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Abstract

In utero alcohol exposure can disrupt the development of the fetal brain and result in a wide-range
of neurobehavioral outcomes collectively known as fetal alcohol spectrum disorders (FASD). This
paper provides a comprehensive review of the cognitive and behavioral outcomes of prenatal
alcohol exposure, including domains of general intelligence, executive functioning, language
development, learning and memory, adaptive functioning, academic performance, and concurrent
psychopathology. In addition, the current status of the neurobehavioral profile of FASD and its
potential as a diagnostic tool will be discussed.
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INTRODUCTION

Since the identification of alcohol as a teratogen in 1973 (Jones and Smith, 1973, Jones et
al., 1973), an extensive amount of research focused on the long-term effects of prenatal
alcohol exposure indicates that consuming alcoholic beverages during pregnancy can
significantly affect fetal development. The physical and neurobehavioral effects of alcohol
are collectively known as fetal alcohol spectrum disorders (FASD; Bertrand et al., 2005,
Mattson et al., 2011). Diagnoses on the severe end of the spectrum such as fetal alcohol
syndrome (FAS) and related disorders (e.g., partial FAS [PFAS]) rely on the presence of
distinct facial anomalies and other physical dysmorphology. However, many individuals
with histories of prenatal alcohol exposure do not display these characteristic physical
features and consequently may go undiagnosed or misdiagnosed despite significantly
impairing cognitive and behavioral deficits (Chasnoff et al., 2015). As a result, research has
focused on delineating the specific neurobehavioral deficits associated with prenatal alcohol
exposure in the absence of physical dysmorphology with the aim of improving identification
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of affected individuals. This paper will review the literature pertaining to neuropsychological
and behavioral features of FASD and discuss the emerging neurobehavioral profile for
FASD.

DIAGNOSTIC TERMINOLOGY

Alcohol is a teratogen that can disrupt prenatal development and negatively affect the fetus.
FASD refers to the range of effects that can occur due to prenatal alcohol exposure and
includes FAS, PFAS, alcohol-related neurodevelopmental disorder (ARND), alcohol-related
birth defects (ARBD), and neurobehavioral disorder associated with prenatal alcohol
exposure (ND-PAE). Diagnoses on the more severe end of the spectrum (i.e., FAS and
PFAS) require presence of characteristic facial anomalies initially identified by Jones and
Smith (1973), including short palpebral fissures, thin vermilion border, and smooth philtrum.
Additionally, a diagnosis of FAS requires evidence of growth deficiency (height and/or
weight < 10t percentile for chronological age), abnormal brain growth (head circumference
< 10™ percentile, brain structure anomalies, or recurrent nonfebrile seizures), and
neurobehavioral impairment, which can include cognitive impairment, behavioral
impairment, or both (Hoyme et al., 2016). For those without documented alcohol exposure, a
PFAS diagnosis requires the characteristic facial features, presence of either a growth
deficiency or abnormal brain growth, and neurobehavioral impairment (Hoyme et al., 2016).
Not all alcohol-exposed individuals exhibit physical features to the extent required for
diagnosis (Bertrand et al., 2005, Mattson et al., 2011); diagnoses used in such cases may
include ARND, ARBD, and ND-PAE. Both ARND and ARBD are used in the absence of
physical dysmorphology while ND-PAE can be used with or without a diagnosis of FAS. An
ARND diagnosis requires confirmed maternal prenatal alcohol use and evidence of
neurobehavioral impairment (Hoyme et al., 2016, Stratton et al., 1996). Individuals
diagnosed with ARBD have a documented history of prenatal alcohol exposure and present
with one or more physical abnormalities (Hoyme et al., 2016). Lastly, ND-PAE has been
included in the Diagnostic and Statistical Manual of Mental Disorders — Fifth Edition
(American Psychiatric Association, 2013) under “conditions for further study” and
encompasses a range of neurobehavioral effects that are associated with prenatal alcohol
exposure. The proposed DSM-5 diagnostic criteria for ND-PAE includes a confirmed history
of prenatal alcohol exposure along with deficits in neurocognitive, self-regulation, and
adaptive functioning domains. This proposed diagnosis can occur independently of the
physical dysmorphology associated with alcohol exposure and both diagnoses (FAS/PFAS
and ND-PAE) can be given. Similar diagnostic methods are present internationally; however,
several important differences in the criteria listed should be noted, including the number of
facial features required to make a diagnosis, the inclusion (or absence) of growth deficits,
number of diagnostic categories, and acceptable measures to establish documented prenatal
alcohol exposure during pregnancy (American Psychiatric Association, 2013, Coles et al.,
2016, Cook et al., 2016, Hoyme et al., 2016). A lack of consistent diagnostic criteria across
countries contributes to difficulty in establishing accurate prevalence rates and identifying
relevant resources for affected individuals. Developing standard diagnostic criteria and
terminology is imperative to be able to accurately evaluate FASD on an international level.
In general, deficits occur across the full spectrum of alcohol exposure. For the purposes of
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this paper, the term FASD will refer to those with histories of prenatal alcohol exposure
regardless of dysmorphology. Differences between diagnostic group will be noted where
appropriate. Diagnostic criteria are summarized in Table 1.

Early diagnosis is important to help determine appropriate early interventions for the child
(Bertrand et al., 2005). However, there are many challenges to identification and diagnosis
of affected children, including lack of confirmation of prenatal alcohol exposure, lack of
clinical expertise, and many possible confounding variables. Several factors, including
changes in custody (i.e., children not in the care of their biological mothers), maternal death,
or social stigma, make documentation of prenatal alcohol exposure challenging or
impossible. In the absence of such documentation, identification of at-risk children is
difficult. Even when exposure is known, several factors may affect diagnosis. For example,
because the characteristic facial anomalies and growth deficits may become less distinctive
after puberty (Streissguth et al., 1991b), older children or adults may not be accurately
identified. Similarly, potential ethnic differences in the key facial dysmorphological
characteristics (Moore et al., 2007) may limit accuracy of diagnosis. Finally, and perhaps
most importantly, the majority of youth affected by prenatal alcohol exposure do not display
the outward signs of their exposure. Physical and cognitive deficits can occur for a multitude
of reasons and thus without the presence of facial dysmorphology or documented prenatal
alcohol exposure, it is difficult to establish an etiologic link between prenatal alcohol
exposure and disordered behavior or cognition. Thus, research has focused on developing
and refining a neurobehavioral profile for FASD and designing identification tools that do
not rely on the presence of physical characteristics solely.

FACTORS IMPACTING EXPOSURE

Important factors that can influence the impact of prenatal alcohol exposure include the dose
and developmental timing in which the exposure occurs. In terms of dosage, the amount of
alcohol to which the fetus is exposed influences the extent of the damage and severity of
developmental deficits (Alvik et al., 2013, Maier and West, 2001). Binge drinking patterns,
defined for females as consuming four or more drinks in about two hours (National Institute
of Alcohol Abuse and Alcoholism, 2004), exposes the fetus to high alcohol concentrations
over relatively short periods of time (Maier and West, 2001). Such drinking patterns may
result in more severe behavioral and cognitive deficits than continuous drinking patterns
(Flak et al., 2014). Due to the ability to control confounding factors and specific dosage
information, animal models have been imperative in elucidating specific dosage and timing
questions related to prenatal alcohol exposure. The severity of microcephaly (limited brain
growth) in rats is related to the concentration of administered alcohol; rats that receive a
highly concentrated alcohol dose (equivalent to a binge drinking pattern) have significant
brain growth impairment as compared to rats that receive small, continuous amounts of
alcohol (Bonthius and West, 1988). Some observational studies in humans have been
conducted and substantiate animal model findings. Binge drinking during pregnancy was
predictive of child behavioral problems (Alvik et al., 2013), increased mental health
problems (especially in hyperactivity/inattention domains), and lower academic scores
(Sayal et al., 2014). Altogether, these studies demonstrate the importance of frequency and
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concentration of prenatal alcohol consumption and the need for further clinical research to
corroborate preclinical findings.

As reviewed by Jones (2011), drinking during any point throughout pregnancy can cause
damage to the central nervous system of the fetus. However, the extent of structural damage
is affected by the period of development in which exposure occurs (Guerri et al., 2009,
Maier and West, 2001). The fetus is especially vulnerable to the damaging effects of prenatal
alcohol exposure during critical brain development periods, many of which occur very early
in pregnancy (Maier and West, 2001). For example, facial dysmorphology appears to be the
outcome of high alcohol concentration occurring during gastrulation, which occurs during
week 3 and 4 of human pregnancy (Sulik, 2005). The pattern of alcohol exposure and
developmental timing of the exposure can lead to a wide-range of outcomes with mild to
severe cognitive and behavioral deficits for the child.

Several maternal factors have been proposed that are linked to an increased risk of FASD
(May and Gossage, 2011, May et al., 2014). Maternal risk factors include being of an older
age (May et al., 2005, May et al., 2008, Rubio et al., 2008, Chiodo et al., 2010, Skagerstrom
et al., 2013, Esper and Furtado, 2014), having a history of alcohol abuse in the family and/or
maternal partner (May et al., 2008, Ceccanti et al., 2014, Esper and Furtado, 2014, May et
al., 2014), and attending fewer prenatal appointments (May et al., 2014). Additionally, lower
maternal body weight, height, and BMI (May et al., 2008, May and Gossage, 2011, May et
al., 2016), as well as poor nutrition (Keen et al., 2010, May et al., 2016) are associated with
an increased risk of having a child with FASD. Several demographic factors have also been
identified, including low maternal education, rural residence, (Viljoen et al., 2002, Rubio et
al., 2008, May et al., 2013), and lower socioeconomic status (May et al., 2005, May et al.,
2008). Additional factors that are predictive of drinking during pregnancy include late
recognition of pregnancy, frequent binge drinking episodes prior to pregnancy (Viljoen et al.,
2002, Balachova et al., 2012, Mallard et al., 2013, Parackal et al., 2013, Skagerstrom et al.,
2013, Ceccanti et al., 2014, Esper and Furtado, 2014), and drug use, including tobacco
(Viljoen et al., 2002, Flynn and Chermack, 2008, Rubio et al., 2008, Mallard et al., 2013,
Skagerstrom et al., 2013). Furthermore, mothers who have a child with FASD and continue
to drink have an increased risk of subsequent offspring developing more severe forms of
FASD (Abel, 1988, Esper and Furtado, 2014). Additional research is needed to identify
other possible maternal risk factors and potential targets for prevention of disabilities related
to FASD.

PREVALENCE AND COST

The exact prevalence of the full range of FASD is not clear and several different methods
have been used to estimate this number. Regarding FAS specifically, one early study found
that 0.2 to 1.5 infants for every 1,000 live births were identified as having FAS (Centers for
Disease Control and Prevention, 2002) and a study conducted in 2010 found that 0.3 of
1,000 children were diagnosed with FAS (Centers for Disease Control and Prevention,
2015). Estimates across the full range of FASD are higher; a study conducted in a
representative Midwestern U.S. community reported that between 24 — 48 per 1,000 first
grade students were identified as FASD (May et al., 2014). Other estimates between 2010
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and 2016 in four U.S. communities suggested the prevalence of FASD as between 11.3 to
50.0 per 1,000 first-grade children, using a conservative estimating approach, and 31.1 to
98.5 per 1,000 children using a weighted approach (May et al., 2018). These estimates are
vastly higher than those previously reported and reflect that FASD continues to be a
significant public health concern.

There are numerous societal and economic costs associated with FASD including substance
abuse treatment programs, mental health services, foster care, criminal justice system, and
long-term care services. The estimated cost for one individual with FAS over his or her
lifespan is $2 million, which includes medical care services ($1.6 million) and productivity
losses ($0.4 million; Lupton et al., 2004). The estimated overall annual cost associated with
FASD in Canada was found to fall between CAD1.3 billion and CAD2.3 billion, with cost of
productivity losses mostly due to morbidity and premature mortality (Popova et al., 2016b).
It is important to continue to improve upon the methods used to estimate prevalence rates
and associated economic costs of FASD in order to appropriately allot adequate health care
funding and services.

NEUROLOGICAL ABNORMALITIES

One significant impact of maternal alcohol consumption during pregnancy is the influence it
can have on fetal brain development. See brain development specific reviews (Donald et al.,
2015, Norman et al., 2009, Moore et al., 2014) for comprehensive examination of the effects
of prenatal alcohol exposure on brain structure and function. Briefly, studies involving
neuroimaging techniques, such as magnetic resonance imaging (MRI), have found
widespread effects of exposure including a decrease in overall brain volume with reduction
in grey matter as well as disorganization of the central nervous system (Donald et al., 2016,
Roussotte et al., 2012). Some structures, including the parietal lobe (Archibald et al., 2001)
and frontal lobe (Sowell et al., 2002), appear to be particularly sensitive to the effects of
prenatal alcohol exposure. Abnormalities have also been found in the corpus callosum (Yang
et al., 2012), cerebellum, caudate, and hippocampus (Donald et al., 2015, Norman et al.,
2009), basal ganglia, diencephalon (Roussotte et al., 2012), thalamus (Roussotte et al.,
2012), and amygdala (Nardelli et al., 2011). Furthermore, abnormal network connectivity is
present in children with FASD (Wozniak et al., 2013), with atypical activity found in the
insula, basal ganglia (Norman et al., 2013, Malisza et al., 2012), cerebellum, and amygdala
(Malisza et al., 2012).

The neurologic damage due to prenatal alcohol exposure appears to be widespread, affecting
most areas of the brain (Lebel et al., 2011). Importantly, earlier work showing volumetric
decreases has been extended to include correlations between brain structural measures and
other important variables like behavior and cognition. Decreased volume in several brain
structures correlates with deficits in cognitive function. Smaller left hippocampi, which are
important in the consolidation and retrieval of memories, correlate with decreased verbal
learning skills and spatial memory performance for youth with FASD compared to controls
(Willoughby et al., 2008). In particular, within the FASD group, hippocampus size was
positively correlated with performance on both short- and long-term delayed verbal recall.
Caudate volume correlates with cognitive control, verbal learning, and recall skills, and is
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the best predictor of neuropsychological performance for children prenatally exposed to
alcohol (Fryer et al., 2012). Correlations have also been found between brain structure
volumes and facial dysmorphology in alcohol-exposed subjects. Smaller palpebral fissures
relate to a decrease in diencephalon volume bilaterally, philtrum size correlates with volume
of basal ganglia and diencephalon structures, and decreased 1Q scores are associated with
smaller basal ganglia structure volumes and increased physical dysmorphology features
(Roussotte et al., 2012). Additionally, certain dysmorphological findings (i.e., orbital
hypertelorism) indicate that heavy prenatal alcohol exposure during particular points in
pregnancy affects brain development and ultimately results in unique facial dysmorphology
(Suttie et al., 2017). Functional neuroimaging studies have indicated that children with
FASD demonstrate altered brain activation patterns during verbal learning (Sowell et al.,
2007), response inhibition (Fryer et al., 2007b), visual attention (Li et al., 2008) and working
memory (Malisza et al., 2005, Astley et al., 2009, Spadoni et al., 2009, O’Hare et al., 2005)
tasks. Taken together these studies demonstrate the impact that prenatal alcohol exposure
can have on the development of the fetal brain and the subsequent effects on cognitive
abilities.

COGNITIVE AND BEHAVIORAL FUNCTIONING

In utero exposure to alcohol has been reported to negatively impact a multitude of cognitive
domains, including overall general intelligence, motor function, attention and activity levels,
language development, executive function, visual perception and construction, learning and
memory, and adaptive functioning. In addition, prenatal alcohol exposure has a high
comorbidity rate with other learning and behavioral disorders (Jones, 2011, Kingdon et al.,
2016, Mattson et al., 1999, Mattson et al., 2011). The remainder of this paper will review
findings in these domains; a summary is provided in Table 2.

General Intelligence

Although not explicitly a diagnostic requirement, decreased 1Q is one of the most commonly
reported findings in relation to prenatal alcohol exposure (Mattson et al., 2011). Notably,
fetal alcohol spectrum disorders are one of the leading preventable causes of intellectual
deficiency, birth defects, and neurodevelopmental disorders in the United States (Williams et
al., 2015). General intellectual ability is typically measured with assessments using standard
scores that have a mean of 100 and a standard deviation of 15, with an 1Q score < 70
signifying an intellectual deficit. Estimates of average 1Q scores for individuals with FAS
range from about 68 — 79 (Streissguth et al., 1996), while estimates for the full range of
FASD fall within a much larger range of 20 — 120, with an average of about 72 (Mattson and
Riley, 1998, Streissguth et al., 1996). Among the population of affected children, overall
ability levels are lowest in individuals with a diagnosis of FAS, followed by PFAS, and
ARND (Ferreira and Cruz, 2017). However, intellectual deficits occur across the spectrum
and are not strictly related to the presence of facial dysmorphology; children with and
without FAS can exhibit below average 1Q scores and the absence of facial dysmorphology
does not preclude impaired intellectual functioning (Mattson et al., 1997). Studies involving
1Q scores in individuals with FASD have been extensively reviewed in Mattson and Riley
(1998).
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Deficits in motor ability have been linked with prenatal alcohol exposure (Connor et al.,
2006, Doney et al., 2014). Adults with FASD demonstrate greater deficits in motor function
compared to typically developing adults, specifically on tests of balance and fine motor
control (Connor et al., 2006) as well as with higher-order cognitive-motor abilities such as
hand-eye coordination (Adnams et al., 2001). Deficits have also been found in postural
balance for individuals with FASD when compared to controls, especially when
somatosensory input was manipulated (Roebuck et al., 1998). These findings suggest that
individuals with prenatal alcohol exposure heavily rely upon somatosensory feedback and
display greater difficulty in compensating when such feedback is not available.

In general, diagnostic guidelines for disorders under the FASD umbrella recommend the
inclusion of both gross and fine motor skills assessments (Bertrand et al., 2005). Deficits in
fine motor coordination are frequently present in children with FASD, specifically with
complex fine motor skills (e.g., visual-motor integration; Doney et al., 2014). Compared to
gross motor skills, fine motor abilities appear to be more severely impacted (Kalberg et al.,
2006), however, findings have been inconsistent. A meta-analysis reported that the odds of
having gross motor impairment were tripled for those with moderate to heavy prenatal
alcohol exposure (Lucas et al., 2014). Taken together, results from these studies indicate that
deficits in motor function are common in FASD, yet the pattern of deficits is still unclear.
Continued research including proficiency tests of fine and gross motor ability among
individuals with FASD is needed.

Attention ability has been extensively studied within the FASD field as attention deficits are
commonly associated with prenatal alcohol exposure (Bertrand et al., 2005, Kodituwakku et
al., 1995, Nanson and Hiscock, 1990, Streissguth et al., 1994). Children with heavy prenatal
alcohol exposure have overall slower performance and difficulty establishing, organizing,
and sustaining attention (Nanson and Hiscock, 1990).

Numerous studies have investigated the patterns of deficits found in various domains of
sustained attention. When processing visually presented information children and
adolescents with prenatal alcohol exposure are less efficient, make more omission errors
(Coles et al., 2002), have lower accuracy rates, and slower reaction times as compared to
controls (Mattson et al., 2006). Furthermore, impairments are not uniform. Although a
smaller number of studies have been conducted on auditory attention, it appears that deficits
are not apparent in the auditory domain or exist to a lesser extent than in the visual domain
(Coles et al., 2002, Connor et al., 1999, Mattson et al., 2006, Rasmussen et al., 2013). These
results suggest that while significant deficits in attention occur in this population, these
deficits are not global. Importantly, attention function measures are able to distinguish
children with prenatal alcohol exposure from control children with a high degree of accuracy
(Lee et al., 2004). Overall, numerous studies have demonstrated the detrimental effect on
attention abilities associated with in utero alcohol exposure and the potential benefit of using
such measures to aid in identification of affected individuals. Multiple studies have now
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compared children with FASD to those with attention-deficit/hyperactivity disorder (ADHD)
and these results will be detailed below.

Executive Function

Executive function broadly refers to the higher-order interrelated cognitive processes (e.g.,
working memory, problem solving, planning, response inhibition) that are involved in goal-
directed behavior (Anderson, 2002). Children with FASD have significant deficits across
executive function domains as compared to controls. Substantial global executive function
impairment occurs in children across the spectrum, suggesting that inclusion of
neurocognitive impairment is essential to accurate diagnosis (Mattson et al., 1997, Mattson
et al., 1999, Kingdon et al., 2016, Riley and McGee, 2005, Schonfeld et al., 2001).

Verbal fluency.—Verbal fluency tasks assess the ability to produce as many words as
possible within a category or starting with a given letter in one minute (Shao et al., 2014).
Compared to controls, children with FASD score lower on verbal fluency measures
(Schonfeld et al., 2001), display greater difficulty with letter fluency versus category fluency
tasks (Kodituwakku et al., 2006, Mattson and Riley, 1999, Vaurio et al., 2008), and produce
fewer words in both domains (Kodituwakku et al., 2006, Mattson and Riley, 1999). Letter
fluency assessments require strategic search for word subsets while category fluency tasks
rely more on lexicosemantic memory retrieval. Thus, although an overlap in required
cognitive processes is present, both tasks involve differing cognitive abilities (Kodituwakku
et al., 2006) suggesting disruption of several processes in children with FASD.

Inhibition.—Children with prenatal alcohol exposure show impairments in response
inhibition, which is the ability to suppress one response in favor of another (Connor et al.,
2000, Mattson et al., 1999). Using an auditory Go/NoGo task, which assesses the number of
correctly withheld responses, alcohol-exposed children performed as well as controls in their
ability to inhibit responses but had significantly slower reaction times in the Go condition
(Gerhold et al., 2017). Neuroimaging findings also show differential patterns of regional-
activation in areas important for inhibition control among children with FASD (Kodali et al.,
2017, Ware et al., 2015). Overall, children with FASD demonstrate deficits in response
inhibition, though further research is necessary to clarify patterns of impairment.

Problem solving and planning.—Alcohol-exposed children display lower performance
on measures of problem solving and planning abilities as compared to typically developing
controls (Kodituwakku et al., 1995). Children with FASD spend less time pre-planning their
strategy before solving a problem, use less efficient strategies, show increased rule
violations, and require more moves to solve a problem as compared to control groups on
planning and strategy-use tasks (Green et al., 2009, Kodituwakku et al., 1995, Mattson et al.,
1999). Additionally, this impairment in planning abilities becomes more distinct as difficulty
of the task increases (Aragon et al., 2008, Green et al., 2009).

Concept formation and set-shifting.—Difficulties in concept formation and
conceptual set shifting have been observed in alcohol-exposed individuals (Kodituwakku et
al., 1995, Mattson et al., 2011). Concept formation requires the ability to identify
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relationships among a given set of stimuli, and heavily relies on the use of prior knowledge
as well as other cognitive abilities including selective and shifting attention (Hartman and
Stratton-Salib, 2007). Children with prenatal alcohol exposure show deficits in skills
necessary to generate and verbalize concepts as well as respond to feedback from the
examiner (i.e., cognitive set-shifting; McGee et al., 2008b) and alcohol-exposed children
make more errors when learning conceptual rules (Mattson et al., 1998). On measures of
concept formation and identification, children with FASD make more errors, display
increased perseverations (Coles et al., 1997, Kodituwakku et al., 1995, Olson et al., 1998),
and evidence poorer cognitive flexibility (McGee et al., 2008b) as compared to controls.
Collectively, these studies demonstrate that children with prenatal alcohol exposure have
deficits in detecting and producing concepts as well as poor cognitive flexibility, which is
necessary for solving problems in everyday life.

Working memory.—Working memory is a storage system with limited capacity that
temporarily holds active information necessary for a variety of tasks including learning,
comprehension, and reasoning (Baddeley and Hitch, 1974). Although less research has been
done within working memory, a handful of studies have shown a greater impairment in
working memory abilities among individuals with prenatal alcohol exposure. As the
difficulty of the task increases, alcohol-exposed individuals exhibit deficits in manipulating
information in working memory, compared to controls, but these impairments are not
generalized to all domains (Kodituwakku et al., 1995). Children with FASD evidence
impaired performance on measures of working memory as compared to controls (Aragéon et
al., 2008) and strong correlations have been shown between prenatal alcohol exposure and
tests of working memory (Streissguth et al., 1990). Impairments in spatial working memory
are also evident, with deficits becoming more significant as the task increases in complexity
(Green et al., 2009). Additionally, neural correlates of working memory impairment have
been found in fronto-parietal regions among individuals with prenatal alcohol exposure
(Infante et al., 2017).

Although not as well studied as other cognitive domains, language skills are negatively
impacted by prenatal alcohol exposure. Alcohol-exposed children have deficits in
fundamental language skills such as articulation (Becker et al., 1990), grammatical ability
(Thorne, 2017), and expressive and receptive skills (Church et al., 1997). Relative to
controls, children with FAS display poorer performance on word ordering, sentence
combining, and grammatical comprehension. Furthermore, younger children appear to
experience global language deficits whereas older children experience specific difficulties
with language syntax (Carney and Chermak, 1991). Children with prenatal alcohol exposure
evidence deficits in both receptive and expressive language (Abkarian, 1992, Gentry et al.,
1998, Wyper and Rasmussen, 2011), with expressive language more severely impacted
(McGee et al., 2009). In addition, children with prenatal alcohol exposure make grammatical
errors at higher rates than controls, and this has been shown to be more accurate in
predicting the presence of an FASD than measures of productivity and grammatical
complexity (Thorne, 2017). These findings suggest that measures of language skills could
serve as a significant addition to FASD diagnostic tools (Thorne, 2017).

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mattson et al. Page 10

Learning and Memory

Strong evidence supports deficits in verbal learning and memory following in utero exposure
to alcohol (Bertrand et al., 2005, Crocker et al., 2011, Mattson et al., 2011). Compared to
non-exposed children, children with heavy prenatal alcohol exposure show slower learning,
impaired recall, (Crocker et al., 2011, Mattson and Roebuck, 2002, Lewis et al., 2015,
Willoughby et al., 2008), and impaired discrimination (Mattson et al., 1998). Notably, these
findings exist even when controlling for 1Q suggesting impaired verbal learning and memory
is not attributable to overall intellectual ability (Lewis et al., 2015). Retention of learned
materials appears to differ based on alcohol-exposure level as heavily exposed individuals
retained comparable amounts of information as compared to controls (Crocker et al., 2011,
Mattson and Roebuck, 2002, Willford et al., 2004) whereas moderately exposed individuals
were impaired on both learning and retention of verbal material (Lewis et al., 2015).

In comparison to verbal learning and memory, less is known about nonverbal learning and
memory. Deficits are observed in nonverbal tasks (Olson et al., 1998, Uecker and Nadel,
1996) but results are inconsistent. Children with FAS show intact immediate memory but
impaired delayed memory on nonverbal tasks as compared to controls (Uecker and Nadel,
1996). Deficits were also found in spatial recall ability, but not with object recall (Uecker
and Nadel, 1998). Neither study examined nonverbal retention specifically. However, other
studies suggest that unlike the verbal domain, recall and retention are impaired across
learning and memory with nonverbal information (Mattson and Roebuck, 2002, Willoughby
et al., 2008). Additionally, impairments in nonverbal learning and recall were present after
controlling for 1Q (Coles et al., 2010). Most of what is known about visual spatial memory
and prenatal alcohol exposure is derived from studies using animal models and suggests
deficits in spatial learning and memory (Berman and Hannigan, 2000). Animal models have
also shown alterations in hippocampal neurogenesis, an area that is associated with spatial
learning and recall and has been shown to be vulnerable to alcohol exposure (Berman and
Hannigan, 2000, Klintsova et al., 2007).

Visual Perception and Visual Construction

Although research is limited in this area, impairments in visual-spatial abilities have been
reported for children with prenatal alcohol exposure on visual construction tasks (Uecker
and Nadel, 1996). Children with histories of prenatal alcohol exposure show increased
deficits in the recall of local (smaller) features compared to global (larger) features and have
difficulty reproducing the local stimuli (Mattson et al., 1996). Difficulties in visual-spatial
abilities are thought to mediate some of the deficits observed in spatial memory, as discussed
above, as some have found no differences in spatial memory ability once visual-spatial
performance was accounted for (Kaemingk and Halverson, 2000). As such, visual-spatial
performance appears to impact visual memory.

Adaptive Functioning

Adaptive functioning encompasses skills necessary for everyday living (Sparrow et al.,
2016), including the ability to lead an independent life, keep social relationships, and
integrate effectively into society (Fagerlund et al., 2012). Traditional assessment of adaptive
behavior includes performance in three domains: communication, socialization, and daily
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living skills (Sparrow et al., 2016). Deficits in adaptive functioning skills have been reported
across the spectrum of FASD and in all three domains (Carr et al., 2010, Crocker et al.,
20009, Jirikowic et al., 2008a, Streissguth et al., 2004). In one study of adolescents and adults
(mean age 17 years), the average age-equivalent performance was at the 7-year-old level,
with the lowest scores in socialization (6-year-old equivalent) and highest scores in daily
living skills (9-year-old equivalent; (Streissguth et al., 1991a). Further, adaptive behavior
deficits occur across development (Carr et al., 2010, Panczakiewicz et al., 2016) though
there is some indication that performance in the communication and socialization domains
diminishes with age (Crocker et al., 2009, Thomas et al., 1998, Whaley et al., 2001).

Deficits in adaptive functioning can help account for the daily challenges that children with
FASD face in their home, school, and community environments, including high rates of
inappropriate sexual behavior, disrupted school experience, alcohol and drug problems, and
decreased independent living (Streissguth et al., 2004). Adaptive function deficits may also
relate to reported deficits in social problem solving. Social problem solving includes being
able to identify a problem, generate and implement the best possible solutions, and examine
the effectiveness of solutions (McGee et al., 2008a). Youth with prenatal alcohol exposure
demonstrate deficits in this domain and rate themselves as more impaired on their ability to
identify problems and execute solutions (McGee et al., 2008a).

Academic Performance

A number of challenges in the school environment are present for children with prenatal
alcohol exposure (Millar et al., 2017). Additionally children with FASD have a high rate of
being suspended, expelled, or dropping out of school (Streissguth et al., 1996, Streissguth et
al., 2004, Popova et al., 2016a). Mathematical abilities appear to be particularly affected
(Howell et al., 2006, Jirikowic et al., 2008b, Jacobson et al., 2011, Rasmussen and Bisanz,
2011, Crocker et al., 2015), with deficits persisting even after controlling for global
intellectual ability (Jirikowic et al., 2008b, Crocker et al., 2015). In children with FASD,
difficulties with arithmetic skills may be related to spatial processing impairments (Crocker
et al., 2015), working memory deficits (Rasmussen and Bisanz, 2011), as well as deficits in
the ability to process the relative magnitude and distance of numbers (Jacobson et al., 2011).
Interventions targeting mathematic skills in children with FASD have been effective in
improving some of these academic challenges (Coles et al., 2009). In addition to
mathematical impairments, lower performance on spelling and reading is found in
association with FASD (Jirikowic et al., 2008, Glass et al., 2015, Glass et al., 2017). These
impairments are thought to be related to deficits in working memory (Glass et al., 2015).
Continued research on elucidating potential cognitive mechanisms that underlie academic
deficits in children with FASD is necessary in order to further improve upon targeted
strategies and interventions for affected individuals.

Concurrent Psychopathology Related to FASD

In addition to the broad range of cognitive deficits as described above, children with FASD
are at an increased risk for numerous mental health problems, learning disabilities, and
specific behavioral disorders (Fryer et al., 2007a, Kingdon et al., 2016, Popova et al., 2016c,
Weyrauch et al., 2017). One meta-analysis examined 127 studies and identified 428
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comorbidities (i.e., other diagnoses or conditions) that occur in individuals with FASD
(Popova et al., 2016c¢). Among those with FASD, the most prevalent comorbid conditions
include ADHD, depression, anxiety disorder, post-traumatic stress disorder, oppositional
defiant disorder, conduct disorder, receptive language disorder, and expressive language
disorder (O’Connor and Paley, 2009, Pei et al., 2011, Popova et al., 2016¢, Weyrauch et al.,
2017). Furthermore, alcohol-exposed children have higher rates of psychological disorders
in comparison to typically developing children even when matched on age, gender, and
socioeconomic status (Fryer et al., 2007a).

Additionally, substantial overlap exists in the behavioral phenotype of FASD and ADHD
leading to high rates of ADHD in individuals with FASD (Mattson et al., 2011, Weyrauch et
al., 2017) and FASD has been identified as the leading cause of ADHD (Burd, 2016). A
systematic review reported that 50% of individuals diagnosed with an FASD also had a
diagnosis of ADHD, a rate that is 10 times that of the general population (Weyrauch et al.,
2017). Previous studies have corroborated findings of high co-occurrence of FASD and
ADHD with rates ranging from 63% (Rasmussen et al., 2010) to 95% (Fryer et al., 2007a).
The significant overlap in the symptomatology and occurrence between FASD and other
disorders adds to the difficulty of obtaining accurate diagnoses.

NEUROBEHAVIORAL PROFILE

As reviewed above, alcohol has consistently been demonstrated to negatively affect the
cognitive and behavioral development of children exposed in utero. This includes
diminished general intelligence as well as deficits in motor skills, attention, language,
executive functions, and learning and memory (Jones, 2011, Kingdon et al., 2016, Mattson
and Riley, 1998, Mattson et al., 2011). While current diagnostic methods are useful in
identifying FAS, such methods are insufficient in accurately identifying those affected
without the associated dysmorphic characteristics and this comprises the majority of those
affected by prenatal alcohol exposure (Bertrand et al., 2005). The wide-range in the severity
of impairments, high comorbidity with other clinical populations, and lack of maternal
report contribute to the difficulty in obtaining accurate diagnoses (Streissguth et al., 2004).
Within a sample of foster and adopted children between 4 to 18 years of age, 80.1% of
children with an FASD had never been previously diagnosed and 6.4% were misdiagnosed
(Chasnoff et al., 2015). Misdiagnosis can affect the incidence and prevalence rates and
consequently the allocated resources, as well as lead to inappropriate interventions and
services. Therefore, identifying a specific neurobehavioral profile for FASD is of utmost
importance as it can contribute to more accurate and early diagnoses (Mattson and Riley,
2011).

Several studies have been conducted using latent profile analysis to investigate whether a
distinct neurobehavioral profile exists for individuals affected by prenatal alcohol exposure.
Patterns of neuropsychological performance were used to classify subjects with and without
histories of prenatal alcohol exposure. The initial profile was successful in distinguishing
between non-exposed controls and those with FAS (92% overall accuracy), and those with
heavy prenatal alcohol exposure (88% overall accuracy; Mattson et al., 2010). A second
study had slightly reduced classification accuracies with 77% for FAS and 70% for alcohol
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exposed (no FAS; Mattson et al., 2013). Differences in classification results could be
explained by several significant differences between the two studies including the number of
sites and the inclusion of a clinical contrast group (ADHD) in the second study. Importantly,
use of a neuropsychological profile for group classification in these studies was more
accurate than using 1Q scores alone. Measures of executive functioning and spatial
processing were found to be the most sensitive to identifying prenatal alcohol exposure
(Mattson et al., 2013). In a separate study using attention measures, subjects with histories
of prenatal alcohol exposure were distinguished from a typically developing control group
with 91.7% overall classification accuracy (Lee et al., 2004).

A decision tree composed of four neurobehavioral and physical measures was able to
differentiate between children with prenatal alcohol exposure and non-exposed children with
accuracy rates ranging from 79.5% — 84.7% (Goh et al., 2016). Accuracy rates remained
high (85%) after the removal of children with FAS as these individuals are more reliably
identifiable. Furthermore, the highest accuracy came from inclusion of both neurobehavioral
and dysmorphology variables rather than dysmorphology variables alone. Importantly,
children with prenatal exposure were accurately identified from a clinical-comparison group
that included children with other behavioral concerns.

In addition to being sensitive to identifying individuals affected by prenatal alcohol
exposure, a neurobehavioral profile must also be specific in that it is able to correctly
exclude individuals that have not been affected by prenatal alcohol exposure (Mattson and
Riley, 2011). Several studies have investigated the specificity of prenatal alcohol exposure
with most studies using 1Q-matched controls and non-exposed children with ADHD as
comparison groups. 1Q-matched controls display both similarities and differences when
compared to children with prenatal alcohol exposure. Children with FASD evidence lower
adaptive abilities (Fagerlund et al., 2012) and poorer performance on measures of parent-
rated behavior problems and verbal learning as compared to 1Q-matched children (Vaurio et
al., 2011). Similarities between those prenatally exposed to alcohol and 1Q-matched controls
have been found on measures of visual attention, retention of verbal material, verbally-
mediated tasks of executive function, fine motor skill measures (Vaurio et al., 2011),
internalizing behaviors (Mattson and Riley, 2000) and measures of expressive and receptive
language ability (McGee et al., 2009).

An extensive number of studies have investigated the specificity of neurobehavioral deficits
between prenatal alcohol exposure and ADHD. Similar to children with ADHD, children
with prenatal alcohol exposure have deficits in organization, increased impulsive behaviors,
decreased response inhibition, executive dysfunction, and hyperactivity (Kingdon et al.,
2016, Mattson et al., 2011, Rasmussen, 2005). However, greater impairments have been
reported for children with FASD compared to those with ADHD (but without histories of
prenatal alcohol exposure) on assessments of planning, fluency, set-shifting, working
memory (Kingdon et al., 2016), encoding, visual-spatial skills, problem-solving flexibility
(Coles et al., 1997), interference control (Graham et al., 2016), 1Q (Vaurio et al., 2008),
social cognition, and facial emotion processing ability (Greenbaum et al., 2009). Children
with FASD have greater deficits in arithmetic, while ADHD children are relatively more
impaired on measures of reading (Coles et al., 1997), although both domains are impacted in
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FASD (Glass et al., 2017). Both clinical groups of children have higher rates of psychiatric
disorders compared to controls, with non-exposed children with ADHD displaying higher
rates of comorbid generalized anxiety disorder and oppositional defiant disorder compared
to children with FASD (Ware et al., 2013). Deficits in adaptive functioning have been
reported in both groups; however, children with prenatal alcohol exposure display a pattern
that suggests an arrest in the development of adaptive functioning skills while children with
ADHD show developmental delay with skills improving with age (Crocker et al., 2009),
though these findings are cross-sectional in nature. Deficits on executive functioning
measures are predictive of lower adaptive behavior scores for both children with ADHD and
those with heavy prenatal alcohol exposure, but the pattern of deficits differs between the
two groups (Ware et al., 2012). For those with ADHD, most executive function measures
significantly relate to adaptive behavior, whereas nonverbal executive function tasks alone
relate to adaptive function among alcohol-exposed youth.

Among other cognitive domains, certain patterns have been found. Deficits in attention have
been observed in children with ADHD and FASD, although a unique pattern exists for each
group (Coles et al., 1997). Children with FASD have poorer performance in subtests
measuring encoding and shifting attention while children with ADHD score lower on
subtests that measure the ability to focus and stay on task (Coles et al., 1997, Streissguth et
al., 1994). Additional differential deficits exist in the domain of verbal learning and memory.
Both children with FASD and those with ADHD display impairments on learning delayed
recall trials relative to controls, but only retention of learned materials is impaired for those
with ADHD (Crocker et al., 2011). The unique and shared neuropsychological deficits in
FASD and ADHD are illustrated in Figure 1 and summarized in Table 2.

Overall, differential deficits and patterns of relations amongst domains between those with
prenatal alcohol exposure and those with ADHD can assist in differential diagnosis and
creation of a specific neurobehavioral profile. Promising classification accuracies using
neuropsychological assessments to identify those with prenatal alcohol exposure emphasizes
the critical role cognitive measures contribute as a diagnostic tool. Further research is
necessary to improve identification of those affected by prenatal alcohol exposure and
continue development of a specific neurobehavioral profile.

CONCLUSIONS AND DIRECTIONS FOR FUTURE RESEARCH

In utero alcohol exposure can negatively affect development of the fetus and have long-
lasting neurological and behavioral effects on the individual. Deficits exist in numerous
areas of functioning including general intelligence, motor function, attention and activity
levels, language development, visual perception and construction, learning and memory,
adaptive functioning, and executive functioning. Additionally, individuals with FASD also
experience other learning and behavioral disorders. The potential benefit of using
neuropsychological and physical assessments in the identification of those with FASD was
presented, yet continued research is necessary to further refine this profile. Given the high
prevalence rates of FASD in the U.S. (May et al., 2018) and frequent missed/misdiagnosis
(Chasnoff et al., 2015), a specific neurobehavioral profile is essential to improve early
identification, which will ultimately improve intervention and treatment programs.
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While an impressive amount of research has been conducted to date, gaps still exist in our
current knowledge. Continued investigation into and refinement of diagnostic criteria is
needed to improve identification of individuals affected by prenatal alcohol exposure and
provide continued monitoring of prevalence rates. In particular, continued study to confirm
ND-PAE criteria is necessary. Likewise, identification of biomarkers will aid in accurate
identification and diagnosis. Future research should consider using larger datasets in order to
discern patterns not apparent in smaller studies. Additionally, research is needed to
understand the effects of prenatal alcohol exposure across the lifespan as little is currently
known about neurobehavioral impairments into adulthood. Finally, identification of risk and
resiliency factors will aid in preventative efforts and development of targeted interventions.
Ultimately, enhanced identification, diagnosis, and intervention efforts will lead to improved
outcomes for affected individuals, their families, community, and society.
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Figure 1.
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Psychiatric disorders Retention of verbally-
Organization learned material
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Adaptive function
Verbal recall
Reading

Impairments seen in
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Overlapping and specific neurocognitive impairments between FASD and ADHD. See text

for details.

Note: Identified neurobehavioral deficits for children with fetal alcohol spectrum disorders
(FASD) and attention-deficit/hyperactivity disorder (ADHD). Impairments listed reflect
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findings from comparisons between the two clinical groups and not in comparison to
typically developing controls. Deficits indicated represent areas where each clinical group
display greater impairments compared to the other, not absolute impairment. For details and
related references, see text and Table 2.
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Table 1.

Summary of diagnoses within the continuum of fetal alcohol spectrum disorders (FASD). Includes updated
diagnostic criteria for FAS, PFAS, ARND and ARBD (Hoyme et al., 2016), as well as recommended criteria
for ND-PAE (American Psychiatric Association, 2013).

Diagnostic | Required Diagnostic Elements

Categories
FAS Fetal alcohol syndrome (FAS; with or without documented exposurea)
i Characteristic facial anomalies (including two or more of the following)
a. Short palpebral fissures
b. Thin vermilion border
c. Smooth philtrum
ii. Growth deficiency (prenatal and/or postnatal)
a. Height and/or weight < 10™ percentile for chronological age
iii. Abnormal brain growth (including one or more of the following)
a. Head circumference < 10t percentile
b. Brain structure anomalies
c. Recurrent nonfebrile seizures
iv. Evidence of neurobehavioral impairment (either cognitive or behavioral impairment required)
a. Cognitive impairment
1. Presence of global impairment (general conceptual ability, or performance, verbal or spatial
1Q = 1.5 SD below the mean) or cognitive impairment in at least one neurobehavioral
domaiﬂ (executive function, learning, memory, or visual-spatial) = 1.5 SD below the
mean .
b. Behavioral impairment
1. Evidence of behavioral deficit in at least one domain of self-regulation (mood or behavioral
regulation, attention, or impulse control) = 1.5 SD below the mean.
PFAS

Partial FAS (PFAS; with documented exposurea)

i Characteristic facial anomalies (including two or more of the following)

a. Short palpebral fissures
b. Thin vermilion border
c. Smooth philtrum

ii. Evidence of neurobehavioral impairment (either cognitive or behavioral impairment required)
a. Cognitive impairment

1. Presence of global impairment (general conceptual ability, or performance, verbal or spatial
1Q = 1.5 SD below the mean) or cognitive impairment in at least one neurobehavioral
domain (executive function, learning, memory, or visual-spatial) > 1.5 SD below the

*
mean .
b. Behavioral impairment
1. Evidence of behavioral deficit in at least one domain of self-regulation (mood or behavioral

regulation, attention, or impulse control) = 1.5 SD below the mean ™,
Partial FAS (PFAS; without documented exposure)
i Characteristic facial anomalies (including two or more of the following)

a. Short palpebral fissures

b. Thin vermilion border
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Diagnostic | Required Diagnostic Elements
Categories
[ Smooth philtrum
ii. Growth deficiency or, abnormal brain growth
a. Height and/or weight < 10™ percentile for chronological age, or
b. Head circumference < 10t percentile brain structure anomalies, or recurrent nonfebrile seizures
iii. Evidence of neurobehavioral impairment (either cognitive or behavioral impairment required)
a. Cognitive impairment
1. Presence of global impairment (general conceptual ability, or performance, verbal or spatial
1Q = 1.5 SD below the mean) or cognitive impairment in at least one neurobehavioral
domain (executive function, learning, memory, or visual-spatial) = 1.5 SD below the
mean .
b. Behavioral impairment
1. Evidence of behavioral deficit in at least one domain of self-regulation (mood or behavioral
regulation, attention, or impulse control) = 1.5 SD below the mean *
ARND Alcohol-related neurobehavioral disorder (ARND)

I Documented exposurea
ii. Evidence of neurobehavioral impairment (either cognitive or behavioral impairment required)
a. Cognitive impairment

1. Presence of global impairment (general conceptual ability, or performance, verbal or spatial
1Q = 1.5 SD below the mean) or cognitive impairment in at least two neurobehavioral
domains (executive function, learning, memory, or visual-spatial) = 1.5 SD below the

*
mean .
b. Behavioral impairment
1. Evidence of behavioral deficit in at least two domains of self-regulation (mood or

behavioral regulation, attention, or impulse control) = 1.5 SD below the mean ™,

ARBD Alcohol-related birth defects (ARBD)
i a
Documented exposure
ii. One or more physical abnormalities that have been demonstrated to be a result of prenatal alcohol exposure
through either animal models or human studies
ND-PAE Neurobehavioral disorder associated with prenatal alcohol exposure (ND-PAE)

I Documented exposure to alcohol during gestationa

i Evidence of neurocognitive impairment (including one or more of the following)

a Global intellectual impairment
b. Executive functioning deficit
c. Learning impairment

d. Visual-spatial reasoning deficit
e. Memory deficit

ii. Evidence of self-regulation deficit (including one or more of the following)

a. Mood or behavioral regulation impairment
b. Attention deficit
c. Impulse control deficit
iv. Evidence of adaptive functioning deficit (two or more required; ND-PAE diagnosis requires presence of a or b)
a. Communication impairment
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Diagnostic
Categories

Required Diagnostic Elements

b. Social communication and interaction deficit
c. Daily living skills deficit
d. Motor skills deficit

*
Criteria for children three years or older.

aln order to establish documented prenatal alcohol exposure during pregnancy one or more of the following is required (Hoyme et al., 2016):

a.

b.

Six or more drinks per week for two or more weeks during pregnancy

Three or more drinks per occasion on two or more occasions during pregnancy
Alcohol-related social or legal problems before/during pregnancy

Evidence of alcohol-use during pregnancy (i.e. blood, breath, urine test)

Documentation of alcohol-exposure during pregnancy or at birth using established biomarkers

Increased risk of drinking during pregnancy determined by the use of a validated screening tool
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Summary of neuropsychological deficits seen in individuals with fetal alcohol spectrum disorders (FASD).
Results are presented in comparison to typically developing controls and, when available, children with
attention-deficit/hyperactivity disorder (ADHD), and non-exposed 1Q-matched children.

Cognitive Domain

Compared to typically developing controls

Compared to ADHD

Compared to 1Q-matched

Verbal fluency (Schonfeld et
al., 2001),

Inhibition (Connor et al.,
2000, Mattson et al., 1999)

Problem solving and planning
(Green et al., 2009,
Kodituwakku et al., 1995,
Mattson et al., 1999)

Concept formation (McGee et
al., 2008)

dysfunction

. FASD is
associated
with greater
deficits in
working
memory,
planning,
fluency, and
set-shifting
(Kingdon et
al., 2016)
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General intelligence . Common finding related to . Children with

FASD (Mattson et al., 2011) FASD

. i . typically have

. Degree of impairment is significantly

dependent upon diagnosis on lower 1Q

the spectrum scores than
. FAS most severely impacted foDsligv ith

(Ferreira and Cruz, 2017) (Vaurio et al
. Intellectual impairment is not 2008)

dependent upon the presence

of facial dysmorphology

(Mattson et al., 1997)

Motor skills . Deficits in balance, fine motor . Similar
control (Connor et al., 2006), performances
and hand-eye coordination on fine motor
(Adnams et al., 2001) are skill measures
associated with FASD (Vaurio et al.,

. 2011)
. Assessment of both fine and
gross motor skills should be
included in diagnostic
assessment (Kalberg et al.,
2006, Lucas et al., 2014)

Attention . Deficits in establishing, . FASD . Similar visual
organizing, and sustaining associated attention
attention (Nanson and with greater deficits
Hiscock, 1990, Kodituwakku impairments observed in
et al., 1995, Streissguth et al., in encoding both groups
1994) and shifting (Vaurio et al.,

X o attention 2011)
. Visual attention is more (Coles etal.,
impaired than auditory 1997)
attention (Coles et al., 2002;
(Mattson et al., 2006) . Children with
) ADHD
. Attention measures are able to display
distinguish those with prenatal deficits in
alcohol exposure from focusing and
controls (Lee et al., 2004) sustaining
attention
(Coles et al.,
1997)
Executive function Significant deficits are observed in children . Both clinical . Performance
with FASD in several executive function groups present on executive
domains including: with executive function

assessments is
similar (Vaurio
etal., 2011)
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Cognitive Domain

Compared to typically developing controls

Compared to ADHD

Compared to 1Q-matched

Set-shifting (McGee et al.,
2008)

Working memory (Aragon et
al., 2008)

Language . Deficits found with both . Similar
expressive and receptive deficits of
language (Wyper and expressive and
Rasmussen, 2011, Gentry et receptive
al., 1998, Akbarian, 1992) language

. . abilities
. Impaired language skills (McGee et al.,
including articulation (Becker 2009)
et al., 1990), grammatical
ability (Thorne, 2017), and
expressive and receptive skills
(Church et al., 1997)
. Severity of deficits observed
appear to change with age
(Carney and Chermak, 1991)

Learning and Memory . Impairment is observed in the . Both clinical . Children with
encoding, recall (Crocker et groups display FASD have
al., 2011, Mattson and impaired increased
Roebuck, 2002, Lewis et al., delayed recall deficits on
2015, Willoughby et al., of verbal verbal learning
2008), and discrimination materials tasks
(Mattson et al., 1998) of (Crocker et compared to
verbal information al., 2011) 1Q-matched

. . i i children
. Inconsistent deficits found . Children with (Vaurio et al.,
with nonverbal tasks (Uecker ADHD 2011)
and Nadel, 1996, Olson et al., additionally
1998) but nonverbal learning experience a . Similar
and recall appear affected deficit in the performance is
(Mattson and Roebuck, 2002) retention of found in the
. learned retention of
. Animal models show that information verbal
deficits in spatial learning and (Crocker et materials
memory are apparent in al., 2011) between the
relation to alcohol exposure two groups
(Berman and Hannigan, 2000) (Vaurio et al.,
2011)

. Deficits in
nonverbal
learning and
memory tasks
were present
even after
controlling for
1Q (Coles et
al., 2010)

Visual spatial abilities . Impairments are found in . Greater
visual perception and deficits in
construction tasks (Mattson et visual spatial-
al., 1996) skills are

X i . reported for
. Visual-spatial skills appear to alcohol-
account for the difficulties exposed
found in other domains such children in
as visual memory (Kaemingk comparison to
and Halverson, 2000) children with
ADHD (Coles
etal., 1997)

Adaptive functioning . Deficits in communication, . Impaired . Children with
socialization, and daily living adaptive FASD score
skills are commonly reported functioning lower on
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Cognitive Domain

Compared to typically developing controls

Compared to ADHD

Compared to 1Q-matched

language disorder, and

(Carr et al., 2010, Crocker et skills are adaptive
al., 2009, Jirikowic et al., found for both functioning
2008a, Streissguth et al., clinical groups measures
2004) compared to
. . Alcohol- IQ-matched
. Deficits occur across exposed children
development (Carr et al., children (Fagerlund et
2010, Panczakiewicz et al., display an al., 2012)
2016) arrest in
X development
. Performance in whereas
communication and adaptive skills
socialization domains improve with
decreases with age (Whaley et age for
al., 2001, Crocker et al., 2009, children with
Thomas et al., 1998) ADHD
. Related to high rates of g(ltr%%laegr)et
inappropriate sexual behavior, v '
disrupted school experience,
alcohol and drug problems,
and decreased independent
living observed among
individuals with FASD
(Streissguth et al., 2004)

Academic performance . High rates of suspension, . Children with . Deficits in
expulsion, and school drop- FASD have mathematical
out are reported with FASD greater skills persist
(Streissguth et al., 1996, deficits in even after
Streissguth et al., 2004, arithmetic controlling for
Popova et al., 2016a) skills global

. i compared to intellectual
. Deficits in mathematical ADHD (Coles ability
ability are found (Howell et etal., 1997) (Jirikowic et
al., 2006, Jirikowic et al., al.. 2008b
2008b, Jacobson et al., 2011, . ADHD Crocker et al.,
Rasmussen and Bisanz, 2011, children are 2015)
Crocker et al., 2015) more impaired
on measures
- Related to of reading
impairments with compared to
spatial processing FASD (Coles
(Crocker et al., etal., 1997)
2015), working
memory
(Rasmussen and
Bisanz, 2011), and
ability to process
relativity of
numbers (Jacobson
etal., 2011)
- Mathematical
interventions have
proved effective
(Coles et al., 2009)
. Impairments found in spelling
and reading (Jirikowic et al.,
2008b, Glass et al., 2015,
Glass et al., 2017)
- Related to deficits
in working
memory (Glass et
al., 2015)

Concurrent psychopathology . Increased risk for ADHD, . Both clinical . Children with
depression, anxiety disorder, groups show FASD have
post-traumatic stress disorder, increased rates increased rates
oppositional defiant disorder, of psychiatric of behavior
conduct disorder, receptive disorders problems
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Cognitive Domain

Compared to typically developing controls

Compared to ADHD

Compared to 1Q-matched

expressive language disorder
(Pei etal., 2011, Popova et al.,
2016b, Weyrauch et al., 2017,
O'Connor and Paley, 2009)

. Higher rates of psychological
disorders compared to
typically developing children
(Fryer et al., 2007a)

compared to
controls

. Compared to
children with
FASD,
children with
ADHD have
higher rates of
generalized
anxiety
disorder and
oppositional
defiant
disorder
(Ware et al.,
2013)

1Q-matched
children
(Vaurio et al.,
2011)

. Similar rates
of
internalizing
behaviors are
found between
the two groups
(Mattson and
Riley, 2000)
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