
BackgroundBackground Epidemiological studiesEpidemiological studies

of schizophrenia suggestthatthis disorderof schizophrenia suggestthatthis disorder

has a substantialgenetic component.has a substantialgenetic component.

Cognitive and social abilities, aswell as theCognitive and social abilities, aswell as the

volumes of brain regions involved involumes of brain regions involved in

emotionprocessing, have been found toemotionprocessing, have been found to

be distributed alonga continuumwhenbe distributed alonga continuumwhen

comparingpatients, siblings and controls,comparingpatients, siblings and controls,

with siblings showing intermediate scores.with siblings showing intermediate scores.

AimsAims To establishwhether facialTo establishwhether facial

expressionrecognition is impaired inexpressionrecognition is impaired in

unaffected siblings of patients.unaffected siblings of patients.

MethodMethod Emotion andgenderEmotion andgender

recognitionwere evaluated in a three-recognitionwere evaluated in a three-

group pre^post studydesign in drug-group pre^post studydesign in drug-

naive patientswith first-episodenaive patientswith first-episode

schizophrenia (schizophrenia (nn¼40) andtheir unaffected40) andtheir unaffected

siblings (siblings (nn¼30) comparedwith controls30) comparedwith controls

((nn¼26).26).

ResultsResults Patients and their healthyPatients and their healthy

siblings showedimpaired emotionsiblings showed impaired emotion

recognition butnormalgenderrecognitionbutnormalgender

recognition comparedwith controls.recognition comparedwith controls.

Patients’performance didnot improvePatients’performance didnot improve

despite effective clinical stabilisation.despite effective clinical stabilisation.

ConclusionsConclusions Impairedperformance inImpairedperformance in

healthy siblings and time stability inhealthy siblings and time stabilityin

patients provides evidence of impairmentpatients provides evidence of impairment

of facial emotionrecognition as an actualof facial emotionrecognition as an actual

phenotype of schizophrenia.phenotype of schizophrenia.

Declaration of interestDeclaration of interest None.None.

A key component of social cognition, facialA key component of social cognition, facial

expression recognition, is one of the hall-expression recognition, is one of the hall-

mark deficits of schizophrenia (Schneidermark deficits of schizophrenia (Schneider

et alet al, 2006). Although people with schizo-, 2006). Although people with schizo-

phrenia may show deficits in other aspectsphrenia may show deficits in other aspects

of face perception (Hallof face perception (Hall et alet al, 2004), only, 2004), only

expression recognition performance hasexpression recognition performance has

been related to social dysfunction (Hookerbeen related to social dysfunction (Hooker

& Park, 2002). Studies have implicated& Park, 2002). Studies have implicated

interaction between the amygdala andinteraction between the amygdala and

prefrontal and temporal cortex in facialprefrontal and temporal cortex in facial

expression processing (Krolak-Salmonexpression processing (Krolak-Salmon etet

alal, 2004). In schizophrenia this deficit has, 2004). In schizophrenia this deficit has

been related to amygdala–hippocampalbeen related to amygdala–hippocampal

complex (AHC) dysfunction (Gurcomplex (AHC) dysfunction (Gur et alet al,,

2002), although the frontal and temporal2002), although the frontal and temporal

cortex may also have a role (Streitcortex may also have a role (Streit et alet al,,

2001). Many of these regions, including2001). Many of these regions, including

the amygdala and the prefrontal and su-the amygdala and the prefrontal and su-

perior temporal cortices, are known to beperior temporal cortices, are known to be

reduced in volume in schizophrenia – seereduced in volume in schizophrenia – see

reviews by Lawrie & Abukmeil (1998)reviews by Lawrie & Abukmeil (1998)

and Wong & Van Tol (2003) and theand Wong & Van Tol (2003) and the

meta-analysis by Wrightmeta-analysis by Wright et alet al (2000). Inter-(2000). Inter-

estingly, despite a recent contradictory re-estingly, despite a recent contradictory re-

sult (McDonaldsult (McDonald et alet al, 2006), reduced, 2006), reduced

volume of the AHC has been consistentlyvolume of the AHC has been consistently

reported in healthy siblings of patientsreported in healthy siblings of patients

(Lawrie(Lawrie et alet al, 1999; Aleman & Kahn,, 1999; Aleman & Kahn,

2005). However, some methodological is-2005). However, some methodological is-

sues (inclusion criteria, regions of interest,sues (inclusion criteria, regions of interest,

medial temporal lobe considered as amedial temporal lobe considered as a

whole) could account for these discrepan-whole) could account for these discrepan-

cies. Moreover, siblings show poor percep-cies. Moreover, siblings show poor percep-

tion of non-verbal social–emotional cuestion of non-verbal social–emotional cues

(Toomey(Toomey et alet al, 1999). Facial expression re-, 1999). Facial expression re-

cognition is one of the most crucial vectorscognition is one of the most crucial vectors

of non-verbal communication relying onof non-verbal communication relying on

amygdala integrity and may therefore beamygdala integrity and may therefore be

impaired in healthy relatives of patients,impaired in healthy relatives of patients,

although this has never been evidenced.although this has never been evidenced.

Our hypothesis was that facial expres-Our hypothesis was that facial expres-

sion recognition performance, like AHCsion recognition performance, like AHC

volume, would be distributed along a con-volume, would be distributed along a con-

tinuum between controls and patients withtinuum between controls and patients with

schizophrenia, with healthy relatives ofschizophrenia, with healthy relatives of

patients having intermediate values, as haspatients having intermediate values, as has

been shown for several cognitive (Saoudbeen shown for several cognitive (Saoud etet

alal, 2000; Brunelin, 2000; Brunelin et alet al, 2007) and social, 2007) and social

functions (Toomeyfunctions (Toomey et alet al, 1999). Moreover,, 1999). Moreover,

as previously reported with other cognitiveas previously reported with other cognitive

deficits, patients are unlikely to perform asdeficits, patients are unlikely to perform as

well as controls even when the disorder iswell as controls even when the disorder is

effectively treated (Brunelineffectively treated (Brunelin et alet al, 2007)., 2007).

To test this hypothesis we measured facialTo test this hypothesis we measured facial

emotion recognition in patients experien-emotion recognition in patients experien-

cing their first schizophrenic episode beforecing their first schizophrenic episode before

and after first antipsychotic treatment andand after first antipsychotic treatment and

in their healthy siblings compared within their healthy siblings compared with

controls. The method used in the currentcontrols. The method used in the current

study is original in using morphing control-study is original in using morphing control-

ling for performance in another task requir-ling for performance in another task requir-

ing facial feature analysis, that is gendering facial feature analysis, that is gender

recognition (Bediourecognition (Bediou et alet al, 2005). Our pre-, 2005). Our pre-

vious report of patients’ preserved perfor-vious report of patients’ preserved perfor-

mance in this task suggests that it doesmance in this task suggests that it does

not rely on the same dysfunctional struc-not rely on the same dysfunctional struc-

tures.tures.

METHODMETHOD

Forty drug-naive patients (mean age 26.9Forty drug-naive patients (mean age 26.9

years, s.d.years, s.d.¼5.4) experiencing their first epi-5.4) experiencing their first epi-

sode of schizophrenia diagnosed accordingsode of schizophrenia diagnosed according

to DSM–IV criteria (American Psychiatricto DSM–IV criteria (American Psychiatric

Association, 1994), 30 of their non-affectedAssociation, 1994), 30 of their non-affected

first-degree relatives (mean age 30.4 years,first-degree relatives (mean age 30.4 years,

s.d.s.d.¼10.4) and 26 healthy controls (mean10.4) and 26 healthy controls (mean

age 24.3 years, s.d.age 24.3 years, s.d.¼3.3) were enrolled in3.3) were enrolled in

this study. All participants were male. Theirthis study. All participants were male. Their

vision was normal or corrected to normal.vision was normal or corrected to normal.

Groups differed significantly in ageGroups differed significantly in age

((FF(2,91)(2,91)¼5.12,5.12, PP550.01) and in years of full-0.01) and in years of full-

time education (time education (FF(2,91)(2,91)¼26.03,26.03, PP550.001).0.001).

AllAll participants received detailed infor-participants received detailed infor-

mation regarding the study and gave theirmation regarding the study and gave their

written informed consent. The study waswritten informed consent. The study was

conducted in accordance with the latestconducted in accordance with the latest

version of the Declaration of Helsinki andversion of the Declaration of Helsinki and

its design was approved by the standingits design was approved by the standing

ethics committee. Recruitment took placeethics committee. Recruitment took place

between September 2003 and Septemberbetween September 2003 and September

2005. Patients with schizophrenia were2005. Patients with schizophrenia were

recruited at the Ibn Nafis psychiatric hos-recruited at the Ibn Nafis psychiatric hos-

pital in Marrakech. All participants werepital in Marrakech. All participants were

Moroccans, born, raised and currentlyMoroccans, born, raised and currently

living in Morocco. The group of healthyliving in Morocco. The group of healthy

relatives consisted of unaffected siblingsrelatives consisted of unaffected siblings

(brothers) of patients participating in the(brothers) of patients participating in the

study; they had no past or current historystudy; they had no past or current history

of any Axis I DSM–IV disorder as verifiedof any Axis I DSM–IV disorder as verified

by the Mini International Neuropsychiatricby the Mini International Neuropsychiatric

Interview (MINI; SheehanInterview (MINI; Sheehan et alet al, 1998), 1998)

semi-standardised evaluation, version 4.4.semi-standardised evaluation, version 4.4.

Participants in the healthy control groupParticipants in the healthy control group

also had no personal or familial past oralso had no personal or familial past or

current history of Axis I DSM–IV disordercurrent history of Axis I DSM–IV disorder
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as tested by MINI evaluation; they wereas tested by MINI evaluation; they were

recruited from the hospital staff and amongrecruited from the hospital staff and among

students from the Medical and Pharmaceu-students from the Medical and Pharmaceu-

tical University of Marrakech. None hadtical University of Marrakech. None had

ever received psychotropic medication andever received psychotropic medication and

none reported any misuse of drugs.none reported any misuse of drugs.

To address time stability and treatmentTo address time stability and treatment

effect of facial emotion recognition deficiteffect of facial emotion recognition deficit

in schizophrenia, participants in the schizo-in schizophrenia, participants in the schizo-

phrenia group were tested twice, at baselinephrenia group were tested twice, at baseline

and after clinical stabilisation of symptomsand after clinical stabilisation of symptoms

under haloperidol treatment (mean doseunder haloperidol treatment (mean dose

10.0 mg, s.d.10.0 mg, s.d.¼1.6). To control for potential1.6). To control for potential

learning or training effects, the other twolearning or training effects, the other two

study groups were also tested twice over astudy groups were also tested twice over a

similar period. The mean interval betweensimilar period. The mean interval between

baseline and follow-up testing was 30.2baseline and follow-up testing was 30.2

days (s.d.days (s.d.¼5.3) in each group. Testing ses-5.3) in each group. Testing ses-

sions consisted of each participant perform-sions consisted of each participant perform-

ing the expression and gender recognitioning the expression and gender recognition

task described below, the order being coun-task described below, the order being coun-

terbalanced across participants and, forterbalanced across participants and, for

each participant, between testing sessions.each participant, between testing sessions.

At the time of each testing, symptoms wereAt the time of each testing, symptoms were

assessed by a trained clinician masked toassessed by a trained clinician masked to

participants’ status. Patients’ schizophrenicparticipants’ status. Patients’ schizophrenic

symptoms were assessed with the Positivesymptoms were assessed with the Positive

and Negative Syndrome Scale (PANSS;and Negative Syndrome Scale (PANSS;

KayKay et alet al, 1987). Since depression may, 1987). Since depression may

affect emotion recognition performance,affect emotion recognition performance,

depressive symptoms were also controlleddepressive symptoms were also controlled

for in the sibling and schizophrenia groupsfor in the sibling and schizophrenia groups

with the Calgary Depression Scale forwith the Calgary Depression Scale for

Schizophrenia (CDSS; AddingtonSchizophrenia (CDSS; Addington et alet al,,

1990) and in the control group with the1990) and in the control group with the

abbreviated version of the Beck Depressionabbreviated version of the Beck Depression

Inventory (BDI; BeckInventory (BDI; Beck et alet al, 1961). Schizo-, 1961). Schizo-

typal personality traits were evaluated intypal personality traits were evaluated in

the sibling and control groups with thethe sibling and control groups with the

Schizotypal Personality QuestionnaireSchizotypal Personality Questionnaire

(SPQ; Raine, 1991). Demographic and(SPQ; Raine, 1991). Demographic and

clinical data are summarised in Table 1.clinical data are summarised in Table 1.

TasksTasks

We used sensitive measures of emotionalWe used sensitive measures of emotional

facial expression recognition and a controlfacial expression recognition and a control

measure of facial gender recognition, bothmeasure of facial gender recognition, both

using morphed faces. A detailed descriptionusing morphed faces. A detailed description

of the method can be found in our previousof the method can be found in our previous

work (Bediouwork (Bediou et alet al, 2005)., 2005).

Emotional facial expression recognitionEmotional facial expression recognition

Briefly, 132 faces from two male and twoBriefly, 132 faces from two male and two

female faces morphed between a neutralfemale faces morphed between a neutral

and an emotional expression (happiness,and an emotional expression (happiness,

disgust, fear, anger) in 10% steps were eachdisgust, fear, anger) in 10% steps were each

randomly presented on a computer screenrandomly presented on a computer screen

for 1000 ms, preceded by a fixation crossfor 1000 ms, preceded by a fixation cross

(250 ms) and followed by the choice list(250 ms) and followed by the choice list

(neutral, happiness, disgust, fear or anger),(neutral, happiness, disgust, fear or anger),

which was maintained on the screen untilwhich was maintained on the screen until

the participant responded. Participantsthe participant responded. Participants

were required to match each face with thewere required to match each face with the

word that best described the emotionalword that best described the emotional

expression displayed by pressing theexpression displayed by pressing the

corresponding key.corresponding key.

Facial gender recognitionFacial gender recognition

In the gender recognition task 132 faces,In the gender recognition task 132 faces,

morphed between an average face withmorphed between an average face with

‘no gender’ (obtained by averaging 20 male‘no gender’ (obtained by averaging 20 male

and 20 female faces in equal proportion)and 20 female faces in equal proportion)

and one of six male or one of six femaleand one of six male or one of six female

faces in 10% steps, were each randomlyfaces in 10% steps, were each randomly

presented for 1000 ms, preceded by apresented for 1000 ms, preceded by a

fixation cross (250 ms) and followed byfixation cross (250 ms) and followed by

the choice list (male or female). Participantsthe choice list (male or female). Participants

were instructed to match each face with thewere instructed to match each face with the

word that best described its gender byword that best described its gender by

pressing the corresponding key.pressing the corresponding key.

Statistical analysesStatistical analyses

Dependant variables were the percentage ofDependant variables were the percentage of

correct responses in the emotion and gendercorrect responses in the emotion and gender

recognition tasks. Independent variablesrecognition tasks. Independent variables

were the group (schizophrenia, siblings orwere the group (schizophrenia, siblings or

control); the phase (baseline or follow-up);control); the phase (baseline or follow-up);

the task (expression or gender); the inten-the task (expression or gender); the inten-

sity of emotional expression or gender (0–sity of emotional expression or gender (0–

100% in 10% increments); the expression100% in 10% increments); the expression

(happiness, disgust, fear or anger); and the(happiness, disgust, fear or anger); and the

gender (male or female). The first variablegender (male or female). The first variable

is an intra-individual factor whereas theis an intra-individual factor whereas the

others are inter-individual factors.others are inter-individual factors.

Performance of the schizophrenia group,Performance of the schizophrenia group,

time stability/treatment effect and per-time stability/treatment effect and per-

formance of the siblings group were testedformance of the siblings group were tested

by means of repeated-measures analyses ofby means of repeated-measures analyses of

variance; a main 3 groupvariance; a main 3 group662 phase2 phase6622

tasktask6610 intensities multivariate analysis10 intensities multivariate analysis

of variance (MANOVA) was followed byof variance (MANOVA) was followed by

a 3 groupa 3 group662 phase2 phase664 expression4 expression6610 in-10 in-

tensities and a 3 grouptensities and a 3 group662 phase2 phase662 gender2 gender

6610 intensities MANOVA. To correct for10 intensities MANOVA. To correct for

multiple comparisons, Bonferroni correctionmultiple comparisons, Bonferroni correction

led to a level of significance retained at 0.01led to a level of significance retained at 0.01

for analyses of variance (ANOVAs). Sig-for analyses of variance (ANOVAs). Sig-

nificant effects and interactions were thennificant effects and interactions were then

testedtested by means of planned comparisonsby means of planned comparisons

using single-factor ANOVAs for inter-using single-factor ANOVAs for inter-

individual factors and contrast analysesindividual factors and contrast analyses

12 712 7

AUTHOR’S PROOFAUTHOR’S PROOF

Table1Table1 Characteristics of the sample (values aremeans and standard deviation)Characteristics of the sample (values aremeans and standard deviation)

Schizophrenia groupSchizophrenia group

((nn¼40)40)

Siblings groupSiblings group

((nn¼30)30)

Control groupControl group

((nn¼26)26)

PP11

BaselineBaseline Follow-upFollow-up

Age, yearsAge, years 27.3 (5.8)27.3 (5.8) 31.2 (10.6)31.2 (10.6) 24.3 (3.3)24.3 (3.3) 550.00.011

Educational level, yearsEducational level, years 9.6 (2.1)9.6 (2.1) 9 (6.6)9 (6.6) 16.2 (1.1)16.2 (1.1) 550.000.0011

PANSS scorePANSS score

Positive (max. 49)Positive (max. 49) 29.5 (7.1)29.5 (7.1) 10.2 (6.7)10.2 (6.7) 550.000.0011

Negative (max. 49)Negative (max. 49) 27.2 (7.6)27.2 (7.6) 11.4 (3.8)11.4 (3.8) 550.000.0011

General (max. 112)General (max. 112) 39 (6.6)39 (6.6) 20 (4)20 (4) 550.000.0011

CDSS (max. 27)CDSS (max. 27) 1.4 (2.2)1.4 (2.2) 0.1 (0.7)0.1 (0.7) 0.6 (2.0)0.6 (2.0) 550.000.0011

SPQ (max. 74)SPQ (max. 74) 14.1 (13.5)14.1 (13.5) 10.8 (11.7)10.8 (11.7) NSNS

BDI (max. 39)BDI (max. 39) 1.9 (3.2)1.9 (3.2)

Antipsychotic treatment, mg haloperidolAntipsychotic treatment, mg haloperidol 9.22 (1.5)9.22 (1.5)

BDI, Beck Depression Inventory; CDSS,Calgary Depression Scale for Schizophrenia; max., maximum; SPQ, Schizotypal Personality Questionnaire.BDI, Beck Depression Inventory; CDSS,Calgary Depression Scale for Schizophrenia; max., maximum; SPQ, Schizotypal Personality Questionnaire.
1. Between-group comparisons were performedwith single-factor analyses of variance for age and education level and with Student’s1. Between-group comparisons were performedwith single-factor analyses of variance for age and education level andwith Student’s tt-tests for SPQ scores.Within-group compari--tests for SPQ scores.Within-group compari-
sons for PANSS and CDSS scores were assessed with pairedsons for PANSS and CDSS scores were assessed with paired tt-tests.-tests.
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using the full data-set for intra-individualusing the full data-set for intra-individual

factors (e.g. phase effects: baselinefactors (e.g. phase effects: baseline v.v. fol-fol-

low-up). Student’slow-up). Student’s tt-tests were used to-tests were used to

probe group differences in socio-demo-probe group differences in socio-demo-

graphic characteristics. Given thegraphic characteristics. Given the

significant group differences in age andsignificant group differences in age and

education, and since performance did noteducation, and since performance did not

correlate with either of these variables,correlate with either of these variables,

repeated-measures analyses of covariancerepeated-measures analyses of covariance

(MANCOVA) were also performed to(MANCOVA) were also performed to

control for a potentialcontrol for a potential influence of theseinfluence of these

variables on significant effects. Since thevariables on significant effects. Since the

same significant effects and interactions weresame significant effects and interactions were

found with MANOVAsfound with MANOVAs and correspondingand corresponding

MANCOVAs, only results from the MAN-MANCOVAs, only results from the MAN-

OVAs are reported.OVAs are reported.

RESULTSRESULTS

Positive, negative and general schizo-Positive, negative and general schizo-

phrenia symptoms as well as depressivephrenia symptoms as well as depressive

symptoms were significantly reduced be-symptoms were significantly reduced be-

tween baseline and follow-up in the patienttween baseline and follow-up in the patient

group (Table 1).group (Table 1).

Emotion and gender recognitionEmotion and gender recognition
performanceperformance

The main MANOVA revealed a main effect ofThe main MANOVA revealed a main effect of

group (group (FF(2,186)(2,186)¼28.97,28.97, PP550.001), task (0.001), task (FF(1,186)(1,186)

¼777.86,777.86, PP550.001) and intensity (0.001) and intensity (FF(9,1674)(9,1674)

¼917.27,917.27, PP550.001) and significant group0.001) and significant group66
task (task (FF(2,186)(2,186)¼31.75,31.75, PP550.001), group0.001), group66
intensity (intensity (FF(18,1674)(18,1674)¼10.51,10.51, PP550.001),0.001),

tasktask66intensity (intensity (FF(9,1674(9,1674¼105.14,105.14, PP550.001)0.001)

and groupand group66tasktask66intensity interactionsintensity interactions

((FF(18,1674)(18,1674)¼6.86,6.86, PP550.001). There was no0.001). There was no

main effect of phase nor any interactionmain effect of phase nor any interaction

of phase with group, task or intensity. Con-of phase with group, task or intensity. Con-

sistent with our hypothesis, performancesistent with our hypothesis, performance

did not differ significantly between baselinedid not differ significantly between baseline

and follow-up in any of the groups. Thereand follow-up in any of the groups. There

was a difference between overall emotionwas a difference between overall emotion

and gender recognition performance in alland gender recognition performance in all

groups, suggesting that the emotion taskgroups, suggesting that the emotion task

was more difficult: emotion and genderwas more difficult: emotion and gender

recognition in the control group wererecognition in the control group were

61% (s.d.61% (s.d.¼9) and 78% (s.d.9) and 78% (s.d.¼7) respec-7) respec-

tively. However, this effect was modulatedtively. However, this effect was modulated

by group. The schizophrenia group per-by group. The schizophrenia group per-

formed significantly worse than the controlformed significantly worse than the control

group on emotion recognition at baselinegroup on emotion recognition at baseline

((FF(1,186)(1,186)¼38.76,38.76, PP550.001) and the differ-0.001) and the differ-

ence remained significant at follow-upence remained significant at follow-up

((FF(1,186)(1,186)¼38.16,38.16, PP550.001) despite clinical0.001) despite clinical

stabilisation of symptoms. Moreover, thestabilisation of symptoms. Moreover, the

siblings group performed significantlysiblings group performed significantly

worse than the control group but signifi-worse than the control group but signifi-

cantly better than the schizophrenia groupcantly better than the schizophrenia group

in overall facial expression recognitionin overall facial expression recognition

(Fig. 1; scores averaged across all emotions(Fig. 1; scores averaged across all emotions

and phases). No difference was foundand phases). No difference was found

between groups on overall gender recog-between groups on overall gender recog-

nition (nition (FF(1,186)(1,186)¼1.06, NS). This absence of1.06, NS). This absence of

group difference was confirmed at all inten-group difference was confirmed at all inten-

sities of the gender morphs.sities of the gender morphs.

Analysis by emotion category revealedAnalysis by emotion category revealed

significant groupsignificant group66expression (expression (FF(6,558)(6,558)¼
3.69,3.69, PP550.001) and group0.001) and group66expressionexpression66
intensity interactions (intensity interactions (FF(54,5022)(54,5022)¼1.50,1.50,

PP¼0.01). Performance differed between0.01). Performance differed between

the schizophrenia and control groups inthe schizophrenia and control groups in

the recognition of all basic emotions andthe recognition of all basic emotions and

between the sibling and control groups inbetween the sibling and control groups in

the recognition of disgust and fearful facesthe recognition of disgust and fearful faces

(Fig. 2). Correlations between facial expres-(Fig. 2). Correlations between facial expres-

sion recognition and age (sion recognition and age (rr¼770.029,0.029,

PP¼0.88) and between facial expression rec-0.88) and between facial expression rec-

ognition and educational level (ognition and educational level (rr¼0.075,0.075,

PP¼0.71) were not significant. Likewise,0.71) were not significant. Likewise,

emotion recognition performance did notemotion recognition performance did not

correlate with mood (assessed with thecorrelate with mood (assessed with the

BDI) in the control group, nor with depres-BDI) in the control group, nor with depres-

sion scores (assessed with the CDSS) in thesion scores (assessed with the CDSS) in the

sibling and schizophrenia groups.sibling and schizophrenia groups.

DISCUSSIONDISCUSSION

Consistent with our hypothesis, emotion re-Consistent with our hypothesis, emotion re-

cognition performance was distributedcognition performance was distributed

along a continuum between the controlalong a continuum between the control

group and the schizophrenia group, withgroup and the schizophrenia group, with

the siblings group midway between,the siblings group midway between,

whereas gender recognition was highly pre-whereas gender recognition was highly pre-

served in all groups. Such impairment mayserved in all groups. Such impairment may

reflect a specific deficit in emotion proces-reflect a specific deficit in emotion proces-

sing rather than a general impairment insing rather than a general impairment in

face processing. Thus, the continuum inface processing. Thus, the continuum in

emotional facial expression recognitionemotional facial expression recognition

parallels the one observed in cognitionparallels the one observed in cognition

(Saoud(Saoud et alet al, 2000; Sitskoorn, 2000; Sitskoorn et alet al, 2004;, 2004;

BrunelinBrunelin et alet al, 2007) and in perception of, 2007) and in perception of

other non-verbal social–emotional cuesother non-verbal social–emotional cues

(Toomey(Toomey et alet al, 1999) as well as in AHC, 1999) as well as in AHC

volume (Lawrievolume (Lawrie et alet al, 1999). However,, 1999). However,

there have been few published researchthere have been few published research

studies in which participants with schizo-studies in which participants with schizo-

phrenia were not found to differ fromphrenia were not found to differ from

healthy controls in their emotion recogni-healthy controls in their emotion recogni-

tion skills (Flacktion skills (Flack et alet al, 1997; Gur, 1997; Gur et alet al,,

2002). These data and our results suggest2002). These data and our results suggest

that emotion recognition skills may occurthat emotion recognition skills may occur

on a continuum, and that individuals withon a continuum, and that individuals with

schizophrenia, in general, tend to scoreschizophrenia, in general, tend to score

lower on this continuum than their healthylower on this continuum than their healthy

siblings or healthy unrelated individuals.siblings or healthy unrelated individuals.

Our results also revealed that facial ex-Our results also revealed that facial ex-

pression recognition was already impairedpression recognition was already impaired

at the onset of the illness, before treatment,at the onset of the illness, before treatment,

and that performance remained impairedand that performance remained impaired

after 1 month of low-dose haloperidolafter 1 month of low-dose haloperidol

treatment despite symptom stabilisation,treatment despite symptom stabilisation,

suggesting trait-like features. Although agesuggesting trait-like features. Although age

and educational level differed significantlyand educational level differed significantly

between groups, it is unlikely that thesebetween groups, it is unlikely that these

factors account for the group differencesfactors account for the group differences

observed here. Indeed, neither correlationobserved here. Indeed, neither correlation

nor comparison between MANOVA andnor comparison between MANOVA and

MANCOVA results suggested an effect ofMANCOVA results suggested an effect of

age or education on emotion recognition.age or education on emotion recognition.

In addition, most previous studies failedIn addition, most previous studies failed

to find any influence of these variables onto find any influence of these variables on

performance.performance.

Abnormal visual scanning of emotionalAbnormal visual scanning of emotional

faces may indirectly underlie some aspectsfaces may indirectly underlie some aspects

of face recognition impairments in schizo-of face recognition impairments in schizo-

phrenia (Loughlandphrenia (Loughland et alet al, 2002). It has been, 2002). It has been

related to amygdala function (Taylorrelated to amygdala function (Taylor et alet al,,

2002; Adolphs2002; Adolphs et alet al, 2005). Evidence for, 2005). Evidence for

the stability of these disturbances over timethe stability of these disturbances over time

and illness progression points to their trait-and illness progression points to their trait-

like nature (Streitlike nature (Streit et alet al, 1997). Moreover,, 1997). Moreover,
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Fig. 1Fig. 1 Recognition of facial expressions as a function of emotion intensity. In the absence of phase effect orRecognition of facial expressions as a function of emotion intensity. In the absence of phase effect or

groupgroup66phase interaction, reported values are themean between baseline and follow-up averaged among allphase interaction, reported values are themean between baseline and follow-up averaged among all

emotions. Between-group differences according to single factor analysis of variance for the schizophreniaemotions. Between-group differences according to single factor analysis of variance for the schizophrenia v.v.

control and siblingcontrol and sibling v.v. control group comparisons are all significant (control group comparisons are all significant (PP550.001) at intensities of 30% and above.0.001) at intensities of 30% and above.
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abnormal visual scanning of facial expres-abnormal visual scanning of facial expres-

sions has also been documented insions has also been documented in

unaffected siblings of people with schizo-unaffected siblings of people with schizo-

phrenia (Loughlandphrenia (Loughland et alet al, 2004), reinfor-, 2004), reinfor-

cing the assumption that emotioncing the assumption that emotion

recognition deficit can be considered as arecognition deficit can be considered as a

potential marker of familial vulnerabilitypotential marker of familial vulnerability

to schizophrenia. Unlike expression recog-to schizophrenia. Unlike expression recog-

nition, gender recognition may rely on anition, gender recognition may rely on a

more holistic face analysis that is achievedmore holistic face analysis that is achieved

in posterior occipito-temporal areas despitein posterior occipito-temporal areas despite

abnormal visual scanning of face parts.abnormal visual scanning of face parts.

In contrast to the overall deficit in facialIn contrast to the overall deficit in facial

expression recognition in the schizophreniaexpression recognition in the schizophrenia

group, unaffected siblings were only im-group, unaffected siblings were only im-

paired in fear and disgust recognition, sug-paired in fear and disgust recognition, sug-

gesting that the emotion-specific deficit ofgesting that the emotion-specific deficit of

healthy relatives may generalise with illnesshealthy relatives may generalise with illness

onset. However, a comparable deficit inonset. However, a comparable deficit in

fear and disgust recognition had alreadyfear and disgust recognition had already

been observed in participants whose schizo-been observed in participants whose schizo-

phrenia was in remission in our previousphrenia was in remission in our previous

study (Bedioustudy (Bediou et alet al, 2005). Atypical anti-, 2005). Atypical anti-

psychotic treatment, used in the latterpsychotic treatment, used in the latter

study, may therefore be more efficient thanstudy, may therefore be more efficient than

haloperidol, used in the current study, inhaloperidol, used in the current study, in

improving emotion recognition in schizo-improving emotion recognition in schizo-

phrenia (Keephrenia (Kee et alet al, 1998). However, perfor-, 1998). However, perfor-

mance was not completely restored bymance was not completely restored by

either of these treatments and the deficit re-either of these treatments and the deficit re-

mains significant at all phases of the illness,mains significant at all phases of the illness,

supporting the trait-like hypothesis. Inter-supporting the trait-like hypothesis. Inter-

estingly, relatives’ performance appearedestingly, relatives’ performance appeared

similar to that of patients when emotionalsimilar to that of patients when emotional

expression was more subtle (30%), whereasexpression was more subtle (30%), whereas

it was more like that of the control group atit was more like that of the control group at

higher intensities of emotional expressionhigher intensities of emotional expression

(80–90%). This may relate to the efficiency(80–90%). This may relate to the efficiency

of social cognition processes (Toomeyof social cognition processes (Toomey et alet al,,

1999), facial scanning (Loughland1999), facial scanning (Loughland et alet al,,

2002), or both. However, this original2002), or both. However, this original

result must be interpreted with caution.result must be interpreted with caution.

Indeed, even if the sibling and controlIndeed, even if the sibling and control

groups did not differ significantly in angergroups did not differ significantly in anger

recognition, lack of power might accountrecognition, lack of power might account

for this result.for this result.

In social situations inaccurate decodingIn social situations inaccurate decoding

of emotional expression could be a sourceof emotional expression could be a source

of stress and a barrier to deep social inter-of stress and a barrier to deep social inter-

actions and communication. It has beenactions and communication. It has been

shown that metabolic and probably physi-shown that metabolic and probably physi-

cal and social stress could cause an acutecal and social stress could cause an acute

exacerbation of schizophrenia symptomsexacerbation of schizophrenia symptoms

(van Os & McGuffin, 2003). Thus, one(van Os & McGuffin, 2003). Thus, one

can easily conceive that abnormal interpret-can easily conceive that abnormal interpret-

ation of emotional expressions could in-ation of emotional expressions could in-

crease the level of emotional stress andcrease the level of emotional stress and

thus participate in precipitating vulnerablethus participate in precipitating vulnerable

people into schizophrenia. However, thepeople into schizophrenia. However, the

neurochemistry of emotion recognition re-neurochemistry of emotion recognition re-

mains to be specified. There is growingmains to be specified. There is growing

evidence that dopamine has a central roleevidence that dopamine has a central role

in emotion recognition (Salgado-Pinedain emotion recognition (Salgado-Pineda etet

alal, 2005). Direct evidence comes from, 2005). Direct evidence comes from

studies using pro-dopamine (Delaveaustudies using pro-dopamine (Delaveau etet

alal, 2005) or anti-dopamine (Lawrence, 2005) or anti-dopamine (Lawrence etet

alal, 2002) agents in healthy volunteers. Also,, 2002) agents in healthy volunteers. Also,

indirect evidence is provided by studies ofindirect evidence is provided by studies of

neuropsychiatric patients, specifically inneuropsychiatric patients, specifically in

schizophrenia (Bediouschizophrenia (Bediou et alet al, 2005) and, 2005) and

Parkinson’s disease (Lachenal-ChevalletParkinson’s disease (Lachenal-Chevallet etet

alal, 2006). Increasing serotonin transmis-, 2006). Increasing serotonin transmis-

sion, on the other hand, can improve emo-sion, on the other hand, can improve emo-

tion recognition performance in healthytion recognition performance in healthy

individuals (Harmerindividuals (Harmer et alet al, 2003) and in, 2003) and in

people with major depressive disorderpeople with major depressive disorder

(Harmer(Harmer et alet al, 2004). Abnormalities in the, 2004). Abnormalities in the

genes involved in dopamine transmissiongenes involved in dopamine transmission

have been associated with poor cognitivehave been associated with poor cognitive

functioning, reduced frontal lobe activationfunctioning, reduced frontal lobe activation

and high risk of schizophrenia (Goldbergand high risk of schizophrenia (Goldberg etet

alal, 2003), and variation in the serotonin, 2003), and variation in the serotonin

transporter gene has been associated withtransporter gene has been associated with

variation in amygdala response to facialvariation in amygdala response to facial

expressions (Haririexpressions (Hariri et alet al, 2002). This first, 2002). This first

report of emotion recognition as a markerreport of emotion recognition as a marker

of familial vulnerability to schizophreniaof familial vulnerability to schizophrenia

may encourage studies addressing itsmay encourage studies addressing its

association with genetic polymorphismassociation with genetic polymorphism

affecting dopamine or serotonin neuro-affecting dopamine or serotonin neuro-

transmission as well as the correlationtransmission as well as the correlation

between emotion recognition performancebetween emotion recognition performance

and amygdala volume. Moreover, givenand amygdala volume. Moreover, given

the strong relationship between emotionthe strong relationship between emotion

processing ability and functional outcome,processing ability and functional outcome,

specific remediation programmes shouldspecific remediation programmes should

be encouraged (Wolwerbe encouraged (Wolwer et alet al, 2005). Like-, 2005). Like-

wise, the efficacy of emotion processingwise, the efficacy of emotion processing

remediation programmes in vulnerableremediation programmes in vulnerable

individuals as a putative preventive strategyindividuals as a putative preventive strategy

should be evaluated.should be evaluated.
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Fig. 2Fig. 2 Recognition of facial expressions of basic emotions by the control, sibling and schizophrenia groups. InRecognition of facial expressions of basic emotions by the control, sibling and schizophrenia groups. In

the absence of phase effect or group x phase interaction, reported values are themean between baseline andthe absence of phase effect or group x phase interaction, reported values are themean between baseline and

follow-up averaged among all emotions.follow-up averaged among all emotions. PP550.001, for all between-group differences according to single factor0.001, for all between-group differences according to single factor

analysis of variance except for the difference between the sibling and control groups in recognition of fearanalysis of variance except for the difference between the sibling and control groups in recognition of fear

((PP550.01) and anger whichwas not significant (0.01) and anger whichwas not significant (FF(1.186)(1.186)¼3.48,3.48, PP¼0.063).0.063).
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