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Oxytocin-Augmented Social Cognitive Skills Training in
Schizophrenia

Michael C Davis1,2, Michael F Green1,2, Junghee Lee1,2, William P Horan1,2, Damla Senturk3,
Angelika D Clarke1,2 and Stephen R Marder*,1,2

1Department of Psychiatry and Biobehavioral Sciences, UCLA Semel Institute for Neuroscience and Human Behavior, Los Angeles, CA, USA;
2VA Desert Pacific Mental Illness Research, Education, and Clinical Center, Los Angeles, CA, USA; 3Department of Biostatistics, UCLA Fielding

School of Public Health, Los Angeles, CA, USA

Impairments in social cognition are common in schizophrenia and predict poor functional outcome. The purpose of this proof-of-concept

randomized, parallel group clinical trial was to assess whether intranasal oxytocin (OT), given before social cognitive training, enhances

learning of social cognitive skills. Twenty seven male outpatients with schizophrenia participated in a 6-week (12 session) training on

social cognitive skills. Training focused on three domains: facial affect recognition, social perception, and empathy. Subjects were

randomly assigned (double blind) to receive either intranasal OTor placebo 30 min before each session. Participants did not receive OT

between sessions or on the day of assessments. We evaluated scores on social-cognition measures, as well as clinical symptoms and

neurocognition, at baseline, 1 week following the final training session, and 1 month later. Our prespecified primary outcome measure

was a social-cognition composite score comprised of five individual measures. There were main effects of time (indicating improvement

across the combined-treatment groups) on the social-cognition composite score at both 1 week and 1 month following completion of

training. Subjects receiving OT demonstrated significantly greater improvements in empathic accuracy than those receiving placebo at

both posttreatment and 1 month follow up. There were no OT-related effects for the other social cognitive tests, clinical symptoms, or

neurocognition. This study provides initial support for the idea that OT enhances the effectiveness of training when administered shortly

before social cognitive training sessions. The effects were most pronounced on empathic accuracy, a high-level social cognitive process

that is not easily improved in current social cognitive remediation programs.

Neuropsychopharmacology (2014) 39, 2070–2077; doi:10.1038/npp.2014.68; published online 9 April 2014

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

INTRODUCTION

Social-cognition—or the cognitive processes that underlie
our social interactions—is commonly impaired in indivi-
duals with schizophrenia (Penn et al, 1997). Among the
processes that are often affected are emotion processing,
social perception, theory of mind/mental state attribution,
and attributional style/bias (Pinkham et al, 2013). These
impairments are important because they are associated with
poorfunctional outcome (Horan et al, 2012). As a result,
recent attention has focused on treatment strategies for
improving social-cognition.

A recent meta-analysis of 19 studies that examined social
cognitive training programs in schizophrenia and related
disorders found moderate to large effects of training on
facial affect recognition (a function of emotion processing),
small to moderate effects on theory of mind, and

insignificant effects on social perception and attributional
style (Kurtz and Richardson, 2012). While training for
improved-facial affect recognition has been repeatedly
found effective (Statucka and Walder, 2013), the results
from training other social cognitive functions have been less
consistent. For example,we found that a program of Social-
Cognition Skills Training (SCST) was effective for improv-
ing facial-affect perception and emotion management but
less effective for improving performance on more complex
domains such as the theory of mind and attributional bias
(Horan et al, 2011b). Considering that the effects of training
interventions are variable—both across subjects and across
social cognitive domains—we wondered whether the
efficacy could be improved with a pharmacological augmen-
tation strategy.

A number of factors led us to select oxytocin (OT) as a
candidate compound for facilitating social cognitive trai-
ning.OT is a peptide that acts as a mediator of pro-social
behavior (Insel and Fernald, 2004). There is evidence that
OT increases the salience of social information (Averbeck,
2010; Prehn et al, 2013); increases the eye gaze toward
eyes on a face (Guastella et al, 2008); selectively improves
empathic accuracy in individuals who are less socially
proficient (Bartz et al, 2010); and improves clinical
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symptoms in schizophrenia (Feifel et al, 2010; Lee et al,
2013; Modabbernia et al, 2013). OT has also been reported to
improve certain social cognitive processes in schizophrenia
(Averbeck et al, 2011; Fischer-Shofty et al, 2013; Goldman
et al, 2011; Pedersen et al, 2011). Accordingly, we recently
found that single doses of OT led to improvement in higher
order inferential processes (Davis et al, 2013), the social-
cognition dimension that generally responds less consis-
tently to training than lower-level cue detection (Horan
et al, 2009).

Our interest in OT in this current study was not on its
direct effects on social cognition, which we did not assess.
Rather, we were interested in whether its pro-social effects
and its effects on the salience of social information would
enhance the effectiveness of a psychosocial intervention,
SCST. Because our goal was to evaluate the effects of OT on
training, it was important to distinguish any direct effects of
OT on social-cognition measures vs effects on learning.
Hence, we administered OT only before each SCST session.
Our evaluations of social cognition, neurocognition, and
clinical psychopathology were administered at least a week
after patients received their final dose of OT. As a result,
improvements in social cognition and other measures could
only be related to learning (augmented by OT) and not to
direct drug effects on the outcome measures. In this proof-of-
concept study, we used a shortened version of SCST
(12 sessions over 6 weeks) that addressed three social
cognitive processes (empathy, social perception, and facial
affect recognition). We assessed outcome measures for each
of these three processes, in addition to measures of other
social cognitive process not specifically trained, at baseline,
1 week after completion of training, and at a 4-week follow up.

MATERIALS AND METHODS

Participants

Subjects included 27 male outpatients who met DSM-IV
criteria for schizophrenia, as confirmed by the Structured-
Clinical Interview for DSM-IV. All of the subjects were
clinically stable on an antipsychotic medication, with no dose
change 410% within 3 months of study entry. Exclusion
criteria included inability to perform informed consent,
history of hyponatremia, or history of epilepsy or traumatic-
brain injury. Subjects were recruited from VA, UCLA, and
community outpatient mental health clinics. After complete
description of the study to the subjects, written-informed
consent was obtained. All procedures were in accordance
with the ethical standards of the Institutional Review Boards
at both UCLA and VA Greater Los Angeles.

Study Design

One week before receiving study drug and beginning
training, subjects received a performance battery of social-
cognition tasks (described below), the MATRICS Consensus
Cognitive Battery (MCCB) (Nuechterlein et al, 2008), and
clinical symptom assessments with the Brief Psychiatric-
Rating Scale (BPRS) (Overall and Gorham, 1962) and the
Clinical-Assessment Interview for Negative Symptoms
(CAINS) (Kring et al, 2013). One week later, subjects began
SCST training in groups that included individuals receiving

OT or placebo. Subjects were randomized to intranasal OT
(40 IU) or a matched placebo within each training group.
Double-blind drug was administered 30 min before the
SCST session and not on any other days. The social-cognition
measures and the MCCB were re-administered at 1 week
and 1 month after the final SCST session. The BPRS and
the CAINS were re-administered at 1 week posttreatment.
Adverse events were monitored by a side effect checklist
and the Columbia Suicide Severity Rating Scale (C-SSRS)
(Posner et al, 2011) which were administered at baseline
and at 1 week and 1 month posttreatment.

Pharmacological Treatment

OT nasal spray (50 IU/ml) and an otherwise-identical placebo
nasal spray were compounded by Inland Compounding
Pharmacy (Loma Linda, CA, USA). Nasal sprays were
prepared in 30-ml multi-use bottles, calibrated to dispense
0.1 ml per puff. Subjects were instructed to spray four puffs
into each nostril, for a total dose of 40 IU OT (or equivalent
volume of placebo spray). This dose was selected based on
previous studies (Davis et al, 2013; Feifel et al, 2010).

Social Cognitive Skills Training

All of the study subjects received SCST that was similar to
the program described in our previous work (Horan et al,
2011a). The program was modified to include only 12
sessions, administered twice a week for 6 weeks. The
training was administered in small group format (6–8
participants per group), and because randomization was
within training groups, all groups included individuals
assigned to both placebo and OT. Training sessions were
conducted by two group leaders who were trained and
supervised by the developer of the intervention. Four of the
sessions focused on interpreting facial expressions and
situation (facial affect recognition); four focused on inter-
preting nonverbal gestures and vocal cues (social percep-
tion); and the final four focused on improving empathic
accuracy. Each session consisted of 10 min of review, 30 min
of training with new material, and 20 min of practice
exercises. The training utilized skill-building techniques
that are commonly used in psychiatric rehabilitation. These
include breaking down complex social cognitive processes
into their components and automating these skills through
repetition and practice.

Social Cognition Measures

We included three social cognition measures that covered
abilities that were a focus of training in the SCST. In addi-
tion, we included two social cognitive measures that were
used to assess generalization to social cognitive domains
not specifically covered in the training.

Measures assessing trained domains. These social-cogni-
tion measures included: facial affect recognition: partici-
pants were asked to identify facial expressions of basic
emotions (happy, sad, angry, afraid, surprised, disgusted, or
neutral) in still digital images from the standardized
stimulus set developed by Ekman (Ekman
and Friesen, 1976). Profile of Nonverbal Sensitivity (PONS):
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the PONS (Rosenthal et al, 1979) is used to assess social
perception. Scenes of this videotape-based measure last 2 s and
contain facial expressions, voice intonations, and/or bodily
gestures of a Caucasian female. The empathic accuracy task: in
this task (Lee et al, 2011), participants watch 12
(six positive and six negative) video clips, each lasting for
2.0–2.5 min. Each clip shows an individual (referred to as a
‘target’) while he/she discusses a positive or negative autobio-
graphical event. For each clip, participants use a 9-point scale
to rate how positive or negative they believe the target is
feeling. The primary dependent measure is the correlation
between participant ratings of the targets’ emotions and the
targets’ ratings of their own emotions, calculated in 2-s time
epochs throughout the clip. The mean correlation across clips
provides an ‘empathic accuracy’ score for each participant.

Additional social cognitive measures. Managing emo-
tions component of Mayer–Salovey–Caruso emotional in-
telligence test (MSCEIT). The MSCEIT (Mayer et al, 2003)
assesses four components (branches) of emotional proces-
sing. This study focused on the Managing Emotions
component, which has two subscales that examine the
regulation of emotions in oneself and in one’s relationships
with others. The Awareness of Social Inference Test (TASIT):
The TASIT (McDonald et al, 2003) is a videotape-based test
of theory of mind in various social contexts. We used only
part three, which assesses the ability to correctly identify
sarcasm or lies.

Statistical Analysis

T-tests and Fisher’s exact tests were used for baseline
comparisons of age, sex, education level, marital status, and
race between treatment groups. Generalized linear-mixed

models (GLMM) with main effects of treatment (placebo
and OT) and time (baseline, end of treatment, and 1-month
follow up), attendance (number of completed training
sessions), treatment by time interactions, and subject level
random intercepts were used to model the longitudinal
trajectories of the outcomes, employing an identity link
(using SAS PROC MIXED). GLMM account for correlations
between repeated measures within subjects and automati-
cally handle missing data, producing unbiased estimates as
long as observations are missing at random. Hence, all
available observations from each subject were utilized in
modeling via the GLMM. In addition to comparing scores
on individual tests, we computed composite scores using
the mean of Z-scores of individual measures (which were
calculated using entire cohort means and SDs at baseline).
These scores were MCCB nonsocial composite (consisting
of all individual MCCB components except for MSCEIT-
Managing Emotions) and social-cognition composite (con-
sisting of PONS, TASIT, facial affect recognition, empathic
accuracy, and MSCEIT-Managing Emotions). The prespe-
cified primary outcome measure of this study was the
social-cognition composite score. Estimates of effect size
(Cohen’s d) were computed using the difference between
the OT and placebo mean changes from baseline to follow
up assessments and the pooled (OTþ placebo) SD of the
change from baseline to follow up assessment.

RESULTS

See Figure 1 for a CONSORT diagram summarizing study
screening, recruitment, randomization, and attrition. Thirteen
patients were randomly assigned to the OT condition and
14 to placebo. There were no significant demographic
differences between the patients assigned to active drug or

Assessed for eligibility (n=40)

Excluded (n=13)
Not meeting inclusion criteria (n=10)

Declined to participate (n=3)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Allocated to pre-session placebo (n=14)
Received allocated intervention (n=11)

Did not receive allocated intervention (n=3: completed 
baseline assessments only)

Lost to follow-up (n=2: 1 absent from multiple sessions 
due to scheduling conflict, 1 did not present for 1 month 
follow-up)

Discontinued intervention (n=1: hospitalized after 9th

session for unrelated reasons)

Allocated to pre-session OT (n=13)
Received allocated intervention (n=13)

Did not receive allocated intervention (n=0)
Allocation

Follow-Up

Randomized (n=27)

Enrollment

Figure 1 CONSORT diagram of participants in pharmacological approach to improve the outcome of social-cognition training.
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placebo (Table 1). The number of subjects taking ant
cholinergic medications (eg, benztropine, trihexyphenidyl,
or diphenhydramine) was similar (3/14 in the placebo
group and 2/13 in the OT group). There was no significant
difference in group session attendance between groups
(mean 8.6 sessions±4.7 SD in the placebo group and mean
9.6 sessions±3.4 SD in the OT group).

Social Cognition

(see Table 2): On our prespecified primary outcome
measure, a social-cognition composite score, we found
significant main effects of time, indicating improvement
across the combined-treatment groups (p¼ 0.03 at 1 week
posttreatment and po0.01 at 1 month). We also found
significant main effects of time on individual measures of
facial affect recognition (po0.0001 at 1 week and 1 month
posttreatment); the MSCEIT Managing Emotions total score
(p¼ 0.01 at 1 week posttreatment and p¼ 0.03 at 1 month);
and the PONS total score (p¼ 0.04 at 1 month posttreat-
ment). On our measure of empathic accuracy we found that
subjects assigned to OT demonstrated significantly greater
improvements than placebo on the total posttreatment
(p¼ 0.03, d¼ 0.92) and at 1 month (p¼ 0.03, d¼ 0.98)
(Figure 2). There were no effects of OT on any other
individual social-cognitive measures or the social-cognition
composite score.

Neurocognition

(see Table 2): We did not find effects of OT on basic neuro-
cognition as measured by the MCCB nonsocial composite
score. There was a main effect of time (across the combined-
treatment groups) on the MCCB nonsocial composite score
between baseline and 1 month follow up (po0.01),
suggesting overall improvement that may have been related
to SCST and/or practice effects.

Clinical Symptoms

Clinical symptoms as measured by the BPRS and the CAINS
(for negative symptoms) did not change significantly from
baseline to posttreatment or 1 month follow up for either
the OT or the placebo-treated patients (Table 3).

Adverse Events

There was one serious adverse event that was determined to
be unrelated to study participation. In this case, the parti-
cipant (who had been randomized to OT) had a recurrence
of methamphetamine use that resulted in a brief psychiatric
hospitalization for psychosis. He recovered fully and
returned to the study groups. The only adverse events
among study participants were occasional complaints about
nasal irritation from the spray. These were equally distri-
buted between OT and placebo patients. There were no
changes in suicidal ideation or behaviors in either group, as
assessed with the C-SSRS.

DISCUSSION

Compared with placebo, intranasal OT administered 30 min
before SCST led to a significantly greater improvement in
empathic accuracy. We are not aware of other psychosocial
or pharmacological interventions that have been found to
improve the acquisition of empathy skills in individuals
with schizophrenia. However, we did not find effects of
OT on our other measures of neurocognition and social
cognition. Empathic accuracy is a high-level social cognitive
skill that involves activation of the mirror neuron system as
well as brain regions involved in mental state attribution
(Zaki et al, 2009). The improvement in empathic accuracy
was seen at the end of the training and after 1 month
following OT administration, indicating that the beneficial
effects were maintained beyond the acute effects of drug.

We found effects of time (all indicating improvement
across the combined-treatment groups) on Ekman facial-
affect recognition, MSCEIT total, and the social-cognition
composite score between baseline and both posttreatment
assessments. The improvement in the social-cognition
measures is consistent with prior reports (Horan et al,
2009, 2011b; Roberts and Penn, 2009) finding similar effects.
We also found time effects on the nonsocial MCCB com-
posite posttreatment, which is consistent with prior study
(Horan et al, 2011b). Though we did not have a control
psychosocial intervention in this study, the time effects are
most likely owing the SCST intervention, given their
consistency with earlier controlled studies. The lack of an
effect of social-cognition training on higher level inferential
measures of social cognition such as theory of mind is also
consistent with studies from the same groups.

There are a number of plausible mechanisms that can
explain OT’s effects on the learning of empathic accuracy. If
patients treated with OT were less distracted by psychotic
thought processes, they could be more attentive participants
in training. This would be supported by previous findings
that regular OT administration can reduce psychotic
symptoms (Feifel et al, 2010). However, we did not find
effects of OT on the learning of lower level social-cognition
skills such as social perception or emotional processing,
which may have occurred if this finding was related to
effects on psychosis. Moreover, our previous study did not
find acute effects of OT on clinical symptoms of schizo-
phrenia (Davis et al, 2013), so improved attention via
decreased psychotic symptoms is unlikely to be the mech-
anism. It is also possible that OT’s effects on learning could
have resulted from nonspecific cognitive-enhancing effects.

Table 1 Demographic Characteristics

Placebo (n¼ 14) Oxytocin (n¼13)

Age 37.0 (10.8) 42.8 (9.1)

Sex (male) 14 13

Personal education (years) 12.0 (0.8) 12.5 (1.7)

Parental education (years) 12.6 (3.4) 14.8 (2.2)

% Never married 86% 85%

% Nonwhite 57% 77%

Numbers represent mean values, with SDs in parentheses. For sex, numbers
represent number of subjects. There were no statistically significant differences
in demographic characteristics between the treatment groups.
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Table 2 Social and Nonsocial Cognitive Assessments

Placebo Oxytocin Effects po0.05

Baseline
mean (SD)

(n¼14)

Posttreatment
mean (SD)

(n¼ 11)

1 month
follow up

mean (SD)
(n¼10)

Baseline
mean (SD)

(n¼13)

Posttreatment
mean (SD)

(n¼11)

1 month
follow up

mean (SD)
(n¼11)

Time
(placebo)

Time
(oxytocin)

Time
(combined

groups)

Oxytocin

PONS Total (of 110) 81.3 (4.4) 83.1 (7.1) 86.4 (6.7) 79.3 (7.2) 79.2 (8.6) 81.6 (5.6) p¼ 0.04
at 1 month

TASIT Total (of 64) 49.5 (6.1) 49.1 (6.4) 51.3 (4.4) 46.1 (6.2) 46.5 (6.5) 47.4 (7.1)

Lie (of 32) 26.2 (3.6) 25.4 (4.7) 27.1 (3.6) 23.6 (3.7) 23.4 (4.4) 24.3 (4)

Sarcasm (of 32) 23.2 (4.8) 23.7 (5.4) 24.2 (4.9) 22.5 (5.3) 23.1 (5.8) 23.1 (6.6)

Facial affect
recognition

Fraction correct 0.75 (0.1) 0.9 (0.1) 0.91 (0.1) 0.78 (0.1) 0.86 (0.1) 0.84 (0.1) po0.0001
posttreatment

and at 1 month

p¼ 0.0003
posttreatment
and p¼ 0.01
at 1 month

po0.0001
posttreatment

and at 1 month

Empathic accuracy Total (r) 0.66 (0.2) 0.64 (0.2) 0.65 (0.1) 0.62 (0.2) 0.71 (0.2) 0.7 (0.2) p¼ 0.03
posttreatment
and at 1 month

MSCEIT managing
emotions

Score (of 150) 82.2 (14) 91 (17) 89.5 (11) 83.6 (15) 86.2 (18) 87.8 (15) p¼ 0.02
posttreatment

p¼ 0.01
posttreatment
and p¼ 0.03
at 1 month

Social-cognition
composite

Z-score 0.035 (0.8) 0.35 (0.8) 0.51 (0.6) � 0.13 (0.8) 0.11 (0.7) 0.29 (0.7) p¼ 0.05
posttreatment

p¼ 0.03
posttreatment
and po0.01
at 1 month

MCCB nonsocial
composite

Z-score � 0.09 (0.6) 0.11 (0.5) 0.41 (0.5) 0.09 (0.8) 0.08 (0.9) 0.16 (1) p¼ 0.004
at 1 month

po0.01
at 1 month

Values in the last four columns indicate statistically significant (po0.05) within-group effects (indicated by placebo or oxytocin), main effects of time (indicated by combined groups) or treatment x-time interactions (in
oxytocin column).
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OT has been reported to improve performance on subtests
of the California Verbal Learning Test (Feifel et al, 2012),
suggesting that chronic OT may improve verbal memory.
Improvement in this basic cognition domain could have led
to improved-content retention in the training setting.
Again, the lack of effect of OT on lower level social
cognitive skills does not support this as a mechanism for
OT’s effects.

There is evidence that OT can have effects on important
social-cognitive functions which may have facilitated
learning. This mechanism is consistent with our recent

finding that single doses of OT acutely improve higher level
social cognitive processes (Davis et al, 2013) as well as a
study that found individuals with schizophrenia showed
improvement in judging intimacy and kinship after
receiving OT (Fischer-Shofty et al, 2013). It is thus plausible
that OT facilitated the learning of social-cognition skills by
increasing the salience of social information. Additional
support for this mechanism includes evidence that men who
were administered a single 24 IU dose of OT recognized
facial expressions at a lower intensity level than those
administered placebo (Prehn et al, 2013), as well as the
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Figure 2 Social-cognitive performance on measures trained by SCST. (a) Empathic-accuracy correlation coefficients, (b) Ekman facial-affect recognition
fraction correct, and (c) Profile of nonverbal sensitivity total scores for each treatment group at baseline, 1 week posttreatment, and 1 month follow up.
*p¼ 0.03 treatment� time interaction. wpo0.0001 main effect of time. zp¼ 0.04 main effect of time. All SDs can be found in Table 2.

Table 3 Clinical Symptom Assessments

Placebo Oxytocin

Baseline mean
(n¼ 14)

SD Posttreatment mean
(n¼11)

SD Baseline mean
(n¼ 13)

SD Posttreatment mean
(n¼11)

SD

CAINS Total 19.1 6.9 17.8 7.1 22.0 10.2 21.1 11.6

Experiential 13.3 5.8 12.5 5.7 16.5 8.1 14.2 9.2

Expressive 5.7 3.1 5.2 3.4 5.4 4.7 6.8 4.5

BPRS Total 33.5 10.6 38.5 13.3 28.3 6.6 33.6 8.9

There were no statistically significant effects of time or treatment� time interactions on any of the assessments below. Clinical assessments were not performed at the
1 month follow up visit.
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finding that OT enhanced pupil dilation in response to
emotional faces, suggesting enhanced attention to social
stimuli (Leknes et al, 2012). A hypothetical neural mechan-
ism by which OT could increase the salience of social
information is by modulating fast-spiking interneurons and
thereby increasing the signal-to-noise ratio, as recently
reported (Owen et al, 2013). It is not clear why OT only
enhanced learning of empathic accuracy in this study and
not facial affect recognition or social perception. This could
be owing to either insufficient power to detect effects on
these processes, or to OT having specific effects on a subset
of neural circuits involved in social cognition.

We selected key outcome domains based on the modules
that were covered in this 12 session version of SCST. The
regular SCST includes 24 sessions and has a module on
theory of mind (specifically on recognizing lie and
sarcasm), but the abbreviated version used in this study
did not. Empathic accuracy relies partially on cognitive
empathy, which is similar to theory of mind (Zaki and
Ochsner, 2011). However, theory of mind was not
specifically trained in the empathy module.

It is important to note that the effects of OT on processing
social information can vary depending on individual
differences among subjects, including baseline abilities.
For example, one study found that the performance-
enhancing effects of OT were only seen in women with a
lower interest in social interaction (Groppe et al, 2013). This
is similar to the finding that OT’s effects on empathic
accuracy were only apparent in less socially-proficient
individuals (Bartz et al, 2010) as well as that OT’s effects
on processing emotional faces were significantly
greater in individuals with lower baseline emotional
sensitivity (Leknes et al, 2012). It thus follows that OT
may facilitate the learning of more complex social skills in
individuals with schizophrenia who are limited in their
ability to learn owing to difficulties in detecting subtle
social signals.

One question that applies to this study, as well as other
intranasal OT-treatment studies, is how long a given dose
exerts its effects. While pharmacokinetic data regarding
intranasal OT is limited, CSF levels of vasopressin
(a nonapeptide similar in size and structure to OT) is
elevated within 15 min of intranasal administration, with
levels still increasing after 75 min (Born et al, 2002).
Additionally, it was recently reported that intranasal
administration of 24 IU OT (a lower dose than that used
in our study) resulted in elevated-plasma OT levels from
15–75 min and elevated-CSF levels at 75 min (with few time
points sampled) (Stripes et al, 2013). Though elevated
compartmental concentrations do not directly indicate
receptor activity, it is reasonable to infer that intranasal
OT was exerting a biological effect during the social-
cognitive skills training sessions.

Important limitations of this study were the small sample
size and our inability to control the possible effects of
OT on clinical psychopathology and neurocognition.
This was a preliminary study and we did not control for
multiple comparisons. Hence, any conclusions from this
study are necessarily tentative. Like any results from a
preliminary study with multiple comparisons, our find-
ings will await replication from larger samples. Impor-
tant strengths include the double-blind design and the

measurement of social cognition at least 1 week after
OT administration. This later advantage suggests that
effects of OT were owing to enhanced learning rather than
OT’s direct effects on social cognition. We also cannot
prove that administering OT twice weekly before training
did not cause a sustained increase in endogenous release.
OT is known to have feed-forward regulatory properties,
and long-term up regulation of endogenous OT systems by
exogenous OT has been reported in rodents (Bowen et al,
2011).

Overall, this study demonstrated the feasibility and
possible therapeutic benefit of administering OT before a
psychosocial intervention targeting social cognition in
individuals with schizophrenia. Improving empathic accu-
racy could help facilitate functional recovery in individuals
with schizophrenia, given the significant associations between
empathic abilities and social competence, functional capacity,
and community functioning (Smith et al, 2013; Smith et al,
2012). These results support further investigation of this
novel use of intranasal OT in schizophrenia as well as other
psychiatric disorders associated with impaired social-
cognitive function.
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