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Background. By studying behavior, cognitive abilities and brain functioning in adolescents at high risk for psychosis,

we can gain an insight into the vulnerability markers or protective factors in the development of psychotic symptoms.

Although many high-risk studies have focused on impairments in neurocognitive functions, such as memory and

attention, very few studies have investigated problems in processing social cues such as facial expressions as a

possible vulnerability marker for psychosis.

Method. Thirty-six adolescents at ultra-high risk (UHR) for psychosis and 21 non-clinical controls completed a face

recognition test, a facial affect labeling test and an inhibitory control test. Schizotypal traits and schizophrenia

symptoms were assessed using a schizotypy questionnaire and the Positive and Negative Syndrome Scale (PANSS).

Results. The UHR group showed impairments in labeling facial expressions of others, in addition to a spared ability

to recognize facial identity. More specifically, the UHR group made more errors in labeling neutral expressions

compared to the controls, and an analysis of error types indicated that neutral faces were misattributed as being

angry. The degree of misattribution of neutral-as-angry faces correlated significantly with reduced inhibitory control.

Conclusions. Our findings suggest that misattributing social cues might contribute to vulnerability for psychosis.

This social cognitive deficit may be related to problems in inhibitory control, which potentially plays an important

role in the selection of appropriate social meaning. These findings may have relevance for understanding the

mechanisms underlying prodromal social dysfunction, which should be targeted in future remediation interventions.
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Introduction

The study of young individuals at increased risk of

psychosis has become a promising approach to un-

raveling developmental mechanisms involved in the

etiology of psychotic illnesses such as schizophrenia.

Such ‘high-risk ’ approaches are based on the premise

that certain groups of young individuals are con-

sidered more vulnerable for developing psychosis

later in life than others. Applying a close-in strategy

involving certain genetic (i.e. first-degree relatives of

schizophrenia patients) or clinical (i.e. prodromal

symptoms, ‘at risk mental state ’) inclusion criteria

has provided a means to study populations with

substantially higher risk of psychosis as compared to

individuals from the general population. Follow-up

studies have reported high conversion rates to psy-

chosis in samples defined by such ‘ultra-high risk’

(UHR) criteria (Olsen & Rosenbaum, 2006), with rates

even higher than those reported for biological relatives

of patients with a psychotic disorder. For assessing

such UHR, several instruments have been developed

(Olsen & Rosenbaum, 2006).

Two-hit models of psychosis (Weinberger, 1987 ;

Cannon et al. 2003), on which the concept of high-risk

studies has been based, postulate that (1) multiple

genes are involved in several key events during neu-

rodevelopment and/or brain maturation early in life

leading to a ‘predisposition’ and (2) that the manifes-

tation of psychosis later in life results from interaction

with environmental factors such as viral infections,

birth complications, stressors and/or normal matu-

rational processes. Thus, by studying behavior,
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cognitive abilities and brain functioning in high-risk

populations, an insight may be gained into vulner-

ability markers or protective factors, although such

factors may not be necessary or sufficient for transition

to full-threshold psychotic illness. Predictors of tran-

sition to a psychotic disorder such as schizophrenia

may, however, be identified when applying a longi-

tudinal design in these high-risk studies. As the typi-

cal age of onset of psychotic disorders extends to 30–35

years, these longitudinal follow-up studies are gener-

ally very laborious and time-consuming.

Although many high-risk studies have focused on

impairments in neurocognitive functions, such as at-

tention, memory and executive functioning (Brewer

et al. 2006), very few studies have investigated prob-

lems in social cognition as possible vulnerability mar-

kers for psychosis. Social cognition has been defined

as ‘ the ability to construct representations of relations

between oneself and others, and to use those rep-

resentations flexibly to guide social behavior ’

(Adolphs, 2001). Within the domain of social cog-

nition, the ability to decode facial expressions of emo-

tions plays an important role. The lack of studies on

facial affect recognition in high-risk populations is

surprising, considering (a) the bulk of studies on facial

affect processing deficits in schizophrenia patients

(Mandal et al. 1998 ; Aleman & Kahn, 2005 ; Trémeau,

2006), which have an impact on social skills (Hooker &

Park, 2002 ; Pinkham & Penn, 2006 ; Ikebuchi, 2007),

and (b) the range of studies that consistently point to

social interaction difficulties as a precursor of schizo-

phrenia (e.g. Done et al. 1994 ; Cannon et al. 2008). Of

note, recent studies on social cognition in adolescents

at UHR for psychosis have revealed deficits in men-

talizing, or ‘ theory of mind’ (Chung et al. 2008), in

addition to impairments in the identification of affect-

ive and neutral facial expressions (Addington et al.

2008 ; Eack et al. 2010), although findings are not con-

sistent (Marjoram et al. 2006 ; Pinkham et al. 2007).

Furthermore, individual at genetic risk (first-degree

relatives of patients with schizophrenia) seem to dis-

play deficits in identifying socio-emotional signals, but

only with more subtle and complex emotions (Toomey

et al. 1999 ; Bolte & Poustka, 2003). These studies illus-

trate the importance of studying atypical cognitive

processing of facial emotions as a potential cognitive

deficit contributing to psychotic phenomena in UHR

adolescents.

Although social cognition may have a unique con-

tribution, besides neurocognitive functions, in ex-

plaining daily life social skills (Pinkham & Penn,

2006), there is also evidence to suggest that processing

of social signals is related to executive functioning

(Bozikas et al. 2004). In complex and dynamic social

environments, executive functions may allow us to

shift our mind set flexibly in response to changing

demands, inhibit inappropriate or irrelevant inter-

pretations, thoughts and actions, and hence help to

organize the processing of incoming stimuli in a goal-

directed way (Anderson, 2001).

The aim of this study was to assess facial affect

processing skills as a potential vulnerability marker

in adolescents at UHR of psychosis. We specifically

focused on the labeling rather than the recognition of

facial emotions. This allowed us to study error pat-

terns in the attribution of emotional expressions, that

is the misattribution of the feelings and intentions of

others. We hypothesized that misattribution of

emotional expressions would be related to executive

functioning, particularly cognitive inhibitory control,

which is needed to suppress inappropriate inter-

pretations. We tested our hypotheses in a population

of adolescents meeting criteria for UHR for psychosis,

aged 12–18 years. However, rather than finding pre-

dictors of progression to full-threshold psychosis later

in life, our focus was on vulnerability markers of psy-

chosis during adolescence. By studying this clinical

population in this age range, we may gain an insight

into the underlying cognitive mechanisms, which can

help to explain increased levels of schizophrenia-like

symptoms and traits in adolescence, before the typical

age range in which psychotic illness generally pre-

sents.

Method

Subjects

We included 36 adolescents at increased risk of psy-

chosis and 21 non-clinical controls in the age range 12–

18 years. The groups were matched on age, gender, IQ

and social-economic status (SES) indicated by average

parental education [F(1, 55)=0.50, p=0.48] (see

Table 1). For both groups mental retardation and

neurological disorders were exclusion criteria, and age

between 12 and 18 was an inclusion criterion.

The UHR group was derived from a referred sam-

ple at the Department of Child Psychiatry at the

University Medical Center Utrecht. To identify UHR

adolescents, inclusion criteria and clinical instruments

were used that in other studies have been proved to be

successful in identifying those at UHR for psychosis

(Olsen & Rosenbaum, 2006). The Structured Interview

for Prodromal Symptoms (SIPS ; McGlashan et al.

2001 ; Miller et al. 2003) is a structured diagnostic

interview that includes the Scale of Prodromal

Symptoms (SOPS), the Schizotypal Personality Dis-

order Checklist, a family history questionnaire and a

Global Assessment of Functioning (GAF) scale. The

semi-structured Bonn Scale for the Assessment of
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Basic Symptoms – Prediction List (BSABS-P) interview

was used to rate subjective disturbances, which have

been found to be predictive for psychosis (Schultze-

Lutter & Klosterkotter, 2002). More specifically, ado-

lescents were included because they met at least one

of the four European Prediction of Psychosis Study

(EPOS) inclusion criteria (see Klosterkotter et al. 2005 ;

Sprong et al. 2008) :

(1) Brief, limited or intermittent psychotic symptoms

(‘BLIPS’ assessed with the SIPS) : a history of psy-

chotic symptoms with duration of less than 1 week

and spontaneous remission.

(2) The presence of at least one of : ideas of reference,

odd beliefs or magical thinking, perceptual dis-

turbance, odd thinking and speech, paranoid

ideation, odd behavior or appearance, as defined

in DSM-IV and assessed with the SIPS. These

symptoms should occur at least several times a

week and should have been present for at least

1 week.

(3) Individuals with a first- or second-degree relative

with a history of any DSM-IV psychotic disorder

or a DSM-IV schizotypal personality disorder and

a change in mental state or functioning leading to a

reduction of 30 points or more on the GAF scale

(assessed with the SIPS).

(4) At least three self-perceived deficiencies of cog-

nition or perception from the list of basic symp-

toms as assessed with the BSABS-P.

In this study, none of the adolescents met criterion 1

(BLIPS), 88.9% met criterion 2 (attenuated positive

symptoms), 2.8% met criterion 3 (family history and

reduced functioning) and 55.6% met criterion 4 (basic

symptoms). Overall, 52.8% of the UHR adolescents

met one criterion, 44.4% met two or more criteria and

2.8% met three or more criteria. Information with re-

gard to functioning (GAF), age, gender, medication

and intelligence level can be found in Table 1. The

presence of Axis I disorders was screened for by

board-certified psychiatrists based on DSM-IV criteria.

The results are given in Appendix 1.

The control group was recruited from local sec-

ondary schools. Using identical screening instruments

as for the UHR group, none of the controls belonged to

one of the four above-mentioned groups and hence

did not meet UHR criteria. They were also excluded if

they had a history of any psychiatric illness them-

selves, or in a first-degree relative, or a second-degree

relative with a psychotic disorder. The study was ap-

proved by the local Ethics Committee at the University

Medical Center Utrecht. Informed consent was ob-

tained from all adolescents and parents, according to

the Declaration of Helsinki.

Schizophrenia symptoms and schizotypal traits

Schizotypal traits were measured with the Schizotypal

Personality Questionnaire (SPQ; Raine, 1991). The

SPQ is regarded as an indicator of the genetic vulner-

ability to schizophrenia, as there is a gradient increase

in schizotypal traits in relatives of schizophrenia pa-

tients that is in proportion to the risk for schizophrenia

associated with the degree of kinship with the schizo-

phrenic family member (Vollema et al. 2002). Factor

analytical studies have revealed three dimensions

Table 1. Group characteristics with regard to age, functioning, gender, medication and intelligence level

UHR Control F p

Age (years), mean (S.D.) 15.2 (2.1) 15.9 (1.4) 0.3 0.58

Female/male ratio 11/25 10/13 Z=x1.1a 0.27

VIQ, mean (S.D.) 101 (14.5) 105.4 (10.1) 1.5 0.22

PIQ, mean (S.D.) 98.8 (14.8) 106 (9.3) 3.9 0.06

TIQ, mean (S.D.) 99.9 (13.7) 106 (9.3) 3.4 0.07

GAF current, mean (S.D.) 59.3 (13.5) 91.3 (7.1) 100.4 <0.001

GAF last year, mean (S.D.) 63.1 (12.1) 91.4 (7.1) 93.8 <0.001

Medication, n

Any 13 None

Antipsychotics 7 –

Antidepressants/mood stabilizers 5 –

Psychostimulants 2 –

Benzodiazepines 2 –

UHR, ultra-high risk ; VIQ, Verbal IQ ; PIQ, Performance IQ; TIQ, Total IQ ; GAF, Global Assessment of Functioning ;

S.D., standard deviation.
a Non-parametric, Mann–Whitney test.
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of schizotypy: positive, negative and disorganzed

schizotypy (Vollema & Hoijtink, 2000).

The degree of schizophrenia symptoms was

measured with the Positive and Negative Syndrome

Scale (PANSS; Kay et al. 1987). This is a widely used

semi-structured clinical interview to assess symptom

profiles within the schizophrenia spectrum that are

present in the week prior to the interview. Two trained

clinical raters reached consensus after independently

scoring the PANSS interview. The PANSS allows

categorization of negative, positive and general symp-

toms.

Face processing

The Benton and Van Allen Test of Facial Recognition,

Short Form (Benton & Van Allen, 1973), comprises a

series of sheets containing a single photographed tar-

get face to be matched to a set of six face photographs.

In the first six trials, the identical face has to be selected

out of six options. In the remaining six trials, three

different views (changed in orientation or lighting

conditions compared to the target photograph) have to

be distinguished from three incorrect alternatives. All

faces are physically similar, and do not show glasses

or hair.

Facial affect labeling

The Facial Affect Labeling test provides a measure of

explicit facial affect labeling of degraded faces, and has

been used in earlier studies on emotion processing

(van ‘ t Wout et al. 2004, 2007 ; Van Rijn et al. 2006 ;

Van’t Wout et al. 2007). Photographs of four different

actors, two male and two female, were used (Frigerio

et al. 2002). Sixty-four trials were presented, consisting

of 16 face presentations in each of four conditions :

angry, happy, fearful and neutral. In each condition,

eight trials displayed 100% emotional intensity and

the other eight trials displayed 75% emotional inten-

sity (which was obtained by morphing the emotional

faces with neutral faces). The 75% emotion condition

of the test has been designed to assess the capacity to

label more subtle expressions. This condition might be

more sensitive to impairments in facial emotion pro-

cessing. All photographs of the faces were passed

through a filter that reduced visual contrast by 30% to

avoid local and stimulate global processing. Subjects

were asked to indicate the expression of each emotion

by clicking with the mouse on one of the four emotion

labels depicted on the computer screen. They were

asked to work as accurately as possible. The number of

correct responses and selected emotions were regis-

tered.

Inhibitory control

Inhibitory control, that is inhibition of prepotent

responses, was measured using the Shifting Set Task

of the Amsterdam Neuropsychological Tasks (ANT)

program (De Sonneville, 1999). Several studies have

demonstrated satisfactory psychometric properties of

ANT tasks (for a review see De Sonneville, 2005). The

Shifting Set Task is based on the inhibition of pre-

potent responses paradigm for assessing inhibitory

control. A colored square moves randomly to the right

and to the left on a horizontal bar that is permanently

present on the computer screen. Depending on the

color of the square after the jump, the subjects should

either copy the movement, by pressing right (left)

when the square jumps to the right (left), or ‘mirror ’

the movement, by pressing left (right) at a right (left)

movement. We used two parts of this task. In part 1 (40

trials, green squares), the subject is required to copy

the movements (fixed condition). In part 2 (40 trials,

red squares), only trials that call for ‘mirror ’ responses

are presented (incompatible condition), requiring the

inhibition of prepotent responses. The dependent

measures in this task are accuracy (i.e. percentage

errors) and reaction times, with inhibitory control de-

fined by the ‘ incompatible ’ condition (part 2) minus

the ‘compatible ’ condition (part 1). This particular test

has been used in numerous studies on executive

functioning in non-clinical and in psychiatric popula-

tions (e.g. Polderman et al. 2007 ; Rommelse et al. 2008).

Statistical analyses

Data were analyzed using SPSS version 16.0 (SPSS

Inc., USA). Between-group differences on the SPQ and

the PANSS were tested using a multivariate ANOVA.

The matching variables (IQ, age, parental education)

and mean percentage correct in the Face Processing

test were analyzed using an ANOVA. Group differ-

ences in gender ratios were analyzed using a non-

parametric test, that is a Mann–Whitney test. Data

from the Facial Affect Labeling test were analyzed

using a multivariate ANOVA. Between-group differ-

ences in accuracy and reaction time data obtained in

the Shifting Set Task were tested using general linear

model (GLM) repeated-measures analyses with the

group as between-subjects factor (control, UHR) and

task condition (fixed compatible, fixed incompatible)

as levels of the within-subjects factor. A difference

score between the task conditions (i.e. the increase in

errors and reaction time in the fixed incompatible

condition as compared to the fixed compatible con-

dition) was calculated to allow for correlational

analyses. For correlational analyses Pearson’s r was
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used. Effect sizes were calculated using Cohen’s d. The

level of significance was set at p=0.05.

Results

Schizophrenia symptoms and schizotypal traits

The total SPQ score was 37.0 (S.D.=17.7) in the UHR

group and 10.9 (S.D.=8.1) in the control group. All

three dimensions of the SPQ (positive, negative, dis-

organized) were entered in a multivariate ANOVA,

revealing a main effect of group [F(3, 53)=17.9,

p<0.001]. Univariate ANOVA showed that in the

UHR group scores were significantly elevated in all

domains of the SPQ (see Table 2). The total PANSS

score was 48.6 (S.D.=8.0) in the UHR group and 32.0

(S.D.=2.5) in the control group. The three PANSS di-

mensions (positive, negative, general) were entered in

a multivariate ANOVA, revealing a main effect of

group [F(3, 53)=31.8, p<0.001]. Univariate ANOVA

showed that in the UHR group scores were signifi-

cantly elevated in all three domains of the PANSS

(see Table 2).

Face processing

In the Benton and Van Allen test, the mean percentage

of correct responses was 90.0% and 89.1% in the con-

trol group and UHR group respectively. No significant

group differences were present in the general face

recognition performance [t(1, 55)=0.15, p=0.70]. The

mean number of correct responses was 21.6 (S.D.=1.7)

for the control group and 21.4 (S.D.=1.9) for the UHR

group.

Facial affect labeling

In general, performance in the Facial Affect Labeling

test was well beyond chance level for each emotion.

The total percentage of correctly identified emotions

was 76.2% in the UHR group and 84.3% in the control

group. A repeated-measures analysis with group

(control, clinical), intensity (75%, 100%) and emotion

(four emotions) showed no significant groupr
intensity interactions or groupremotionrintensity

interactions. Therefore, the facial affect data were fur-

ther analyzed regardless of intensity, that is the 75%

conditions and 100% condition were collapsed for

each emotion.

A multivariate ANOVA showed a main effect of

group [F(7, 49)=2.4, p=0.05], which justified testing

for univariate group effects for specific emotions. The

univariate ANOVA showed a significant group dif-

ference in percentage of correctly labeled neutral

emotions [F(2, 55)=6.2, p=0.01], with performance in

the UHR group below that of controls. The percentage

correct for each emotional expression is presented in

Table 3.

Analysis of the error patterns showed that, com-

pared to the control group, the UHR group more often

made ‘neutral-as-anger ’ errors (reporting ‘angry’

facial expressions where faces were in fact neutral)

[F(1, 55)=4.8, p=0.03 (Cohen’s d=0.78)]. No signifi-

cant group differences in the mean number of ‘neu-

tral-as-happy’ error [F(1, 55)=0.9, p=0.33] or ‘neutral-

as-fearful ’ error [F(1, 55)=1.8, p=0.19] expressions

were found.

Inhibitory control

Because of the incomplete data, two subjects in the

control group and five subjects in the clinical group

were not included in the analysis of the Set Shifting

Task. A repeated-measures analysis with the factors

‘group’ (high risk, control) and ‘condition’ (com-

patible, incompatible) indicated no significant group

by condition interaction. The degree of inhibitory

control, reflected in performance deterioration in the

incompatible condition compared to the compatible

condition, was not significantly different in the UHR

group compared to the controls, as expressed in

Table 2. Scores on measures of schizotypal traits (SPQ) and schizophrenia symptoms

(PANSS) in the UHR group compared to the non-clinical control group

Psychopathology Controls UHR

Effect sizes

(Cohen’s d) F and p values

SPQ Negative 6.4 (5.6) 15.8 (8.6) 1.3 F(1, 55)=19.5, p<0.0001

SPQ Positive 3.9 (3.8) 14.2 (8.8) 1.6 F(1, 55)=25.1, p<0.0001

SPQ Disorganized 2.4 (2.7) 10.1 (4.4) 2.2 F(1, 55)=50.4, p<0.0001

PANSS Negative 7.9 (1.7) 11.8 (3.8) 1.4 F(1, 55)=18.3, p<0.0001

PANSS Positive 7.1 (0.3) 11.6 (3.3) 2.5 F(1, 55)=36.6, p<0.0001

PANSS General 16.9 (1.7) 24.9 (5.0) 2.4 F(1, 55)=48.9, p<0.0001

SPQ, Schizotypal Personality Questionnaire ; PANSS, Positive and Negative

Syndrome Scale ; UHR, ultra-high risk.

Emotion labeling and inhibition in adolescents at risk for psychosis 503

https://doi.org/10.1017/S0033291710000929 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291710000929


percentage errors [F(1, 48)=0.26, p=0.61] and reaction

times [F(1, 48)=0.01, p=0.91].

Correlation between mislabeling emotional

expressions and degree of inhibitory control

The percentages correct for each facial expression

(angry, happy, fearful and neutral) and the reaction

times in the Set Shifting Task (i.e. the increase in reac-

tion times in the incompatible compared to the com-

patible condition) were entered in a Pearson’s test of

correlation. In the UHR group, the number of correctly

identified neutral expressions correlated significantly

with the reaction times in the inhibitory control task

(r=x0.52, p=0.003). In other words, an increase in

reaction times in the incompatible condition compared

to the compatible condition (reflecting more inhibition

problems) was associated with a lower percentage

correct in recognizing neutral faces. R2 indicated that

27% of the variance in mislabeling neutral faces could

be attributed to inhibitory control problems. The cor-

relation remained significant after covarying for age

(r=x0.50, p=0.005) or IQ (r=x0.38, p=0.05).

Next, the number of neutral-as-angry errors and

reaction times in the Set Shifting Task were entered in

Pearson’s test of correlation. An increase in reaction

times in the incompatible condition compared to the

compatible condition (reflecting more inhibition

problems) was associated with making more neutral-

as-angry errors (r=0.55, p=0.002). R2 indicated that

30% of the variance in mislabeling neutral for angry

faces could be attributed to inhibitory control prob-

lems (see Fig. 1). The correlation remained significant

after covarying for age (r=0.53, p=0.004) or IQ (r=
0.53, p=0.005).

None of the correlations were significant in the non-

clinical control group. In the UHR group, the number

of correctly identified neutral faces and the number of

‘neutral as anger’ errors did not correlate significantly

with intelligence (total IQ: r=x0.25, p=0.15 ; verbal

IQ: r=x0.17, p=0.33 ; performance IQ: r=x0.26,

p=0.14) or age (r=x0.11, p=0.52).

Discussion

The aim of this study was to identify potential vul-

nerability markers for psychosis in the domain of

social emotional processing. Our findings suggest that

adolescents at UHR for psychosis have impairments in

labeling facial expressions of others, in addition to

spared ability to recognize facial identity. Compared

to non-clinical controls, the UHR group made more

errors in labeling neutral expressions, and analysis of

error types indicated that neutral faces were mis-

attributed as being angry. These difficulties were not

related to intellectual functioning. Although the UHR

group did not show a significant impairment in in-

hibitory control, the degree of errors in labeling neu-

tral faces and, more importantly, the degree of

misattribution of neutral-as-angry faces was signifi-

cantly correlated with reduced inhibitory control. This

Table 3. Mean (S.D.) percentage correct and effects sizes for each emotional expression in

the Facial Affect Labeling test for the UHR group and the non-clinical control group

Control UHR

Effect size

(Cohen’s d) F and p values

Angry 82.4 (16.2) 73.9 (18.1) 0.49 F(2, 55)=2.6, p=0.10

Happy 92.8 (8.1) 91.6 (7.5) 0.15 F(2, 55)=0.9, p=0.33

Fearful 75.0 (13.1) 71.1 (18.1) 0.25 F(2, 55)=0.4, p=0.52

Neutral 87.5 (10.0) 78.1 (13.7) 0.8 F(2, 55)=6.2, p=0.01*

S.D., Standard deviation ; UHR, ultra-high risk.

* Significant group difference at p<0.05.
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Fig. 1. Scatterplot of the correlation between ‘neutral-as-

anger ’ errors and inhibitory control in the ultra-high risk

group (r=0.55, p=0.002, R2=0.30).
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relationship remained significant after covarying for

maturation (age) and IQ. In other words, high-risk

adolescents showing an increased tendency to mis-

attribute neutral faces as being angry had more diffi-

culties with cognitive inhibition.

Considering the substantial number of reports on

early social dysfunctioning in populations at high risk

for psychosis, we hypothesize that misattribution of

facial expressions may be a potential cognitive mech-

anism contributing to social impairments in ado-

lescence at high risk for psychosis. Reported social

difficulties in high-risk adolescents include social

maladjustment, social anxiety, overly restrained or

disinhibited social behavior, social isolation and

impaired interpersonal relationships (for a review see

Tarbox & Pogue-Geile, 2008). Of interest, social self-

consiousness, which is closely related to social anxiety,

is shown to be associated with exaggerated perception

of oneself being the target of other people’s actions

(Fenigstein, 1984 ; Smári et al. 1994), which fits with our

finding that UHR adolescents tended to report nega-

tive (i.e. angry) faces erroneously. The relevance of

abnormal processing of social cues in high-risk ado-

lescents is especially illustrated by recent findings in a

large follow-up study, revealing that social impair-

ments were among the five significant, unique pre-

dictors (out of 77 potential predictors) of transition to

psychosis (Cannon et al. 2008).

The finding that the degree to which neutral faces

were not correctly labeled and, more importantly, the

degree to which neutral faces were mislabeled as

angry was associated with more problems in inhibi-

tory control may provide an insight into underlying

interacting cognitive systems. Although the UHR

group did not show significant deficits in inhibitory

control, we cannot exclude the possibility that deficits

in cognitive inhibition may only be present in the

subpopulation that will develop psychosis. Based on

our findings, we speculate that inhibitory control is

needed to override an initial negative interpretation of

neutral faces. As people typically enter social inter-

actions with a friendly facial expression, neutral faces

may be regarded as ambiguous and prone to be misin-

terpreted as unfriendly when explicitly asked to label.

We speculate that individuals at risk for psychosis

may have the tendency to identify ambiguous stimuli

as being threatening, similar to schizophrenia patients

with delusions (Phillips et al. 2003).

Our findings are in line with several studies on

emotion attribution in individuals diagnosed with

schizophrenia. Premkumar et al. (2008) have reported

that schizophrenia patients misattribute fearful facial

expressions as being angry. Of interest, similar to our

study, this bias towards angry faces was correlated

with inhibitory control as reflected in the degree of

perseverative errors in the Wisconsin Card Sorting

Test. Another study with schizophrenia patients has

shown that the tendency to mistakenly see angry facial

expressions is associated with poorer social and global

functioning, and also with more negative and dis-

organized symptoms (Cohen et al. 2008). Finally, an-

other study exploring attributional style in processing

facial expressions showed that schizophrenia patients

made more errors in labeling neutral faces and re-

ported seeing sad, happy or disgusted faces (Kohler

et al. 2003). Our findings also fit with a recent study

showing that individuals at familial high risk for

schizophrenia were significantly more likely to over-

attribute emotions to neutral faces ; more specifically,

misinterpreting neutral faces as negative (Eack et al.

2010). Increased neural activity in response to neutral

faces has also been observed in high-risk adolescents

using functional magnetic resonance imaging (Seiferth

et al. 2008). The observation that misattribution of

emotion is not only confined to chronic schizophrenia

patients but is also possibly present in adolescents at

risk tentatively suggests that such a negative attri-

bution bias in emotion perception may be among the

early vulnerability markers of subclinical psychotic

traits and symptoms in the absence of a full-fledged

psychotic disorder. It will be interesting to assess

in future follow-up studies whether misattribution

of facial expressions also has predictive value for

transition to psychosis, although transition to a full-

fledged disorder is probably best predicted by a

combination of several cognitive deficits, and also

environmental factors, that have an additive effect.

The present study has several limitations. As we

focused on a young UHR sample (12–18 years), our

findings may not generalize to other UHR samples

with older subjects. In addition, in the facial affect

labeling test no dynamical but only posed expressions

were used, which limits the ecological validity.

However, static faces are used in many studies and are

generally well validated in terms of reliability and

sensitivity in uncovering impairments in facial affect

processing. It also remains unclear why neutral faces

were misattributed specifically as angry and not also

as fearful, as a bias towards negative emotions might

predict. Furthermore, we were not able to draw con-

clusions with regard to the predictive value of the re-

ported impairments for transition to psychosis, as our

sample size was relatively small. In addition, although

social cognitive functioning was hypothesized to be

related to social behavior, social behavioral measures

were not included in the study. Another limitation is

that our finding of a relationship between inhibitory

control and emotion labeling does not allow causa-

tional inferences. Finally, although IQ scores were not

significantly different between the groups, we did
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observe a trend. However, mislabeling of emotions

did not correlate significantly with IQ scores.

In sum, the study of social cognition in individuals

at risk for psychosis is still in its early stages of devel-

opment and our results call for further research. The

present findings of negative misattributions of neutral

facial expressions, and the relationship with inhibitory

control deficits in adolescents at UHR for psychosis,

may have relevance to understanding mechanisms

underlying interpersonal difficulties and hence may

potentially play a role in remediation interventions.

Appendix 1. Axis I disorders

DSM-IV Axis I diagnoses

No. of subjects

in UHR group

Pervasive developmental disorder NOS 7

Dysthymic disorder 2

Asperger syndrome 1

Reading disorder 1

Obsessive compulsive disorder 1

Generalized anxiety disorder 1

Attention deficit disorder 1

Attention deficit hyperactivity disorder 1

Identity problem 1

Parent–child relational problem 1

Cannabis abuse 1

UHR, Ultra-high risk ; NOS, not otherwise specified.
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