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Abstract

Background—Theory of mind (ToM) refers to the ability to understand and make inferences
about other people’s intentions, feelings, and beliefs. Although children with fetal alcohol
spectrum disorders (FASD) are known to have deficits in social-cognitive function, little is known
about ToM in FASD.

Methods—ToM ability was assessed using a developmentally sensitive ToM battery, including
the Reading the Mind in the Eyes (RME) test, a measure of mental inferential ability that has been
found to be impaired in other clinical populations. I1Q and executive function (EF) were assessed
as potential mediating variables. The battery was administered to 63 children (aged 9-11 years)
from Cape Town, South Africa, whose mothers had been prospectively recruited during
pregnancy. Children with fetal alcohol syndrome (FAS; n=8) and partial FAS (PFAS; n=19), as
well as nonsyndromal heavily exposed children (HE; n=17), were compared to children born to
abstaining or light drinkers (n=19) from the same community.

Results—No FASD group differences were found on the less challenging ToM tasks. By
contrast, children with FAS and PFAS performed more poorly than controls on a more challenging
ToM task, the RME test. A continuous measure of prenatal alcohol exposure was more sensitive
than FASD diagnosis in that it was related to four higher-order ToM measures, particularly the
ability to attribute mental states assessed on RME. 1Q only partially mediated the effect of
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exposure on RME performance, and these effects were not mediated by EF. Hence, the data
suggest that these ToM measures tap into a specific alcohol-related social-cognitive deficit that
does not merely reflect poorer EF. FASD diagnosis and prenatal alcohol exposure were each also
related to RME after control for Attention Deficit/Hyperactivity Disorder.

Conclusions—These findings suggest that deficits in higher-order ToM function may play a
significant role in the social-cognitive behavioural impairment in FASD.

Keywords

Theory of mind; fetal alcohol spectrum disorders; fetal alcohol syndrome; social cognition; affect
recognition; Reading the Mind in the Eyes; prenatal alcohol exposure

INTRODUCTION

Research examining detrimental effects of alcohol on the developing brain has documented
a broad range of cognitive and behavioral deficits in children with fetal alcohol spectrum
disorders (FASD), including IQ and attention deficits; poorer learning and memory, and
impaired executive function (EF; Mattson et al., 2011). Social and behavioral problems have
also been reported in children with FASD. In one study adaptive behaviour scores in
children with fetal alcohol syndrome (FAS) exceeded what could be explained by low 1Q
scores (Thomas et al., 1998). In another study, parents reported more social, delinquent, and
aggressive behaviours in alcohol-exposed children than controls (Mattson and Riley, 2000).
Similarly, teachers reported more problems in these domains in children with prenatal
alcohol exposure (PAE) at 7.5 and 14 years (Jacobson et al., 2006; Dodge et al., 2014).

Social cognition is based on observation and interpretation of social stimuli, including
affective expressions. Emotions of the self and others play an essential role in interpreting
social situations that ultimately shape social knowledge and interactions (Halberstadt et al.,
2001). Although deficits in social information processing and social problem-solving skills
have frequently been described by clinicians, teachers, and caregivers (Roebuck et al.,
1999), social cognitive impairment in FASD has been documented in only a few recent
studies, and specific aspects of social cognition impaired in children with FASD are not
well-understood. In a study using video vignettes of children in problematic social
situations, alcohol-exposed children exhibited more dysfunctional social information
processing than controls (McGee et al., 2009), and adolescents with heavy PAE showed
impairment in everyday social problem solving, deficits that were related to poorer EF
(McGee et al., 2008). A deficit in Theory of Mind (ToM), one domain of social cognitive
ability related to social behaviour, may play a role in the development of these children’s
poor social skills (Thomas et al., 1998).

ToM is defined as the cognitive capacity to recognize and understand mental states of others
and to predict their behaviour (Baron-Cohen et al., 1994). Because social interaction
requires complex and flexible behavioral initiations and responses, ToM is considered a
crucial component of effective social communication (Baron-Cohen et al., 2001b). The
processes underlying ToM can be characterized by (a) epistemic inferences, which are made
about others” knowledge and beliefs, and (b) affective inferences, which allow the
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interpretation and understanding of others’ emotional states (Stone et al., 1998). Some
research suggests that ToM exists as a separate cognitive module independent of general
intelligence (Baron-Cohen et al., 1994) and can be selectively impaired even when other
aspects of cognition, such as language, remain intact (Stone et al. 1998).

ToM consists of a set of interrelated skills that emerge sequentially as the child matures. For
example, as shown in Table 1, typically developing children understand First- and Second-
order False Beliefs by 4-6 years (Wellman, 2012). Thus, when examining ToM ability in
children with FASD, a developmentally sequenced ToM test battery needs to be used (Steele
et al., 2003). Only three previous studies have examined ToM in FASD. Rasmussen et al.
(2009) found that children (4-8 years) with FASD performed more poorly on false belief
tasks than controls. Because poorer response inhibition by children with FASD predicted
their ToM performance, the authors concluded that the ToM deficit was attributable to
difficulties with inhibitory control. Greenbaum et al. (2009) found that children (6-13 years)
with FASD were poorer at identifying facial emotions and predicting a protagonist’s
behaviour and corresponding facial expression compared to children with Attention Deficit/
Hyperactivity Disorder (ADHD) and healthy controls. These social skills were related to
performance on tasks of emotion processing but not to performance on a ToM second-order
false-belief task. A recent study comparing children with FASD to controls (aged 6-16)
detected no between-group differences on the NEPSY-11 Social Perception subtest
(Rasmussen et al. 2013). Although these studies focused on specific aspects of ToM, none
employed a comprehensive developmentally sensitive ToM battery.

EF contributes to social cognitive functioning and ToM ability (Fahie and Symons, 2003).
Since PAE adversely impacts EF over and above low 1Q (Rasmussen, 2005) and predicts
social skills deficits (Schonfeld et al., 2006), it is important to determine the degree to which
alcohol-related ToM deficits are due to EF impairment. Similarly, since ADHD is
commonly diagnosed in children with FASD (Jacobson et al., 2011) and has an impact on
ToM (Uekermann et al., 2010), we examined the extent to which these deficits are
attributable to ADHD.

This study is the first to investigate ToM in children with FASD using a developmentally-
sensitive ToM test battery. We administered this battery, 1Q and EF tests, to a sample of
school-age children with and without heavy PAE. The aims were to examine the degree to
which (1) FASD diagnosis and a continuous measure of PAE obtained during pregnancy are
related to poorer ToM, (2) prenatal alcohol-related effects on ToM are attributable to lower
IQ or are mediated by alcohol-related deficits in EF, and (3) observed ToM effects are
attributable to ADHD.

MATERIALS AND METHODS

Participants

The study was conducted in Cape Town, South Africa, where the prevalence of FASD in the
Cape Coloured (mixed ancestry) community is among the highest in the world (13.6-20.9%;
May et al., 2013). The Cape Coloured population comprised of descendants of European

settlers, Malaysian slaves, Khoi-San aboriginals, and black Africans, historically constituted
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the majority of workers in the wine-producing region of the Western Cape. Weekend binge
drinking continues to be a major source of recreation for many in urban and rural Cape
Coloured communities (May et al. 2013).

The sample consisted of 63 Cape Coloured children (aged 9-11) born to women recruited
into the Cape Town Longitudinal Cohort between 1999-2002 at the antenatal clinic of a
midwife obstetric unit serving an economically disadvantaged, predominantly Cape
Coloured population (Jacobson et al. 2008). Our research nurse interviewed each mother at
her first antenatal visit (M=18.6 weeks gestation, SD=6.5), using a timeline follow-back
procedure (Jacobson et al., 2002), regarding her alcohol consumption both at time of
recruitment and conception. Volume was recorded for each type of beverage consumed each
day and converted to ounces (0z) of absolute alcohol (AA; 1 0z AA~2 standard drinks).
Any mother who reported drinking at least 14 drinks/week or engaging in binge drinking
(=5 drinks/occasion) was invited to participate. Women who abstained or drank only
minimally (< 0.5 0z AA/day and did not binge drink) were recruited as controls.

Timeline follow-back interviews were administered again in mid-pregnancy and at 1-month
postpartum focusing on the latter part of pregnancy. Data from the three interviews were
averaged to provide a summary measure of PAE (oz AA/day). Women <18 years of age and
those with diabetes, epilepsy, or cardiac problems requiring treatment were excluded, as
were observant Muslim women whose religious practices prohibit alcohol consumption.
Infant exclusionary criteria were major chromosomal anomalies, neural tube defects,
multiple births, and seizures.

In September 2005, we organized a clinic in which each child was examined for alcohol-
related anomalies and growth by two U.S.-based expert dysmorphologists (H.E. Hoyme and
L.K. Robinson) using a standard diagnostic protocol (Hoyme et al. 2005). FAS, the most
severe of the fetal alcohol-related disorders, is characterized by distinctive craniofacial
dysmorphology, small head circumference, and growth retardation. PFAS is diagnosed when
at least two of the facial anomalies, as well as small head circumference, growth retardation,
or cognitive/behavioural abnormalities, are present. Nonsyndromal heavily exposed (HE)
children lack the distinctive alcohol-related facial features but still demonstrate significant
neurobehavioral and cognitive deficits (Jacobson et al., 2004; Suttie et al., 2013). There was
substantial inter-examiner agreement on the assessment of the principal fetal alcohol-related
dysmorphic features among the two dysmorphologists and a Cape Town-based FAS
dysmorphologist (N. Khaole), who examined the two children who could not attend the
clinic (Jacobson et al., 2008). Case conferences including the two U.S.-based
dysmorphologists, SWJ, JLJ, and CDM were held to reach consensus regarding diagnosis of
FAS and PFAS.

Theory of Mind—The UCT ToM battery (Hoogenhout and Malcolm-Smith, 2014) was
administered at 11.0 years. It consists of four measures: First- and Second-order False
Belief, Strange Stories, and Faux-Pas (Faux-Pas Detection and Faux-Pas Comprehension),
which follow a developmental trajectory and have been adapted for the South African
context (Table 1). Hoogenhout and Malcolm-Smith found that Cape Town children with
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high-functioning autism performed more poorly than controls on this battery, whereas a
higher proportion of children with Aspergers passed Faux-Pas and Strange Stories than
controls. The Contextual Task and the Affect Recognition (AR) subtest, both from the
NEPSY-II Social Perception subtest were also administered.

The children’s version of the Reading the Mind in the Eyes test (RME; Baron-Cohen et al.,
2001a) was used to assess the child’s ability to recognize emotional expressions depicted in
photographs of the eye region, including simple emotional expressions (e.g., sad), subtle
emotions (e.g., kind), and complex mental states (e.g., coercion; Fig. 1). RME has been
validated as an advanced test of ToM, which can identify subtle impairments in social
cognition and the only test with no ceiling effects in healthy adults (Baron-Cohen et al.,
2001a). Although most epistemic inference tasks place demands on other cognitive abilities,
such as memory or problem-solving abilities (Stone et al., 1998), RME provides a purer
measure of mental inferential ability since it does not include a naming, memory, or
problem-solving component. RME investigates a fundamental aspect of social cognition that
is not assessed in any of the other ToM tasks outlined above. To minimize memory and
linguistic demands, the ToM stories and accompanying pictures were printed out and placed
in front of the child during the tasks.

Cognitive ability—IQ was assessed using the Wechsler Intelligence Scale for Children-
Fourth Edition (WISC-1V; Wechsler, 2003). The WISC-IV scores obtained for this sample
were strongly correlated (r=0.76, p<.001) with 1Q scores obtained at 5 years on the Junior
South African Individual Scale (Madge et al., 1981), which is normed for South African
children. Four domains of EF were assessed: attentional control by the Stop Task (Rubia et
al., 1998); cognitive flexibility by the Children’s Color Trails Test (CCTT) (Llorente et al.,
2003) and the Verbal Fluency and Stroop (shift and interference) subtests of the Delis-
Kaplan Executive Functioning System (DKEFS; Delis et al., 2001); goal-setting by the
Tower of London, 2nd Edition (TOL; Culbertson and Zillmer, 2001); and working memory
(WM) by the WISC-IV Digit Span Backwards. 1- and 2-back WM data (using letters) were
available for a subset of the children (Diwadkar et al., 2013).

ADHD assessment—~Each child was also assessed for ADHD following research criteria
developed in collaboration with two experts in ADHD research (Joel Nigg, Ph.D., and
Rafael Klorman, Ph.D.) This diagnosis was based on a maternal interview administered by
CDM using the Schedule for Affective Disorders and Schizophrenia for School Aged
Children (K-SADS; Kaufman et al., 2005) and ratings by the child’s classroom teacher on
the Disruptive Behavior Disorders Scale (DBD; Pelham et al. 1992). An ADHD
classification was assigned if (a) at least 6 of the 9 inattention and/or 6 of the 9
hyperactivity/impulsivity symptoms were endorsed (“pretty much” or “very much true”) by
one or more informants, and (b) endorsement of at least 2 of these symptoms was reported
by 7 years, in two or more settings.

The mother and child were transported to our UCT laboratory. Each child was tested
individually on measures of ToM, 1Q, and EF, while the mother was interviewed in a nearby
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room regarding demographic background and the child’s school and health history. Testing
took place over 2 days to avoid possible fatigue effects. Breakfast, a snack, and lunch were
provided, and the child was encouraged to take breaks, as needed. Except in the most
severely affected FAS cases, examiners were blind regarding FASD diagnosis and alcohol
exposure history.

Testing was conducted in Afrikaans or English, depending on the primary language of
instruction in the child’s school by two experienced Master’s-level graduate research
assistants. The ToM, WISC-IV, and EF tests were translated by a native Afrikaans-speaking
Master’s-level child psychologist with extensive experience working with the children in
this cohort, and back-translated by CDM, a fluent Afrikaans speaker.

Human subjects approval was obtained from the Wayne State University and University of
Cape Town ethics committees. Informed consent was obtained from mothers at recruitment
and child assessment visits; assent, from the children. Children received a small gift, and
mothers received compensation consistent with guidelines from the ethics committees.

Statistical Analyses

RESULTS

The continuous alcohol and drug measures collected during pregnancy underwent log(x+1)
transformation if they were skewed (skew>3.0) to reduce the effects of outliers. Four control
variables were assessed—maternal education and smoking during pregnancy; child sex and
age at testing. The four EF tests assessing cognitive flexibility were averaged after
transformation to z-scores. Correlations were run between the control variables and the ToM
measures. Any control variable even weakly related to each ToM outcome (p<0.10) was
adjusted statistically in multivariate analyses of effects on that outcome. The relation of
FASD diagnosis to the ToM outcome measures was examined using analysis of variance.
Multiple regression was used to examine the relation between a continuous measure of PAE
(AA/day during pregnancy) and each of the ToM outcome measures after control for
potential confounders. Mediation by 1Q and EF of the effects of prenatal alcohol on ToM
was assessed using the Sobel (1982) test. The relation of FASD and AA/day to ADHD was
examined using ANOVA and Pearson correlation, respectively. The association of ADHD to
ToM was examined using Pearson correlation.

Sample characteristics

Table 2 summarizes the demographic and background characteristics of the sample. The
children came from a poorly educated, socioeconomically disadvantaged population.
Mothers in the FAS/PFAS group were somewhat more economically disadvantaged
(mean=Level V—Unskilled Laborers, lowest of five levels) than those in the HE and control
groups (mean=Level IV—Semiskilled Workers) on the Hollingshead (2011) scale. As in
previous studies (Jacobson et al., 2004; May and Gossage, 2011), mothers of children with
FAS were older than those of other exposed children and controls. There was a significant
between-group difference for both AA/day across pregnancy (p<.001) and frequency
(days/wk) (p<.001), suggesting a dose-dependent relation between maternal drinking pattern
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and FASD diagnosis (FAS > HE, p<.01; FAS > controls, p<.001; PFAS > HE, p<.05; PFAS
> controls, p<.001; HE > HC, p<0.01; Fig. 2), but no difference in drinking pattern between
the FAS and PFAS groups, p=0.43). For AA/occasion there was a similar pattern but on this
measure, the FAS group did not differ significantly from the HE group (p>.05). It should be
noted, however, that mothers of exposed children concentrated their drinking, resulting in
consumption of an average of 3.0-4.8 0z AA/occasion (= 6.0-9.6 standard drinks/occasion)
on 1-2 days/week. All but one control mother (98.4%) abstained from drinking during
pregnancy; the one control drank 2 drinks on three occasions. Mothers of exposed children
also reported smoking more than controls during pregnancy. Drug use other than alcohol
and smoking during pregnancy was rare: three women (4.8%) reported using marijuana (1-3
days/month), one used cocaine, and none used methaqualone (“mandrax”). Because prenatal
exposure to these drugs was too rare for statistical adjustment, associations with prenatal
alcohol use were rerun omitting the children exposed to these drugs.

Children with FAS were slightly younger than those in the other groups (p=.018), and there
were no between-group sex differences (Table 2). However, as in previous studies (see
Vellante et al., 2013) typically developing control girls performed more optimally than boys
on the RME test (M for girls=17.6, SD=1.9, M for boys=16.7, SD=4.8, p=0.001), a
difference not seen in the alcohol-exposed children (p=0.77). 1Q differed significantly across
the four groups: children with FAS had a lower 1Q than controls (p<0.01); children with
PFAS, lower than both HE (p<.01) and controls (p<.001). 1Q did not differ between the FAS
and PFAS groups (p>.20) or between the HE and control groups (p>.05).

ToM Findings

Potential confounders—Higher maternal education was associated with better
performance on the First- and Second-order False Belief, Faux-Pas Detection and RME
tasks (rs ranged from 0.30 — 0.47, all ps<.05). Socioeconomic status (SES) at recruitment
and at the current follow-up visit, measured using the Hollingshead (2011) scale, was
associated with the NEPSY-II Affect Recognition and RME tasks (rs ranged from 0.23 —
0.53, all ps<.05). Maternal smoking during pregnancy was not related to any of the ToM
measures. Boys performed better than girls on NEPSY-II Contextual (p<.01). Child age at
testing was not related to ToM performance, all ps>.10.

Relation of FASD to ToM—No group differences were found for First- and Second-order
False Belief, Strange Stories, and NEPSY-II tests (Table 3). Although the groups did not
differ in their ability to detect a faux pas, group differences in the ability to explain a faux-
pas scenario (Faux-Pas Comprehension) fell just short of statistical significance. When the
data for the three exposed groups were pooled, the exposed children’s scores on Faux-Pas
Comprehension were significantly lower than those of the controls, t(52)=2.68, p<.01).
Analysis of the RME task showed a highly significant between-group difference even after
controlling for maternal education, the only potential confounder, F(3,57)=7.54, p<.0001
(Table 3). Children in the FAS and PFAS groups performed more poorly than those in the
HE and control groups (FAS and PFAS<HE, both ps<.01; FAS and PFAS<controls, both
ps<.001).
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Relation of AA/day to ToM—AA/day was related to four of the ToM measures (Faux-
Pas Comprehension, NEPSY-II Contextual, NEPSY-II Affect Recognition, and RME) after
control for potential confounders (Table 4), with the magnitude of the effect on the RME
task clearly the strongest. The associations of PAE with Second-order False Belief and
Faux-Pas Detection were attributable to higher maternal education. By contrast, the effect on
Faux-Pas Comprehension remained significant after control for maternal education, as did
the effect on RME. Similarly, the alcohol effect on NEPSY-II Contextual remained
significant after adjustment for child sex. Although the relation of alcohol on the NEPSY-II
Affect Recognition was no longer significant after adjustment for SES at recruitment and
follow-up, the relation of alcohol exposure to RME remained significant after control for
SES.

The NEPSY-1I AR task uses two different formats of stimulus presentation: (1) facial photos
for each problem presented simultaneously; (2) stimuli to be compared presented
sequentially, thus, entailing an element of WM. Simple facial AR, measured by the
simultaneous items, was not altered by alcohol at this age (r=-.09, p>.20). By contrast, the
effect of alcohol on the more challenging sequential AR items (r=-.43, p=.001) remained
significant after control for WM as measured by the 1-back ($=-0.47, p=.012) and 2-back
(B=—0.42, p<.05) tasks. Thus, the alcohol effect on the sequential AR items was not
attributable to WM.

Mediation by 1Q and EF—Regression analyses relating AA/day and I1Q to each of the
ToM measures are shown in Table 5. Results of the Sobel tests indicate that the effects of
PAE on Faux-Pas Comprehension and NEPSY-II Affect Recognition were significantly
mediated by 1Q and were no longer significant after adjustment for 1Q, indicating that
alcohol-related 1Q deficits play a major role in the observed ToM impairment in these
domains. By contrast, the effect of AA/day on RME was only partially mediated by 1Q and
continued to be significant after adjustment for 1Q, indicating that PAE impacts RME over
and above its effect on overall intellectual function. 1Q did not significantly mediate the
effect of prenatal alcohol on performance on the NEPSY Contextual task.

By contrast to 1Q, there was little mediation of the effects of PAE on the ToM measures by
EF (Table 6). The alcohol effect on Faux-Pas Comprehension was mediated by cognitive
flexibility, Sobel z=-2.45, p=.014, and mediation of the effect on Faux-Pas Detection by
WM fell short of statistical significance, Sobel z=1.89, p=.058. None of the EF measures
mediated any of the other effects of PAE on ToM measures, all ps>.15. WM had a much
stronger effect on Faux-Pas Detection than on Faux-Pas Comprehension, suggesting that it
specifically impacts the child’s ability to hold the story in memory and then to manipulate it.
The effect on RME remained significant even after controlling simultaneously for 1Q and all
four EF measures for both AA/day (p=-0.28, p<.05) and FASD diagnosis (F(3,53)=4.90,
p<.01.).

Controlling for drug use—Because very few mothers reported using drugs, we reran the
effect of alcohol on the RME task excluding the cases that reported drug use. The effect of
alcohol on RME remained significant when analysed in relation both to diagnostic groups,
F(3,54)=9.86, p<.001, and to the continuous alcohol measure, r=-.54, p<.001.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lindinger et al.

Page 9

PAE and ADHD—ADHD was significantly related to RME (r=-.25, p=.047), not
significantly related to First-order False Belief (r=-.23, p=.071), and not related to any of
the other ToM measures (all ps>.15). There was an adverse effect on RME of number of
Inattentive (r=-.31, p=.014), but not Hyperactive-Impulsive (r=-.15, p=.255), symptoms of
ADHD. Multivariate analyses showed that FASD diagnosis (F(3,58)=10.46, p<.001) and
AA/day (p=-0.51, p=.001) were each significantly related to RME after control for ADHD,
whereas ADHD was no longer significantly related to RME (3=-0.14, p=.20) after control
for alcohol exposure. Similarly, regression analyses showed that prenatal alcohol (3=-0.54,
p=.001) was independently related to the RME, whereas Inattentive (3=—0.13, p=.25) and
Hyperactive symptoms were not (3=-0.07, p=.559).

DISCUSSION

Although children with FASD have been described as having alcohol-related social
problems, the potential of an environmental insult, such as PAE, to alter ToM function has
received little attention. Despite cross-cultural variations, children understand First- and
Second-order False Belief by preschool and early school age, respectively. Consistent with
these findings, we found no group differences on First- and Second-order False Belief tasks
in our Cape Town cohort at 9-11 years, suggesting that the ability to infer epistemic mental
states at both First- and Second-order levels is equally developed across all groups by this
age. Previous research on First-order False Belief in FASD found significant impairment in
younger alcohol-exposed children (Rasmussen et al. 2009). Our findings showing that the
deficit in this elementary form of ToM is no longer evident in older school-age children
suggest that the earlier deficit was attributable to developmental delay rather than arrested
development and are consistent with findings from another study of school-aged children
with FASD in which no differences were found on Second-order False-Belief tasks
(Greenbaum et al. 2009).

Our most robust findings were the effects of alcohol on the RME task, which were seen
when the data were analyzed using FASD diagnostic group as the predictor and when using
the continuous measure of PAE as the predictor. These findings suggest that alcohol-
exposed children have deficits in the attribution of mental states, a critical aspect of ToM.
The alcohol effect on RME was not accounted for by deficits in 1Q or EF or by ADHD, nor
by sociodemographic background. This deficit is likely most clearly evident, in part, because
RME is the ToM task that is least dependent on general cognitive function. Baron-Cohen et
al. (1997) characterize it as a “pure” ToM task as it clearly does not require engagement of
EF domains, such as attentional control. In contrast to Faux-Pas Comprehension, the RME
task also does not require cognitive flexibility. It makes only minimal demands on WM
because a written version of the affective words and mental state phrases are left in front of
the child and do not need to be recalled. Also, knowledge of the meaning of the words is not
essential as participants are encouraged to ask the meaning of any unfamiliar words, and
there is no time limit. Thus, the RME data indicate that impaired responsiveness to
emotional cues in children with FASD cannot be attributed to poor attention but reflect
specific alcohol-related deficits in affective processing necessary for interpretation of
complex mental states. These data are consistent with Kerns et al.’s (2015) recent findings
that children with FASD have more difficulty with emotion recognition than controls.
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We demonstrated that the effect of alcohol on RME persists after adjustment for 1Q, which
is consistent with previous findings in which no significant association was found between
RME performance and 1Q in adults (Baron-Cohen et al., 2001a). In the current study, the
RME effects also persisted after adjustment for EF. These findings extend this work by
showing the RME task to be a useful and valid test for detecting impairment in social
cognition independent of 1Q and EF in children with FASD. Previous studies have found
activation in the amygdala, the superior temporal gyrus and the posterior superior temporal
sulcus, using RME or other affective processing tasks (Adams et al., 2009; Barbour et al.,
2010; Baron-Cohen et al., 1999b). Hence, in future neuroimaging research one would expect
alcohol-related deficits in brain regions related to affective processing in children with
FASD.

Investigation of higher-order ToM abilities revealed that alcohol-exposed and control
participants performed equally well on the Strange Stories and Faux-Pas Detection task.
These findings suggest that the ToM deficits in FASD are less severe than those seen in
children with Autism Spectrum Disorders in whom deficits on Strange Stories and Faux-Pas
continue to be detected at school age (Baron-Cohen et al., 1999a; Happé, 1994).

However, our data also indicate that other higher-order ToM domains are adversely affected
by PAE at school age. Given that EF might be expected to play an important role in social
information processing, it is impressive that virtually none of these effects were mediated by
EF. Effects in two of the four affected ToM domains—Faux-Pas Comprehension and
NEPSY-II AR—were mediated by alcohol effects on 1Q. Dependence of these more
complex tasks on higher-order cognitive function makes it difficult to determine whether the
observed effects are attributable to the alcohol-related 1Q effects or are merely more difficult
to detect after adjustment for 1Q. However, the findings that fetal alcohol-related ToM
deficits on the NEPSY-II Contextual and RME tasks were not accounted for by 1Q shows
that PAE is independently related to specific higher-order ToM impairments in FASD.

The previous FASD study that used the NEPSY -1l ToM assessment, which combines Verbal
and Contextual tasks, found no alcohol-related impairment (Rasmussen et al., 2013). In our
study we only administered the Contextual task from the NEPSY-IlI ToM assessment, since
the verbal component provides a broad assessment of social cognition not specifically
focused on ToM. In the Contextual task, the child cannot see the facial expression but must
infer what the person might be feeling given the context. As noted earlier, the effect of PAE
on performance on the NEPSY -1l Contextual task was not mediated by 1Q or EF or
attributable to potential confounders. Thus, this task and RME, which both assess mental
state attribution, were sensitive to PAE.

We evaluated performance on the ToM tasks using both FASD diagnosis and a measure of
continuous alcohol exposure as a predictor. Although the FASD diagnostic groups clearly
differed in RME performance, the continuous measure of alcohol exposure was more
sensitive in detecting deficits on three other ToM tasks, even after adjustment for potential
confounders, including maternal education and SES.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2017 February 01.
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This study has limitations common to other longitudinal studies of PAE in that it depends on
the mother’s report of her alcohol consumption during pregnancy. A strength of this study,
however, is that PAE was determined prospectively on the basis of maternal reports
obtained during pregnancy. Moreover, our alcohol ascertainment protocol has been
validated in relation to levels of fatty acid ethyl esters in meconium samples in this
community (Bearer et al., 2003) and in relation to child cognitive outcomes (e.g., Jacobson
et al., 2002; 2004). Given the sample size and that all of the children were from the Cape
Coloured community, these findings warrant replication in other populations.

These findings suggest that deficits in higher-order ToM function, specifically mentalizing
through eye expression, may play a significant role in the behavioral impairment often
described clinically in children with FASD. People’s eyes are thought to provide us with
invaluable social cues as they allow us to decode other’s intentions and are, thus, a crucial
guide for our social interactions. Children with FASD appear to have difficulty reading
people’s emotions, and this deficit may contribute to their deficits in social cognition.
Interventions using developmentally appropriate tasks need to be designed to help alcohol-
exposed children focus on and improve their ability to read affective cues and facial
expressions and improve their social attention and affective information processing.
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feeling sorry  making somebody
relaxed upset do something

surprised excited joking relaxed

Figure 1.
Examples of the stimuli presented in the child version of the “Reading the Mind in the Eyes”

task (from Baron-Cohen et al., 2001). The word choices include both basic and more
complex emotions and mental state words.
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Figure 2.
Relation of prenatal alcohol exposure to FASD diagnosis
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Table 1

Theory of Mind Description
measures
False Belief Assesses the ability to infer epistemic mental states. Develops by 4-6 years of age. Administered as a set of

1%t-order False Belief2

2"d-order False Belief®

picture stories.

Assesses the ability to infer that others can have mental states that differ from reality. Two picture stories are
presented to the participant during which an object is moved while the main character is not present. The
participant is asked whether the main character, who was previously absent, will know where the object is, where
the character will look for the object and whether the character will look there. Example of a 15--order False Belief
story: One day, Emma is in the kitchen eating a chocolate bar. Then Emma’s mom comes in and says, “Emma,
put away that chocolate. It is time to do your chores.” “Okay,” says Emma, “but when | come back I’m going to
finish eating my chocolate.” Emma puts her chocolate in the drawer and leaves to go do her chores. It is a very
hot day. Mom is afraid that the chocolate will melt. Mom takes the chocolate form the drawer and puts it in the
fridge. Later on, Emma comes back into the kitchen and wants to eat her chocolate.

Assesses the ability to conceptualize what another person thinks a second person thinks. Two picture stories are
presented to the participant and are followed by three questions: (1) an ignorance question, e.g., does the character
think/know what the second character thinks/knows; (2) a belief question, e.g., what does the character think/
know about what the second character thinks/knows; and (3) a justification question. Example of a 2"-order false
belief story: John and Mary are in the park when they see an ice-cream truck. Mary would like to buy an ice-
cream but has no money with her. The ice-cream man tells her to go home and get her money because he will be
staying in the park all day. Mary goes home, and John stays in the park. Then the ice-cream man John tells he is
moving to the church. He drives off, and John goes home. On his way to the church, the ice-cream man meets
Mary and tells her where he is going. They arrange to meet at the church, so Mary can buy her ice-cream. Later
John goes to Mary’s house. Her sister says she has gone to buy ice-cream.

Strange Stories?

Assesses the ability to infer the motivation behind responses that are not literally true. Administered as a set of 18
stories (12 test and 6 control stories); each test story assesses the understanding of a different concept, namely: lie,
white lie, joke, pretend, double-bluff, persuasion, forgetting, misunderstanding, figure of speech, appearance-
reality, irony and contrary emotions. This test assesses the participant’s ability to consider why the protagonist
behaved in a certain way. Example of a strange story test story: Katie and Emma are playing in the house. Emma
picks up a banana from the fruit bowl and holds it up to her ear. She says to Katie, “Look This banana is a
telephone™!

Faux-Pas

Assesses the ability to recognize a socially awkward situation. Develops by 7-11 years of age. Administered as a
set of 10 stories (5 control and 5 test stories), with either a normal social event (control story) or an awkward or
embarrassing event (test story). This task yields 2 variables: Faux-Pas detection (i.e., the ability to recognise when
a faux-pas is present, e.g., did someone say something they should not have said?) and Faux-Pas comprehension
(i.e., the ability to understand/explain a faux-pas, e.g., why should they not have said it?). Example of a faux-pas
test story: Kim helped her mom make an apple pie for her uncle when he came to visit. She carried it out of the
kitchen. ““I made it just for you”, said Kim. “Mmm”, replied Uncle Tom, “That looks lovely. I love pies, except fo
apple, of course™!

NEPSY-11?

Contextual task

Affect Recognition

Standardized measure that provides reliable and flexible assessment of neuropsychological functioning in children
aged 3-16 years.

Assesses the ability to understand the relation between emotions and the appropriate affect that would follow that
emotion in various social contexts. Administration of a set of pictorial social scenes where one of four
photographs needs to be chosen that best shows what a person in the scene is feeling

Assesses the ability to recognize emotions from facial expressions. Administration of a set of photographs of
children displaying a certain emotion need to be matched to photographs with children with the same affect.

Reading the Mind in the
Eyes Child Version®

Assesses the ability to infer complex mental states of others from their eye expressions. Administration of 28
photographs of the eye region of males and females and one of four (1 target, 3 foil) words presented needs to be
chosen that four best depict what the person may be feeling or thinking. Both cognitive and affective words are
presented.

aHoogenhout et al., 2014 test battery;

bKorkman etal., 2007;

CBaron-Cohen etal., 2001a.
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Table 5

Mediation of the effects of prenatal alcohol exposure on ToM measures by 1Q

Measures N r B Sobel z
1%t-order False Belief 61  -0.10 -0.04 -0.76

2M-order False Belief 62 _gpst 002 _p55**
Strange Stories 50 -0.17 0.04 -3.16™*
Faux-Pas Detection 54 _g29* -0.11 236"
Faux-Pas Comprehension 54 _g30* =014 _545**
NEPSY-II Contextual 62 _g31™* -021  -1.29

NEPSY-II Affect Recognition 60  _g33** -0.12 —2.41%

Reading the Mind inthe Eyes 63  _g54™* _g29** -3.18™

Tp< 0.1;

*
p <0.05;

Fk

p <0.01;
*kk
p <0.001.
r shows the relation between AA/day and each of the ToM measures.

B is the standardised regression coefficient relating AA/day to the ToM measure after statistical adjustment for WISC-1V 1Q.
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