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Abstract

Background—Academic achievement was evaluated in children with heavy prenatal alcohol 

exposure to determine potential strengths and weaknesses, evaluate the utility of different 

definitions for identifying low academic performance, and explore the neural correlates that may 

underlie academic performance.

Methods—Children (8–16 years) were assessed using the WIAT-II. Patterns of performance were 

examined in two subject groups: children with heavy prenatal alcohol exposure (n=67) and 

controls (n=61). A repeated-measures MANCOVA examining group differences on academic 

domain (reading, spelling, math) scores was conducted. Post-hoc comparisons examined within-

group profiles. Numbers and percentage of children with low achievement were calculated using 

several criteria. In a subsample (n=42), neural correlates were analyzed using FreeSurfer-v5.3 to 

examine relations between cortical structure (thickness and surface area) and performance.

Results—The alcohol-exposed group performed worse than controls on all domains and had a 

unique academic profile, supported by a significant group × academic domain interaction (p<.

001). For the alcohol-exposed group, math reasoning was significantly lower than numerical 

operations, which was significantly lower than spelling and word reading. Over half of the 

alcohol-exposed group (58.2%) demonstrated low achievement on one or more academic domains. 

The number and percentage of children meeting criteria for low achievement varied based on the 

domain and definition used. The imaging analysis identified several surface area clusters that were 

differentially related to math (L superior parietal and R lateral/middle occipital) and spelling 

(bilateral inferior and medial temporal) performance by group, with no relations for the other 

academic domains. Generally, scores improved as surface area decreased in controls, whereas no 

relation or a positive relation was observed in the alcohol-exposed group.
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Conclusion—Alcohol-exposed children demonstrated deficits in academic performance across 

domains and definitions with a relative weakness in math functioning. Atypical brain development 

may contribute to these impairments in academic achievement. Understanding academic 

difficulties can assist in advocating effectively for alcohol-exposed children.
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Introduction

For over three decades, it has been known that prenatal alcohol exposure can result in 

significant clinical repercussions including academic difficulties (Streissguth et al., 1990; 

Sampson et al., 1987) and despite greater awareness, this continues to be true (Howell et al., 

2006). Prevalence estimates of FASD have been conservatively estimated around 1%, 

however a recent study in North America found rates as high as 4.8%, indicating a 

significant public health concern (May et al., 2014, 2015). Case ascertainment studies 

indicate the rate of prenatal alcohol exposure may be as high as 2–5% (May et al., 2014), 

although the majority of affected individuals are not accurately identified (Chasnoff et al., 

2015). Those who are identified often come to clinical attention at school age (Streissguth et 

al., 2004), which limits early intervention opportunities resulting in a variety of secondary 

disabilities including disrupted school experiences (Streissguth et al., 1994b).

Difficulty with academic achievement overall is known to be associated with prenatal 

alcohol exposure. Of note, the newly updated clinical guidelines for diagnosing fetal alcohol 

spectrum disorders include specific learning impairment (across academic domains) as 

satisfying the criteria for the neurobehavioral impairment in the diagnoses (Hoyme et al., 

2016). However, poor performance on math has emerged as an area of selective vulnerability 

for children with prenatal alcohol exposure (Coles et al., 2009, Jacobson et al., 2011, Lebel 

et al., 2010, Crocker et al., 2015, Howell et al., 2006, Kerns et al., 1997, Kopera-Frye et al., 

1996) with less research on other academic domains (O’Leary et al., 2013, Glass et al., 

2015, Streissguth et al., 1994a, Howell et al., 2006). Howell et al., (2006), compared 

alcohol-exposed children with and without dysmorphology to children in special education 

classes and those with similar socioeconomic backgrounds, and found that all children 

performed one to two standard deviations below the normative mean. The students in special 

education performed worse on reading and spelling, whereas alcohol-exposed children with 

dysmorphology performed worse than other groups on math. Further, studies have generally 

compared alcohol-exposed children to non-exposed controls even though in educational 

settings, children are more likely to be compared to normative cutoffs or specific criteria to 

determine whether performance is at a level that warrants academic or clinical attention. 

There is a continued need to empirically understand the profile of academic achievement 

deficits for alcohol-exposed individuals and determine the most effective method of 

identification of children in need to inform the development and dissemination of evidence-

based intervention.
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There has also been an effort to understand the etiology of poor academic functioning. 

Growing literature supports both cognitive mechanisms and specific neural correlates that 

underlie distinct academic pathways. Neuroimaging findings suggest that structural or 

functional changes in the brain may contribute to academic performance in typically 

developing children (Houston et al., 2014, Dehaene et al., 2003), and those with learning 

disorders (Ashkenazi et al., 2013). Relatively few studies have examined these relations in 

alcohol-exposed populations, however relations of math performance to brain structure and 

function have been reported (Woods et al., 2015, Lebel et al., 2010, Meintjes et al., 2010, 

Santhanam et al., 2009), whereas associations with reading or spelling were not assessed in 

these studies.

We aimed to determine the profile of academic strengths and weaknesses, explore 

definitional considerations of using various criteria for identification of learning difficulties, 

and potential neural correlates for deficits in academic performance in children with prenatal 

alcohol exposure. We expected to replicate previous findings demonstrating that alcohol-

exposed children would perform significantly more poorly than controls on all academic 

domains and extend the research to demonstrate higher rates of academic difficulties across 

definitions. As suggested by the literature, we hypothesized alcohol-exposed children would 

perform significantly lower on measures of math compared to reading or spelling, and tested 

this by statistically comparing their performance within-subjects across academic subtests. 

We also expected distinct relations between neural structures and academic performance. We 

hypothesized that decreases in cortical structure (thickness and surface area) would be 

associated with increased performance in controls, as cortical reductions are often associated 

with the development of more mature and efficient networks during adolescence (Sowell et 

al., 2001). However, we expected that in alcohol-exposed children smaller surface area and 

thinner cortex would be related to poorer performance, as reduced cortical structure would 

be associated with greater alcohol teratogenesis in these children (Meintjes et al., 2014).

Methods

General Method

School-age children and their primary caregivers were recruited for participation in an 

ongoing research protocol, which included behavioral measures, neuropsychological 

assessment conducted by trained examiners blind to subject group, and a dysmorphological 

evaluation. A subset of children also underwent magnetic resonance imaging (MRI) to 

obtain T1-weighted anatomical brain scans. Subjects were recruited via schools, clinical 

referral, professional referrals, community outreach, advertisements, word of mouth, or 

other public forums. Informed consent and assent was obtained in accordance with the 

Institutional Review Board at San Diego State University. All participants were given a 

financial incentive for participation.

Subjects

Children and adolescents ages 8–16 years (M=12.69, SD=3.14) with histories of heavy 

prenatal alcohol exposure (AE, n=67) and with no or minimal (defined below) alcohol 

exposure (CON, n=61) were included in this study. All children were evaluated for fetal 
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alcohol syndrome (FAS) by an expert dysmorphologist (KLJ). An FAS diagnosis was 

determined by the presence of two or more key facial features (short palpebral fissures, 

smooth philtrum, thin vermillion border) in addition to microcephaly (head circumference 

≤10th percentile), and/or growth deficiency (≤10th percentile for height/weight) (Jones et al., 

2006). Twelve (17.9%) subjects in the AE group met these criteria for FAS.

Prenatal alcohol exposure history was assessed retrospectively. If direct report was available, 

heavy prenatal alcohol exposure was defined as a pattern of maternal consumption of greater 

than 4 drinks per occasion or at least 14 drinks per week on several occasions throughout 

pregnancy. Due to the nature of substance abuse and the high rate of adoption or foster care 

in our research population, for the majority of cases, direct report was often unavailable. In 

the current sample, 64/67 (95%) of the AE group and 3/61 (5%) of the CON group no longer 

lived with their biological mothers. In these cases, records were reviewed to gain 

information regarding exposure history. Record review included, but was not limited to, 

medical history, birth, adoption, and social services records or communication with the 

biological mother or other relative. The presence of corroborative evidence supporting 

alcohol abuse or dependence during pregnancy or a diagnosis of FAS (see above) was 

sufficient for inclusion in the AE group. Subjects were excluded from the typically 

developing control group if they had greater than minimal alcohol exposure based on 

maternal report or record review, or if prenatal alcohol exposure was suspected or unknown. 

Minimal exposure was defined as no more than one drink per week on average and never 

more than two drinks on any occasion during pregnancy.

Exclusion criteria for both groups were: significant head trauma, loss of consciousness 

greater than 30 minutes, other known causes of cognitive deficiency, not fluent or primary 

English speakers, international adoption either two years prior to participation or after the 

age of five years, or severe mental, physical, or psychiatric disability that hindered study 

participation (e.g., active psychosis, active mania, uncontrolled movement disorders, 

blindness). Subjects were excluded from the imaging component if they had 

contraindications to the MRI procedure (e.g., irremovable metal in the body or 

claustrophobia).

Primary caregivers of all subjects complete a standardized, semi-structured clinical 

interview, the Computerized Diagnostic Interview Schedule for Children Version IV (C-

DISC-4.0) (Shaffer et al., 2000). Ongoing studies at the Center for Behavioral Teratology 

include an overrepresentation of non-exposed children who are recruited based on symptoms 

of ADHD. To maintain a representative typically developing control group for the current 

study, subjects were included in the CON group if they did not meet criteria for ADHD on 

the C-DISC-4.0. In the AE group, 49 (73%) children met ADHD criteria, which is consistent 

with the literature (Fryer et al., 2007, Bhatara et al., 2006, Burd et al., 2003).

Procedure

Neuropsychological and Behavioral Measures—As part of the standardized 

neuropsychological battery, children completed four academic subtests of the Wechsler 

Individual Achievement Test-2nd Edition (WIAT-II) (Wechsler, 2005). The WIAT-II is 

normed on a national sample representative of the United States population with appropriate 
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psychometric properties. The dependent variables used in the current analysis were the age-

standardized scaled scores for word reading, spelling, numerical operations, math reasoning 

subtests and the math composite score, see Table 1. Full scale IQ (FSIQ) scores were 

calculated using the Wechsler Intelligence Scale for Children-Fourth Edition (WISC-IV; 

Wechsler, 2004) and a parental report of behavioral concerns was obtained through the Child 

Behavior Checklist (CBCL; Achenbach and Rescorla, 2001).

Neuroimaging Methodology—A subset of the total sample, those within the age range 

of 13–16 who could tolerate imaging and did not have any contraindications to the MRI 

(AE: n=26, CON: n=16) completed structural neuroimaging to assess potential brain-

behavior relations for academic functioning. All MRI sessions were conducted within 180 

days of the neuropsychological assessment (M: 18.27 days, SD: 22.00). A high-resolution 

T1-weighted anatomical image was acquired for each subject using a 3T GE Signa Excite 

scanner and an 8-channel head coil (TR, 8 ms; TE, 3.1 ms; flip angle 8°; matrix 256 × 256 × 

192; FOV, 256 × 256 mm; acquisition time, 7 min and 24 s). Structural images were 

processed using FreeSurfer v5.3 software, http://surfer.nmr.mgh.harvard.edu; (Fischl et al., 

2002). FreeSurfer’s technical details have been described previously (Dale et al., 1999, 

Fischl and Dale, 2000, Fischl et al., 1999). Briefly, the process includes removal of non-

brain tissue, automated Talairach transformation, segmentation of subcortical structures, 

intensity normalization, tessellation of the grey/white matter boundary, topology correction, 

surface deformation, surface inflation, registration to a spherical atlas based on individual 

cortical folding patterns, parcellation of the cerebral cortex, and creation of surface based 

data. All images were visually inspected to ensure quality and, if necessary, manually edited 

to correct errors and reprocessed (n=2). Cortical structure was examined with both thickness 

and surface area, as these variables follow distinct developmental trajectories (Wierenga et 

al., 2014). This approach also prevented potential signal dilution errors that occur in 

measuring their product (volume) (Migliorini et al., 2015). Furthermore, recent work from 

our laboratory suggests that surface area is a sensitive index to the teratogenicity of prenatal 

alcohol exposure (Gross et al., 2016). Cortical maps were spatially smoothed with a 

Gaussian kernel of 10 mm full width half max and averaged across subjects using a spherical 

aligning method for cortical folding patterns.

Statistical Analyses

Statistical analyses were conducted using SPSS v.22. Data for the WIAT-II tasks were 

assessed for outliers using boxplot analysis (1.5xIQR). There was one outlier for word 

reading (1 AE), two outliers for spelling (2 CON), and two outliers for math reasoning (2 

CON). There were also three outliers for the math composite (2 AE, 1 CON). When 

possible, we removed outliers from analyses only for the measure for which they were an 

outlier. This was not possible for the repeated measure analysis (if a subject score was an 

outlier on any one of the four domains included it was removed entirely, resulting in 

removing 3 AE and 5 CON from that analysis). For all outliers across groups, the outlier 

performance was below expectations, with the exception of the control subject for the math 

composite. Also, by chance, all outliers were independent (i.e., the same child was not an 

outlier on multiple subtests). The same boxplot procedure was conducted to identify outliers 

prior to the imaging analyses, finding two outliers for surface area (1 AE, 1 CON) and none 
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for thickness. Subjects who were outliers based on behavioral data were also excluded form 

the imaging subsample (1 CON from math reasoning, 1 AE from math composite).

Demographic Information and Group Differences—Demographic information was 

analyzed for the total sample and the imaging subsample using chi-square statistics for 

categorical variables (race, ethnicity, sex, handedness) and analysis of variance (ANOVA) 

statistics for continuous variables [age, socioeconomic status (SES) as measured by 

Hollingshead (Hollingshead, 2011), FSIQ, and CBCL total behavioral problems]. Given 

their potential relation to academic achievement, age, race, ethnicity, SES, and sex were 

considered as possible covariates and included if they were significantly related to the 

dependent variables (WIAT-II variables or cortical structure – thickness or surface area) and 

did not interact with group membership. Alpha was set at p<.05 for all analyses. Significant 

omnibus tests were followed up with pairwise comparisons using Bonferroni correction.

Presence and Profile—To assess presence of group differences and the profile of 

performance across domains, a repeated-measures MANCOVA was conducted with Group 

(AE, CON) as the between-subjects variable and academic domain (word reading, spelling, 

numerical operations, math reasoning) as the within-subject variable with covariates 

included as appropriate. Group differences on the math composite variable were analyzed in 

a separate ANOVA, as it comprises numerical operations and math reasoning variables. 

Within the AE group, we compared performance for individuals with FAS and individuals 

without FAS on all academic domain variables and found no significant differences (p≥.

094); therefore, all were included in a combined AE group.

Considerations for Identification—Identification of learning difficulties varies widely 

(i.e., cut-off scores, response to intervention, failure of standardized assessments). To 

compare the number of students with low achievement in the alcohol-exposed and control 

groups and balance sensitivity and specificity, five different criteria were selected from the 

literature (Fletcher et al., 2002). Cut-off scores from the normative sample for the WIAT-II 

standard scores of 1 SD (SS<85), 1.5 SD (SS<77.5), and 2 SD (SS<70) were utilized. The 

WIAT-II also offers the following mutually exclusive descriptors: Average (SS=90–109), 

Low Average (SS=80–89), Borderline (SS=70–79), and Extremely Low (SS≤69). The 

Extremely Low criterion is captured by the cutoff of 2 SDs described above. Thus, the rates 

of individuals meeting the WIAT-II Low Average and meeting the Borderline criteria were 

examined, respectively. Differences between groups in proportional rates or number of 

children meeting the criteria were analyzed using chi-square analyses.

Relations of Behavior and General Intelligence—The relations between academic 

functioning and behavior or general intelligence were tested with within-group Pearson 

correlations calculated between the WIAT-II subtest standard scores and both the CBCL 

Total Problems score and WISC-IV FSIQ.

Neural Correlates—Neural correlates were tested using FreeSurfer’s Qdec application, 

which fits a general linear model at each vertex. A total of 10 separate models were created, 

testing the relations between cortical thickness and surface area with five WIAT-II variables 

(word reading, spelling, numerical operations, math reasoning, and the math composite). 
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Our primary interest was evaluating the relations between academic achievement and brain 

structure in alcohol-exposed versus control children. However, sex and age both can impact 

brain structure. Therefore, we accounted for these variables in our analyses; the discrete 

factors were group and sex and age was included as a nuisance factor. The right and left 

hemispheres were analyzed separately. All analyses were corrected for multiple comparisons 

using the Monte Carlo cluster-wise simulation with a threshold set at p<0.05. Significant 

clusters were followed-up using correlation analyses.

Results

Demographic Information

Demographic data for the total and imaging samples are presented in Table 2. For the total 

sample, there were no significant group differences on age, sex, SES, handedness, ethnicity, 

or race (ps>.152). Consistent with previous studies, the AE group had significantly lower 

FSIQ scores [F(1, 127)=69.771, p<.001] and significantly higher CBCL Total Problem T 

scores, [F(1, 126)=164.935, p<.001] than the CON group. Similar demographic results were 

found in the imaging subsample.

Assessment of Demographic Variables and Covariates—The appropriateness of 

including theoretically implicated demographic variables as covariates was evaluated for all 

academic domains. Sex, handedness, ethnicity, and race were not correlated significantly 

with any academic domains (ps≥.066). SES was significantly correlated with word reading 

and numerical operations (ps<.009) and age was significantly associated with math 

reasoning (p=.028). The homogeneity of regression assumption was not violated for SES or 

age and therefore both were included as covariates in the repeated measures MANCOVA. 

The relations of FSIQ and CBCL total behavior to outcome variables were explored in 

additional correlation analyses.

Presence and Profile

A 2 × 4 repeated measures MANCOVA with group (AE, CON) as the between-subjects 

factor and academic domain (word reading, spelling, numerical operations, math reasoning) 

as the within-subjects factor was conducted, with SES and age included as covariates. 

Alcohol-exposed children performed worse than controls on all measures of academic 

functioning. Further, differential profiles of performance emerged by group, indicating 

distinct strengths and weaknesses. Descriptive data are presented in Table 2.

Using an alpha level of .001 to evaluate homogeneity assumptions, Box’s M test of 

homogeneity of covariance (p=.337) and Levene’s homogeneity test (ps>.018) were not 

statistically significant. Mauchly’s test of spherecity indicated that the sphericity assumption 

had been violated (p≤.001), therefore, degrees of freedom were corrected using the 

Greenhouse-Geisser estimate. There was not a significant interaction between SES and 

academic domain, nor a main effect of SES or age (ps>.064), though there was a significant 

interaction between age and academic domain (p=.026).

The interaction between group and academic domain was significant, F(2.397, 

285.224)=21.343, p<.001, ηp
2 =.152. Follow-up pairwise comparisons were conducted to 
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assess differential profiles of functioning by group. Bonferroni correction was used to 

correct for multiple comparisons [(6 comparisons), alpha=0.05/6=0.0083]. Within the 

alcohol-exposed group, children performed significantly worse on math reasoning compared 

to the three other subtests (ps<.007). Performance on the numerical operations subtest was 

significantly higher than math reasoning subtest (p=.007), but lower than word reading and 

spelling (ps≤.008), which did not differ statistically (p=.409). In the control group, spelling 

scores were significantly lower than both math subtests (ps≤.001), with no other significant 

differences (ps≥.016). In addition to the significant interaction, there was a significant main 

effect of group, F(1, 119)=43.188, p<.001, np
2 =.266. Follow up univariate ANOVA 

indicated that alcohol-exposed youth performed significantly lower (ps≤.001) than control 

children for all four subtests. Group differences on the math composite were conducted as a 

separate ANOVA. There was a significant effect of group, with the AE group performing 

significantly worse than controls, F(1, 123)=61.130, p<.001, np
2 =.332.

Considerations for Identification

The number of students experiencing academic difficulties was compared using chi-square 

tests across groups (AE, CON) for the five criteria. Overall, there were significantly higher 

rates of individuals meeting criteria for impairment across criteria in the AE group compared 

to the CON group, though this varied based on definition and academic domain, see Table 3. 

The alcohol-exposed group had significantly higher percentages of individuals meeting 

criteria for deficits across all five criteria for the math composite (χ2s≥7.479, ps≤.006) 

compared to the control group. This was consistent with the higher rates for the alcohol-

exposed group for math reasoning across all five definitions (χ 2s≥5.802, ps≤.016) and 

numerical operations, where there were significantly higher rates of impairment for alcohol-

exposed individuals using all criteria (χ 2s≥9.264, ps≤.002) except Low Average (χ 2=.029, 

p=.864). For spelling, rates of individuals meeting the criteria were higher in the alcohol-

exposed group for 1 SD and 1.5 SD cutoffs (χ 2s ≥7.375, ps≤ .043). For word reading, there 

was a significantly higher number of those meeting the cutoff in the alcohol-exposed group 

individuals compared to the control group for the 1 SD cutoff and Borderline criteria (χ
2s≥4.191, ps≤.041). More than half of the alcohol-exposed group (58.2%) demonstrated met 

criteria for academic difficulty based on a 1SD cutoff on one or more academic domains 

(word reading, spelling, numerical operations, math reasoning), which was significantly 

higher than the 16.4% of the control sample (z=4.861, p<.001). See Table 4.

Relations of Behavior and General Intelligence

Pearson correlations between academic scores and FSIQ and CBCL scores are presented in 

Table 5. For both groups, FSIQ was strongly correlated with all variables for each group (r>.

60), as expected. The CBCL total behavioral problem score was associated with math 

reasoning in both groups, the math composite in the AE group and word reading in the CON 

group. CBCL and FSIQ were not correlated for either group.

Neural Correlates

There were several surface area clusters that were differentially related to performance by 

group [math composite (1 RH cluster, 1 LH cluster), math reasoning (1 RH cluster), and 

spelling (1 RH cluster, 1 LH cluster). See Figure 1 for results. There were no clusters with 
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significant interactions seen for word reading or numerical operations (though numerical 

operations had clusters that approximated the math composite, they did not withstand 

multiple correction). Differential relations were followed up using correlational analyses. 

The imaging analysis did not identify any cortical thickness clusters that were differentially 

related to group for any of the five WIAT-II variables. To confirm the specific neural 

correlates, we analyzed the coordinates for each cluster using the Talairach client (version 

2.4.3) to identify the specific structures and Broadmann Area (BA) labels +/− 5 mm cube 

range (Lancaster et al., 2000).

For the math composite, there were two surface area clusters that were differentially related 

to performance by group, with an inverse relation in controls (better performance related to 

smaller surface area) and no relation present in the alcohol-exposed group. For the left 

cluster, the superior parietal lobule and postcentral gyrus, inferior parietal lobule (BAs 40 

and 7) were identified (CON, r=−458; AE, r=.205), and for the right cluster, the middle 

occipital gryus, middle temporal gyrus (BAs 19 and 39) were identified (CON, r =−661; AE, 

r=.170).

For math reasoning, the analysis could not be conducted with the appropriate outlier (1 

CON) excluded because the sample size was too small. Therefore, this analysis was run 

twice: both with the outlier included and with the subject’s data replaced by the group mean. 

In both cases the same significant cluster was identified in right hemisphere, the middle 

occipital gyrus and middle temporal gyrus (BAs 18, 19, 39). Relations remained the same in 

that cluster with the outlier included (CON, r=−401; AE, r=.182) and replaced by the mean 

(CON, r=−411; AE, r=.181).

For spelling, two significant clusters were identified. For the left cluster, the inferior and 

middle temporal and fusiform gyrus (BA 20) were identified (CON, r=−388; AE, r=.181), 

and for the right cluster, the inferior and middle temporal and fusiform (BAs 20, 21) were 

also identified (CON, r=−504; AE, r=.422).

Discussion

We aimed to better understand academic functioning in children with histories of heavy 

prenatal alcohol exposure. Approaching this question from multiple perspectives, we 

compared children with histories of alcohol-exposure to typically developing children and 

determined that there were unique profiles of strengths and weaknesses, with a relative 

weakness noted on a more complex math subtest for alcohol-exposed children. An 

examination of academic difficulties based on currently operationalized criteria revealed that 

math deficits were significantly more common for alcohol-exposed children compared to 

typically developing children across definitions, although there were significant group 

differences in other domains as well that varied based on the criteria used. Intellectual ability 

was related to academic performance in both groups, and behavioral concerns appeared 

particularly relevant for higher order math abilities. Additionally, differential relations 

between surface area and academic performance were identified in children with and 

without prenatal alcohol exposure.
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Presence and Profile

Our results are consistent with previous literature which found that school-age children who 

have been prenatally exposed to alcohol perform significantly lower than typically 

developing peers across academic domains (Streissguth et al., 1990, Howell et al., 2006, 

O’Leary et al., 2013, Glass et al., 2015, Crocker et al., 2015). Children with prenatal 

exposure to alcohol demonstrated impairments on higher order mathematical reasoning as 

well as lower order functions such as basic numerical processing, basic calculations, 

proximity judgment, and cognitive estimation (Coles et al., 2009, Lebel et al., 2010, Crocker 

et al., 2015, Kopera-Frye et al., 1996, Meintjes et al., 2010; Jacboson et al., 2011). Using 

within-subjects methodology, we found that alcohol-exposed children performed worse on 

more complex and verbally mediated math tasks (math reasoning) compared to more simple 

calculations (numerical operations). This supports prior work indicating that alcohol-

exposed children have greater difficultly on tasks with higher cognitive demands 

(Kodituwakku et al., 2006) and suggests that there is added difficulty in understanding math 

problems presented as word problems.

Verbal academic skills have not been as comprehensively examined. We found that alcohol-

exposed children performed significantly worse than their demographically matched peers 

on spelling and reading tests, even after accounting for socioeconomic status and age. Prior 

research has found that alcohol-exposed children are impaired compared to controls on 

various aspects of verbal academic functioning (O’Leary et al., 2013, Streissguth et al., 

1994a, Rose-Jacobs et al., 2012, Glass et al., 2015), however most studies, including ours, 

utilize fairly simple tasks such as single word oral word reading or basic spelling. 

Potentially, alcohol-exposed children may struggle more on complex or cognitively 

demanding tests of reading reasoning or comprehension and would show levels of 

impairment more similar to those observed on the more complex math measures.

Considerations for Identification

We found that across different criteria, there was a higher number and percentage of alcohol-

exposed children who met criteria for academic difficulty on math subtests compared to 

typically developing children (almost four times the rate). If a cut-off of 1 SD is used, there 

are significant differences in numbers of individuals meeting criteria for all subtests, with 

higher rates in the alcohol-exposed group. Although the mean for a group may indicate 

average performance, considering the variability associated with prenatal alcohol exposure, 

understanding the rate of individuals meeting certain criteria may be another useful method 

of assessing performance. We found significant rates of academic dysfunction with over 

50% of children having deficits on at least one domain, suggesting a critical area of need.

Determining the best methodology for identifying children at risk of academic failure or the 

rate of academic performance deficits is a convoluted question with various stakeholders 

who may have distinct motives, including the individual school, the parent, the teacher, 

national policy, and service providers. New criteria to identify learning disabilities codified 

in the DSM-5 (American Psychiatric Association, 2013) specify a definition using a low 

achievement cut-off (~1 to 2.5SD). Very few studies have examined the prevalence rates of 

learning disorders in children with histories of alcohol exposure, however studies report 
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estimates of 17% – 35% of alcohol-exposed children have a diagnosis of a learning disorder, 

second only to the rate of ADHD which is estimated at between 40–90% in this population 

(Bhatara et al., 2006, Burd et al., 2003, Fryer et al., 2007). This is an important area of 

investigation as learning deficits are included in the criteria for the proposed diagnosis of 

neurobehavioral disorder associated with prenatal alcohol exposure (ND-PAE) (American 

Psychiatric Association, 2013) and satisfy the neurobehavioral impairment criteria in the 

updated clinical guidelines for diagnsoing fetal alcohol spectrum disorders (Hoyme et al., 

2016).

Relations of Behavior and General Intelligence

There are complex interactions between cognitive ability, behavioral functioning, socio-

emotional functioning, attention deficits, concomitant psychopathology, environmental 

supports, and access to services, all of which can influence academic outcomes (Kable et al., 

2015). Academic functioning was highly correlated with general intelligence in both groups. 

While the alcohol-exposed group may have academic performance commensurate with their 

cognitive abilities, there is evidence of successful intervention in other neurodevelopmental 

populations (Allor et al., 2010) and in children with prenatal alcohol exposure (Kable et al., 

2015), despite having lower intellectual functioning. Likewise, many children have 

behavioral concerns that contribute to disrupted school experiences (Burd et al., 2003, Kable 

et al., 2015, Streissguth et al., 2004). While we expected that behavioral concerns would be 

inversely correlated with academic performance for all domains, we found this was true for 

math in all children, and word reading in typically developing children. While correlation is 

non-directional, it may suggest that academic problems may persist even if behavioral issues 

are managed independently.

Neural Correlates

Consistent with the notion of math being particularly impaired in this population both in 

terms of the profile and increased rates of deficits, we identified several cortical surface area 

regions that were differentially related for controls versus alcohol-exposed children for math 

performance. Further, spelling was associated with two bilateral cortical regions in the 

temporal cortices. Reading, while impaired in alcohol-exposed children relative to controls, 

did not appear to have cortical surface area correlates and may relate to broader neural 

circuitry dysfunction or differential trajectories (Houston et al., 2014, Ashkenazi et al., 

2013). Further, there were no differential associations with cortical thickness, suggesting it 

may not be as sensitive an indicator for prenatal alcohol exposure (Gross et al., 2016) or the 

use of an alcohol-exposure group may not be as sensitive in detecting cortical effects of 

thickness as other continuous measures of alcohol exposure (Meintjes et al., 2014, 

Roberston et al., 2016).

The extant literature suggests that the parietal lobe, in particular the inferior parietal sulcus 

and superior parietal lobule, are associated with math (Dehaene et al., 2003, Ashkenazi et 

al., 2013), and the temporal lobe (both the temporal-parietal junction and inferior frontal 

gyrus) and perisylvian cortex are associated with spelling (Heim and Keil, 2004; Cloutman 

et al., 2009). We found a differential relation in the superior parietal lobe for math and 

inferior/middle temporal and fusiform gyrus for spelling. In typically developing children, 
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scores increased as surface area decreased in these regions. Longitudinal studies have shown 

that during typical adolescent development cortical surface area reductions occur as one 

ages, due in part to synaptic pruning and elimination that occurs during adolescence. Thus, a 

smaller cortical surface area may be a structural phenotype that is more mature and efficient 

(Wierenga et al., 2014). For math, we also found a differential relation in the lateral middle 

occipital gyrus, which was trending towards a similar negative relation in the control group, 

similar to other findings in the ventral occipitotemporal cortex (Ashkenazi et al., 2013) 

which may subserve more visually mediated math functioning.

In the alcohol-exposed group, the negative relations between surface area and performance 

seen in controls were not observed. There was generally no relation between surface area 

and math performance, and a positive relation for spelling performance in the right 

hemisphere. Relations between brain structure and function have been seen in terms of 

recruiting broader networks for numerical tasks and significant correlations between 

fractional anisotropy and math scores in the left parietal and left cerebellum for alcohol-

exposed children, however these studies did not assess relations with spelling or reading 

(Lebel et al., 2010, Meintjes et al., 2010, Santhanam et al., 2009). It is possible that the 

alcohol-exposed children have a delayed or atypical trajectory of brain development in areas 

contributing to poor performance (Ashkenazi et al., 2013, Moore et al., 2014) or the effect 

size may be smaller than we have power to identify.

Limitations

While this is one of the first studies to examine academic functioning within the alcohol-

exposed population in a comprehensive manner, these results must be interpreted in light of 

several limitations. All data were collected cross-sectionally so it is difficult to comment on 

the trajectory of academic deficits or expected outcomes, although we did correct for age in 

all analyses. Further, there are other factors that may influence academic achievement that 

were not explicitly assessed including quality of education, other comorbid psychiatric or 

medical diagnoses, home environment, history of stress or trauma, and classroom placement 

which are each important mediators of academic functioning and should be included in 

future studies.

Previous research has found family stability can be a critical protective factor for helping 

children with histories of prenatal alcohol exposure avoid adverse life outcomes (Streissguth 

et al., 2004). It is important to consider the inherent influence of environment on all 

outcomes, including academic performance. Additional research in this area should include 

methodology to investigate the influence of home environment on long-term outcomes and 

academic functioning. As the majority of children with prenatal alcohol exposure in our 

sample were no longer living with their biological parents, it is not possible to definitively 

separate the effects of prenatal alcohol exposure from that of adoption or foster care 

placements on school performance.

Many children with histories of heavy prenatal alcohol exposure also have other diagnoses, 

most commonly ADHD, which may also be associated with academic deficits in certain 

domains (Semrud-Clikeman et al., 1992). Given the study design it is difficult to disentangle 

the degree to which academic performance is affected by prenatal alcohol exposure or 
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ADHD, respectively. Therefore, we are limited in concluding specific causal relations 

regarding the etiology of academic performance as there are a variety of confounding 

factors. To partially evaluate the relations with ADHD and behavioral concerns, we used the 

CBCL as a metric of behavioral functioning, however future studies with larger samples 

sizes should address the contribution of concurrent psychopathology on academic 

functioning by investigating heterogeneous control or comparison groups to more 

systematically evaluate unique influences of factors contributing to academic functioning. 

Information from these factors and direct comparisons with other clinical populations (both 

with similar behavioral and intellectual profiles) may better inform the precise etiology of 

academic achievement deficits and also provide insight regarding effective interventions. In 

addition, many states use standardized testing for all students and these measures are 

normed across the United States in many different settings, school districts, and classrooms, 

and therefore having natural variability within our AE group may facilitate generalization.

While the WIAT-II subtests are co-normed, there are inherent differences between the 

subtests, with the math reasoning subtest having a limited time to respond, and relying 

heavily on verbally mediated instructions and working memory compared to the oral word 

reading test. These differences may contribute to the discrepancy in performance between 

academic domains. The ideal method for understanding the academic profile may be to have 

‘light cognitive load’ and ‘heavy cognitive load’ tasks for both reading and math to compare 

equivalent performances while minimizing the need for overlapping skills (word problems 

for math) (Moll et al., 2014).

Conclusion

This study extends previous findings of academic impairment in this population relative to 

controls and adds information regarding the profile of strengths and weaknesses within 

alcohol-exposed children by using within-subjects methodology. It substantiates the 

relatively sparse literature in the underlying neural correlates associated with alcohol-related 

dysfunction in academic achievement. As the definitions of learning disorders are 

implemented differently in each school district, uniformly identifying children with learning 

deficits may be challenging. However, regardless of the definition chosen, children with 

histories of prenatal alcohol exposure appear to have significantly higher rates of academic 

difficulties, which may necessitate additional attention and support.
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Figure 1. 
Two clusters (left superior parietal and right lateral/middle occipital gyrus) where there was 

a significant math (WIAT-II Math Composite) × group [alcohol exposure (AE), controls 

(CON) interaction]. Of note, the left cluster extends to the medial aspect. The right 

hemisphere math reasoning cluster is not shown as it approximates the right hemisphere 

math composite cluster. Two clusters (bilateral inferior and middle temporal, inferior gyrus) 

were also identified with a significant spelling (WIAT-II Spelling) × group interaction. 

Talairach coordinates, Broadmann area (BA) and area listed below. Follow up for each 

significant cluster are shown graphically.
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Table 1

Description of Wechsler Individual Achievement Test – Second Edition (WIAT-II) subtests used to assess 

academic performance.

Subtest Description

Word Reading Assesses single oral word reading fluency

Spelling Assesses the ability to provide written spelling of dictated words used in a sentence

Numerical Operations Assesses the ability to conduct paper and pencil computations of addition, subtraction, multiplication, and division

Math Reasoning Assesses the ability to reason mathematically by solving word problems that are simultaneously read out loud and 
presented visually

Math Composite A standardized composite score of the Numerical Operations and Math Reasoning subtests on the WIAT-II.
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Table 2

Descriptive data for demographic information, WIAT-II variables for children with heavy prenatal alcohol 

exposure (AE) and controls (CON).

Full Sample Imaging Subsample

Variable AE (n = 67) CON (n = 61) AE (n = 26) CON (n = 16)

Sex [n (% Female)] 23 (34.3) 28 (45.9) 7 (26.9) 6 (37.5)

Handedness [n (% Right)] 54 (80.6) 56 (91.8) 23 (88.5) 15 (93.8)

Race [n (% White)] 44 (65.7) 46 (75.4) 15 (57.7) 9 (56.3)

Ethnicity [n (% Hispanic)] 14 (20.9) 15 (24.6) 7 (26.9) 3 (18.8)

Age [M (SD)] 12.7 (3.23) 12.6 (3.06) 15.0 (1.11) 15.2 (1.37)

SES [M (SD)] 47.0 (13.30) 49.1 (12.80) 45.2 (13.82) 47.9 (11.03)

FSIQ [M (SD)] a,b 86.1 (15.59) 107.7 (13.31) 86.6 (15.66) 102.4 (13.97)

ADHD [n (% Positive)] 49 (73.1) 0 (0.0) 19 (73.1) 0 (0.0)

CBCL [M (SD)] a,b 65.6 (10.91) 42.0 (9.62) 63.8 (12.11) 40.6 (6.80)

Days between test and scan [M (SD)] b -- -- 11.3 (18.40) 29.8 (23.19)

FAS [n (%)] 12 (17.9) 0 (0.0) 6 (23.1) 0 (0.0)

Word Reading [M (SD)]a 94.7 (17.32) 105.9 (13.03) 94.7 (18.50) 101.6 (13.08)

Spelling [M (SD)]a 93.7 (18.06) 103.4 (14.35) 94.6 (17.77) 99.6 (11.51)

Numerical Operations [M (SD)] a,b 88.8 (18.61) 110.4 (15.58) 88.3 (20.70) 103.8 (13.45)

Math Reasoning [M (SD)] a,b 85.1 (18.13) 109.4 (15.41) 83.3 (19.15) 99.5 (12.80)

Math Composite [M (SD)] a,b 86.7 (18.10) 110.8 (16.3) 85.8 (19.94) 101.5 (12.82)

a
Significant group difference in the total sample (AE < CON, p < .05)

b
Significant group difference in the total sample (AE < CON, p < .05)

SES, Socioeconomic status, measured by Hollingshead; FSIQ, Full scale IQ composite score from the WISC-IV; ADHD, from a positive diagnosis 
on the the C-DISC-4.0; CBCL, Child Behavior Checklist Total Problem T-Score; FAS, Fetal Alcohol Syndrome.
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Table 4

Number of children in the alcohol exposed group (AE) and control group (CON) that met criteria for 

impairment (<1SD from normative sample mean, SS<85).

AE (n=67) CON (n=61)

Number of Domains <1SD from normative sample (SS<85)

 0 Domains [n (%)] 28 (41.8) 51 (83.6)

 1 Domain [n (%)] 13 (19.4) 5 (8.2)

 2 Domains [n (%)] 8 (11.9) 4 (6.6)

 3 Domains [n (%)] 8 (11.9) 0 (0.0)

 4 Domains [n (%)] 10 (14.9) 1 (1.6)

 Sum (1+ domains <85) 39 (58.2) 10 (16.4)

Does not include math composite as it comprises two subtests (numerical operations and math reasoning). Numbers are mutually exclusive (if a 
child met impaired criteria for 3 domains, they would not also meet criteria for meeting 1 domain), with exception of the sum across domains.
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Table 5

Correlations between WIAT-II variables and intelligence composite (FISQ) and behavioral concerns (CBCL) 

for children with heavy prenatal alcohol exposure (AE) and controls (CON).

Full Scale IQ (Composite Score) CBCL Total Score (T score)

AE

 Word Reading .636*** −205

 Spelling .655*** −166

 Numerical Operations .636*** −237

 Math Reasoning .727*** −249*

 Math Composite .659*** −263*

 CBCL Total Score −059 ---

CON

 Word Reading .656*** −327*

 Spelling .605*** −173

 Numerical Operations .605*** −169

 Math Reasoning .702*** −286*

 Math Composite .696*** −221

 CBCL Total Score −228 ---

Significant at *p< .05, **p< .01, ***p<.001. Respective outliers were removed by individual academic subtest, see text for details.
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