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Abstract
Objectives. Deficits in social cognition predict poor functional outcome in severe mental illnesses
asschizophrenia and autism. However, research findingsocial cognitiorn bipolar disorder (BD)
aresparse and inconsistent. This stadiyed tocharacterize a critical social cognitive procesge
gaze perceptionandexamineits functional correlatesr BD to inform psychopathological
mechanisms
Methods: Thirty participantswith BD, 30 healthy controls (HC), and 47 psychiatric contvath
schizophrenigSZ)completed aryecontactperceptiortask. They viewed faces with varying gaze
directions, head-orientations, and emotion, mwade eyecontact judgments. Psychophysics methods
were used to estimateqeption thresholds and slope of the percemtione whichwerethen
compared between the groups aondelated with clinical and functional measuisesg Bayesian
inference
Results: Compared with HCBD overperceived eye contact when gaze direction was ambigaads
this self-referential bias was similar to that in SBD had lower thresholds (i.engeded weaker eye
contact signaltesstart perceiving gaze asdiedcted but similar $opecompared with HCRegression
analyses showed that steeplapepredicted bettesocicemotional functioning itHC and SZ, but not
in BD.
Conclusions:. The psychopathology of social dysfunction between BD and SZ is fundamentally
different in this. modest sampley&gaze perception BD is characterized by a sekferential bia
but preserved perceptusénsitivity the latter of which distinguishes BD from SZherelationship
between gze"perception anaroadersocicemotional functioningn SZand HCwas absent in BD

Keywords. Psychosisaffectivedisorder; ecial cognition; emotional intelligencéace processing
schizophrenia.
I ntroduction

Individualswith bipolar disorder (BDpftensuffer fromlastingfunctional impairmentseven

during remission of active mood sympto(is3). Theseémpairmens not only lead to reduced work
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productivity and unemploymei), butalsoimpactther social relationsis and quality of life
negatively(2,5). A main predictor of low functioning in BD was subsyndromal depressive symptoms
(i.e. symptoms naneeing the full diagnostic criteria for a mood episo{®) but it only accountor

a small amount of varian€é,7)—even smalle(7%) afteraccounting for the effect afeurocognitive
functioning(8). Neurocogition is a more promising predictor, though the variance explained is
typically in the'rangef 7% - 21% (8,9). Research with individuals diagnosed with schizoph{®dja
have shown thatSocial cognition mediates the relationship between neurocognition aaddlnc
outcome (10411), suggestititat social cognitiomasa more direct relationship to functioninkhere is
preliminary evidence showing a significant link betwésstwoin BD (12-14). Givernits potential as
a better predietor.of psychosocial outcome than neurocognition, a better understasduigl of
cognition in BD /could inform thdlness mechanisrandrefine currentreatment.

Despite its clinical relevance, socagnition in BD remains undeénvestigatedand findings
are mixed. There is some evidence thdividuals withBD areimpairedin emotion processing (i.e.
the ability to recognize, appraise, and utilize emotion) and theory of mind (i.e., libyetabnfer other
people’s mentalstates, such as beliefs, intentions, and emotions, based on avaitdllees and
contexts)15,16). However, not all studies have found social cognition impairment in BD, even in the
presence of impaired newagnition(17). Clinical factors are one potential source of variability across
studies For examplesocial cognitive deficitsveremore severe in BD with a history of psychotic
symptomghan.those without (18Y.heyweremost severe during manic episo&8,19), bucan
persistduring remission of active mood symptoms (16). Another source of variability isskseused
to assess socialeagnition. Soméadsuggest that social cognitive impairment in BD may be present
only in some/specific domairge.g., seHreferential information processing0). Despite evidence for
significant geneticred phenotypic overlap betwe&x andBD, the degree to which social cognitive
abilities differacross the two disorders has not been extdgsiwestigaeéd Although one study has
found that the level of impairment (e.g., in theory-of-mind taskBD is as severe as BZ patients
(21), the majority"have fountdintermediate betwedmealthy controlsHC) andSZ (13,15,22).

To determinaf and howsocial cognition icompromised in BD, it is necessary to examine
well-definedssocial cognitive domanOne core building block of social cognition is eye gaze
perception23). Humans develop the ability to infer attention and intention of others from their gaze
direction during infancy and this ability is critical to successful $a@aelopment and functioning
(24). Abnormalgaze perceptiomaylead towrongjudgments about thiecusof people’s attention
thus assigning meaning to irrelevant stimbbr examplemisperceivingsomeone else as looking at

you maylead tograndiose idea@f theintention is perceived as positive) or paranoid delusibns (
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intention perceived as negative). Studies have showsdhatferential gaze perceptiamimpaired in
SZ(25-27).Specifically, when gaze perception was assessed usmgtiauum of gaze directions and
analyzed using psychophysial method SZ patientsoverperceived eye contact when gaze was
ambiguous and began to endorse eye contact with a weaker eye-contact signbe(igaze
directionwasmore averted) compared wittC (27). Their perception curvelotting eyecontact
perception asfa function of gaze directias also shallowesuggesting more uncertairdy reduced
sensitivityin makingsselfreferential vs. nonedf-referential judgments of eye gaze. This impairment
was correlated with more severe clinical symptoms and explained a significant amount of variance in
sociaemotional functioninggvenafter controlling for basic neurocognitionhd same linear
relationship between gaze perception and socio-emotional functioning was also obsei@ed i
suggesting that/gaze perception may be a determinantiaifunctioning regardless of disease status.
This study addresses a gap in the fidldazial cognition research in BD, namely, gaze
perceptionDemonstrating relationship between gaze perception and broader social functioning, as
observed in SZ-and HC, wouldform the mechanisms and treatmehtunctional impairmenof BD.
This wouldalseprevide support that gaze perception is an important dimension of social functioning
thatcuts across disease boundariras enhancing our understanding of psychopathologiegher,
given preliminary findingthatBD with psychotic features hadoreseveresocial cognitive deficits
thanthose witheut (18)nvestigatinghow a history of psychosis associated with a specific social
cognitive deficitin BD, eye gaze perception in this caseuld also inform disease mechanisms.
Theprimary aim of this study wae characterize selieferential eye gaze perception in BD and
examine its implieations for psychosociah@tioning. In addition, to investigate whether putative gaze
perception differeduantitatively or qualitativelfrom SZ, weexaminedts relationship to socio
emotional functioning ilBD in comparison wittHC andSZ patients We used a psychophysical
approach to examirjadgments of eye contact as a function of egetact signal strengilne. gaze
direction)as. described our previous study (27Briefly, we used a relatively large number of trials of
face stimuli covering the full range of gaze directions (from averted to dirgcaidual increments).
This methodrallewed us to examine two critical characteristics e€@yct perception: thresholds
(how strongsthe eyeentact signal one neetisperceive gaze as selfrected) and slope (how
categorical osensitiveone’s eyecontact perception is). We also manipulated head orientation
(forward, averted) and facial emotion (neutral, fearful) of the face stlvactiuse these two factors
have been shown toteract with gaze directiothuringgaze perceptio(28,29). Studying how these
two factors modulate eye-contact perception in BD can pravitttherunderstanding of how

contextual and affective information influences self-referential gaze gsiocein the disorder.
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We hypothesized that 1) BD would shanormal eye&ontact perception (i.e., overperception
when gaze is ambiguous, and reduced perception thresholds and slope) compared witheHC; 2) t
patternsof abnormalities in eye gaze perceptiorBD would be similar to those observed3# but to
a leser degree3) the abnormalities in eye gaze perception would be woB®iwith a history of
psychosis compared with those without; ah@B would exhibit a similar relatiohg between gaze
perception apngocieemotional functioning as in SZ and HC.
Methods
Participants

The sample consisted of 1participants30 diagnosed witBD (16 with a history of psychosis
and 14 without), 37 HC, and 46 diagnoseth schizophrenia or schizdattive disorder (SZ)Data of
23 HC and26/SZ weraeportedin a previous stud{27). DSM-IV diagnoses werestablished usinthe
Structured Chical Interview for the DSMV (SCID-1V) (30) or the Diagnostic Interview for Genetic
Studies (DIGS Version 4.0) (31)aRicipants were recruited through advertisetaand referrals by
cliniciansandsresearchers in academic medical centd8D and SZwere excluded if they had a
history of alcohel/substance use disorder in the past 6 months. HC were excludethdfdiaey past
or current AXis-I disorders, alcohslibstanceise disordein the pasb yearsor a firstdegree relative
with apsychotic or bipolar disorder. All participant®re able to give informed consent and had at
least 20/30 visions according to a Snellen chart. Written informed consent wagolitam every
participant@after.a. complete des¢gm of the study. The study was approved by the University of

Michigan Medical School Institutional Review Board.

Assessments

The revised version of the Beck Depression Inven®Bi-IA; 32) and the Young Mania
Rating ScaldYMRS; 33)were used to assess participants’ mood stie xale forAssessment of
Positive Symptom§éSAPS;34)and the Scale fohssessment of Negative Sympto(BANS; 35) were
used to assess'the positive and negative symptoms of pafieadtow a direct comparison with
previous findings‘in SZ, the Brief Assessment of Cognition of Schizoph{f2A@S; 36) and the
MayerSaloveyCamuso Emotional Intelligence Te@USCEIT; 37)were used to assess participants’
neurocognition andocioemotional functioningrespectivelyThe BACSis a performancéased test
battery that assessesrbalmemory, working memory, motor speed, attention, executive functions, and
verbal fluencyMSCEIT is a performanebased battery that measures individuals’ ability to perceive,

facilitate, understand, and manage emotions.
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Eve-contactPerception Task

Particpants viewed blaclndwhite photos of facegarying inhead orientation (forward, 30°
avertedto left or right), emotion (neutrafearful), andeyecontact signal streng(i®, 0.1,0.2, ..., 1.0.
Gaze direction varied fromverted0 eyecontact signal strength) to dirgdt0 eyeeontact signal
strength)in ten 10%incrementgsee Figure 1 for example stimullhe task contains 528 trials in total:
2 head orientations 2 emotions< 11 eyeeontact signal strengths6 actorsx 2 directions (left, right).
For each facepparticipants were instructemhdlicate according to their first impressiowhetherthey
felt the person was looking titem(yes/no) by pressing one of two buttofhke task was selfaced
and participants weralowed to pause and take a brief break whenever they néssit¥ for more

task details)The task typically lasted 102 minutes.

Data Processing

The major analyses were conducted onpls@ameters that define each participant’s
psychometricseurve plotting eye-contact perception as a function of gazeodirdct this end, &vo-
parametefogistiesfunction was fitted toach participari$ eyecontact endorsement rate (percentage of
“yes,looking/@atime’ responses) plottadainst eyeontact signal strength

f(x) = 1/(1 +c - b").
wherec andb areseonstant parameters provided bylBlM SPSSStatistics22 Curve Estimation
(logistic) function(see Figure 2 for an exampl@®ecause responses to averted faces did not approach a
logistic function, only responses to forward faces were usttdsianalysis.Two psychophysical
properties of-ey@entact perception were derived frohefitted curve: hresholds (i.e., thexpected
signal strengtlyiven acertaineyecontact endorsement ratnd slope. Our previous stu(Br)
suggests that thresholdstimatedisinglower response cutoffs coulzest distinguisi$Z from HC. In
this study weused the same method and obtained nine perception thresholds using response cut-offs of
10%, 20%,1:=90% eyeentact endorsement rat&he slope of the function when
f(x) = 50% was useds a measure @articipants’ sensitivity to eyeontact signal strengthjven that
it measurefiow rapidly one’s perception changes from setf-referential to selfeferential (se@7
for moredetails on the mathematical derivation of the slope); highleles indicate that perception is
moreclearcut categorical (i.e., with highgrerceptuakensitivity).
In order toinclude the data on averted faces,peeformed an additional analysis in which we

calculated each subjectisean eyecontact endorsement rdte thell gaze angles

Statistical Analyses
This article is protected by copyright. All rights reserved
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Group and model comparisons were conducted WBaygsfactors (BFs)throughout this paper.
BF is the ratio of the Bayesian evidence of the numerator model (e.g., altemguothesis) to that of
the denominator model (e.g., null hypothesisprovidesinformation regardingherelative strength of
evidenceof two competing models, insteadroérely acceptingejecting null hypotheses as in
traditional frequentist statisticModel complexity is penalized in the computation of model evidence,
allowing amore parsimoniousiodel to win if it fits the data bettdBF < 1indicates evidence favoring
the denominaterrmedel, whigF >1 indicates evidence favoring the numerator modedetpretations
of strength of eviderecfollowed accepted guideliné38), whereBF between 13 provides anecdotdl
evidencefor the numerator model, 3-10 “substantieVidence, 1480 “strond evidence, 30-100very
strong”evidence, and >100lecisivé evidence Similarly, BF between 0.33 and fdrovides‘anecdotal”
evidence for the denominator model (often the null hypothesis), 0.10 and 0.33 “substantéiteyi
0.033 and 0.10 “strong” evidence, 0.01 and 0.033 “very strong” evidence, and <0.01 “decisive”
evidence.All BFswerecomputed using the R page ‘BayesFdor’ (39).

For threshold, the anovaBF command was usedngareANOVA models consisting dll
possible permutations consistiofjGroup, Emotion, Response Cutoff, anditieteraction terms as
fixed effects [The model with the higheBfF (compared against a denominator model consisting of
only subject as a random factor) was chosen as the winning model and reported suttse Res
was then followed. up by pairwise group comparisons of threshold at each responsgsaudfie
ttesBF command.

For eyecontact endorsement rate, the anovaBF command was used to select the winning model
among ANOVA=medels consisting of all possible permutations of Group, Head @dentamotion,
and their interaction tersras fixed effects.

For slope of the perception curve, the anovaBF command was used to select the winning model
among ANOVA models consisting of all possible permutations of Group, Emotion, and their
interaction term as fixed effects. Follawp pairwise group comparisons were conducted using the
ttestBF command:

Finallyrtherelationships between eymntact perception measures and clinical/functional
measure#.the three groupsere examinedising Pearson’s correlations and multiple regressions.
the regression analysege used the slope of tlgazeperception curvas a predictgibecause itvas
the gaze perception measure that significantly explained-saantional functioning in SZ and HC in
our previous study (27). Thiariable,in addition to group membershiwasincludedasa predictorof
MSCEIT. Specifically, the InBF command was ugeddentify a winning model among regression

models consisting of all possible permutations of grembershigcoded as two dummy variables,
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SZ and BD, to denote the 3 groups), slope of gaze perception andréheir interaction ternas
predictors of MSCEIT. SireHC was coded as the reference grauguding theinteraction terms
(e.g., BDx Gaze $pe)allowed testingvhether theelationship between gaze slope and MSCEIT in

one diagnostic group (e.®D) was differenfrom HC.

Results

ParticipantCharacteristics

TheBD, SZ,and HC groups were well matched for age and parental education. The BD group
had asignificantlylower maleto-female ratio than the other two group®’s socicemotional
functioning asymeasured by MSCEIT was not different fité@) but SZ had lower MSCEIT score than

HC. See Table 1 for detailed participant characteristics.

Overperception oEye Contat

For thresholdBFsof all possible ANOVA modelshowed that the winning model, prowid
“decisive” evidenceBF = 1.26x 10°°?), contained GrougEmotion Response Cutoff, Group
Emotioninteraction and Group< Response Cutoff interaction as fixed effecidie evidence ofhis
modelwasmore.than 12@messtrongerthan the next best modelontaining all factors except the
Groupx Emotion interaction The Group effect indated that overathresholdfor BD (M = 0.64,SD
= 0.16 wassubstantiallyjower thanHC (M = 0.74,9D = 0.14 BF = 3.89) but did not differ from SZ
(M =0.60,SD =0.17 BF = 0.36). SZ'soverallthreshold wasVery strongly” lower than HC (BE
90.18. That is, both BD and S#Zeeded weaker signal strength to indicate that eye gaze was directed
towards them. The Emotion effect indicated that overall, mean threfeinaidutral face¢M = 0.64,

D = 0.16) wasdegcisivelylower than fearful onesV(= 069, D = 0.2Q BF = 6.19x 10°). The Group

x Emotionsinteraetion wadriven bya clear Emotion effect in BD and HC (neutral < fearBf;= 115

for BD and"2660or HC) but only“anecdotal” evidencéor it in SZ BF = 2.50). Follow-up pairwise
group comparisons at each responseftudgeakbdwhat drove the Group Response Cutoff

interaction See Figur® for eyecontact perception thresholds of each group calculated using nine
response cut-offs collapsed across the two emotionsupQlifferences increasedthg response

cutoff value to obtain threshold decreased. This was true for both BD - HC comparis@¥%-ahd
comparisons. BD started to show clear eviddiée> 3) of lower threshold than HC at response cutoff

of 50% and the group differenceachd its maximum atesponse cutoff of 10%The pattern was the

This article is protected by copyright. All rights reserved
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same for SZbut the SZ < HC difference was even larger and started sooner at response GOWff
There were no differences in threshold between BD an@&&ranging from 0.24 to 0.66).

For eyecontact endorsement rate, resolt®8Fs showed that the winning modaeintained
fixed factors ofGroup,Signal StrengthEmotion Head OrientationGroupx Signal StrengthEmotion
x Signal StrengthGroupx Head OrientationSignal Strengtlx Head OrientationEmotionx Head
Orientation Groupx Signal Strengtl Head Orientationand Emotiorx Signal Strengtkx Head
Orientation. The evidence of this moa&soverwhelmingly‘decisive” (BF = 3.34x 10'®*%), which
was more thain67times stronger than the next best model (containinguativo of the fixed effects
in the winning'médel: Group Head Orientation and GrowpSignal Strengttx Head Orientation).
Group patterns'of eyesntact endorsement rate acrosseyetact signal strengths and head
orientations collapsed across the two emotions (because there was no interaggen Brbup and
Emotion)are presented in Figude Overall, BD M = 30%,SD = 14%) endorsed eye contact more
frequently thansHCN = 23%,SD = 10% BF = 3.60), but did not diffefrom SZ M = 33%,SD = 13%
BF = 0.33). SZ endorsed more frequently than W€y strongly(BF = 98.91). The Emotion effect
indicated that endarsement rald € 31%, 3D = 13%) for neutral faces was higher than fearful orids (
=26%, D = 13% BF = 1.19x 10*%. TheHead Qientation effect indicated thandorsement rafer
forward facegM=-37%, SD = 13%) was higher than averted fac®4 € 21%, SD = 16% BF = 8.02x
10%%. The Group< Head Orientatiofinteraction was driven by higherendorsement raia BD (M =
37%,3D = 13%) compared wittHC (M = 30%, SD = 10% BF = 3.59)that wasnot different from SZ
(M =41%,9D:= 13% BF = 042)for forward facesFor averted faces, however, there was only
“anecdotal” evidence that mean endorsemenind@® (M = 23%, SD = 17%) was higher than HO{
=15%,SD = 11% BF = 1.88)but substantiat¢vidence thait did not differ from SZ i = 25%,SD =
16% BF = 0.27. As for the Groupx Signal Strength interactiomlfow-up pairwise group
comparisons at each signal strength revealed that group differences were thanléingdew to
middle range of signal strengths for both BD — HC comparisons and SZ — HC compditierasyas

no difference in mean endorsement taéveerBD and SZ across signal strengths.

IntactPerceptial Sensitivityin BD

The gaze perceptisiope measures how rapidly one’s perception changes frorsation-
referential to selfeferentia) thus an index of perceptual sensitiviepr the slope, results of B$-
showed that the winning model, providing “very strbagidence (B = 87.99, containedmain effects

of Group and Emotiononly, with no Group< Emotioninteraction §éee Figures1 for BFs of all
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possible mode)sFollow-up analyses of the Group effect showed thaite waso evidence for a
differencein gaze perceptioslopebetween BOM = 2.39,SD = 0.67)and HC M = 2.60,SD = 044; d
=037, BF = 0.69), or between BD and M £ 2.11,9D = 0.64;d = 0.43, BF=0.99).The evwdence
for ashallower slope i5Z relative toHC was “decisive™(d = 089, BF=140.49. The Emotion effect
indicated thaslopefor neutral face$M = 2.67,3D = 0.72 wasstronglysteepethanthat for fearful
faces(M = 250,9D,= 0.66; BF=21.21)across participants

We conductedwo follow-up BFanalyses to further examirfegaze perception slope was
different betweesubgroupsvithin the BD group.To address the question of psychasia
determinant of BD’s gaze perceptiome comparedD with and without a history of psychosBF
resultsfavoredno group differencen gaze perceptioslope(BF = 0.35),and the effect sizef group
difference was alsemall d = 0.14).Because th&D group had a higher femaieale ratio relative to
theSZ and HC groupand the literature suggests that females generally have better social cognition
than maleg40,41) we also examined whether there were differentgaze perception slope as well
as MSCEIT between female and male g&iticipantsBF resultsfavoreda lack ofsexdifferencein
slope ofgazespereceptio(BF = 0.47 d = 0.04)as well adMSCEIT BF = 0.37;d = 0.02).

Relationship with Clinical and Functiongleasures

In both patient groupsye-contact perception was nsignificantlycorrelated with mood
symptomsg(BDIIA,. YMRS), positive symptoms (SAPS), or negative symptoms (SANS Tabl&S1
for pairwise correlations)in BD and HC, eye-contact perception wassighificantlycorrelated with
neurocognition{(BACS). However, in SZ, altered eye-contact perception (loveeptien threshold at
low/medium fesponse cutoffs; reducddpe of categorical shift) wasgnificantlycorrelated with
poorer neurocognition.

To examinethe relationship between gaze perceptionsouioemotional functioning
(MSCEIT)in each groupwe assessed thd-8 of differentlinear regressiomodels. The model with
the most‘ decisivéevidence(BF = 1.84x 10') contained gaze perception slope, group membership of
SZ, group membership of BD, and the interaction teetwveen slope arldD membershi@ms
predictorsofsMSCEIT; group membership of HiZas the implicit referencgroup. The evidence of
this model was nelyr 9 times stronger thahe next best model that did not include the interaction
term(see Figure&s2for BFs of all models)This winning model suggexsithat 1) steeper gaze
perception slopeas associated with bettISCEIT; 2) the three groups had different intercepts, i.e.
different MSCEIT scores wheslopewas held zerpand 3) BD (but not SZ) had a different (reduced)

linear relationship between gaze perception slope and MSEHEilve toHC—indicating that gaze
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perception slope had less effect on MSCEIT in BD compared wit(sBlCFigures). Theregression
modelexplained45.6%o0f variance in MSCEITK = 16.6,p < 0.00).

Discussion

This study examined whethBD showedabnormal selfeferential gaz@erceptior—a crucial
perceptual camponent complex social processesand whether putative abnormality watated to
socicemotionalfunctioning.Using apsychophysics approach, we found thiatsome measures eye
contact perceptiorBD-were indistinguishable from SZ. Like SBED were more likely than HC to
report a face, o be making eye contact with them, particularly as gaze direction became increasingly
averted BD required a weaker eyaontact signafi.e. less direct gaze anyjk® start perceiving gaze as
selt-directed relaive to HC. Unlike SZ, however, the slope of the gaze perception curve ofaBDot
different fromHC’s, indicatingthatas actual gaze became increasingly directed at the partiaypast,
perceptionn BD changed frormonselfreferential to selfeferential as rapidly as HC; that change
simply occurred saoner than HC (i.e.pateaker eyecontact signal strengtir) BD. Taken together,
our findings suggest that BD ovperceie eye contact frongaze thaHC would consider ambiguous
or nonselft-directed, but the perceptuabkensitivitywas preserved

We hypothesized that BD would exhibit a similar relationship between gazppenc(slope)
and socio-emotional functionin/SCEIT) as in SZ and HC. However, while higher gaze perception
slope was assoeiated with better MSCEIT score in SZ and HC, this relatiorashgbsent in BOt is
noteworthyithat although BD showadselfreferential bias imaze perception, theidlSCEIT scores
did not differ flom HC consistent with previous reports (42,43ncereasoning and problem-solving
skills appear to-h@tact in BD(42),it is possible thathis compensates falteredperception of social
signals leavingsocioemotional functionsat least as measured BASCEIT, unaffected This
highlights the issue thabcialcognitive instruments wellalidated in SZ may not have the same utility
in BD despite. the clinical antbgnitive overlap between the two disorders.

Anotherway in whichperformance differed between Bihd SZ was in the extent to which
selfreferential"biases in gaze perception were influenced by emotitim BBoand HCrequired more
direct eye gazéoendorseheperson as looking at them when the face was fearful than fvvais
neutral Thisseffect of facial emotion was blunted in SZ. Such emotion effect on gaze mercept
consistent with previous findings in healthy individudatfearful facesiaspeople tgerceive
averted gazewhich could be a result ¢éarful emotionand averted gazseing congruent in avoidant
motivation(29,44).Therefore, it seems thdespite an overall tendency of oyerrceiving gaze as self

referentia)] BD showed normatmotioral modulation ofgaze perceptigrwhich distinguished them
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from SZ This preserved integration of affective contexts in-seférential social signal processing
may be a contributing factor of nornmscicemotional functioningn this BD sample

Thefindings of differential gaze perception between BD andnSHis studyhave important
treatment implicationsThey suggest thatge perception deficiia BD and SZmay bedriven by
different facterswhich may have differential relationships with sc@motional functioningMany
social cognitive trainings have been developed for SZ (45) and there has been affply tsuch
interventionssterBD+(46)assuming that if improvement in those specific social cognitive domains
results in improved functional outcome in SZ, the same would happen in BD. Our findings shafgest
this may not necessarily be the case. For example, BD participants showeckfesaitial biadbut
preserved perceptusénsitivity suggeshg that abnormal gaze perceptionBD likely reflects a top
down problem rather than impaired data-driven perception as observed in SZ. Thereforentions
for BD should focus on top-down processes (e.g., cognitive restructuring as imgenmecagnitive-
behaviorakherapy brain stimulation targeting frontal regionspgnitive trainingparadigmghataim
to strengthensearly sensory proces$orgSZ (47) may not be as beneficidlhedifferential
relationship between gaze perception and socio-emotional functioning in BD and SZssihgg&D
and SZ might make social inferences using different strategies or sourcésmoftion. Future
investigations of the cognitive and neural bases of these strategies would enhamcemianding of
differences in'segcial cognition and treatment response bepsgehiatricdisordersas well asacross
individualsyrhelping to develop more informative assessment and personalizedrtteatme

We did not find anignificantcorrelatiors betweergaze perception ambsitive/negative
symptomsn thepatient groups. We also did not fiadysignificantdifferences in gaze perception
between BD with and without a history of psychosis, suggesting that abrewifraferential gaze
perception may not be a marker of psyaheymptomsThis is consistent witheveral pevious studies
showing that' BD with and without psychotic symptoms displayed no difference in tHeimpences
of various theory-ofmind tasks(48-50), although one study has reported that BD with psychosis
performed worse tharthosewithout inthe perceptual and reasoniagpecs of social cognition
measured withrtasks of emotiogcogntion andlogical arrangement gbictures depicting social
scenariog18)~ It is also possible that altered gaze perception is only related to specific aspects of
psychosis such asiparanoia, and therefore correlating it with SAPS togairsypnot be able to
capture a true relationship. Given that analysis wamited by amodestsample sizendthat
previous inconsistent findings in this area may be due to methodological differangesstudies
with more comprehensive assessment of social cogritemneedetb more conclusively show

whether a history of psychosis in BD tesy impact on gaze perception and its relationshgocial
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cognitionin general Further, snce most patients this studywere clinically stable and euthymic, it is
possible that the null reswdf symptom correlates @faze perceptiom BD was due to the limited
range of symptom severity in both groups was the case in other studiEg). It remainsto be
investigatedvhether impaired gaze perception varies betweead phases in[B.

The interpretation athe currenfindings is limied byseveral factors. Firsthe BD grouphad a
higherfemalemale ratiorelative to the other two groups. Previous social cognition studies in healthy
individuals foundithat women perform better than men (404 t¢cent metanalysis of social
coqnitive studies comparinBD and SZalso showed that larger effect sizes (B&ter than Sywere
associated with higher male-female ratios in the SZ group (22). Although we conducted additional
analyses to rule out that the intact gaze perception slope and MSCEIT performance in our BD sample
was due to better performance of the female BD participr@sample size of male B this study
was undeniably small and it is difficult thawdefinite conclusions on potential sex differences in
social cognition in/BD This question needs to be addressed in future stwdtretarger samples that
havebalanced-femalenale ratios Seconddifferent medication regimersould be a potential confound.
Our sample sizexdid not permit analyzing sub-groups of BD and SZ whawsmilar medication
regimensBecause,the use and dose of medications are rejgendent of symptoms argdalso
confounadby individual treatment response, the question of whether medications contribute to the
observedjaze perceptioabnormalites can onlybe adequately addressed by studymeglicationfree
participantsTor.those in thearly stagef theillnessin future studies. Third, the task comprised of many
(528) trials and there was a possibility that any poor performance may be doeral gegnitive
deficits. Sincerfequent attentional lapses or random responses wesldt in “noisier’eyecontact
endorsement rates for clearly averted and clearly direct gazsi@reficantly shifted away from 0%
and 100% on both ends of theaxis), response patterns of all three groups {Sgare 4) shovthat this
was not the cas@lthougha selfreferentialbiasin BD could be due to lovevel perceptual deficits or
general cognitive dysfunctionBD were equally sensitive to gaze signal strength agadiddicated
by their equal'perceptualopes), makingleficits in lowlevel perception seemmlikely. There wasalso
no significanteorrelation between meocognition(BACS) and gaze perceptian BD, furtherruling
outgeneral.cognitive deficits as a contributortheir biasThe relationship between general cognitive
functioning and gaze perception in SZ has been examined in detail in our previous stuldy, and t
finding showed that abnormal gaze perception in SZ is above and beyond just genetisbabegfigits
(27). Lastly, staticvisual stimuli were used in this studyh@re is evidence thdifferent brain systems
may be involved in processirsgatic vs.dynamic faces, and dynanfarcial expressionsiay bemore

ecologically valid than static photos in emotion recognition studies fgg&mains to be investigated
This article is protected by copyright. All rights reserved
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whether basktevel social cognition such as eye gaze perceptismisarly affected by motion

information.

Conclusions

This_study used a novpsychophysics approathexamine a fundamental social cognitive
function, eye-contact perception,BD. Ourresultsshowedthat BDexhibited a similar selfeferential
bias in eye gazeperceptionias$SZ, characterized by owperception of self-directed intention when
viewing ambiguous gaze directipandrequired weaker eyeontact signal strength to start perceiving
eye contact However, BDs categorical gaze perception was as efficiei@s and theirsocio
emotional functioning did not appear to depend on gaze perception performatCardSZ patients
do. These findingsuggesthat preserved perceptus@nsitivityin making eyecontact judgment
distinguishes BD from SZ and may suggdifferential psychopathological mechanismissocial
dysfunction between BD and SZ.
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Table 1 ParticipantCharacteristics

Variable BD (N=30) HC (N=37) SZ (N=%) Group Comparisons
Range Mean (SD) Range Mean (SD) Range Mean (SD) F/t/y2 p-value

Age 22-60 40.6 (12) 19-59 37.5(13.9) 18-65 41.1(144) 0.79 0.457
Sex (male/female) - 9/21 - 23/14 - 31/15 11.21 0.004
Education 12-21 15.5 (2.6) 12-21 16.2 (2.3) 10-18 13.9 (2.1) 10.94 <0.001
Parental education 6-20 15.2 (3.4) 9-20 15.5 (2.6) 4-26 15.3 (3.8) 0.08 0.923
BACS -2.72-0.96 -0.44 (0.73) -2.65-1.85 0.39 (1.02) -2.84-2.07 -1.17 (1.08) 17.28 <0.001
Duration of illness (years) 1-51 24.4 (14.1) - - 1-41 21.5(134) -.90 0.372
CPZeq (mgsdaily} 4-800 212.7 (212) - - 13-2000 424.4 (497.2) 2.07 0.044
Lithium - 40.0% - - - 6.5% 12.85 <0.001
Mood stabilizer - 73.3% - - - 15.2% 25.99 <0.001
Antipsychatic - 40.0% - - - 80.4% 12.96 <0.001
Antidepressant - 63.3% - - - 34.8% 5.96 0.015
Anxiolytic - 26.7% - - - 17.4% 0.94 0.332
BDI-IA® 0-30 9.1(9.3) 0-6 1.5(1.8) 0-36 10.5 (7.3) 15.21 <0.001
YMRS® 0-15 2.2 (3.4) - - 0-4 1.3(1.5) -0.83 0.415
SAPS 0-5 0.7 (1.3) - - 0-11 3.6 (3) 5.35 <0.001
SANS 0-6 1.1(1.6) - - 0-18 5.4 (4.1) 6.42 <0.001
MSCEIT Overal 75-146 110 (15) 80-143 108(18) 60-136 87(18) 15.98 <0.001
Perceiving"Emotions 67-146 110 (15) 87-146 112 (18) 67-129 93(14) 12.89 <0.001
Using Emotions 75-132 104 (12) 79-162 110 (19) 49-127 93(18) 8.41 <0.001
Understanding Emotions 79-132 104 (15) 72-131 105 (16) 67-131 92 (16) 6.44 0.002
Managing Emotions 85-121 106 (10) 72-149 103 (16) 59-149 87(17) 14.19 <0.001
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Notes:BACS = Brief Assessment of Cognition for Schizophrenia composite scoregGPatgipsychotic dose in chlorpromazine
equivalentBDI-IA =revised version of thBeck Depression Inventgry MRS =Young Mania Rating Scal&SAPS = Scale for the
Assessment of Positive Symptoms; SANS = Scale for the Assessment of Negative SyMEGEIT = age and genderndjusted scores

on the Mayer=Salove@aruso Emotional Intelligence TeSIZ = individuals with schizophrenia; BD = individuals with bipolar disorder; HC
= healthy controls.

a. Analysis enly included 37 SZ and 12 BD who were taking antipsychotics. b.10 SZ d@ddidnat have data o8APS,BDI-IA, YMRS,
andMSCEIT because the data came throdiferent studes.
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