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Until recently, the social cognitive impairment in schizo-
phrenia has been underappreciated and remains essentially
untreated. Deficits in emotional processing, social percep-
tion and knowledge, theory of mind, and attributional bias
may contribute to functional social cognitive impairments
in schizophrenia. The amygdala has been implicated as
a key component of social cognitive circuitry in both animal
and human studies. In addition, structural and functional
studies of schizophrenia reproducibly demonstrate abnor-
malities in the amygdala and dopaminergic signaling.
Finally, the neurohormone oxytocin plays an important
role in multiple social behaviors in several mammals,
including humans. We propose a model of social cognitive
dysfunction in schizophrenia and discuss its therapeutic
implications. The model comprises abnormalities in oxyto-
cinergic and dopaminergic signaling in the amygdala that
result in impaired emotional salience processing with con-
sequent social cognitive deficits.
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While hallucinations and paranoid delusions often repre-
sent the public face of schizophrenia, the positive symp-
toms alone do not define the disorder or the devastation
that results from its pathology. Persons with schizophre-
nia may be more handicapped by social cognitive deficits,
which correlate with inhibited interpersonal functioning
and vocational achievement.1 And though antipsychotic
medications are not a panacea, they often provide some
measure of relief from positive symptoms. However,
social cognitive deficits remain relatively untouched by
currently available medicines,2,3 though recent evidence
suggests efficacy of some psychosocial treatments.4,5 In-
creasing attention to the impact of social cognitive
impairment in schizophrenia has led to concerted efforts

to parse this domain into subcategories more amenable to
hypothesis-driven research6; these include theory of mind
(ToM), social perception, social knowledge, attributional
bias, and emotion processing.7

We suggest that the social cognitive deficits common
to persons diagnosed with schizophrenia correspond to
an underlying abnormality of emotional salience process-
ing. The amygdala, as a seat of emotion processing and
information relay, is a likely candidate for dysfunction
in schizophrenia. It is hypothesized that aberrant inter-
actions between dopaminergic reward systems, a dys-
functional amygdala, and the neurohormone oxytocin
engender a neural milieu that improperly assigns
emotional salience to environmental stimuli. This deficit
in turn results in aberrant social cognition that may
ultimately lead to misguided social responses, from with-
drawal and isolation to suspicion and paranoia. This
article will review the evidence for social cognitive and
amygdalar deficits in schizophrenia, the role of amygdala
and oxytocin in social cognition, and an integrated
model that can account for a core functional impairment
in the disorder. The proposed model is amenable to
hypothesis-driven experimentation to better understand
pathophysiologic interactions between brain areas and
neurotransmitters that might be utilized to develop neu-
rotherapeutics and more accurate measures of disease
and recovery states in schizophrenia.

Social Cognitive Deficits in Schizophrenia

Reviews of the growing literature on cognitive function in
schizophrenia consistently report deficits in multiple
domains of social cognition,8–10 although the specific na-
ture of these deficits has not been defined.11 A review of
110 studies of emotional-processing deficits in schizo-
phrenia9 presented accumulated evidence that patients
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with schizophrenia have deficits in emotion expression,
experience, and recognition in the verbal, acoustic, and
facial domains. While these deficits also correlate with
nonsocial cognitive domains, especially attention and
vigilance, the relation between social and nonsocial cog-
nition is uncertain.6 Yet, nonsocial cognition does not
explain all of the variance in social functioning in schizo-
phrenia patients12 and appears to rely on different neural
circuits than social cognition.13

Facial emotion recognition is one of the best-studied
emotional-processing domains in schizophrenia. Patients
have difficulty in identifying emotional expressions in
others’ faces, particularly when the emotions are negative
or threatening. This seems especially true in chronic
schizophrenia,14 despite controlling for baseline differen-
ces in discriminating between faces based on non-
emotional characteristics. This deficit in emotion
identification remains when persons with schizophrenia
are compared with persons with affective psychoses15

or across cultures.16

Moreover, facial emotion recognition deficits seem to
be compounded by an inability to appropriately consider
the social context when assessing others’ emotions.
Patients with schizophrenia who are asked to judge facial
emotion in relation to contextual clues are unable to uti-
lize emotional context to modify their judgments, partic-
ularly when judging negative emotions.17 Likewise, Penn
et al18 found patients to be impaired on utilizing social
contextual clues to sequence typical social behaviors or
judge others’ anxiety levels, implicating aberrant contex-
tual analysis in emotion-processing deficits that may con-
tribute to social perception deficits as well.

Emotional memory is a fundamental component of
emotional-processing systems that also appears to be dys-
functional in schizophrenia. Impairments in error
monitoring and spatial working memory have been dem-
onstrated to affect memory for faces in schizophrenia.19

Patients with schizophrenia also show a deficit in the ca-
pacity to enhance memories associated with emotionally
salient cues, with such deficits in recall being most
pronounced for arousing negative scenes.20 This evidence
points to an alteration in storage and/or retrieval of
emotional memories in schizophrenia that would appear
to distort social perception by impairing the ability to uti-
lize memory for nonverbal affective cues to assess social
situations.

Though theories relating different social cognitive
functions to one another in terms of psychologic con-
structs and neural underpinnings are largely untested,10

investigations such as those above suggest that impair-
ments in bottom-up processes like emotion perception
may generate impairments in more top-down cognitive
processes that rely on prior bottom-up analyses. Impair-
ment on ToM tasks has been shown repeatedly in
patients with schizophrenia, although the correlation
with symptom domains, neurocognitive deficits, and

disease chronicity is not well established.21,22 Some stud-
ies suggest specific impairments in affective ToM tasks in
which judgments about intentions or beliefs must be
made based on emotional verbal cues and facial expres-
sions.23 The tendency to interpret sarcastic statements as
sincere also correlates with deficits in affective prosody
and basic pitch perception.24 These findings suggest
that an inability to analyze emotional communication
may impede the ability of patients with schizophrenia
to understand the emotional states of others in more
complex ways.
The outward manifestations of these social cognitive

deficits in schizophrenia may include negative symp-
toms.10 Negative symptoms of schizophrenia include
blunted or incongruous emotional responses, anhedonia,
social isolation, paucity of speech, diminished spontane-
ous movements or actions, apathy, and lack of motiva-
tion. While the clinical confluence of negative
symptomatology and the social cognitive deficits of
schizophrenia suggests shared aspects, their neuroana-
tomic and functional relationship is unclear.13 Difficulty
in recognizing emotion and understanding social context
could result in social withdrawal and isolative behavior;
dysfunctional emotional expression could contribute to
blunted or flat affect. Additionally, confusion with
regard to negative emotions and threat perception could
encourage misconstrual of benign interactions as threat-
ening, known as hostile attributional bias, leading to
paranoia and further isolation.25 In fact, studies show
that aspects of negative symptomatology correlate with
deficits in detection of faces showing negative emotions26

and identification of emotions and their intensities.27

Though negative symptoms seem to intersect with social
cognition, their interaction requires further exploration28

because it is not understood whether social cognitive def-
icits cause negative symptoms or vice versa or if they are
both effects of another causal process.

Amygdala and Social Cognition

A potential locus of dysfunctional emotional processing
seen in schizophrenia, and perhaps manifested as social
cognitive deficits, is the amygdala. An extensive literature
documents the role of this limbic structure in multiple
facets of emotion analysis (for review see reference29).
The amygdala responds to many facial expressions,
but especially to fear.30 The amygdala is activated by
fearful stimuli prior to conscious awareness of the stimuli
and has been shown to enhance cortical activation in
response to emotional stimuli.29 Deficits in the interpre-
tation of fearful faces after amygdala damage seem to
relate to a lack of attention to the eyes.29

Other aspects of social cognition are affected by amyg-
dala damage as well. Patients with amygdala lesions fail
to impose social context on nonsocial stimuli, so that
moving shapes typically interpreted as meaningful are
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simply described as shapes.29 When determining whether
facial expressions signify fear or surprise, clues suggesting
surprise decrease amygdala activity in control partici-
pants, whereas body movements consistent with fear in-
crease amygdala activity.29 Persons with intact amygdala
function respond to faces deemed ‘‘untrustworthy’’ or
less approachable, whereas patients with amygdalar
damage rate these faces as more trustworthy.29

The amygdala may not only process emotional stim-
uli but may also interact with dopaminergic systems to
assign salience to particular stimuli.10,31 The amygdala
is extensively connected to dopaminergic nuclei, includ-
ing the nucleus accumbens and ventral tegmental
area.31–33 Dopamine antagonism can prevent the
memory-enhancing effects of emotionally arousing
images,34 an enhancement likely mediated by the amyg-
dala.35 The fact that most pharmacologic treatments for
schizophrenia currently involve dopamine antagonism
thus becomes problematic in that it may mean patients
are sacrificing some social cognitive capacity for control
of positive symptoms.
Phillips et al36 propose a differential impact of the

basolateral vs the central nuclei of the amygdala on dopa-
minergic output. The authors suggest that the central
amygdala affects tonic dopaminergic tone in the ventral
tegmental area, thereby regulating dopaminergic tone in
thenucleusaccumbensandmodulating the incentivevalue
of environmental stimuli. The basolateral amygdala, in
turn, affects transient increases in dopamine in the nucleus
accumbens and medial prefrontal cortex in order to
choose behavior sequences that are appropriate responses
to incentivized environmental stimuli.Additional support
for the effect of dopamine systems on amygdala function
comes fromreports that the dopaminergic state inpatients
with Parkinson’s disease affects amygdala responsiveness
during emotion perception tasks.37

In addition to a potential role in facilitating the assign-
ment of salience to emotional stimuli via its connections
to dopaminergic systems, the amygdala also exhibits
functional connectivity with cortical areas implicated
in higher-order social cognition.10,31 Cortical efferents
to the amygdala contribute to regulation of emotional
perceptions and reactions. Green and Phillips25 suggest
that the amygdala and prefrontal networks are involved
in a system of threat detection based on faces and social
stimuli, wherein bidirectional amygdala and prefrontal
processing of sensory perceptions may allow sensory
and attentional resources to be directed to features sug-
gestive of threat. Functional magnetic resonance imaging
(fMRI) data show that dorsolateral prefrontal cortex
modulation of amygdala responses to anticipated nega-
tive emotional stimuli parallels participants’ capacity
to utilize cognitive reappraisal strategies.38 In a similar
fashion, amygdala responses to emotional conflict
appear to be influenced by interactions with the rostral
anterior cingulate cortex in a neural ‘‘conflict resolution’’

circuit.39 Animal models further demonstrate prefrontal
cortical inhibition of emotional learning in amygdala
neurons.31

In addition to these cortical influences on amygdala
function, growing evidence suggests that the interaction
may be bidirectional, with the amygdala itself possibly
modulating other neural circuits. Functional neuroimag-
ing work shows a reliance on the amygdala’s subcortical
connections for ‘‘unconscious’’ responses to fearful stim-
uli, while conscious fear responses require neuronal inter-
action between the amygdala and the anterior cingulate
cortex.40 Based on work showing the maturation of
amygdalo-cortical connectivity in rats, Cunningham
et al41 hypothesize that the development of these neuro-
nal links may determine the maturation of emotion-
processing acumen in the developing human brain. By
this model, abnormalities of such amygdalo-cortical
connections could account for much of the psychopathol-
ogy rooted along the neurodevelopmental trajectory. In
animal models, medial prefrontal cortex relies on effer-
ents from the basolateral amygdala for the conveyance
of emotionally salient learned associations,31 with recent
work demonstrating developmental connectivity from
basolateral amygdala efferents to rat prefrontal medial
cortical gamma-aminobutyric acid (GABA) interneurons
hypothesized to relate to deficits in schizophrenia.42,43

This same connectivity has recently been modeled in
humans based on extensive fMRI data.44 Prefrontal areas
have been implicated in a neural network that includes
the amygdala, superior temporal sulcus, and fusiform gy-
rus and is involved in many ToM and social perception
tasks.10,45 Given such wide-based connectivity with cor-
tical areas devoted to emotion processing and regulation,
the amygdala is well positioned to mediate the processes
whereby emotional salience makes stimuli more memora-
ble, directs attentional resources toward the salient stim-
uli, and shapes behavioral responses to these stimuli.

Amygdalar Abnormalities in Schizophrenia

Amygdalar dysfunction in schizophrenia may explain
some of the social cognitive deficits associated with this
disease. Structural magnetic resonance imaging (MRI)
studies have found reduced volumes of the hippocampus
and amygdala in schizophrenia.46 A meta-analysis of
58 studies that used structural MRI to investigate the
brains of schizophrenia patients found a 6% volume re-
duction in the bilateral amygdale of patients compared
with controls.47

Imaging advances have demonstrated functional
amygdala abnormalities in the realm of social cognition
in schizophrenia as well. While control subjects activate
their amygdale in response to a sadness induction para-
digm, subjects with schizophrenia do not.48 In simply
viewing affective pictures during a positron emission
tomography scan, persons with schizophrenia show
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less activity in the amygdala and prefrontal cortex,
though they report similar emotional responses to the
stimuli.49 This suggests that altered amygdalar tone
may influence the responsiveness of interconnected brain
areas to emotional stimuli.25

In an fMRI study of facial emotion identification,50

participants with schizophrenia showed equivalent task
accuracy but with decreased activation in the involved
network of amygdala, hippocampus, thalamus, fusiform
gyrus, and frontal and visual association cortex. More
surprisingly, control participants showed greater activa-
tion in the inferior frontal, orbitofrontal, and mesial
amygdala regions for correct responses to fear and anger
items, whereas participants with schizophrenia showed
increased activity focused in the amygdale for incorrect
responses. Activation of the thalamus, amygdala, and
hippocampus of patients in response to fear expressions
was also highly correlated with flat affect. Aberrant
amygdala activity in patients with prominent negative
symptoms may thus correlate with inaccurate emotion
perceptions.

Paranoid symptoms also correlate with abnormal emo-
tion perception. Arousal measured by skin conductance
is hyperactive in persons with paranoid schizophrenia
when viewing fearful faces, while amygdala and prefron-
tal activity was simultaneously reduced.51 Similarly, on
a task of rating trustworthiness of faces, patients with
paranoid schizophrenia showed reduced activation in
the social cognitive network comprising the amygdala,
fusiform gyrus, and prefrontal cortex,52 particularly
when rating untrustworthy faces.53 Moreover, decreased
activation of this neural network to judgments of untrust-
worthy faces correlated significantly with lower scores on
the Social Functioning Scale.53

The above studies suggest that abnormalities of the
amygdala as a component of a functional neural network
may significantly impact social cognitive abilities in per-
sons with schizophrenia and simultaneously contribute to
other symptom domains as well. According to the model
of Brunet-Gouet and Decety,54 fluctuations in abnormal
dopaminergic flow during the disease course of schizo-
phrenia may be responsible for periods of greater
negative symptoms vs paranoid delusions. Aberrant
dopaminergic tone during an acute exacerbation of
schizophrenia coupled with emotional-processing dys-
function in the amygdala may interfere with cortical
operations and result in abnormalities in threat percep-
tion, attributional bias, and ToM. Acutely, these may
cause social anxiety, increased perception of threat,
and ultimately paranoid delusions. Chronically, when
abnormalities in the dopaminergic state may be partially
compensated, abnormal emotional salience detection
may engender a persistent state of sensitivity to threaten-
ing or negative social stimuli that discourage social
interactions, perpetuating a cycle that leads to social
withdrawal and blunted affect.

Oxytocin in Social Cognition

A growing body of evidence from animal experiments
and, more recently, human studies implicates the nona-
peptide hormone oxytocin in the emotion–processing
dependent social cognitive functions described above.
Behaviors that depend on recognition of conspecifics
(members of the same species) and the formation of close
bonds between mates or families may be animal corre-
lates of behaviors dependent on social cognition. An
infusion of oxytocin in the lateral septum or medial pre-
optic area in male rats prolongs the time that the rats will
remember a familiar animal.55 Mice with the gene for the
oxytocin receptor (OTR) knocked out have a deficit in
recognizing familiar mice that can be recovered by infu-
sion of oxytocin into the medial amygdala prior to
exposure to the familiar mouse. The deficit is then recre-
ated by injection of an oxytocin antagonist in the medial
amygdala.56

Oxytocin not only seems to be necessary for social
memory but also for behaviors dependent on social rec-
ognition. The administration of exogenous oxytocin can
induce stereotypical maternal behaviors in virgin rats,
whereas oxytocin antagonists can prevent the onset of
maternal behavior.57 The amount of maternal care (lick-
ing and nursing) a rat pup receives correlates with an
increase in OTRs as an adult in the brain areas necessary
for oxytocin-mediated anxiolysis, stress relief, and mater-
nal behaviors.58 Similarly, oxytocin antagonism or oxy-
tocin infusion in female rat pups leads to decreased or
increased maternal behaviors, respectively, when the
pups themselves become mothers. Thus, the social and
emotional support from the mother, engendered by oxy-
tocin, results in the offspring having both increased cop-
ing mechanisms and, later, increased parental behavior.
New mother rats given oxytocin showed the same
increase in brain activation in the olfactory bulb, amyg-
dala, prefrontal cortex, ventral tegmental area, nucleus
accumbens, and insula that was produced by suckling.
Oxytocin antagonists decreased activity in these areas59

suggesting that the role of oxytocin in social and emo-
tional bonding is mediated by the amygdala, prefrontal
cortex, and dopaminergic systems discussed above.
Research in vole species also lends support to a func-

tion for oxytocin in emotion and social cognition. While
prairie voles are social, monogamous, and parental, mon-
tane voles are isolative and nonparental. Although both
species have oxytocin, the receptor distribution is differ-
ent, in that social prairie voles have OTRs in brain areas
associated with reward, including the nucleus accumbens
and prelimbic cortex.57 After mating, prairie voles dem-
onstrate a ‘‘partner preference,’’ in that they will choose
to spend more time with their mate. With cerebral oxy-
tocin injections, this partner preference can be induced
without mating. OTR antagonists likewise prevent the
formation of pair bonds after mating, despite identical
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mating behaviors. After giving birth, the nonsocial mon-
tane voles temporarily become parental for several days
prior to abandoning their pups. Remarkably, this period
of parenting coincides with a change in the distribution of
OTRs in the montane vole brain to resemble the OTR
distribution typically found in prairie voles.
Where animal studies connect oxytocinergic systems

with social memory, pair bonding, and parental behav-
ior, human studies associate oxytocin with social behav-
iors including facial emotion perception, trust, and
coping with stress. Thirty healthy men were shown pic-
tures of people’s eyes and asked to decide what the person
shown might be feeling. Compared with placebo, partic-
ipants who received intranasal oxytocin prior to the task
performed significantly better, with a more pronounced
difference for the more difficult task items60. This
improved ability to infer another’s emotional state
from facial cues may underlie oxytocin’s role in social
bonding. That is, social relationships are facilitated by
mutual understanding of shared, or unshared, feelings
or thoughts. Oxytocin dysfunction may thus play
a role in disorders involving social deficits, particularly
those with neurodevelopmental origins such as autistic
spectrum disorders.61 In support of this, single-dose in-
fusion of oxytocin was found to improve processing
and retention of socially relevant stimuli in individuals
with autism or Asperger’s disorder.62 Though both
schizophrenia and autism are disorders with social defi-
cits, whether there is a neural basis for this similarity
remains untested and in fact some authors predict oppos-
ing etiologic processes to explain this parallel.63 Further,
research utilizing oxytocin administration is limited by
our inadequate knowledge of oxytocin transit across
the blood–brain barrier, such that the central vs periph-
eral action of intravenous or intranasal oxytocin has not
been established.
In a task designed to measure interpersonal trust,

healthy participants were given a small amount of money
and asked to decide how much to donate to an anony-
mous recipient.64 Recipients who received more money
had higher plasma oxytocin levels, and the amount of
money they gave back to the investor correlated with
the amount received. In comparison to receiving an
amount of money determined randomly, recipients’ oxy-
tocin levels were significantly higher when receiving
money from a human investor, even though the average
amount of money transferred was the same.64 This sug-
gests that oxytocinergic systems respond to gestures of
trust, but only in a social context.
Oxytocin may thus be involved in prosocial behaviors

such as understanding others’ emotions or establishing
trust, as well as the supportive elements of social relation-
ships. Healthy men underwent a social stress test after
some combination of oxytocin, social support from
a friend, or placebo, and salivary cortisol levels were mea-
sured as a reflection of physiologic stress. Cortisol levels

were lower after social support, but participants achieved
the lowest cortisol levels after social support plus oxyto-
cin.65 In a fMRI paradigm comparing mothers viewing
their infants vs persons viewing their romantic partners,
there was significant overlap between areas activated by
both types of attachment and with dopaminergic reward
areas and brain regions associated with OTRs.66

Oxytocin, Dopamine, and the Amygdala

Given the overlap between the role of the amygdala and
the influence of oxytocin on social cognition, we hypoth-
esize that the effects of oxytocin on social behavior are
mediated via interactions with the emotion-processing
elements of the amygdala and its dopaminergic connec-
tions. Animal studies show OTRs localized in the central
nucleus of the amygdala and to a lesser extent in the me-
dial and basolateral nuclei, as well as in the nucleus
accumbens and hippocampus, among other areas.67–72

While human and primate studies are very limited, there
is some evidence for oxytocin binding in the striatum,
substantia nigra, amygdala, and hippocampus.73–75 Fur-
ther, oxytocin’s anxiolytic effects may be mediated by en-
hancing GABAergic transmission in inhibitory
interneurons in limbic structures.70,76–78 Interestingly,
deficits in GABAergic mechanisms have prominent path-
ophysiologic consequences in schizophrenia,79 suggesting
possible deficits in oxytocin-mediated effects on cogni-
tion in schizophrenia that involve GABA interneurons.
Research on functional interactions between oxytocin

and dopaminergic systems suggests a bidirectional sys-
tem. In rats, oxytocin agonism in dopaminergic centers
is necessary for the onset of maternal behaviors.80 Co-
caine is a potent antagonist of the dopamine transporter
and cocaine administration in rats results in decreased
intracerebral oxytocin, upregulation of OTRs, and
decreased OTR affinity in the amygdala81; similarly,
OTR expression and capacity for anxiolysis in the central
amygdala are subject to dopaminergic control.82 Immu-
nohistochemical experiments in rat brains suggest that
dopaminergic fibers may even regulate oxytocin release
from the paraventricular nucleus of the hypothalamus.83

Oxytocin’s ability to induce penile erections in male rats
is dependent on glutamatergic transmission in the ventral
tegmental area and dopaminergic transmission in the
nucleus accumbens, suggesting a role for oxytocin in
facilitating the rewarding aspect of sexual behavior.84

Interactions between amygdala and oxytocin are sup-
ported by work in which 15 healthy participants received
intranasal oxytocin before performing a matching task
with angry or fearful faces and scenes or neutral shapes.85

fMRI showed significantly less amygdala activity to
angry and fearful stimuli after oxytocin compared with
placebo, with a more pronounced difference for the facial
stimuli compared with scenes. This suggests that the so-
cial relevance of emotional stimuli modifies the degree of
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oxytocinergic input to the amygdala. Furthermore, after
viewing angry or fearful stimuli, oxytocin significantly
reduced participants’ amygdalar communication with
brainstem areas that activate autonomic fear responses.
Oxytocin also decreased amygdala responses to fearful,
angry, and happy faces in comparison with neutral
faces.86

Baumgartner et al87 used the interpersonal trust para-
digm to assay neural activity changes associated with
the ‘‘investment’’ decisions in social vs nonsocial condi-
tions. Control subjects utilized feedback to reduce their
subsequent giving based on how often recipients failed
to reciprocate the investors’ financial generosity. Partici-
pants who received intranasal oxytocin continued giving
just as generously, despite such feedback. This lack of re-
sponsivenesstoperceived‘‘betrayal’’ intheoxytocingroup
was accompanied by diminished activity in amygdala and

brainstem effector regions implicated in fear responses.
Together, the above investigations suggest a link between
oxytocin and amygdalar emotion processing through
which oxytocin may dampen reactions to emotional
stimuli, resulting in facilitation of prosocial behaviors.

A Systems Model of Social Cognition and its Therapeutic
Implications for Schizophrenia

Integrating the findings related to social cognition, sev-
eral systems appear to interact to register, evaluate,
assign priority to, and react to social stimuli (figure 1).
The amygdala exerts an important role in emotion recog-
nition, particularly with negatively valenced stimuli and
in social situations. The amygdala is also well connected
to dopaminergic networks and is itself affected by dopa-
minergic signaling. In combination with dopaminergic

Fig. 1. The Amygdala Serves as the Central Integrative Unit in this Portion of the Emotional-Processing System. Emotional stimuli evoke
emotional responsesmediated via the pictured neurocircuitry. Emotional stimuli activate amygdala efferents based on the stimuli’s valence.
Threatening stimuli may activate connections with brainstem autonomic systems that initiate sympathetic and hypothalamic-pituitary-
adrenal axis activity associatedwith the fear response. In contrast, receivedprosocial or trust behaviorsmayactivate efferent output from the
amygdala to oxytocinergic (OT) systems. The OT systems in turn feedback through the amygdala to dampen the brainstem autonomic
response in addition to acting on dopaminergic systems (eg, ventral tegmental area, ventral striatum, and nucleus accumbens) to assign
salience toperceived trust behaviors thatmight cumulatively facilitate a responseof prosocial behaviors andbonding.Amygdala interactions
with the prefrontal cortexmay both direct cortical activity, such as allowing visual attention to be focused on emotionally salient features of
theenvironment, andcomprise a feedback loop thatallows theoryofmindandsocialperception tooccur.Thehigher cortical regionsplanand
carry out the behavioral response. In persons with schizophrenia, the system is changed by functional alterations in the amygdala and
prefrontal cortex aswell as in oxytocinergic and dopaminergic systems.Aberrant amygdala input toOT centersmay result in diminishedOT
inhibition of brainstem autonomic activity via nuclei in the amygdala. Altered OT input to dopamine systems coupled with dopaminergic
overactivity may cause assignment of emotional salience to inappropriate stimuli. This may prevent the integrated signaling that comprises
the feedback loop between the amygdala and the prefrontal cortex, thus making appropriate direction of attention, social perception,
and theory ofmind difficult to achieve. The resultant emotional responsewill varywith illness severity and subtype butmay includemultiple
deficits such as social withdrawal, blunted affect, incongruous emotional responses, and paranoia.
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interconnections, the amygdala may filter emotional
input in such a way that particular stimuli are deemed
salient, while other stimuli are less robustly encoded.31

Other social cognitive capacities may then depend on
the amygdala’s emotion-processing and salience assign-
ment. Studies show differential amygdala activity in
response to emotional stimuli even prior to conscious
awareness of the stimuli, in addition to amygdalar alter-
ations of cortical processing of relevant stimuli. Thus,
cortical and subcortical systems may rely on interactions
with the amygdala to dictate further processing of and
behavioral reactions to emotional stimuli. For example,
visual cortex may rely on amygdalar assignment of
salience to direct visual attention to particular stimuli.
Prefrontal cortical feedback from the amygdala may
allow ToM processing to occur based on the evaluation
of salient emotional features of others’ facial expressions
and affective prosody. Midbrain autonomic centers may
react to amygdalar input by activating fear responses,
such as elevated heart rate or respiratory rate, muscle
tension, or perspiration.
Animal models show a clear role for oxytocin in social

interactions that depend upon basic ‘‘emotion process-
ing,’’ including social recognition and memory, parental
behavior, and pair bonding. Behavioral studies in
humans demonstrate a role for oxytocin in emotion
perception, trust, and social coping mechanisms. Neuro-
imaging in humans supports activity in oxytocin-rich
areas during romantic partner or infant viewing, as well
as effects of exogenous oxytocin on emotion-stimulated
amygdala activity and connectivity. Oxytocin has been
anatomically and functionally linked to the amygdala
and dopaminergic systems in several animal and human
studies. We hypothesize that oxytocinergic input to
amygdalar and dopaminergic emotion-processing sys-
tems is essential for the processing of emotional stimuli
in a social context, thus allowing the initiation of pro-
social behaviors and mediating the effects of social
bonds on coping mechanisms.
Persons with schizophrenia often manifest prominent

symptoms related to aberrant social interactions and
emotional tone, including social withdrawal, blunted af-
fect, and lack of motivation. The well-studied structural
and functional alterations in the amygdale and dopami-
nergic systems in schizophrenia, as well as the schizophre-
nia-related emotion-processing deficits, suggest that
dysfunction in the amygdala-dopamino-oxytocinergic
circuitry may underlie some of the most disabling aspects
of the disease. Because oxytocin appears to have physi-
ologic effects at early stages of development in both an-
imal and human models, there is potential for oxytocin
dysregulation to result in neurodevelopmental deficits
that could contribute to schizophrenia. Several animal
models of schizophrenia demonstrate reversal of social
deficits by targeted oxytocin administration88,89 or
altered OTR expression in areas implicated in social

cognitive functions.90 To date, several studies have mea-
sured oxytocin in schizophrenia in serum and cerebrospi-
nal fluid, with most studies showing higher baseline levels
of oxytocin or its binding protein.91–94 A recent small
study found plasma oxytocin levels correlated with
schizophrenic patients’ accuracy in categorizing facial
affects.95

Several older studies began to examine the therapeutic
potential of oxytocin in schizophrenia. In an open label
study, patients were reported as clinically improved fol-
lowing oxytocin administered daily for 6–10 days.96 In
a small double-blind study, treatment-refractory patients
demonstrated negative symptoms improvement follow-
ing oxytocin treatment.97 While the therapeutic potential
of oxytocin in schizophrenia remains uncertain, these
early studies are suggestive of clinical benefit.

Future Research Directions

Future research on oxytocinergic function in schizophre-
nia is warranted, particularly in relation to identified so-
cial cognitive deficits. Neuroanatomic and functional
brain activity correlates with behavioral paradigms
that assess specific domains of social cognition can
help define potential oxytocinergic system dysfunction,
as well as the interplay between oxytocin, dopamine,
and the amygdala. Just as schizophrenia represents a het-
erogeneous clinical phenotype and social cognition
involves complex capacities, so the underlying mecha-
nisms are likely to involve interactions among multiple
complex biological systems. Thus, while oxytocinergic
dysfunction may contribute to social cognitive deficits,
the role of oxytocin is unlikely to be explained by a simple
change in abundance of the hormone. Nor is oxytociner-
gic dysfunction likely to explain all or even most of the
variation across disparate tasks and patient subsets.
Perhaps more likely is that oxytocin may modulate

a key social cognitive process that is then utilized in amul-
titude of social functions. At this time, the level and man-
ner in which oxytocin affects the social–emotional
processing stream is unclear—if oxytocin facilitates emo-
tion perception, this could then contribute to other social
cognitive abilities such as social perception or ToM;
alternatively, oxytocin could affect social motivation
or hedonia thus driving effort in social contexts.
Challenges in paradigms to assay the role of oxytocin

in social cognition include the difficulty of controlling for
task complexity. Social context often lends added layers
of complexity that complicate analysis of results in a pop-
ulation typically heavily affected by increased demands
on cognitive load, attention, and other executive func-
tions. Furthermore, social cognition relies for most tasks
on nonsocial cognition. Face emotion recognition relies
on face recognition, which according to the particular
task may depend on visual capacities, attention, vigilance,
and working memory.
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The specific role of oxytocin in social cognition could
be better understood with paradigms measuring perfor-
mance and neural activity on well-validated tasks that
contrast single domains of social cognition, both in
healthy control participants and in patients with schizo-
phrenia. For example, an initial experiment could
compare schizophrenia patients with healthy control
participants using fMRI and behavioral measures with
a face emotion identification task with placebo and oxy-
tocin conditions. This could draw into focus the effects of
oxytocin on the amygdala during a particular facet of
social cognitive processing. Comparing to nonemotive
tasks involving facial judgment (eg, assigning gender
or age) would help to differentiate social vs nonsocial
cognitive performance.

Similar experiments couldbedesignedwith trustworthi-
ness or theoryofmind tasks, thoughneural activity during
these tasks in patients with schizophrenia is less well delin-
eated. Judgments of trustworthiness or behavior in eco-
nomic trust games may demonstrate the aberrant
assignment of emotional salience that is hypothesized
here to contribute to schizophrenia symptomatology. In-
cluding volumetric analysis of the amygdala might give in
vivoclues to the correlationbetweenpathologicchanges in
the limbic system and social cognitive deficits. Controlled
experiments with dopamine agonists and antagonists in
patients inconjunctionwithoxytocinmanipulationsmight
elucidate social cognitive neural circuits. Care must be
taken to account for clinical variables (level of symptoms),
medicationregimens (particularlydopamineantagonists),
andgender (given the lackofclarity regarding theeffectsof
oxytocin in men vs women98) in any such experiments.

The present model is predominantly aimed at under-
standing neurobiologic underpinnings of social cognitive
deficits in schizophrenia to take advantage of neuroimag-
ing advances as tools to investigate the neural changes
in social cognitive processing relevant to oxytocinergic
systems. Because this area of inquiry has been largely
motivated and informed by psychologic constructs,13

including our present model, integrating psychologic
models into neurobiologic assays will be important to
understand oxytocin’s role in social cognitive deficits.
The interplay between, eg, metacognition as it relates
to patients’ insight and propensity to interpret environ-
mental stimuli in a biased manner99 that may result in
social deficits, and the role of oxytocin in diminishing
social deficits by perhaps facilitating prosocial biases
or cognitive interpretations, exemplifies the importance
of a biopsychologic approach to attaining a holistic
understanding of social cognition in schizophrenia.

Conclusion

Social cognitive dysfunction in persons with schizophre-
nia is increasingly recognized as a significant realm of
impairment. What is known regarding amygdala and

dopaminergic alterations in schizophrenia combined
with data on the role of oxytocin in prosocial behavior
suggest a neural circuit that may contribute to aberrant
emotional salience processing. Although social deficits in
schizophrenia are unlikely to be manifestations of a sim-
ple oxytocin imbalance, targeted administration of oxy-
tocin may prove useful as a probe for pathophysiologic
circuitry. Furthermore, given the lack of therapeutic
efficacy of antipsychotic medications for social cognitive
deficits, the current review provides a rational basis
for better understanding the therapeutic potential of
oxytocin in schizophrenia, perhaps in combination
with developing psychosocial treatment approaches.
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