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Abstract

The goal of this study was to examine: 1) differences in parent-reported prosocial and antisocial
behaviors between children and adolescents with and without prenatal alcohol exposure (PAE);

2) differences in gray matter volumes of brain areas supporting social cognition between children
and adolescents with and without PAE; 3) correlations between gray matter volumes of brain
areas supporting social cognition and parent-reported prosocial and antisocial behaviors. Parents
of children and adolescents ages 8-16 years completed measures on their prosocial and antisocial
behaviors (i.e., Behavior Assessment Scale for Children, Vineland Adaptive Behaviors Scales, and
Child Behavior Checklist) (7= 84; 41 with PAE, 43 without PAE). Seventy-nine participants (40
with PAE, 39 without PAE) also completed a structural Magnetic Resonance Imaging (MRI) scan
with quality data. Gray matter volumes of seven brain areas supporting social cognitive processes
were computed using automated procedures (FreeSurfer 6.0): bilateral fusiform gyrus, superior
temporal gyrus, medial orbitofrontal cortex, lateral orbitofrontal cortex, posterior cingulate cortex,
precuneus, and temporal pole.
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Children and adolescents with PAE showed decreased prosocial behaviors and increased antisocial
behaviors as well as smaller volumes of the precuneus and lateral orbitofrontal cortex, even when
controlling for total intracranial volume. Social brain volumes were not significantly correlated
with prosocial or antisocial behaviors.

These findings suggest that children and adolescents with PAE show worse social functioning
and smaller volumes of brain areas supporting self-awareness, perspective-taking and emotion-
regulation than their same-age peers without PAE.
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Introduction

Prenatal alcohol exposure (PAE) is a leading cause of neurodevelopmental impairment in
children and adolescence, with prevalence rates indicating it may affect up to five out of
every one hundred individuals [1]. PAE is linked to a variety of developmental delays

which can present as cognitive, behavioral, and/or adaptive functioning deficits. Children
and adolescents with PAE often present with social difficulties [2—4]. These include poor
boundaries with strangers [5], difficulty interpreting social cues [6,7], diminished capacity to
inhibit inappropriate behaviors [7], poor perspective-taking ability [8], trouble maintaining
social relationships [9], and aggressive behaviors [10]. Social difficulties in children and
adolescents with PAE tend to become more pronounced with age [11,12] and are associated
with a variety of poor outcomes, including school dropout and delinquency, and anxiety and
depression [13,14]. Understanding the neurodevelopmental abnormalities that are associated
with these social impairments in children and adolescents with PAE is therefore critical to
inform intervention programs designed to prevent these poor outcomes.

Adolescence is a period of increased orientation towards peers and significant development
of social skills, accompanied by marked structural and functional changes in the “social
brain”, or brain areas involved in social cognitive processes [15-17]. Basic social cognitive
processes, such as processing of faces, eye gaze, and motion, are subserved by the fusiform
gyrus, superior temporal gyrus (STG) and amygdala [15-20]. Higher-order social cognitive
processes, such as self-referential processing (i.e., self-awareness) and perspective-taking,
are supported by the medial prefrontal cortex (mPFC), posterior cingulate cortex (PCC),
and precuneus [15-20]. The lateral orbitofrontal cortex (IOFC) is involved in emotion-
regulation, while the temporal pole is involved in applying social knowledge (e.qg., social
scripts, or expected behaviors in specific social situations) [17].

Children and adolescents with social deficits, such as those with Autism Spectrum Disorder
(ASD), have altered gray matter volumes in these social brain areas; both larger and smaller
volumes of different areas compared to typically developing children and adolescents have
been reported [21]. Gray matter volumes in these social brain areas are further correlated
with social skills deficits in children and adolescents with ASD [22]. Only a handful of
studies have examined gray matter volume differences in social brain areas in children
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and adolescents with PAE, with mixed findings. We observed no significant differences in
amygdala volumes between children and adolescents with PAE and their same-age peers
without PAE [23], consistent with others [24]. In addition, Gautam and colleagues [24] did
not observe significant differences in PCC or temporal pole volumes between children and
adolescents with PAE and those without PAE. In contrast, three other studies found that
children and adolescents with PAE had smaller amygdala volumes than their same-age peers
without PAE [25-27]. Nevertheless, little is known about gray matter volumes across the
rest of the “social brain” including both subcortical and cortical areas, and how these brain
volumes correlate with social skills in children with and without PAE. Understanding the
neural mechanisms underlying social difficulties in children and adolescents with PAE may
help inform intervention programs designed to improve these social difficulties.

The aims of the present study were to examine whether: 1) children and adolescents (ages
8-16 years) with PAE show lower levels of parent-reported prosocial behaviors and higher
levels of antisocial behaviors compared to their same-age peers without PAE [2-4]; 2)
children and adolescents (aged 8-16 years) with PAE have smaller gray matter volumes
of brain areas supporting social cognition (i.e., fusiform gyrus, STG, mOFC, IOFC, PCC,
precuneus, temporal pole) than their same-age peers without PAE [25-29]; 3) gray matter
volumes of brain areas supporting social cognition are correlated with parent-reported
prosocial and antisocial behaviors [22].

Parent-reported prosocial and antisocial behaviors

The repeated-measures ANOVA revealed a significant effect of group on parent-reported
prosocial and antisocial behaviors (H1,82) = 4.20; p = 0.044; partial n2 = 0.049) (see Figure
1). Parameter estimates showed that parents of children with PAE reported significantly
lower levels of prosocial behaviors on the BASC Social Skills scale and Vineland
Socialization Domain compared to parents of control participants (see Table 2). Parents

of children with PAE further reported significantly more social problems on the CBCL

and more antisocial behaviors on the BASC Bullying scale compared to parents of control
participants (see Table 2).

Group differences in gray matter volumes of social brain areas

When total intracranial volume was not controlled for, a significant effect of group on the
volumes of social brain regions was observed (A1,77) = 10.02; p = 0.002; partial nZ =
0.115). Children with PAE has significantly smaller volumes of the fusiform gyrus, lateral
OFC, PCC, and precuneus (see Table 3).

When we controlled for total intracranial volume, the effect of group on the volumes

of social brain regions became significant at a trend level (A1,76) = 3.58; p= 0.062;
partial n2 = 0.045). However, parameter estimates showed that children with PAE still had
significantly smaller volumes of the lateral OFC and precuneus (see Table 3 and Figure 2),
even after controlling for total intracranial volume.
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Correlations between gray matter volumes and prosocial and antisocial behaviors

No significant correlations between brain volumes and prosocial and antisocial behaviors
were observed, neither when controlling for total intracranial volume (all p’s >0.26) nor
without controlling for this variable (all p’s >0.09).

Discussion

The aims of the present study were to examine whether: 1) children and adolescents

with PAE differ from those without PAE in their parent-reported prosocial and antisocial
behaviors; 2) children and adolescents with PAE differ from those without PAE in terms

of gray matter volumes of brain areas supporting social cognition (i.e., fusiform gyrus,

STG, mOFC, IOFC, PCC, precuneus, temporal pole); 3) gray matter volumes of brain

areas supporting social cognition are correlated with parent-reported prosocial and antisocial
behaviors in children and adolescents with and without PAE. We found that children and
adolescents with PAE showed lower levels of parent-reported prosocial behaviors and higher
levels of antisocial behaviors and social problems compared to those without PAE. Children
and adolescents with PAE further had smaller gray matter volumes of the precuneus

and IOFC than those without PAE, even after controlling for total intracranial volumes.
Gray matter volumes were not significantly correlated with parent-reported prosocial and
antisocial behaviors.

The findings of this study are consistent with prior studies showing lower levels of parent
reported social skills [2-4] and smaller brain volumes across multiple brain areas in children
and adolescents with PAE [25-29]. Consistent with a recent study focusing on social brain
volumes in children and adolescents with PAE [24], we did not observe smaller volumes

of the PCC and temporal pole in these children and adolescents. Instead, we found that the
precuneus and IOFC were smaller in children and adolescents with PAE compared to those
without PAE. The precuneus is involved in self-referential processing (i.e., self-awareness)
and perspective-taking, while the IOFC contributes to emotion-regulation [15-20]. Gray
matter volumes of the precuneus and IOFC have been linked to social skills, including
perspective-taking, in prior studies [30, 31]. Future research should examine whether social
cognitive processes (e.g., perspective-taking, emotion-regulation) mediate the associations
between precuneus and IOFC volumes and prosocial and antisocial behaviors in children and
adolescents with PAE.

While children and adolescents with PAE had smaller precuneus and IOFC volumes, these
volumes were not significantly associated with parent-reported prosocial and antisocial
behaviors. Volumes of social brain areas may be more strongly correlated with measures

of the social cognitive processes they subserve (e.g., standardized measures of perspective-
taking, affect recognition or inhibition of emotional stimuli) than with broad social
behaviors. Future studies could also investigate how brain volumes are related to altered
functional and structural connectivity of the brain and whether these network measures may
better predict social functioning.

Limitations of the current study include the use of parent-report measures of social
functioning and the cross-sectional design of the study. The parent-report measures we
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used in the present study have been shown to have high reliability and validity [32—-34]

and we observed high correlations (7’s up to 0.84) between the different measures in this
study - suggesting some degree of coherent construct validity. It is important to note that
parents may be less aware of their child’s social functioning in settings other than the

home, such as in school or when interacting with peers outside of school and the home

(e.g., the mall or other friend’s homes). Future studies could therefore include teacher-report
and/or peer-report measures of social functioning in addition to parent-report measures.
Longitudinal follow-up studies could evaluate whether social brain volumes predict social
behaviors at a later time point, and whether changes in brain volumes are associated with
changes in social behaviors.

Conclusions

To conclude, we found that children and adolescents with PAE showed fewer parent-
reported prosocial behaviors and more antisocial behaviors, accompanied by smaller
volumes of brain areas supporting self-referential processing, perspective-taking and
emotion-regulation (i.e., precuneus and IOFC). Future studies should explore whether

social cognitive processes supported by the precuneus and IOFC (i.e., self-referential
processing, perspective-taking and emotion-regulation) mediate associations between the
volumes of these brain areas and prosocial and antisocial behaviors, and whether social
skills interventions targeting these social cognitive processes could improve social outcomes
in children with PAE.

Methods and materials

Participants and Procedures

Children and adolescents ages 8—16 years were included in the present study (see Table 1
for demographic information). All participants completed cognitive testing and a physical
examination conducted by a highly experienced dysmorphologist (KLJ). Parents of eighty-
four children and adolescents (41 with PAE, 43 without PAE) completed parent-report
measures in regard to their child’s social behavior. Eighty-three participants (17 = 44 with
PAE, n= 39 control participants) completed a structural MRI (i.e., T1-weighted) scan, but
MRI images of 4 participants with PAE had to be excluded due to visible processing errors
(see below), resulting in a total of 79 participants (40 with PAE, 39 control participants)
included in MRI analyses. All procedures were carried out after the parent/legal guardian
had provided written informed consent and the child had assented to the study proceedings.
All procedures were approved by the University of Minnesota’s Institutional Review Board
(IRB) and all participants were compensated for their time and reimbursed for any travel
expense.

All participants enrolled in this study were part of the Collaborative Initiative on Fetal
Alcohol Spectrum Disorders (CIFASD). Participants within the PAE group were recruited
from the University of Minnesota’s Fetal Alcohol Spectrum Disorder (FASD) Clinic
between the years of 2017 and 2020. Prenatal alcohol exposure was determined through
maternal report, adoption, legal, and/or medical records. Participants were included in the
PAE group if there was evidence of >13 drinks per week or >4 drinks per occasion at

Brain Res. Author manuscript; available in PMC 2022 August 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

de Water et al.

Page 6

least once per week during pregnancy or if similar amounts were suspected in an individual
with a predetermined FASD diagnosis. When detailed information about the amount of
alcohol use was not available, inclusion in this group was determined based on the available
documentation that indicated clear FASD diagnostic criteria (i.e., medical records, adoption
records, and physical examinations). More detail in regard to the documentation utilized can
be found in Table 1.

Participants in the Control group (i.e., without PAE) were recruited through mailings, online
advertisements, and referrals. Individuals were excluded if they were prenatally exposed to
alcohol or other drugs (aside from tobacco and caffeine). Participants were included in the
control group if there was only minimal exposure during pregnancy (<1 drink per week,
never >2 drinks per occasion). Only 5 control participants had minimal exposure (i.e., a

total of 1-3 drinks throughout the entire pregnancy). When we excluded these participants
from the analyses, our findings were unchanged. Participants were excluded from the control
group if they were ever diagnosed with a psychiatric disorder. The same was not true of

the PAE group, as internalizing and externalizing disorders are common among children
prenatally exposed to alcohol [35].

Exclusion criteria that applied to both groups included the presence of a developmental
disorder other than FASD, a birthweight below 1500 grams, participant substance abuse,
ineligibility for MRI scanning (i.e., any implanted metal devices, dental hardware, and/or
claustrophobia), neurological conditions, traumatic brain injury, or a psychiatric disorder
that would hinder participation (i.e., psychosis).

Prosocial and Antisocial Behaviors

Parent-reported social behaviors were measured using the Child Behavior Checklist (CBCL
[32]), the Behavior Assessment System for Children Third Edition (BASC-3 [33]), and the

Vineland Adaptive Behavior Scales Third Edition (Vineland-3 [34]). All three assessments

are parent report questionnaires that were completed by a parent/legal guardian in regard to
their child’s behavior.

The CBCL [32] reports on a child’s behavior within the last six months. Questions are rated
on a Likert-scale (0 = not true, 1 = somewhat/sometimes true, 2 = very true/often true)

and yield T-scores (M= 50, SD = 10). The Social Problems scale was used as an outcome
measure (higher scores indicate more severe social problems), which has been shown to
have high reliability and validity [32].

The BASC-3 [33] also reports on a child’s behavior within the last few months and utilizes
a Likert-scale format (1 = Never, 2 = Sometimes, 3 = Often, 4 = Almost Always). The main
clinical scales and content scales are reported as T-scores (M= 50, SD = 10). We included
the Social Skills Clinical Scale (higher T-scores indicate greater prosocial behaviors) and
the Bullying Content Scale (higher T-scores indicate more frequent participation in bullying
behaviors) in our analyses. Both BASC-3 scales have high reliability and validity [33].

The Vineland-3 [34] assesses a child’s current adaptive functioning ability across a variety
of domains. The Parent/Caregiver form is structured on a 3-point Likert Scale (0 = Never, 1
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= Sometimes, 2 = Usually or often) and provides standard scores for the adaptive behavior
domains (M= 100, SD = 15). The Vineland Socialization domain was utilized in analyses,
with higher scores indicating higher social functioning. The Vineland has been shown to
have high reliability and validity [34].

MRI Acquisition and Processing

For all subjects, MRI data were acquired at the University of Minnesota’s Center for
Magnetic Resonance Research on one of two 3T Siemens Prisma scanners (Siemens,
Erlangen, Germany) equipped with standard 32-channel head coils. T1-weighted (multi-
echo MP-RAGE TR = 2500 ms; TEs = 1.8, 3.6, 5.4, 7.2 ms; 208 slices, voxel size = 0.8
mm isotropic, FOV = 256 x 240 mm, flip angle = 8 degrees) and T2-weighted (SPACE

TR = 3200 ms, TE = 564 ms, 208 slices, voxel size = 0.8 mm isotropic, FOV = 256

x 240 mm, variable flip angle) images were collected. The Human Connectome Project

T1- and T2- weighted sequences, which include volumetric navigators in the sequences
that allow for prospective motion correction and reacquisition A-space that suffer from
subject motion, were used in this study [36]. The Human Connectome Project Minimal
Preprocessing Pipeline (v4.0.1) was used to preprocess the structural data [37]. This pipeline
aligned T1-weighted and T2-weighted images, performed bias field and gradient distortion
corrections, and registered the data to MNI space before proceeding with FreeSurfer (v6.0.0)
cortical reconstruction (surfer.nmr.mgh.harvard.edu [38]). FreeSurfer processing included
removal of skull and other non-brain tissue, automated Talairach transformation, intensity
normalization, segmentation, tessellation of the grey matter / white matter boundary,
topology correction, surface deformation, refinement of the pial surface based on the T2-
weighted image, and cortical parcellation using the Desikan-Killiany atlas [39]. Volumes

of FreeSurfer-defined cortical parcels, as well as estimates of total intracranial volume,
were used in the subsequent analyses. To increase the reproducibility of our findings, we
encapsulated our preprocessing pipeline using Singularity [40]. This container will be made
available upon request, by contacting the corresponding author.

A trained operator (DJR) visually inspected the FreeSurfer parcellations using the tools
available from the ENIGMA imaging protocol (http://enigma.ini.usc.edu [41]). Parcel
volumes were plotted and outliers were flagged for closer inspection. Data were excluded
from the analysis if visible processing errors (such as failed boundary identification) were
present (7= 4 with PAE), resulting in a total of 79 participants (40 with PAE, 39 control
participants) included in MRI analyses.

Gray matter volumes — which reflect both cortical thickness and surface area - for the
following “social brain” areas were included in the analyses: fusiform gyrus, lateral OFC,
medial OFC, PCC, precuneus, STG, and temporal pole. We focused on amygdala volumes
and correlations with internalizing behaviors in children and adolescents with and without
PAE in a previous study using the same participants [23], which is why we did not include
amygdala volumes in the analyses we report on here. Given that we had no a priori
hypotheses about lateralized effects, we computed bilateral volumes by averaging the right
and left hemisphere volumes for each brain area and used these bilateral volumes in all
analyses.
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Data Analyses

SPSS (IBM SPSS Statistics for Macintosh, Version 25.0) was used for all analyses. To
account for the correlations among the different social behavior scales (/s up to 0.84)

and among the brain volumes (7's up to 0.67) and to reduce the number of univariate
comparisons, group differences in social behaviors and social brain volumes were evaluated
by performing a repeated-measures ANOVA and an ANCOVA, respectively. The repeated-
measures ANOVA included the four social behavior scales (i.e., CBCL Social Problems,
Vineland Socialization Domain, BASC Social Skills, BASC Bullying) as within-subjects
variables and group (PAE vs. Controls) as the between-subjects factor. The repeated-
measures ANCOVA included the seven social brain volumes (i.e., fusiform gyrus, lateral
OFC, medial OFC, PCC, precuneus, STG, temporal pole) as within-subjects variables,
group (PAE vs. Controls) as the between-subjects factor and total intracranial volume as

a covariate. Total intracranial volume was included as a covariate in order to account for
the group difference (Controls > PAE) in intracranial volume (¢=-248, p=0.015), and
the significant correlations between intracranial volume and regional brain volumes (7°s
0.26-0.75; p’s <0.02). We also performed this analysis without covarying for intracranial
volume.

Finally, partial correlations (controlling for total intracranial volume) between brain volumes
and the social behavior scales were computed within each group separately. Only volumes
of brain areas that were significantly different between the two groups were included in
these correlation analyses. Given that these correlations were computed within each group
and were thus not affected by group differences in intracranial volume, we also computed
correlations without controlling for total intracranial volume.
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Children and adolescents with prenatal alcohol exposure (PAE) showed poor
social functioning

Children and adolescents with PAE had smaller gray matter volumes of the
precuneus and lateral orbitofrontal cortex than controls

Atypical gray matter volumes of brain areas involved in perspective-taking
and emotion-regulation may contribute to the social deficits in children and
adolescents with PAE
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Figure 1.
Differences in parent-reported social behaviors between children and adolescents with

prenatal alcohol exposure (PAE; 1= 41) and control participants without PAE (7= 43)
Note. Error bars represent standard errors of the mean.
BASC = Behavior Assessment System for Children; CBCL = Child Behavior Checklist
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Figure 2.
Differences in gray matter volumes between children and adolescents with prenatal alcohol

exposure (PAE; n=40) and control participants without PAE (/7= 39)

Note. Error bars represent standard errors of the mean.

FG = fusiform gyrus; IOFC = lateral orbitofrontal cortex; mOFC = medial orbitofrontal
cortex; PCC = posterior cingulate cortex; STG = superior temporal gyrus; TP = temporal

pole
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N(%) or mean (SD) PAE (n=41) Control (n=43) p
Age 1154 (2.35)  11.95(2.62) 0.45
Gender
Male 20 (48.8%) 23 (53.5%) 0.67
Female 21 (51.2%) 20 (46.5%)
Race
White 18 (43.9%) 42 (97.7%) <0.001
Black or African American 4 (9.8%) 0 (0 %)
American Indian/Alaska Native 2 (4.9%) 0 (0%)
Asian 2 (4.9%) 0 (0 %)
Native Hawaiian or Other Pacific Islander 1(2.4%) 0 (0 %)
More than One Race 14 (34.1%) 1(2.3%)
FSIQ 92 (14.76) 115(12.32)  <0.001
Alcohol Exposure
Confirmed 37 (90.2%)
Suspected 4 (9.8%)
Other Drug Exposure
None 7 (17.1%)
Confirmed 21 (51.2%)
Suspected 13 (31.7%)
Dysmorphic Facial Features
Lip (score 4 or 5) 10 (24.4%) 3(7.0%) 0.13
Philtrum (score 4 or 5) 15 (36.6%) 3 (7.0%) 0.01
Palpebral Fissure (<10 percentile) 4(9.8%) 3 (7.0%) 0.95
> 2 Facial Features Present 12 (30.0%) 1(2.3%) 0.001
Growth Deficiency (< 10" percentile)
Height 5 (12.2%) 0 (0.0%) 0.05
Weight 2 (4.9%) 3(7.0%) 0.39
Deficient Brain Growth (< 10"percentile)
Occipital-Frontal Circumference (OFC) 4 (9.8%) 0 (0.0%) 0.08
1OM Diagnostic Category
FAS 2 (4.9%)
Partial FAS 11 (26.8%)
ARND 28 (68.3%)

Note: Six participants in the PAE group and 11 participants in the control group did not have available physical exam information. The four
participants with suspected alcohol exposure were included for the following reasons: two met criteria for pFAS, one had adoption records
indicating maternal alcohol use, and the final participant had a biological sibling with an FASD diagnosis along with record of the biological

mother’s alcohol abuse.
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Comparison of parent-report measures on pro- and anti-social behavior between participants with prenatal
alcohol exposure (PAE; n = 41) and control participants (n=43)

Measures Mean SD t p
PAE Control PAE  Control

BASC Social Skills 41.29 53.05 9.78 9.21 -5.718 <0.001

BASC Bullying 68.05 48.12 12.70 5.95 9.282  <0.001

CBCL Social Problems  64.15 52.40 8.99 3.33 8.019 <0.001

Vineland Socialization ~ 74.85 10242 1540 10.24  -9.702 <0.001

Note. SD = standard deviation; CBCL = Child Behavior Checklist; BASC = Behaviors Assessment Scale for Children.
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Comparison of social brain region volumes (mm3) between participants with prenatal alcohol exposure (PAE;
n = 40) and control participants (n = 39)

Region Mean sD tunc * P unc t corr ** P corr *H
PAE  Control PAE Control
Fusiform Gyrus 10995 11820 1398 1417 -2.604 0.011 -1.137 0.259
Lateral OFC 8895 9545 864 918 -3.236 0.002 -2.065 0.042
Medial OFC 6094 6150 790 831 -0.307 0.759 0.763 0.448
PCC 3974 4273 470 522 -2.670 0.009 -1.659 0.101
Precuneus 12561 13961 1765 1790 -3.498 0.001 -2.453 0.016
STG 14935 15641 1557 1770 -1.883 0.063 -0.468 0.641
Temporal Pole 2503 2618 249 271 -1.966 0.053 -1.198 0.234

Note. SD = standard deviation; OFC = orbitofrontal cortex; PCC = posterior cingulate cortex; STG= Superior Temporal Gyrus.

*
uncorrected for total intracranial volume

Hok

corrected for total intracranial volume.
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