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Evidence suggests that individuals with schizophrenia dem-
onstrate emotion-processing deficits. However, the nature
and extent of emotion abnormalities in individuals consid-
ered at risk for schizophrenia have not been previously sum-
marized. This article provides a review of the recent
literature pertaining to emotion processing in 3 at-risk pop-
ulations: those at familial high risk, those with schizotypal
characteristics, and those in the putative prodrome to psy-
chosis. Studies are reviewed across the components of emo-
tion perception, experience, and expression. Further, we
discuss investigations into psychophysiology, brain struc-
ture, and brain function that employ emotion probes. Re-
view of the literature suggests that individuals at high risk
demonstrate similar abnormalities to those with schizo-
phrenia but at an attenuated level. The most robust findings
in at-risk groups are in the areas of reduced emotion per-
ception, self-reported anhedonia, and increased negative af-
fect. We conclude with an agenda for future research.
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Introduction

From the earliest descriptions of schizophrenia, distur-
bance of affect and aberrant emotion processing have
been considered core features. Expressions of apathy
and fear were central elements of Kraepelin’s'
description of dementia praecox. In Bleuler’s conceptual-
ization,” delusions and hallucinations were considered to
be secondary to “the four A’s,” which included disturbed
affect. Bleuler also emphasized that individuals with
schizophrenia may experience powerful affects despite re-
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duced overt expression and that oversensitivity to emo-
tion is often reported at the beginning of the onset of
disease.’

Researchers have debated whether emotion abnormal-
ities in schizophrenia are merely a reaction to living with
a debilitating illness or, instead, intrinsic components of
the pathophysiology of the disorder. More recent theo-
retical views describe hypohedonia (or “anhedonia”),
an inability to experience pleasure, as core to schizophre-
nia.®> Meehl suggested that anhedonia stems from genetic
factors and is integral to schizotypy, the basic predispo-
sition to schizophrenia. Modern theoretical conceptual-
izations of schizophrenia continue to include
descriptions of emotion disturbances. The most recent
edition of the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision (DSM-1V-TR)
contains numerous references to emotion disturbance
in schizophrenia, including affective flattening, inappro-
priate affect, anhedonia, depression, anxiety, and anger.
Indeed, individuals with schizophrenia have now been
shown to demonstrate abnormalities in emotion percep-
tion, emotion experience, emotion regulation, and emo-
tional expression (articles in this issue). Generally,
individuals with schizophrenia exhibit impaired emotion
perception, intact experience of emotion in the labora-
tory, reduced self-reported positive experiences, and re-
duced emotion expression.” In addition, individuals
with schizophrenia demonstrate abnormal cognitive
biases in the context of emotional information. More spe-
cifically, individuals with positive or disorganized symp-
toms exhibit a bias associated with negatively valenced
information in the cognitive domains of attention,®’ in-
terpretation,® memory,” "'and language output.'>!"?
These emotional processing deficits impact social behav-
jor."*13 Thus, substantial evidence points to emotion ab-
normalities as being intrinsic to the origin of the illness.

Over the past 2 decades, investigation into emotion
processing in schizophrenia has been extended to include
at-risk groups. However, the extent to which these emo-
tion-processing abnormalities are found in individuals
considered at high risk (HR) for schizophrenia has not
been systematically reviewed, in contrast to the many
reviews of cognition in HR individuals. Research aimed
at measuring HR for schizophrenia includes a number of
possible populations and experimental approaches.'®!’
As will be evident in this review, in certain domains,
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the abnormalities in those at HR resemble the perfor-
mance of individuals with schizophrenia; while in others,
those at risk demonstrate only attenuated abnormalities
or performance comparable to that of healthy controls.
The inclusion of HR groups adds insight into the path-
ophysiology of schizophrenia. By examining perfor-
mance among different HR groups, constellations of
abnormalities might emerge as vulnerability markers or
predictors of subsequent onset of schizophrenia. More-
over, studies of HR persons avoid confounds that bedevil
schizophrenia research (ie, effects of medications, psy-
chosis, chronicity, and other environmental adversities)
and help identify traits that are presumably core parts
of the liability to the disorder.

We follow an organizational framework suggested for
the study of emotion processing in schizophrenia (eg,
Kring’ and Berenbaum and Oltmanns'®) that includes
sections on emotion perception, emotion experience,
and emotion expression. While research suggests that im-
pairment in the processing of one emotion component
may be independent of other areas of emotion processing
(ie, experience and expression),'? it is possible that certain
instances of emotion abnormality impact the integrity of
other forms of emotion processing. Thus, tasks may mea-
sure more than one area of emotion processing. When-
ever apparent, this overlap will be highlighted.

We review evidence of emotion-processing abnormali-
ties in 3 populations who are at risk for schizophrenia: (1)
nonpsychotic individuals (who may or may not be symp-
tomatic) selected on the basis of a family history (FH) of
schizophrenia (Persons with an FH of schizophrenia are
considered to be at genetic HR because they are presumed
to carry some of the same susceptibility genes for the ill-
ness as their affected biological relative.); (2) individuals
from the general population who demonstrate relatively
high levels of schizotypy or signs that resemble attenuated
symptoms of schizophrenia; and (3) treatment-seeking
individuals in the putative prodrome to schizophrenia,
who are displaying early clinical signs of possible psycho-
sis. Finally, we present an agenda for future research and
highlight possible targets of intervention.

Articles included in this review were acquired through
Medline searches that included terms relevant to emotion
and risk for psychosis, such as “high risk,” “sibling,”
“schizotypy,” “prodrome,” ‘“‘emotion,” ‘‘affect,” ‘“va-
lence,” “‘arousal,” “psychophysiology,” “fMRI,” and
“MRI.” Bibliographies in the selected articles also were
reviewed for relevant publications. The period of search
ended with articles published in June, 2007. Articles
were excluded if they did not include reference to emotion
and/or include emotion probes as part of the methods.

Overview of HR Approaches

The HR approach implies that certain groups of indi-
viduals are considered more vulnerable than others for
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developing a disorder. By virtue of their genetic relation-
ship, first-degree relatives of individuals with schizophre-
nia are considered at familial high risk (FHR), regardless
of whether or not symptoms or signs are apparent. Indi-
viduals at clinical high risk display attenuated signs and
symptoms of schizophrenia and can be divided into (1)
individuals who report high scores on psychometric
measures of schizotypy or who have a DSM-IV diagnosis
of schizotypal personality disorder (SPD) and (2) those
identified to be potentially already on a pathway to psy-
chotic illness, in a putative “prodrome’ phase of incipient
psychosis.?*?! Conclusions are complicated by the fact that
these 3 groups are not discrete. Individuals who areat FHR
may score high in schizotypal characteristics or reach “pro-
dromal” levels of impairment. Similarly, individuals may
meet criteria for SPD only or they may reach a threshold
of criteria for being considered putatively prodromal. Im-
portantly, being at HR by any set of criteria does not imply
that one will definitely develop schizophrenia.?

Familial Risk

First-degree, biological full relatives of individuals with
schizophrenia share approximately 50% of their genes
with their ill relative and are at increased risk for devel-
oping the disease, with degree of risk associated with ge-
netic proximity to ill relatives.”® schizophrenia occurs
more often in biological relatives of individuals with
schizophrenia than in the general population (eg, Vollema
et al** and Kremen et al*®). While the prevalence of
schizophrenia is approximately 1% in the general popu-
lation, the prevalence in first-degree relatives is approx-
imately 6%-13%.%° Although the risk for developing
schizophrenia is increased in those who share genes
with an affected individual, only a subgroup of those
are presumed to carry susceptibility genes. While the el-
evated risk of conversion is one feature of FHR for
schizophrenia, others who do not develop schizophrenia
may have milder versions of the illness such as schizoty-
pal traits, neurocognitive abnormalities, etc.?’ In this ar-
ticle, we will replace the more traditional term “‘genetic
high risk” with “familial high risk” because the field
of molecular genetics has redefined the terrain, rendering
the conventional terminology less accurate; persons with-
out first-degree relatives with schizophrenia may still be
shown to have genetic markers for the illness. Thus, they
could be at genetic risk without affected relatives.
There are strengths and weaknesses of the FHR ap-
proach. Unlike patients with schizophrenia, or even those
in the prodrome, biological relatives typically are neither
treatment-seeking nor treated with antipsychotic medica-
tions or hospitalization. Thus, any identified impairment
is not confounded by putative neurotoxic effects of psy-
chosis or medications. Moreover, in contrast to the pro-
dromal approach, the participants’ risk for a specific
form of psychosis (ie, schizophrenia vs affective psycho-
sis) can be specified by diagnostically assessing the ill
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relative (proband). The FHR approach has yielded many
important insights over the past 40 years, and the study of
cognition has been among the most fruitful, in which at-
tention, memory, and executive dysfunctions have been
robustly demonstrated (eg, Snitz et al*®). The FHR model
contributes to the literature by adding insight into path-
ophysiological mechanisms of the illness. However, a
significant limitation of this method is that it yields
low-positive predictive values and high rates of false pos-
itives for conversion to psychosis.?' In addition, it is in-
efficient because predicting conversion to psychosis may
take decades before participants become frankly psy-
chotic. Finally, a large percentage of individuals who de-
velop schizophrenia appear to have neither a first- nor
second-degree relative with schizophrenia in their family;
thus, the FHR risk method is only generalizable to indi-
viduals who have a genetic relationship with an individ-
ual with schizophrenia.?

Schizotypy

Schizotypal personality traits, such as social isolation,
magical thinking, and suspiciousness, are considered sub-
tle characteristics that resemble those that occur with
schizophrenia.*® Whether these signs occur along a con-
tinuum in nonclinical populations or whether they are
taxonic remain under debate.?! Schizotypal traits are ex-
amined through psychometric measures, including the
DSM-1V and questionnaires such as the Schizotypal Per-
sonality Questionnaire (SPQ),** the Structured Interview
for Schizotypy,** and the Chapman Scales (eg, perceptual
aberration, magical ideation, revised social anhedonia
scale, and revised physical anhedonia scales).****3

Research suggests that schizotypy traits fallinto a 3-factor
organization, similar to that found in schizophrenia,
consisting of: positive (eg, magical ideation, perceptual ab-
erration), negative (eg, physical anhedonia, social anhedo-
nia), and disorganized (eg, disorganized speech and
behavior) symptom constellations.>**” In addition, sub-
groups of individuals with schizotypal characteristics exhibit
a number of the cognitive abnormalities that occur with
schizophrenia, such as in sustained attention, executive
functioning, and attentional inhibition (eg, Lenzenweger
etal®®). Importantly, individuals with schizophrenia demon-
strate a number of schizotypal characteristics. Higher
physical anhedonia has been found in individuals with
schizophrenia, as compared with controls, across time
and clinical state. Positive schizotypal characteristics, such
as magical ideation and perceptual aberration, have been
shown to be consistently higher in those with schizojphrenia
across time and scores fluctuate with clinical state.”

The prevalence of SPD is approximately 3%,* and
10%—15% of relatives of persons with schizophrenia de-
velop SPD (eg, Lenzenweger and Korfine* and Baron
et al*!). Further, schizotypal traits in relatives of individ-
uals with schizophrenia predict conversion, and SPD and
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prodromal symptoms interact to raise the conversion
rate.”? In particular, social withdrawal, psychotic symp-
toms, and socioeconomic dysfunction predict future on-
set of schizophrenia.“2 In addition, individuals who score
abnormally high on the revised Social Anhedonia Scale
have been found to be at increased risk for developing
schizophrenia spectrum illnesses.*?

In summary, the psychometric HR method identifies
persons who exhibit a number of personality and cogni-
tive abnormalities that resemble those that occur with
schizophrenia. In addition, like persons at FHR, higher
levels of schizotypy predict future conversion to schizo-
phrenia. Thus, investigations that incorporate individu-
als with schizotypy may be particularly fruitful toward
greater understanding of the liability for schizophrenia.

Prodrome

Prodromal approaches typically focus on treatment-
seeking individuals who have subthreshold, psychotic-
like positive symptoms but who do not meet criteria for
unambiguous psychotic disorder.?*?'*4>  Conversion
rates to psychosis after 1 year range from approximately
20%-40%.724% With a lower rate of false positives
relative to the FHR method, the prodromal method is
believed to be a step closer toward early detection. The
Personal Assessment and Crisis Evaluation Clinic, estab-
lished in Melbourne, Australia, in 1994, is one of the first
to implement this strategy, and similar approaches have
been used by a number of different programs around
the world.?>**4750 Definitions of the prodrome-risk
syndrome typically require at least one of the following
3 criteria: attenuated positive symptoms during the past
year, brief experience of psychotic symptoms that have
lasted no longer than a week and have spontaneously
remitted, or having a significant decrease in functioning
over the past year and either manifesting the diagnosis
of SPD or having an FH of psychosis. Participants are
typically between the age of 12 and 30 and have not
experienced a previous psychotic episode.

In summary, these 3 strategies offer considerable in-
sight into the pathophysiology of schizophrenia. A re-
view of emotion in HR populations offers a window
into the roots of emotional dysfunction in schizophrenia,
apart from disease-related confounds.

Overview of Neural Circuits Relevant to Emotion
Processing in Healthy Individuals, schizophrenia, and Its
Risk

Emotion processing has been conceptualized and parsed
in multiple ways. For example, emotion processing has
been theorized to involve: (1) cognitive appraisal and per-
ception, (2) expressive behavior, (3) physiological
arousal, and (4) subjective experience.”” In this review,
we describe each of these components in the context of
risk for psychosis. Attention is paid to the processing



of discrete emotions, such as Ekman’s (1992) 6 prototyp-
ical emotions of anger, disgust, fear, joy, sadness, and
surprise. Equal consideration is given to emotion concep-
tualized as a 2-factor motivational system, composed of
valence and arousal. This system is theorized to be driven
by 2 motives, appetitive (consummatory, sexual, and nur-
turant) and aversive (protective, withdrawing, and defen-
sive), and these motivations can be activated at low or
high levels of arousal.”® Abnormalities in emotion pro-
cessing in those at risk for schizophrenia can be seen
in reference to both the discrete and dimensional views
of emotion.

The brain circuits involved in emotion are complex and
are believed to include multiple highly intertwined struc-
tures. Two neural systems, a ventral and a dorsal, are in-
tegral to emotion processing. The ventral system is
involved in identification of the emotional significance
of a stimulus, production of affective states, and auto-
matic regulation of an emotional response. Its compo-
nent structures that are relevant to this review are the
amygdala, anterior insula, ventral anterior cingulate cor-
tex, orbital prefrontal cortex, and ventrolateral prefron-
tal cortex. The dorsal system is thought to be involved in
the effortful regulation of affective states and related
behaviors. Relevant structures include the hippocampus,
dorsal anterior cingulate gyrus, and the dorsolateral pre-
frontal cortex (DLPFC).>* Abnormalities in the connec-
tions between these 2 systems are associated with
abnormalities in emotion perception and identification,
emotion experience, and emotion expression (eg, Phillips
et al,>®> Williams et al,>® and Grace”).

Emotion Processing in Those at FHR

Emotion Perception

Investigations of emotion perception in those at FHR
consist of measures of facial affect identification, recog-
nition of emotion from nonverbal audio and visual
scenes, and a questionnaire designed to measure alexithy-
mia. While individuals with schizophrenia consistently
demonstrate impaired face emotion judgment,® their rel-
atives do not. Various studies have suggested that indi-
viduals at FHR have no impairment in facial affect
identification regardless of the method (eg, choose 1 of
7 emotion labels that match the emotion of the face;
free response format of emotion identification that was
later rated by independent judges) or emotion (happiness,
sadness, fear, anger, surprise, disgust, and neutral).>>-®

On tasks that involved more subtle or rapid presenta-
tions of stimuli, group differences emerged between those
at FHR and healthy controls. On a facial emotion-
morphing task, those at FHR performed intermediate be-
tween those with schizophrenia and healthy controls,
while there were no group differences on a gender-
morphing task.®® In addition, relatives performed most
like individuals with schizophrenia when the emotion ex-
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pression was subtle and resembled the controls in condi-
tions of higher intensities of emotional expression.®'
Group differences between FHR and controls were
also found through the profile of nonverbal sensitivity in-
dex, consisting of a video of nonverbal audio and visual
scenes depicting emotional and social behaviors.®® In this
task, nonverbal cues included video clips of faces, parts of
the body, and vocal soundtracks that were either scram-
bled or electronically filtered so that the content was un-
clear and presented for relatively brief periods of time.
Participants were asked to choose descriptions of every-
day life situations that best matched the segment heard or
viewed; eg, “jealous anger” or ‘“‘admiring nature.” Fi-
nally, similar to male individuals with schizophrenia,
males at FHR have demonstrated increased levels of alex-
ithymia, a multidimensional construct that involves both
emotion perception and emotion expression.®*®* More
specifically, alexithymia refers to impairment in the in-
ability to accurately perceive, or identify, and verbalize
one’s own feelings.**% Males at FHR endorsed question-
naire items such as “I find it difficult to verbally express
my emotions.®*”

In summary, rather than demonstrating abnormalities
pertaining to specific discrete emotions, deficits are ob-
served in individuals at FHR across different affective
expressions when tasks involve more subtle expressions.
In addition, individuals at FHR appear to be generally
able to navigate within their social environment effec-
tively, except in more subtle and complex social interac-
tions. Future work might benefit from including stimuli
in multiple modalities (eg, faces, emotional prosody, and
postures) in order to more precisely determine the spec-
ificity of emotion perception deficits. Further, stimuli
that span a range of affective intensity and subtlety are
essential to detection of group differences.

Emotion Experience

Studies that assess emotion experience of individuals at
FHR include self-report questionnaires, ratings of emo-
tion experience while viewing emotional slides, and expe-
rience-sampling methods. On self-report measures of
physical and social anhedonia, individuals at FHR
reported anhedonia as compared with controls®*®> but
significantly less anhedonia compared with their ill rela-
tives.%* In the rating of emotion experience while viewing
slides, similar to findings among individuals with schizo-
phrenia, relatives rated their experience (rated how pos-
itive or negative the slides made them feel) during positive
pictures as less positive relative to controls and did not
significantly differ from those with schizophrenia.®®
This finding of altered experience, on the part of those
with schizophrenia, is in contrast to the robust findings
concerning intact experience of emotion within the labo-
ratory and may also be an exception in the case of those at
FHR. Additional studies that employ stimuli in a range
of modalities (eg, pictures, film clips, words), as well as
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stimuli that are rated on valence and arousal, are neces-
sary to clarify the nature of emotion experience in those
with schizophrenia and individuals at FHR.

Through experience-sampling methods, individuals at
FHR demonstrated equivalent experience of positive and
negative emotions to that experienced by controls.®” In
contrast, in response to everyday activities, an FHR
group reported subtle psychotic experience (eg, halluci-
nations, preoccupation, suspicion, feeling unreal) that
was intermediate between the patients and controls.®’
In summary, individuals at FHR report anhedonia and
rate slides as being less positive as compared with ratings
by controls; however, those at FHR report intact levels of
positive and negative affect through experience-sampling
methods.

Expression

Studies on emotional expression in those at FHR have
included analysis of emotional facial expression in
home movies of families that include an individual
who later developed schizophrenia, from measures of
emotion expression within the laboratory, and a question-
naire designed to tap alexithymia. Through home movies,
it was found that female children, who later developed
schizophrenia, demonstrated a reduced proportion of
joy expressions as compared with other emotional
expressions and relative to their siblings who did not de-
velop schizophrenia.®® In addition, as compared with
their siblings who did not develop schizophrenia, both
male and female children who later developed schizo-
phrenia demonstrated increased negative affect. No com-
parisons were made between relatives who did not
develop schizophrenia and healthy controls; thus, one
can only conclude a difference in expression between
those who later develop schizophrenia and those at
FHR.® However, in a different study of adults, in which
emotional expression evoked during a clinical interview
was later coded, nonpsychotic male and female relatives
of male probands demonstrated more flat affect than
male and female relatives of female probands.®” As men-
tioned above, similar to male individuals with schizo-
phrenia, males at FHR have demonstrated increased
levels of alexithymia as compared with healthy
controls.%%

In summary, those at FHR as a group do not demon-
strate impairment in facial expression, though the sub-
group of relatives of male probands demonstrated
increased flat affect as compared with relatives of female
probands. In addition, male relatives demonstrate alexi-
thymia relative to controls, suggesting that sex differences
might mediate certain emotional difficulties in HR indi-
viduals and may occur independent of disease factors.

Psychophysiological Reactivity to Valenced Information

Little work has been devoted to the psychophysiological
response of individuals at FHR to emotion information.
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As mentioned above, and similar to those with schizo-
phrenia, those at FHR rated positive slides as less posi-
tive. However, startle eye blink methods revealed that,
like individuals with schizophrenia, those at FHR have
intact modulation of the startle eye blink in response
to affective pictures (equivalent to healthy controls).®®
These findings suggest a disjunction between reported ex-
perience and psychophysiological response.

Neuroimaging Studies

Structural and functional brain dysfunctions associated
with emotion processing that are found to be altered
in those at familial risk include the prefrontal cortex,”
amygdala, the amygdala-hippocampal complex
(AHC),”""* and the hippocampus.” Thus far, a meta-
analysis of structural magnetic resonance imaging studies
demonstrates that the strongest familial link is with the
hippocampus, especially on the left side.”> Certain
FHR designs, such as those studying obligate carrier
siblings, identify more substantial impairment than in
nonobligate carriers. Obligate carrier siblings are nonpsy-
chotic siblings who are assumed to possess heightened ge-
netic liability as defined by the pattern of conversion
within 2 or 3 generations of a family. In the only study
using this design, noncarrier siblings had intact temporal
and frontal lobe whole-brain volumes, whereas the AHC
of the obligate carriers and those of their relatives with
schizophrenia did not differ from each other and were re-
duced relative to their unaffected noncarrier siblings.”*
These findings suggest that AHC volume abnormalities
may be related to a familial liability but that full mani-
festation of the disease requires an additional environ-
mental influence or neurodevelopmental process. These
studies, while identifying regions of interest associated
with emotion, have not directly evaluated the degree to
which brain abnormalities mediate emotional differences
in those at FHR.

Functional magnetic resonance imaging (fMRI) stud-
ies of FHR individuals have demonstrated abnormal ac-
tivity within multiple brain areas that are relevant to
emotion processing, including: the prefrontal cortex, an-
terior cingulate cortex, and the amygdala.'”””>78 Al-
though there has been a rapid escalation of fMRI
studies of relatives of persons with schizophrenia in
the last 5 years,”® only one of the 20 published studies
(which focus on cognitive domains—working memory,
episodic memory, procedural memory, cognitive control,
and language) has directly addressed emotion.” During
a sad mood induction, in which participants viewed
happy and sad facial expressions, male patients and their
brothers demonstrated less activity in the amygdala, rel-
ative to members of a control group. The decreased ac-
tivity was specific to the sad condition. While the controls
showed a correlation between subjective ratings of mood
through the Positive and Negative Affect Schedule



(consisting of labels of positive and negative affects in
which participants are asked to rate items on degree to
which the emotions were felt during the last week) and
brain activity, neither the individuals with schizophrenia
nor the relatives demonstrated this relationship. The
healthy relatives were, on average, beyond the age of
risk for schizophrenia; thus, the authors explain that there
is likely a mechanism that compensates for the reduction
in amygdala activity that protects these individuals from
developing schizophrenia. Suggested candidate compen-
satory regions that might regulate emotion mechanisms,
in the face of amygdala abnormality, include the orbito-
frontal, temporal, and posterior cingulate cortices.””

In summary, individuals at FHR for schizophrenia
demonstrate some structural and functional abnormali-
ties in circuitry relevant to emotion processing. These dif-
ferences are apparently part of the neural substrate of
vulnerability; however, an additional factor must occur
in order for schizophrenia to develop. However, only
one functional imaging study has specifically examined
areas of brain function during an emotional probe,
and activity was not associated with subjective experience
in those at risk. Similar to data gathered through psycho-
physiological methods, this finding demonstrates a dis-
junction between self-report and that found through
biological indices. Nevertheless, because this area of re-
search is relatively new, additional imaging studies that
involve emotional stimuli are warranted to clarify brain
activation associated with emotion processing in those
who are at FHR.

Emotion Processing in Schizotypy

As stated above, participants in studies that investigate
schizotypy are identified through DSM-IV diagnosed
SPD and by questionnaires designed to tap schizotypal
characteristics. Although there are proposed variations
to the factor structure of schizotypy, symptoms often
are subdivided into cognitive-perceptual (magical think-
ing, unusual perceptual experiences, ideas of reference,
paranoid ideation), interpersonal (no close friends, con-
stricted affect, undue social anxiety, paranoid ideation),
and disorganized features (odd/eccentric behavior, odd
speech).®” These 3 subtypes resemble the positive, nega-
tive, and disorganized subtypes of schizophrenia,**” and
performance on emotion processing tasks often varies by
subtype.

Emotion Perception

Data on the emotion perception of individuals with schiz-
otypy come from laboratory studies that investigate per-
ception of: facial affect, emotional prosody, and
emotions from body posture. Findings on facial affect
perception are mixed and depend on the nature of the
stimuli and method. One study that included individuals
with SPD, which did not differentiate performance by
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symptom subtype, demonstrated that deficits are specific
to positive facial emotions.®! Facial affect perception has
been shown to be intact in healthy undergraduates high in
schizotypy more generally82 and in those with positive or
disorganized schizotypy.®> However, one study that
employed a degraded facial task suggested that those
with positive symptoms classify angry faces as happy,
happy faces as angry, and happy faces as fearful.** Indi-
viduals with negative symptoms have demonstrated
reduced facial affect perception, particularly with
negative facial emotions.™

In the identification of emotion through tone of voice,
undergraduates with positive schizotypy (as assessed by
the SPQ) have shown impairment. Lastly, negative and
positive symptoms have been associated with a deficit
in the ability to perceive postural expressions of affect,
as demonstrated through pictures of full-body shots
of people displaying positive, negative, and neutral
emotions.

In summary, individuals with schizotypy demonstrate
impaired emotion perception depending on symptom
subtype (eg, negative, positive, disorganized), emotion
type (eg, happy versus angry) of the stimuli, and the mo-
dality of the stimuli. Future studies should divide partic-
ipants by subtype with attention to the possibility that
methods for ascertaining samples may lead to varying
results. Caution should be used in assuming that under-
graduates high in schizotypy are representative of schiz-
otypy in the general population. Community samples, as
well as individuals with DSM-diagnosed SPD, may per-
ceive emotions in unique ways. In addition, similar to the
state of the research pertaining to studies that include
those at FHR, studies that include individuals with
schizotypal characteristics should incorporate a range of
emotional stimuli (eg, faces, emotional prosody, body
postures).

Emotion Experience

Studies on emotion experience in those with schizotypy
include college undergraduate samples, divided by symp-
tom subtype characteristics, and individuals with SPD.
Emotion experience is most often examined through
self-report questionnaires. Exceptions are 2 unpublished
dissertation studies that examined emotion experience
while participants viewed emotional film clips. Similar
to those with schizophrenia, individuals with SPD
reported similar experience of emotion to controls in
the laboratory to emotional film clips;*>*® however,
they reported increased anhedonia on questionnaires.
Undergraduates with positive schizotypal characteristics
have endorsed items that suggested higher levels of expe-
rienced emotion as compared with controls, in the form
of increased emotionality, affective intensity,®” and in-
creased negative affect.® Similarly, scores on the
Launay-Slade Hallucination Scale (used to investigate
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differences between subjects who score high vs low in hal-
lucinatory predisposition) correlated with emotionali-
zing—the degree to which someone is emotionally
aroused by emotion-inducing events.®*

Like those who display higher levels of positive schiz-
otypy, those with disorganized schizotypy report in-
creased emotionality on self-report. This includes
increased emotional confusion (low clarity of emotions),
increased ambivalence to emotions (Schizotypal Ambiv-
alence Scale; eg, “My thoughts and feelings always seem
to be contradictory’), as well as increased neuroticism,
which has been suggested to be related to trait negative
affect.’® Thus, individuals with disorganized schizotypy
experience intense emotions, particularly negative emo-
tions, but may have difficulty understanding and organiz-
ing them.?®

In contrast to positive and disorganized schizotypy,
negative schizotypy is associated with decreased reported
emotionality and increased emotional confusion. Under-
graduates with negative schizotypal characteristics report
experiencing emotions of reduced intensity*®*® and have
trouble identifying the experienced emotion.> It has been
speculated that decreased emotionality might be due to
a limited number of cognitive interpretations that would
often lead to a generation of emotion and an increase in
emotion intensity.*® In an unpublished dissertation, it
was found that female undergraduates with social anhe-
donia demonstrated lower state baseline positive affect
relative to controls, and while viewing positive film
clips.”® Lastly, socially anhedonic undergraduates have
reported higher perceived stress and trait negative affec-
tivity, as compared with controls.”!

In summary, data suggest that individuals with schiz-
otypy report increased negative emotion and reduced
positive emotion; however, there are subtle differences
in experience that depend on schizotypal symptom sub-
type. Because studies of emotion experience in this at-risk
group are questionnaire based, one must consider the
possibility of response bias in many of these studies. Indi-
viduals may endorse items according to what is most so-
cially acceptable. In addition, responses may be
influenced by memory biases. To avoid these confounds,
additional laboratory work using experimental methods
with emotion probes are warranted. Further, published
studies that examine emotion experience include college
undergraduates only. Accordingly, similar to the area of
emotion perception, one must take into consideration
that findings to date may not generalize to all individuals
with schizotypy.

Emotion Expression

Investigations of emotion expression in those with schiz-
otypy include measures of facial affect while a participant
views emotion eliciting film clips or slides and question-
naires pertaining to alexithymia. Individuals with SPD
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and those with anhedonia have demonstrated no differ-
ence in expression from controls while watching positive
and negative film clips®®%; however, participants
reported that they felt as if they were generally less emo-
tionally expressive.*® When only those with social anhe-
donia were included, participants in an unpublished
dissertation study displayed reduced facial expression
in response to film clips relative to controls,” and males
with physical anhedonia demonstrated fewer and briefer
facial expression to emotion slides.®

Higher ratings on schizotypy, across all subtypes (pos-
itive, negative, and disorganized), correlated with alexi-
thymia.’* However, when individuals with negative
anhedonia were identified through measures of physical
vs social anhedonia, differing results emerged. College
students who scored higher on social anhedonia demon-
strated alexithymia®” in the form of a reduced capacity to
communicate emotion.”® In contrast, those who scored
higher on physical anhedonia did not demonstrate this
reduced ability.”?

In summary, individuals with negative schizotypal
characteristics, but not positive, demonstrate reduced ex-
pressiveness in the laboratory. Through questionnaires,
individuals with schizotypy report reduced dispositional
expressivity. Reduced expression is likely associated with
the alexithymia that is demonstrated by individuals with
schizotypy. In particular, as in all investigations that
examine schizotypal characteristics, future work should
divide participants by symptoms subtype.

Psychophysiological Reactivity to Valenced Information

Psychophysiological studies that include individuals with
schizotypy have incorporated measures of skin conduc-
tance and startle modulation. Unpublished dissertation
data revealed that people with SPD show a greater num-
ber of nonspecific skin conductance responses only dur-
ing a sad film clip (and not fear/disgust, happiness,
neutral).®® In terms of symptom subtypes, individuals
with elevated positive schizotypal characteristics demon-
strated exaggerated heart rate to aversive stimuli, a find-
ing interpreted as suggesting that they find negative
stimuli more aversive than those without positive schiz-
otypy.”* Across a number of studies, individuals with
negative schizotypal symptoms, particularly anhedonia,
demonstrated psychophysiological hyporesponsiveness
to positive emotional stimuli.*>*** In contrast, college stu-
dents higher in social anhedonia demonstrated normal
startle modulation.”?

In summary, individuals with schizotypy have demon-
strated increased nonspecific skin conductance responses
to sad clips. Those with positive schizotypy show in-
creased reactivity to negative stimuli, whereas those
with negative schizotypy have demonstrated reduced re-
activity but intact modulation of the startle response.



Neuroimaging Studies

Early research suggested that individuals with SPD, un-
like those with schizophrenia, did not typically manifest
abnormalities in the medial temporal lobe.”> However,
other work suggests the contrary,’® and a recent study
has shown hippocampal volume reduction in females
with SPD.”’ Findings to date suggest that individuals
with SPD do not demonstrate the frontal lobe abnormal-
ities that are found in schizophrenia.’®*®

Individuals with schizotypy have evidenced a range of
functional abnormalities in areas of the brain integral to
emotion processing. Reduced frontal activation is found,
similar to that occurring in schizophrenia®; however, this
group appears to recruit alternative regions to compen-
sate for the reduced frontal activity.”*'” During an emo-
tional Stroop task, increased right and decreased left
activity was found in the DLPFC,' and greater prefron-
tal activity was found in those with positive schizotypy
while processing negative vs neutral words.'* Individu-
als with schizotypy have also demonstrated reduced ac-
tivity in the nucleus accumbens and increased activity in
the amygdala and hippocampus during an emotional
Stroop task.!?!

In summary, to this date, research on medial temporal
lobe abnormality in persons with schizotypy is mixed as
positive findings thus far have been reported only in
females, whereas no group differences have been noted
in frontal lobe volumes. However, in fMRI studies, indi-
viduals with schizotypy have demonstrated reduced as
well as increased frontal activation. Increased activity,
in response to an emotion probe, in the temporal areas
has also been found. The studies, while promising, are
too few to be conclusive and are largely characterized
by modest sample sizes. Considering the striking behav-
ioral variation by subtype, it is also essential that imaging
studies that investigate emotion include symptom sub-
type as factor. Neuroimaging studies that include persons
with schizotypy are not numerous, and as a result, con-
clusions are quite tentative.

Emotion Processing in the Prodrome to Psychosis

Emotion Perception

One study has addressed emotion perception ability of
individuals in the prodrome. Approximately one-quarter
of individuals considered to be in the prodrome to psycho-
sis endorsed “decreased capacity to discriminate between
different kinds of emotions,” based on an interview using
the Bonn Scale for the Assessment of Basic Symptoms. '
Thus, to date, there is a subgroup of individuals in the pro-
drome who report impaired emotion perception.

Emotion Experience

Emotion experience in the prodrome has been studied
through questionnaires and clinical interviews. Close to
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the time of onset of psychosis, individuals have displayed
heightened emotionality and anxiety.'® In a study that
included participants considered prodromal and “‘at im-
minent risk for psychosis,” the most common DSM-IV
diagnoses of study participants were depression, anxiety
not otherwise specified, and social phobia.'® Depression,
anxiety, and worrying were among the 10 most frequent
early signs of schizophrenia described by patients who
had recently experienced their first episode of psycho-
sis.'® Through the use of the Bonn Scale for the Assess-
ment of Basic Symptoms, items measuring stress
intolerance were endorsed by individuals in the prodrome
to psychosis. In all, 60% endorsed “impaired tolerance to
certain social situations,” 50% endorsed ‘““impaired toler-
ance to unusual, unexpected demands or specific novel
demands,” and 30% endorsed “‘impaired tolerance to ev-
eryday stress or routine work.'%*”” Interestingly, individ-
uals who reacted with especially negative emotional
states to their initial experience of psychosis were found
to be more likely to develop exacerbation of psychosis
later.'® In summary, prior to the onset of a first episode
of psychosis, individuals report increased emotionality,
often in the form of depression and anxiety. In addition,
large subgroups of individuals in the putative prodrome
report increased emotion experience. Future work might
incorporate emotion probes in a range of modalities as
well as concomitant psychophysiology.

Emotion Expression

Questionnaire methods have also been the primary
method of assessing emotion facial expression, prosody,
and gestures conveying emotion, in persons in the pro-
drome to schizophrenia. Responses to the Interview
for the Retrospective Assessment of the Onset of Schizo-
phrenia suggest that flat affect may precede onset of psy-
chosis.'®® Through the Bonn Scale for the Assessment of
Basic Symptoms, it was found that approximately a quar-
ter of individuals considered prodromal endorsed ““dis-
turbances of emotional responsiveness as characterized
by a decrease in facial expression, intonation, and com-
munication gestures.'*>”

A related finding comes from a study previously de-
scribed in which it wasfound that female children who later
developed schizophrenia demonstrated, on home movies,
areduced proportion of joy expressions as compared with
other emotional expressions and relative to their siblings
who did not develop schizophrenia. In addition, compared
with their siblings who did not develop schizophrenia, both
male and female children, who later developed schizophre-
nia, demonstrated increased negative affect.®®

In summary, at least a subgroup of individuals in the
prodrome demonstrates reduced emotion expression. As
children, those who later developed schizophrenia have
demonstrated reduced positive facial expression and
increased negative affect. Reduced emotion expression
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Table 1. Key Findings

No Impairment

More Impaired Most Impaired

Perception
Facial emotion-morphing task®’ Controls
Profile of nonverbal sensivity® Controls
Facial affect® Controls; Neg
schizotypy
Emotional prosody® Controls; Neg
schizotypy
Body posture®? Controls
Questionnaire item'%*
Experience
Anhedonia® Controls
Anhedonia'®?
Positive slides®® Controls

Negative slides®®
ESM positive affect®’
ESM negative affect®’

Controls; FHR
Controls; FHR
Controls; FHR

Psychotic to everyday activities®’ Controls

Emotionality3>’ Controls

Negative affect®®3892 Controls

Negative affect!310°

Positive affect’ Controls

Affect intensity>® Controls

Emotion confusion®® Controls
Expression

Facial® Controls; FHR

Facial'®

85,86

Facial to film clips Controls, schizotypy

Facial to film clips”® Controls
Emotional prosody'®
Emotional gestures'®
Alexithymia®*# Controls
Alexithymia®>?32 Controls; Physical
anhedonia
Psychophysiology

66,92

Startle to slides Controls, GHR,

Neg schizotypy, SCZ

FHR schizophrenia

FHR

Pos schizotypy

Pos schizotypy

Pos schizotypy; Neg schizotypy

Prodrome

FHR schizophrenia

Prodrome

FHR; schizophrenia
schizophrenia
schizophrenia
schizophrenia

FHR schizophrenia

Pos schizotypy higher; Neg
schizotypy lower

Pos schizotypy; Disorg schizotypy;
Neg schizotypy

Prodrome

Neg schizotypy—reduced

Disorg schizotypy

Disorg schizotypy

Prodrome

Neg schizotypy
Prodrome
Prodrome
schizophrenia males; FHR
males
Social anhedonia

Note: FHR, familial high risk; schizophrenia, schizophrenia; Pos, positive; Neg, negative; Disorg, disorganized; ESM, experience

sampling method; SCZ, schizophrenia

#Alexithymia is conceptualized as involving a combination of emotion perception and emotion expression.

appears to predate onset of psychosis; however, replica-
tion of these findings is necessary as they are relatively new.

Neuroimaging Studies

Thus far, only one structural imaging study of individuals
in the prodrome has been published. Prodromal individ-
uals who later developed psychosis, relative to those who
did not, demonstrated reduced gray matter in the right
medial temporal, lateral temporal, inferior frontal cortex,
and the cingulate cortex.'” When those who later devel-
oped psychosis were rescanned, they demonstrated
reduction in the left parahippocampal, fusiform, orbito-
frontal, cerebellar cortices, and cingulate gyri. However,
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those who did not become psychotic showed differences
in the cerebellum only at the time of the second scan.'’
Thus, to date, preliminary imaging of individuals in the
prodrome demonstrates abnormalities in brain regions
relevant to emotional function.

Summaries of Findings by Component of Emotion
Perception

Similar to individuals with schizophrenia, all the at-risk
populations demonstrate emotion perception deficits to
some extent; however, these deficits occur to varying
degrees and differ by symptom constellation subtype



(see table 1). Individuals with schizophrenia demonstrate
impaired emotion perception, particularly, in the areas of
facial affect recognition and emotional prosody identifi-
cation.’® Similarly, individuals with schizotypy have
demonstrated reduced ability to perceive affect in pros-
ody and reduced perception of affect in body posture.
Findings are mixed as to whether individuals with schiz-
otypy demonstrate facial affect recognition impairments.
A subgroup (25%) of individuals in the prodrome
reported reduced emotion perception. In contrast, while
individuals at FHR do demonstrate emotion perception
deficits, these deficits only emerge in paradigms with
more subtle facial expressions and social scenes. Thus, re-
search to date suggests that emotion perception abnormal-
ities are more striking in schizophrenia and schizotypy as
compared with individuals at FHR or those in the pro-
drome. However, additional work is necessary in the pro-
drome as this is a new area of research, particularly using
stimuli that require more rapid information processing.

Experience

Across all groups, emotion experience depends on the ex-
perimental methods. While individuals with schizophre-
nia, those at FHR, and those with schizotypy report
increased anhedonia on questionnaires, their experienced
emotion in the laboratory is relatively intact (for an ex-
ception, see Curtis et al®®®?). Similarly, these 3 groups
have shown intact modulation of startle.®® Those with
schizophrenia, with schizotypy, and those in the pro-
drome have demonstrated increased negative affect
and reduced positive affect. Experience-sampling meth-
ods indicate that individuals at FHR report comparable
experience to controls. When individuals with schizotypy
are divided by subgroup, those with positive and disor-
ganized schizotypal symptoms experience increased emo-
tionality, while individuals with negative schizotypal
symptoms report reduced intensity of emotions. How-
ever, each subtype has separately reported increased neg-
ative affect. Similarly, increased experience, particularly
of negative emotion, is described by a subgroup of indi-
viduals considered to be in the prodrome and by people
prior to their first episode of psychosis.

In summary, increased reported anhedonia occurs
across all at-risk groups, though there are currently
few studies of persons considered prodromal. Increased
negative affect and reduced positive affect has been dem-
onstrated in all groups other than those at FHR. Lastly,
within the laboratory, generally intact experience occurs
across groups.

Expression

Individuals with schizophrenia, those with negative schiz-
otypy, and at least a subgroup of individuals in the pro-
drome have demonstrated reduced emotion expression.
Individuals with schizophrenia demonstrate impairment
in emotional expression in the form of reduced facial af-
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fect and emotional prosody.'”® However, one study dem-
onstrates that individuals with schizophrenia express
more subtle facial emotions and that it may take stimuli
of a larger intensity to inspire a change in emotional ex-
pression.'®® Individuals across all subtypes of schizotypy
have reported alexithymia as well as reduced disposi-
tional expressivity in general. However, it is only those
with negative schizotypy who have been found to be im-
paired in expression within the laboratory. In contrast,
groups of persons at FHR have not demonstrated re-
duced expression, though males at FHR have been found
to have difficulty verbally describing their emotions. A
subgroup of individuals in the prodrome has endorsed
items on questionnaires that indicate reduced expression.
Thus, reduced expression appears to be an important fac-
tor for those with schizophrenia, those with negative
schizotypy, and males at FHR.

Emotion-Processing Abnormalities Through the Premorbid
and Prodromal Phases

In this section, we speculate briefly about the evolution of
emotion dysfunctions that may precede schizophrenia.
Individuals in the premorbid phase of schizophrenia
may be vulnerable through a combination of emotion-
processing abnormalities. Individuals at FHR report
an increased stress response to events labeled as everyday
activities.®’ In addition, in the premorbid phase, anhedo-
nia is likely to be present as it is consistently described in
at-risk groups. This reduced sense of positivity may make
one more vulnerable through a reduction in remembered
or salient positive experience, which might otherwise be
a buffer against stress. Further, poor perception of subtle
emotional and social nuances may lead to misinterpreta-
tion. This, in turn, may be associated with a heightened
stress response and a reduced capacity for social relation-
ships and lead to social withdrawal. In subgroups of
persons at risk, such as males, increased difficulty under-
standing and reporting their emotions may be present.
Finally, reduced amygdala-hippocampal volumes and
abnormal functional activity in some brain areas perti-
nent to emotion may add increased vulnerability through
impaired emotion regulation.

The transition from the premorbid to the prodromal
phase may involve increased negative affect and reduced
positive affect. This negative affect may evolve to take the
form of a growing anxiety or mood disorder. Abnormal
thinking, in the form of magical thinking, unusual beliefs,
or subtle paranoia, may lead to social isolation and in-
creased negative affect and stress. Increasingly abnormal
emotion perception and expression may compound social
difficulties. In addition, continued insufficient compensa-
tory brain activity, particularly in prefrontal cortex, may
contribute to vulnerability. Of course, these proposed
emotional difficulties are likely to be only one component
of a growing social disorder, also marked by neurocognitive
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difficulties. The mechanisms of transition from a risk state
to acute psychosis is as yet not well understood but is un-
der active investigation in studies of the prodrome.

Mechanisms of Emotion Abnormalities in At-Risk Groups

As has been demonstrated in this review, emotion-
processing abnormalities in those at risk are beginning to
be delineated. However, theories on their underlying mech-
anisms are not well developed. For an explanation of emo-
tion-processing abnormalities across certain at-risk groups
and schizophrenia, including reduced emotion perception,
increased negative emotion experience, and reduced emo-
tion expression, we briefly look to theories pertaining to
emotion dysfunction in schizophrenia. Impaired recogni-
tion of fear in schizophrenia is associated with reduced ac-
tivity in the amygdala and regions to which this structure
projects.>® In addition, individuals with schizophrenia allo-
cate less attention to the eyes in facial expressions,'® which
has been proposed to be important for the evaluation of
fearful information and for activation of the amygdala.''
Thus, functional imaging with emotion probes and eye-
tracking studies may provide insight into whether similar
mechanisms are at work in those at-risk as in persons
with schizophrenia and whether compensatory neurocogni-
tive processes can mitigate these abnormalities.

In the domain of experience, heightened negative affect
in schizophrenia has been proposed to occur as a result of
disconnected or dysregulated activity between cortical
and subcortical structures. Specifically, reductions in
amygdala and medial prefrontal activity are associated
with increased autonomic response to fearful informa-
tion. As a result, inappropriate appraisal of this excessive
somatic response to fear may occur.’’ A similar theory
proposes that there is a disruption of cortical regulation
of subcortical dopamine systems, which leads to an exag-
gerated influence of the amygdala. Instead of being
guided by a balance between the hippocampus and the
amygdala, an overactive amygdala signals a threat where
it does not exist, and increased negative affect ensues.’’
Other theories propose an underactive amygdala coupled
with an underactive prefrontal cortex, leading to the pro-
cessing of social information without regulation by the
prefrontal areas.''! Finally, in the area of expression,
patients exhibit facial muscle expressiveness that is overtly
unobservable but which occurs in the expected direc-
tions.'® As stated above, it has been suggested that indi-
viduals with schizophrenia may have a higher threshold at
which facial expressions become observable to the naked
eye and that they only show expression during intense
emotional experience.!® Thus, although expression
may appear to be restricted in subgroups of individuals
with schizophrenia, expression is exhibited in the expected
directions in HR individuals, simply to a subtler degree.

As stated above, studies involving all 3 at-risk groups
have begun to show abnormal brain activation in regions
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relevant to emotion, although it is not often the case that
the tasks are emotional in content. In addition, the effect
of this abnormal activity on behavior is unclear as there
may be compensatory mechanisms at work. Thus far, re-
search suggests abnormality in areas of the brain integral
to emotion processing, which may be associated with the
abnormal behavioral responses discussed in the literature
on at-risk populations. While promising, this field is rel-
atively uncharted in HR groups, and additional work is
necessary to clarify structural, functional, and cognitive
abnormalities relevant to emotion, particularly in pre-
frontal-limbic interaction. The degree to which “top-
down” (regulatory) or “bottom-up” dysfunctions are
present has to be identified.

Implications and Future Directions

Individuals with schizophrenia exhibit widespread emo-
tion deficits, including impaired emotion perception,
self-reported anhedonia, increased negative affect, and
reduced expression of emotion. Increasing data suggest
that individuals at HR demonstrate similar abnormalities
at an attenuated level. The most robust findings are in the
areas of reduced emotion perception, reported anhedo-
nia, and increased negative affect. Studies on individuals
at FHR and with schizotypal characteristics are steadily
increasing; however, little work on emotion processing
has been devoted to those in the prodrome as this field
is relatively newly established. In addition, imaging
and psychophysiology methods that employ emotion
probes are necessary to identify the brain mechanisms
associated with these abnormalities. A number of other
factors need to be addressed in order to clarify the nature
and implications of abnormal emotion processing in
at-risk groups. These include the effects of demographic
factors, adequate control tasks, and a broader range of
more externally valid emotional stimuli. In addition,
future work is warranted toward investigating whether
emotion-processing abnormalities might serve as markers
of prediction and avenues of treatment.

Demographic Factors

Studies on emotion processing in at-risk individuals is in
such a preliminary stage that few studies have explicitly
addressed demographic factors, such as gender, age, ed-
ucation, ethnicity, and socioeconomic status as variables
of possible influence. Regarding age, it is important to
note that many of the findings pertaining to schizotypy
include undergraduate populations only. Moreover,
HR individuals such as relatives who have passed
through the age of peak risk for schizophrenia (>age
30) allow the evaluation of components of the syndrome
that are independent of psychosis. The study of younger
relatives (<age 30) provides an opportunity to identify
the differences present prior to typical onset of schizophrenia



in a subset of relatives. Younger relatives are likely to
comprise a mixture of future cases and noncases, and
therefore, the effect sizes here may be larger than in old-
er samples where onset of illness is unlikely. Studies of
young family members can contribute to prediction of
illness. Thus, use of homogeneous samples on age
may increase the precision of HR studies.

Some gender differences have been found, particularly
in those at FHR, suggesting that males may have more
salient dysfunctions. While no group differences were
found in facial expression in some studies between those
at FHR and healthy controls, it was observed that rela-
tives of male probands demonstrated reduced expression
as compared with relatives of female probands. It was
concluded that relatives of female probands may be pro-
tected by their increased range of affect as compared with
the relatives of male probands. Another study suggested
that reduced joy expressions, particularly in female chil-
dren, was predictive of future schizophrenia; reduced
positive expression was not a factor in men. Lastly, sim-
ilar to men with schizophrenia, men at FHR have dem-
onstrated alexithymia. Thus, gender differences emerge
in the domain of emotional expression, in regard to facial
affect expression and ability to verbalize one’s feelings. In
order to adequately and explicitly test hypotheses regard-
ing sex differences, large enough samples must be col-
lected to obtain sufficient statistical power and also to
match within sex as well as across diagnostic groups.

Adequate Control Tasks and Groups

In order to investigate which emotion-processing deficits
are independent of other areas of dysfunction associated
with HR status, such as cognitive deficits, it is essential to
use adequate control tasks that match on level of com-
plexity and salience and which incorporate measures of
other areas of cognition. Many studies did include
well-matched control tasks and provide evidence for
emotion-processing deficits beyond more general cogni-
tive deficits (eg, Toomey et al®®). However, the extent to
which cognitive impairment found robustly in HR pop-
ulations contributes to emotion-processing abnormalities
is not well studied to date and is an important area of
continued investigation. In addition, in many studies,
comparison groups are healthy controls and individuals
with schizophrenia; thus, it is unclear whether findings
are specific to the schizophrenia spectrum and risk for
schizophrenia or if they occur similarly in other popula-
tions, such as those at risk for affective psychoses.

Range of Emotional Stimuli and Experimental Method

Understanding of emotion perception and the experience
of emotion would be advanced through incorporating
stimuli in a range of modalities (eg, words, pictures,
film clips) levels of intensity/subtlety, as well as through
including valence and arousal as factors. In addition, in-
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creased use of experience-sampling methods might allow
for greater generalizability of findings. In terms of biolog-
ical correlates, though the number of studies that incor-
porate psychophysiology and neuroimaging in at-risk
populations is gradually increasing, the vast majority
of studies to date have focused on cognition’® and the de-
velopment of studies that specifically target emotion is
warranted.

Avenues of Treatment

Treatment for emotion-processing abnormalities might
come in a variety of forms and is an important area of
future research. Psychotherapy, such as cognitive behav-
ior therapy aimed at reducing negative affect and stress
and addressing cognitive distortion (eg, paranoia), is an
increasing approach with patients with established
schizophrenia and could be implemented with persons
at risk who have such symptoms. Increasing the number
and salience of positive experiences might be helpful. In
addition, improving emotion perception and understand-
ing of emotional and social cues might be gained through
cognitive training and structured peer support groups.
Family groups using a psychoeducational approach
about the cognitive and emotional difficulties of the in-
dividual may be helpful by reducing stress within families.
Finally, as symptoms increase, psychotropic medications
may be indicated. Such strategies are already underway
in persons who are putatively prodromal,>*!''*"'1¢ and
might be cautiously applied to other HR groups who
are treatment-seeking but less severely symptomatic.

Conclusions

Modern experimental methods have permitted a closer
examination of the observations made by Kraepelin
and Bleuler on the aberrant emotion processing that is
part of the pathophysiology of schizophrenia. Through
the study of emotion processing in those considered at
risk, a picture emerges largely without confounds associ-
ated with the effects of illness and treatment. Knowledge
of which emotion abnormalities place one at increasing
risk may lead to the development of therapeutic targets
for early intervention.

Additional experiments that incorporate a range of
methodologies are needed to clarify and refine knowledge
on the nature and degree of abnormalities, their impact
on goal attainment and aspects of social functioning (eg,
social problem solving, social skills, self representation,
theory of mind, volition), and their utility in predicting
future conversion to psychosis.

Emotion-processing abnormalities have widespread
impact across all areas of functioning. Intact emotion
processing is fundamental to profitably navigating
one’s environment and to social success. It has been
suggested that intact emotion processing facilitates the
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operation of reason.''” Those with schizophrenia and
those considered at risk demonstrate abnormalities
across multiple components of emotion processing that
are similar to those experienced by people with schizo-
phrenia, making these components candidate markers
of increased vulnerability and potential fruitful targets
of future research and early intervention.
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