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Abstract

Impairments in social cognition are now recognized as core illness features in psychotic and
affective disorders. Despite the significant disability caused by social cognitive abnormalities,
treatments for this symptom dimension are lacking. Here, we describe the evidence demonstrating
abnormalities in social cognition in schizophrenia, major depressive disorder, and bipolar disorder,
as well as the neurobiology of social cognition including the role of oxytocin. We then review
clinical trials of oxytocin administration in psychotic and affective disorders and the impact of this
agent on social cognition. To date, several studies have demonstrated that oxytocin may improve
social cognition in schizophrenia; too few studies have been conducted in affective disorders to
determine the effect of oxytocin on social cognition in these disorders. Future work is needed to
clarify which aspects of social cognition may be improved with oxytocin treatment in psychotic
and affective disorders.
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Social cognitive abnormalities have recently been recognized as a core feature of mood and
psychatic disorders (Billeke and Aboitiz, 2013; Cusi et al., 2013; Millan and Bales, 2013;
Wolkenstein et al., 2011). Indeed, they are a critical obstacle to recovery and function
(Brune et al., 2007) (Couture et al., 2006; Harvey and Bowie, 2012; Roncone et al., 2002),
may cause more disability than psychosis (Doop and Park, 2009; Hooker and Park, 2002;
Malaspina and Coleman, 2003; Perlick et al., 1992), and are only modestly improved by
currently available medications (Goldberg et al., 2007; Green, 2006; Harvey and Bowie,
2012; Maat et al., 2014; Millan et al., 2014). Moreover, social cognitive impairments persist
during remission (Inoue et al., 2004; Montag et al., 2010) and are present in those with
subclinical symptoms (Cusi et al., 2013) as well as in drug-naive patients (Wang et al.,
2008). Evidence suggests that abnormalities in social cognition may be distinct from broader
cognitive and perceptual deficits known to exist in affective and psychotic disorders (Billeke
and Aboitiz, 2013; Harvey and Bowie, 2012; Lee et al., 2005; Montag et al., 2010).

Intact social cognition is critical for social functioning and interpersonal relationships
(Tomasello et al., 2005). In addition, social cognitive abilities are important for successful
engagement in many psychological interventions (Inoue et al., 2004). Although social
cognitive impairment has been found to persist during periods of remission, there is also
evidence to suggest that this impairment may become wor se as the illness progresses. For
example, social cognition impairment correlates with illness load (i.e., illness duration and
symptom severity) (McKinnon et al., 2010), supporting the need for early intervention. It is
also associated with lower social functioning (Couture et al., 2006; Inoue et al., 2006),
higher disability (Cusi et al., 2013), and poor prognosis. Specifically, alterations in social
cognition are associated with lower social adjustment (Couture et al., 2006) and global
functioning, as well as higher relapse rates (Inoue et al., 2006). As these deficits are known
to persist in the remitted state, patients may still have poor social adjustment due to
impairments in social cognition even during symptomatic remission from affective or
psychotic episodes (Inoue et al., 2004).

Despite the clinical significance of social cognitive impairment, pharmacological treatment
for this core illness feature is not currently available. Several lines of evidence suggest that
the neuropeptide oxytocin may be a potential treatment for social cognitive deficits across
diagnoses (Bakermans-Kranenburg and van, 2013; Gumley et al., 2014). Here, we review
the evidence for social cognitive abnormalities in mood and psychotic disorders as well as
the clinical trials of intranasal oxytocin administration across diagnoses and evaluate the
evidence for improvement of social cognition across disorders.
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1.1. Definitions and Components of Social Cognition

Social cognition may be defined as the “psychological processes that enable individuals to
take advantage of being part of a social group” (Frith, 2008), and it is crucial to maintaining
social relationships (Eisenberg and Miller, 1987). Therefore, it is not surprising that social
cognitive abnormalities are associated with impaired social functioning, and, more broadly,
decreased global functioning and disability. Social cognition can be conceptualized as a
multidimensional construct encompassing different subcomponents which can be broadly
summarized into five areas: theory of mind (ToM), social perception, social knowledge,
emotion recognition and causal attribution style (Green et al., 2008, van Hooren et al., 2008,
Ochsner et al., 2008, Mancuso et al., 2011).

Theory of Mind (ToM), also called mentalization or mentalizing, refers to the ability to
represent others” mental states and to make inferences about others’ intentions. It is a broad
ability which involves the capacity to understand feelings, intentions, beliefs and metaphors
(Bruno et al., 2005), and is closely related to the Research Domain Criteria (RDoC) (Insel et
al., 2010) subconstruct “Understanding Mental States” within the Perception and
Understanding of Others Construct in the Social Processes Domain.

Social perception refers to the ability to infer social roles as well as rules in complex and/or
ambiguous situations from nonverbal and paraverbal social cues (Penn et al., 2002; Toomey
et al., 2002). It also includes the capacity to determine the nature of the relationship between
people such as professional, friendly, or romantic.

Partially overlapping with social perception, social knowledge refers to the awareness of
rules and behaviors that are expected in social situations and/or interactions. Social
perception and social knowledge are closely linked as a correct perception of social rules is
necessary in order to determine what rules to adhere to in different social contexts (Green et
al., 2008).

Emotion recognition indicates the ability to perceive and identify emotion by facial
expression and/or vocal prosody (Edwards et al., 2002). Emotion recognition closely
overlaps with the RDoC (Insel et al., 2010) subconstruct “Reception of Facial
Communication,” within the Social Communication Construct in the Social Processes
Domain.

Attributional Style refers to the tendency of an individual to assign causality to events in his
or her life, including whether this causality is internal or external. Healthy people usually
have a self-serving bias in which they tend to attribute positive events to personal, internal
factors and negative events to external causes (Miller and Ross, 1975).

Although these domains are generally accepted as representing the construct of social
cognition, their boundaries cannot be considered absolute and considerable overlap exists
between them (Green et al., 2008). For example, the concept of empathy, which is
considered to be a component of social cognition, is a complex multidimensional process
that involves both cognitive and affective mechanisms (Achim et al., 2011) and taps into
several of the above mentioned social cognitive domains.
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Overlapping neural structures and systems subserve social cognitive processes. Primary
sensory areas and more specialized structures (e.g. the fusiform face area) are involved in
social perceptual processes (e.g. Sabatinelli et al., 2011). Emotion processing is regulated in
part by the amygdala which, in turn, interacts with the insula and with the anterior cingulate
cortex and the orbitofrontal cortex (e.g. Meyer-Lindenberg and Tost, 2012). Social
attribution processes are partly mediated by the ventral premotor cortex, the superior
temporal sulcus, the amygdala and the insula, whereas ToM abilities are subserved by the
anterior medial prefrontal cortex and the temporoparietal junction (Meyer-Linderberg and
Tost 2012). In addition to these somewhat distinct features, there are many more common
structures and circuits that are involved in each domain of social cognition, and the ways in
which these circuits interact are a focus of much current research.

2. Social Cognition Abnormalities Across Diagnoses

2.1 Social Cognition Abnormalities in Schizophrenia

Neurocognitive impairment characterizes individuals with schizophrenia (SZ) (Heinrichs &
Zakzanis 1998; Fioravanti et al., 2005; Elvevag & Goldeberg, 2000) and it has been
considered a core feature of the disorder since it was first described (Kraepelin, 1921). &Z
patients are characterized by a more prominent level of neurocognitive impairment
compared to other affective psychoses; data showed that differences in neurocognitive
functioning between schizophrenia, schizoaffective and bipolar disorder are largely
guantitative with disorders presenting the same pattern of deficits across neurocognitive
domains that vary only on a quantitative level (Martinez-Aran et al 2002; Reichenberg et al.
2009).

Social cognition has become an area of interest in SZ research only in the last decade, with
an increasing number of studies assessing social cognitive constructs in SZ (Penn et al.,
1997; Green and Leitman, 2008). Meta-analytic studies have shown that social cognition is
impaired in individuals with SZ (Brune, 2005; Hoeckert et al., 2007) and that there is a
direct relationship between social cognition and functional outcome (Couture et al., 2006;
Brune et al., 2007; Fett et al., 2011).

The inclusion of a social cognitive domain as part of the neurocognitive battery developed
for clinical trials in SZ, the Measurement and Treatment Research to Improve Cognition in
Schizophrenia (MATRICS) (Nuechterlein et al., 2004), confirms the importance of social
cognition as a crucial aspect to be considered in clinical and research settings. Moreover, the
CNTRICS (Cognitive Neuroscience Treatment Research to Improve Cognition in
Schizophrenia) initiative has identified the development of social cognition measurement
paradigms that are translatable across animals and humans as one of its top priorities (Millan
and Bales, 2013).

The majority of studies in SZ have been conducted on three of the social cognition domains
described above: theory of mind (ToM), emotion perception/recognition and attributional
style (Penn et al., 2008).
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Theory of Mind (ToM)—Meta-analytic studies have reported large effect sizes when
comparing the performance of SZ patients with healthy controls (Sprong et al., 2007; Bora
et al., 2009). Specifically, Bora and colleagues (2009) reported large effect sizes (Cohen’s d
= 0.9 — 1.08). When the analysis was restricted to remitted patients a moderate to large effect
size (d = 0.69 — 0.80) remained. Data on ToM in first episode SZ patients demonstrates that
deficits exist and are comparable to those present in chronic SZ samples (Bertrand et al.,
2007; Kettle et al., 2008; Green et al., 2012; Koelkbeck et al., 2010). Green and colleagues
(2012), in their cross-sectional study examining ToM across different phases of the illness
(prodromal, first episode and chronic), found that deficits were present and comparable
across all three phases and with no evidence of either progression or improvement that was
dependent upon illness phase.

Findings are still mixed regarding whether ToM deficits are trait- or state-related. Although
meta-analyses (Sprong et al., 2007; Bora et al., 2009) haven shown that impairments are
present during symptom remission, thus supporting a state-independent hypothesis, some
studies have shown that performance is worse during acute phases of the illness (Drury et
al., 1998; Corcoran 2003) and particularly in relation to specific illness features such as
negative symptoms (Corcoran et al., 1995; Mitchley et al., 1998) and disorganization
(Sarfati et al., 1999; Mazza et al., 2001). A recent meta-analysis showed that both negative
symptoms and disorganization are moderately associated with social cognition (Pearson
correlations ranged between —0.2 and —0.3 for disorganization and negative symptoms)
(Ventura et al., 2011). Correlations between dimensional psychosis proneness/schizotypy
and ToM impairments (Fyfe et al., 2008; Gooding and Pflum, 2011; Pflum et al., 2013), as
well as the presence of social cognitive abnormalities in patients with schizotypal
personality disorder (Ripoll et al., 2013) (a non-psychotic disorder within the schizophrenia
spectrum), also support the trait-like, clinical state-independent nature of social cognition
deficits. Taken together, it may be that baseline social cognitive deficits are present during
remission but that they worsen during acute psychotic episodes.

Emotion recognition—It has been shown that patients with SZ demonstrate striking
impairments in emotion recognition compared to healthy controls as well as to patients with
other psychiatric disorders (Gaebel and Wolwer, 1992; Addington and Addington, 1998;
Chan et al., 2010; Kohler et al., 2010). It has also been reported that emotion recognition
abnormalities are associated with both positive (Shea et al., 2007) and negative symptoms
(Chan et al., 2010). Results from a recent meta-analysis (Tseng et al., 2013) show that the
association between symptoms and the recognition of certain emotions appears to be
specific; in particular, these authors reported an inverse correlation between the ability to
recognize the vocal presentation of happiness and the severity of psychotic symptoms.
Evidence suggests that emotion recognition is negatively associated with negative
symptoms, particularly among negative emotions; ‘fear’ seems to be the most difficult to be
identified (Edwards et al., 2001; Tseng et al., 2013). Abnormalities in emotional prosody
recognition were found to be associated with worse cognitive functioning (Bozikas et al.,
2004) and with more severe positive symptoms (i.e. auditory hallucinations) (Shea et al.,
2007). Data also show that emotion recognition deficits are present in subjects at high-risk
for Sz, as well as during the prodromal phase and early onset of the illness (Addington et
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al., 2012; Edwards et al., 2001; Pinkham et al., 2007; Amminger et al., 2012). Amminger
and colleagues (2012) found that first episode patients and subjects at high-risk for SZ
demonstrated deficits in emotion recognition. In particular, participants in both groups had
difficulty identifying negative emotions, such as fear and sadness, in faces and were
impaired in detecting anger in voices. Longitudinal studies show that both acute and
remitted SZ patients demonstrate deficits in facial affect recognition (Wolwer et al., 1996;
Addington et al., 2012). Finally, there is evidence that abnormal (restricted) visual scanpaths
to faces and facial expressions can be involved in deficits in emotional recognition; data
suggest that patients with SZ spend less time looking at the eyes and mouth, which are
critical areas for inferring emotions (Streit et al., 1997; Loughland et al., 2002).

Attributional Style—Research on attributional style in SZ has mainly focused on
paranoid SZ patients. The evidence suggests that, in general, SZ patients are characterized
by an exaggerated self-serving bias (Kaney and Bentall, 1989; Garety and Freeman, 1999)
which may serve to preserve their self-esteem (Bentall et al., 2001; Penn et al., 2008). This
exaggerated bias may be state-related, as it has been most strongly demonstrated in the
context of paranoid delusions (Akre et al., 2009; Lincoln et al., 2010) and it does not appear
to be evident in subjects at high-risk for psychosis (DeVylder et al., 2013). Nevertheless,
this bias does appear to be present even in the first episode of psychosis, where it was found
to be associated with more severe suspiciousness (Krstev et al., 1999).

2.2. Social Cognition Abnormalities in Depression

Although less well studied than social cognition in schizophrenia, a wealth of evidence
suggests that patients experiencing significant depressive symptoms also demonstrate
impairments in social cognition (Ladegaard et al., 2013; Wolkenstein et al., 2011). The
majority of the research in social cognition in unipolar depression conducted to date has
focused on ToM deficits, with an emphasis on empathy, as well as facial emotion
perception/recognition and attributional style.

Empathy—Several studies have used the Interpersonal Reactivity Index (Davis, 1983) to
assess empathy in clinical and subclinical depression. This self-report measure quantifies the
degree to which one tends to feel empathically concerned (i.e., a general feeling of
compassion for those who are helpless or less fortunate) and empathically distressed (i.e.,
feeling upset when specific negative events happen to others). A recent meta-analysis
reported a significant effect size for empathic distress but not empathic concern in samples
experiencing major depressive disorder (MDD) compared to controls; that is, depression
was associated with an increased level of empathic distress but no differences were found in
the level of empathic concern (Schreiter et al., 2013). However, an association between
depression and a decreased ability to tolerate negative events such as emergencies or
tragedies, even if one is not directly involved, may not reflect an alteration in social
cognition, per se. The lack of a difference in empathic concern is perhaps more surprising
and suggests that alterations in social cognition in depression may be related to other facets
of this construct.
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Emotion Recognition/Perception—The majority of studies that have assessed emotion
recognition in major depressive disorder have found that patients are impaired relative to
healthy samples (Kohler et al., 2011). For example, Leppénen et al., (2004) compared
depressed patients with matched controls and tested their ability to identify happy, sad, or
neutral faces. Both depressed patients and healthy controls accurately identified happy and
sad faces, but the depressed participants were less accurate and slower when presented with
the neutral faces. Similar deficits have been reported in studies of depressed samples
performing emotion discrimination tasks (Bourke et al., 2010). Gollan et al., (2008) found
depressed patients rated neutral faces as sad and had a longer reaction time for sad faces
when compared to healthy controls. A recent meta-analysis of facial emotion perception in
major depressive disorder and bipolar disorder reported a moderate effect size for
impairment across the two disorders, with no statistically significant difference in effect size
between emotion identification or discrimination tasks and no difference between depression
and bipolar disorder (Kohler et al., 2011).

Theory of Mind (ToM)—The Reading the Mind in the Eyes Test (RMET; Baron-Cohen et
al., 2001) has frequently been used to assess ToM, although the distinction between ToM
and emotion recognition/perception when assessed using this measure is unclear. Results in
depression using this task have been mixed; several groups have reported impairments in
depressed samples relative to controls (Lee et al., 2005; Wang et al., 2008), whereas others
have not (Wolkenstein et al., 2011). Wang and colleagues (2008) compared performance on
the RMET in depressed patients with and without psychotic symptoms and found that there
were no differences in performance between the groups, although both depressed groups
were impaired relative to controls. Kettle and colleagues (2008) reported that depressed
patients were impaired on the RMET compared to a sample of university students but they
showed no differences in performance when compared with demographically matched
community controls, suggesting that deficits in ToM as assessed by this measure are likely
to be subtle in MDD.

Social Perception and Knowledge—Several other groups have examined so-called
“higher order” social cognitive functioning in depression; the focus of these studies has been
on skills such as humor appreciation, the ability to detect a social faux pas, and the capacity
to understand implied and subtle social cues. The evidence to date suggests that patients
with current MDD tend to demonstrate impairments on such tasks (Ladegaard et al., 2014).
Uekermann and colleagues (2008) reported that patients with MDD performed less well than
controls on a task measuring humor understanding and appreciation, and found that deficits
on this humor task were significantly associated with deficits in executive functioning. A
similar study found that patients with MDD were impaired on a test of faux pas detection,
and that depressed patients with psychotic features performed worse than both controls and
depressed patients without psychotic features (Wang et al., 2008). Two studies have tested
patients with MDD using the Movie for the Assessment of Social Cognition (MASC;
Dzobiek et al., 2006). This task measures mentalizing capacity and social perception and
knowledge by requiring participants to watch a short video featuring several actors in social
interactions and then to answer questions based on what they have seen. Wilbertz and
colleagues (2010) did not find any differences on MASC performance between 16 depressed
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patients and 16 controls; a more recent study of acutely depressed patients reported that they
were impaired on this task compared to controls (Wolkenstein et al., 2011), suggesting that
current symptom severity may be related to social cognitive impairment. Most recently,
Ladegaard and colleagues (2014) conducted a comprehensive study of higher order social
cognition in medication-naive patients experiencing their first major depressive episode.
Results indicated that the depressed patients were significantly impaired across all tasks
compared to controls; moreover, these performance differences remained after controlling
for non-social neurocognitive impairment.

Attributional Style—Decades of research have generally supported the notion that
individuals with MDD are more likely to have an attributional style in which negative events
are interpreted as due to internal, stable, and global factors (Alloy et al., 1992; Sweeney et
al., 1986). Recent work suggests that acutely depressed patients demonstrate the most
severely depressed attributional style, but that remitted patients tend to persist in attributing
negative events to personal factors more than participants who have never been depressed
(Ball et al., 2008). These data suggest that a depressive attributional style is both state- and
trait-like, becoming less prominent in the remitted state and more severe during acute mood
episodes.

Although it is very likely that social cognitive impairments are implicated in decreased
social functioning in affective disorders, the direct connection between social cognition and
psychosocial outcomes has rarely been tested (Van Rheenan et al., 2014). Nevertheless, it is
clear that social functioning is seriously impaired in patients with MDD (Hirschfeld et al.,
2000) and bipolar disorder (Miklowitz, 2011). By targeting social cognition deficits directly,
it may be possible to decrease affective symptoms as well as improve psychosocial
functioning.

2.3. Social Cognition Abnormalities in Bipolar Disorder

Unlike the majority of the studies assessing social cognition in MDD, many social cognition
studies in bipolar disorder (BD) have tested participants during euthymia. Assuch, itis
difficult to determine whether social cognition is differentially impaired between BD and
MDD. The evidence to date suggests that, even in the absence of frank mood symptoms,
many patients with BD tend to demonstrate subtle yet persistent deficits in social cognition
(Samamé et al., 2012). As with the studies in depression, the focus of social cognition
investigations in BD has been on emaotion recognition/perception and ToM, with fewer
studies examining social knowledge and perception.

Emotion Recognition/Perception—A recent meta-analysis of social cognition studies
in euthymic BD reported a small but significant effect size (d = .35) for impairments in
facial emotion perception (Samamé et al., 2012); this is in line with a previous meta-analysis
that reported similar results (Kohler et al., 2011). There were no significant differences for
the effect sizes between any of the six most commonly presented emotions in these tasks
(happiness, fear, disgust, anger, sadness, and surprise) (Samamé et al., 2012). The relatively
small number of studies and the large degree of heterogeneity within and across studies
makes it difficult to draw firm conclusions regarding this potential impairment. Moreover,
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very few studies controlled for more general, non-social neurocognitive impairment. In fact,
one study reported that the differences in facial emotion recognition between patients and
controls were not statistically significant after general neurocognitive impairments were
controlled for (Martino et al., 2011). Another study that reported differences in facial
emotion perception reported that deficits in the patient group were correlated with more
broad neuropsychological deficits (Bora et al., 2005), again suggesting that this impairment
may not be particularly social in nature but rather a more general cognitive impairment. In
addition, mood state is likely to affect facial emotion perception; it appears that manic
patients demonstrate deficits in this area relative to both controls and euthymic patients
(Lembke et al., 2002).

Theory of Mind (ToM)—As appears to be the case for MDD, it may be that the social
cognitive deficits in BD are related to higher order skills such as mentalizing. There is
evidence that euthymic BD patients demonstrate hypomentalization (Bora et al., 2009), and
that the degree of impairment may be related to the number of previous (hypo)manic
episodes (Montag et al., 2010). Little is known about the impact of a history of psychosis on
social cognition in BD. One study found that although BD patients performed worse than
controls on a naturalistic ToM task (Happé, 1994), there were no differences between
patients with and without a history of psychosis (Lahera et al., 2008). Mood state is likely to
play a role in ToM functioning, although few studies have assessed this. Wolf and
colleagues (2010) reported no differences between euthymic, manic, and depressed BD
patients on a battery of neurocognitive and ToM tests, although the patient group as a whole
demonstrated deficits compared to controls. In contrast, symptomatic patients have been
found to perform worse than remitted patients and controls in several studies of ToM (Kerr
et al., 2003; Bazin et al., 2009).

Attributional Style—Less is known about attributional style in BD compared to unipolar
depression, although there is evidence that remitted patients with unipolar depression
evidence a more vulnerable (i.e. internal, stable, and global) style for negative events
compared to both remitted patients with BD and controls (Tracey et al., 1992). Nevertheless,
there is some evidence to suggest that extremely negative or positive attributions, regardless
of valence, are associated with affective episodes in BD (Strange et al., 2013). Recent work
has also demonstrated that depressed patients with BD are more likely to ascribe angry and
intentional biases toward neutral events; these attributional biases are associated with
decreased social functioning (Lahera et al., 2008). Few studies of social cognition in BD
have assessed or controlled for non-social cognitive impairment; of those that did, social
cognitive deficits appeared to be only partially explained by general neurocognitive deficits,
suggesting that social cognitive impairment is a distinct target for treatment (Lahera et al.,
2008; Wolf et al., 2010).

3. Oxytocin and Social Cognition

Because of its anxiolytic, prosocial, and social cognitive-enhancing effects (Bakermans-
Kranenburg and van, 2013; Bos et al., 2012; Gumley et al., 2014; Macdonald and
Macdonald, 2010; Meyer-Lindenberg et al., 2011; Zink and Meyer-Lindenberg, 2012),
oxytocin has been suggested as a promising novel treatment for patients with psychiatric and

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Perez-Rodriguez et al. Page 10

developmental disorders associated with severe deficits in social interactions and social
information processing, such as schizophrenia (Millan et al., 2014), borderline personality
disorder and autism (Meyer-Lindenberg et al., 2011).

3.1. Biology and mechanism of intranasal oxytocin

Oxytocin is a neuropeptide hormone synthesized in magnocellular and parvocellular neurons
in the paraventricular and supraoptic nuclei of the hypothalamus. Oxytocin is stored in
secretory vesicles in axonal terminals in the posterior lobe of the pituitary and is released
into the peripheral circulation. There are also direct neuronal projections of oxytocinergic
neurons to other brain regions including the amygdala, hippocampus, striatum,
suprachiasmatic nucleus, bed nucleus of stria terminalis and brainstem, where it acts as a
neuromodulator and neurotransmitter. Finally, oxytocin exerts effects on both local and
distant brain targets through dendritic release and diffusion into the extracellular space
(Meyer-Lindenberg et al., 2011). Evidence suggests that a dynamic balance between the
activities of brain oxytocin and vasopressin plays a key role in regulating multiple aspects of
social cognition and behavior (Neumann and Landgraf, 2012). Humans have four different
receptors for oxytocin and vasopressin: the oxytocin receptor (OXTR), the vasopressin
receptor 1A (AVPR1A), 1B (AVPR1B) and 2 (AVPR2). The distribution of these receptors
in the human brain has not yet been fully characterized (Meyer-Lindenberg et al., 2011).

The oxytocin system modulates multiple social cognitive domains, such as trust, attachment
behavior, stress response, social memory, and the ability to recognize emotions and
understand mental states in others (Bartz et al., 2011b; Bos et al., 2012; Gumley et al., 2014;
Meyer-Lindenberg et al., 2011). Exogenous oxytocin modulates social perception, decreases
social fears and promotes social approach behavior and trust in others (Meyer-Lindenberg et
al., 2011; Zink and Meyer-Lindenberg, 2012).

Early experiments with intravenous oxytocin yielded disappointing results (Bakermans-
Kranenburg and van, 2013), likely due to the blood—brain barrier (BBB). Intranasal
administration seems to circumvent the BBB given replicable changes in brain function
(Perry et al., 2010; Riem et al., 2011), perception and behavior (Bakermans-Kranenburg and
van, 2013). The nasal mucosa directly connects the central nervous system (CNS) and the
environment. Intranasal administration causes systemic effects similar to those observed
after peripheral administration, and potentially higher delivery to CNS targets (Zink and
Meyer-Lindenberg, 2012). Nonhuman research has shown behavioral effects after direct
injection of oxytocin to specific brain targets (Bielsky and Young, 2004) and increased brain
(Neumann et al., 2013) and CSF (Meera and Young, personal communication) oxytocin
after intranasal administration, leading to assumptions that administration in humans also
causes effects through direct central action (Guastella et al., 2013), although research on
bioavailability of intranasal oxytocin in humans is lacking (Guastella et al., 2013). However,
animal studies are not always predictive of data in humans, and further studies are needed to
elucidate target engagement and mechanisms of action of oxytocin in humans.

Taken together, the evidence suggests that intranasal oxytocin likely acts centrally, through
modulation of an integrated dopaminergic/oxytonergic social cognitive network (Love,
2014) centered on the amygdala (Li et al., 2010; Pinkham et al., 2011), which is strongly
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correlated with social functioning (Pinkham et al., 2008). Oxytocin modulates frontolimbic
networks involved in social cognition and emotion regulation, including the amygdala,
medial prefrontal cortex and anterior cingulate cortex (Meyer-Lindenberg et al., 2011). In
healthy controls, oxytocin significantly increased connectivity between both amygdalae and
rostral medial frontal cortex, regions critical to social cognition and emaotion regulation
(Sripada et al., 2012). In fact, amygdala—medial frontal cortex connectivity, which is
believed to be abnormal in mood disorders, is a putative brain-based biomarker of social-
affective functioning (Sripada et al., 2012).

Oxytocin also modulates stress reactivity, has anxiolytic and antidepressant properties, and
regulates stress-coping style (Neumann and Landgraf, 2012) through interactions with
monoaminergic, especially serotonergic, and corticotropin-releasing factor systems
(Neumann and Landgraf, 2012). Indeed, data suggest that oxytocin reduces limbic
(amygdala) and hypothalamic-pituitary-adrenal (HPA) axis reactivity to social stressors
(Ditzen et al., 2009; Quirin et al., 2011; Zink and Meyer-Lindenberg, 2012), and that it
mediates the anxiolytic and stress-protective effects of positive social interaction (Meyer-
Lindenberg et al., 2011).

Initial reports estimating the half-life of oxytocin at under two hours raised questions about
its clinical utility, since frequent administrations throughout the day would be required for a
sustained effect on social cognition. More recently, reports of longer effects after intranasal
oxytocin administration (up to 7 hours) (Bakermans-Kranenburg and van, 2013) support its
suitability for sustained long-term use in clinical settings (Bakermans-Kranenburg and van,
2013). Moreover, exogenous oxytocin may stimulate a “feedforward’ release of endogenous
oxytocin, prolonging the effect beyond its half-life (Bakermans-Kranenburg and van, 2013).
Another potential clinical application of oxytocin, in which a short half-life would be
desirable, is in combination with psychotherapy (e.g., administration immediately before a
therapy session to enhance its effect [Bryant and Hung, 2013; Guastella et al., 2009;
MacDonald et al., 2013]), as is done with other drugs such as D-cycloserine (Andero and
Ressler, 2012). Of note, other psychotropic medications used in clinical settings have very
short half-lives as well (e.g., stimulants, some benzodiazepines) and are used during specific
periods of time or on an as-needed basis to target intermittent symptoms.

Changes in emotion recognition and understanding of mental states after oxytocin may be
mediated by changes in the salience or rewarding properties of social stimuli (Groppe et al.,
2013; Stavropoulos and Carver, 2013). Recent evidence suggests that oxytocin-induced
increases in social cognitive ability are correlated with increased pupil dilation, which is in
turn coupled with increased firing of the locus coeruleus (Prehn et al., 2013); (Leknes et al.,
2013). In addition, increased attention toward the eye region of facial stimuli (measured by
eye gaze or reaction time) has been found after oxytocin administration (Bertsch et al., 2013;
Brune et al., 2013; Domes et al., 2013; Tollenaar et al., 2013). There is also evidence that
oxytocin affects social cognition through modulation of subcortical attention/orienting
networks and amygdala activity (Li et al., 2010; Pinkham et al., 2011).

There are, in general, two theoretical models of the effect of intranasal oxytocin on social
cognition (Bartz et al., 2011b; Meyer-Lindenberg et al., 2011). The “optimizing” model
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(Meyer-Lindenberg et al., 2011; Simeon et al., 2011) postulates that oxytocin optimizes
social cognitive functioning in all populations, regardless of baseline social cognitive skills
(Meyer-Lindenberg et al., 2011). Conversely, the “interactionist” model (Bartz et al., 2011b)
suggests that oxytocin’s effects on social cognition are modulated by baseline social
cognition skills (Bartz et al., 2010; Fischer-Shofty et al., 2013; Leknes et al., 2013).
According to the interactionist model (see Figure 1), there is a “sweet spot” of oxytocinergic
tone/social cognition (i.e., optimal emotion recognition, mentalizing, salience, and attention
to emotional stimuli), below which social cognition is deficient (with positive effects of
exogenous oxytocin) and beyond which social cognition is excessive/distorted (with
negative effects of exogenous oxytocin) (Bartz et al., 2011b).

Per the interactionist model, individuals can be classified into three distinct groups
according to baseline social cognitive skills. The first group includes those with baseline
optimal social cognition (e.g., healthy controls). They have optimal social cognitive brain
network activity, emotion recognition, mentalizing accuracy, salience/reward processing and
attention towards social stimuli. The second group is characterized by social cognitive
deficits at baseline (e.g., SZ spectrum, autism). These individuals have low activity and
altered emotional modulation of social cognitive networks, poor emotion recognition, low
mentalizing accuracy, hypomentalizing errors (Montag et al., 2011), deficient salience/
reward processing of social information, and low attention to social cues. These deficits are
improved by oxytocin (Feifel et al., 2012; Feifel et al., 2010; Goldman et al., 2011; Leknes
et al., 2013; Macdonald and Feifel, 2012; Pedersen et al., 2011). Finally, the third group
includes those with baseline social cognitive distortions (e.g., borderline personality
disorder). They are characterized by poor mentalizing accuracy, excessive, distorted
mentalizing (hypermentalizing) (Sharp et al., 2011) and excessive salience/attention towards
social stimuli, with attentional biases (Bartz et al., 2011a; Bartz et al., 2011b). In these
populations, the effects of oxytocin are mixed, ranging from positive (decreased emotional
responses and cortisol levels after social stress induction, decreased attentional biases and
emotional reactionsto angry faces, etc.) to negative (decreased trust and cooper ation)
(Bartz et al., 2011a; Bertsch et al., 2013; Brune et al., 2013; Ebert et al., 2013; Simeon et al.,
2011).

Despite some evidence of attentional biases to emotional stimuli and social cognitive
distortions (e.g., extremely negative or positive attributions associated with affective
episodes in BD [Strange et al., 2013] or an exaggerated self-serving bias in paranoid patients
[Kaney and Bentall, 1989; Garety and Freeman, 1999]), whether those individuals with
bipolar disorder and actively psychotic paranoid schizophrenia belong to this third group
remains largely unexplored.

Furthermore, the effects of oxytocin appear to be modulated by other factors, including
gender, context, attachment style, and history of childhood adversity (Bakermans-
Kranenburg and van, 2013; Bartz et al., 2011b; Domes et al., 2010). For example, the effects
of intranasal oxytocin on functional connectivity between the posterior cingulate cortex and
the cerebellum and postcentral gyrus were only observed among those healthy individuals
with supportive family backgrounds (i.e., those who had experienced low levels of maternal
love withdrawal in childhood) (Riem et al., 2013).

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Perez-Rodriguez et al.

Page 13

3.2. Clinical Trials of Intranasal Oxytocin Administration in Schizophrenia

To date, approximately ten clinical trials (summarized in Table 1) have been conducted in
patients with SZ to test the efficacy of oxytocin in ameliorating social cognitive deficits and
psychopathology.

The most commonly administered doses of oxytocin in clinical trials in SZ were 20-24 1U
(International Units) and 40 1U. Most of the studies showed that intranasal oxytocin
enhanced facial affect recognition in SZ individuals compared to placebo groups (Goldman
et al., 2008; Averback et al., 2012; Fischer-Shoftly et al., 2013b) and a specificity for the
recognition of fearful faces was found in one study (Fischer-Shoftly et al., 2013b). Only
Davis et al., (2013) failed to find significant improvements in facial affect recognition.
However, this group found a large effect size (d = 1.0) for high level social cognition
processes as measured by a ToM task (the sarcasm subscale of The Awareness of Social
Inference Test [TASIT-I11; McDonald et al., 2006]) and an empathy task (the Emotional
Perspective Taking Task [EPTT; Derntl et al., 2009]). Similarly, a positive effect on ToM
was also detected by Pederson et al., (2011), but only within more complex tasks of second
order beliefs. Fischer-Shoftly and colleagues (2013a) reported an improvement in the ability
to discriminate the correct nature of a presented relationship (i.e. kinship compared to
romantic) after oxytocin administration. Regarding oxytocin’s effect on nonsocial cognition,
one study examined the influence of oxytocin on memory in SZ (Feifel et al., 2012) and
found that oxytocin has a beneficial effect on short-term verbal memory whereas no such
effect was present in working memory.

With regard to the antipsychotic effect of oxytocin, results are mixed. Improvement in
overall psychopathology (Lee et al., 2010; Feifel et al., 2010; Pederson et al., 2011,
Modabbernia et al., 2012) seems to be linked to a higher oxytocin dosage and to a longer
duration of treatment. Studies that administered a single dose of oxytocin did not report any
amelioration of symptoms (Davis et al., 2013; Fischer-Shoftly et al., 2013a, b).

3.3. Clinical Trials of Intranasal Oxytocin Administration in Depression

Although several studies have demonstrated a relationship between depressive symptoms
and endogenous oxytocin (e.g. Cyranowski et al., 2008; Scantamburlo et al., 2007; Gordon
et al., 2008), reports have been small and inconsistent. Nevertheless, given the evidence for
social cognitive impairments in depression, it may be worthwhile to examine the effect of
intranasal oxytocin on social cognition and related symptoms. To date, only two placebo-
controlled trials of oxytocin have been conducted in MDD. Mah and colleagues (2013)
administered a single dose of 24 U oxytocin or placebo, about one week apart, to 25 women
with post-partum depression and measured mood and expressed emotion 45 minutes after
administration. The results of this within-subject crossover design showed that in the
oxytocin condition, the participants rated their mood as significantly sadder than in the
control condition. Moreover, in the oxytocin condition, participants were more likely to
describe their babies as difficult while at the same time, they reported that their relationship
with their babies was more positive relative to the placebo condition. These somewhat
conflicting results are difficult to interpret but seem to suggest that oxytocin has little effect
on mood but that it may enhance salient relationship features, at least in mothers regarding
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their infants. A subset of these participants underwent a test of parental protectiveness under
oxytocin and placebo conditions; the results indicate that oxytocin significantly enhanced
parental protectiveness (Mah et al., 2014). Only one other study to date has investigated the
effects of intranasal oxytocin on social cognition in major depressive disorder. MacDonald
and colleagues (2013) administered a single-dose of oxytocin 40 1U or placebo immediately
before a mock therapy session. Intranasal oxytocin was associated with improvement in
social cognition (increased accuracy in a task measuring the understanding of mental states)
and increased prosocial behavior (reduction in non-verbal behaviors that cut off social
contact). However, oxytocin was also associated with higher anxiety during the
psychotherapy session. Of note, higher anxiety during an initial therapy session may be
understood as a positive sign of engagement in the therapy (MacDonald et al., 2013).
Moreover, the therapists in this study had been instructed to provide “minimal or neutral
interaction with the subjects,” which may have contributed to increased anxiety in the
context of increased prosociality by oxytocin (MacDonald et al., 2013).

A study of nonclinical university students reported that there was a significant interaction
between depressive symptoms and the ability to inhibit the processing of sad faces after a
single administration of 24 IU of intranasal oxytocin (Ellenbogen et al., 2013). Using an
affective priming paradigm, results suggested that participants with higher levels of
depressive symptoms were unable to inhibit the processing of sad faces in the oxytocin
condition compared to the placebo condition; there was no significant interaction between
inhibition and oxytocin among the participants with lower levels of depressive symptoms.
These results raise the question of whether oxytocin may enhance salient social stimuli in
patients with depression, thereby improving social cognition. Conversely, it is possible that
the bias toward negative social stimuli already present in individuals with depression (e.g.
Leppénen, 2006) may be exacerbated by oxytocin, as per the interactionist model.

3.4. Clinical Trials of Intranasal Oxytocin Administration in Bipolar Disorder

There is very little information regarding oxytocin and BD. Intranasal oxytocin has not been
administered to BD patients as of yet, and only one study to date has examined the
relationship between endogenous serum oxytocin and BD (Turan et al., 2013). Turan and
colleagues (2013) reported that serum oxytocin was significantly higher in patients
compared to controls, and that patients experiencing a manic episode demonstrated
significantly higher levels of oxytocin compared to remitted and depressed patients with BD.
Oxytocin was measured at baseline and at the point at which patients had achieved a 50%
reduction of symptoms after treatment with appropriate medications; no differences in pre-
and post-treatment oxytocin were found, and post-treatment levels of oxytocin in the
patients continued to be higher than baseline oxytocin levels in controls. Clearly, more work
is needed to understand the relationship between endogenous oxytocin levels and symptoms
of BD. Nevertheless, given the social cognitive deficits in BD, it may be worthwhile to
explore intranasal oxytocin as a potential treatment for these deficits. Future work is
required to test whether the administration of oxytocin to patients with BD would improve
social cognitive impairments in BD, or whether the potentially increased salience of social
stimuli resulting from oxytocin administration may perhaps exacerbate deficits in social
cognition in BD.

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Perez-Rodriguez et al. Page 15

3.5. Clinical Trials Combining Oxytocin with Psychotherapy

While there is a growing literature regarding oxytocin’s effects on social cognition and
affiliation in clinical populations, to date only two studies have examined the effect of
oxytocin in combination with psychotherapy (MacDonald et al., 2013; Guastella et al., 2009;
Table 2). One additional study looked at the effect of oxytocin combined with hypnosis
(Bryant and Hung, 2013). These studies suggest that augmentation of psychotherapy with
oxytocin as compared to placebo leads to improvements in social cognition, as well as in
self-perceptions during the induction of social anxiety. The evidence indicates that oxytocin
may also result in an enhancement of hypnotizability, which may have implications for
disorders that are improved through this treatment modality (e.g. chronic pain, smoking
cessation). While not a study of a formal psychotherapy, a recent study examining the
combination of oxytocin with social support found evidence that this combination exerted a
more beneficial effect on cortisol responses to social stress than either intervention
administered individually (Heinrichs et al., 2003). However, these studies have several
limitations: 1) No study has combined oxytocin with an evidence-based psychotherapy for
the treatment of depression or bipolar disorder; 2) No studies of therapy plus oxytocin have
examined the effect of sustained treatment with daily oxytocin doses; and 3) No studies have
measured oxytocin plus psychotherapy effects on social cognition using a standardized,
validated assessment of complex social interactions using real-life naturalistic social
cognition tasks before and after treatment. Comprehensive studies combining oxytocin and
psychotherapy are needed in order to identify effects of treatments individually and in
combination, and to explore the possible neural mechanisms underlying clinical change.

4. Social Cognitive Remediation in Schizophrenia and Affective Disorders

Non-pharmacological interventions for social cognitive deficits have been developed and
tested over many years in patients with SZ, with far fewer studies in MDD and BD. Social
cognitive remediation treatments have sought to target the social cognitive deficits in SZ,
namely emotion perception, ToM, and attributional style. Meta-analytic findings from an
examination of 19 studies with a total of 692 participants found moderate to large effects of
social cognitive remediation on facial affect recognition, small to moderate effects on ToM,
and non-significant effects on social cue perception and attributional bias (Kurtz and
Richardson, 2012). Social Cognition and Interaction Training (SCIT; Penn et al., 2005) is a
relatively recently developed manualized group treatment for social cognition in SZ and has
had generally positive findings (Combs et al., 2007; Roberts et al., 2009; Chan et al., 2010;
Wang et al., 2013; Roberts et al., 2014). SCIT contains both skillstraining and an
integration phase for practicing the skill set.

Overall, although social cognitive remediation is beneficial and appears to improve many
important social cognitive domains in SZ, the skills generated may not generalize to real-
world situations. In order for the trainings to be of clinical utility, they will need to also
demonstrate sustainability over time and translate into functional improvement outside the
laboratory (Henderson, 2013). More recently, oxytocin has been used as an augmentation
for social cognitive training in SZ (Davis et al., 2014). Participants underwent 12 sessions of
social cognitive remediation over 6 weeks; oxytocin (40 1U) or placebo was administered 30
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minutes before each training session. Participants who received oxytocin demonstrated
significant improvements in empathic accuracy compared to the placebo condition at the end
of treatment and one month after treatment; no other social cognitive or neurocognitive
variables differed between the placebo and treatment groups. Empathic accuracy has been
traditionally difficult to improve in SZ; thus, these results suggest that combining oxytocin
with social cognitive remediation may lead to improved outcomes compared with either
treatment alone.

Social cognitive remediation has not been well-studied in affective disorders. A recent trial
of SCIT for outpatients with BD demonstrated that this treatment is efficacious in improving
ToM, emotion perception, and depressive symptoms and has smaller but still significant
effects in reducing hostile attributional biases (Lahera et al., 2013). To date, no randomized
controlled trials of social cognitive remediation have been conducted in MDD.

5. Limitations, Challenges, and Future Directions

Current challenges in the assessment of exogenous oxytocin’s effect on social cognition
include the lack of standardized social cognition measures; the incomplete characterization
of the human central oxytocin receptor (e.g., lack of quantification of the oxytocin receptor
in the living brain, limited data regarding its distribution in the human brain and scarce
genetic association data [Smith et al., 2013]) and neural circuitry of oxytocinergic networks
(Churchland and Winkielman, 2012; Millan et al., 2014); and a lack of clarity regarding the
intranasal formulation of oxytocin (Guastella et al., 2013) and its absorption into relevant
brain areas (Born et al., 2002; Neumann et al., 2013). The development of a PET ligand
would represent a significant advance in this area of research (Smith et al., 2012; Smith et
al., 2013).

Efforts to examine associations between oxytocin levels and neural/behavioral effects and
clinical symptoms are limited by the challenges of accurate, reliable peripheral
quantification of oxytocin (Apter-Levy et al., 2013; Keri and Kiss, 2011; Kim et al., 2013).
Moreover, it is unknown whether peripheral oxytocin levels are correlated with central
(brain or CSF) levels in humans. Further work is required to understand the relationship
between peripheral oxytocin and central levels.

None of the clinical trials of intranasal oxytocin administration described above have
investigated the mechanism by which oxytocin enhances social cognition, and thus the two
models (optimizing and interactionist) remain untested in SZ, MDD and BD. This is
critically important work, as it is unclear whether oxytocin may help or hinder social
cognitive functioning in patients with affective disorders. Future work is sorely needed
investigating which specific social cognitive domains are affected by oxytocin and in which
populations, as well as the nature and mechanism of this effect. The evidence to date
suggests that oxytocin has subtle and extremely person- and context-dependent effects;
clarification of who may benefit and under what circumstances is a promising and important
next step.
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SOCIAL FUNCTIONING

DEFICIENT

SOCIAL COGNITION

Figure 1. Interactionist Model of the Effect of Oxytocin on Social Cognition
Oxytocin’s effects on social cognition and functioning are modulated by baseline social

cognition skills. There is a sweet spot of oxytocinergic tone/social cognition (i.e., optimal
emotion recognition, mentalizing, salience and attention to emotional stimuli) and social
functioning, below which social cognition is deficient (as in schizophrenia and autism, with
positive effects of exogenous oxytocin) and beyond which social cognition is excessive/
distorted (as in borderline personality disorder, with potentially negative effects of
exogenous oxytocin).
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