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The purpose of this review is to examine whether a contri-
bution of social exclusion to the pathogenesis of psycho-
sis is compatible with the dopamine hypothesis and/or the
neurodevelopmental hypothesis. Humans experience social
exclusion as defeating. An animal model for defeat is the
resident-intruder paradigm. The defeated animal shows
evidence of an increased sensitivity to amphetamine,
increased dopamine release in the nucleus accumbens and
prefrontal cortex, and increased firing of dopaminergic
neurons in the ventral tegmental area. As for humans, one
study showed that amphetamine-induced striatal dopa-
mine release was significantly greater among nonpsychotic
young adults with severe hearing impairment than among
normal hearing controls. Two other studies reported an
association between childhood trauma and increased dopa-
mine function in striatal subregions. Several studies have
suggested that the perigenual anterior cingulate cortex
(pgACC) may play a role in the processing of social stress.
Importantly, the pgACC regulates the activity of the ven-
tral striatum through bidirectional interconnections. We
are not aware of studies in humans that examined whether
(proxies for) social exclusion contributes to the structural
brain changes present at psychosis onset. Animal studies,
however, reported that long-term isolation may lead to
reductions in volume of the total brain, hippocampus, or
medial prefrontal cortex. Other animal studies reported
that social defeat can reduce neurogenesis. In conclusion,
the answer to the question as to whether there are plausible
mechanisms whereby social exclusion can contribute to the
pathogenesis of psychosis is cautiously affirmative.
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Introduction

Although social exclusion is a common consequence of
psychosis, several epidemiological findings suggest that
social exclusion is also a co-participating cause. Indeed,
there are consistent reports of increased risks for migrants
from developing countries, members of discriminated
ethnic minority groups, subjects raised in urban areas,
and individuals with a low IQ, a hearing impairment, or
a history of victimization in childhood.!

The first attempt to find a common denominator for
these findings is the social defeat hypothesis of psycho-
sis.”” This hypothesis posits that social defeat, defined
as “subordinate position or outsider status”>* or as “the
negative experience of being excluded from the major-
ity group,”*’ leads to an increased baseline activity and/
or sensitization of the mesolimbic dopamine system and
that these dopamine changes, in turn, place the individual
at an increased risk of developing the disorder. Because
a prevailing definition of social exclusion is “an enforced
lack of social participation,” the concepts of social exclu-
sion and social defeat overlap.® The authors of the social
defeat hypothesis emphasized that the variable of inter-
est in their hypothesis is a subjective experience, which
depends on the subject’s interpretation of events.

An important model for social defeat stress in animals
is the resident-intruder paradigm, whereby a male rodent
(the intruder) is placed into the home cage of another
male (the resident). The intruder is aggressively attacked
and forced to display submissive behavior. This experi-
ence is not equivalent to the experience of social defeat
in humans, because the defeat of the intruder is aimed at
establishing a hierarchy, not at social exclusion. By social
isolation of the animal after defeat, the experience of
the animal would resemble more the experience of social
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exclusion in humans. Nonetheless, the resident-intruder
paradigm is relevant for our understanding of the expe-
rience of social exclusion in humans, because humans
experience social exclusion as defeating.

The principal question for this article is whether there
are any plausible neurobiological mechanisms whereby
social exclusion could lead to the development of a psy-
chosis. Because this is a question about pathogenesis, not
etiology, one could reformulate the question as to whether
a contribution of social exclusion is compatible with
the existing knowledge about pathogenesis. The patho-
genic mechanisms of psychoses, however, are uncertain
and a large number of hypotheses have been proposed.
Consequently, for practical purposes, this review examined
whether a contribution of social exclusion is compatible
with 3 important hypotheses on pathogenesis discussed
in authoritative reviews: the social-cognition hypothesis,
the dopamine hypothesis, and the neurodevelopmental
hypothesis.!’

Briefly, the social-cognition hypothesis posits that an
impaired capacity to mentalize, ie, to understand one’s
own and others’ behavior in terms of mental states, such
as intentions, wishes, beliefs, and emotions, plays an
important role in the development of psychosis.! The
dopamine hypothesis, version 111, postulates that multiple
“hits” interact to result in dopamine dysregulation, the
final common pathway to psychosis.® Finally, the neu-
rodevelopmental hypothesis posits that nonaffective psy-
chotic disorder is due to an abnormal brain development,
already manifest in childhood and youth, on account of
delays in motor, social and intellectual development, and
later, at disease onset, in structural brain deficits.

As for this review, we included important studies that
used concepts related to social exclusion or social defeat,
such as discrimination, negative social evaluation, social
adversity, social fragmentation, or social disadvantage.

Impaired Social Cognition

The concepts of social cognition, theory of mind, and
mentalizing capacity are closely related. Because positive
symptoms often involve misinterpretations of behavior
observed in others, it is conceivable that processes that
interfere with the normal acquisition of mentalizing ability
increase the risk for psychosis. Because the big start in the
development of mentalizing is made in relationship with
the mother and during preschool years, neglect and abuse
during these years are particularly harmful.” However, the
development of mentalizing capacity continues in later
years, in relation with peers, teachers, and other members
of society. The evidence to support the notion that social
exclusion interferes with this development comes from
studies showing delays in the development of mentaliz-
ing in children with a severe hearing impairment (SHI).!
Furthermore, it is conceivable that growing up as a mem-
ber of a discriminated ethnic minority is damaging to the
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capacity to correctly infer the intentions of others, in par-
ticular those from the dominant group.!' The focus of this
review, however, is on biological mechanisms.

Dopamine Dysregulation

There are consistent reports of increased dopamine
synthesis capacity, increased dopamine release, and
increased baseline synaptic dopamine concentrations.'?
An important topic here is sensitization, a process
whereby repeated exposures to a given stimulus results
in an enhanced response at subsequent exposure, in this
example excess release of dopamine. Although there is a
conspicuous lack of longitudinal studies in humans, the
findings suggest that the mesolimbic dopamine system
is sensitized. The question here is whether social exclu-
sion, or exposures to stimuli related to social exclusion,
leads to increased dopamine synthesis capacity, increased
dopamine release, increased baseline synaptic dopamine
concentrations, and/or sensitization of the dopamine
system.

Animal studies provide ample evidence for this. Firstly,
after one or more episodes of defeat within the resident-
intruder paradigm, the defeated animal shows evidence
of an increased sensitivity to amphetamine (ie, increased
locomotor activity), increased dopamine release in the
nucleus accumbens (part of the ventral striatum [VS]) and
prefrontal cortex (homologous to the medial prefrontal
cortex [mMPFC] in humans), and increased firing of dopa-
minergic neurons in the ventral tegmental area (VTA).!3>16
Lengthy social isolation after the defeat amplifies the
changes in dopamine activity, whereas return to the group
mitigates them.!” Secondly, an interesting experiment in
cynomolgus macaques showed that a return to the social
group after individual housing produced an increase in
the amount or availability of dopamine D, receptors in
the dominant monkeys, not in the subordinate ones.!®
These findings suggest that place in hierarchy could influ-
ence the dopaminergic system. Thirdly, rat pups reared
in isolation following weaning, develop, in adulthood,
increased striatal synaptic dopamine concentrations and
increased striatal dopamine release in response to cocaine
or amphetamine. '

As for humans, neuroreceptor imaging studies have
assessed the impact of hearing impairment and child-
hood trauma on dopamine function in nonpsychotic indi-
viduals. Gevonden et al*! used Single Photon Emission
Computed Tomography (SPECT) to compare dopamine
function in young adults with a SHI to that in healthy
controls. The participants underwent 2 SPECT scans
with the dopamine D,, antagonist ['*IJiodobenzamide,
which is, like [''C]raclopride, sensitive to detect changes
in synaptic dopamine concentrations after an amphet-
amine challenge. There were no significant differences in
baseline striatal D, , receptor binding. However, amphet-
amine-induced striatal dopamine release was significantly



greater among the participants with SHI than among the
healthy controls. Reports of social exclusion were not
associated with dopamine release after amphetamine,
perhaps because self-reports of this phenomenon are
biased by a tendency to give socially desirable replies.

Oswald et al*> exposed a general population sample
of young adults to 2 [''C]raclopride Positron Emission
Tomography (PET) scans. The first scan was preceded by
saline, the second by amphetamine. The results showed a
positive association between reports of childhood trauma
and baseline D, , receptor availability in the VS of males,
not in females. Further, there was a positive association
between trauma and amphetamine-induced dopamine
release in the VS.

Egerton et al? used ['*F]-DOPA PET to investigate the
impact of childhood adversity on individuals at ultra-
high risk for psychosis and healthy volunteers. The results
showed that sexual and physical abuse (Cohen’s d = 0.75)
and unstable family arrangements (d = 0.86) were associ-
ated with increased dopamine synthesis capacity in the
associative striatum. Interestingly, there was no relation-
ship between dopamine synthesis and events (ie, parental
loss or separation) that do not necessarily involve inten-
tional harm to the child.

To summarize, the findings of the 2 studies on baseline
D,, receptor binding were mixed. Further, although the
use of a cross-sectional design does not permit definitive
conclusions, the results on dopamine release and synthe-
sis are compatible with the idea of dopamine sensitiza-
tion. Future studies could examine other groups with a
history of exposure to social exclusion (eg, immigrants
from developing countries or subjects with a nonhet-
erosexual orientation), preferably using a longitudinal
design. Ideally, the first assessment is made before the
exposure (eg, when the migrant arrives in the new coun-
try), the second thereafter (eg, after the migrant has spent
several years in the country of destination). Without the
use of a longitudinal design, it remains uncertain when
the sensitization has developed.

Neural Mechanisms in Humans Linking Social
Exclusion and Stress to Dopamine Dysfunction

The dopaminergic VS receives inputs from the VTA, the
mPFC, anterior cingulate cortex (ACC), amygdala, and
hippocampus, which are critical for salience and reward
signaling. These circuits are strongly implicated in social
cognition.!

Three networks center on subregions of the amyg-
dala,* a key structure for the integration of emotion and
social processing. A social-perceptive network connects
ventrolateral amygdala (lateral nucleus, which receives
rapid sensory inputs across all modalities) to sensory
association areas of the temporal cortex and the orbito-
frontal cortex (OFC). It has been implicated in decoding
and interpreting social signals from others in the context
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of past experience and current goals. A social-affiliative
network is anchored in the medial sector of the amyg-
dala, which contains nuclei (especially the basal nucleus)
that share anatomical connections with mesolimbic,
reward-related areas of the ventromedial prefrontal cor-
tex, medial temporal lobe, ventromedial striatum, and
hypothalamus. This network relates to appetitive, proso-
cial and trusting interactions. A social aversion network
is centered on the dorsal sector of the amygdala, which
contains nuclei (such as the central nucleus) that project
to dorsal ACC, insula, ventrolateral striatum, hypothala-
mus, and brainstem. These regions are implicated in fear,
fright or flight, and avoidant behavior.

Two other networks are relevant. The mentalizing net-
work connects mPFC with the temporoparietal junction,
superior temporal sulcus, precuneus, and anterior tempo-
ral lobe (ATL). It serves social reasoning, social knowl-
edge, actively thinking about others, reflecting on oneself,
and theory of mind. It overlaps with the so-called default
mode or resting-state network. Finally, the empathy and
mirror network is engaged when vicariously experiencing
states (such as pain) of others or in action observation
and includes parts of the dorsal cingulate and anterior
insula.

Recent work has shown that social risk factors such as
socioeconomic status,” urban upbringing and living,*
and ethnic minority status*” have convergent effects on
social stress processing in a neural system centered on
perigenual anterior cingulate cortex (pgACC)* (figure 1).

We have also implicated the pgACC in the regulation
of the human hypothalamic-pituitary-adrenal stress
response system itself.** Furthermore, genome-wide sig-
nificant common?!' and rare*’> susceptibility genes for

Fig. 1. A circuit related to ethnic minority risk for mental illness. At
the core of the proposed mechanism is pgACC (blue), which regu-
lates subcortical structures such as ventral striatum (VS) and amyg-
dala (AMY) and is in turn modulated by ventromedial prefrontal
cortex (vmPFC) and medial prefrontal cortex (PFC) regions. From
Meyer-Lindenberg and Tost,” with permission. pgACC, perigenual
anterior cingulate cortex.
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psychosis impact the same network. Taken together, these
data suggest a central role for a stress-associated conver-
gent “risk circuit” for psychosis®: at the center of this
network is pgACC, which regulates key limbic structures
such as amygdala, hippocampus, and VS and in turn
participates in regulatory interactions with higher-order
lateral and mPFC structures such as Brodmann’s areas
46 and 10. Taken together with the animal experimental
evidence, this would suggest that striatal dopaminergic
dysfunction is a consequence of prefrontal dysregulation
of that region, in part through the strong bidirectional
interactions between pgACC and VS, a hypothesis that
could be tested using hybrid PET-fMRL

Recent advances in social neuroscience link these
networks up more specifically with processes linked to
social exclusion in humans: prejudice and stereotype.?*34
The social neuroscience of prejudice, or (usually nega-
tive) attitudes and emotional reactions to individuals
based on (out) group membership, maps across several
networks. Prominently implicated is the social aversion
network, where amygdala supports threat-based associa-
tions and anterior insula signals negative affect (which
often accompanies a prejudiced response). In the social-
perceptive network, amygdala signals initial responses to
salient positive or negative cues, including cues regarding
group membership. The mPFC, a prominent component
of both the social-affiliative and mentalizing networks, is
engaged more strongly toward in-group than out-group
members. Finally, appetitive responses such as positive
attitudes and approach-related behavioral tendencies,
which are often expressed toward in-group members,
map on the striatum. Szereotypes (characteristics ascribed
to a social group through (over)generalization) are likely
represented in the ATL, which feeds into the mPFC. In
this way, social stereotypes are thought to influence social
attributions in dorsal mPFC activity. The interaction of
these networks is critical for integrated social behavior.
Neural projections from the amygdala and insula to the
mPFC may support the integration of affective responses
with mentalizing and empathy processes. Amygdala and
OFC connect to the ATL via the uncinate fasciculus
to support bidirectional interactions between affective
responses and stereotype concepts. Signals from amyg-
dala, insula, striatum, OFC, and ATL converge in regions
of the mPFC, where information seems to be integrated
in support of elaborate person representations. Finally,
the joint influences of prejudiced affect and stereotype
concepts on behavior are likely to converge in the dopa-
minergic striatum, which receives inputs from the amyg-
dala, OFC, mPFC, lateral PFC, rostral ACC, ATL, and
midbrain.

Abnormal Neurodevelopment

The central question, here, is whether social exclusion
contributes to (1) delays in motor, social, and intellectual
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development, or to (2) structural brain deficits at the
onset of psychosis.

As for the first question, the relationship between
social exclusion and these developmental delays may be
circular. While nobody will doubt that motor, social, and
cognitive delays may lead to social exclusion and that
exposure to social exclusion contributes to an impaired
development of social skills, there is more debate on the
issue as to whether the experience of social exclusion
contributes to an impaired motor and intellectual devel-
opment.*> A consideration of this interesting discussion,
however, is beyond the scope of this article.

An answer to the second question, as to whether the
human experience of social exclusion contributes to the
grey matter reduction, white matter disruption, or ven-
tricular enlargement observed at the onset of schizo-
phrenia, is also uncertain. There have been reports of a
decreased pgACC volume in males raised in cities*® and
in male second-generation immigrants,” but no studies
of the relationship between (proxies for) social exclusion
and widespread grey matter deficits, ventricular enlarge-
ment, or white matter disruption.

Some animal studies, however, did examine whether
long-term social isolation or exposure to social defeat
leads to the aforementioned brain changes. Fabricius
et al*® applied stereological volume estimates to rats iso-
lated after weaning and found that isolated males had
significantly smaller brains and smaller hippocampi than
group-housed controls and larger ventricles than con-
trols. However, this was not seen in female rats. Schubert
et al®¥ applied magnetic resonance volumetry to the limbic
system of isolated rats and observed no volume reduction
in the hippocampi, but a 5% reduction in the volume of
the mPFC, a region that is strongly directly and indirectly
(through ACC) connected to the VS.

Although it is uncertain whether decreased neurogen-
esis plays a role in the pathogenesis of psychosis, it is of
interest that social defeat affects this phenomenon. Czeh
et al*® exposed adult rats to 5 weeks of daily social defeat
and found that this led to decreased gliogenesis in the
mPFC and to decreased neurogenesis in the gyrus den-
tatus, while there was only a minor impact on nonlimbic
structures. Other studies showed that acute social defeat
stress suppressed hippocampal cell proliferation tran-
siently up to 50%—75%,* while chronic defeat resulted in
a more subtle decrease of only 29%—33%.4* Lack of neu-
trophil support and impaired neuronal vascular supply
have been offered as explanations.* Interestingly, several
postmortem studies have described decreased numbers of
hippocampal neurons in schizophrenia patients.*

Taken together, these results indicate that it is impor-
tant to examine whether social exclusion contributes to
the development of the anatomic changes already present
at the time of the first psychotic episode. For example,
one could compare the development of the brain over
years between excluded and nonexcluded adolescents.



Adolescents can be excluded on account of various fea-
tures, such as an ethnic or sexual minority status, a hear-
ing impairment, or an odd appearance.

Conclusion

There is evidence to suggest that social exclusion has an
impact on human dopaminergic functioning and thereby
influences the risk of developing psychosis. Studies of
animals suggest that it is important to examine whether
social exclusion contributes to the abnormal brain devel-
opment in nonaffective psychotic disorder. Consequently,
future studies, preferentially with a longitudinal design,
should examine dopaminergic functioning and structural
brain development in various socially excluded groups.
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