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Abstract

Background: Despite the prevalence of fetal alcohol spectrum disorders (FASD) and the
importance of accurate identification of patients, clinical diagnosis may not be consistent across
sites due to the heterogeneous nature of FASD and the characteristics of different diagnostic
systems used. Here, we compare 5 systems designed to operationalize criteria recommended for
the diagnosis of effects of prenatal alcohol exposure (PAE). We determined the extent of
consistency among them as well as factors that may reduce intersystem reliability. Compared are:
Emory Clinic, Seattle 4-Digit System (Diagnostic Guidelines for Fetal Alcohol Spectrum
Disorders: The 4-Digit Diagnostic Code, Seattle, WA, University Publication Services, 2004),
Centers for Disease Control and Prevention (Fetal Alcohol Syndrome: Guidelines for Referral and
Diagnosis, Department of Health and Human Services, Centers for Disease Control and
Prevention, Atlanta, GA, 2004), Canadian Guidelines (CMAJ, 172, 2005, S1), and the Hoyme
Modifications (Pediatrics, 115, 2005, 39).
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Methods: Subjects were 1,581 consecutively registered patients applying for evaluation at a
university-based clinic treating alcohol and drug-exposed children. Records of the
multidisciplinary evaluation (pediatric, social, psychological) were abstracted. Diagnostic criteria
for all 5 systems were applied, and patients were diagnosed according to each of the systems. We
compared results using Cohen’s Kappa to evaluate the extent of agreement.

Results: Percent of individuals diagnosed with FASD ranged from 4.74% (CDC) to 59.58%
(Hoyme). Examination using Cohen’s Kappa found modest agreement among systems,
particularly when individual diagnoses, Fetal Alcohol Syndrome (FAS), partial FAS (pFAS), and
Alcohol-Related Neurodevelopmental Disorder (ARND) were used. Examination of diagnostic
criteria found almost perfect agreement on growth (weight; height), with limited overlap for
physical features (palpebral fissures, hypoplastic philtrum, upper vermillion) and for
neurobehavioral outcomes. Child’s race and age influenced agreement among systems, with
African American and older children more frequently diagnosed.

Conclusions: Results suggest problems in convergent validity among these systems, as
demonstrated by a lack of reliability in diagnosis. Absence of an external standard makes it
impossible to determine whether any system is more accurate, but outcomes do suggest areas for
future research that may refine diagnosis.
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THE DEVELOPMENTAL DISORDERS associated with prenatal alcohol exposure (PAE)
have been described as fetal alcohol spectrum disorders (FASD), with fetal alcohol
syndrome (FAS) the most severe. The potential negative consequences for FASD over the
life span make a clear understanding of the nature of these disorders and the implications of
a diagnosis important in working with affected individuals and families (Hanlon-Dearman et
al., 2015; Ryan et al., 2006). However, since the first descriptions of FAS 40 years ago
(Jones et al., 1973; Lemoine et al., 1968), it has been challenging to develop practical and
unambiguous diagnostic criteria (Astley, 2014a; Sokol and Clarren, 1989), largely because
of the heterogeneous nature of these disorders. Although the reality and the seriousness of
the syndrome are not in doubt, there remains no single test or biomarker that can reliably
identify FASD. It is universally agreed that there are 4 criteria that indicate the effects of
PAE: (i) evidence of maternal alcohol use in pregnancy, (ii) growth retardation, (iii) presence
of physical features associated with alcohol exposure, and (iv) neurodevelopmental deficits.
Several groups and agencies have proposed diagnostic systems to operationalize these
criteria and improve identification of alcohol-affected individuals (Astley and Clarren, 2000;
Chudley et al., 2005; Hoyme et al., 2005; Stratton et al., 1996). In this paper, we compared 5
such systems, selected because each offered practical methods for the application of the
Institute of Medicine’s (IOM) criteria (Stratton et al., 1996) or for improvement over it. The
majority are well known and used, in some form, by multiple clinicians in North America.
These systems were also chosen because the diagnostic algorithm or criteria are not only
published but are well specified. Therefore, these systems could be operationalized and
applied to an existing database of consecutively registered patients applying for evaluation at
a university-based clinic specializing in treatment of alcohol- and drug-exposed children.
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The systems compared were: (i) Emory-Fetal Alcohol Center Clinical Criteria, Atlanta,
Georgia (Blackston et al., 2005; Coles et al., 1997), included as this is the system used in the
original data collection. This system is an adaptation of the IOM (Stratton et al., 1996)
recommendations and, as information has not been published previously about its use, forms
and information are included in Data S1 and S2. The major differences from other systems
are that it uses a weighted checklist of 40 items to obtain a “dysmorphology score” to rate
the physical effects of alcohol, yielding a score from “0” to “57” rather than sentinel facial
features alone. Scores of 10 and 20 were used in the current study to evaluate the effect of
different thresholds on diagnostic outcomes. These thresholds were chosen as “10” is 2
standard deviations from the nonexposed mean in our exposure cohorts (e.g., Coles et al.,
1997) and “20” is based on clinical judgement. Neurodevelopment is based on results of
cognitive assessment using standardized measures and does not included measurement of
emotional/behavioral or adaptive function. The authors will provide more detailed
information on request, (ii) Seattle-based 4-Digit System (Astley, 2004, 2006, 2013; Astley
and Clarren, 2000), (iii) Centers for Disease Control and Prevention (CDC) FAS Guidelines
for Referral and Diagnosis, July 2004 (Bertrand et al., 2004), (iv) Canadian Guidelines
(Chudley et al., 2005; Loock et al., 2005), and (v) Hoyme Modification of IOM Criteria
(Hoyme et al., 2005). Table 1 compares the characteristics of these systems. A review of this
table will indicate the similarities and some of the differences in the application of the 4
diagnostic criteria in the identification of FAS, partial FAS (pFAS), and Alcohol-Related
Neurodevelopmental Disorder (ARND), which is diagnosed when alcohol exposure is
confirmed and there is evidence of neurodevelopmental deficit without physical features.
Two of these systems, the CDC and the 4-Digit Code, explicitly do not include ARND as a
category; the 4-Digit Code does propose methods for indicating neurobehavioral deficit in
the presence of alcohol exposure (Astley, 2006). Neurobehavioral Disorder-Prenatal Alcohol
Exposure (ND-PAE), another diagnosis recently proposed for further evaluation in the
Diagnostic and Statistical Manual, 5th Edition (DSM-5) (Kable et al., 2015), was not
considered in this analysis as it was not extant when these systems were proposed and
criteria for its application have not been integrated into these systems.

MATERIALS AND METHODS

The study was carried out using consecutively registered patients, ages 0 to 21, who applied
for a multidisciplinary diagnostic evaluation from 1995 through 2011 at a university-based
clinic specializing in the care of children with prenatal alcohol and drug exposure. The
protocol for inclusion in the study was approved by Emory University School of Medicine’s
Internal Review Board. Patients whose guardians agreed to abstraction of their medical
records at the initial appointment were included in the database. Children all received a
multidisciplinary assessment of physical, psychological/developmental, and demographic/
social status. Information was obtained from children’s birth records as well as social
service and educational records. Presence of dysmorphic features was evaluated by a
pediatric geneticist. This examination using a checklist to quantify dysmorphic features
yielded a weighted score that quantified the effects of PAE. (Please see Data S1 and S2 for
the forms used to evaluate children along with an explanation of diagnostic methods for the
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Emory System.) Threshold scores of 10 and 20 on this measure were evaluated in this study.
Both alcohol-related and other diagnoses were recorded.

The original sample comprised 1,884 children with a median age of 5.22 years. After
exclusions, 1,581 cases remained in the analysis. Most cases were excluded because of
missing data elements necessary for analyses, with 117 cases (6.9%) excluded because of a
known genetic condition and consent withdrawn in 3 cases (0.17%).

To carry out a comparison of the 5 systems, it was necessary to create algorithms using
operational definitions of each system’s own diagnostic criteria. In some cases, this was easy
to do (i.e., birthweight <10th percentile). In other cases, it was more difficult, particularly for
the neurobehavioral criteria (e.g., “clinical judgement™). Criteria used in this process were
defined based on published material. When the published material was not specific enough,
authors responsible for a given system were requested to provide further information
(Hoyme, 2014; S. Astley, personal communication; J. L. Cook, personal communication; W.
O. Kalberg, personal communication).

The 4 criteria used by these 5 systems to make diagnoses of FAS, pFAS, and ARND were
operationalized. In the case of the 4-Digit Code, diagnostic outcomes of neurodevelopmental
deficits with known alcohol exposure were included. In all cases when norms were required
(e.g., palpebral fissure length [PFL]), we used those recommended by the diagnostic systems
themselves. Criteria included: alcohol exposure (confirmed: Yes; No); growth retardation (as
defined by each system and using the World Health Organization growth norms
recommended by the CDC, 2010; WHO, 2006); physical features (defined as per each
system including the recommended norms); and neurobehavioral deficit (also defined as per
each system). There were substantial differences among systems in how physical features
were identified and in the definition of neurobehavioral deficits.

For the Emory, Canadian, Hoyme, and CDC systems, algorithms were created to identify
presence or absence of each of the 4 criteria for FASD diagnosis: (i) alcohol use — Yes = 1;
No = 0, (ii) growth retardation — Yes = 1; No = 0, (iii) physical features — Yes = 1; No = 0,
and (iv) neurobehavioral deficit — Yes = 1; No = 0. For each system, these data were
assembled into 4-digit numbers, where each digit is a placeholder for the presence or
absence of a feature. (For example, a code of “0000” would indicate the absence of all 4
features, while “1111” would indicate the presence of all 4 features.) Each code was binned
into its respective diagnostic category according to the guidelines for the system being
evaluated. Individuals having all 4 criteria or 3 other criteria in the absence of alcohol
confirmation were diagnosed as “FAS.” Partial FAS was defined as having 2 other criteria in
the presence of alcohol confirmation (except for the Hoyme system that allows a diagnosis
of pFAS without alcohol exposure, given the presence of certain other criteria). Similar
criteria were employed consistent with each system’s requirements for the diagnosis of
ARND. For ARND, confirmation of alcohol was required when specific
neurodevelopmental/behavioral characteristics were present but physical characteristics were
not. For the Seattle 4-Digit code system, presence of symptoms was not rated by presence or
absence, but instead was rated on a 4-digit scale, fully consistent with instructions for
clinical coding for this system (Astley, 2004). These data were then assembled into 4-digit
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codes that correspond to the codes for the 4-digit system. These 4-digit codes were then
translated into diagnostic categories as recommended by this system (Astley, 2004).

Subsequently, the percentages diagnosed in each FASD category for each system were
calculated. Chi-Square and Fisher’s exact tests were computed to compare outcomes.
Cohen’s Kappa (Cohen, 1960) was used to compare the degree to which diagnostic systems
were consistent in their ratings. To interpret Cohen’s Kappa results, we followed the Landis
and Koch (Landis and Koch, 1977) convention, in which Kappas of 0 to 0.20 indicate
“slight,” 0.21 to 0.40 indicate “fair,” 41 to 0.60, “moderate,” 0.61 to 0.80, “substantial,” and
0.81 to 1.00 “almost perfect” agreement.

Sample Characteristics

Table 2 shows the demographic characteristics of the clinic sample used for this study. For
the 1,581 cases retained in the sample, the mean age at diagnosis was 5.98 years (SD =
3.99).

Table 3 shows the percentage of 1,581 cases diagnosed for the categories, namely FAS,
pFAS, “ARND,” and No Diagnosis, by each of 5 diagnostic systems, namely Emory-20, the
Seattle 4-Digit Code, Canadian (Canada), Hoyme Modifications of IOM criteria (Hoyme),
and the Centers for Disease Control and Prevention (CDC). Note that the CDC system only
classifies FAS and does not include other categories of FASD and the 4-Digit system does
not use the term ARND or impute causation by alcohol in those cases. Table 3 shows
percentages only. In understanding these results, it is important to recognize that cases
classified in one system may be placed in a different category in another system. These
discrepancies are shown graphically in Fig. 1.

Degree of Agreement Among Systems

FAS Diagnosis Only—As the CDC system only includes FAS as a diagnostic category,
we initially analyzed agreement among the 5 systems using only the FAS category (Table
4a). In these analyses, the CDC system shows fair to moderate agreement with the Canadian
(0.506), Hoyme (0.407), and Emory-20 (0.329) systems and only slight agreement with the
4-Digit Code (0.097). The Emory-20 and the Hoyme systems show moderate agreement
(0.535), while the Canadian system generally shows only “slight” agreement with all the
systems except the CDC. Similarly, the 4-Digit Code system shows only slight agreement
with all other systems.

Alcohol-Affected (FASD) Versus No Diagnosis—If all of 3 possible diagnoses are
collapsed (FAS+pFAS+ARND), 4 of the 5 systems can be compared (Comparison with the
CDC system is not appropriate; the 4-Digit explicitly does not use the term ARND, but
states that their categories of static encephalopathy/alcohol exposed and neurobehavioral
disorder/alcohol exposure are equivalent; Astley, 2014b). Table 4b shows the Kappa scores
indicating the degree to which there is agreement in diagnosing an individual as alcohol
affected between each of the systems. Agreement between the 4-Digit Code, the Hoyme
Modifications, and the Emory20 system is in “moderate” range, while the Canadian system
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is in the “fair” to “moderate range. The greatest agreement is between the Emory and 4-
Digit code (“substantial agreement™), while the least is between the Canadian and the
Hoyme systems (“fair”) (Table 4b).

Agreement Across FASD Spectrum.—When the diagnostic outcomes are considered
individually, as FAS, pFAS, “ARND,” or No Diagnosis, agreement is substantially lower,
generally in the “fair” to “moderate” range, with Kappas ranging from 0.31 to 0.46 (Table
4c¢).

These results suggest that there is a moderate to substantial degree of agreement among
systems when individuals are classified as alcohol affected or not but that when diagnosis is
more specific, the concordance is much lower. To evaluate the contribution of specific
criteria to the diagnostic outcomes, we also examined the concordance of the growth,
physical features, and neurobehavioral criteria among systems. In addition, we evaluated
outcomes by whether or not alcohol use was confirmed to determine how knowledge of
alcohol exposure drove diagnosis.

Specific Diagnostic Criteria.—In examining specific criteria, growth was found
concordant at an “almost perfect” level, suggesting that differences among systems could not
be attributed to this diagnostic feature (Table 5a). In contrast, agreement of physical (facial)
features ranges from 0.029 (essentially “no agreement”) between the 4-Digit Code and both
the Hoyme and Emory systems to 0.80 (“almost perfect”) between the Canadian and the
CDC systems (Table 5b). Discrepancy with the Emory system, which relies on a broader
spectrum of physical features than the other systems, was expected; however, discordance
among the other systems was not expected, as they all rely on occurrence of the same 3
facial features (palpebral fissure length [PFL], hypoplastic philtrum, thinned upper
vermillion). Further analyses suggested that system differences in norms for PFL and the
absence of reliable norms for children under 6 years of age contributed to discrepancies.
Finally, concordance among systems for neurobehavior showed significant discrepancies
(Table 5c¢). This criterion is defined differently among systems and agreement ranges from
0.15 (“slight™) between the Canadian and the Hoyme systems and the CDC and Hoyme
systems to a high of 0.53 between the Emory and CDC systems and 0.54 between the
Canadian and 4-Digit systems (both in the “moderate” range).

The probability of diagnosis as a function of confirmed alcohol exposure was also
calculated. We used the variable “Alcohol use confirmed: Yes or No.” If the answer was
“Yes,” it was assumed that the individual had been exposed. If “No,” it was assumed that
alcohol use was unknown, although nonuse could not be assumed, given the type of referrals
that the clinic received. In all systems, knowledge of alcohol use greatly increased diagnosis
of FASD (Table 6).

Demographic Factors That Might Influence Diagnosis.—To determine the extent to
which demographic characteristics of the sample (which has fewer White children and more
young children than many other samples) may have influenced results, we carried out
analyses of outcomes in relation to sex, race, and age. There were few sex differences in
diagnosis, although there were significant differences in likelihood of receiving the
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diagnoses of pFAS and ARND in older boys in 2 systems (i.e., Canada, /1/2(3) =13.69, p<
0.003; and Hoyme, ;(2(3) =9.67, p<0.02). Race differences were noted in 3 systems
(Emory, ¥?(15) = 29.73, p< 0.01; 4-Digit, ¥%15) = 38.08, p< 0.001; and Hoyme y?(15) =
29.61, p<0.01), with African Americans being diagnosed more frequently. Age differences
were examined by dividing the sample into 6 categories, namely (i) 0 to 2 years, 11 months
(n=420), (ii) 3 years to 5 years, 11 months (7= 491), (iii) 6 years to 8 years, 11 months (n
= 337), (iv) 9 years to 11 years, 11 months (n= 175), (v) 12 years to 14 years, 11 months (n
=108), and (vi) 15 years and older (7= 45). In general, we observed that infants and young
children were diagnosed less frequently by all systems in which we had power to detect this
trend (for the CDC system, the total N of those diagnosed was too small to measure
effectively). These differences were most extreme using the Canadian system ( ;(2(15) =
144.08, p < 0.000). To summarize these differences, we evaluated odds ratios for diagnosis
of children older than 6 versus those younger for any FASD, and these are shown in Table 7.

DISCUSSION

All 5 of these systems were designed to characterize the developmental effects of PAE. Our
assumption in beginning this analysis was that application of these systems to the diagnosis
of the same group of children at risk for FASD would lead to generally similar results.
Doing so would demonstrate convergent validity in the diagnosis of disorders associated
with PAE. We anticipated that there might be some discrepancies related to specific criteria.
For example, we believed that those systems that require 3 facial features (i.e., 4-Digit,
Canadian, CDC) rather than 2 (i.e., Hoyme) for diagnosis of FAS would identify fewer
cases. We also anticipated that the Emory System, which relies on a broader range of
features, might identify more children. However, these 5 systems are only moderately
similar in diagnostic outcomes. This is true for the absolute percentages of cases diagnosed
(Table 3) and also, at an individual level: the same individual may receive a different
diagnosis depending on the method used (Fig. 1). It might be assumed that this is usually a
matter of degree. That is, while one system would render a diagnosis of pFAS, another
would diagnosis FAS. However, there are cases in which one system would call an
individual FAS, while another would not give any diagnosis. Concordance is somewhat
better when the different diagnostic categories are collapsed into FASD versus No
Diagnosis, although agreement is still in the moderate range for the most part. These
findings raise, but do not answer, questions about the usefulness of the current diagnostic
discriminations.

Substantial agreement among systems would have inspired confidence that all systems
accurately identify a similar, underlying condition, or set of relationships, and that the
methods recommended were appropriate for such identification. Given these results,
however, we cannot be comfortable making these assumptions without further evaluation. In
addition, in the absence of an external standard, despite the obvious discrepancy among
systems, we cannot say that one system is better or worse in identifying the effects of
prenatal alcohol exposure.

When viewed in retrospect, this discrepancy is inevitable. These 5 methods have each been
developed by individuals from different disciplines with different ideas regarding the
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diagnosis of FASD; some have used a more or less rigorous definition of FASD; and not all
have used the same reference data for normal physical measurements.

Consistency in diagnosis is important to move this field forward. Our results indicate that
that improvement in diagnostic consistency could be made by further attention to
specification of physical features and neurobehavior. Standardization of these criteria,
including agreement on the underlying norms to be used, could lead to improved application
and greater reliability. Improvement in the identification by physical feature could probably
be achieved through empirical examination of the physical features used in the diagnosis as
well as those typically evaluated in a physical examination of children suspected of being
alcohol affected. Using empirical methods it might be possible to identify characteristics that
could refine the current criteria. For instance, different systems use 2 or 3 facial features, or
in the case of Emory, results of a weighted checklist. However, the decisions to select these
characteristics have not, for the most part, been made using empirical evidence but rather
rely on clinical judgement. It would be important to know, for instance, whether both
thinned upper vermillion and hypoplastic philtrum contribute independently to the validity
of a diagnosis. In addition, there may be other features that could add to the reliability/
validity of the diagnosis that are not currently being measured. In the new Canadian
Guidelines (Cook et al., 2015), the authors report the utility of other facial features in the
identification of FASD.

The problems associated with definition of neurobehavioral outcomes in FASD are more
comprehensive than can be discussed in this summary paper and are related to the problems
observed in all classification of psychiatric and behavioral disorders (Kraemer, 2014; Regier
et al., 2013). However, it is evident that these 5 systems employ a wide variety of measures
and thresholds in meeting the neurobehavioral criterion and there is inconsistency among
them. As it is this area of development that is most likely to affect the child’s life course as
well as the most likely to be influenced by demographic and social factors, it is important
that further attention should be directed at understanding the contribution of PAE to
developmental and behavioral outcomes and some consistency in standards be obtained.

Other questions raised by these data concern the utility of the various subcategories that are
used in the diagnosis. Is it really possible to discriminate FAS from pFAS and ARND using
the current methods? Should the term FASD be substituted, given that current diagnostic
methods are more convergent when all the diagnoses are combined? Interestingly, the
current revision of the Canadian Guidelines adopts this approach (see Cook et al., 2015).

Finally, it is evident from these results that children’s age and race influence diagnostic
decisions. While some of these differences may result from factors like socioeconomic status
and philosophical views on the accuracy of infant diagnosis, it is important that these issues
be examined further to allow more effective diagnosis in clinical settings.

The most significant problem for the interpretation of these results is that there is no “gold
standard” against which to evaluate them, and without such an external standard, we cannot
say that one system is better or worse in identifying the effects of PAE. There is no
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biomarker currently and expert opinion has been the standard up until this time. A second
type of external indicator would be knowledge of prenatal alcohol exposure, particularly if a
dose/response measure could be used. Unfortunately, most individuals present for diagnosis
without accurate information on maternal alcohol use, and valid and reliable dose
information is particularly difficult to obtain.

Another potential limitation is that the sample used was patients applying consecutively for
services and, therefore, self-selected. Any biases in this process will be preserved in the data.
The characteristics of the individuals in the sample reflect the characteristics of the region in
which they live rather than the general population of the United States. Thus, as Atlanta is a
predominantly African American city, the sample is 47% African American, while there are
fewer Hispanic children relative to the general population. Another possible bias is
socioeconomic status (SES). The majority of the children referred were Medicaid recipients
and many were in foster care, a pattern consistent with the strong relationship between
maternal substance abuse and alcoholism and the likelihood of the child entering foster care
or being adopted. The child’s development certainly may be negatively impacted by such
factors and such impact may influence the results of developmental and behavioral tests.
Another important characteristic of the sample is that the majority of children were not in
the care of their biological parents. While this is commonly the case in clinical samples of
FASD, other samples concerned with the diagnosis of FASD (exposure samples, surveillance
carried out in first grade class rooms) are selected from different populations and, therefore,
may have different demographic profiles.

While not a bias, the age of the children included in this study should be considered in
interpreting results. With a median age of 5.98 years, the majority of children are infants and
preschool children. Some of the systems studied (i.e., 4-Digit; Canada) intentionally limit
the diagnosis of young children because they believe that it is not possible to accurately
characterize their neurodevelopmental characteristics. However, this choice may result in
underidentification of children during the age range when intervention can be most effective.

CONCLUSION

Kraemer in her discussion of clinical diagnostic reliability (Kraemer, 2014) discriminates
between disorder, which is the condition within the patient, and diagnosis, which is the
“informed opinion” of the professional. There is unquestionably a developmental disorder
associated with PAE (Riley et al., 2011), but like many neurobehaviorally based disorders, it
can be difficult to diagnosis and this is particularly true at the milder end of the range of
effects. Although the physical characteristics associated with PAE (growth retardation and
dysmorphic features) are signs that may signal the disorder, FASD is a developmental
psychopathology emerging from the impact of alcohol on the developing brain and the
subsequent interaction with the environment that produces characteristic behavior that
sometimes may be difficult to discriminate from other factors.

The 5 systems evaluated here have all contributed to the understanding of this process, and
their comparison highlights some of the next steps that will be required to refine and
standardize methods for identification and diagnosis in the future. By identifying areas that
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are discrepant, we can see better where more research and standardization are required. For
instance, there are some obvious steps that can be taken to refine the classification of
physical features using existing data. Age differences in diagnostic consistency also emerge
as a focus for future research. The results of such research will allow for more efficient
identification and treatment of alcohol-affected individuals in the future. The current study
points to the importance of developing a consensus diagnosis for this common disorder
based on empirical evidence and suggests directions for future research that will improve
identification of children with FASD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Map of diagnostic outcomes for each system. Each case (7= 1,581) is represented as a single
line with the color in each column corresponding to the diagnosis with dark blue
representing FAS; royal blue, pFAS; grey, ARND; and light blue, no diagnosis. Note that an
individual case may be diagnosed with FAS in one system, pFAS in another, and even no

diagnosis in a third.
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Demographic, Growth, Caregiver, and Cognitive Characteristics

Table 2.

Variable N Range Mean + SD
Age (years) 1,706  0.08-29.00 6.06 +4.03
Gestational Age (weeks) 1,612 23-43 37.59 £ 3.27
Full Scale 1Q 1,178 30-141 84.49 + 16.50
Infant Development Quotient 383 50-145 84.31 £ 16.56
Birth weight (%) 1,573 0-100 34.35+27.22
Birth length (%) 1232 0-100  39.59+29.79
Birth HC (%) 1,112 0-100 36.13 +31.20
Current weight (%) 1,695 0-99.9 47.36 £ 32.76
Current height (%) 1,696 0.1-99.9 39.75 £ 31.20
Current HC (%) 1,692 0.1-99.9 51.98 + 33.44
Variable N %
Gender
Male 1,006 59.0
Female 700 41.0
Race/Ethnicity
White 713 418
African American 788 46.2
Asian 3 02
Native American 4 0.2
Hispanic 26 17
Other (Including Biracial) 154 9.0
Reason for Referral?
FASorR/OFAS 1,642 96.2
Dysmorphic Features 53 3.1
R/O effect of other substance 602 353
Developmental Delay/LP 667 39.1
Significant Behavior Problem 784  46.0
Sexual Acting Out/Sexual Abuse 77 45
Adoption/Foster Care Planning 17 1.0
Legal 4 02
Other 113 6.6
Primary Caregiver
Biological Mother 108 6.3
Biological Father 34 2.0
Grandparent 397 233
Other Relative 159 9.3
Caseworker 3 02
Foster Parent 555 325

Alcohol Clin Exp Res. Author manuscript; available in PMC 2019 January 25.
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Variable N %
Adoptive Parent 420 246
Other 27 1.6

FASD diagnosis R/O due to other Medical Condition 117 6.9

a .
Each case may havemultiple reasons for referral.

R/O = Rule Out; LP = Learning Problem.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2019 January 25.
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Percent of Alcohol-Related Diagnoses by Diagnostic System (/7= 1,581)

Table 3.

System FAS pFAS  ARND Any alcohol Dx  No diagnosis
Emory-20 13.73% 16.13% 15.94% 45.79% 54.21%
4-Digit Code 0.25% 12.97% 24.29% 37.51% 62.49%
Canada 1.83% 10.31% 13.03% 25.17% 74.83%
Hoyme 12.21% 22.83% 24.54% 59.58% 40.42%
CDC 4.74% N/A N/A 4.74% 95.26%

Alcohol Clin Exp Res. Author manuscript; available in PMC 2019 January 25.
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Cohen’s Kappa Statistics for Diagnostic Agreement Between Systems. a. FAS Diagnosis Only. b. Any

Table 4.

Page 18

Alcohol-Related Diagnosis (FAS, pFAS, and ARND). c. Individual FASD Diagnosis (FAS, pFAS, or ARND)

a System 4-Digitcode Canada Hoyme Emory-20 Emory-10 CDC
a 0.022 0.160 0.535 0.517 0.329
Emory-20
a 0.007 0.063 0.369 0.517 0.170
Emory-10
4-Digit Code 0.117 0.036 0.022 0.007 0.097
Canada 0.117 0.172 0.160 0.063 0.506
Hoyme 0.036 0.172 0.535 0.369 0.407
CDC 0.097 0.506 0.407 0.329 0.170
b System 4-Digitcode Canada Hoyme Emory-20 Emory-10
Emory-zoa 0.69 0.48 0.61 0.81
Emory-lOa 0.55 0.36 0.56 0.81
4-Digit Code 0.63 0.57 0.69 0.55
Canada 0.63 0.35 0.48 0.36
Hoyme 0.57 0.35 0.61 0.56
¢ System 4-Digitcode Canada Hoyme Emory-20 Emory-10
Emory-zoa 0.46 0.31 0.40 0.58
Emory-lOa 0.25 0.24 0.39 0.58
4-Digit Code 0.46 0.35 0.46 0.35
Canada 0.46 0.37 0.31 0.37
Hoyme 0.35 0.37 0.40 0.39

aEmory-lO refers to a total score of “10” on a physical symptoms checklist, while Emory-20 refers to a total score of 20. Both systems were

included in the analysis to estimate the effect of making the physical features criterion more or less stringent.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2019 January 25.
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Table 5.

Cohen’s Kappa Statistics for Agreement Among Systems for Specific Diagnostic Criteria. a. Growth Variables
Only. b. Facial (Physical) Features Only. c. Neurobehavior Only

a System 4-Digitcode Canada Hoyme Emory-20/10 CDC

Emory 0.91 0.85 1.00 1.00

4-Digit Code 0.75 0.91 0.91 0.91

Canada 0.75 0.85 0.85 0.81

Hoyme 0.91 0.85 1.00 1.00

CDC 0.91 0.85 1.00 1.00

b System 4-Digitcode Canada Hoyme Emory-20 Emory-10 CDC
Emory-zoa 0.028 0.23 0.39 0.23 0.28
Emory—lOa 0.008 0.053 0.43 0.23 0.073
4-Digit Code 0.30 0.29 0.28 0.008 0.21
Canada 0.30 0.15 0.23 0.05 0.80
Hoyme 0.029 0.15 0.39 0.43 0.22
CDC 0.21 0.80 0.22 0.28 0.073

¢ System 4-Digitcode Canada Hoyme Emory-20/10 CDC

Emory 0.23 0.21 0.18 0.53

4-Digit Code 0.54 0.45 0.23 0.21

Canada 0.54 0.15 0.21 0.22

Hoyme 0.45 0.15 0.18 0.15

CDC 0.21 0.22 0.15 0.53

a . . .
Emory-10 refers to a total score of “10” on a physical symptoms checklist, while Emory-20 refers to a total score of 20. Both systems were
included in the analysis to estimate the effect of making the physical features criterion more or less stringent.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2019 January 25.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Coles et al.

Table 6.
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Percent of Sample Receiving FASD Diagnoses when Alcohol Use is Confirmed/Unconfirmed (A= 1,581)

System Alcohol confirmed(n = 822)  Alcohol unconfirmed(n =759) Odds ratio 95% confidenceinterval p-value
Emory 81.5% 20.7% 48.96 35.7-67.1 <0.000
4-Digit 71.8% 0.4% 640.86 204.2-2011.8 <0.000
Canadian 47.8% 0.7% 138.15 56.7-336.4 <0.000
Hoyme 87% 29.9% 15.66 12.3-20.25 <0.000
cpc? 6.8% 2.5% 2.85 1.68-4.84 <0.000

aFAS Diagnosis only (7= 75).
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Table 7.

Page 21

The Odds of Receiving a FASD Diagnosis for Children Over Versus Under 6 Years of Age in Each System

System  Odds ratio 95% Confidence interval p-value
Emory 0.955 0.78-1.17 NS
4-Digit 1.289 1.05-1.58 <0.02
Canada 2.786 2.21-3.52 <0.000
Hoyme 1.696 1.38-2.09 <0.000
cpc? 1.347 0.85-2.14 NS

aDiagnosis confined to FAS; N is limited (n = 75).
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