1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

éPL "VS)))\

NIH Public Access

Y (A
] a2 & Author Manuscript

o
R s

Published in final edited form as:
Psychiatry Res. 2010 February 28; 181(2): 101. doi:10.1016/j.pscychresns.2009.10.004.

Cingulate gyrus morphology in children and adolescents with
fetal alcohol spectrum disorders

Olivia A. Bjorkquist®, Susanna L. Fryer®b.* Allan L. Reiss®, Sarah N. Mattson@, and Edward
P. Riley@

aDepartment of Psychology and the Center for Behavioral Teratology, San Diego State University,
San Diego, CA, USA

bSan Diego State University / University of California, San Diego Joint Doctoral Program in Clinical
Psychology, San Diego, CA, USA

®Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine,
Stanford, CA, USA

Abstract

Alcohol consumption during pregnancy can lead to a variety of cognitive and other birth defects,
collectively termed fetal alcohol spectrum disorders (FASD), which includes the Fetal Alcohol
Syndrome (FAS). This study examined the impact of gestational alcohol exposure on the morphology
of the cingulate gyrus, given this region’s role in cognitive control, attention, and emotional
regulation, all of which are affected in children with FASD. Thirty-one youth (ages 8-16) with
histories of heavy prenatal alcohol exposure (n = 21) and demographically-matched comparison
subjects (n = 10) underwent structural magnetic resonance imaging. The cingulate gyrus was
manually delineated, and parcellated volumes of grey and white matter were compared across groups.
Alcohol-exposed individuals had significantly smaller raw cingulate grey matter, white matter, and
tissue volumes, compared to controls. After adjusting for respective cranial tissue constituents, only
white matter volumes remained significantly reduced, and this held regardless of whether or not the
child qualified for a diagnosis of FAS. A correlation between posterior cingulate grey matter volume
and the WISC-111 Freedom from Distractibility Index was also observed in alcohol-exposed children.
These data suggest that cingulate white matter is compromised beyond global white matter
hypoplasia in alcohol-exposed individuals, regardless of FAS diagnosis. The observed volumetric
reductions in the cingulate gyrus may contribute to the disruptive and emotionally dysregulated
behavioral profile commonly observed in this population.
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1. Introduction

Fetal Alcohol Syndrome (FAS) is a developmental disorder characterized by physical growth
retardation, facial dysmorphology, and central nervous system dysfunction (Lemoine et al.,
1968; Jones and Smith, 1973). The syndrome occurs in roughly 0.5 to 2.0 live births per 1000
(May and Gossage, 2001), however, many alcohol-exposed individuals exhibit cognitive and
behavioral abnormalities without the characteristic facial features or growth deficiency
required for a diagnosis of FAS (Mattson et al., 1998). In recognition of this phenomenon, the
non-diagnostic term fetal alcohol spectrum disorders (FASD) is now used to describe the range
of effects that are associated with gestational alcohol exposure (Bertrand et al., 2005).
Individuals with FASD present with a variable profile of neuropsychological deficits, which
may include impaired general intelligence, attention, learning and memory, psychomotor and
visuospatial abilities, and adaptive and executive functioning (Mattson and Riley, 1998;
Streissguth et al., 2004; Kodituwakku, 2007).

The cingulate gyrus is of interest to the investigation of brain-behavior relationships relating
to prenatal alcohol exposure, in part, because of the region’s putative role in mediating attention
and cognitive control. The anterior cingulate has been associated with executive attention
(Posner and Rothbart, 1998), conflict monitoring and decision making (Botvinick, 2007).
Attention deficits are a hallmark feature of FASD, and attention-deficit/hyperactivity disorder
is frequently diagnosed in this population (Steinhausen and Spohr, 1998; Bhatara et al.,
2006; Fryer et al., 2007a). Accordingly, previous research has revealed deficits in frontal lobe
functions in individuals with prenatal alcohol exposure including impaired cognitive
flexibility, planning, and inhibition (for review, see Rasmussen, 2005). Impairment in
executive functions such as these has been linked to poor social skills in children with FASD
(Schonfeld et al., 2006), and the functional role of the anterior cingulate in governing aspects
of social cognition and reward-based learning is increasingly appreciated (Rushworth et al.,
2007).

In addition to being involved in cognitive control and attention, the cingulate gyrus is well
connected with the limbic system, and both anterior (Devinsky et al., 1995) and posterior
(Maddock, 1999) regions of the gyrus have been associated with affective processing. Children
with FASD commonly show emotional dysregulation. Increased rates of psychopathology,
including disruptive behavioral and depressive disorders, have been identified in children
prenatally exposed to alcohol (Fryer et al., 2007a) as well as increased negative affect,
attachment insecurity (O’Connor et al., 2002), and depressive symptoms (O’Connor and
Kasari, 2000). Damage to the cingulate may contribute to dysregulated affect and behavior
commonly observed in individuals with FASD.

Prenatal alcohol exposure is associated with alterations of several brain regions in addition to
global cranial hypoplasia. Specifically, neuroimaging studies have identified volumetric
reductions and shape abnormalities in the corpus callosum and regions of the cerebellum, as
well as reduced basal ganglia volume (for review, see Guerri et al., 2009). Though the cingulate
has been relatively unexamined in neuroimaging studies of individuals with prenatal alcohol
exposure histories, several regions that share functional and anatomical connections to the
cingulate have been implicated in the literature on FASD. Structural magnetic resonance
imaging (MRI) has revealed volumetric reductions of frontal and especially parietal lobes
(Archibald et al., 2001), along with shape alterations in orbitofrontal and inferior parietal
cortical regions (Sowell et al., 2002). Metabolic abnormalities, driven by increased absolute
intensity of glial markers creatine and choline, have also been noted in several brain regions,
including anterior cingulate, lateral parietal cortices, and frontal white matter (Fagerlund et al.,
2006). Furthermore, alcohol-exposed individuals have shown altered patterns of functional
activation in prefrontal regions including areas of the middle frontal gyrus, a region found to
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function in concert with the anterior cingulate (Koski and Paus, 2000), during measures of
response inhibition (Fryer et al., 2007b), working memory (Malisza et al., 2005), and verbal
learning (Sowell et al., 2007).

Structural, metabolic, and functional brain alterations in areas associated with the cingulate
that occur in individuals with FASD argue for the relevance of detailed examination of the
gyrus in this population. Therefore, the present study used a previously validated, sensitive
approach to evaluate cingulate volume in youth with and without prenatal alcohol exposure.
Given that functions associated with the cingulate are impaired in FASD (i.e., cognitive control,
attention, emotion regulation), we hypothesized that the cingulate gyrus would be affected by
alcohol teratogenesis, as evidenced by regional volume reductions in children with prenatal
alcohol exposure compared to control youth. In addition, we expected that cingulate white
matter would be more affected than grey based on a previous study of this cohort showing that
cerebral white matter volumes were reduced beyond grey matter hypoplasia, in individuals
with FASD (Archibald et al., 2001).

2. Methods

2.1 Subjects

Study participants included children and adolescents (ages 8-16 years) with heavy prenatal
alcohol exposure (ALC; n =21) and typically developing peers (CON; n = 10). ALC subjects
were selected from a retrospective cohort of children with histories of heavy prenatal alcohol
exposure who are enrolled in an ongoing study at the Center for Behavioral Teratology (CBT),
San Diego State University (SDSU). All alcohol-exposed participants had documented
histories of heavy prenatal alcohol exposure and were evaluated by a dysmorphologist with
expertise in alcohol teratogenesis (Dr. Kenneth Lyons Jones). Ten of the children in the ALC
group met criteria for FAS (Lemoine et al., 1968; Jones and Smith, 1973). Subjects with FASD
were originally referred to the CBT by medical providers, or were self-referred. CON subjects
were recruited via community outreach or were self-referred, and were matched to ALC
subjects on the basis of age, race, socioeconomic status, and sex. Additionally, CON subjects
were excluded from participation for psychiatric and neurological conditions, assessed at initial
enrollment and supervised by a licensed clinical psychologist (S.N.M.). Groups were not
matched on 1Q, as heavy prenatal alcohol exposure is associated with impaired intelligence
(for review, see Mattson and Riley, 1998), and 1Q matching would likely result in a
nonrepresentative sample. Likewise, ALC subjects were not excluded on the basis of
psychiatric illness status, which occur at higher rates than in the general population (Fryer et
al., 2007a). All participants completed the Wechsler Intelligence Scale for Children, 111 (WISC-
I11; Wechsler, 1991), and 1Q scores across the entire sample ranged from 45 to 127. In addition,
caregivers completed the Child Behavior Checklist (CBCL; Achenbach, 1991), a self-report
measure of child behavioral problems, as perceived by the caregiver. See Table 1 for sample
demographics.

Before the neuroimaging session, written informed parental consent and child assent were
obtained via protocols approved by the SDSU Institutional Review Board. Subjects received
a financial incentive for participation in the study. General exclusionary criteria included a
history of head trauma, contraindication for MRI scanning (e.g., metallic implants in the body),
claustrophobia, or serious medical conditions (e.g., epilepsy).

2.2 Neuroimaging procedures

High resolution anatomical brain scans were collected for each participant with a 1.5T magnet
(Signa: General Electric, Milwaukee, USA). The acquisition protocol was a gradient-echo
(SPGR) T1-weighted series with TR = 24ms, TE = 5ms, NEX = 2, flip angle = 45 degrees, 24
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cm field of view, with contiguous 1.2mm sections, for 124 slices. Scans were acquired at the
Scripps Green Hospital in La Jolla, California.

2.3 Image analysis

Image data were imported into Brainlmage 5.2.5 (Reiss, 2002) for blinded semi-automatic
image processing and quantification (Kates et al., 1999). These procedures have been
previously described and validated (Kaplan et al., 1997; Reiss et al., 1998). The protocol for
delineation of the cingulate gyrus was developed by Reiss and colleagues (cf., Reiss et al.,
2004), and involves manual isolation of cingulate gyri for each subject. The protocol requires
outlining the cingulate in the sagittal plane, at a predetermined distance from the sagittal
midline. The image is then rotated into coronal orientation, and regions of interest (ROIs) are
drawn for the right and left cingulate separately using the sagittal outline as a boundary marker
(Figure 1). ROIs were applied to individual grey and white matter segmented images, and
cingulate grey matter and white matter volumes were automatically calculated. The cingulate
gyri were then divided into two sections via a vertical line drawn halfway between the anterior
and posterior commissures on a midsagittal slice, enabling calculation of anterior and posterior
subdivision volumes. ROIs were drawn by trained analysts, blind to subject classification, who
achieved reliable interrater agreement (interclass correlation values were 0.90 and 0.92 for the
right and left cingulate, respectively).

2.4 Statistical analyses

Analysis of variance (ANOVA) techniques were used to examine raw cingulate volumes
separately for grey matter, white matter, and total tissue (grey + white matter). These ANOVASs
used a 2x2x2 repeated measures design to examine the effects of hemisphere (right vs. left),
subdivision (anterior vs. posterior), and group (ALC vs. CON) on cingulate volume. Because
FASD is associated with microcephaly, analysis of covariance (ANCOVA) techniques were
also employed, to examine the effects of cingulate volume independent of cranial volume. The
ANCOVAs employed the same 2x2x2 design described for the ANOVAS, with the addition
of one covariate representing that tissue constituent’s cranial volume (e.g., cranial grey matter
was entered as a covariate for the ANCOVA examining cingulate grey matter volumes, etc.).
The alpha level for ANOVA and ANCOVA analyses was set at P < 0.05. In an effort to
constrain type one error, contrasts of interest relating to between-group effects were specified
a priori, whereas effects of hemisphere or subdivision, collapsed across group, were not of
theoretical interest and thus were not examined. Two hierarchical regression models were then
computed to further explore the hypothesis that cingulate white matter would be more affected
in FASD than grey matter. Total cranial volume (grey or white) was entered into the first step
of the regression model predicting cingulate volume (grey or white), followed by group (ALC
vs. CON), to determine whether group status still accounted for significant variance in cingulate
volume, after partialing out the variance associated with total brain size. Lastly, within each
group, Pearson’s correlation coefficients were used to quantify the association between
cingulate subregional volumes (anterior, posterior) and WISC-I11 1Q measures: 1) Full Scale
IQ and 2) the Freedom from Distractibility (FD) index, which reflects working memory and
attention abilities.

3. Results

Assumptions of normality and equal variances were evaluated to ensure that use of parametric
statistics was appropriate. In many cases it is ill advised to use analysis of covariance
(ANCOVA) in the case of between-group differences on the covariate (cf. Lord, 1969; Miller
and Chapman, 2001), as the technique cannot truly “control for” or statistically adjust the
dependent variable in light of the covariate. However, in the case of the present study,
unadjusted (raw) analyses cannot answer a substantiative question of interest to this study, as
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to whether hypothesized reductions of cingulate volumes are commensurate with or are above
and beyond total reductions in brain volume. Proportional measures are a general alternative
to ANCOVA. However, it has been argued that ratio and proportion measures of imaged brain
morphology are unreliable (Arndt et al., 1991). Given these methodological considerations,
both raw and covariate-adjusted analyses are presented (see Table 2).

3.1 Raw cingulate volume analyses

Results of the ANOVAs indicate decreased cingulate grey matter (F (1, 29) =11.23; P =0.002;
partial n2 = 0.279) and total tissue (F (1, 29) = 19.40; P < 0.001; partial n2 = 0.401) volumes
in ALC subjects compared to CON. There were no interaction effects (group x hemisphere or
group x subdivision) for either the cingulate grey matter or tissue ANOVASs (0.269 < P’s <
0.805). The main effect of group was also significant in the ANOVA examining raw cingulate
white matter (F (1, 29) = 25.84; P <0.001; partial n2 = 0.471); however these group differences
are best interpreted in context of the interaction effects, which were observed for both group
x hemisphere (F (1, 29) = 6.69; P = 0.015; partial n2 = 0.188), and group x subdivision (F (1,
29) = 4.41; P = 0.045; partial n2 = 0.132). Examination of marginal means indicated that these
interaction effects were driven by greater ALC cingulate white matter reductions in the right
hemisphere and the posterior subsection respectively, compared to CON.

3.2 Cranial volume-adjusted cingulate volume analyses

ANCOVAs examining grey matter (F (1, 28) = 1.99; P = 0.169; partial n2 = 0.066) and total
tissue (F (1, 28) = 3.59; P = 0.069; partial n2 = 0.114) were non-significant for between-group
effects, suggesting that cingulate grey matter and total tissue volumes were not reduced in the
ALC group, above and beyond cranial volume. However, there was a main effect of group for
cingulate white matter volume (F (1, 28) = 5.63; P = 0.025; partial n2 = 0.167), indicating that
the reduction in cingulate white matter volume observed in the ALC group was greater than
that seen in cranial white matter volume. To determine the impact of FAS diagnosis (FAS
versus ALC subjects without FAS) on this white matter finding, a post hoc ANCOVA analysis
was conducted using only the ALC subjects (n = 21). No significant effect of dysmorphic
grouping was noted (F (1,18) = 0.009; P = 0.926; partial n2 < 0.001). This analysis suggests
that white matter reductions of the cingulate gyrus occur in the ALC group, irrespective of
whether or not the individual qualified for a diagnosis of FAS. No interaction effects were
observed in the cingulate grey matter, white matter, total tissue, or FAS diagnosis covariate
analyses (0.084 < P’s < 0.975).

3.3 Hierarchical regression models

Because prenatal alcohol exposure is associated with microcephaly, the specificity of regional
volume effects must be evaluated in light of overall reductions in brain size. In order to further
test our hypothesis of cingulate white matter vulnerability, we computed two hierarchical
regression analyses: the first regressed total cingulate grey matter volume on total cranial grey
matter volume (first step entered into the model), and group status (second step). The second
analysis regressed total cingulate white matter volume on total cranial white matter volume
(first step), and group status (second step). The results of the grey matter regression indicated
that the one-step model was more parsimonious, because while cranial grey matter volume
accounted for significant variance in cingulate grey matter volume (F (1, 29) = 20.34; P <
0.001; Adjusted R2 = 0.39), group status did not explain any additional variance in the two-
step model (P = 0.239; AR? = 0.03). However, results of the white matter regression showed
that the two-step model should be retained (F (2, 28) = 47.52; P < 0.001; Adjusted R? = 0.76;
ARZ =0.05), as group status was a significant predictor (P = 0.022), above and beyond cranial
white matter volume (P < 0.001). Results of the regression analyses support our ANCOVA
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findings, by indicating that group status predicted white, but not grey matter, cingulate
volumes, after controlling for the effects of respective cranial volume.

Lastly, an effort was made to examine the regional specificity of the observed cingulate white
matter hypoplasia. Pearson’s correlation coefficients were computed separately within each
group to quantify the relationship between cingulate subregion (anterior, posterior) and
respective lobar white matter volume (frontal, parietal). In the CON group, non-significant
positive trends were observed between anterior cingulate and frontal lobe volume (r = 0.62,
P =0.056), and posterior cingulate and parietal lobe volume (r = 0.56, P = 0.093). In the ALC
group, posterior cingulate and parietal lobe white matter volume were positively correlated
(r=0.64; P =0.002), while no association was observed between anterior cingulate and frontal
lobe white matter volume (r = 0.18; P = 0.438).

3.4 Correlation of subregional cingulate volumes with neurobehavioral performance

Pearson’s correlation coefficients characterized the relationship of cingulate volumes with
WISC-II1 1Q and FD measures. A significant positive association between FD and posterior
cingulate grey matter volume (r = 0.48; P = 0.027) was observed in the ALC group, suggesting
that reduced cingulate volumes were associated with poorer performance on tasks tapping
working memory and attention (see Figure 2). All other correlations examined were not
significant (P’s > 0.05). See Table 3 for presentation of two-tailed within-group correlation
coefficients.

4. Discussion

Upon examining raw cingulate volumetric measurements, we observed significantly smaller
cingulate grey matter, white matter, and tissue (grey + white) volumes in alcohol-exposed
youth, compared to typically developing peers. In addition, interaction effects were observed
in the white matter analysis, demonstrating that the white matter reduction in raw cingulate
volume was driven by the right hemisphere (for the group x hemisphere interaction) and
posterior subregion (for the group x subdivision interaction) of the cingulate. However,
ANCOVA analyses adjusted for respective cranial tissue volumes indicated that only the main
effect of white matter remained significant once overall brain size was taken into account. The
hypothesis that cingulate white matter would be more affected than grey matter was further
supported by hierarchical regression analyses, which showed that group status (ALC vs. CON)
accounted for significant variance in cingulate white, but not grey matter volume, after first
accounting for respective tissue cranial volume. Therefore, our results suggest that smaller
cingulate grey matter can be explained by overall brain size reductions, but that reductions in
cingulate white matter occur above and beyond global white matter hypoplasia. Correlation
analyses suggest that while posterior cingulate white matter reductions are in accordance with
the regional parietal hypoplasia previously described (Archibald et al., 2001; Sowell et al.,
2001b), the reduction of the anterior cingulate was not associated with frontal lobe volume,
suggesting regional specificity of white matter reductions in the anterior portion of the gyrus.

With regard to FAS diagnosis, a post hoc analysis indicated that the cingulate white matter
reduction occurred in the alcohol-exposed individuals in our sample, regardless of a diagnosis
of FAS. Given the small effect size of this finding, the lack of statistical significance does not
appear to be driven by insufficient power. The lack of a FAS diagnostic effect within the
alcohol-exposed group is in concordance with, and may help explain, the highly similar
cognitive and behavioral functioning exhibited by alcohol-exposed individuals with and
without FAS (Mattson et al., 1998).

A significant association was observed between posterior cingulate grey matter volume and
the WISC-111 Freedom from Distractibility Index (FD) in alcohol-exposed individuals, but not
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in controls; however, these findings are not specific to the cingulate, as parietal lobe grey matter
volume was similarly correlated with FD (results not shown). Posterior cingulate grey matter
volume did not correlate with Full Scale 1Q; thus, it appears that posterior cortical volume
specifically relates to attention and working memory abilities. FD performance appears to be
a meaningful marker of FASD, as FD was part of a classifying algorithm that was able to
accurately distinguish between alcohol-exposed and non-exposed children (Lee et al., 2004).
Children with FASD show deficits in aspects of executive functions including attention and
working memory (Rasmussen, 2005), and our findings suggest that these impairments may be
related to posterior cortical hypoplasia.

By providing a detailed account of cingulate morphology in this population, the present study
expands on previous neuroimaging studies of FASD, which have shown structural, functional,
and metabolic abnormalities in areas related to cognitive control. Prior studies of this cohort
have noted global hypoplasia, most prominently in white matter (Archibald et al., 2001; Sowell
etal., 2002), and aberrant shape (Sowell et al., 2002) in the frontal and parietal lobes in FASD.
Disruption in frontal systems is important to note in the context of the present study, since
anterior cingulate and other prefrontal regions are thought to be functionally associated in the
mediation of cognitive control (Cohen et al., 2005; Cole and Schneider, 2007). Thus, multiple
components of the networks responsible for cognitive control appear to be targets of alcohol
teratogenesis, which may help explain some of the behavioral impairments in individuals with
FASD. Given that the anterior cingulate is implicated in avoidance learning (Botvinick,
2007), dysfunction of this region may play a role in impaired adaptive functioning, social
cognition, and development of psychopathology in individuals with FASD.

The white matter findings observed in the present study build upon existing literature
examining white matter morphology in the context of prenatal alcohol exposure. In addition
to global white matter disruption, anomalies in the corpus callosum have also been documented
in the literature, including hypoplasia (Riley et al., 1995; Swayze et al., 1997; Sowell et al.,
2001a; Autti-Ramo et al., 2002), hypervariability in shape (Bookstein et al., 2001, 2002), and
posterior subregion displacements (Sowell et al., 2001a). More recently, diffusion tensor
imaging studies have described compromised fiber integrity in regions of the corpus callosum
in individuals with FASD (Ma et al., 2005; Wozniak et al., 2006). Together, these studies
provide convergent evidence of significant white matter disruption following prenatal alcohol
exposure. Callosal abnormalities may relate to the findings of the present study, as cingulate
axons appear to play a role in the formation of the corpus callosum during development
(Koester and O’Leary, 1994; Rash and Richards, 2001) and may pioneer a pathway for other
cortical callosal-forming axons (Rash and Richards, 2001). It is thus possible that there is a
relationship between the cingulate and corpus callosum anomalies induced by gestational
alcohol exposure.

Studies of other populations with attention deficits have reported structural and functional
abnormalities in the cingulate gyrus. For example, cingulate volume is reduced in individuals
with attention-deficit/hyperactivity disorder (ADHD) (Overmeyer et al., 2001; Carmonacet al.,
2005; Seidman et al., 2006). Functional alterations in the dorsal anterior cingulate have also
been identified across various measures of cognitive control in ADHD, and it has been
suggested that dysfunction in this region could lead to the classic symptoms of inattention,
impulsivity, and hyperactivity (see Bush et al., 2005, for review). A resting state functional
connectivity analysis revealed decreased coherence between the anterior and posterior
cingulate in individuals with ADHD, compared to controls (Castellanos et al., 2008). The
authors speculated that abnormal anterior-posterior cingulate connectivity may be related to
lapses in attention and serve as a locus of dysfunction in ADHD. Studies relating cingulate
abnormalities to impaired executive function in ADHD provide further support for our
speculation that cingulate hypoplasia may contribute to cognitive control deficits in FASD. In
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addition, a recent structural MRI study of children with prenatal poly-substance exposures,
including alcohol, revealed thinner right anterior cingulate cortex that was related to social
problems and marginally related to attention problems in exposed children compared to
controls (Walhovd et al., 2007).

Although these findings contribute to our understanding of alcohol’s teratogenic effects on the
brain, it is important to interpret results in light of the following limitations. Given the large
age range of our sample (8 to 16 years), ongoing brain maturation is expected. Due to the cross-
sectional design of our study, we are unable to evaluate maturational trends related to cingulate
development. Future studies might employ a longitudinal design to address this issue. Also,
due to the retrospective nature of our study recruitment, we are unable to control for early
environmental variables (such as home placement, trauma history) and other fetal and maternal
characteristics that might also be expected to affect brain development.

In summary, results of this study provide evidence of cingulate hypoplasia, especially in white
matter, associated with FASD. Structural damage to the cingulate may contribute to the profile
of neuropsychological deficits observed in individuals with FASD, most likely in the areas of
cognitive control, attention, and emotion regulation. Future studies relating aspects of cingulate
morphology to executive control in alcohol-exposed individuals are warranted to identify the
neurobehavioral effects of cingulate hypoplasia in this population. Fiber-tracking based DTI
studies would also be useful to characterize cingulate fiber integrity and connectivity in the
context of the hypoplasia observed herein.
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Figure 1.
3-dimensional view of manually delineated cingulate gyrus in one subject. Crosshairs depict
planar location.
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Figure 2.
Scatterplots depicting correlations between posterior cingulate grey matter volume and the

WISC-111 Freedom from Distractibility Index for alcohol-exposed (ALC) or non-exposed
control (CON) children.
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Sample demographics for children in the alcohol-exposed (ALC) or non-exposed control (CON) groups

Table 1

ALC [M£SD] CON [M+SD] P
N 21 10
Age (years) 10.87+2.17 11.86+1.68 ns.x
Sex (% female) 52 50 n.s.
Race (% Caucasian) 75 60 n.s.
Socioeconomic status (SES)S 41.00+12.34 49.90+10.29 ns.
Home placement (% living with
one or more biological parents) 38 100 0.001
Caregiver education (years of
formal schooling)'ﬂ 13.62+1.60 14.00+1.69 n.s.
CBCL- Total Problems T score 67.71+10.37 43.90+9.07 <0.001
WISC-I1I Full Scale 1Q 82.62+15.43 108.10+13.10 <0.001
WISC-111 Freedom from
Distractibility Index 81.48+15.79 111.60+11.47 <0.001

*

8

1

n.s. = non-significant (p > 0.05)

SES: Socioeconomic status as determined by Hollingshead’s Four Factor Index.
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Education information was ascertained from current caregivers and reflects biological parent education only in cases of biological home placements.
Caregiver education was unavailable for 2 CON subjects.
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Table 3

Pearson 2-tailed correlations between cingulate subregional volumes and neuropsychological measures for

alcohol-exposed (ALC) or control (CON) children

Correlation with Cingulate Regional Volumes

ALC CON
Cingulate Subregion FSIQ FD FSIQ FD
Anterior Grey Matter —0.05 —-0.03 0.21 —0.58
Anterior White Matter -0.24 -0.07 0.34 —0.38
Posterior Grey Matter 0.37 0.48™ (0.027) -0.07 0.32
Posterior White Matter 0.16 0.29 -0.01 0.44

FSIQ: Full Scale 1Q; FD: WISC-111 Freedom from Distractibility Index

*
Significant correlations (P < 0.05) are indicated in parentheses; all other correlations are non-significant (P > 0.05).
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