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Fetal alcohol"spectrum disorder (FASD) refers to the spectrutaratogeniceffects of prenatal
alcohol exposure«(PAEJetal alcohol syndrome (FAS) represents the extreme end of the spectrum
andcomprises somatic and neugabwth deficiency, neurobehava impairment and a distinctive
facial appearancgHoyme et al., 2016 However, PAEaffected individals may have only some of
these characteristics and many may go undiagnosed, particularly those withoutréwéedltc

facial apparance(Janes et al., 200)0The variability in presentatioof FASD and outcome oPAE

is likely the result of an interplay between maternal and infaktfactorsand the timing andose

of PAE (Figure 1). An important component for our understanding of this variability lies in
describing the_fullsspectrum of fetal alcohol effects on fdme and brain and the relationship
betweenface and:-braiphenotyg andoutcomesincludingcognition Suttie et al (2019 provides

some importantinsightaiadhis matter

Suttie et alanalyse a samplef children ofEuropean and Latin American desgesamprising 47
controls, 22 diagnosed witPAS and 50 with confirmed heavy alcohol exposure (HE) who did not
meetcriteria for a diagnosis of FAShe majority of individuals are agédm late childhood to
early adolescenc@n important strength of this study is the plethorandérmation availableor

each indivdual. Thesare 3D photographswvhich recordthe outer surface of the facial stitssue
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in high resolutionT3 magnetic resonance images (MRi)d two batteriesforeurocognitive tests:
the Differential Ability Scale, ' edition (DAS2) and the California Verbal Learning Test for
Children (CVLFC).

The authors employ denserface modelling (DSM) to quantify tferm of the face and brain
regions In contrast to more traditional approachekich describe the form only as simple linear,
angular or volumetric measuremerttsis approach represeritse entire surfacainder studyas a
dense cloud of interconnect@aints, compressed into a smaller number of variablasexplain
almost all the, _shape variation (principal componenig)s allows many analyses not typically
employed in FASD, researcdhcluding classificationbased on thehape of a structure itself, rather
than derived measurethe synthesis of compketaverage forms of each group; the description of
the phenotype of an individual, or the aggregate phenotype of a group as a ‘signature’, which code
the deviation of each dense point from an average a&are; and clustering of these signatures as
a ‘dgnature graph’ to identify similarities among signatures of different individuals to identify
phenotypic subgroupgright Figure 1) They also allow the authors to quantifndividual
asymmetryandssystematic patterns of asymmetry within grodjp® authors construct DSMs for
different facial regions, theutline of a midline section of theorpus cHosum, left and right

caudate nuclet separately, and also DSMs com@iinformation from the face and brain regions.

Variability in.PAE phenotype

This study incorporatekeavily exposed individuals whetherdid ordid not meet criteria for FAS,
allowing the vauthorgo explorethe variability in PAE effects for heavily exposed individuals.
‘Signature graphs’ of both caudatacleiand of the face (in supplement) both identify a-gudup
within the HE group with FASike morphology and a subgroup that doex cluster with the FAS
group. In the analysis of asymmetry between the left and right caudatei rthe controlgroup
shows left ;anteriorsdominance and the FAS group shows reduced left anterior dominance. In
contrast he 'HE"group shows no consistent pattern of asympathpugh in generdhe amount of
asymmetry bindividuals in the HE groupsicomparableot controls. Thesewo findings for the HE
group indicate that the caudate nuclei are asymmetric, buthisaadymmetry is heterogeous
among individuals within this group.

Relationships between the face, brain and neurocognitive measures
Exposure #ects on the faceand brain may emerge concurrently during embryogenesis. It is
therefore possibléhat facial phenotype can be used as a proxy measure of brain phenotype and a

predictor of cognitive outcomes. That face and brain phenotype are correlatggésted by two
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analyses here. Igeneraltheir classification analysifinds that combining information about the
face andbrain improvesclassification accuracy over the face alone, but thepeowements @
generdly small suggesting the brain contains only imial discriminative informationover the
information alreadypresenin the faceThe second is that the FABe HE subgroup identified by
signature graph analysi$ the caudate nuclei contain®stlythe same individuals as the subgroup

identified bythe same analysis of the face

The authors demonstrate that caudate nucleus asymmetry predicts cognitivegrexéoom several
measures within exposed individuals. In previous work from this group theyalsoghown that
those withFASikeyfacial featuresamong heavily exposed individuals without a diagnosis, show
lower cognitivesperformance than those with more control like fea{Brdsie et al., 201,3Suttie et

al., 2017. Given the unique dataset available to the authors we suggest that they explore this
relationshipbetween (particularly facial) phenotypand cognitive outconse in more detailin
future. Thisraisesthe interesting statistical problem of relating mulégihenotypic measures (point
co-ordinates arprincipal component scores) to multiple cognitive outcomes. Onersalotild be

to usetwo-block-partial leassquares analyst® explore how broad patterns of phenotypic variation
predict broadpatterns of variai in cognitive outcomewithin exposed individual§Bookstein et

al.,, 2003. Another approach is tacondensemultivariate phenotypic variation onto a single
meaningful ‘dimesion that can then be analysedth cognitive outcomes in separate bivariate
correlations. dnfact, the authors create an appropriate compression of stiagenviato a single
scae in their supplementary analyses (Figure S5). Heng éRkpress different individuglpositions
relative to the FAS and control mearalong each axis. Position along this axis could be

interpreted as_a,continuous measure of phenotype severity, mpeitakle to bivariate correlation.

L ooking beyond-heavy PAE and the cardinal facial phenotype

An important-strength of thBSM approachs thatit allows analysis of the entire geometry of an
anatomical ‘structure, not only those aspects abbe toeasurd or gradel by standard techniques
Diagnosis of FASIn this studyfollows typical criteria (Hoyme et al., 2016 and requiresthe
presence of two or more out of three cardinal facial features (smooth phittinmermillion line

and short palpebral fissure). DSM analysis in this and previous stighesnstratethatadditional
characteristicslistinguish FAS from controland are present in some exposed individuals without a
diagnosis.These include malardttening or midfacial hypoplasia, retrognathia, shortening of the
nose (although this was not documented in the FAS group in this sWdyjetected aimilar
effect on the nose and a general retrusion of the midfat&month old Caucasian childre&ven
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with low to moderatd®AE (Muggli et al., 201Y. Together, lhese studies highlight the nedlook

beyad the cardinal facial featuresander to characterise the full spectrof fetal alcohokffects.

We expecbrdination of individuals according to their position aldhg phenotypic spectrumay

be particularly valuablenoving forward This will allow future studies to investigate tfectors

that driveheterogeneityn FASDsincluding PAE timing and dose and environmental, genetic and
epigeneticrisk factorsthat could modify the effect of PAB-urther,diagnosis ofa FASD is
frequentlynot_possible because PAfannot be confirmed, yet the importancetto diagnosis is
paranount for.appropriate management of the child and family. If an ordination based on facial
morphology can Sensitively and specifically detect the effects of PAE, thisadagethe need to
confirm PAE by=ether meanstherebyallowing targetedclinical andsocial support for affected

families

The authors have no conflict of interest to declare.

References

Bookstein FL, Streissguth AP, Sampson PD, Connor PD, Barr HM (2002) Corpus callosum shape
and neuropsychological deficits in aduiales with heavy fetal alcohol exposure.
Neuroimage 1233-251.

Hoyme HE, Kalberg WO, Elliott AJ, Blankenship J, Buckley D, Marais ASaitag MA,

Robinson LK, Adam MP, AbdeRahman O, Jewett T, Coles CD, Chambers C, Jones KL,
Adnams.CM, Shah PE, Riley EPharness ME, Warren KR, May PA (2016) Updated
clinical guidelines for diagnosing fetal alcohol spectrum disorders. Pedia88.

Jones KL, HoymeHE, Robinson LK, del Campo M, Manning MA, Prewitt LM, Chambers CD
(2010) Fetakalcohol spectrum disorders: Extending the range of structuras dafact.
Med*Genet. A 1522731-2735.

Muggli E, Matthews H, Penington A, Claes P, Qeary C, Forster D, Donath S, Anderson PJ,
Lewis S, Nagle C, Craig JM, White S, Elliott E, Halliday J (2017) Assacidietween
prenatal alcohol exposure and craniofacial shape of children at 12 months of age. JAMA
Pediatrics 171771-780.

Suttie M, Foroud T, Wetherill L, Jacobson JL, Molteno CD, Meintjes EM, Hoyme HEI&IN
Robinson LK, Riley EP (2013) Facial dysmorphism acrbedétal alcohol spectrum.
Pediatrics 13&779-e788.

This article is protected by copyright. All rights reserved



Suttie M, Wetherill L, Jacobson SW, Jacobson JL, Hoyme HE, Sowell ER, Coles CaWaRni
Riley EP, Jones KL, Foroud T, HammondJH-ASD (2017) Facial curvature detects and
explicates ethnic differensen effects of prenatal alcohol exposure. AlcoholShmical
and Experimental Research:4471-1483.

Suttie M, Wozniak JR, Parnell SE, Wetherill L, Matson SN, Sowel ER, Kan E, Egjones KL,
Coles'C, Foroud T, Hammond P, CIFASD (2018) Combined Baag Morphology and
Assoclated Neurocognitive Correlates In Fetal Alcohol Spectrum DisoAleaholism
Clinical and Expertimental Reseaycloi: 10.1111/acer.13820

Figure Legend

Figure 1. The fetakaleohol spectrum. The spectrum of fetal dleffeats likely arises from the interplay of prenatal
alcohol exposure, and ' maternal and infant risk factors. Farsigpws a ‘signature graph of the caudate nucleus

from Suttie et a(2018) illustrating the heterogeneity within heavily exposed indiwglual
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