophrenia to receive concurrent
psychosocial treatment while taking oxytocin to have the context needed to make gains in
social cognitive skills.
Methods. The current study tested this hypothesis in a 24-week (48 session) double-blind,
placebo-controlled trial that combined oxytocin and Cognitive-Behavioral Social Skills
Training (CBSST), which included elements from Social Cognition and Interaction
Training (SCIT). Participants included 62 outpatients diagnosed with schizophrenia (placebo
n = 31; oxytocin n = 31) who received 36 IU BID, with supervised administration 45 min prior
to sessions on CBSST group therapy days. Participants completed a battery of measures admi-
nistered at 0, 12, and 24 weeks that assessed social cognition.
Results. CBSST generally failed to enhance social cognition from baseline to end of study, and
there was no additive benefit of oxytocin beyond the effects of CBSST alone.
Conclusions. Findings suggest that combined CBSST and oxytocin had minimal benefit for
social cognition, adding to the growing literature indicating null effects of oxytocin in
multi-dose trials. Methodological and biological factors may contribute to inconsistent results
across studies.

Introduction

Impaired social cognition has consistently been observed in individuals with schizophrenia
who perform approximately one standard deviation below healthy controls across a range
of domains (e.g. theory of mind, social perception, social knowledge, attributional bias, and
emotion processing) (Pinkham et al., 2003; Green et al., 2008). Social cognition impairments
are important treatment targets because they are associated with poor quality of life and func-
tional outcome (Mancuso et al., 2011). Unfortunately, pharmacological, psychosocial, and
social cognitive skills training programs that have targeted social cognition in schizophrenia
have produced modest effects and inconsistent results (Penn and Combs, 2000; Penn et al.,
2007; Horan et al., 2009; Bradley and Woolley, 2017). Alternative treatment approaches are
therefore needed to produce improvements in social cognition that are robust enough to result
in changes in community functioning.

Oxytocin is a pharmacological agent that has received increased attention due to its
apparent promise for enhancing social cognition and functioning in the general population
and individuals diagnosed with a range of psychiatric disorders (Bradley and Woolley, 2017).
This neuropeptide is produced endogenously in the hypothalamus and released into the per-
ipheral circulation, as well as the central nervous system where it binds to receptors in brain
areas integral for social cognition (Churchland and Winkielman, 2012). Several studies have
shown that when oxytocin is administered exogenously via intranasal spray, social cognition
is enhanced in psychiatrically healthy individuals across a number of domains (e.g. facial
emotion recognition, trustworthiness, empathy, and theory of mind) (Guastella and
MacLeod, 2012), potentially achieving its effect by augmenting the activity of areas, such
as the amygdala, medial prefrontal cortex, anterior cingulate, and insula (Adolphs, 2009;
Bethlehem et al., 2013).
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Given promising early results suggesting that oxytocin may
enhance social cognition in healthy individuals and psychiatric
populations (Guastella et al., 2009; Luminet et al., 2011; Guastella
and MacLeod, 2012; Keech et al., 2018), there has been consider-
able interest in examining oxytocin in schizophrenia (Bürkner
et al., 2017). Several studies have evaluated endogenous oxytocin
levels in cerebrospinal fluid and plasma, producing inconsistent
results. Some studies reported that people with schizophrenia
who are polydipsic have lower endogenous oxytocin levels than
healthy controls (Goldman et al., 2008, 2011), other studies
reported higher levels in people with schizophrenia (Beckmann
et al., 1985; Strauss et al., 2015a, 2015b, 2015c), and others report
no group differences (Rubin et al., 2010, 2011, 2013, 2014). Despite
these inconsistencies in mean group differences, lower endogenous
oxytocin levels have been associated with poor social cognition
on a variety of tasks (e.g. social cue perception, facial affect per-
ception, identification of emotional body gestures, and hedonics)
(Rubin et al., 2011; Strauss et al., 2015a, 2015b, 2015c), particularly
among females (Rubin et al., 2011).

Given evidence for the association between endogenous oxyto-
cin abnormalities and social cognitive impairment, several studies
have examined whether exogenously administered oxytocin
enhances social cognition. Studies administering a single dose
of oxytocin via intranasal spray have produced inconsistent
results. Several studies indicate that oxytocin enhances tasks
measuring domains of ‘higher-order’ social cognition (i.e. tasks
requiring inferential processes that incorporates knowledge not
directly present in the stimuli, such as theory of mind) (Davis
et al., 2013; Fischer-Shofty et al., 2013; Woolley et al., 2014,
2017; Guastella et al., 2015), but not lower-level social cognition
(i.e. tasks requiring minimal inferential processes beyond what
is directly presented in the stimulus, such as facial affect labeling)
(Goldman et al., 2011; Davis et al., 2013; Gibson et al., 2014;
Horta de Macedo et al., 2014; Woolley et al., 2014, 2017;
Guastella et al., 2015; Shin et al., 2015; Brambilla et al., 2016)
(see Mancuso et al., 2011). There are inconsistent results, how-
ever, across studies and among individual social cognition tasks
and domains (for a meta-analysis see Bürkner et al., 2017).

Results of multi-dose studies have also been inconsistent.
Pedersen et al. (2011) administered 14 days of oxytocin at 24
IU, two times per day. They found significant improvement on
a theory of mind task, but not a trust task where participants
rated faces for trustworthiness and approachability. Gibson
et al. (2014) administered 24 IUs of oxytocin twice daily over a
6-week period and found that oxytocin enhanced emotion recog-
nition and theory of mind to a greater extent than placebo; how-
ever, improvement on attributional bias was not greater than
placebo. Thus, there is mixed evidence for the efficacy of oxytocin
on social cognition in schizophrenia in both acute challenge and
longer-term multi-dose trials that have examined social cognition.

One reason for inconsistent effectiveness of oxytocin may be
that oxytocin has typically not been administered concurrently
with psychosocial interventions. A relevant metaphor for this
issue involves the use of steroids in sports: athletes may be taking
a drug capable of enhancing their athletic performance, but if they
do not work out concurrently, they will not build muscle and see
tangible gains in their athletic performance. It may be necessary
for individuals with schizophrenia to receive concurrent psycho-
social treatment while taking oxytocin to have the context needed
to make gains in social cognitive skills. An enriched rehabilitation
context may also improve transfer of enhanced social cognition
skills to tangible improvements in community functioning.

Only two studies have examined combined treatment effects.
Davis et al. (2014) administered 6 weeks (12 sessions) of social
cognitive training that targeted facial affect recognition, social
perception, and empathy. Participants received 40 IU of oxytocin
30 min prior to social cognitive training, with the expectation that
oxytocin would enhance learning social cognition skills during ses-
sions. They found that oxytocin enhanced empathic accuracy, but
not facial affect recognition or social perception. Cacciotti-Saija
et al. (2015) combined 6-weeks of social cognition training (two
1 h sessions per week) with oxytocin administered at morning
(12 IU) and night (12 IU), as well as 15 min prior to each weekly
session (24 IU). There was no effect of oxytocin on measures of
emotion recognition, theory of mind, or attributional bias. Thus,
studies combining oxytocin and psychosocial interventions suggest
minimal added benefit of oxytocin beyond social cognitive train-
ing; however, these trials were both brief in duration (6 weeks),
and it may be necessary to administer psychosocial treatment
along with oxytocin for longer periods and in an enriched rehabili-
tation context to observe an effect.

The current study examined the efficacy of combining oxyto-
cin and a longer-term (24 weeks) Cognitive-Behavioral Social
Skills Training (CBSST) (Granholm et al., 2016) group psycho-
social intervention infused with elements of Social Cognition
and Interaction Training (SCIT) (Roberts et al., 2015). Participants
received baseline (0 weeks), mid-point (12 weeks), and end-of-study
(24 weeks) evaluations examining several domains of social cogni-
tion that have been enhanced by oxytocin in prior studies, includ-
ing facial emotion recognition, trustworthiness, empathic accuracy,
and theory of mind. The following hypotheses were made: (1)
CBSST would enhance performance on each of the social cognition
measures relative to baseline, demonstrating efficacy for CBSST on
social cognition; (2) the group receiving CBSST + oxytocin would
demonstrate enhanced social cognition on the empathic accuracy
and trust game, but not facial emotion recognition task and read-
ing mind in the eyes tests that measure emotion recognition relative
to the group receiving CBSST + placebo. Exploratory analyses were
also conducted on eye-tracking data obtained in the facial emotion
recognition task to determine whether oxytocin increased gaze
time to the most informative target regions of the face (eyes and
mouth) to a greater extent than placebo.

Method

Participants

Sixty-two outpatients between the ages of 18 and 55 years, who
met Diagnostic and Statistical Manual of Mental Disorders
(DSM)-IV-TR criteria for schizophrenia or schizoaffective dis-
order, were recruited from two sites: (1) the Maryland Psychiatric
Research Center and (2) the University of California, San Diego
and Veterans Affairs San Diego Healthcare System (see Table 1).
Diagnoses were made using a best estimate diagnostic approach,
which utilized information from the Structured Clinical Interview
for DSM-IV (First et al., 2002), family informants, and medical
records. Enrollment criteria required a minimum level of social
function impairment, defined as a score of ⩾2 on the Scale for
the Assessment of Negative Symptoms (SANS) asociality item
(i.e. a decrease in social interactions with others). All participants
were clinically stable, as defined by no change in medication type
for at least 2 months or dose within the last 1 month. Participants
were excluded if they: (1) met DSM-IV-TR criteria for current
alcohol or substance dependence (except nicotine) within the
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last 6 months; (2) met DSM-IV-TR criteria for alcohol or substance
abuse (except nicotine) within the last month (urine toxicology was
also performed at baseline to rule out recent substance use); (3) met
DSM-IV-TR criteria for mental retardation; (4) had a past history
of polydipsic hyponatremia (defined by sodium levels <130 mmol/
L); (5) had a current sodium level below 135 mmol/L; (6) had
uncontrolled medical conditions; (7) displayed EKG evidence of
cardiac arrhythmias (QTc prolongation: males: ⩾450 ms, females:
⩾470 ms; atrial fibrillation; ventricular of supraventricular tachycar-
dia; or second or third degree A-V Block); and (8) were pregnant
and lactating females.

The University of Maryland School of Medicine and the VA
IRBs approved the study protocol and informed consent proce-
dures. The Clinicaltrials.gov registration was NCT01752712.

Study design

The study consisted of a 2-week Evaluation Phase, a 24-week
Double-Blind Treatment Phase, and a week 36 follow-up evalu-
ation visit. Social cognition tests were administered at baseline,
12-weeks, and 24-weeks. Twelve weeks after the last CBSST session,
a follow-up visit took place where symptom and functional
outcome assessments (but not social cognition measures) were
obtained to evaluate persistence of treatment gains.†1 Participants
were randomly assigned to intranasal oxytocin (36 IU, BID) or pla-
cebo intranasal oxytocin using a permuted block randomization
system. On the CBSST session days, oxytocin was administered
45 min before a session, with direct observation of participant
administration of intranasal oxytocin.2 Medication compliance
was assessed by weight of returned intranasal bottles. All partici-
pants who received 75% or more of their assigned study medication
were considered compliant.

All participants received CBSST, with participants rando-
mized to oxytocin or placebo attending the same therapy

groups. CBSST was delivered in four modules (i.e. Cognitive,
Social, Problem-Solving, and Social-Cognition Skills). Using ele-
ments from the SCIT manual (Roberts et al., 2015), the follow-
ing modifications were made to the standard version of CBSST
(Granholm et al., 2016) to enhance the treatment focus on social
cognition and adherence to oxytocin use: (1) Reminders, motiv-
ational interviewing techniques, self-monitoring, and reinforce-
ment were used to facilitate adherence to oxytocin between
sessions; (2) in the Social Skills module, eye contact, attending to
and labeling facial affect, and expressing facial affect were empha-
sized more extensively in behavioral role plays; (3) in the Cognitive
Skills module, greater emphasis was placed on correcting defeatist
attitudes (e.g. ‘I will be rejected’) and mistakes in thinking (e.g.
jumping to conclusions) that contribute to social avoidance and
paranoia/distrust; and (4) a Social Cognition Skills module was cre-
ated based on SCIT manual sessions, including emotions and
social situations, defining and guessing people’s emotions, suspi-
cious feelings, and jumping to conclusions. The four six-session
modules were repeated, to compensate for cognitive impairment
and to improve sense of mastery and self-efficacy, for a total of
48 sessions. Two sessions were delivered per week over 24 weeks.
A modular rolling admissions approach was used, whereby partici-
pants could enter groups at the start of any new module. All thera-
pists underwent extensive training and fidelity was systematically
assessed throughout the project by JH and EG.

Social cognition measures

Social cognition assessments included: (1) Reading the Mind in
the Eyes Test (RMET) (Baron-Cohen et al., 2001); (2) Empathic
Accuracy Task (EAT) (Zaki et al., 2008); (3) Trust Game (TG)
(Baumgartner et al., 2008; Van’t Wout and Sanfey, 2008); and
(4) Facial Emotion Recognition Test (FERT) (Marsh et al.,
2010). Tasks were selected based on prior studies indicating bene-
ficial effects of exogenous oxytocin administration on these mea-
sures in healthy individuals (Kosfeld et al., 2005; Domes et al.,
2007; Baumgartner et al., 2008; Guastella et al., 2008a, 2008b;
Savaskan et al., 2008; Marsh et al., 2010; Bartz et al., 2011).

(1) (RMET: A computerized version of the RMET was adminis-
tered, which presented participants with 36 black-and-white
facial stimuli depicting just the eyes region of Caucasian
males and females. Four mental state terms accompanied
each stimulus (three foils and one target) and were pre-
sented in the corners of the screen. To facilitate task com-
prehension, the definitions of each mental state term,
which are typically presented in the appendix of the paper
RMET version and provided if participants did not know
the meaning of a word, were presented in smaller font
beneath each mental state term. Participant accuracy served
as the dependent variable.

(2) EAT: Participants used a nine-point rating scale (1: very nega-
tive; 5: neutral; 9: very positive) to continuously rate how
positive or negative another person (referred to as the target)
shown in a video-clip was feeling. The six video clips from the
UCLA version of the task (Kern et al., 2013) were approxi-
mately 2–3 min in length and depicted the target (three
males and three females) recounting a positive (three videos)
or negative (three videos) life experience. The participant’s
ratings were compared to the target’s own continuous ratings
of how they reported feeling during the video-taped segment,
and an empathic accuracy score was derived by calculating

Table 1. Demographic and baseline clinical characteristics

Oxytocin,
n = 31

Placebo,
n = 31

Test
statistic,
p value

Age (years; ±S.D.) 42.8 (8.7) 40.7 (10.2) F = 0.67,
p = 0.42

Gender (n; % male) 18; 58.0 20; 64.5 χ2 = 0.50,
p = 0.78

Race (n; %) χ2 = 11.63,
p = 0.11

Native American 1; 3.2 0; 0

Asian-American 1; 3.2 3; 9.7

African-American 9; 29.0 7; 22.5

Mixed race 0; 0 6; 19.4

Other race 2; 6.5 0; 0

Pacific Islander 1; 3.2 0; 0

Caucasian 17; 54.8 15; 48.4

Chlorpromazine
equivalent dosage

518.8 (492) 531.5
(552)

F = 0.01,
p = 0.93

SANS, Scale for the Assessment of Negative Symptoms; BPRS, Brief Psychiatric Rating Scale;
CDS, Calgary Depression Scale; CGI, Clinical Global Impression.

†The notes appear after the main text.
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time-lagged correlations between the target’s ratings of their
experienced affective state and the participant’s judgment of
the target’s affective state.

(3) TG: Participants were told that they would be playing a com-
puter game with either another person or with a computer.
On each trial, they were given a small sum of money and
told that they could transfer any amount of this money in
$1 increments over to the partner for that round (whom
they were told is either a computer or another person playing
online). If the participant decided to trust their partner then
the amount of money that they decided to transfer was multi-
plied by four and transferred to the partner. They were then
told whether their partner had decided to repay their trust.
When trust was repaid by the partner, the partner sent
back a proportion of the transferred, multiplied amount to
the participant. If the partner did not repay trust, then the
participant was notified of this and told that either no
money was returned back to them by the partner or that
less money than they had initially transferred was returned
back to them. The total amount of money that the participant
received was shown at the end of each trial, and participants
received a portion of that amount at the end of the task. At
the end of the study, participants were debriefed and told
that all partners in the game were the computer, and that
the purpose of the task was to examine trust behavior when
trust is repaid or abused for humans v. computers. Total
amount trusted by the participant served as the primary
dependent variable.

(4) FERT: Emotional and neutral stimuli taken from the Japanese
and Caucasian facial expressions of emotion and neutral faces
(JACFEE and JACNeuF) (Matsumoto and Ekman, 1995). The
stimuli featured one of six basic emotions: anger, disgust, fear,
happiness, sadness, and surprise. Each facial stimulus was
morphed with a neutral expression in 20% increments of
emotion intensity from 20% of the emotion (80% neutral)
to 100% of the emotion (0% neutral). There were a total of
five practice stimuli (one from each emotion condition pre-
sented at 100% intensity; these images were not part of the
experimental stimulus set) and 100 experimental stimuli.
There were 20 stimuli from each emotion condition, includ-
ing five male and five female actors, with four stimuli (one
male, one female each presented twice) at 20, 40, 60, 80,
and 100% intensity levels. All stimuli included Caucasian
actors only. Participants were instructed to identify the facial
emotion as quickly and accurately as possible.

Participant eye movements were recorded monocularly from
the right eye at 2000 Hz using an SR Research Eyelink 1000 desk-
mounted system. A nine-point calibration was used and drift-
correction was performed prior to each trial. Participants were
seated 70 cm from a 19′′ LCD monitor operating at a refresh
rate of 60 Hz, with head positioned in a chin-and-forehead rest
to reduce motion artifacts.

Dependent variables included accuracy per condition, as well
as proportion of fixations within target interest areas (eyes and
mouth) selected based on prior studies (Loughland et al., 2002;
Williams et al., 2003; Guastella et al., 2008a).

Clinical Assessments: Participants also received a battery of clin-
ical assessments. These are reported in a separate paper focused on
social function and symptom outcomes. These measures included:
The Birchwood Social Functioning Scale (BSFS) (Birchwood et al.,
1990), SANS (Andreasen, 1982), Brief Psychiatric Rating Scale

(BPRS) (Ventura et al., 1993), Calgary Depression Scale (CDS)
(Addington et al., 1990), and Clinical Global Impression (CGI)
(Guy, 1976).

Data analysis

Skewness was evaluated for dependent variables on each task.
Moderately skewed variables (0.50–0.99 or −0.50 to −0.99) were
transformed using the square root transformation. These
included: empathic accuracy total score (all videos), empathic
accuracy negative videos, and FERT total accuracy. Substantially
skewed variables (>1.0 or < −1.0) were transformed using the
Log10 transformation. This included: empathic accuracy positive
videos. All other variables were approximately normally distribu-
ted and not transformed.

Primary analyses were then conducted using mixed-models
analysis of covariance (ANCOVA) using baseline performance
as a covariate. Models evaluated main effects of treatment
(CBSST alone, CBSST + oxytocin) and week (12 and 24), as well
as the Treatment ×Week interaction. Analyses were conducted
on each task.

Exploratory analyses were conducted on the FERT data to
explore potential effects on individual emotions and intensity
level. Separate mixed model ANCOVAs were conducted using
FERT accuracy and percent dwell time in target interest areas as
dependent variables to examine fixed effects for Treatment,
Week, Emotion (anger, fear, happiness, sadness, and surprise),
Intensity (20, 40, 60, 80, and 100%), and all relevant two-way,
three-way, and four-way interactions. Baseline performance was
used as a covariate.

Results

Primary analyses

Mixed model ANCOVAs examined fixed effects for Treatment,
Week, and the Treatment ×Week interaction using baseline per-
formance as a covariate (see Fig. 1 and Table 2). There were no
significant main effects or interactions for any task. These find-
ings suggest that CBSST failed to enhance social cognition and
oxytocin failed to have an additive effect beyond CBSST.3

Exploratory analyses

FERT accuracy
The main effects of Emotion and Intensity were significant, as
well as the Emotion × Intensity interaction, reflecting relatively
greater increases in accuracy with higher levels of stimulus inten-
sity for anger and fear than happiness, sadness, or surprise. There
was also a significant Week × Emotion × Intensity interaction
indicating relatively greater gains in fear and sadness with increas-
ing stimulus intensity than other emotions from week 0 to 36. All
other main effects and interactions were non-significant (see
Table 3 and Fig. 2).

FERT eye tracking
The main effect of intensity was significant, suggesting greater gaze
to target areas for higher intensity stimuli. There was also a signifi-
cant Treatment ×Week × Emotion interaction (see Table 3 and
Fig. 2). As depicted in Fig. 2, this interaction reflects greater
dwell time within target interest areas by the oxytocin than placebo
group for happy faces as the duration of treatment increases.
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Separate per protocol analyses were also conducted to evaluate
those who met adherence criteria based on intranasal spray bottle
weights. The analytic approach was identical to the primary and
exploratory analyses. Results paralleled the intent to treat analyses
and the pattern of results did not change for any of the variables
of interest. Chlorpromazine equivalent dosage was not signifi-
cantly correlated with task performance at baseline, end of
study, or change from baseline to end of study.

Discussion

The current study examined the combined effects of oxytocin
and CBSST on social cognition in schizophrenia. Results indi-
cated that oxytocin had no added benefit above CBSST for
enhancing behavioral indices of social cognition on any task.
However, given that CBSST did not enhance social cognition
in the placebo group, the current study represents a negative

trial for social cognition. CBSST has not previously been tested
for social cognition. We expected that the SCIT components
added to the standard group CBSST protocol might lead
CBSST to enhance social cognition. However, the CBSST +
Placebo group showed improvements on only one task (FERT),
as indicated by relatively greater gains in fear and sadness with
increasing stimulus intensity than other emotions from week 0
to 36. The effect size for the FERT performance was comparable
to prior SCIT studies. However, the addition of oxytocin prior to
each group CBSST session had no additional benefit beyond
CBSST alone for enhancing accuracy on discrete emotion condi-
tions of differing intensity levels. Thus, the lack of an additive
effect of oxytocin should be interpreted with caution given
that the expected effect of CBSST on social cognition was not
as prominent as one might expect based on the inclusion of thera-
peutic elements that targeted trust and empathy, in addition to
facial affect perception.

Fig. 1. Social cognition primary outcome results. (a) FERT: Facial Emotion Recognition Test Accuracy; (b) FERT: Facial Emotion recognition Test % Dwell Time in
target Interest Areas; (c) RMET: Reading the Mind in the Eyes; (d) Trust game Amount Trusted to partner; (e) Empathic Accuracy total Score; (f) Empathic Accuracy
Positive Video Score; and (g) Empathic Accuracy Negative Video Score.
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There are several potential explanations for these null effects.
First, CBSST was largely ineffective at enhancing social cognition,
even when SCIT elements were added. The failure to see signifi-
cant improvement in social cognition from CBSST across weeks
suggests that it may not have been an adequate psychosocial inter-
vention to combine with oxytocin for the purposes of enhancing
social cognition. Given the failure to observe an effect of CBSST
on social cognition, it is impossible to conclude whether the ster-
oids in sports metaphor proposed in the introduction contributes
to the null effects found in prior trials that administered oxytocin
without a combined psychosocial treatment. Second, there are
several additional methodological considerations beyond the lim-
ited effect of CBSST on social cognition. It is clear that oxytocin’s
effects are more complex than was originally assumed, and that

many methodological and biological factors influence whether
effects are observed on social cognition tasks (e.g. dosing,
pharmacodynamics, whether oxytocin reaches intended neural
structures, and receptor distribution) (Guastella and MacLeod,
2012; Bakermans-Kranenburg and Van Ijzendoorn, 2013;
Freeman and Young, 2016; Leng and Ludwig, 2016; Quintana
and Woolley, 2016; Quintana et al., 2018). It is possible that sev-
eral of these factors contributed to the null additive effects of oxy-
tocin. To disentangle these potential confounds, future studies
could consider systematically manipulating certain variables. For
example, it will be important to manipulate dose and observe

Table 2. Results for primary social cognition outcomes

df F p Value Cohen’s d

RMET total accuracy

Treatment 1.77 0.51 0.48 0.18

Week 1.77 0.20 0.65 0.12

Treatment × Week 3.77 0.22 0.88 0.12

FERT (total accuracy)

Treatment 1.63 0.01 0.99 0.03

Week 2.63 2.79 0.10 0.43

Treatment × Week 2.63 2.09 0.15 0.37

FERT (all faces %
target dwell time)

Treatment 1.47 0.01 0.98 0.03

Week 1.47 0.02 0.88 0.04

Treatment × Week 1.47 3.34 <0.08 0.47

Trust game amount
offered

Treatment 1.82 0.03 0.86 0.05

Week 1.82 0.01 0.93 0.03

Treatment × Week 1.82 0.11 0.74 0.09

Empathic accuracy
(total)

Treatment 1.73 0.01 0.97 0.03

Week 1.73 0.03 0.87 0.05

Treatment × Week 1.73 0.80 0.37 0.23

Empathic accuracy
(positive)

Treatment 1.75 3.13 0.08 0.46

Week 1.75 0.61 0.44 0.20

Treatment × Week 1.75 0.40 0.53 0.16

Empathic accuracy
(negative)

Treatment 1.67 0.35 0.56 0.15

Week 1.67 0.34 0.57 0.15

Treatment × Week 1.67 0.33 0.57 0.15

RMET, reading the mind in the eyes task; FERT, facial emotion recognition test.

Table 3. Results for secondary social cognition outcomes on the FERT

F p Value Cohen’s d

FERT behavioral

Treatment 0.01 0.95 0.03

Week 2.53 0.12 0.13

Emotion 3.78 <0.01 0.50

Intensity 5.26 <0.001 0.59

Treatment × Week 0.01 0.99 0.03

Treatment × Emotion 0.34 0.85 0.15

Treatment × Intensity 0.26 0.90 0.13

Week × Emotion 0.18 0.95 0.11

Week × Intensity 1.22 0.30 0.29

Emotion × Intensity 4.72 <0.001 0.56

Treatment × Week × Emotion 0.35 0.84 0.15

Treatment × Week × Intensity 0.37 0.83 0.16

Treatment × Emotion × Intensity 1.10 0.33 0.27

Week × Emotion × Intensity 1.64 0.05 0.33

Treatment × Week × Emotion ×
Intensity

0.66 0.74 2.10

FERT eye tracking (% dwell time)

Treatment 0.34 0.56 0.15

Week 0.50 0.61 0.18

Emotion 0.15 0.96 0.10

Intensity 2.89 <0.02 0.40

Treatment × Week 0.20 0.82 0.12

Treatment × Emotion 0.44 0.78 0.17

Treatment × Intensity 0.16 0.96 0.10

Week × Emotion 0.61 0.77 0.20

Week × Intensity 0.90 0.52 0.25

Emotion × Intensity 0.94 0.52 0.25

Treatment × Week × Emotion 2.23 <0.03 0.39

Treatment × Week × Intensity 1.04 0.41 0.26

Treatment × Emotion × Intensity 1.07 0.38 0.27

Week × Emotion × Intensity 0.76 0.83 0.23

Treatment × Week × Emotion ×
Intensity

0.71 0.87 0.22

FERT, facial emotion recognition test.
Significance levels are included in the p Value
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clearance from the cerebrospinal fluid and blood to determine
whether dosing impacts social cognition response. Interactions
between arginine vasopressin and oxytocin should also be exam-
ined since differing doses may impact the relative equilibrium
between these two neuropeptides (Manning et al., 2012). It will
also be important to manipulate time between task and intranasal
spray administration to determine whether pharmacodynamics
have a direct effect on task response. Other person-related clinical
(e.g. symptom severity and antipsychotic dosage), demographic
(e.g. sex and age), and biological (e.g. shape of the nasal cavity
and genetics) factors should also be systematically examined in
large-scale trials (Bradley and Woolley, 2017). Methodological
influences should be considered carefully before ruling oxytocin
in or out as an effective adjunctive pharmacological treatment.

Certain limitations should be considered. First, we did not
obtain peripheral oxytocin levels to evaluate their role in indi-
vidual differences in treatment response or establish an effect
of treatment on changing endogenous oxytocin. This could
have been important given that prior studies have demon-
strated that individual differences in endogenous oxytocin
levels at baseline are a significant predictor of treatment response
(Parker et al., 2017; however, see Lee et al., 2016). Second, we
did not control for antipsychotic treatment, which has been
shown to have important moderating effects on oxytocin treat-
ment response in some studies (Bradley and Woolley, 2017).

Third, although prior studies have made a distinction between
higher-order and lower-level social cognition, not all of our
tasks map cleanly onto those dimensions, making conclusions
about higher- v. lower-level social cognition difficult. Finally,
this was a pilot trial designed as a preliminary test of efficacy.
The study was by design not adequately powered to detect
small and medium effects, such as those observed on the social
cognition tasks.

Notes
1 Social functioning and symptom outcomes were the primary outcome mea-
sures for the trial and will be reporting in a separate paper.
2 Participants were given a chart to help remind them of when to take the
nasal spray in the mornings and evenings of each day, as well as the following
instructions: (1) blow your nose to clear nostrils; (2) close one nostril; (3) tilt
your head forward slightly, keeping the bottle upright, carefully insert the nasal
applicator into the other nostril; (4) start to breathe in through your nose, and
while breathing in press firmly and quickly down once on the applicator to
release the spray. To get a full actuation, use your forefinger and middle finger
to spray while supporting the base of the bottle with your thumb. Avoid spray-
ing in eyes. Breathe gently inward through the nostril; (5) breathe out through
your mouth; (6) wait 15 s and then repeat steps 2–5 in the other nostril; (7)
alternate nostrils waiting 15 s between administrations; (8) the total dose is
three sprays in the morning and three sprays in the evening; and (9) please
bring your empty containers back.

Fig. 2. Exploratory facial emotion recognition
test results. (a) FERT accuracy; (b) placebo %
dwell time in areas of interest; and (c) oxytocin
% dwell time in areas of interest.
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3 Variability among primary social cognition test scores collapsing across
group and week: RMET: S.D. = 0.17, coefficient of variation=27.5%; FERT
Accuracy: S.D. = 0.08, coefficient of variation = 11.8%; FERT % Dwell in
AOI: S.D. = 0.15, coefficient of variation = 45.3%; Trust game: S.D. = 53.4,
coefficient of variation = 38.0%; Empathic Accuracy total: S.D. = 0.16, coeffi-
cient of variation=22.6%; Empathic Accuracy Positive: S.D.=0.28, coefficient
of variation = 21.8%; Empathic Accuracy negative: S.D.=0.18, coefficient of
variation = 28.9%.
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