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Methods and Materials

Cohort
ÅUsedthe HealthyBrain Network (HBN) cohort2

comprisedof childrenand youth that are either
diagnosedor at riskfor psychiatricillnesses.

ÅContainswidevarietyof clinicalscores, 
neuroimagingdata, and genetics.

ÅAge range: 5-21 yearsold, n = 1753, M:F ratio = 
1111:642

Part 1: Score Distribution
ÅConducteda Multiple CorrespondenceAnalysis3

(MCA) to determinevariance of the Social 
ResponsivenessScale4 (SRS) amongbehavioral
scores.

Part 2: Cortical Structure in Children and Adults
Å Intersection betweenhigh and low SRS groups, QC 

images, IQ>70, yieldedn= 319 (age5-18; 58% 
males). 

Å First compared participants with high SRS to those
with low SRS, then further dividedinto two age
groups: children(below12; n=195, 61% males) and 
adults(above12; n=120, 55% males) and compared 
high vs. low SRS againwithin eachagegroup. 

ÅScans qualitycheckedmanuallyand with euler
metric5.

Å FreeSurferpipeline6 and vertex-wiseanalysisto look 
at cortical thickness, gyrification, and surface area 
by running a GLM at eachvertex. Covariates 
considered: age, gender, IQ, and site.

Part 3: Cortical Comparisons in Behavioral Subgroups 
Å 1092 subjects(aged5-18, m=11.1 | M:F = 681:411) 

basedon score availabilitiesin social impairment, 
anxiety, reactivity, hyperactivity, aggression, 
attention deficitsanddepression.

ÅConductedk-meansclusteringanalysison 
behavioralscores to find high autistictraits 
subgroupsbasedon high SRS. BIC method
suggesteda k=9 optimal cluster level.

Å 549 subjectshadgood qualityT1 scans.

Å First, rancortical morphologycomparisonbetween
all subgroupscombined(one heterogeneoushigh 
autistictraits group) and controls. Second, 
compared eachautistictrait subgroup to controls.

Å FreeSurferpipeline6 and vertex-wiseanalysisto look 
at cortical thickness, gyrification, and surface area 
by running a GLM at eachvertex. Covariates 
considered: age, gender, IQ, and site.

ÅAutism spectrum disorder (ASD) is a complex array of neurodevelopmental conditions, typically characterized by 
social interaction and communication impairments, and restricted and repetitive behaviors¹.

ÅPatients exhibit widespreadheterogeneityin behavior, biologicalphenotypes, and genetics.
ÅScientific literature has reportedgrossneuroanatomicalinconsistencies, possiblydue toclassically adopted case-

control approaches lumping together these heterogeneities.
ÅWe propose a gradualshift toward experimentaldesigns focusedon subtypingASD beforefurther case-control 

investigations.
ÅObjective: UncoverASD cortical phenotypesafter subgroupingautistictraits by A) age, and B) behavioral

phenotypes.  

Results
Part 1: Score Distribution

Part 2: Cortical Structures in Children and Adults

Figure 1: MCA plot. Correlationbetweenseveral
behavioraland cognitive scores (left). To better 
interpret correlationwith SRS, score labels removed
and onlySRS projectedonto plot (right). ShowedSRS 
closelycorrelateswith scores representingaggression, 
hyperactivity, attention deficits, depression, reactivity, 
and anxiety.

Figure 3: Radar Plot of High Autistic Traits Subgroups.Clustering
analysisyielded9 subgroupsvaryingin behavioralcomposition. From 
these, 3 exhibitedhigh SRS. First subgroup (AnxDep) exhibitedhigh 
levels of anxiety and depression, second (Attn) showedADHD-like
tendencies, and third (Emot) hadADHD-like tendencieswith strong
emotional dysregulation(high aggression and reactivity levels).

Figure 4: ComparingSurface FeaturesBetween eachSubgroup and Clinical
Controls. A) ComparingEmotsubgroup againstcontrol group yieldeddecreasesin 
cortical thicknessin right insula (p<0.005). B) ComparisonsbetweenAttn subgroup 
and controlsshowedincreases in gyrification in right lateraloccipital(p<0.005), and 
in surface area in left precentralregion (p<0.005). AnxDepshowedno results. 

Conclusions
ÅWide range of data in the HBN cohortallowedto observe autistictraits correlationto severalbehaviorsby meansof MCA analysis(Part 1)(Fig. 1). 
ÅCouldalsofinely investigatestructural differencesin 2 conditions: high vs. low autistictraits in childrenand in adults(Part 2), and differencesbetween

behaviorallydistinct subgroupsand controls(Part 3). 
ÅPresenceof surface structure signatures in adults, but not in children(Fig. 2).
ÅShowedthat behavioraltraits distributedifferently therebyisolatingautistictraits subgroups(Fig. 3). Affectedbrainregionsin eachsubgroup are associatedto 

functionsspanningASD7,8,9 (Fig. 4).
ÅPerspectives: To emphasizethe importance of ASD stratification in the searchof biologicalphenotypes. We demonstratedthat thoughsubtypes(age, behavior, 

etc.) show cortical signatures, combiningthem into one collective and heterogeneousautistic traits group doesnot revealstructural brain differences. 

Figure 2: Age Effectin Cortical 
Structure. Comparinghigh vs. low
autistictraits in adultsyielded
bilateralincreases in gyrification 
in precentraland frontal regions
of right hemisphere(p<0.01), and 
in precentralregion of left 
hemisphere(p<0.01). Same
contrast run in children(below12 
yearsold) with no results.

Angeline Mihailov1, Cathy Philippe1, Antoine Grigis1, Vincent Guillemot5, Charles Laidi1,2, Camille 
Piguet1,3, HervéAbdi4, JosselinHouenou1,2, Vincent Frouin1

1Neurospin CEA, Saclay, France; 2INSERM, U955, Translational Psychiatry Team, 94000, Créteil, France; 3University of Geneva, Geneva, Switzerland; 4University of Texas at 
Dallas, Dallas, U.S.A; 5Institut Pasteur, Paris, France  

Multidimensional Approaches in the Study of Autistic 
Traits using Behavioral and Imaging Data

Part 3: Cortical Comparisons in Behavioral Subgroups

http://fcon_1000.projects.nitrc.org/indi/cmi_healthy_brain_network/sharing_phenotypic.html

