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Abstract
Objectives: Altered social behaviaturing mood episodén bipolar disorder oftebears
detrimental and lon¢asting interpersonalonsequences. Abnornface processingayplay a
role linking,brain functions to clinical symptoms and behavior. This study aimed to @mderst
configural-face.processing in bipolar disorder as a functidrasiccommunicativattributes of
the faceand mood symptomssing eventelated brain potentials (ERPM ethods: Forty-two
participants with Bipolar | DisordédBP) and 43healthy control§HC) viewed face stimuli
varying in‘emation (neutral, fearful), head orientation (forward, deviated),azeddjrection
(direct, avertedyvhile ERP were recorded. o@figural face processy was indexed by the N170
wave. Results: BP had comparableverallN170 amplitude and peak latenay HC though
timing wassmore variable in BPAbnormal N170 modulains by communicativéace attributes
were observediin BRxaggeratedensitivity toemotion(fearful > neutral)n the left
hemispherejaneduced sensitivity tgazehead incongruencfwvhereN170is normallylarger
to faces with incongruent than congruent gaze and head direction) in the right hemiSpleer
formerwas not associateglith mood symptoms, suggesting a heightened likatsensitivity to
negative emeotionsThe latterwas correlated with higher manic symptomslicating that an
impaired pereceptual sensitivity to facefeatures signaling incongruent social attention may
underlie_soecial deficits observed during man@onclusions. These findings suggest
pathophysiological role daflteredconfigural face processing the phenomenology of bipolar
disorder, and call faiurther investigations to evaluats potential as diomarker andreatment

target
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INTRODUCTION

Bipolar disorder is a severe mental illnéggjuently accompanied by functional
impairments=“Emerging findings suggest that deficits in social cognitiba-ability to process
social information.accurately and efficienthare a critical determinant of psychosocial
dysfunction inthe disordef1). One fundamentadocial cognitiveprocesss reception of facial
communication (2). Disruption in face processing andrtteperc@tion ofsocial cues from
faces may.be one mechanism that links alterad functions to observagiinical symptoms
and socialidysfunctions in bipolar disorder. For example, if a person has diffipeltesving
the focus of attentionf others they may misperceivierelevant social informatioas sel
relevant This could lead to or reinforce grandioqifythe misperceived social atterntios
interpreted.as-positivey paranoidif interpreted as negativé)at are prevalerturingmania
Converselygif.ondails to perceive seltlirectedattention from othes, they may have difficulties
participate productively in social interactions and consequently withdrawptiensobserved
duringthe depressive stataf the bipolar illness Furthermore fia person fails to detect (or has
heightenedssensitivity to) threat anelgative emotiosignaled byothers’ fatal expressios and
gaze diection, they may lack appropriate inhibition and have a propensity foriaggag
impulsive,risk-taking and reckless behavigor be highly sensitive to negative social
information.and, susceptible to mood reactivitfhese all have detrimentaterpersonaand
functional€onsequences. Emerging data support that face processing is alter@ldrin bip
disorder (reviewed below), but its neural mechanisms and relationship to sysrgrtdrbehavior
remain to'bellustrated Knowledge of the neurahnd clinical correlatesf faceprocessing in
bipolar disordemwould enhance our understanding of functional difficultidx® itinessand
inform interventions. To this end, this stuelyamined the N170 wave, a fasensitive event
related brainspotentials (ERP) component, during processing of faces wattewlifattributes
key to facial'communication, amavestigatechow it is associated withhood symptoms in
bipolar disorder.

Three Basic Attributes of the Face That I nfluence Face Processing
Faces are a ubiquitogsurce okocial cues. Humans can infer otheéntion,

intention, and mental stabem threebasic attributesf the facegaze directionhead

This article is protected by copyright. All rights reserved



Running headN170 IN BIPOLAR DISORDER Tsoetal 4

orientation, and facial expressio@azeprovidesthe most direct cuef one’sfocus of attention
and communicative intention. The ability to perceive eye contact and follow ogiaeies’
develops in infancy3) andserves aa basic building blockf subsequerdevelopment of
higher-order social cognitive functions, including theory of mind@erdpectiveaking (4).
Whengaze direction is obscure, head orientation beconae&lefault” indicator of attention
direction for its/robust signals dheface contour and shapéfacial featurege.g., nosefs).
Because both'gaze direction and head orientation convelréagon of attention, when they
are in incongruent directionaccuracy and speed jodgments of both gaze direction and head
orientation are compromis€f,7). Anothempowerful cue of mental staie facial expressianin
addition tosaffecting face evaluation on its Qurappears tinteract with gaze direction.
Perceptionwof both gaze direction and emotsdfacilitatedor enhanced whetie underlying
approachdvoidant intenbf gaze and emotion imatchede.g., direct gaza angry face, or
averted gaze fearful face)(8,9). Thesebehavioral findings sugget$tatgaze direction, head
orientation;, and facial emotiarekey factors modulatinéace processing
N170: Indexof Configural Face Processing

Research findingsoncerning the N170 wave have provided neural evidence that these
threecommunicativdace attributes influence face perception early on ivigal processing
stream.N170 Is a negative-goingRP component detected maximally around 170 ms post-
stimulusat lateral occipitdemporal sitesandtypically shows a right dominance (10i%is
dubbed theface-sensitivé ERP component because it is larger to fabas to objects. N178
widely thoughtte indexholistic encoding of facstructue, with evidence coming from
observations#of increased amplitude and latency during processing of inverted (vs. tauréght)
(11), eye region only (vs. full fac€)2), and faces of other race (vs. own rads). Since, in
thesesituations,faceconfigurationis disruptedand/or unfamiliar, the increased amplitude and
latency are-theught to reflectoreeffortful andslowedprocessing, presumably becausare
analyticalpreecessing is engaged in place of configural procesdihg.configuml face
processingsinterpretation of N170 is consistent with N1@8msonstrated sensitivifjarger
amplitude)to'other unconentional presentations of faceshese include horizontalhptated
(vs. forward)faces(14), faces with incongruefis. congruentgazehead directior{15), and
emotional(vs. neutral)faces(16).

Altered Face Processing in Bipolar Disorder
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Although there is a plethora of research on face processing in psychiatric illnesses with
prominentsocial deficits, such as autisand schizophrenjaesearch in this area is relatively
newfor bipolar disordeand has largely focused on thgpect oEmdion recognition or
identification Bghavioral and neuroimagingtd so fagenerally suppoiimpairment in facial
emotion recegnition imdividualswith bipolar disorde(17-19) andhoseat genetic risK19).
Such impairmenis oftenviewed adimbic and prefrontal cortex dysfunctions (20,21), tatre
is evidencethat visuosipa ability is affected irthe disorder and firstegree relativef22),
implicating a‘role of altered early visual processihgparticular one study showed that,
compared with healthy controls, medicatioee bipolar patients made more errors on a Gestalt
completionstest.and tended to rely on individiaaial features rather than simultaneous
integration‘of multiple face elements for face recogni{3). Thissuggestshatconfigural face
processing may.be compromised in bipolar disorder and contribute to deficitsgniréatg
facial emotion making N170 a particularly suitable measure to investigatetieistion

Thus far, only a few studies haverestigated face processinghipolar disordeusing
N170 (24--29)= Most have found reduced amplitude (24,26+2&8B)in some cases, delayed
latency(25,29)« However, most dfie findings arextremelydifficult to interpret and generalize
due to thesheterogeneity in samples and methodologies. These inchtided characteristics
(e.g., ageysex distribution, diagnosis) andtéis&s usedgender discrimination, emotion
recognition, oddball paradigrgp/no-go paradigm). N170 acquisition and measurement
methodsalso varied widelyincluding choice othereference electrodg), filter settings, length
of baseliregelectrode sites where N170 was measuiete window used and how it was
derived, usesgbeakamplitude vsmeanamplitude to measure N170, and correction for multiple
comparisons. Merits and problems of some odefdRPrelated practiceBave been discussed
in depth elsewhere (30) amdll not be detailed hereNevertheless, it is important to point out
thatall studiesexceptingone (29), included only smallsample of bipolar patien{s ranged
from 9 to 18). _AdditionallysinceN170 amplitude and latencanbe significantly modulated
by task demand (31X is unclear if findings of reduced or slowed N1y reflected deficits in
configural face encoding in bipolar disorderware driven bythe cognitive demands the
tasks used (e.g., emotion processing, response inhibition). Wynn et albf@8xtedhe largest
study to dat€52 bipolar patients, 30 healthy controls) examinitigy O in the context of gender
andemotion identification The authors found non-significantly different N170 amplitude, but
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delayed latencyin bipolarpatientsascompared with healthy controls, suggestimgserved
(though slowedgonfigural face processing in th@olariliness

To get a fulér understanding of configure face processing in bipolar disatdsr,
necessary. texamine hovthe thredace attributeshat are key to facial communication (i.e.,
emotion, gaze direction, and head orientatintéract andmpactface processingTo the best
of our knowledge, no studies haaddressed thiin bipolar disorder. Furthermoréjs unclear
from thé'literaturavhether altered face processing is related to mood symptonmnashsave
reportedmpaired emotion recognitiosisa stable deficit ibipolar disorde(17) while others
found it to be dependent on mostate(32).
The Present Study

This'studyrepresents the first attempt in the literaturexamine the effects of three face
attributes key to facial communication (emotion, head orientation, gaze dijemsticonfigural
face processing bipolar disorder We used face stimuli varying @motion (neutral, fearful),
head orientation (forward, deviated), ayaze direction (direct, avertett) examine hovthese
factorsinteractad impact N170n a relatively large saple of bipolar patients and healthy
controls To minimize issues due to cognitive demand and unequal performasirg|etwo-
forced choiee gazéiscriminationtask (putatively easier thaasks depending on emotion
identificationand other cognitive processes that are likely to be impaired in bipolar djseeser
used andonly correct trials were includdd derive N17Gor group comparisons. ¥\éxplored
whether bipolar patients would show abnormal N170 modulations by gaze direction, head
orientationy'and/or emotion as compared with healthy controls. Given previous reports of
anomalougunctional brain lateralizatiom bipolar patientshatmay bestate dependei83), we
also explared hemispheric differencedNih70abnormalities irbipolar disorder andxamined

their assogiationwith mood symptoms.

MATERIALSAND METHODS

Participants

Participantsaged 18-6Qvere recruited from a university outpatient specialty clinic and
inpatient psychiatric unit, and through community advertisemdditgynoses were established
using the Diagnostic Interview for Genetic Studies @4%tructured Diagnostic Interview for

DSM-1V (35). Exclusion criteria for all participants included: 1) a history of closed head injury,

This article is protected by copyright. All rights reserved



Running headN170 IN BIPOLAR DISORDER Tsoetal. 7

neurological disorders, or serious medical ilinesses that could result in significant abfanges
brain functions; 2) alcohol or substance abuse/dependence in past 6 months; and 3) mental
retardation. For healthy controls, additional exclusion criteria includedmperhistory of DSM-

IV Axis-I disorders and history of bipolar or psychotic disosderfirstdegree relatives.

Written informed consent was obtained from each participant after study procedures were fully
explained by trained research personnel. The study was conducted in accordancetwmla prot
approvéd ‘bythe University of Michigaviedical School Institutional Review Boaamd
consistent'with'the Helsinki Declaration of 1975.

Forty-four individuals with Bipolar | Disorder and 44 healthy controls completed the
study. One bipolasubjectwasexcluded from the analyses due to exieesartifacts. One other
bipolar patient-and oneealthy controlvere excluded for their N170 amplitudes exceeding 3
standard deviations above their respective group meataobthe remaining 4bipolar patients
and 43 healthy controls were includedhe analyses of this reporthd two groups did not
significantlydiffer in age, sex, and education. At the time of testindi@dlar patientsvere
taking psyehiatric medications (including mood stabilizers, SSRIs, antipsysharid anxiolytic
mediation); while 3 werenedicationfree; nedication information of 4 bipolar patientasv
unavailable._Detailed demographic and clinical data of the participants are presented in Table 1.

Datafrom 32 of the healthy controisereincluded in a previous studg6).

Clinical Assessments

Current mood was assessed usingabek Depression InventorBDI) (37) and Altman
SeltRatingManiaScale ASRM) (38). ASRM scores for three and BDI scores for tiipolar
patientswere=erroneously not collected
Experimental Task

Participants viewedlackandwhite face imagethatvaried inemotion (neutraffearful),
head orientation (forward, 3@eviated), angaze directior{direct, averted) (39,40).
Participants'performed a simple gaze discrimination task: to decide whether the face was looking
at them_armnot (yes/no)A total of 512 faceimages(64 trials x 8 conditions)ere presenteth a
pseudo-random order, divided into 4 blocks with a self-paced break between blocks, using E-
Prime 1.0. In each trial, dixation crosswasfirst presented500 nilliseconds; ns), followed by
a face (100 ms), then a fixation cross (up to 2,000 ms) durirgdhyglrticipants were tgive a
response. Immediately after a button press or 2,000 ms has lapsed, whicheved dicsyra
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blank screerfl,000 ms) was shown before the next sstafrted See Fig1for sample stimuli
andillustrationof thetaskprocedureThe taskypically lasted 20 to 25 minutes.
ERP Data acquisition and Processing

EEGwasrecordedusing a 32-channel lycra cap with Ag/AgCl electrodes using the
standard International 120 montage (Brain Products, GmbH, Munich, Germany) duhiag t
task Data was‘sampled at 2,000 Hz and referénod-Cz during recording.
Electrooculography was collected using one electrode positioned below the righheyewas
referenced to the Fp2 electrodelectrode impedance was kept at or belovwe) k

Datawereprocessed offlin@ising Brain Products Vision Analyzer 2.0 softwabkEG
data weraesampled at 250 HzData were there-referenced to average mastoffisP9 -

TP10]/2) and segmented into Is2pochs (200 ms baseline, 1000 ms mistulus) This was
followed by a 0.01-Hz higlpass filter and a 3Biz low-pass filter (zergphase shift and 24
dB/octave roloff), correcton for ocular movementssing a regressioalgorithm (41), and

baseline correctionData exceeding +80 uV were automatically rejected, and remaining artifacts
were manually'removed. Correct trials were averagguoduce an ERP waveform feach of

the eightexperimentatonditions. SinceN170 is maximal at the bilateratcipitotemporal
sites,theP7.and P&hannelavere the closestlectrodesites in our montage and thus were
selectedermeasure N170Due to the proximity of these two sites to the mastoids, data were re-
referenced to the averaged sigaedoss the scalf@?2).

Visual inspection of the waveformevealeda greainter-subjectvariability in N170
latency, particularly in thbipolar group. Thus, to accurately measure N170 amplitude,
personalizedime windows wereisedto obtain N17Gnean amplitude This was accomplished
using customized codes implemented in Matlab R20Faistly, for each participant, N170 peak
was identified by locatinthe minimumpoint of their averageERP wave gcrossall correct
trials) between:130 and 200snatypical time windowsuggested by the literatu{43). Then,
N170 amplitude was defined as the mean amplitude within a +40 ms window arsupelath
Visual inspection of the ERP waves indicatieatwhile every participant showed detectable
N170 on the‘righhemisphere (P8 site3ome participants showed negligible N170 on the left
(thus the “peak” simply reflected noisgpiven this observation and the consideratlaatN170
is typically rightHateralized(10), only data from the P8tewas used taletect peak anidientify

the personalizet170 window. The mean numberadrrecttrials averaged togethdor N170
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peak detection wa#01 SD =46.1)for healthy controls and 365D =65.0)for bipolar
patientst(83) = 2.97p = .004.

Note that the statistical analyses concerning N 7bis studyfocused on amplitudgsee
below), and peak latency was not obtained for individual experimental conditions. Fhis wa
because peak.latentyextremely susceptible to noise asd nondinear measurg0). Its
measuremertiecomesspeciallyproblematiovhen the target ERP component is small (dlsds
case withN170)"and the number of trials thateginto the averaged wawaries between
conditions(as'was the case this study because the number of correct trials varied across
conditions and between subjects). Therefore, N170 peak latency was obtained, from tee avera
waves using all.correct triglenly for the purposes of identifyingersonalizedime windows to
measure N170'meamplitude and for group comparison of overall N170 late(isy., across
all conditions)

Statistical Analyses

Behavioralperformance (accuracy, reaction tinaed N170 amplitude daveere
analyzed gsinginear mixed models (LMM).LMM has multiple advantages ewtraditional
repeatedor'mixedmeasure®ANOVA for ERP researchlt is morerobust against unbalanced
cells and*has the capability of including subjects with missing data in one or moréorsndit
(e.g.,duesto artifact®r few correct trials)offering increased statistical pow@d).

Additionally, LMM aims toselectthe simplestmodelthat provides théestfit to the data44),
instead of evaluating evepossible main effect and interaction as in@WA, whichleadsto
inflated Type Ferrors as researchers very rarely cofoeahultiple comparison§30).

LMMs=were estimated using restricted maximum likelihood (RENHor N170 data, due
to the complexity of the study desigata structuréhat involved4 within-subject variables
(Emotion, Head, Gaze, Laterality) and one betwadrjects variable (Group)MM analyses
weredoneintwo phases to enhanceittterpretability of the resultsln Phasel, a separate
model was:built for each hemisphere to characterize group differeftbesit consideringhe
complexity-of laterality In this phase, models were built using a step-up strategy. Individual
interceptwasspecified as a random effect, and Emotion, Head, and Gaze specified as repeated
measuresvith covariance modeled usitige diagonal structurdnitial models included
Emotion, Head, GazendGroup as fixed effects. TheB-way interactions between these

variables were added as fixed effects in the model; significant interactions were retained and
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nonsignificant ones were removed from the model. This step was repeatezhulitlevel of
higher-order interaction terms urthe final model was reachédr each hemisphere
Significant group interactions in the final LMMs were followed up with contradysesto
identify differential withinrsubject effect(s) between the two groups that drove the interactions.

Phasell, of the LMM analyses was test if thesignificant Group interaction observed in
each hemispherie Phase | (Emotion x Group for left hemisphere, Gaze x Head x Group for
right hemisphere) waspecific to that particular hemispheareapplicable to both hemispheres.
Models werebuilt using data from both hemispheres. Individual intercept and laterality were
specified as random effects, and Emotion, Head, Gaze, and Laterality specified as+epeated
measures witlhncovariance modeleihg the diagonal structure. The initial model included
Emotion, Head, Gaze, Laterality, Group, along with Emotion x GamgppGaze x Head x Group
as fixed effectsiThree #ernative models were built by replacing either or both ofwegroup
interaction terms with their high@rder interactions with laterality (i.d.aterality x Emotion x
Group,Laterality x Gaze x Head x GroupThe model with the best fit, quantified by havthg
lowest infarmation criteria, was chosen to bewlirening model. The presence of a significant
Laterality x**Emotion x Group and/or Laterality x Gaze x Head x Group interaatitimes
winning medelould suggest that the group interactior(s3erved in Phase | were hemisphere
specific

Finally, eachN170 abnormality observed the bipolar grougrom the LMM analyses
were correlated wittbwo mood symptom scoreA$RM, BDI) usingparametric Pearsohand
non-parametricy(Spearmanprrelations.

All statistical analyses were performed with IBM Statistical Package f@dbil
Sciences (SPSS) version.24

RESULTS

Behavioral-Data

Descriptive statistics of accuracy and reaction time foeifjetexperimental conditions
broken down by group are summarized in Supplemental Table 1. Results of the final LMMs are
summarized in Table, 2nd significant effects are illustrated in F2g A Headx Gaze
interaction was evident for both accuracy agaition time Participants wergenerally highly

accurate except for the deviated faces with direct,gadlar to the finding of a previous study
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(36). Participants took longer to respond to direct gaze presented in deviated tasid f

head orientation, whilthereactiontime for averted gaze was constant across head orientations.
Bipolar patientsvere less accurate and slower thaalthy controls There was a significant

Gaze x Group interaction in both accuracy egattion time Specifically the gaze effect in
healthy contrelghigheraccuracyand shortereaction timewith avertedhan direct gazeyjas
significantly reduce@mongbipolar patients

N170 Data

The grand average N170 waves for the two groups are displayed & Hige overall
N170 peak latency did not differ betwegalthy control§166 £ 9 ms) anthipolar patient$170
+ 15 ms) t(64#4)=-1.37,p = .18, but the bipolar group showed significantly mater-subjects
variability thanhealthy controlsF = 13.83,p < .001.

Descriptivestatistics of N170 amplitude for the eigiXperimental conditions broken
down by group.are summarized in Supplemeni#dlle2. Results of the final LMMbtainedor
each ofthe lfemispheres are summarized in Tahlein both hemispheresgsificantemotion
and head effects were obsenamloss all participantsSpecifically fearful faces elicited larger
N170 than didneutral faces, and deviated head elicited larger N170 than did forwarGaead.
direction did.not modulate N1y itselfin both remispheres All of these findings are
consistent'with the literatu@4—1636).

In both hemispheres, group effect was not significant, indicatindpippaliar patientslid
not differ fromhealthy controlsn terms of overall N170 amplitude in each hemisphere.
However, twosignificant group interactions were detectadheleft hemisphere, there was a
significant Emotion x Groumteraction driven by an exaggeratednotion effec{i.e., larger
N170 to fearful than neutral faces) in the bipolar grasiigompared withealthy controlgFig.
4A). In the right hemisphere, a significafead x Gaze interaction was observed, such that
faces withsineengruent heaghze direction elicited larger N170 than did faces with congruent
headgaze.direction.This headgaze incongruency effect differed between gragpmdicated
by thesignificant Head x Gaze x Groumeraction. Post hoc contrast analyses showed that this
headgaze incengruency effect wastually absenin bipolar patients as group(Fig. 4B).

Results of the LMM analyses considering datboth hemispheres are summarized in
Supplementary Table 3. Thestmodel(Alternative Model 3)ncludedLaterality x Emotion x
Group and Laterality x Gaze x Head x Gragdfixed effectsconfirming thathe exaggerated
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emotion effect and reduced head-gaze incongruency effect lnpiblar participantsvere
hemispherespecific
Clinical Correlates of N170 Abnor malities

The exaggerated emotion effect found in the left hemispbéblepolar patientslid not
show any significantorrelations with eithemood symptonscores However, reduceldead
gaze incongruency effect fountdtheright hemispherén thebipolar groupwas significantly

correlated with higher manic symptoms as measured with ASRM (36,p = .031;p= 0.39,p
=.019 (Fig. 5).

DISCUSSION

This study used simplegaze discrimination task to probe configural face processing in
bipolar disorder In a relatively large sample of participants with Bipolar | Disorder and healthy
controls, wefound thagatientsshowed comparableverall N170 amplitudashealthy controls.
This is consistent withVynnet al. (2013), the largest N170 study in bipolar disorder thus far,
that N170 amplitude was not reduced in the patient group. We also foupdtikats’overall
peak latencyvas comparable withealthy controls, but withwider intersubject variability
causinga “short.and stoutdppearancef their grandaveagewaves compared witthealthy
controlsy The.lack of statistical group differences in overall N170 latémdyis studywas
contrary to Wynn et al.’s report of delayed latenchipolar patients This discrepancy may be
due to theemethodologicdifferencesbetween these two studieBv/ynn et al. usethe method
of difference wavedubtracting th&RP ofobject processing from the ERPfate processing
toisolateN170(to ensure it contains fagpecific activity only) and the data were processed
with a severédiigh-pass filter (1 Hz)which may have shifted forward the timing of P
waves(30).ltis'unclear whether these causydtematidiasesto one group or the other.

Taken together, we replicated Wynn et al.’s finding of ovangdict holistic encoding of face
structue as‘indexed by N170 amplitude in bipolar disorder, althdugimainsto be
investigatedvhether thisoperations slowed

Despite"overall intact N70, however, bipolar patients showed abnormal modulations by
face attributeshat aranfluential to facial communicationwWhile healthy controls showed a
previously documented (1Sgnsitivity to faces with incongruent heaatdlgazedirectionsin the

right hemispherehis effect was virtually absent the bipolar group. Faces with incongruent
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headgaze direction (including forward facesth averted gaze and deviated faces with direct
gaze) configurally, represent unconventios#ucturalpresentationsf theface. Semantically,

they convey conflicting focuses of attention as suggested by the different headionertdt

gaze directbn. The normal N170 accentuatimrthesefaces suggests increaseftort in
encodingand.integrating face elements, which may serve as a mechanism to facilitate detection
of conflicting social signals embedded in a facehe ability to detect incongruesocial signals

is instrumentalin accurately assessing others’ mental state, evaluating ongoing interpersonal
dynamics;"and‘guiding appropriate social responses. The reductionhirdlgaze

incongruency effect on N170 observed in bipolar patimcdlisates an impaired perceptual
sensitivity to facial features signaling incongruent social attentias.worth noting that bipolar
patients did‘showmormal N170 sensitivity to deviated head orientation (14,15a368uggesd

by a significah Head effect in all participantsut a non-significant Heac Group interaction on
N170 amplitude. This suggests that altered configural face perception in bigolaleds

nuanced and is not readily captureddegreasedensitivity to headrientationasdemonstrated

in schizophreni@36), confirming the importance of examining multiple core face attributes to
fully understand how face processing is altered in bipolar disorder.,e@iucecheadgaze
incongruency effect on N17@as significantly associatedth moresevere manic symptoms

This provides suppothataltered behaviors during the manic state, which are often characterized
by interpersonal difficultiesmay be related to altered face perceptibhe association between
manic symptoms and right-hemisphere N170 abnormialityline with the view thatright
hemisphere"deficitspreviously reported in bipolar disordend manidikely reflect transient
lateralized ‘abnormalities (e.glye to neurotramsitter imbalancejhat fluctuatenith mood state
rather than permanent brain lesions or structural abnorm#&B88¢sThe emerang field of
computational psychiatry would be instrumental in enhancing our understandiogy specific
changes in.the synaptic aaicuitry levels give rise te@ollectiveelectrophysiological signals

and cognitive functions in bipolar disordencorporating comprehensive measures of social
cognition, particularly those that assess the ability to identify others’ mental state in dynamic and
ecologicallywalid scenarios, in future studies will hieigher elucidate the role of configural

face processing in social functioning and investigate its promises as afrettrget in bipolar

disorder.
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Another N170 abnormality noted in bipolar patients in this stualyan exaggerated
emotion effect (larger N17@sponse to fearful than neutral facdeshe left hemisphereSince
emotion processing was implicit in this stutlyis findingcould not bettributed tgooor
behavioral performance in emotiatentification It has been shown that N170 increases as
attention(45).intensity of emotion (46)r perceived personal importance of the stimuli (47)
increases:Therefore, exaggerated N170 response to fearful fache inipolar groupnay
reflect increased perceived salience of threkted emotions. This interpretation is consistent
with the resultsof an eyteacking study, in which bipolar patients were found to attend more to
threatening images than did healthy controls, and admas wasot associated with mood state
(48). Similarlyswe did not find any associations between mood symptoms and enhanced
emotion effect‘on N170 in our patient group. Such a trait-bias toward threat emerging iy an earl
visual processing stage may constitute a cognitive vulnerability to stressful experience and
consequently susceptibility to emotional reactivitypipolar disordef48). Previous research
suggests that the ability to cortlgadentify fearis reduced in bipolar disordgrarticularly
during mania«(49).Therefore, the exaggerated N170 response to fearful #acesg bipolar
patientsmay also be interpreted as having more difficaltynputting more effort imncoding
fearful expression We did noinclude assessments@hotion identification in this study.

Future studies examininfithe enhanced emotion effect in bipolar disorder indeed corresponds
to poorer behavioral performance in fear identification would provide a more definitive
interpretation of this N170 abnormalityt wouldalsobe valuable to obtain longitudinal data to
confirm that'this exaggerated N170 response to negative emotions is independent of i'mood sta
and evaluateits potential in serving as a biomarker of bipolar disorder.

Caution is needed when interpreting the results of this study deseoal sampteelated
and methodologicdimitations. Our bipolar sample contained mostly chronic aneldicated
patients. Sincemost patients witlbipolar disordeare treated with medications in North
America, the results of this study inform face processing in patients we often encounter in the
medical setting. However, it is unclear to what extent ttserved effects were due to
medicationor the illness itself;iis needs tde clarifiedin future studiesecruitingpatients in
the early phase dheillness and preferably those whare medicatiofiree or with limited
medication exposure. In terms of methods, the routine timing of stimulus onset daek@td
temporal jitter between trials in the ERP tasight have introducednticipation brain activity,
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confoundingthe earlyisual N170wave However, the effect on the results was likely minimal,
because the intertrial interval was relatively short (1 second) and the task was not atieaetion
task. We used only two electrodes (P7, P8) to measure N170, as other el@eisadasonably
near where N170 is most prominent (e.g., PO7, PO8) were unavailable in the EEG cap used in
this study. _Although this is not amcommon practice among N170 stud{#6), deriving N170

from multiple electrodes at the lowccipitotemporal sites in future studieould improve the
reliability andreproducibility of the findings. This is especially important given that the
correlation'between mania and the reduced-geae incongruency effect detectadipolar
disorder would not survive a stringent stuglige Bonferroni correctioalpha adjusted to

0.0125for feurtotal correlations run)Additionally, we used a Zemotion) x Ahead
orientation)™2+«{(gaze direction) x 2 (group) mixed design to study how the three basic face
attributesdifferentially interact and affect configurédceprocessingin bipolar disorderelative

to healthy people. Such a complex design precludes the inclusion of moreehals Dfeach

of the threewithin-subjectvariables (e.gincluding morecategories or intensity levels of
emotions, ambiguous gadeections or intermediate head deviationf);, thetask toremain
tolerable. There is evidence théte interaction betweegaze directiomndemotion may depend

on the intensity of théacial expressio50) and ambiguity of gaze direction (4®uture studies
examining-howsignal intensity of these face attributeBuence configural face processing in
bipolar disorder would provide a more ecologically valid understanding of social cogniti@n in th
illness Finally, we dd not measure and make group comparisons of N170 latency for individual
experimentatonditionsdue to measurement challenges associated with peak 148)cy

Whether thesN170 amplitude abnmalities observeth patientswvere also accompanied with
slowed processingeeddo be clarified in future studies.

To conclude, overall configural face processing as indexed by N170 amplitude appeared
to beintact,but with moreheterogeneous timing, in bipolar disordelative tohealthy
individuals..However, nuanced abnormalities were observed whrer facattributes key to
facial communicatiorwere manipulated in the stimuéin exaggerated emotion eff@cthe left
hemiphere*and a reducgédzehead incongruency effeit the right hemisphereThe
exaggerated emotion effestas not associated withoodstate suggesting a heightened trait-
like sensitivity to negative emotions that na@ntribute to vulnerability to stresand mood
instability. Thereduced gazbead incongruency effect was significantly correlated witie
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severemanic symptomssuggestinghat an impaired perceptual sensitivity to faces of features
signaling incongruent social attention may underligadaleficits observed during mania. These
findings together suggest that disruption of configural face processing may plagad wlé in

the clinical manifestations of bipolar disorder and warrants further investigations to evaluate its
potential asbiomarker andreatment targetFor examplegxcessiveN170 responses to

negative emotions may be used as an index of susceptibility to developing bipolar disorder or
mood dysregulations among geneticallyiak-individuals andhelpinform early intervention
strategies:Cognitive training and brain stimulation techniques may be used to normalize N170
response to incongruent social attention signals, so to improve clinical andtahoctitcomes.
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Table 1.Demographic and clinical characteristics of bipolar patients (BP) and healthy controls

(HC).

\ariable BP (0= 42) HC (n=43) t/ X? p

Mean + SD Mean + SD

Age (years) 41.6+11.0 41.2+12.9 0.12 .90
Sex(maleffemale) 22m/20f 29m/14f 2.01 .16
Education.(years) 154 +£2.8 15.8+2.6 0.55 .59
Duration of iliness (years) 24.4+12.0 - - -
Altman 3.54+3.72 - - -
BDI 11.12 +9.27 1.05+1.67 6.85 .001

Medicated\(n,.96)
Lithium (n, %}
Antiepileptic (n, %}
Antidepressant (n, %)
Antipsychotic (n, %)
Benzodiazepine (n, %)
Hypnotie(n, %)

35 (92.1%)
15 (39.5%)
3 (7.9%)
20 (52.6%)
14 (36.8%)
10 (26.3%)
3 (7.9%)

a. Medication data of 4 BP were unavailable. Percentage was calculated based on a denominator

of 38 instead of 42.
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Table 2.Summary of Final Linear Mixed Models for Accuracy and Reaction Time.

Accuracy

Reaction time

Tests for Fixed,Effects

Intercept
Emotion
Head

Gaze

Group

Head x‘Gaze

Gaze x Group

Estimates of Fixed Effects’

Intercept

Neutrakemotion

Forward head

Direct gaze

HC

Direct gazey Forward head

Direct gaze, HC

Model Informatien Criteria

-2 REMLloglikelihood
AIC
BIC

Selective Contrast Estimates

Gaze x Group

F(1, 84.6) = 3650.0%*

F(1, 206.3) = 0.3

F(1,301.9) = 189.2%*

F(1,200.3) = 160.4%*
F(1,79.9) = 5.75*

F(1, 297.4) = 210.7*
F(1, 314.3) = 12.0%**

p(s.e)
0.82 (0.02)***

-0.00 (0.01)
-0.01 (0.01)
-0.28 (0.02)***
0.10 (0.03)***
0.34 (0.02)***
-0.07 (0.02)***

-674.97
-656.97
-616.30

Estimate (s.e.)
-0.06 (0.02)**

F(1, 83.3) = 2971.9%*

F(1,329.8)=0.1

F(1,427.6) = 169.7+

F(1,429.4) = 4.17*

F(1,79.9) = 5.75*

F(1, 428.3) = 207.4**
F(1, 410.8) = 10.3*

B(se)
742.6 (19.1)**

1.1 (4.2)
6.7 (5.1)
63.7 (8.1)**
-72.6 (26.3)*
-138.1 (9.6)***
30.4 (9.5) **

7463.10
7481.10
7521.41

Estimate (s.e.)
30.4 (9.5)***

a. Redundant parameters omitted.
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b. Contrast of (direct averted) irhealthy controls vs. (direct — averted)ipolar patients For

accuracy, negative value indicates reduced gaze effect (higher accuracy for averted than

direct gaze) irbipolar patienteompared with healthy control$-or reaction time, positive

value indicates reduced gaze effect (longer RT for direct than averted gbigelan

patientsrelative tohealthy controls
*p<.05 **p < .01 *** p<.001

Table 3.9ummary of Final Linear Mixed Models for N170 Amplitude.

Left hemisphere (P7)

Right hemisphere (P8)

Tests for Fixed.Effects

Intercept F(1, 82.9) = 78.1***
Emotion F(1, 547.3) = 18.8***
Head F(1, 537.4) = 25.8%**
Gaze F(1,542.8) =0.3
Group F(1,82.9)=1.0
Emotion x Group F(1, 547.5) = 7.1**

Head x"Gaze x Group -

Estimates of Fixed Effects” B(se)
Intercept -2.53 (0.40)***
Neutral.emetion 0.37 (0.08)***
Forward:head 0.27 (0.05)***
Direct'gaze 0.03 (0.05)
HC -0.43 (0.56)
Neutral, HC -0.28 (0.11)**

Directt.gaze, Forward head, HC -
Direct gaze, Deviated head, HC --
Averted gaze, Forward head, HC -

This article is protected by copyright. All rights reserved

F(1, 83.0) = 137.0%**
F(1, 540.6) = 46.8%**
F(1, 539.2) = 75. 1%+
F(1, 532.4) = 0.0
F(1, 83.0) = 0.0

F(4, 346.3) = 4.34*

p(se)
-4.12 (0.47)***

0.40 (0.06)***
0.46 (0.11)***
-0.11 (0.12)
-0.08 (0.65)
0.33 (0.23)
-0.07 (0.17)
-0.18 (0.16)
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Model Information Criteria

-2 REML loglikelihood 1777.02 1920.81

AIC 1795.02 1920.81

BIC 1835.31 1961.09
Selective Contrast Estimates Estimate (s.e.) Estimate (s.e.)

Emotion="Group -0.285 (0.107)** -

Head x Gaze x Grolp -- 0.287 (0.117)*

a. Redundant parameters are omitted.

b. Contrast efy(neutral fearful) in healthy controls vs. (neutralfearful) inbipolar patients.
Negative value indicates increased emotion effect (larger N170 for fearbipalar patients
relative tohealthy controls

c. Contrast of (faces with congruent hegakze directior- faces with incongruent hegdze
direction) inhealthy controlys. (faces with congruent heagze direction-faces with
incongruent headaze direction) imipolar patients Positive value indicates reduced head
gaze ineongruency effect (i.e., normally larger N170 to faces with incongruent than
congruent headaze direabn) in bipolar patientsompared with healthy controls.

*p<.05 **p<.01 *** n<.001

FIGURELEGENDS

Fig. 1. Gazediscrimination task. A) Sample face stimuli of the eight experimental conditions
of the gaze discrimination task. B) Procedure ofgduee discrimination task.

Fig. 2. Behavioral performance differences between the bipolar disorder (BP) and healthy
control (HC) greups on the gaze discrimination task. Upper panel: The BP group was less
accuratesthan HC overall, and this was drivendajuced accuracy for faces with averted gaze in
BP compared with HC (i.e., BP participants showed same hit rate but more false alarm of eye
contact). Lower panel: The BP group had overall longer reaction time than HC, and lacked the
gaze effect observed HC where averted gaze took less time to respond than direct gaze.
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Fig. 3. Grand average waves at bilateral occipito-temporal sites (P7 and P8) for the healthy
controls (HC: n = 43) and bipolar disorder group (BP: n = 42). Negative is plotted upward.

Gray vertical lines indicate 170 ms pestimulus.

Fig. 4. N170 differences between healthy controls (HC) and patientswith bipolar disorder

(BP). A) Exaggerated emotion effect on N170 in the left hemisphere in BP compared with HC).
B) Absence of headaze irrongruency effect” (i.e., normally larger N170 to faces with
incongruent'than congruent head-gaze direction) in the right hemisphere in BP.véisgati
plotted upward:" Gray solid vertical lines indicate the mean N170 peak latency of the
corresponding group (HC: 166 ms; BP: 170 ms), and gray dashed lines indicate + 40 ms from the
peak. Blagk yertical lines in bar graphs indicate standard errors.

Fig. 5. Clinical‘correlate of N170 abnormality in bipolar disorder. Reduced headaze
incongruency effect on W0 was associated with higher mania symptoms as measured with

Altman SeltRating Mania Scale (ASRM) in bipolar patients.
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A) Neutral Emotion Fearful Emotion
Direct gaze Averted gaze Direct gaze Averted gaze
Condition 1 Condition 2 Condition 5 Condition 6

Forward
head

Condition 3 Condition 4

Deviated
head

B)

upto 2000 ms
r[)b

Fig. 1. Gazediscrimination task. A) Sample face stimuli of the eight experimental conditions

of the gaze diserimination task. B) Procedure of the gaze discrimination task.
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Fig. 2. Behavioral performance differences between the bipolar disorder (BP) and healthy

control (HC) groupson the gaze discrimination task. Upper panel: The BP group wass$

accurate than-HC overall, and this was driven by reduced accuracy for faces with averted gaze in
BP compared.with HC (i.e., Bfatientsshowed same hit rate but more false alarm of eye

contact). Lower panel: The BP group had overall longer reaction time than HC, and lacked the

gaze effectobserved in HC where averted gaze took less time to respond than direct gaze.
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Fig. 3. Grand average waves at bilateral occipito-temporal sites (P7 and P8) for the healthy
controls (HC: n = 43) and bipolar disorder group (BP: n =42). Negative is plotted upward.

Gray vertical lines indicate 170spoststimulus.
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A) Left hemisphere: Exaggerated emotion effect in BP
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Fig. 4. N170-differ ences between healthy controls (HC) and patientswith bipolar disorder (BP). A) Exaggerated emotion effect

il

N

on N170.in the left hemisphere in BP compared with HBPAbsence of headaze incongruency effect” (i.e., normally larger N170
to faces with'incongruent than congruent head-gaze direction) in the right hemispBBr Negative is plotted upward. Gray solid
verticalllines indicate the mean N170 peak latency of the corresponding groupg®i@s; BP: 170 ms), and gray dashed lines

indicate + 40 ms from the peak. Black vertical lines in bar graphs indicate standard errors.
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101 ole}
o r=.36,p=.031

gl " p=.39,p=.016

ASRM

Head-gaze incongruency effect

Fig. 5. Clinical correlate of N170 abnormality in bipolar disorder. Reduced headaze
incongrueney-effect on N170 was associated with higher mania symptoms as meatsured wi
Altman SeliRating Mania Scale (ASRM) in bipolar patigras indicated by parametric

(Pearsom).and norparametric (Spearmaw) tests
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A} Left hemisphere: Exaggerated emation effect in BP
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B) Right hemisphere: Absence of head-gaze incongruency effect in BP
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