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Abstract The internal validity of the proposed Neurobe-
havioral Disorder Associated with Prenatal Alcohol Expo-
sure (ND-PAE) was evaluated in children diagnosed with
either Fetal Alcohol Syndrome (FAS) or partial FAS who
were 3—10 years of age and had enrolled in a math inter-
vention study. Symptoms were coded as present or absent
using assessments conducted in the study, including stand-
ardized measures of neurocognitive and behavioral func-
tioning, parent interview, and direct observations of the
child. The number of endorsed ND-PAE symptoms was not
related to environmental factors but was moderately related
to the child’s age. ND-PAE symptoms were highly consist-
ent and this did not vary by age. Evidence suggested the
ND-PAE adaptive symptoms may be too restrictive and
only one symptom from this domain may be sufficient.
Impulsiveness was not related to an endorsement of the
ND-PAE disorder but research is needed with other clini-
cal groups to establish the discriminative validity of this
symptom.
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Introduction

The Diagnostic and Statistical Manual, 5th edition of the
American Psychiatric Association [1] included in the
Conditions for Further Study section, a disorder intended
to capture the range of mental health and developmental
problems associated with prenatal alcohol exposure (PAE),
referred to as Neurobehavioral Disorder Associated with
Prenatal Alcohol Exposure (ND-PAE). The proposed diag-
nostic criteria for this disorder were developed by survey-
ing the large body of evidence from experimental animal
research, longitudinal prospective human studies, and clini-
cal research documenting the teratogenic effects of PAE
throughout the lifespan [2]. ND-PAE can be diagnosed
either in the presence or absence of the physical effects of
PAE (i.e., a diagnosis of Fetal Alcohol Syndrome (FAS)
or partial FAS (pFAS)). The development of ND-PAE as
a mental health disorder marks an important step in the
appropriate identification and treatment of those individu-
als with a lifetime of behavioral and mental health prob-
lems associated with PAE [3].

For purposes of making this diagnosis, neurobehavioral
outcomes were clustered into three domains, each of which
needs to be endorsed to receive the ND-PAE diagnosis
[2]. These domains are as follows: (1) neurocognitive, (2)
self-regulation and (3) adaptive functioning. The neuro-
cognitive impairment (NI) domain includes five potential
symptoms (impairment in global intellectual functioning,
executive functioning, learning, memory, or visual-spatial
reasoning) of which only one has to be endorsed for the
domain to be endorsed. The self-regulation (SR) domain
includes three potential symptoms (impairment in mood or
behavioral regulation, attention deficits, or impulse control)
of which only one has to be endorsed. Finally, the adap-
tive functioning (AF) domain has four symptoms of which
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a minimum of two areas are needed for endorsement of the
domain. These include impairments in communication,
social, daily living skills and motor skills with at least one
of the two symptoms being either communication or social
impairments (AF 2 of 4 criteria). Although the symptoms
of ND-PAE have many shared features with other neurobe-
havioral disorders, the uniqueness of the proposed disor-
der is derived from the convergence of the three proposed
domains and subtleties of the symptoms. For example,
children with a history of PAE have social deficits result-
ing from being socially disinhibited as compared to chil-
dren with autism who are characterized as being “asocial”
or socially inhibited [4, 5].

For the condition to be accepted as a unique psychiat-
ric disorder, additional diagnostic and taxometric research
is still needed. Establishing the diagnostic coverage and
the homogeneity of symptoms are part of basic criteria
for evaluating psychiatric classification [6]. To establish a
latent trait of disorder severity, the symptoms should have
a high level of internal consistency and the rate of symp-
tom endorsement should vary as a function of endorsement
of the overall disorder. Establishing that each symptom
provides a unique contribution to understanding disorder
severity and that symptoms are not too highly correlated [7]
is also part of the process of assessing the internal validity
of the disorder as symptom endorsement should aid in dif-
ferentiating those meeting criteria for the overall disorder.

To examine the internal validity of the proposed disor-
der, we identified a group of individuals who were diag-
nosed with FAS or pFAS and had enrolled in a math inter-
vention study [8, 9] where an extensive assessment of their
neurobehavioral characteristics were obtained. Evidence of
each of the symptoms included in the diagnostic formula-
tion of ND-PAE was collected on these individuals. Indi-
viduals with alcohol-related neurodevelopmental impair-
ment often have different neurobehavioral expression of
the impact of PAE. Among the participants selected for this
study who were diagnosed with FAS or pFAS, we antici-
pated that there would be differences in the expression of
each of the ND-PAE symptoms that would allow a com-
parison of the cohesiveness of all of the symptoms and the
necessity of each symptom in the identification of the latent
trait of disorder severity. As there was no clear threshold for
symptom severity specified in the DSM-5 proposed diag-
nostic criteria other than for global cognitive impairment,
two possible criterion levels, 1.5 and 1.0 standard deviation
units (SD) from the mean on standardized measures of neu-
robehavioral functioning, were evaluated. Setting a level
of 2 SD was considered too restrictive and not represent-
ative of the characteristics of the population. In addition,
the impact of using one symptom from the adaptive func-
tioning domain (AF 1 of 4) or the recommended AF 2 of 4
criteria was also evaluated. Rate of symptom endorsement,
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shared variance with other symptoms and overall domain
endorsement as well as endorsement of the disorder, inter-
nal consistency, and utility in differentiating those meeting
criteria for the disorder from those who do not within this
sample were used as evaluation criteria to assess the inter-
nal validity of the proposed ND-PAE disorder.

Methods

Data from 56 participants between the ages of 3 and 10
years of age who enrolled in a math intervention study [8,
9] were used. Participants were identified from medical
records under a HIPAA partial waiver and recruited from
a multidisciplinary diagnostic clinic in the Atlanta metro-
politan area and were required to have been diagnosed with
FAS or pFAS. A physical examination was conducted on
all participants by a pediatric geneticist using a standard
pediatric dysmorphology checklist [10], where character-
istics associated with the disorder are listed and weighted
based on their saliency for the FAS diagnosis (e.g., hypo-
plastic philtrum, small palpebral fissures, and thin ver-
million receive 3 points and clindactyly receives 1 point).
Scores > 10 are assumed to indicate significant alcohol-
related dysmorphology. Additional details on the diagnos-
tic clinics methods are available [11]. Participants were not
required to have a math disability to enroll in the interven-
tion as the intervention was designed to enrich children
in the area of math development in order to prevent math
disabilities.

To participate, children were also required to have a sta-
ble home placement for the 6 months before enrollment and
throughout the study. Participants were excluded if cogni-
tive functioning was in the Moderate or Severely Intellec-
tually Deficient range or if they had other mental health
problems that may have interfered with their ability to ben-
efit from academic instruction (i.e., autism). Children who
had a dual diagnosis of attention deficit/hyperactivity dis-
order (ADHD) were not excluded. After an initial screen-
ing, qualifying guardians completed a consent procedure
approved by the Human Subjects Committee of the Emory
University School of Medicine.

Children received comprehensive neurodevelopmental
assessments over the course of the intervention. Assess-
ments were done during two pretest assessment sessions,
again at post-test 1 conducted approximately 30 days after
completing the intervention, and finally, at post-test 2 con-
ducted 6 months after completing the intervention. Meas-
ures of behavioral and academic functioning were obtained
at each assessment but only those collected at baseline were
used for this analysis. Other measures collected at one of
the post-test assessments were used for this analysis as
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indicated below. Additional details regarding the partici-
pants, recruitment and data collection are available [8, 9,
12].

Symptom Mapping

A symptom map was created from the available data and
coded relative to the presence or absence of each of the
ND-PAE symptoms using the >1.0 and >1.5 SD cut-off
values relative to the reference samples of a given standard-
ized test. For some symptoms, evidence was obtained from
clear documentation of a problem in a given area or from
tester ratings of problems with the child’s behavior dur-
ing the assessment process. Details regarding the measures
selected to provide information for each of the symptoms
are discussed below. Endorsement of a symptom required
only one positive endorsement on the measures collected
related to each symptom. The specific measures used and
the percentage of endorsements among participants for
each measure are provided by cut-off level in Supplemen-
tary Table 1.

Neurocognitive Domain Measures

To assess global intellectual impairment, the Differen-
tial Ability Scales (DAS) [13], which was administered to
all participants, and the Kaufman Brief Intelligence Test
(K-BIT) [14], which was administered to participants who
were 5 years of age and older, were used. The DAS is a
nationally standardized test of children’s cognitive status.
Performances on specific processing tasks are aggregated
into cluster scores of the child’s verbal, nonverbal, and spa-
tial cognitive skills. Finally, an index of the child’s over-
all cognitive functioning (the General Conceptual Ability
score, GCA) is generated. The K-BIT is a screener test
of intellectual functioning skills consisting of 2 subtests,
which yield Vocabulary, Matrices, and Composite 1Q
scores. The GCA from the DAS and the K-BIT IQ Com-
posite scores were used to assess impairments in global
intellectual functioning. As per the criteria specified in the
DSM-5 [1], scores of less than 70 were considered positive
for endorsing impairment in global intellectual functioning.

Assessment of executive functioning skills was limited
to the Metacognitive Index of the Behavior Rating Inven-
tory of Executive Functions Parent Report Form (BRIEF)
[15]. The BRIEF is a standardized rating scale designed
to assess executive function skills in everyday life. The
test consists of eight subscales (Inhibit, Shift, Emotional
Control, Initiate, Working Memory, Plan/Organize,
Organization of Materials, and Monitor) and three sum-
mary index scores (Global Executive Function, Behav-
ioral Regulation, and Metacognition). The Metacogni-
tive Index (MI) was used to assess executive functioning

skills as this assesses the child’s cognitive inhibitory
control and ability to plan, organize, and sequence. The
overall executive functioning summary score from this
measure was not used as it combines information from
the MI and the Behavioral Regulation Index (BRI), which
assesses behavioral control or self-regulation.

All children were administered the Test of Early Math-
ematical Ability [16] and the Test of Early Reading Abil-
ity, 2nd edition [17]. These are standardized tests for
children that assess mathematical or reading concepts,
respectively. For children who were 5 and older, the Key-
Math-R/NU [18] was also administered to assess math-
ematical skills. In addition, endorsement on a pretest
structured parent interview of receiving special educa-
tion services, having an individualized educational plan
(IEP), or repeating a grade was also a positive indicator.

To assess impairment in working memory, the Audi-
tory Working Memory (AWM) subtest of the Woodcock-
Johnson Tests of Cognitive Abilities [19] was admin-
istered. This test gives the child a list of numbers and
words and requires the child to repeat them back listing
the words first in alphabetical order and the numbers in
numerical order. From the Wechsler Intelligence Scale
for Children, 3rd edition, Processing Instrument [20],
Letter Span and Spatial Span were administered to chil-
dren who were 6 years of age and older. The Letter Span
subtest consists of strings of letters that the child is asked
to repeat back and is recognized as an index of short-term
working memory. The Spatial Span subtest has two con-
ditions that are then aggregated for a total score. The For-
ward condition is also recognized as measure of short-
term memory skills in that it requires the participants to
replicate a series of taps on blocks randomly distributed
on a board. The Backward condition requires the partici-
pant to reverse the series of taps and is recognized as a
measure of working memory skills.

Impairment in visual-spatial reasoning was assessed
using the DAS Nonverbal and Spatial Cluster and the
K-BIT Matrices scores as described above. In addition,
the Spatial Relations and Visual Matching subtests from
the Woodcock-Johnson, III Tests of Cognitive Func-
tioning [19] were also used. The Spatial Relations task
requires a child to identify two or three pieces from a
designated target shape and is considered a measure of
visual-spatial reasoning. The Visual Matching subtest
requires the child to make visual symbol discrimina-
tions as quickly as possible and is considered a measure
of cognitive efficiency within the visual-spatial domain.
Finally, the Visual Perception component of the Devel-
opmental Test of Visual-Motor Integration, 4th edition
[21] was administered to all participants. This test asks
participants to identify which of a series of pictures most
closely resembles a target picture.
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Self-Regulation Domain Measures

To assess impairment of mood and behavioral regulation
symptoms, the Behavioral Regulation Index (BRI) from the
BRIEF was used. The BRI captures the child’s ability to
shift cognitive set, modulate emotions, and exert appropri-
ate inhibitory control over their behavior. It is comprised
of the Inhibit, Shift, and Emotional Control clinical scales.
The Total Problems scale from the Child Behavior Check-
list [22, 23] was also used to assess behavioral regulation
problems. In addition to the Total Problems score, sum-
mary scores are reported for Internalizing and External-
izing Problem Behaviors. Finally, tester ratings of anxiety
and overall inappropriate behavior on the DAS Informal
Behavior Scale were also used to assess mood and behav-
ioral regulation symptoms. The tester was required to delin-
eate whether or not the child was more like one of two
behavioral traits with five boxes between the two traits.
Positive endorsement of anxiety (calm vs. anxious) or prob-
lems with behavioral regulation (behaves appropriately vs.
behaves inappropriately) symptoms during testing were
considered endorsements of symptoms of impairment of
mood and behavioral regulation.

To assess impairment in attentional regulation, the Vis-
ual Attention subtest from the NEPSY [24] was used. This
test is a cancellation task that requires the child to mark out
a designated picture or sequence of pictures from a model.
The Attention and DSM ADHD scales from the CBCL
were also used. In addition, a positive report of a medical
diagnosis of ADHD or evidence of ADHD medications
was considered positive endorsement of this symptom. On
the DAS Informal Behavior Scale, tester ratings of distract-
ibility (attentive vs. distractible) were considered endorse-
ments of problems in attentional regulation skills. Previous
research has suggested that tester reports of ADHD symp-
tomatology are valid and correlate with parent and teacher
assessments [25].

Finally, to assess impairment in impulse control, the
Rule Breaking and Aggression subscales from the CBCL
were used. Also, on the DAS Informal Behavior Scale,
tester ratings of being fidgety (lethargic vs. fidgety),
impulsive (deliberate vs. impulsive), and being haphazard
(methodical vs. haphazard) were considered endorsements
of problems in impairments in impulse control.

Adaptive Functioning

The Vineland Adaptive Behavior Scale, 2nd edition
(VABS: [26]), a widely used standardized measure of adap-
tive functioning that is well normed, was used. The Par-
ent/Caregiver Rating Form, allows parents to rate adaptive
functioning in the following areas: communication, daily
living skills, socialization, and motor skills. An overall
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composite score of adaptive skill functioning is also gen-
erated. To assess deficits in adaptive communication, the
VABS Communication score was used. In addition, the
Figurative Language subtest of the Test of Language Com-
petence-Expanded Edition [27], which was given at the
6-month post-test, was used for children 5 years and older.
This subtest assesses the pragmatic use of language by ask-
ing the child to explain figurative phrases.

To assess social impairment, the VABS Socialization
score was used as well as the CBCL Social Competence
scale. In addition, two summary scores (Social Skills and
Problems) from the Social Skills Rating System (SSRS)
[28], a parent report measure of the child’s social function-
ing, was used. To assess impairment in independent living
skills, the VABS Daily Living Skills and the CBCL Total
Competence score were used. Finally, to assess impairment
in adaptive motor functioning, the VABS Motor Domain
score and the Developmental Test of Visual Motor Integra-
tion (VMI) [21], which assesses graphomotor skills, were
used.

Each of the measures used as described above serves to
operationalize the ND-PAE symptoms for purposes of this
study but is not the same as conducting a comprehensive
clinical assessment where clinical judgement is used to
evaluate a complex array of information, including formal-
ized assessments, client history and interviews, and reports
from other’s in the client’s life. Each operationalization
of the ND-PAE symptoms does serve to approximate this
clinical judgement by incorporating information available
from this pre-existing dataset.

Statistical Analysis

The final result of the symptom mapping was a set of 12
binary coded symptoms indicating endorsement of the
symptom or not. Comparisons of the endorsement rates for
each measure, symptom, domain, and ND-PAE disorder
were computed using the four proposed methods of classifi-
cation. Inter-correlations of symptoms were then computed
and examined for negative relationships, which would sug-
gest the symptom may not belong in the diagnostic formu-
lation, and relationships that were too highly correlated [7],
suggesting redundant information. Each of the 12 proposed
symptoms were then related to the three domains and the
overall endorsement of the ND-PAE disorder. Cronbach’s
alpha, a measure of internal consistency, was computed for
symptoms. A discriminative validity analysis of all symp-
toms relative to endorsement of the ND-PAE disorder or
not was then done. Finally, receiver operating characteris-
tic curves (ROC) were constructed for the 12 symptoms to
assess the contribution of each item in accurately discrimi-
nating those positive for the ND-PAE disorder from those
not meeting criteria. Although we anticipated a high rate
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of endorsement of ND-PAE symptoms and endorsement
of the overall diagnosis in the sample given that all par-
ticipants included in this study were alcohol-affected and
had met criteria for a FAS or pFAS clinical diagnosis, we
anticipated some differences in the expression of each of
the ND-PAE symptoms and that not all individuals would
meet criteria for the disorder. Frequency of endorsed symp-
toms was also analyzed for differences in gender, ethnicity,
age, and family characteristics.

Results
Sample Characteristics

The mean age of the participants was 6.4 years (SD=2.0)
with 26.8% of the sample being less than 5 years, 32.1%
falling between 5 and <7 years, and 41.1% being 7 years
or older. The sample was 55.4% male. Thirty-nine percent
were Caucasian and 57.1% percent were African American.
Children were placed predominantly in adoptive homes
66.0% with a non-relative. The average number of adults
in the home was 1.8 (SD=0.8) and the average number
of children was 1.7 (SD=1.7) with incomes ranging from
35,000 to 49,999 USS. Participants had an average birth

weight of 2,402.5 (SD=863) grams and a DAS GCA of
81.6 (SD=13.7). Participants also had an average dysmor-
phia checklist score of 15.5 (SD=6.8) on a scale where
scores of 10 or higher are indicative of significant levels of
alcohol-related physical features. Additional details regard-
ing the sample are available [8, 9, 12].

Endorsement Rates for Symptoms, Domains,
and ND-PAE Disorder

The rate of endorsement for each symptom, domain, and
ND-PAE disorder were computed and are displayed in
Table 1 for both cut-off values and methods of endorsing
the AF symptoms. Using AF 1 of 4 criteria, 82.1% received
an endorsement for the ND-PAE disorder using cut-off
value of 1.5 SD and 89.3% using a cut-off value of 1.0 SD.
Using the AF 2 of 4 criteria, 60.7% received an endorse-
ment for the disorder using cut-off value of 1.5 SD and
83.9% using a cut-off value of 1.0 SD.

Symptom Characteristics
Table 2 displays the phi coefficients, a measure of associa-

tion for binary measures, of the proposed ND-PAE symp-
toms. Coefficients in the top half of the matrix reflect the

Table 1 ND-PAE symptom and domain endorsement by cut-off values used on standardized measures

Domain Specific symptom % Positive endorsement % Positive
(1.5 SD) endorsement
(1.0 SD)
Specific symptom endorsement
Neurocognitive Global Intellectual Functioning (NI_1) 26.8 26.8
Neurocognitive Executive Functioning (NI_2) 51.8 60.7
Neurocognitive Impairment In Learning (NI_3) 80.4 87.5
Neurocognitive Impairment In Memory (NI_4) 339 51.8
Neurocognitive Impairment In Visual-Spatial Reasoning (NI_5) 64.3 83.9
Self-regulation Impairment In Mood and Behavioral Regulation (SR_1) 85.7 89.3
Self-regulation Attention Deficit (SR_2) 82.1 929
Self-regulation Impairment In Impulse Control (SR_3) 69.6 76.8
Adaptive functioning Adaptive Communication Deficit (AF_1) 554 71.4
Adaptive functioning Adaptive Social Impairment (AF_2) 64.3 82.1
Adaptive functioning Adaptive Impairment In Daily Living (AF_3) 48.2 73.2
Adaptive functioning Adaptive Motor Impairment (AF_4) 339 53.6
Overall domain and diagnostic endorsement
Neurocognitive 1 symptom (NI) 92.9 96.4
Self-regulation 1 symptom (SR) 94.6 96.4
Adaptive functioning 2 of 4 symptom (AF 2 of 4) 60.7 85.7
ND-PAE dagnosis 3 Symptoms (AF 2 of 4) 60.7 83.9
Modified AF criteria
Adaptive functioning 1 symptom (AF 1 of 4) 83.9 94.6
ND-PAE diagnosis 3 Symptoms (AF 1 of 4) 82.1 89.3
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Table 2 Inter-correlations or phi coefficients of the ND-PAE symptoms by cut-off values used on standardized measures

Inter-correlations of the ND-PAE Symptoms*

NI_1 NI.2 NIL3

NI_1:Global IQ - 0.10  0.20
NI_2: Executive Functioning -0.01 - 0.15
NI_3: Learning 0.11 0.14 -
NI_4: Memory 0.10 0.1 -0.04
NI_5: Visual Spatial 027 044 0.28
SR_1: Mood and Behavioral Regulation 0.21 043 0.04
SR_2: Attention Deficit 0.17 035 0.11
SR_3: Impulse Control 0.05 0.08 0.05
AF_1: Communication 0.29 0.14 0.24
AF_2: Social 0.07 029 -0.04
AF_3: Daily Living 028 034 0.14
AF_4: Motor 0.40 0.06 0.08

NI 4 NILS5S SR1 SR2 SR3 AF.1 AF 2 AF.3 AF 4
025 045 013 018 005 038 0.11 022 033
039 025 032 030 022 021 040 029 0.01
0.16 019 006 036 007 028 019 -0.06 0.07
- 030 029 033 006 049 030 044 0.04
036 - 023 033 008 031 022 020 0.14
036 048 - 034 029 015 044 029 0.08
029 045 058 - 030 033 024 026 04
006 0.11 022 018 - 003 032 0.09 -0.02
026 037 029 013 021 - 038 051 0.11
0.11 0.18 0.14 005 019 012 - 0.35 -0.10
022 028 044 015 -005 042 046 - 0.21
-0.11 0.28 0.14 002 -0.09 -0.03 0.13 0.17 -

*Coefficients above the dotted lines are those obtained from using a cut-off value of 1.5 on standardized measures and those below the line are
obtained from using a cut-off value of 1.0 on standardized measures. Statistically significant association (p <.05) are bolded and associations

within domains are shaded

relationships using the 1.5 cut-off value and those in the
lower half reflect the relationships using the 1.0 cut-off
value. For the symptoms endorsed based on both the 1.0
and 1.5 SD cut-off value, low to moderate associations or
non-significant associations were found among symptoms,
suggesting little symptom redundancy.

Overall internal consistency of symptom endorsement
resulted in a Cronbach’s alpha of 0 0.77 (F (11,605)=13.4,
p<.000) for the cut-off value of 1.5 SD and 0.74 (F
(11,605)=14.8, p<.000) for the cut-off value of 1.0 SD,
suggesting that the differential cut-off value had little
impact on shared variance among the symptoms. Cron-
bach’s alpha level was also examined across three age cat-
egories (3 to <5 years, 5 to <7 years, and >7 years) and the
results indicated no significant difference in internal con-
sistency by age group.

Diagnostic Formulations of Symptoms

Table 3 contains correlations of the proposed ND-PAE
symptoms with domains of impairment, relative to AF 1 of
4 and AF 2 of 4 criteria, and endorsement of the ND-PAE
disorder for both cut-off values. Relationships between
symptoms in a specific domain were generally stronger
than relationships from another domain for SR and AF
symptoms, regardless of criteria used for categorization. NI
symptoms had more variability in correlations with other
NI symptoms and other domain symptoms across the two
cut-off values evaluated. Table 4 displays the inter-correla-
tions using phi coefficients of domains of impairment and
endorsement of the ND-PAE disorder by the four meth-
ods of classification. Positive endorsement of adaptive
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functioning deficits was often highly confounded with
meeting criteria for the disorder (AF 1 of 4, 1.5 SD Cut-off:
r=0.94; AF 2 of 4, 1.5 SD Cut-off: r=1.0 and AF 2 of 4,
1.0 SD Cut-off: r=0.93).

Symptom Discriminative Power by Diagnostic
Formulation Classification Method

The discriminative power of each symptom was evaluated
by assessing to what extent each symptom contributed to
making the overall diagnosis. If a symptom was not needed
or irrelevant to making the diagnosis, then endorsement
of the symptom would not be related to whether or not an
individual had the diagnosis. Although this type of analy-
sis is often done in evaluating each symptoms capacity to
differentiate those with a specific disorder of interest (ND-
PAE in our case) from other disorders or typically develop-
ing controls, in this study it was done within a pool of chil-
dren who were all prenatal alcohol-affected of which some
met the criteria for the disorder, as defined in this study,
or not. Table 5 displays the group means of each of the 12
symptoms from discriminant function analyses by the four
methods of classification relative to those who received the
endorsement of the disorder or not. For the 1.5 cut-off level
using the AF 1 of 4 criteria, group differences were found
on all of the neurocognitive measures, one of the self-regu-
lation symptoms (attention), and three of the adaptive func-
tioning symptoms (communication, social, and adaptive
living). There was a trend for group differences on adap-
tive motor functioning. A canonical correlation of 0.72 was
found ( (12)=35.0, p <.000) among symptoms and 91.3%
(n=42) of those endorsed with the disorder were correctly
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Table 4 Inter-correlations or
Phi coefficients of domains

of impairment and ND-PAE
status by cut-off values used on

standardized measures

NI SR AF 1 of 4 ND-PAE_ AF2of4 ND-PAE
AF 1 of 4 AF2
of 4
Inter-correlations of Domains of Impairment and Diagnostic Status (1.5 SD)
Neurocognitive impairment (NI) - 0.55 0.45 0.60 0.20 0.20
Self-regulation impairment (SR) - 0.54 0.51 0.30 0.30
Adaptive impairment (AF) - 0.94 - 1.0
Inter-correlations of Domains of Impairment and Diagnostic Status (1.0 SD)
Neurocognitive impairment (NI) - —-0.04 0.38 0.56 0.47 0.44
Self-regulation impairment (SR) - —0.05 0.56 0.20 0.44
Adaptive impairment (AF) - 0.69 - 0.93

Table 5 Equality of group means between those endorsed with ND-PAE or not by classification method

Symptom

Threshold 1.5 symptoms
(AF 1 of 4) test-statistic

Threshold 1.5 symptoms
(AF 2 of 4) test-statistic

Threshold 1.0 symptoms
(AF 1 of 4) test-statistic

Threshold 1.0 symptoms
(AF 2 of 4) test-statistic

Global 1Q (NI_1)_

Executive Functioning (NI_2)
Learning (NI_3)

Memory (NI_4)

Visual Spatial (NI_5)

Mood & Behavioral Regulation
(SR_1)

Attention Deficit (SR_2)
Impulse Control (SR_3)
Communication (AF_1)
Social (AF_2)

Daily Living (AF_3)
Motor (AF_4)

F (1,54)=4.67, p<.035
F (1,54)=9.68, p <.003
F (1,54)=7.85, p<.007
F (1,54)=6.79, p<.012
F (1,54)=6.76, p<.012
F(1,54)=2.48, p<.121

F (1,54)=9.76, p<.003
F(1,54)=0.52, p<.473
F (1,54)=11.93, p<.001
F (1,54)=20.90, p <.000
F (1,54)=7.87, p<.007
F (1,54)=3.18, p<.080

F (1,54)=10.5, p <.002
F (1,54)=6.2, p<.016
F(1,54)=13, p<.256
F (1,54)=11.7, p<.001
F (1,54)=9.8, p<.003
F (1,54)=10.5, p <.002

F (1,54)=5.1, p<.028
F (1,54)=0.35, p<.852
F (1,54)=68.9, p <.000
F (1,54)=34.0, p <.000
F (1,54)=35.5, p<.000
F (1,54)=4.2, p<.046

F(1,54)=2.5,p<.12
F(1,54)=2.1, p<.15
F(1,54)=2.7,p<.11
F(1,54)=0.9, p<.347
F (1,54)=15.9, p <.000
F (1,54)=13.0, p<.001

F (1,54)=7.7, p<.008
F(1,54)=2.7, p<.104
F (1,54)=23.1, p<.000
F (1,54)=13.1, p<.001
F (1,54)=13.1, p<.001
F(1,54)=3.8, p<.057

F (1,54)=4.1, p<.049
F (1,54)=7.3, p<.009
F(1,54)=0.9, p<.345
F (1,54)=3.9, p<.054
F (1,54)=15.3, p<.000
F (1,54)=15.9, p <.000

F(1,54)=3.8, p<.057
F(1,54)=2.7, p<.103
F (1,54)=8.5, p<.005
F (1,54)=47.6, p<.000
F (1,54)=32.6, p<.000
F (1,54)=8.7, p<.005

*Symptoms that significantly differed between those diagnosed or not diagnosed are bolded

classified and 90.0% (n=9) of those without the disorder
were correctly classified in a discriminate function analysis
combining all of the 12 symptoms.

For the 1.5 cut-off level using the AF 2 of 4 criteria,
neurocognitive symptoms differed in all but the learning
impairment symptom between those meeting criteria for
ND-PAE and those who did not. For the self-regulation
symptoms, significant group differences were found in
symptoms of mood/behavioral regulation and attentional
impairment by diagnostic status. All adaptive functioning
symptoms differed by diagnostic status. Discriminate func-
tion analysis resulted in a canonical correlation of 0.91 (y
(12)=86.2, p<.000) among symptoms and correct classifi-
cation of 97.1% (n=33) of those with and 100% (n=22) of
those without the disorder.

In the 1.0 cut-off level using the AF 1 of 4 crite-
ria, neurocognitive impairment was less differenti-
ated between those with and without an endorsement
for ND-PAE. Group differences were found only on the
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visual-spatial impairment for the neurocognitive symp-
toms, two of the self-regulation symptoms (mood/behav-
ioral regulation and attention), and three of the adaptive
functioning symptoms (communication, social, and adap-
tive living). A trend for a group difference was also found
on adaptive motor functioning. A canonical correlation
of 0.79 was found (y (12) =46.4, p<.000) for the symp-
toms. Correct classification from the discriminant func-
tion analysis combining all 12 symptoms was obtained
on 94% (n=47) of those with and 100% (n=6) of those
without the disorder.

In the 1.0 cut-off level using the AF 2 OF 4 criteria,
comparison of those who received endorsement of the
ND-PAE diagnosis to those who did not resulted in group
differences on all of the neurocognitive measures, one of
the self-regulation symptoms (attention), and all of the
adaptive functioning symptoms (communication, social,
adaptive living, and motor). A canonical correlation of
0.87 was found (y (12)=68.6, p <.000) for the symptoms
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and correct classification was obtained for 97.9% (n=46)
of those with and 100% (n=9) of those without the
disorder.

Receiver Operating Characteristic Curve Analysis

ROC analysis was also used to aid in analysis of the symp-
toms by plotting the true positive rate (sensitivity) against
the false positive rate (false alarm rate or 1-specificity),
which generates a visual representation of the ability of
a binary measure to differentiate groups. By determin-
ing the area under the curve (AUC) associated with each
of the 12 symptom curves, the accuracy in distinguishing
between two diagnostic groups of each symptom can be
assessed by generating a numerical value representing the
discriminatory power with values ranging between 0 and
1 with chance level of prediction associated with an AUC
value of 0.5. Table 6 displays the AUC values for each
symptom by method of classification. The NI symptoms of
impairment in executive functioning, memory, and visual-
spatial impairment contributed more than chance levels
for both of the 1.5 cut-off value methods of classification
but global impairment was only significant for the AF 2
of 4 criteria. For the 1.0 cut-off value, NI symptoms were
non-significant with the exception of executive function-
ing impairment in the AF 2 of 4 method of classification.
SR symptoms were all non-significant with the exception
of attention impairment in the 1.5 cut-off value requiring
only one AF symptom. All AF symptoms were significant
in the 1.0 cut-off value method of classification but in the
1.5 method of classification, AF symptoms were significant
only for social, communication, and independent living
skills impairment.

Relationship of Sum of Symptoms to Participant
Characteristics

The sum of symptoms was not significantly different
between males (1.5 SD: 6.6 (2.8); 1.0 SD: 8.3 (2.3)) and
females (1.5 SD: 7.4 (3.1); 1.0 SD: 8.8 (2.8)) using both
cut-off values but did differ by race (Caucasians 1.5 SD: 6.3
(3.5); 1.0 SD: 7.5 (3.1)) and African Americans (1.5 SD:
7.5 (2.5); 1.0 SD: 9.1 (2.0)) with more symptoms reported
for African American children when using the 1.0 SD cut-
off value (F (1,53)=5.2, p<.026). The number of symp-
toms was not related to the child’s level of dysmorphia,
number of custody placements, child protective services
involvement, years of education, and household income.
The number of symptoms was positively related to the
child’s age for both cut-off values (1.5 SD: r=.37, p <.006;
1.0 SD: r=.42, p<.001).

Table 6 Receiver operating characteristic curve analysis by cut-off values used on standardized measures

Threshold 1.0 symptoms (AF 1 of 4) Threshold 1.0 symptoms (AF 2

Threshold 1.5 symptoms (AF 1 of 4) Threshold 1.5 symptoms (AF 2 of

Symptoms

of 4)

4)

Asymptotic sig.

Std. error

Asymptotic sig. Area

Std. Error

Asymptotic sig. Area

Std. error

Asymptotic sig. Area

Std. Error

Area

0.132
0.030
0.585

0.660 0.083

0.233

0.650 0.096

0.653 0.119

0.022
0.039

0.683 0.070

0.109
0.012

0.663 0.080

0.754 0.076

Global 1Q (NI_1)_

0.729 0.091

0.223

0.664 0.075

Executive Functioning (NI_2)

Learning (NI_3)
Memory (NI_4)

0.430 0.617 0.135 0.354 0.558 0.111
0412

0.563 0.080

0.705 0.070

0.069

0.685 0.103

0.097

0.676  0.094
0.735 0.106
0.701

0.603 0.120

0.010

0.042
0.040

0.707 0.073

0.709 0.093

Mood & Behavioral Regulation (SR_1) 0.596 0.107

0.026
0.058

0.783 0.118 0.024
0.080

0.016

0.693 0.075

Visual Spatial (NI_5)

0.112

0.720 0.132

0.070

0.644 0.080

0.347
0.054
0.564
0.007
0.001

0.397
0.233

0.590 0.113

0.244
0.233

0.647 0.138

0.149
0.880
0.000
0.000
0.000
0.104

0.615 0.080
0.512 0.080
0.881 0.050

0.805 0.065

0.696 0.104

Attention Deficit (SR_2)
Impulse Control (SR_3)
Communication (AF_1)

Social (AF_2)

0.626 0.109

0.650 0.129

0.559 0.103

0.032
0.001

0.727 0.099
0.857 0.085

0.001

0.900 0.042

0.773 0.118

0.776  0.073
0.830 0.068
0.733 0.078

0.646 0.087

0.030
0.012
0.101

0.000
0.017

0.870 0.068
0.753 0.079

0.817 0.095

0.707 0.103

0.822 0.058
0.630 0.075

0.022
0.152

*Symptoms that significantly differed between those diagnosed or not diagnosed are bolded

Daily Living (AF_3)

Motor (AF_4)

@ Springer



172

Child Psychiatry Hum Dev (2018) 49:163-175

Discussion

The original formulation of the symptoms of ND-PAE
was done by theoretical consensus among a group of
FASD professionals with clinical experience but psycho-
metric data is still needed to determine if the proposed
symptoms and diagnostic formulation result in a valid
psychiatric diagnosis. To validate the ND-PAE diagno-
sis, assessment of the internal validity of the disorder
and consistency of its symptoms is required. This study
used alcohol-affected children between the ages of 3 and
10 years of age who were enrolled in a randomized clini-
cal trial of a math intervention and underwent compre-
hensive neurobehavioral assessments as part of the study
protocol [8, 9, 12]. Two criterion levels for symptoms,
1.5 and 1.0 SD, were evaluated and the impact of using
one symptom from the adaptive functioning domain or
the recommended AF 2 of 4 criteria was also evaluated.

Symptom endorsement among the sample indicated
that there was appropriate dispersion among the symp-
toms with none of the measures or symptoms being
endorsed by everyone or no one. In addition, correlations
among symptoms suggested that there were no com-
pletely overlapping or confounding symptoms. The inter-
nal consistency of the symptoms was high and did not
significantly differ by cut-off value used. Furthermore,
the internal consistency did not significantly differ by age
level of the child.

Although the impact of environmental stressors, includ-
ing poverty, exposure to trauma, and disruptions in place-
ments, often found in children with FASD is frequently
expressed as a potential confounder in understanding the
impact of PAE on the child’s functioning level [1] and has
been associated with increasing the severity of neurobehav-
ioral symptoms associated with PAE [29], the endorsement
of ND-PAE symptoms did not differ by gender, history of
displacements or child protective service involvement, or
family income or educational status. The number of symp-
toms did differ by race for the 1.0 cut-off value but was not
significant at the 1.5 cut-off value, suggesting that increas-
ing the threshold for symptom detection may reduce racial
differences in symptom endorsement. The number of symp-
toms did differ by age level with more symptoms reported
in older children using both cut-off values. The latter find-
ing is, in part, an artifact of the data available for the sam-
ple as older children were given measures not appropriate
for younger children but also reflects a real-world problem
in that many of the symptoms are not adequately assessed
in available standardized clinical measures for younger
children. Difficulties with making the ND-PAE diagnosis in
infants and young children is a problem that was acknowl-
edged in the discussion of the disorder as proposed in the
DSM-5 [1, 30].
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The sample used for this study was small and may have
been restricted in the range of symptom severity in that the
participants were selected based on initial assessments of
their growth, facial dysmorphia, and neurodevelopmen-
tal functioning. Those who were less affected were not
included in this analysis as all participants were required
to have the presence of alcohol-related dysmorphia. On
the opposite end of prenatal alcohol-related impairment,
those with extreme levels of intellectual impairment were
excluded as there was concern that such individuals may
not benefit from the math intervention conducted in the
original study. The restriction in range [31] in symptoms,
resulting from truncating both tails of the continuum of
prenatal alcohol-related effects, may result in under-esti-
mates of the true relationships, or internal consistency, of
the symptoms. The classification data are also limited by
the high base rate of the ND-PAE symptoms in the sample,
which often results in over-estimates of the true diagnos-
tic accuracy of the symptoms [32]. An analysis of a larger
cohort with a broader range of symptoms is needed to
address the limitations of this study. A sample of children
with known exposure to prenatal alcohol who are recruited
outside of a clinical context may be helpful with this in that
the range of ND-PAE severity should be the greatest as one
would anticipate some children having no effects at all and
others who may be severely affected.

Symptoms that were significant for discriminating
ND-PAE for all of the methods of classification evaluated
included impairments in visual-spatial, adaptive commu-
nication, adaptive social skills, and adaptive independent
living skills, suggesting that these symptoms were impor-
tant in characterizing the latent trait of ND-PAE severity in
this analysis. In contrast, the impairment in impulse con-
trol (SR-3) was not related to endorsement of the disorder
within this sample. Endorsement of this domain occurred
in 69.6% of the participants using the 1.5 cut-off value and
76.1% using the 1.0 cut-off value, suggesting that there
was an appropriate level of dispersion but that the varia-
bility was not related to the latent trait of ND-PAE sever-
ity. It is possible that high preponderance of endorsement
of the attentional impairments may have overshadowed the
need for impairments in the impulse control given only one
endorsement within the behavioral domain is needed for
the diagnosis. Additional research is needed with a broader
continuum of ND-PAE symptomatology and with other
clinical groups to determine if the symptom is contributory
towards characterizing ND-PAE disease severity in lesser
affected individuals.

The learning impairment symptom was also problem-
atic in that it was only significant for the 1.5 cut-off value
in the AF 1 of 4 condition. In addition to the considera-
tions mentioned for the impairment in impulsivity symp-
tom, it is important to remember that the sample selected
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were individuals who enrolled in a math intervention study
and 80.4% of those in the sample using the 1.5 SD cut-off
value met criteria and 87.5% using the 1.0 SD cut-off crite-
ria. Although the participants were not required to have a
math disability to enroll in the original study, self-selection
biases may have skewed the participants’ characteristics. It
is possible that the relationship may be different in a ran-
dom sample of alcohol-affected children. Finally, the motor
impairment symptom was only significant in the AF 2 of 4
methods of classifications and not the AF 1 of 4 methods,
where the results were only a trend. This suggests that the
relationship between motor impairment and ND-PAE diag-
nosis was more tenuous within the sample and primarily
useful only when two symptoms of AF were needed. Oper-
ationalization of the symptoms for learning impairment
were quite extensive in the data available for this study but
this was less true of the motor impairment and the impair-
ment in impulsivity symptoms, suggesting that the results
may be different in future research if more targeted meas-
ures were used to assess these symptoms.

This study was obviously limited to the existing data
that were available in the original MILE study [9] and as
a result, operationalization of some of the symptoms was
easier than others. In addition to the limited data available
for operationalizing the impulsivity and motor symptoms,
the EF symptoms only had one measure, which was par-
ent report, rather than direct assessments of the child’s EF
skills using standardized testing. Previous research has indi-
cated that EF measures from parent report and standard-
ized measures often are not assessing the same constructs
[33]. The relationships between standardized measures of
EF skills and other ND-PAE symptoms is not yet known.
There is some conceptual overlap between the assessment
of EF and memory skills in this study as often indices of
working memory skills are identified as being one compo-
nent of a complex model of EF skills [2]. The assessment
of memory functioning in this study also did not sample
long-term or narrative memory skills that may be impor-
tant in the diagnostic formulation. Although other studies
using existing cohorts are underway [34], these studies also
have similar limitations resulting from using pre-existing
datasets as well. A study that was specifically designed to
assess the internal consistency and discriminative valid-
ity relative to other clinical populations may be needed to
obtain optimal operationalization of ND-PAE symptoms.

The ROC analysis was used to assess the sensitivity of
the symptoms used in formulating the ND-PAE diagno-
sis. Although sensitivity and specificity are often used in
the context of predicting two different groups: those with
different disorders or one group with a disorder and one
group without a disorder. In this case, all of the children
were impacted by prenatal alcohol exposure and differ-
entiation is done for each symptom relative to whether or

not the alcohol-affected child met criteria for the diagnosis
of ND-PAE. This analysis serves as an evaluation of each
symptom’s consistency with the collection of other symp-
toms and can be used to determine which symptoms are not
important in making the diagnosis. ROC provides a cost/
benefit analysis of symptoms and is simply a method of
graphically displaying the discrimination threshold of the
symptoms of ND-PAE relative to a binary classification
(yes or no) of the ND-PAE disorder. The results of the ROC
analysis indicated that NI symptoms of executive function-
ing, memory and visual-spatial impairment contributed
more than chance to differentiating ND-PAE disease sever-
ity regardless of the AF method of classification criteria
in the 1.5 SD symptom cut-off value. Global intellectual
impairment was also important but only in the method of
classification using AF 2 of 4 criteria at the 1.5 SD symp-
tom cut-off value. Using the 1.0 SD cut-off value, neuro-
cognitive impairment symptoms were less effective with
only visual-spatial impairment being significant in both
AF methods of classification and executive functioning
impairment being significant in only the AF 2 of 4 condi-
tion. For the self-regulation symptoms, only the attentional
impairment in the 1.5 SD cut-off value using the AF 1 of
4 method of classification was significant. In contrast, the
adaptive functioning impairments in social, communica-
tion, and independent living skills were significant for all of
the methods of classification. Adaptive motor impairment
was also significant for both AF methods of classification
using the 1.0 SD threshold but not the 1.5 SD threshold.

The current study is not a true clinical study of the
endorsement of the symptoms needed to formulate a diag-
nosis of ND-PAE and only serves to approximate the inter-
nal consistency and validity of the disorder in a clinical
context. Making the clinical diagnosis of ND-PAE differs
from what was done in this study in that the endorsement
of symptoms in a clinical context does not require a given
threshold (1.0 or 1.5) on a standardized test but rather iden-
tifiable impairment in “real world” functioning derived
from a compilation of record reviews, interviews and
standardized measures. It is possible that the “richness”
of the clinical context may identify impairments not read-
ily assessed by the instruments used in this study. Future
research should evaluate the use of clinical judgement in
making decisions regarding symptom endorsement and
the relative cohesiveness of symptoms within this context.
A previous study established a high inter-rater reliability
(98%) in making the diagnosis within a clinical context but
the internal consistency of the symptoms of the disorder
were not assessed [35]. Our study also did not do differen-
tial diagnostic assessment of other mental health conditions
in the sample and the relationships between endorsement of
the ND-PAE disorder and other mental health conditions is
not yet understood.
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Since all of the children were diagnosed with FAS and
pFAS, a diagnostic formulation that encompasses a greater
percentage of this sample would be preferred. In general,
those who did not meet criteria had impairments in one or
two of the super domains but not impairments in all three.
Within the models sampled, there was considerable vari-
ability with a range of 60.7-89.3. Although recommending
the AF 1 of 4 model at the 1.0 cut-off value would encom-
pass most of the alcohol-affected children in this sample,
additional research is needed to evaluate the predictive
validity of the symptoms by evaluating each symptom’s
capacity to differentiate those affected by PAE from typi-
cally developing children and individuals with other dis-
orders. Although the neurobehavioral measures used in
this study to evaluate the symptoms of ND-PAE may be
adequate for assessing the internal validity of the disorder,
they may not serve as well in efforts to differentiate chil-
dren with ND-PAE from children with other neurobehavio-
ral disorders with significant overlapping features. Further,
recommendations for the threshold (1.0 or 1.5) needed for
symptom endorsement should be evaluated within the con-
text of surveying multiple studies of the internal consist-
ency of the symptoms of the disorder to reduce measure-
ment error associated with any one study. Given that the
criteria for the proposed disorder may be used by various
mental health professionals, threshold levels established
from such studies will also probably serve as only guide-
lines rather than rigid criteria as many mental health pro-
fessionals may not have access to psychometric data to use
in formulating a ND-PAE diagnosis.

Summary

Validation of the ND-PAE diagnosis can have a vital impact
in improving access to mental health care and services and
the future development of specific treatment strategies to
target the needs of alcohol-affected individuals. The lack
of a specific psychiatric disorder characterizing the neu-
robehavioral impairments associated with PAE has contrib-
uted to the difficulties many of these individuals and their
families experience in accessing mental health services.
Previous studies have reported that alcohol exposed indi-
viduals who did not meet full criteria for FAS, are at higher
risk than those who are diagnosed for a number of adverse
life outcomes, including delinquency, school failure, and
substance abuse problems [36]. Although ND-PAE was
included in the DSM-5 in the section for disorders that need
further investigation, it is not yet recognized as its own
unique neurobehavioral disorder. The potential inclusion of
a diagnosis of ND-PAE in the DSM-5 as its own unique
disorder may facilitate recognition of the treatment needs
of individuals negatively impacted by PAE, irrespective of
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whether or not they have the associated dysmorphic facial
features and growth impairment. Establishing the homoge-
neity of the symptoms of a disorder is a prerequisite step
to exploring the disorder’s capacity to differentiate affected
individuals from other populations. Although additional
studies are needed with other populations and across the
lifespan, this study is an initial step in a process needed to
validate ND-PAE as a psychiatric disorder.

Acknowledgements The data collection was carried out with the
support of the Centers for Disease Control and Prevention (CDC)
Cooperative agreement #U84-CCU320162-02 and this analysis was
carried out with the support of the National Institute of Alcohol Abuse
and Alcoholism subcontract #10313752 to grant #U01 AA019879-01.

References

1. American Psychiatric Association (2013) Diagnostic and statisi-
cal manual of mental disorders, 5th edn. American Psychiatric
Association, Washington, p. 798-801

2. Kable JA et al. (2015) Neurobehavioral disorder associated with
prenatal alcohol exposure (ND-PAE): proposed DSM-5 diagno-
sis. Child Psychiatry Hum Dev 47:335-346

3. Sanders J (2013) ‘A window of opportunity’: The proposed
inclusion of Fetal Alcohol Spectrum Disorder in the DSM-5. J
Dev Disabil 19(3):7-14

4. Bishop S, Gahagan S, Lord C (2007) Re-examining the core
features of autism: a comparison of autism spectrum disorder
and fetal alcohol spectrum disorder. J Child Psychol Psychiatry
48(11):1111-1121

5. O’Connor MJ et al (2006) A controlled social skills training for
children with fetal alcohol spectrum disorders. J Consult Clin
Psychol 74(4):639-648

6. Blashfield RK, Draguns JG (1976) Evaluative criteria for psychi-
atric classification. ] Abnorm Psychol 85(2):140-150

7. Cronbach LJ (1990) Essentials of psychological testing, Sth edn.
Harper and Row, Publishers, New York

8. Coles CD, Kable JA, Taddeo E (2009) Math performance and
behavior problems in children affected by prenatal alcohol expo-
sure: intervention and follow-up. J Dev Behav Pediatr 30(1):7-15

9. Kable JA, Coles CD, Taddeo E (2007) Socio-cognitive habili-
tation using the math interactive learning experience pro-
gram for alcohol-affected children. Alcohol Clin Exp Res
31(8):1425-1434

10. Coles CD et al (1997) Manual for scoring the Dysmorphia
Checklist: Newborn version, Unpublished manuscript. Emory
University, Atlanta

11. Coles CD et al (2016) A comparison among 5 methods for the
clinical diagnosis of fetal alcohol spectrum disorders. Alcohol
Clin Exp Res 40(5):1000-1009

12. Bertrand J and C. Interventions for Children with Fetal Alcohol
Spectrum Disorders Research (2009) Interventions for children
with fetal alcohol spectrum disorders (FASDs): overview of
findings for five innovative research projects. Res Dev Disabil
30(5):986-1006

13. Elliot CD (1983) Differential Ability Scales, The Psychological
Corporation, San Antonio

14. Kaufman AS, Kaufman NL (1990) K-BIT : Kaufman Brief Intel-
ligence Test. American Guidance Service, Circle Pines

15. Gioia GA et al (2002) Confirmatory factor analysis of the Behav-
ior Rating Inventory of Executive Function (BRIEF) in a clinical
sample. Child Neuropsychol 8(4):249-257



Child Psychiatry Hum Dev (2018) 49:163-175

175

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ginsburg H and Baroody AJ (1990) Test of early mathematics
ability, 2nd edn. PRO-ED, Inc, Austin

Reid DK et al (2001) Test of Early Reading Ability, 3rd edn.
PRO-ED, Inc, Austin

Connolly AJ, American Guidance Service (1988) KeyMath
revised, NU : a diagnostic inventory of essential mathematics.
Normative update, NU. ed., Circle Pines, MN (4201 Woodland
Rd., Circle Pines 55014-1796): American Guidance Service. X,
p.245

Woodcock RW, Johnson MB, and Mather N (1990) Woodcock-
Johnson Tests of Cognitive Ability :standard and supplemental
batteries : WJ-R Woodcock-Johnson Psycho-Educational Battery-
Revised. DLM Teaching Resources, Allen

Kaplan, E., et al., WISC-1II PI Manual. 1999, San Antonio, TX:
The Psychological Corporation.

Beery KE (1997) Developmental Test of Visual-Motor Integra-
tion, 4th edn. Modern Curriculum Press, Parsippany

Achenbach T (1991) Manual for the child behavior check-
list/4—18 and 1991 profile. University of Vermont Department of
Psychiatry, Burlington

Achenbach T, Rescorla LA (1991) Manual for the ASEBA pre-
school forms and profiles. University of Vermont, Research
Center for Children, Youth, and Families, Burlington

Korman M, Kirk U, Kemp S (1998) NEPSY: A developmental
neuropsychological assessment, The Psychological Corporation,
San Antonio

Willcutt EG et al (1999) Utility of behavior ratings by examiners
during assessments of preschool children with attention-deficit/
hyperactivity disorder. ] Abnorm Child Psychol 27(6):463-472
Sparrow SS et al (1984) Vineland Adaptive Behavior Scales :
Interview Edition, survey form manual, American Guidance Ser-
vice, Circle Pines, vol xiv, p. 301

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wiig EH, Secord W (1989) Test of language competence-
expanded edition, The Psychological Corporation, San Antonio
Gresham FM, Elliott SN, American Guidance Service., SSRS
ASSIST.(1991) American Guidance Service, Circle Pines, MN.
p- 3 computer disks 3 1/2-5 1/4 in. + 1 manual (44 p.)

Henry J, Sloane M, Black-Pond C (2007) Neurobiology and neu-
rodevelopmental impact of childhood traumatic stress and prena-
tal alcohol exposure. Lang Speech Hear Serv Sch 38(2):99-108
Olson HC (2015) Advancing recognition of fetal alcohol spec-
trum disorders: the proposed DSM-5 diagnosis of “neurobehav-
ioral disorder associated with prenatal alcohol exposure (ND-
PAE)”. Curr Dev Disord Rep 2(3):187-198

Sackett PR, Yang H (2000) Correction for range restriction: an
expanded typology. J Appl Psychol 85(1):112-118

Meehl PE (1996) Clinical versus statistical prediction : a theo-
retical analysis and a review of the evidence. Ist softcover ed.
The master work series, J. Aronson, Northvale, vol xviii, p. 149
Nguyen TT et al (2014) The clinical utility and specificity of par-
ent report of executive function among children with prenatal
alcohol exposure. J Int Neuropsychol Soc 20(7):704-716

Kable JA, Mukherjee RA (2017) Neurodevelopmental disorder
associated with prenatal exposure to alcohol (ND-PAE): A pro-
posed diagnostic method of capturing the neurocognitive pheno-
type of FASD. Eur J Med Genet 60(1):49-54

Bell CC, Chimata R (2015) Prevalence of neurodevelopmental
disorders among low-income African Americans at a clinic on
Chicago’s south side. Psychiatr Serv 66(5):539-542

Streissguth AP et al (1997) Primary and secondary disabilities
in fetal alcohol syndrome, In: Streissguth AP, Kanter J (eds)
The challenge of fetal alcohol syndrome: overcoming second-
ary disabilities, Seattle University of Washington Press, Seattle,
p. 25-39.

@ Springer



	Evidence Supporting the Internal Validity of the Proposed ND-PAE Disorder
	Abstract 
	Introduction
	Methods
	Symptom Mapping
	Neurocognitive Domain Measures

	Self-Regulation Domain Measures
	Adaptive Functioning
	Statistical Analysis

	Results
	Sample Characteristics
	Endorsement Rates for Symptoms, Domains, and ND-PAE Disorder
	Symptom Characteristics
	Diagnostic Formulations of Symptoms
	Symptom Discriminative Power by Diagnostic Formulation Classification Method
	Receiver Operating Characteristic Curve Analysis
	Relationship of Sum of Symptoms to Participant Characteristics

	Discussion
	Summary
	Acknowledgements 
	References


