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Abstract

Background—Clinical and research advancements in the field of fetal alcohol spectrum

disorders (FASD) require accurate and valid identification of FASD clinical subgroups.

Objectives—A comprehensive neuropsychological battery, coupled with magnetic resonance

imaging, (MRI), MR spectroscopy (MRS), and functional MRI (fMRI) were administered to

children with fetal alcohol spectrum disorders (FASD) to determine if global and/or focal

abnormalities could be identified across the spectrum, and distinguish diagnostic subclassifications

within the spectrum. The neuropsychological outcomes of the comprehensive neuroimaging study

are presented here.

Methods—The study groups included: 1) FAS/Partial FAS; 2) Static Encephalopathy/Alcohol

Exposed (SE/AE); 3) Neurobehavioral Disorder/Alcohol Exposed (ND/AE) as diagnosed by an

interdisciplinary team using the FASD 4-Digit Code; and 4) healthy peers with no prenatal

alcohol. A standardized neuropsychological battery was administered to each child and their

primary caregiver by a psychologist.

Results—Use of the 4-Digit Code produced three clinically and statistically distinct FASD

clinical subgroups. The three subgroups (ND/AE, SE/AE and FAS/PFAS) reflected a linear

continuum of increasing neuropsychological impairment and physical abnormality, representing

the full continuum of FASD. Behavioral and psychiatric disorders were comparably prevalent
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across the three FASD groups, and significantly more prevalent than among the Controls. All

three FASD subgroups had comparably high levels of prenatal alcohol exposure.

Conclusions—Although ND/AE, SE/AE, and FAS/PFAS are distinct FASD subgroups, these

groups are not distinguishable solely by their neuropsychological profiles. While all children

within a group shared the same magnitude of neuropsychological impairment, the patterns of

impairment showed considerable individual variability. MRI, MRS and fMRI further

distinguished these FASD subgroups.
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While the focus of this report is to assess the neuropsychological, behavioral, and physical

features that distinguish three FASD clinical subgroups, these data are the product of a

larger, recently completed magnetic resonance imaging (MRI) (submitted for publication),

MR spectroscopy (MRS)1 , and functional MRI (fMRI)2 study of children with FASD. The

key objective of the neuroimaging study was to determine if brain abnormalities could be

detected between clinical subgroups along the full continuum of FASD. To conduct such a

study, one must be able to establish distinct FASD clinical subgroups, empirically confirm

they are distinct, and specifically describe how they are distinct. To establish these groups,

the FASD 4-Digit Diagnostic Code2 was employed. Thus, the primary question, and focus

of this report—Were three distinct FASD subgroups successfully established, and how are

they distinct? The establishment of these distinct groups was integral to the design and

interpretation of the separately reported MRI, MRS, and fMRI components of this study.

Presented below is the clinical rationale for the larger neuroimaging study and the essential

role of this neuropsychological component.

Fetal alcohol syndrome (FAS) is a permanent birth defect syndrome caused by maternal

alcohol consumption during pregnancy. FAS is defined by growth deficiency, a unique

cluster of minor facial anomalies, and central nervous system (CNS) dysfunction and/or

structural brain abnormalities.4 Not all individuals with prenatal alcohol exposure present

with CNS abnormalities, and not all who present with CNS abnormalities have FAS.

Recently, the term FASD was coined to depict the full spectrum of outcomes observed

among individuals with prenatal alcohol exposure. FASD is not a medical diagnosis. Rather,

medical diagnoses like FAS, Partial FAS, Static Encephalopathy/Alcohol Exposed (SE/AE),

Neurobehavioral Disorder/Alcohol Exposed (ND/AE), Alcohol Related

Neurodevelopmental Disorder (ARND)3,5,6 fall under the umbrella of FASD.

The degree of brain damage among individuals with prenatal alcohol exposure may vary

from microcellular and neurochemical aberrations to gross structural anomalies. Similarly,

neuropsychological/behavioral dysfunction varies along the full continuum from mild

developmental delay or learning disabilities to global developmental disability.

The neuropsychological/behavioral problems in this condition stem from the prenatal brain

damage. The specificity of the FAS facial phenotype to prenatal alcohol exposure lends
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credence to the clinical judgment that the neuropsychological and behavioral dysfunction

observed in individuals with FAS is due, at least in part, to brain damage caused by prenatal

alcohol exposure.7–9 Unfortunately without the unique facial phenotype of FAS or at least a

severe or clinically obvious expression of brain damage, the neurodevelopmental disabilities

of an individual with prenatal alcohol exposure often go unrecognized and inappropriately

served.10

Many individuals with prenatal alcohol exposure exhibit cognitive difficulties and

significant maladaptation that prevent them from leading productive, independent lives.11,12

Prior literature finds that regardless of overall intellectual level, most individuals show a

range of identifiable cognitive deficits—at a rate greater than that expected given their IQ.13

Executive functioning deficits have consistently been identified.14–17 Deficiencies in

attention are often viewed as hallmark features of prenatal alcohol exposure.18 Deficits in

complex visual-spatial skills, learning and memory, and a high prevalence and wide variety

of speech/language deficits have been documented.19 Difficulties in adaptive behavior have

consistently been noted10, 20–22 and risk of increased psychiatric disorders.12 The profile of

cognitive dysfunction among these individuals is highly variable, though there are some

commonalities in functional compromise among subgroups, and conceptual models of

overarching deficits have been proposed.23 However, no single behavioral phenotype

specific to alcohol teratogenicity has been described. Without a specific behavioral

phenotype, attributing an alcohol-exposed child’s dysfunction to brain damage is often

questionable at a clinical level.9 If indisputable evidence of brain damage (e.g., alterations in

neurostructure, neurometabolites, and/or neuroactivation) could be found in alcohol-exposed

individuals who present with neuropsychological deficits, but no physical features of FAS,

the “disability” of these individuals would be more clearly established, and could help them

qualify for needed services.

MRI, MRS, and fMRI offer non-invasive methods for in vivo assessment of

neuroabnormalities. An extensive FASD MRI research literature exists.24–27 A few FASD

studies utilizing fMRI and MRS have also been published.28–30 In general, many of these

FASD neuroimaging studies have found evidence of brain alterations among individuals

with full FAS, regardless of FASD diagnostic system used, but have not always found clear

evidence of brain alterations among nondysmorphic FASD subgroups. The majority of

FASD neuroimaging studies have enrolled study groups diagnosed or classified as FAS,

Fetal Alcohol Effects (FAE), Alcohol Related Neurodevelopmental Disorders (ARND), or

Prenatal Alcohol Exposed (PEA) prior to the establishment of comprehensive, case-defined

FASD diagnostic guidelines that are quickly becoming best practice.3,5,6 The specific

diagnostic criteria used to establish the FASD study groups (e.g., level of growth deficiency;

type, number and severity of facial anomalies; breadth and magnitude of neuropsychological

deficit; type of neurostructural anomaly present), were typically not reported. Absence of

rigorous diagnostic methods can lead to diagnostic misclassification and obscure distinctions

between FASD subgroups. Astley and Clarren31 and Hoyme et al32 have both confirmed,

using two large clinical datasets, that the majority of individuals diagnosed with FAS by a

gestalt approach lose that diagnostic classification when more rigorous diagnostic guidelines

are applied. Misclassification error impacts study validity and reduces the power of a study

to detect clinically meaningful differences between FASD subgroups.33 If specific
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diagnostic features that define the FASD study groups are not reported, this limits the ability

to compare outcomes across studies.

The recently completed MRI (submitted for publication), MRS1, and fMRI2 study was

designed to overcome these limitations by using a comprehensive, case-defined diagnostic

system. For this study, the FASD 4-Digit Diagnostic Code was used to establish three

distinct FASD clinical subgroups (FAS/PFAS, SE/AE, and ND/AE). The focus of this report

is to confirm and describe how these three FASD subgroups are clinically distinct. In

describing these three clinically distinct groups, their complex neuropsychological,

behavioral, and psychiatric profiles are revealed. This information is integral to the design

and interpretation of the separately reported MRI, MRS1, and fMRI2 components of this

study.

METHODS

Subjects and Study Groups

The protocol was approved by the University of Washington Human Subjects Review

Board. The three FASD groups were selected from among 1,200 patients previously

diagnosed by an interdisciplinary team in the WA State FAS Diagnostic & Prevention

Network (FAS DPN) of clinics using a practical, comprehensive diagnostic system called

the FASD 4-Digit Code.3 Briefly, the 4 digits of the FASD 4-Digit Code3,31 reflect the

magnitude of expression of the 4 key diagnostic features of FASD, in the following order:

1. growth deficiency,

2. FAS facial phenotype,

3. CNS structural/functional abnormalities, and

4. prenatal alcohol exposure (Figure 1).

The magnitude of expression of each feature is ranked independently on a 4-point Likert

scale, with 1 reflecting complete absence of the FASD feature and 4 reflecting a strong

“classic” presence of the FASD feature. Each Likert rank is specifically case defined. There

are 256 possible 4-digit diagnostic codes, ranging from 1111 to 4444. Each 4-digit

diagnostic code falls into 1 of 22 unique clinical diagnostic categories (labeled A through

V). Seven of the 22 diagnostic categories (4-Digit Categories A–C and E–H) fall broadly

under the designation of FASD (A. FAS/Alcohol Exposed, B. FAS/Alcohol Exposure

Unknown, C. Partial FAS/Alcohol Exposed, E-F. Static Encephalopathy/Alcohol Exposed,

and G-H. Neurobehavioral Disorder/Alcohol Exposed). The three FASD study groups in this

neuroimaging study represent these FASD diagnostic categories. This diagnostic system is

currently being used by a wide variety of diagnostic teams in the USA and other countries.

The control population for this study was selected primarily from a large cohort of children

enrolled at birth in a University of Washington study of typical development conducted

through the Department of Speech and Hearing Sciences. This registry has been maintained

over the years to serve as a source of healthy controls for studies throughout the University.

With the enrollment of each child in the FAS/PFAS group, a child matched on age (within 6
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months), gender, and race was randomly identified and invited to enroll from the eligible

SE/AE, ND/AE and Control populations. The enrollment goal was 80 subjects (20 per

group).

The study enrollment procedure produced a sample of 81 children of diverse ethnicity,

though with 60% Caucasian (Table 1). The age range (8 to 15.9 years) included the broadest

age range of children that could be administered a comparable psychometric assessment

battery and be reasonably capable of participating in the MR scanning. Each of the four

study groups had 16–24 subjects successfully balanced on age, gender, and race. The 61

children with FASD were highly representative of the entire clinic sample of 1,200 from

which they were drawn.

The diagnostic features specific to each group were as follows:

1. Children in Group 1 had a 4-Digit diagnosis of FAS or Partial FAS (FAS/PFAS)
(e.g., 4-Digit Diagnostic Categories A,B,C: with Growth Ranks 1–4, Face Ranks 3–

4, CNS Ranks 3 and/or 4, Alcohol Ranks 2–4) (Figure 1). Alcohol Rank 2

(unknown exposure) could only be present if the child had a diagnosis of full FAS

because the Rank 4 FAS facial features are so specific to prenatal alcohol

exposure.8,34 Since the only clinical difference between FAS and PFAS in this

study was the presence of growth deficiency in the former, the two groups were

combined. In summary, children in Group 1 had severe cognitive/behavioral

dysfunction and the FAS facial phenotype.

2. Children in Group 2 had a 4-Digit diagnosis of Static Encephalopathy / Alcohol
Exposed (SE/AE) (e.g., 4-Digit Diagnostic Categories E,F: with Growth Ranks 1–

4, Face Ranks 1–2, CNS Ranks 3 and/or 4, Alcohol Ranks 3–4). In summary,

children in Group 2 had severe cognitive/behavioral dysfunction, comparable to

Group 1, but did not have the FAS facial phenotype.

3. Children in Group 3 had a 4-Digit diagnosis of Neurobehavioral Disorder /
Alcohol Exposed (ND/AE) (e.g. 4-Digit Diagnostic Categories G, H: with Growth

Ranks 1–4, Face Ranks 1–2, CNS Rank 2, Alcohol Ranks 3–4). In summary,

children in Group 3 had prenatal alcohol exposure comparable to Groups 1 and 2,

but in comparison to Groups 1 and 2 had only mild to moderate cognitive/

behavioral dysfunction, and did not have the FAS facial phenotype.

4. Children in Group 4 (Healthy Controls / No Alcohol Exposure) were selected

based on parental report that the child was healthy, had no academic concerns, and

no prenatal alcohol exposure (e.g., 4-Digit Diagnostic Category V: with Growth

Ranks 1–2, FAS Face Ranks (no restrictions), CNS Rank 1, Alcohol Rank 1). In

summary, these were non-exposed, healthy, average to high-functioning controls.

Using the FASD terminology introduced by the Stratton et al11, the SE/AE group most

closely reflects ‘severe ARND’ and the ND/AE group most closely reflects ‘mild ARND’.
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Study Participation

Participation in the study involved five visits over a 4 to 6 week study period. The

neuropsychological and sociodemographic data were collected during visits 1 and 2. The

neuroimaging data were collected during visits 3 and 4. The outcomes of the

neuropsychological assessments were shared with the caregivers on visit 5, and submitted to

the child’s medical record with caregiver consent.

Sociodemographic and Clinical Assessment

A comprehensive sociodemographic and health/medication history of each child was

obtained by parent interview and record review. Information included birth data, growth,

and all prenatal and lifetime exposures and adverse events. For subjects with FASD, most

information was obtained at the time of their FASD diagnostic evaluation. The following

measures of maternal alcohol consumption were collected retrospectively, with a focus on

two time points (just before pregnancy and during pregnancy): a) average and maximum

number of drinks per drinking occasion, b) average number of drinking days per week, c)

type of alcohol consumed (beer, wine, liquor), and d) trimester(s) during which drinking

occurred. Although presence or absence of prenatal alcohol exposure was reliably

documented for all subjects; more detailed information such as quantity, frequency, and

duration of use was only available on 53 of the 65 alcohol-exposed subjects. This is not

atypical, as accurate, detailed alcohol histories are frequently unavailable on patients

presenting to a FASD diagnostic clinic. All controls had a reported absence of prenatal

alcohol exposure per birth mother report.

All children had a standardized digital facial photograph taken at the time of enrollment. The

facial photographs were analyzed using the FAS Facial Analysis Software35 to generate two

measures of the magnitude of expression of the FAS facial phenotype: 1) the ordinal 4-Digit

Code Facial Rank (1 to 4) and 2) the continuous FAS facial D-score.7 The D-score

documents the severity of the FAS facial phenotype on a continuous scale. The higher the

D-score, the more FAS-like the facial features. A D-score ≥ 0.8 is equivalent to a Rank 4

FAS facial phenotype.7

Neuropsychological / Psychiatric Assessments

A comprehensive, standardized assessment battery was administered to each child and their

primary caregiver by a psychologist masked to group assignment (Table 2). Based on an

extensive review of the prior literature, the assessment battery was designed to capture the

domains of potential neuropsychological deficit seen as the result of the typically diffuse

brain damage arising from alcohol teratogenesis.5,6,23,36–39

Magnetic Resonance Evaluation

The MRI, MRS, and fMRI components of this study are reported separately.1,2 Briefly, all

scans were acquired using a General Electric 1.5 Tesla scanner in the Diagnostic Imaging

Sciences Center (DISC) at the University of Washington. MRI was used to measure the size

of the following structures: total brain, frontal lobe, caudate, hippocampus, putamen; corpus

callosum, and cerebellar vermis.
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MRS1 was used to measure the concentrations of neurometabolites including:

1. choline, a marker of cell membrane stability and myelination,

2. N-acetyl aspartate, a neuronal or axonal marker, and

3. creatine, a marker of metabolic activity;

in three brain regions (frontal/parietal white matter, hippocampus, and an axial slice at the

level of the thalamus).

fMRI2 was used to assess neuroactivation in seven brain regions (anterior cingulate; anterior

and posterior parietal lobe; and the dorsolateral prefrontal, inferior frontal, middle frontal,

and precentral regions of the frontal lobe) during performance of N-back working memory

tasks. A brief summary of findings from the MRI, MRS and fMRI portions of the study is

presented in the Discussion section, with citations for readers interested in further detail.

Predicted FASD Subgroup Contrasts

The following clinical distinctions should exist between the subgroups enrolled in this study

based on: 1) the use of the FASD 4-Digit Code3 to classify each alcohol-exposed child into

one of three FASD clinical subgroups (FAS/PFAS, SE/AE, and ND/AE), and 2) prior

studies assessing the performance of the 4-Digit Code.7,31

Growth: The FAS/PFAS group should have the highest prevalence of growth

deficiency.

Face: The magnitude of expression of the FAS facial phenotype should be greatest

in the FAS/PFAS group, but will also increase linearly as one progresses from

Controls to FAS/PFAS.

CNS: Structural Abnormality. Head circumference should be smallest in the

FAS/PFAS group, but will also decrease linearly as one progresses from the

Control group to the FAS/PFAS group.

CNS: Magnitude of Neuropsychological Impairment. The FAS/PFAS and

SE/AE groups should be comparably impaired, and significantly more impaired

than the ND/AE and Control groups. The ND/AE group should be significantly less

impaired than the FAS/PFAS and SE/AE groups and significantly more impaired

than the Control group.

It is important to point out that the 4-Digit Code criteria used to rank brain dysfunction

(CNS Rank 1: no dysfunction; Rank 2: moderate dysfunction; Rank 3: severe dysfunction)

focus strictly on magnitude of dysfunction, not pattern of dysfunction. For example, a Rank

3 classification is defined by the presence of three or more domains of brain function, two or

more standard deviations below the population mean. The diagnostic criteria do not specify

which domains of function must be impaired. It is also important to note that the diagnostic

criteria for FAS/PFAS, SE/AE, and ND/AE do not specify how much prenatal alcohol

exposure must be reported. This follows a basic epidemiologic tenet; exposures and

outcomes should be documented independently to validly assess the relationship(s) between
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the two. Thus the pattern of neuropsychological dysfunction and level of prenatal alcohol

exposure will vary independent of the diagnostic criteria imposed on the FASD subgroups.

Statistical Analyses

Descriptive statistics (means, SDs, proportions) were used to summarize the

sociodemographic and clinical profiles of the four study groups (Tables 1, 3, 4). For

comparisons between groups, chi-square was used for categorical variables and ANOVA

was used for continuous variables. When ANOVA was employed, the overall f- statistic was

used to test if differences existed among the four group means. When the overall f-statistic

was statistically significant, the Duncan post hoc range test was used to identify which group

means differed. The Duncan test makes pairwise comparisons using a stepwise procedure.

Means are ordered from highest to lowest, and extreme differences are tested first. The

Duncan test sets a protection level for the error rate for the collection of tests. The Duncan

test identifies homogeneous subsets of means that are not different from one another. An a

priori test for linear trend was included in the ANOVA to determine if performance on the

neuropsychological assessments (mean standardized score) became increasingly more

impaired progressing across the four study groups from Control, to ND/AE, to SE/AE, to

FAS/PFAS. This trend would be anticipated based on the 4-Digit Code diagnostic criteria.

Two-tailed p-values of 0.05 were used throughout the analyses. Due to multiple comparison,

p-values should be interpreted accordingly.40,41 This study had 80% power or greater to

detect the following effect sizes at a two-tailed alpha level of 0.05; 1) A difference in means

equal to or greater than the standard deviation of the mean difference; 2) A 35-point or

greater difference in proportions between two groups.

RESULTS

The 4-Digit Code produced four clinically and statistically distinct study groups. The three

FASD clinical subgroups reflect a linear continuum of increasing neuropsychological deficit

and physical abnormality (e.g., growth deficiency and FAS facial features) across the full

continuum of FASD (Tables 1, 3, and 4). All three FASD subgroups had comparably high

levels of prenatal alcohol exposure.

Group Differences in Key FASD Diagnostic Features (growth, face, CNS, alcohol)

Growth—The prevalence and severity of growth deficiency generally increased as one

advanced across the four study groups from Controls to FAS/PFAS (Table 1). Height was

more impaired than weight.

Face—The FASD Facial D-Score revealed that the magnitude of the FAS facial phenotype

increased linearly across the four study groups demonstrating that the FAS facial phenotype

is not simply present or absent (Table 1). This was further illustrated by the Duncan post hoc

group comparisons. The magnitude of expression of the FAS facial phenotype was

significantly highest among the FAS/PFAS group. The magnitude of expression was

significantly lower in the SE/AE and ND/AE groups relative to the FAS/PFAS group, but

significantly higher than the Control group. It is also interesting to note that although the 4-

Digit Code criteria for the FAS facial phenotype requires the palpebral fissure length (PFL)
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to be 2 or more standard deviations below the population mean, the mean PFL for the FAS/

PFAS group is 3 SD’s below the mean.

CNS—By design, all subjects in the control group were without evidence of central nervous

system dysfunction (CNS Rank 1). However, all those in the ND/AE group had mild to

moderate dysfunction (CNS Rank 2) and all subjects in the SE/AE and FAS/PFAS groups

had evidence of severe CNS dysfunction / damage (CNS Ranks 3 and 4) (Table 1). Severe

dysfunction (CNS Rank 3) is defined by the presence of three or more domains (e.g.,

cognition, executive function, language, memory, attention, etc.) of brain function, two or

more standard deviations below the norm, as measured on standardized neuropsychological

tests, administered and interpreted by professionals. A Rank 3 classification does NOT

dictate which domains of function must be impaired. CNS Rank 4 signifies the presence of

structural brain abnormalities or frank neurological abnormality as determined by a clinical

neuroradiologist or neurologist. The CNS Rank 4 classifications in Table 1 reflect the Rank

4 classifications the children received at the time of their FASD diagnostic evaluation. They

do not reflect the new findings from this neuroimaging study. Nineteen subjects with FASD

(13 with FAS/PFAS and 6 with SE/AE) had a CNS Rank 4 classification at the time of their

FASD diagnostic evaluation. These clinical abnormalities were known prior to their

enrollment into the study. Of the 13 subjects with FAS/PFAS and CNS Rank 4: 11 had

microcephaly, 1 had hypogenesis of the corpus callosum (HCC), and 1 had microcephaly,

agenesis of the corpus callosum (ACC), and petit mal seizures. Of the 6 subjects with SE/AE

and CNS Rank 4: 4 had microcephaly, 1 had a seizure disorder and 1 had an abnormal

clinical MRI (heterotopias in the left temporal lobe as interpreted by a neuroradiologist).

Within our FASD participants, one subject with PFAS had agenesis of the corpus callosum

(ACC) and one subject with FAS had hypogenesis of the corpus callosum (HCC). That these

subjects had callosal abnormalities were known prior to study enrollment. Interestingly,

these two subjects with ACC/HCC are the only documented cases of ACC/HCC in the 2,040

patients with prenatal alcohol exposure diagnosed to date at the WA State FAS DPN clinics.

In a clinical database such as the FAS DPN, MRIs are typically only available when

clinically indicated (e.g., evidence of neurological abnormalities). Therefore, only 204

(10%) of the 2,040 patients evaluated at the FAS DPN had a previous MRI evaluation

summarized in their medical record and 76% of the 204 MRI evaluations were interpreted as

normal by the patient’s neuroradiologist. Although ACC/HCC has been observed in

individuals with FASD42, ACC/HCC is not specific to prenatal alcohol exposure. The

prevalence of ACC among developmentally disabled populations is estimated to be 2–3 per

100.43 Thus, a causal link between ACC/HCC and prenatal alcohol exposure in these two

individuals should not be assumed; nor can it be ruled-out.

Alcohol—Of the 65 alcohol-exposed subjects, 64 had confirmed prenatal alcohol exposure

and one with full FAS had an unknown exposure (Table 1). All controls had reported

absence of prenatal alcohol exposure by birth mother report. More detailed information on

quantity, frequency, and/or trimester of alcohol use was available on 53 of the 65 alcohol-

exposed subjects. Reported exposure ranged from 1 to 26 drinks per drinking occasion, 1 to

7 days per week, first trimester only to all three trimesters. The mean number of days per
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week of drinking during pregnancy (4 to 5 days), and the maximum number of drinks per

drinking occasion during pregnancy (12 to 14 drinks) were statistically comparable across

the three alcohol-exposed groups (Table 1). A significantly higher proportion of subjects

reported drinking all three trimesters as one advanced from the Controls to ND/AE to

SE/AE to FAS/PFAS.

Maternal use of illicit drugs during pregnancy was reportedly present in 45%, 58%, 67%,

and 0% of the FAS/PFAS, SE/AE, ND/AE and Control groups respectively. Use of illicit

drugs was not an exclusion criteria for enrollment into this study because of its very high co-

occurrence with prenatal alcohol exposure. Over 70% of the Washington State FAS DPN

diagnostic clinic population has documented prenatal exposure to illicit drugs. The three

FASD groups were also significantly more likely than the Control group to have other risk

factors, in addition to prenatal alcohol exposure, that could adversely impact their growth

and development (Table 1).

Group Differences in Neuropsychological, Behavioral and Psychiatric Outcomes

Key neuropsychological, behavioral, and psychiatric outcomes across the four study groups

are presented in Tables 3 and 4. Table 3 presents mean scores on each measure for each

group, reported as standard scores (or scaling appropriate for the instrument; e.g., T-scores

on the CVLT-C). Table 4 presents the proportion of subjects within each group who

performed in the impaired range on each measure. The “impaired range” was defined as 2 or

more standard deviations below the age-appropriate population mean.

Group Mean Differences—Performance did not vary significantly with age, gender, or

race. Inclusion of these covariates in between-group analyses confirmed they did not modify

the outcomes. Mean performance on all assessments decreased significantly and

incrementally as one advanced across the four groups from Controls, to ND/AE, to SE/AE,

to FAS/PFAS (Table 3). As anticipated given the diagnostic criteria, multiple comparison

tests confirmed that neuropsychological performance among the FAS/PFAS and SE/AE

groups was comparably impaired—but significantly more impaired than the ND/AE and

Control groups. The ND/AE group was almost always significantly less impaired than the

FAS/PFAS and SE/AE groups, and significantly more impaired than the Control group on

most standardized neuropsychological measures administered by the psychologists.

However, the ND/AE group did not show significant differences from the Control group on

direct testing measures of executive function. This was true even though caregiver report on

measures of adaptation, behavior problems, and behavior rating inventory of executive

functioning revealed comparable impairments in the ND/AE, SE/AE and FAS/PFAS groups,

in the clinically significant range, with significantly more impairment than seen in the

Control group. Psychiatric disorders were comparably prevalent across the three FASD

groups, and significantly more prevalent than among the Controls. ADD/ADHD occurred

most frequently. In interpreting these data, it is essential to remember that the subjects with

FASD had originally sought help in a diagnostic clinic, so this high prevalence of

psychiatric outcomes may not fully represent the population of all children with FASD.

Astley et al. Page 10

Can J Clin Pharmacol. Author manuscript; available in PMC 2014 October 07.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



The healthy, non-alcohol-exposed Control subjects showed significantly better performance

on most measures when compared to the three FASD study groups. The mean full scale IQ

of the healthy control group (123 + 7 SD) was higher than the population-based mean of 100

± 15 SD. This was not surprising since children with prenatal and postnatal risk factors were

screened out. Other population-based MRI and FASD-MRI studies enrolling healthy

controls have reported mean full scale IQs ranging from 110 to 127.44–46 Most FASD-MRI

studies do not report the IQ or neuropsychological profile of their healthy control

population. Interestingly, in spite of the Control group’s relatively high IQ, many of their

scores in the areas of memory, executive function, language, and adaptive behavior were, on

average, solidly within normal limits compared to age peers. It is also interesting to note that

the ND/AE group had a mean FSIQ (99.2 + 11.3 SD) equivalent to the population-based

mean, despite multiple prenatal/postnatal risk factors and parent-reported, significant

adaptive/behavioral deficits.

Prevalence of Impairment—When the data are examined by looking at the prevalence

of significant impairment on the various neuropsychological measures, compared across the

diagnostic groups, a somewhat different picture emerges than that seen by comparison of

group means alone (Table 4). For example, typically 20% to 50% of the children with FAS/

PFAS performed significantly below the population mean in any single domain of function.

A comparable prevalence of impairment was observed among the children in the SE/AE

group. The prevalence was markedly less in the ND/AE group and essentially absent in the

Control group. Of importance, the pattern of functional impairment varied among

participants, even when they were in the same FASD subgroup diagnostic classification.

While there was no consistent ‘profile’ of neuropsychological deficits, it was interesting to

note that children with prenatal alcohol exposure (including those in the ND/AE group), had

the greatest percentage of participants in the clinically impaired range on the following

specific scores: Rey Complex Figure Test–Copy and Delayed Recall; the IVA Response

Control Quotient; and the California Verbal Learning Test -Trial 1 Immediate Recall.

Children with prenatal alcohol exposure were more likely to score in the impaired range on

these tasks than on many of the more common executive function measures such as DKEFS,

Tower Trail Making, Verbal Fluency, and/or Sorting Test- or the Wisconsin Card Sorting

test.

Most children in the FASD groups had full scale IQs within or above the borderline range

(standard score > 70), but adaptive function was well below that expected for their level of

IQ (Table 4). Parent data from the Behavior Rating Inventory of Executive Function

(BRIEF) questionnaire reflect that parents of alcohol-exposed children on average rate their

children as falling in the range of clinical concern (>2 standard deviations from the

population mean) on everyday tasks requiring executive functioning, in contrast to direct

testing of executive functions on which many fewer children scored in the impaired range

(90% of the children with FASD fell in the impaired range based on parent report, while

only 34% were in the impaired range on the direct EF measure that had the highest

percentage of impaired scores (D-KEFS:Trails).
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DISCUSSION

Three clinically and statistically distinct FASD study groups were successfully established

using a comprehensive diagnostic system. Use of the FASD 4-Digit Code revealed three

FASD study groups (ND/AE, SE/AE and FAS/PFAS) that reflect a linear continuum of

increasing neuropsychological impairment and physical abnormality (e.g., growth deficiency

and FAS facial anomalies). This represents the full spectrum of FASD. Although ND/AE,

SE/AE, and FAS/PFAS are distinct FASD subgroups, a central finding of this study is that

they are not distinguishable solely by their neuropsychological profiles. While all children

within a group shared the same magnitude of neuropsychological impairment, no two

children necessarily shared the same pattern of impairment. The creation of these three

distinct FASD subgroups played a vital role in the interpretation of the MRI, MRS1, and

fMRI2 outcomes of this study. Concurrently, the MRI, MRS, and fMRI outcomes played a

vital role in further confirming the three FASD subgroups were clinically distinct.

While the neuropsychological, behavioral, and psychiatric profiles of the current FASD

group closely parallel those presented in the FASD literature23,47, the FASD literature

presents a somewhat mixed picture on whether significant neuropsychological differences

exist between FASD subgroups with and without the physical features of FAS or between

nondysmorphic FASD groups and healthy controls.17,48,49 The current study found clear

neuropsychological differences between these various groups. Most of the differences

observed between FASD subgroups, however, would not have been identified if the SE/AE

and ND/AE groups had been combined into one nondysmorphic FASD group (typically

referred to as ARND, FAE, or PEA in other studies).

Findings from the larger neuroimaging study further confirmed the distinction between these

three FASD subgroups, and the notion that children with FASD differ in important ways

from healthy, non-alcohol-exposed peers. The larger neuroimaging study also served to

further validate7,8,31,34 the measurement scales and procedures for diagnostic classification

used in the FASD 4-Digit Diagnostic Code. Data from the larger study revealed significant,

neurostructural neurometabolite1 and neuroactivation2 differences between FASD

diagnostic subgroups, and between nondysmorphic FASD subgroups and controls. For

example MRI data from the larger study reveal that the frontal lobe was disproportionately

smaller only in the FAS/PFAS group (the only group with the FAS facial phenotype as

defined by the 4-Digit Code) (Figure 1B). The frontal lobe and FAS facial features share the

same embryologic origin (the frontal nasal prominence.50 The caudate was

disproportionately smaller only in the FAS/PFAS and SE/AE groups (the only two groups

with severe neuropsychological impairment). Neurostructural abnormalities were also

observed in the ND/AE group. The prevalence of participants in the ND/AE, SE/AE and

FAS/PFAS groups with one or more brain regions found to be 2 or more standard deviations

below the mean size observed in the control group increased significantly and incrementally

from 43% to 58% to 75%. In addition, the prevalence/severity of structural brain

abnormality increased significantly as one progressed from CNS Rank 1 (no dysfunction) to

Rank 2 (mild-moderate dysfunction) to Rank 3 (severe dysfunction). Indeed, when these

CNS Ranks were first defined in 199731 the underlying principle was that as the magnitude

and breadth of functional impairment increased, the probability of underlying structural
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abnormality would increase. It is for this reason that the 4-Digit CNS Ranks 1, 2, and 3 were

labeled “unlikely”, “possible”, and “probable” underlying CNS abnormality respectively

(Figure 1A). MRS1 data from the larger study reveal the choline concentration (a marker of

cell membrane stability and myelination) in a frontal/parietal white matter region was

significantly lower only in the FAS/PFAS group. Finally, fMRI2 data reveal that

neuroactivation during a difficult “2-back” working memory task decreased significantly

and incrementally progressing across the four groups from Controls, to ND/AE, to SD/AE,

to FAS/PFAS. These neuroimaging reports and previous studies7,31 demonstrate that these

subgroup differences would not have been identified if the SE/AE and ND/AE groups had

been combined into one nondysmorphic FASD group, or if less rigorous diagnostic methods

and allowed the FAS/PFAS and SE/AE groups to be intermixed.

It is clear from the comprehensive neuroimaging study that MRI, MRS1, and fMRI2 can

illuminate underlying brain abnormality across the full spectrum of FASD in new and

important ways. What is learned about the teratogenic effects of alcohol on neurostructure,

neurometabolites, and neuroactivation may help to clarify why individuals exposed to

prenatal alcohol perform as they do on standardized neuropsychological measures. Certainly

these neuroimaging technologies also provide convincing evidence that cognitive and

behavioral deficits among those prenatally alcohol-exposed are, to an important extent,

“brain-based.” These physical findings validate the importance of detecting and diagnosing

the medical condition (and developmental disability) of FASD so that medication and

behavioral interventions can be appropriately employed.

If we can improve our ability to physically identify the presence of CNS abnormality across

the full spectrum of FASD, this may facilitate access to essential social and educational

services for those with FASD. In truth, in the absence of definitive physical evidence of

underlying organic CNS damage, it is often questioned whether individuals along the

spectrum are really impacted by their prenatal exposure. As Stratton et al.11 note in the

landmark Institute of Medicine report, not all individuals with FASD meet eligibility criteria

for educational, developmental disability or mental health services. This is because FAS,

and especially ARND, are typically not recognized as diagnostic labels in many existing

service systems. This is also because children with FASD often have neuropsychological

profiles that do not make them eligible for the services they actually need. The deficit

patterns of children with FASD are characterized by deficits across multiple domains, and

IQ scores may not reflect their full range of deficits or extent of functional compromise.

Children with FASD often do not receive test scores that are low enough to qualify for

services until their later elementary school (or even middle school) years, so many do not

qualify for intervention that occurs sufficiently early. Indeed, children with FASD may

receive services targeting disruptive or antisocial behavior, rather than services that more

appropriately address the complex cognitive and learning deficits that comprise the

foundation for their behavioral difficulties and problems in adaptive function. The clinical

literature suggests that these deficits have an increasingly debilitating effect as children

move into the elementary school years and beyond, interfering with successful daily

function.51
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FIG. 1.
A) FASD 4-Digit Diagnostic Code grid. FASD is defined by growth deficiency, specific

FAS facial features, evidence of CNS damage and prenatal alcohol exposure. The 4-Digit

Code ranks each of these areas on 4-point, case-defined, Likert scales. The 4-Digit Code

(3444) inserted in the grid is 1 of 12 codes that meet the diagnostic criteria for FAS.3 B)
FASD 4-Digit Code FAS facial phenotype (view image). The Rank 4 FAS facial phenotype

determined with the 4-Digit Diagnostic Code requires the presence of all 3 of the following

anomalies: (1) palpebral fissure length 2 or more standard deviations below the norm; (2)
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smooth philtrum (Rank 4 or 5 on the Lip-Philtrum Guide), an (3) thin upper lip (Rank 4 or 5

on the Lip-Philtrum Guide). Examples of the full Rank 4 FAS facial phenotype for

Caucasian, Native American, African American and Asian American children are shown.
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TABLE 2

Assessment battery administered to the four study groups

Soft Neurological Signs

  Quick Neurological Screening Test II (QNST-II)52

General Intellectual Function

  Wechsler Intelligence Scale for Children-Third Edition (WISC-III)54

Academic Achievement

  Wechsler Individual Achievement Test (WIAT) Basic Reading subtest54

  KeyMath Revised/NU: A Diagnostic Inventory of Essential Mathematics55

Visuospatial Skills, Visual Memory, and Organization

  Beery Buktenica Developmental Test of Visual-Motor Integration (VMI)56

  Rey Complex Figure Test (RCFT)57

Executive Function

  Delis-Kaplan Executive Function System (D-KEFS) Trail Making Test58

  Delis-Kaplan Executive Function System (D-KEFS) Tower Test58

  Delis-Kaplan Executive Function System (D-KEFS) Color-Word Interference Test58

  Delis-Kaplan Executive Function System (D-KEFS) Verbal Fluency Test: Standard Form58

  Wisconsin Card Sorting Test: Computer Version 3 (WCST) Research Edition59

Verbal Memory

  California Verbal Learning Test-Children’s Version (CVLT-C)60

Attention

  Integrated Visual and Auditory Continuous Performance Test (IVA CPT)61

Receptive and Expressive Language

  Test of Language Development-Intermediate: Third Edition (TOLD-I:3)
    • Sentence Combining subtest (subjects aged 8 to 10 years)

  Test of Language Competence-Expanded Edition (TLC- 1-Expanded) Level 1
    • Oral Expression: Recreating Speech Arts subtest (subjects aged 8 to 9 years)

  Test of Language Competence-Expanded Edition (TLC-2-Expanded) Level 263

    • Oral Expression: Recreating Sentences subtest (subjects aged 10 to 15.9 years)

  Test of Word Knowledge (TOWK)64

    • Conjunctions and Transition Words subtest (subjects aged 11 to 15.9 years)

Adaptive Behavior

  Vineland Adaptive Behavior Scales (VABS) Interview Edition, Survey Form65

Behavior Problems and Social Competence

  Child Behavior Checklist for Ages 6–18 (CBCL/6–18)66

Caregiver Report of Behaviors Related to Executive Function

  Behavior Rating Inventory of Executive Function (BRIEF)67

Psychiatric Conditions

  Computerized Diagnostic Interview Schedule for Children: Parent Form (C-DISC)68
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