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Problems in the perception of emotional material, in par-
ticular deficits in the recognition of negative stimuli, have
been demonstrated in schizophrenia including in first-
episode samples. However, it is largely unknown if emotion
recognition impairment is present in people with subthres-
hold psychotic symptoms. Here, we examined the capacity
to recognize facially expressed emotion and affective pro-
sody in 79 individuals at ultra high-risk for psychosis, 30
clinically stable individuals with first-episode schizophrenia
assessed as outpatients during the early recovery phase of
illness, and 30 unaffected healthy control subjects. We
compared (1) scores for a combined fear-sadness aggregate
index across face and voice modalities, (2) summary scores
of specific emotions across modalities, and (3) scores for
specific emotions for each sensory modality. Findings sup-
ported deficits in recognition of fear and sadness across
both modalities for the clinical groups (the ultra high-
risk and first-episode group) as compared with the healthy
controls. Furthermore, planned contrasts indicated that
compared with the healthy control subjects, both clinical
groups had a significant deficit for fear and sadness recog-
nition in faces and for anger recognition in voices. Specific
impairments in emotion recognition may be apparent in
people at clinical high-risk for schizophrenia before the
full expression of psychotic illness. The results suggest a
trait deficit and an involvement of the amygdala in the path-
ology of ultra high-risk states.

Key words: facial emotion labeling/affective prosody/
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Introduction

Individuals with schizophrenia experience problems in

the perception of emotional material.1–3 The ability to

recognize others’ emotional states is essential for social
cognition to guide social functioning and behavior.
Impairments in emotion recognition may therefore con-
tribute to deficits in social functioning, which are present
in people with schizophrenia throughout the course of
the disorder,4,5 as well as in individuals ‘‘at-risk’’ for
psychosis.6–8

Rather than a general deficit that encompasses all
emotions, schizophrenia may be associated with a more
specific deficit in the processing of a subset of nega-
tive emotions including anger, disgust, sadness, and/or
fear.1,9–12 For example, Edwards et al11 examined facial
affect and affective prosody recognition in a representa-
tive sample of individuals with first-episode psychosis
assessed as outpatients during the recovery phase of ill-
ness. Their findings supported small but consistent de-
ficits in the recognition of fear and sadness in faces
and across both sensory modalities for the combined
schizophrenia and other psychotic disorders groups as
compared with the affective psychoses group and nonpa-
tients, independent of intelligence. The fact that the
amygdala plays an important role in the recognition of
fear13,14 and sadness14,15 and has also been suggested
to be a relevant factor in the pathogenesis of schizophre-
nia on the basis of imaging studies16–18 provides a theo-
retical rationale for a fear/sadness recognition deficit
in schizophrenia. However, there are also studies that
have shown deficits for other emotions (eg, happiness,
surprise, and neutral).1,19 One reason contributing to
these inconsistencies in the literature is the substantial
heterogeneity of applied tasks that vary in the number
of emotions examined, response time, response format,
and stimulus complexity with only few instances of iden-
tical procedures being adopted in more than 1 study.1

To avoid the influence of varying emotion recognition
assessments, the present study used the same number of
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items and exposure times for the facial emotion–labeling
task and the affective prosody task as proposed by
Edwards and colleagues.11

The neurodevelopmental model of schizophrenia pos-
tulates that some deficits may occur before the onset
of illness.20 If emotion recognition deficits represent a
vulnerability-linked impairment, they may be apparent
in people with subthreshold psychotic symptoms who
are at elevated risk for schizophrenia.21 Two previous
studies have investigated emotion perception in clinical
high-risk populations. The first study, by Pinkham
et al,8 did not detect differences between clinical high-
risk individuals and control individuals for both emotion
identification (ie, to identify which emotion a face ex-
presses) and emotion discrimination (ie, to determine if
2 faces are displaying the same or different emotions).
The second study, by Addington et al,22 reported that in
high-risk individuals, the ability to identify emotions,
but not the ability to discriminate between them, was
significantly impaired compared with a nonpsychiatric
control group and did not differ from patients with
first-episode schizophrenia or chronic schizophrenia.

The present study extends the research in clinical
at-risk groups by investigating specific emotions (fear,
sadness, anger, disgust, surprise, happiness, and neu-
tral) including stimuli in multiple modalities (eg, faces
and voices). The aim of our study was to test the
hypotheses that (1) ultra high-risk patients and (2) clin-
ically stable patients with first-episode schizophrenia
are characterized by impaired recognition of fear and
sadness but not of other emotions using tasks previ-
ously used by Edwards et al.11 Confirmation of these
hypotheses would be consistent with the view that a
dysfunction of the amygdala underlies the emotion per-
ception deficit in schizophrenia16 and provide new
information on specific deficits in emotion perception
in people with subthreshold manifestations of psycho-
sis, as well as validate previous findings in first-episode
schizophrenia.

Methods

Participants

The study was conducted in 79 individuals at ultra high-
risk of psychosis, 30 individuals with first-episode schizo-
phrenia, and 30 healthy controls. The ultra high-risk
group comprised individuals who were aged 13–25 years
and met the criteria for 1 or more of 3 operationally
defined and well-validated23,24 groups of risk factors
for psychosis: attenuated positive psychotic symptoms,
transient psychosis, and genetic risk plus a decrease in
functioning (table 1). The presence of attenuated psy-
chotic symptoms (group 1) and transient psychosis
(group 2) were determined in a semistructured interview
by applying the Positive and Negative Syndrome Scale
(PANSS)25 cut-off scores for symptom severity proposed

by Morrison and colleagues26 and frequency and dura-
tion criteria of Yung et al.27 Group 3 comprised indi-
viduals with a family history of psychotic disorder in a
first-degree relative (assessed with the Family History
Research Diagnostic Criteria)28 or having a schizotypal
personality disorder (as defined by Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition
[DSM]-IV) and a decrease in functioning of 30% or
more on the Global Assessment of Functioning Scale
within the past year. The detailed ultra high-risk criteria
are listed in table 1.
The distribution of the criteria met by the subjects were

as follows: attenuated psychotic symptoms (group 1),
50.6% (40/79); transient psychosis (group 2), 7.6% (6/
79); trait plus state risk factors (group 3), 2.5% (2/71);
attenuated psychotic symptoms plus transient psychosis
(group 1 and group 2), 34.2% (27/79); attenuated psy-
chotic symptoms plus trait plus state risk factors (group
1 and group 3), 5.1% (4/79). Diagnosis of first-episode
schizophrenia was established on the basis of the Struc-
tured Clinical Interview for DSM-IV (SCID-P).29 Healthy
controls were recruited from among the patient partici-
pants’ friends and patients’ schools; they underwent the
same assessment procedure as the clinical groups. Study
exclusion criteria were significant impaired vision (ie,
blurred or less than 20/20 vision with correction),
impaired auditory acuity, organic mental disorder, men-
tal retardation, the presence of any documented neuro-
logical condition.

Table 1. Ultra High-Risk Criteria

Group 1: Attenuated psychotic symptoms

Presence of symptom scores of 3 on the Positive and Negative
Syndrome Scale (PANSS) delusions scale, 2–3 on the PANSS
hallucinations scale, 3–4 on PANSS suspiciousness or 3–4 on
PANSS conceptual disorganization scale (frequency of symptoms
�2 times per week for a period of at least a week and not longer
than 5 years and to have occurred within the last year).

Group 2: Transient psychosis

Presence of symptoms scores of �4 on PANSS hallucinations
scale, �4 on PANSS delusions scale, or �5 on PANSS conceptual
disorganization scale (symptoms not sustained beyond a week and
resolve without antipsychotic medication and have occurred
within the last year).

Group 3: Trait plus state risk factors

Having a schizotypal personality disorder (as defined by
DSM-IV) or a first-degree relative with a DSM-IV psychotic
disorder and a significant decrease in functioning from premorbid
level, resulting in a decrease of 30% on the Global Assessment of
Functioning Scale, maintained for at least a month and not longer
than 5 years. The decrease in functioning needed to have occurred
within the past year.

Note: PANSS, Positive and Negative Syndromes of
Schizophrenia Scale; DSM-IV, Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition.
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Procedure

The study was approved by the Ethics Committee of the
Medical University of Vienna. All patients were consec-
utive admissions to a specialized psychosis detection and
treatment unit at the Department of Child and Adoles-
cent Psychiatry, Medical University of Vienna, Austria,
between May 2003 and May 2006. All participants pro-
vided written informed consent, including parental con-
sent for those less than 18 years of age. The ultra high-risk
group was recruited for a randomized controlled trial
of omega-3 fatty acids vs placebo which is described in
detail elsewhere.30 The emotion recognition assessment
in the ultra high-risk group was conducted as part of
the trial baseline assessment, and all ultra high-risk indi-
viduals were free of antipsychotic medication. The first-
episode schizophrenia group was assessed as outpatients
during the early recovery phase of illness.

Measures

Psychopathology. The PANSS25 was used to assess psy-
chiatric symptoms. Raters (M.R.S., K.P., M.S.) were
experienced clinicians who were thoroughly trained in
the administration of the PANSS before the beginning
of the study. Interrater reliability estimates for PANSS
subscales were excellent (all intraclass correlation coeffi-
cients>0�92). To maintain reliability between raters, vid-
eotaped interviews were used approximately every 3
months across the entire study period to avoid rater drift.
The SCID-P for DSM-IV29 was used to ascertain psychi-
atric diagnoses.

Emotion Recognition. We applied emotion recognition
assessments used by Edwards and colleagues.11 The facial
emotion–labeling task was a computerized modification
of the Feinberg et al31 procedure. Stimuli, comprising
21 slides from 110 slides of Ekman and Friesen,32 were
photographs of faces representing standardized poses
of fundamental emotions and included sadness, anger,
happiness, disgust, surprise, fear, and neutral. Exposure
time was 0.5 seconds. Three randomly selected practice
items preceded the task and an attention-control task
was administered which consisted of 4 single slides, show-
ing numbers 1–10, interspersed throughout the labeling
task. Near vision was tested using magazines. Distant
vision was estimated by the ability to read the standard
Snellen types at a distance of 20 feet. Prosody tasks were
developed by Edwards and colleagues who hired four
professional actors to speak 16 simple sentences—
variations of the four sentences used by Roberts et al33:
‘‘they must stay here’’; ‘‘he will come soon’’; ‘‘she will
drive fast’’; and ‘‘we must go there’’—each sentence being
spoken by the actors in different moods. Item selections
were based on responses of undergraduate students. The
final task used 3 of the 4 actors and comprised 60 items
across the 5 emotion categories of fear, sadness, anger,

surprise, and neutral. Eight seconds of silence were
inserted between items, and each speaker and task was
preceded by 3 practice items, resulting in a recording of
23 minutes. Current IQ was measured with the Number-
Combination Test.34

Statistical Analysis

Following research by Edwards et al,11 which showed
that the greatest group differences between patients
with schizophrenia and other psychotic disorders as com-
pared with affective psychosis and healthy controls, were
evident for fear and sadness recognition and that these
response patterns were consistent across the facial affect
and prosody tasks, an aggregate index was created by
summing the respective facial and vocal subscale mean
scores. More information on the rationale and construc-
tion of this index is provided by Edwards et al.11(p247) In
accordance with this index and with research showing a
relationship between facial affect labeling and prosody
recognition,35–38 we calculated summary scores across
the emotion modalities, unweighted for facial affect
and prosody. Facial affect and prosody recognition
were also investigated independently. On the basis of
findings from Edwards et al,11 we tested the hypotheses
that in contrast to healthy controls, both patient groups
(individuals at ultra high-risk for psychosis and individ-
uals with first-episode schizophrenia) would be charac-
terized by significant impairment in the fear/sadness
(aggregate scale) recognition.
One-way ANOVA and subsequent ANCOVA with

adjustments for age, current IQ, and psychopathology
(PANSS total score) with sex as additional factor were
applied to compare the percentages of correct emotion
answers in ultra high-risk patients, first-episode schizo-
phrenia patients, and healthy control subjects. Planned
simple contrasts were undertaken comparing each of
the ultra high-risk and first-episode schizophrenia groups
to the control group. Effect sizes were calculated by divid-
ing the adjusted mean difference for our particular con-
trasts of interest by the pooled standard deviation of all
groups.39 This measure is similar to Cohen’s d where a
value of 0.8 indicates a large effect size. Prior to this,
the groups were compared on continuous demographic
and symptom variables using ANOVA, with compari-
sons on categorical variables made using chi-square anal-
ysis. Pearson correlations were performed to determine
associations between psychopathology and emotion
tasks. A significance level of 0.05 was used for all statis-
tical tests, and two-tailed tests were applied. Tests were
carried out with the statistical package SPSS (version
17.0.2).

Results

Demographic and clinical characteristics are displayed in
table 2. The groups differed significantly on sex (with a
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lower proportion of males in the ultra high-risk group),
on current IQ (with lowest scores in the first-episode
group), and on all PANSS subscales (with highest scores
on the positive, global, and total symptom scale in the
ultra high-risk group and highest scores on negative
symptoms in the first-episode group).

To test our hypotheses, each clinical group was com-
pared with the group of healthy controls. Planned con-
trasts within the ANOVA framework indicated that
as expected, both the ultra high-risk group (P = .005)
and the first-episode schizophrenia group (P = .006)
achieved a significantly lower percentage of correct
fear/sadness emotion answers (as measured by the
aggregate index across modalities) than the control
group. Next, we determined if these group differences
were influenced by demographic or illness-related fac-
tors. Planned contrasts from a subsequent ANCOVA,
adjusting for the effects of age, current IQ, and psychi-
atric symptoms (PANSS total score) with diagnostic
group and sex as factors confirmed significant group
differences (ultra high-risk group vs controls, P =
.002; first-episode group vs controls, P = .004), with
no significant sex difference or sex-diagnostic group
interaction being observed. Next, planned comparisons
were undertaken investigating the summary scores
across modalities (facial affect recognition and prosody
tasks) for sadness, anger, surprise, fear, and neutrality.
Both ANOVA and ANCOVA-derived planned con-
trasts were consistent in their results for each emotion.
The adjusted mean percentages of correct emotion

answers by group, and the P values of the planned con-
trasts, are displayed in table 3.
Consistent with our hypotheses, the planned contrasts

indicated statistically significant differences between
both clinical groups (the ultra high-risk and first-episode
group) and the healthy control group in the recognition
of fear and sadness. For all other emotions, the planned
contrasts failed to attain statistical significance. The
effect sizes for the differences of correct emotion answers
across modalities between the clinical groups and the
healthy control group are presented in figure 1. For
the fear/sadness aggregate index effect sizes were large
which is similar to the effect sizes reported in two recent
meta-analyses.2,3

Furthermore, we investigated facial emotion labeling
and affective prosody recognition independently for
each emotion. The adjusted mean percentages of correct
emotion answers by group, and the P values of the
planned contrasts for facial affect recognition and prosody
tasks, are displayed in table 4.
For facial affect recognition, the planned contrasts

indicated statistically significant differences between
both clinical groups and the healthy control group for
fear and sadness. Consistent with the findings combining
both modalities, the planned contrasts failed to attain
statistical significance for the other emotions. For affec-
tive prosody recognition, however, the planned contrasts
revealed statistically significant differences between both
clinical groups compared with the healthy control group
for anger and between the ultra high-risk group and the

Table 2. Demographic Characteristics and Psychiatric Symptoms in Individuals at Ultra High-Risk for Psychosis, in Individuals With
First-Episode Schizophrenia, and Healthy Controls

Variable

Ultra High-Risk
Subjectsa (N = 79)

First-Episode
Schizophrenia
Subjects (N = 30)

Healthy Control
Subjects (N = 30) Analysesb

N % N % N % v2 df P

Demographic characteristics

Male 26 32.9 18 60.0 15 50.0 7.43 2 0.02
Education 0.40 2 0.82
Basic 37 46.8 16 53.3 14 46.7
Higher 42 53.2 14 46.7 16 53.3

Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI F df P

Age 16.5 2.1 16–17 16.8 1.41 16–17 15.6 2.01 15–16 2.87 2, 136 0.06
Current IQ 99.3 15.6 96–103 90.8 10.0 87–95 104.4 11.1 100–109 7.64 2, 136 0.001

Symptoms

PANSS scores
Positive symptom score 14.5 3.1 12.4 4.1 7.2 0.9 60.3 2, 136 <0.001
Negative symptom score 14.0 5.8 16.2 4.7 7.1 0.4 29.3 2, 136 <0.001
Global symptom score 30.2 7.0 28.5 5.5 16.9 2.6 55.5 2, 136 <0.001
Total symptom score 58.7 13.4 57.0 12.4 31.2 3.7 62.0 2, 136 <0.001

Note:aAssessment of ultra high-risk subjects was based on state plus trait risk factors, attenuated symptoms, and/or brief limited
intermittent psychotic symptoms.bOne-way ANOVA or chi-square analysis for categorical data.

4

G. P. Amminger et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/schizophreniabulletin/article/38/5/1030/1898897 by guest on 16 August 2022



1034

G. P. Amminger et al.

control group for surprise. No significant differences
were observed for affective prosody recognition of fear,
sadness, and neutral. Finally, Pearson correlations be-
tween psychopathological measures (ie, PANSS scores)

and emotion recognition tasks that significantly differed
from the healthy comparisons were examined in the clin-
ical groups. No significant correlations were observed in
both groups.

Fig. 1. Effect sizes for emotion perception deficits across facial affect recognition and prosody tasks in ultra high-risk and first-episode
schizophrenia patients.

Table 3. Adjusted Mean Percentages of Correct Emotion Answers in Individuals at Ultra High-Risk for Psychosis, in Individuals With
First-Episode Schizophrenia, and Healthy Controls

Planned Contrasts with
Healthy Control Groupb

Variable

Ultra High-Risk
Subjectsa (N = 79)

First-Episode
Schizophrenia
Subjects (N = 30)

Healthy Control
Subjects (N = 30)

Ultra
High-Risk
Group

First-Episode
Schizophrenia
Group

Mean SE 95% CI Mean SE 95% CI Mean SE 95% CI P P

Emotion recognitionc

Fear/Sadness score 58.2 1.9 55–62 58.6 2.7 53–64 72.3 3.5 65–79 0.002 0.004
Sadness score 57.3 2.3 53–62 57.1 3.4 50–64 71.5 4.3 63–80 0.009 0.014
Anger score 79.4 1.8 76–83 71.0 2.7 66–76 79.7 3.3 73–86 0.954 0.059d

Surprise score 81.0 2.1 77–85 87.2 3.2 81–93 84.8 4.0 77–93 0.452 0.650
Fear score 59.1 2.4 54–64 60.1 3.6 53–67 73.1 4.5 64–82 0.014 0.033
Neutral score 79.1 1.9 75–83 82.7 2.7 77–88 84.7 3.5 78–92 0.199 0.662

Note:aAssessment of ultra high-risk subjects was based on state plus trait risk factors, attenuated symptoms, and/or brief limited
intermittent psychotic symptoms.bP values of ANCOVA-derived planned contrasts adjusted for age, current IQ, and PANSS total
symptom score with sex as additional factor.
cSummary scores across faces and voices.
dThe ANOVA-derived unadjusted P value was statistically significant.
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Discussion

To our knowledge, this is the first study that has inves-
tigated the perception of specific emotions in 2 modalities
in young people at ultra high-risk of psychosis. In line
with the neurodevelopmental model of schizophrenia,
our findings suggest that impairments in emotion recog-
nition may be apparent before the full expression of psy-
chotic illness. The observation that such deficits may be
present in individuals with subthreshold psychotic symp-
toms, of whom only some will progress to schizophrenia
or other psychoses, is consistent with the study by
Addington and colleagues.22 However, their study did
not determine if the deficit was specific to certain emo-
tions. Deficits in emotion recognition have been reported
in people with schizophrenia throughout the course of
their illness, including in first-episode patients.1–3 How-
ever, because the adoption of identical emotion recogni-
tion assessment procedures across sites is rare in this field
of research,1 our replication of previous findings (ie, for
facial emotion recognition and across sensory modalities)
in patients with first-episode schizophrenia11 is another
important result of the present study.

Emotions are perceived bimodal by the ear and the eye.
Most of our social interactions involve combining infor-
mation from the face and the voice of other people (with
the notable exception of telephone conversations).38

Research indicates that there are differences in the effec-
tiveness with which the face and the voice convey differ-
ent emotions.1,40 For example, happiness is the easiest
facial expression to recognize, but when it comes to
expression in the voice, happiness is harder to distinguish
from other emotions. However, an intuitive rationale for
creating summary scores across communication channels
is provided by the common quality of an emotion: eg,
both an angry face as well as an angry voice convey
the information that the person is angry.40 Additional
empirical support for the evaluation across sensory
modalities is provided by research showing a relationship
between face and voice expression recognition.11,35–38

Emotion recognition is fundamental to social cogni-
tion and social functioning. It is well established that def-
icits in social functioning often predate the onset of illness
in schizophrenia.6,8 The nature of the underlying dys-
function is still only partially understood. Impaired emo-
tion recognition has been related to social dysfunction in
people with schizophrenia.41 Impaired emotion recogni-
tion may therefore be one mechanism among the factors
contributing to social impairment in people with schizo-
phrenia. In social situations, inaccurate decoding of emo-
tional expression is a source of stress and a barrier to
social interactions and communication.42 Stress may
exacerbate symptoms in people with schizophrenia,43

and possibly also play a role in the onset of frank

Table 4. Adjusted Mean Percentages of Correct Emotion Answers for Facial Affect and Affective Prosody Recognition in Individuals at
Ultra High-Risk for Psychosis, in Individuals With First-Episode Schizophrenia, and Healthy Controls

Planned Contrasts with
Healthy Control Groupb

Variable

Ultra High-Risk
Subjectsa (N = 79)

First-Episode
Schizophrenia
Subjects (N = 30)

Healthy Control
Subjects (N = 30)

Ultra
High-Risk
Group

First-Episode
Schizophrenia
Group

Mean SE 95% CI Mean SE 95% CI Mean SE 95% CI P P

Facial affect recognition

Sadness score 63.7 0.03 57–70 63.8 0.05 54–73 82.2 0.06 70–94 0.017 0.028
Anger score 68.1 0.03 62–74 52.4 0.05 43–62 61.7 0.06 50–73 0.386 0.248c

Happiness score 95.1 0.01 92–98 98.6 0.02 95–100 100.0 0.03 96–100 0.074 0.489
Disgust score 63.5 0.04 56–71 62.5 0.06 51–74 69.2 0.07 55–83 0.523 0.488
Surprise score 83.4 0.03 77–90 91.3 0.05 82–100 78.7 0.06 67–90 0.522 0.109
Fear score 56.6 0.05 48–65 55.8 0.07 43–69 81.9 0.08 66–98 0.017 0.022
Neutral score 86.2 0.02 81–91 91.5 0.04 85–99 91.7 0.05 83–100 0.328 0.976

Affective prosody recognition

Sadness score 51.0 0.03 45–57 50.4 0.04 42–59 60.8 0.06 50–72 0.158 0.163
Anger score 90.8 0.01 88–94 89.6 0.02 86–94 97.7 0.03 93–100 0.037 0.024
Surprise score 78.6 0.02 74–83 83.1 0.03 76–90 90.9 0.04 82–99 0.024 0.182c

Fear score 61.6 0.02 58–66 64.3 0.03 58–70 64.4 0.04 57–72 0.562 0.984
Neutral score 72.1 0.02 68–77 73.8 0.03 67–81 77.7 0.04 69–86 0.298 0.504

Note:aAssessment of ultra high-risk subjects was based on state plus trait risk factors, attenuated symptoms, and/or brief limited
intermittent psychotic symptoms.bP values of ANCOVA-derived planned contrasts adjusted for age, current IQ, and PANSS total
symptom score with sex as additional factor.
cThe ANOVA-derived unadjusted P value was statistically significant.
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psychosis in high-risk individuals.44 Although we did not
observe significant associations between emotion recog-
nition deficits and PANSS summary scores the inaccurate
decoding of emotions may also serve as a building block
in delusion formation.26,45 We will address this hypoth-
esis in detail in a future analysis investigating individual
symptoms selected from the PANSS.
Three anatomical regions of the brain—the lateral

fusiform gyrus, the superior temporal sulcus, and the
amygdala—have been associated with facial and emo-
tional perception.46,47 The lateral fusiform gyrus sub-
serves selective activation to faces and predominately
processes static aspects of the face. The superior temporal
sulcus is more involved in the dynamic aspects of the face,
such as changes in the shape of the eyes and mouth which
indicate different emotions. The amygdala is a multimo-
dal structure, receiving information from several sensory
sources including the visual, auditory, gustatory, and
olfactory systems.48 Although one recent functional
imaging study has demonstrated amygdala activation
to all emotions presented on faces,49 the amygdala
may have a particular importance in the recognition of
negative and threatening stimuli.50 More specifically,
lesion and imaging studies suggest that the amygdala
may be closely linked to the recognition of fearful13,51

and sad facial expressions.15,52 However, a recent meta-
analysis reported that happy faces, as well as fearful
and sad faces, also activated the amygdala, whereas
angry or disgusted faces had no effect on this brain
region.14 Structural and functional abnormalities of the
amygdala and the fusiform gyrus, and impaired facial
emotion recognition, have been both reported in schizo-
phrenia and ultra high-risk states.16,24,53 Hence, these
abnormalities may underlie the dysfunction in facial emo-
tion recognition observed in the present study. Support
for this view is provided by a high-resolution magnetic
resonance imaging (MRI) study that found a correlation
between left amygdala volume and the recognition of sad-
ness in facial expressions.54 Our results for facial emotion
labeling are also consistent with imaging findings report-
ing an involvement of the amygdala and the fusiform
gyrus in the pathology of ultra high-risk states.24

In the study by Edwards et al,11 the group with schizo-
phrenia, like both clinical groups in our study, did not
perform significantly worse than nonpatients on identify-
ing fear and sadness in the auditory tasks. Positron emis-
sions tomography and functional MRI studies have
demonstrated the importance of the amygdala and ante-
rior insula in processing vocal emotion.55 The amygdala
has been shown to respond to emotional vocalizations
of fear37,48,56 and sadness,48,57 although it may also be
involved in the auditory recognition of other emotions
(ie, anger).37,58 An unexpected finding of our study
was that both clinical groups scored significantly lower
than the healthy control group for prosodic recognition
of anger. Similarly to the deficit in the recognition of

facial expressions of fear and sadness, the deficit in
the recognition of anger in voices is consistent with
our hypothesis that the emotion recognition deficit in
ultra high-risk individuals and in people with first-epi-
sode schizophrenia is associated with amygdala dysfunc-
tion. The deficit in anger recognition is even more
interesting because anger, in contrast to fear or sadness
in facial expressions, is the easiest emotion to recognize in
a voice.1 It is therefore unlikely that the anger recognition
deficit was due to a general cognitive impairment or task
difficulty. Another unexpected finding of the study was
that the ultra high-risk group had a significantly lower
percentage of correct answers for surprise on the prosody
task. To our knowledge, the functional neuroanatomy of
perceiving surprise in voices has not yet been investigated.
Impairments in emotional processes are also evident in

other psychiatric conditions59–61 as well as in neurologi-
cal disorders which involve the dopaminergic system.62

For example, in patients with Parkinson’s disease emo-
tion recognition deficits were found to be associated
with decreased amygdala activation.63 In addition, the
amygdala’s response to emotional tasks has been shown
to be altered by the administration of dopaminergic
drugs.64 These observations reinforce the relevance of
the dopaminergic system to emotion recognition. The
involvement of dopamine in emotional processes pro-
vides an important link between emotion recognition def-
icits and the pathophysiology of schizophrenia and
subthreshold psychotic states.65 Anomalous dopaminer-
gic states could contribute to both deficits in the recog-
nition of emotional stimuli and to psychotic symptoms.66

Our study has several strengths. First, we investigated
representative samples of consecutive ultra high-risk and
first-episode patients recruited from a frontline public
service, which supports the generalizability of the
results. Second, all ultra high-risk patients were free
of antipsychotic medication. Third, the emotion recog-
nition tasks permitted examination across both the
facial and vocal modalities. Fourth, the emotion recog-
nition stimuli used have adequate well-documented reli-
ability and validity.11 Fifth, the data analysis ruled out
potential biases due to age, sex, current IQ, and psychi-
atric symptoms. Sixth, the design of the study was
hypothesis driven. An important limitation of the study
is its cross-sectional design that does not allow conclu-
sions to be drawn if the emotion recognition deficit
observed in individuals at ultra high-risk of psychosis
is predictive of conversion to schizophrenia or other
psychoses. Furthermore, we cannot rule out that the
fear and sadness effects for the facial tasks may be spe-
cific to the shorter exposure times. However, Edwards
et al11 reported the fear pattern for 500 ms was similar
to the results for the 5 seconds exposure time, suggesting
that the fear results, at least, were not simply a conse-
quence of brief exposure times. There is also evidence
suggesting that facial expressions can be perceived at
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much shorter stimulus exposure times67 (ie, 20 ms) and
without conscious awareness.68 Another limitation of
the study is that we cannot completely rule out that
the results could reflect a difficulty effect, with fear
and sadness being more difficult to recognize in faces
than other emotions (eg, happiness). However, for anger
and disgust, which are both equally difficult to recognize
in faces, no differences between the clinical groups and
the healthy controls were evident. The stage of illness
of the sample (ie, ultra high-risk and first-episode
patients) is a final limitation to the study findings. This
seems relevant considering two recent studies providing
support for a general perceptual deficit in samples of
chronically ill patients with schizophrenia.69,70

This study is a first step toward elucidating the spe-
cific aspects of emotion perception impairment in young
help-seeking people with subthreshold psychotic mani-
festations. To date, the knowledge of the interactions
between emotion recognition, cognition, social func-
tioning, and symptom formation in schizophrenia and
other psychotic disorders is still very limited.4,45,71 These
processes warrant further examination as they will
enhance our understanding of illness development
and provide new targets for the prevention of psychotic
disorders.
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