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Abstract 
Objective: Children with fetal alcohol spectrum disorder (FASD) are overre-
presented in early intervention programs, foster care, special education, juve-
nile corrections, and mental health services. In this study, we examine rela-
tionships between FASD and non-FASD controls for adverse childhood expe-
riences (ACEs), and neurodevelopmental disorders. Methods: A chart review 
was conducted among patients seen at our clinic from 2010-2017 with data 
on FASD, ACEs, neurodevelopmental diagnoses, and foster or residential 
care placement available. Results: Relative risk for FASD was increased in pa-
tients with increased ACE scores (RR = 5.08), increased numbers of neuro-
developmental diagnoses (RR = 2.36), and patients who have been in foster or 
residential care (RR = 9.53). FASD risk increased as ACE scores or the num-
ber of neurodevelopmental diagnoses increased. Patients with any ACEs were 
3.96 times more likely to have FASD, and those with eight or more ACEs 
were 6.31 times more likely to have FASD than those with no ACEs. Patients 
with three or more neurodevelopmental diagnoses were 6.55 times more 
likely to have FASD than those with two or fewer diagnoses. Nine or more 
diagnoses increased the risk for FASD ten-fold (RR = 10.91). Conversely, pa-
tients diagnosed with FASD were more likely to have at least three ACEs (RR 
= 3.71), at least five neurodevelopmental diagnoses (RR = 1.61), and high 
rates of previous foster or residential care placement (RR = 5.39). Conclu-
sion: This study demonstrates that all children being considered for place-
ment in foster care or residential should be screened for FASD. 
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1. Introduction 

Alcohol use among women of childbearing age in the United States continues to 
rise despite its well-established teratogenic effects and widespread recommenda-
tions against alcohol use during pregnancy [1]. More than half of all nonpreg-
nant women of childbearing age report alcohol use during the previous month, 
and more than one in six report binge drinking in that time [2]. One in nine 
pregnant women also reports alcohol use during the previous month and one in 
twenty reports binge drinking [1] [2]. Over the course of a pregnancy, more than 
30% of women report alcohol consumption, with greater than 8% reporting an 
episode of binge drinking [3]. The majority of pregnant women consuming al-
cohol did so during the first month (22.5%), likely prior to pregnancy recogni-
tion, and only 2.7% of women report drinking throughout their pregnancy (88% 
decrease) [3]. Another study reported that rates of prenatal alcohol exposure 
were 8.5% in the second month of pregnancy, decreased to 5.5% in the third 
month, and increased to 7.4% and 7.9% during the second and third trimesters 
respectively [3]. Considering these findings and the typical period of time during 
which a woman may be unaware she is pregnant, it is estimated that first-trimester 
exposure rates may be as high as 56% for all women and 78.9% for women with 
recent alcohol dependence [4]. 

Prenatal alcohol exposure poses a number of risks to the fetus, including the 
development of a fetal alcohol spectrum disorder (FASD) [5]. Four individual 
conditions with varying diagnostic criteria are classified under the term FASD: 
fetal alcohol syndrome (FAS), partial fetal alcohol syndrome, alcohol-related 
birth defects, and alcohol-related neurodevelopmental disorder (ARND) [6]. A 
diagnosis of FAS is made based on the presence of at least two characteristic fa-
cial anomalies, prenatal and/or postnatal growth deficiency, deficient brain growth, 
abnormal morphogenesis, or abnormal neurophysiology, and neurobehavioral 
impairment. Unfortunately, the physical features of FAS are often difficult to 
recognize, and consistency in diagnosis is generally dependent on the experience 
and expertise of the clinician. Partial fetal alcohol syndrome is diagnosed when 
there is documented prenatal alcohol exposure, at least two characteristic facial 
features, and neurobehavioral impairments. Partial fetal alcohol syndrome may 
be diagnosed in the absence of known prenatal alcohol exposure if growth defi-
ciency, deficient brain growth, abnormal morphogenesis, or abnormal neurophy-
siology are present. Alcohol-related birth defects are diagnosed based on con-
firmed prenatal alcohol exposure and the presence of at least one major conge-
nital malformation known to be the result of alcohol exposure [6]. ARND is the 
most commonly diagnosed FASD and requires confirmed prenatal alcohol expo-
sure and neurobehavioral impairment with or without cognitive impairment [4] 
[6]. 

Multiple diagnostic criteria for FASD are currently utilized and comparisons 
between the criteria suggest that they have modest rates of agreement [7] [8]. 
Alternatively, these comparisons may demonstrate that the phenotype for FASD 
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is broad and that the different diagnostic criteria each capture some unique por-
tion of phenotypic variance. 

The global prevalence of FASD has been estimated to be about 0.77% and ap-
proximately 630,000 children can be expected to be born with FASD each year 
[9]. Globally, this would suggest that an estimated 11 million children under age 
18, and an additional 14 million individuals between ages 19 and 40 have FASD 
[10]. Many regions have much higher rates of FASD, with estimates as high as 
11.1% in South Africa including 13.5% - 20.8% in its Western Cape Province [6]. 
In the United States, the most conservative methods estimate the prevalence of 
FASD at 1% - 5%. Active case ascertainment methodologies result in prevalence 
estimates of 3.1% to 9.9% [11]. Notably, all of these prevalence estimates are still 
considered to be conservative due to challenges related to diagnosis. 

Currently, diagnosis of fetal alcohol spectrum disorders is conducted by a 
multidisciplinary team and includes comprehensive neuropsychological assess-
ment [6] [11] [12]. As a result of the inadequate availability of neuropsychologi-
cal evaluation and dysmorphology services in community settings, the majority 
of diagnostic capacity falls to specialized clinics. These specialized clinics often 
rely on referrals from numerous sources, but limited diagnostic capacity and in-
adequate clinical recognition of individuals who warrant referral has resulted in 
high rates of undiagnosed or misdiagnosed patients [13] [14]. Many factors may 
be responsible for the lack of recognition, including lack of training in FASD, 
poor rates of screening, barriers to reporting of maternal alcohol use, legal con-
cerns, lack of clear recommendations regarding screening, and confusion about 
the presence of comorbid health conditions [12] [13]. 

While the physical features associated with FAS and partial fetal alcohol syn-
drome are more overt signs of an FASD, the neurobehavioral and cognitive 
challenges faced by patients with ARND are more commonly the source of im-
pairment across the lifespan [15] [16]. However, children with prenatal sub-
stance exposure often experience contact with the child welfare system due to 
child maltreatment [17]. Children diagnosed with FASD also have increased 
rates of placement in foster care due to neglect, abuse or family dysfunction [18]. 
This study suggests that the early post-natal environment of children with FASD 
likely influences their future developmental trajectory and both the severity of 
later impairments and the prevalence of neurodevelopmental disorders. This 
data suggests that both prenatal alcohol exposure and FASD may be associated 
with increased rates of exposure to adverse outcomes in childhood. Other re-
search has demonstrated that childhood adversity is closely linked to ten adverse 
childhood experiences (ACEs). These were described in a landmark study by Fe-
litti et al.: sexual abuse, emotional abuse, physical abuse, neglect, maternal abuse, 
and substance use in the household, mental illness in the household, divorced or 
separated parents, unloving family, and household member in prison [19]. In-
creasing numbers of ACEs have been shown to increase the likelihood of myriad 
health conditions, including severe obesity, lack of leisure-time physical activity, 
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suicide attempts, alcoholism, illicit drug use, ischemic heart disease, cancer, di-
abetes, hepatitis, poor self-rated health [19]. 

While very useful, adult outcomes from exposure to ACEs could miss other 
manifestations of adversity earlier in a person’s life when the identification of 
ACEs may also provide an opportunity to determine if early intervention could 
reduce the impact of ACEs across the lifespan. Recently, evidence of an associa-
tion between ACEs and physical, mental, and developmental health in children 
was suggested [20]. Another study has demonstrated the presence of increased 
ACE scores in children with FASD [18]. Together these studies suggest that the 
interaction between pre and postnatal environments may have synergetic effects. 
Other studies have not identified this relationship [21]. Other research has sug-
gested the exposure to some ACEs may result in differing outcomes compared to 
exposure to other ACEs. This study suggested that ACEs grouping deprivation 
may differ from ACEs more linked to threatening events [22]. FASD is a lifelong 
condition associated with a course of increasing clinical complexity often due to 
the extremely high rates of morbidity and mortality beginning in early childhood 
[10]. Thus increased risk of morbidity and mortality could be associated with 
complex interactions between prenatal exposures and the postnatal environ-
ment. 

Numerous developmental disorders including attention-deficit/hyperactivity 
disorder (ADHD) and depression show marked increases in prevalence in FASD 
patients compared to the general population [16] [23] [24]. Almost all patients 
diagnosed with FASD will also have at least one additional diagnosis, with most 
patients having several comorbid conditions [16] [25]. Additionally, patients 
with an FASD are more likely than the general population to require educational 
support and encounter juvenile correctional systems [10] [26]. Mortality rates 
are also increased among people diagnosed with FASD. The increased mortality 
risk is not limited to the patient with FASD but also extends to mothers and 
siblings of those diagnosed with FASD [27] [28]. 

Increased rates of morbidity and mortality associated with FASD are the 
source of significant economic burden on society and the individual systems of 
care most likely to encounter individuals with FASD [29] [30]. The economic 
impact of FASD on families is huge. In North Dakota, the annual costs for par-
ents with a child with FAS were estimated using a multiday cost diary at $17,400 
annually which was equal to 36.4% of the family gross annual income in 2009 
[31]. Clinical experience and recent research demonstrated that FASD is asso-
ciated with high rates of service usage and contact with professionals from nu-
merous fields [24] [32]. Each encounter with a professional is an opportunity to 
identify a child who may have an undiagnosed FASD, ACEs or both and to im-
plement a plan focused on diagnosis-informed care. Despite these individual and 
societal impacts of FASD, evidence suggests that the professionals most likely to 
encounter these patients are not adequately prepared to identify or treat them 
[33] [34]. The goal of this study was to examine the relationships between FASD, 
ACEs, and neurodevelopmental diagnoses. 
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2. Methods 

Chart reviews of patients seen at the North Dakota Fetal Alcohol Syndrome 
Center between 2010 and 2017 were used to identify the non-FASD cases and 
the cases with a diagnosis of FASD. The data used for this study was previously 
used to examine the relationship between FASD and ACEs [18]. In this study, 
we use this data to also examine the role of FASD and neurodevelopmental dis-
orders. This center evaluates about 200 patients each year and provides fol-
low-up for a large cohort of children and adults with FASD. A diagnosis of 
ARND was made based on the history of prenatal alcohol exposure, develop-
mental assessment, and completion of the ARND Behavioral Checklist (ABC). 
Additional assessments were completed when necessary, including assessments 
of cognition, academic performance, attention, and mental health status. The 
ABC was developed in our clinic as part of an FASD surveillance and follow-up 
program as a tool to identify individuals with ARND. The reliability and validity 
of the ABC have been established against the proposed DSM-V criteria for 
ND-PAE [4]. Two recent studies have presented data on the sensitivity, specific-
ity and accuracy of the ABC [35] [36]. 

The ABC is a 33-item checklist completed by a caregiver who accompanies the 
patient to the visit. Each item is scored as either present or absent. After comple-
tion, the clinician reviews the checklist and scores any unreported items that 
have been observed during the interview. The number of behaviors that are 
scored as present are summed to calculate a total score for the checklist. The 
cut-off score for a positive ABC score differs by age group, with a score of 16 or 
greater considered diagnostic for individuals aged 3 - 6 years old and a score of 
20 or greater considered diagnostic for individuals aged 7 years and older. 
ARND is not currently being diagnosed in individuals younger than three years 
old using this tool. In addition, each child also has a detailed diagnostic evalua-
tion including an exposure assessment with dosimetry estimates, adaptive beha-
vior testing, and ADHD testing. We also reviewed records for evidence of recent 
testing and physical examinations, past records documenting exposure, and re-
sults of the collection of any neurocognitive testing. Since nearly all patients have 
already been seen by multiple physicians, we do not routinely schedule another 
encounter. Where indicated by the referring physicians or parent or foster par-
ent, we do schedule additional appointments as appropriate. These are for fur-
ther assessment of vision, eating, toileting, sleep, growth or evaluation to see if 
medication is warranted. This data combined with the ABC score is used to di-
agnose FASD. 

ACE scores were collected as part of a routine initial appointment at our clin-
ic. The patient’s caregiver is presented with a list of the ten ACEs and asked to 
identify which, if any, have been experienced by the patient. We also routinely 
collected information on two additional childhood experiences—placement in 
residential care or foster care—based on clinical experience and data suggesting 
that individuals with FASD are overrepresented in these populations. ACE 
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scores collected during interviews were considered minimums because complete 
knowledge of our patient’s postnatal environment is often unavailable. 

Neurodevelopmental diagnoses were also collected as part of the typical initial 
appointment at our clinic. Information was collected through interviews with the 
patient and those attending the appointment with the patient. We routinely eva-
luated for 22 neurodevelopmental disorders: ADHD, learning disability, intellec-
tual disability, cognitive impairment, verbal performance impairment, speech dis-
order, language disorder, tremors, tics, Tourette syndrome, obsessive-compulsive 
disorder, autism spectrum disorder, Rett’s Syndrome, vision impairment, hear-
ing impairment, oral comprehension deficits, memory impairment, anxiety, 
sleep disorder, enuresis, encopresis, and depression. When necessary, academic 
and medical records were referenced to evaluate neurodevelopmental diagnoses. 

Patients were separated into two groups, those diagnosed with FASD and 
non-FASD controls. Inclusion criteria for the FASD group required the patient 
to be 21 years of age or under, diagnosed with FASD upon evaluation using the 
ABC, and documentation of both ACEs and neurodevelopmental diagnoses. Pa-
tients were included in the control group if they were seen at the clinic in the 
stated time frame and had any neurodevelopmental disorder but did not meet 
the criteria for any FASD. Patients were excluded from the study if they were 
aged 22 years or older, did not have any neurodevelopmental diagnoses, or if 
prenatal alcohol exposure could not be confirmed. 

Statistical Analysis 
ACE scores and neurodevelopmental diagnoses were each divided into low, 

moderate, and high groups for the analysis. The relative risk of FASD for each 
group was estimated along with relative risk for FASD based on placement in 
foster or residential care. The reciprocal risk of moderate/high ACE score, mod-
erate/high number of neurodevelopmental diagnoses, and foster or residential 
care placement was also calculated based on FASD diagnosis. Correlations be-
tween ACE scores, neurodevelopmental diagnoses, and foster or residential care 
placement were calculated. The relative risk for FASD based on ACE score or 
number of neurodevelopmental diagnoses was estimated for all values of these 
variables. All analyses were performed using SAS v 9.2. 

3. Results 

We identified 196 patients via chart review who were eligible for inclusion in the 
study based on the established criteria. There were 96 eligible patients (49.0%) 
who received an FASD diagnosis and 100 eligible patients (51.0%) who did not 
have FASD and were used as controls. The patients ranged in age from 3 to 20 
years old (mean 8.85 years, SD = 4.41) and were predominantly male (n = 127, 
64.8%). The most commonly reported races were American Indian/Alaskan Na-
tive (n = 56, 28.6%) and Caucasian (n = 34, 17.4%), though data on a single cat-
egory of the race was unavailable for many of the participants (Table 1). The 
mean values for the ARND Behavioral Checklist, ACE score, and neurodeve-
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lopmental diagnoses for each group are also shown in Table 1. On average, pa-
tients with FASD scored 14.57 points higher on the ARND Behavioral Checklist, 
experienced 3.60 more ACEs, and had 2.17 more neurodevelopmental disorders 
than patients without FASD. 

The relative risk for FASD based on ACE score grouping, number of neuro-
developmental diagnoses and previous placement in foster care or residential 
care, is displayed in Table 2. Patients with a moderate ACE score (3 - 6) were 
4.78 times more likely to have FASD than those with fewer than 2 ACEs. Those 
with the highest ACE scores (7 - 10) were 5.62 times more likely to have FASD. 
Overall, there is a five-fold increase in FASD risk for those who have expe-
rienced three or more ACEs (RR = 5.08). Patients with a moderate number of 
neurodevelopmental disorders (5 - 8) were more than twice as likely to have 
FASD as those with fewer diagnoses (RR = 2.12), and those with the most neu-
rodevelopmental disorders (9 - 13) were 3.53 times more likely to have FASD. 
Overall, children with five or more neurodevelopmental diagnoses were 2.36 
times more likely to be diagnosed with FASD. Previous placement in residential 
care nearly doubled the likelihood of an FASD diagnosis (RR = 1.95), and pa-
tients who have ever been in foster care were 8.73 times more likely to have 
FASD. A nearly ten-fold increase in FASD likelihood was found for patients who 
have been in residential care, foster care, or both (RR = 9.53). 

Figure 1 demonstrates the increasing risk for FASD as either the number of 
ACEs or the number of neurodevelopmental diagnoses increases. The RRs shown  

 
Table 1. Characteristics of FASD and non-FASD. 

 
FASD (N = 98) Non-FASD (N = 105) 

n %  n %  

Male 59 60.20  72 68.57  

Female 39 39.80  33 31.43  

AI/AN 45 19.39  13 14.29  

Caucasian 19 45.92  15 12.28  

Other 34 34.69  77 73.33  

Age 0 - 5 26 26.53  36 34.29  

6 - 10 36 36.73  40 38.10  

11 -20 36 36.73  29 27.62  

 Mean S.D. Range Mean S.D. Range 

Age 9.306 4.680 2 - 20 7.971 4.271 2 - 20 

ARND 23.688 4.094 16 - 35 9.120 4.441 1 - 19 

ACE 5.323 2.573 0 - 10 1.720 2.040 0 - 9 

Diagnoses 6.667 2.347 1 - 13 4.550 2.231 0 - 9 
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Table 2. Risk of FASD from ACE, diagnoses, and care. 

 FASD Non-FASD 
RR 

95% CI 
LL 

95% CI 
UL  n % n % 

ACE 0 - 2 14 15.38 77 84.62    

ACE 3 - 6 50 73.53 18 26.47 4.8 2.9 7.9 

ACE 7 - 10 32 86.49 5 13.51 5.6 3.4 9.3 

ACE 3+ 82 78.10 23 21.90 5.1 3.1 8.3 

Dx 0 - 4 17 74.24 49 74.24    

Dx 5 - 8 59 45.37 49 45.37 2.1 1.4 3.3 

Dx 9 - 13 20 90.91 2 9.09 3.5 2.3 5.4 

Dx 5+ 79 60.77 51 39.23 2.4 1.5 3.6 

No Care 8 8.79 83 91.21    

Foster or Residential 88 83.81 17 16.19 9.5 4.9 18.6 

No Foster 9 9.68 84 90.32    

Foster 87 84.47 16 15.53 8.7 4.7 16.3 

No Residential 77 44.25 97 55.75    

Residential 19 86.36 3 13.64 1.9 1.5 2.5 

 

 
Figure 1. The relative (RR) risk of FASD when the ACE score or number of diagnoses is 
greater or equal to a given value. All ACE RR shown are relative to an ACE score of zero. 

 
for the number of diagnoses are all relative to having two or fewer diagnoses 
(zero or one diagnosis could not be used as a reference as there were no FASD 
children with zero diagnoses and only one with one diagnosis). Patients exposed 
to any ACEs were nearly four times more likely to have FASD compared to those 
who had an ACE score of zero (RR = 3.97). Those who had experienced eight or 
more ACEs were more than six times more likely to have FASD than those with 
no ACEs (RR = 6.31). Compared to patients with two or fewer diagnoses, indi-
viduals with three or more diagnoses were 6.5 times more likely to have FASD. 
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Prenatal exposure resulting in FASD seems to account for most of the variance 
in total number of diagnoses. The likelihood of FASD increases as diagnoses in-
crease, peaking at an eleven-fold increase in risk for patients with nine or more 
neurodevelopmental diagnoses (RR = 10.91). 

Patients with FASD were also found to be more likely to experience ACEs, re-
ceive a neurodevelopmental diagnosis, and be placed in foster care or residential 
care. Figure 2 demonstrates the bidirectional relationships between these inter-
related factors and the correlations between them. Exposure to three or more 
ACEs increased the likelihood of a child having FASD more than five-fold com-
pared to those experiencing fewer than three ACEs (RR = 5.08), and children 
with FASD were 3.71 times more likely to experience at least three ACEs than 
controls. Children with at least five neurodevelopmental disorders were more 
than twice as likely to have FASD as those with four or fewer diagnoses, and pa-
tients with FASD were 61% more likely to have at least five neurodevelopmental 
diagnoses. Placement in foster care or residential care increased the likelihood of 
a patient having FASD nearly ten-fold (RR = 9.53), and children with FASD 
were more than five times more likely to be placed in foster or residential care 
than controls. ACE scores, neurodevelopmental diagnoses, and placement in 
foster care or residential care were all significantly correlated with one another. 
Correlations between the conditions were also significant (all p < 0.001) sug-
gesting that if the risk is found in one area (e.g., many diagnoses), it is likely to 
be found in another area (e.g., foster or residential care). 

 

 
Figure 2. The diagram demonstrates the relationship between FASD and the ACE score, total number of 
neurodevelopmental diagnoses, and if the child was in foster or residential care (blue lines). The figure also shows the risk 
of FASD if the child has high ACE, total number of diagnoses, or lives in foster or residential care (red lines). 
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4. Discussion 

This study suggests that children with FASD experienced 3.6 more ACEs, and 
had 2.17 more neurodevelopmental disorders than patients without FASD. ACE 
scores, neurodevelopmental diagnoses, and placement in foster care or residen-
tial care were all significantly correlated (all p < 0.001). This demonstrates a 
close link between prenatal exposure, postnatal exposure to adversity, a diagno-
sis of FASD and placement in foster and/or residential care (primarily for child-
ren and adolescents with severe neurobehavioral disorders). This triple risk 
model is bidirectional. Children with high rates of ACEs are at increased risk for 
FASD and conversely, children with FASD are at high risk for exposure to ACEs. 
In our experience, this is especially likely for children with a history of multiple 
foster home placements. This suggests that early identification of ACEs could be 
used to identify children needing assessment for FASD. FASD intervention plans 
should emphasize strategies to decrease the risk for additional exposure to ACEs, 
and reduce additional placements in foster care and residential care. This should 
be a key role of social service agencies that very often have long-term custody of 
these infants and children. Thus, early diagnosis of FASD should encourage 
long-term planning by court teams to reduce the risk for additional exposure to 
these outcomes across childhood and adolescence. 

FASD is considered the leading identifiable cause of intellectual disability in 
the United States with rates up to 23 times higher than the population at large 
[16] [23]. Rates of several other mental disorders are also significantly increased 
in the FASD population including psychotic disorder (24.5× higher), anxiety 
disorder (11.2×), ADHD (10×), reactive attachment disorder (9.3×), opposition-
al defiant disorder (4.9×), obsessive-compulsive disorder (4.1×), depression 
(4.0×), bipolar disorder (3.2×), and post-traumatic stress disorder (1.5×) [16]. 
The impacts of FASD also extend far beyond mental health concerns [24]. 

This makes FASD the most common identifiable cause of developmental dis-
ability, the leading known cause of neurobehavioral disorders in the United 
States, the most common diagnosis resulting in placement in foster care and 
residential care in the United States. FASD is also a leading cause of mortality for 
children and is very likely the leading cause of motility among young women of 
childbearing, age increasing mortality risk by 39-fold [28] [37]. 

FASD requires huge increases in cost of care for these children. These costs 
extend beyond the healthcare system. Individuals with FASD are hugely overre-
presented in numerous special populations. Prevalence rates of FASD are 32 
times greater among children in foster or residential care than the general popu-
lation, and individuals with FASD are 9.22 times more likely to receive special 
education funding and 3.06 times more likely to repeat a grade [30] [38]. Over-
all, 61% of patients diagnosed with FASD have some form of disrupted school 
experience [39]. Life span prevalence rates for individuals with FASD are 60% 
for trouble with the law, 50% for confinement, and 49% for repeated inappro-
priate sexual behaviors. Children with FASD are 19 times more likely to be in-
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carcerated in a given year and are 21 times more likely to develop a substance 
use disorder [24] [39]. 

These wide-ranging comorbidities culminate in extreme costs to society in 
terms of mortality, demands on service systems, and economics. Mortality rates 
are increased 4.9-fold for individuals with FASD and 2.6-fold for siblings of in-
dividuals with FASD [37]. Mothers of individuals with FASD face a 44.82-fold 
increase in mortality rate, with most deaths occurring in women younger than 
50 years old [28]. The economic burden of FASD to society has recently been es-
timated to be $1.8 billion annually in Canada and per person annual costs of 
$22,810 - $24,308 in the United States [29] [30]. The cost of care for a patient 
with FASD is 26% higher than autism, 87% higher than asthma in children, 13% 
higher than diabetes, and 56% higher for epilepsy in adults [29]. 

Though the data are staggering, the morbidity and mortality associated with 
FASD need not be considered a foregone conclusion. Individuals diagnosed with 
FASD early and raised in a stable environment are 2- to 4-fold more likely to 
avoid exposure to adverse childhood experiences later in life [37]. Additionally, 
several evidence-based methods have been established to benefit individuals with 
FASD and improve outcomes in various settings [40] [41]. Achieving the bene-
fits of these interventions relies on early recognition and diagnosis, which re-
mains a considerable weakness across many settings. Although pediatricians 
seem to be among the most likely professionals to recognize these patients, only 
62% feel prepared to identify, 50% feel prepared to diagnose, and 34% feel pre-
pared to manage treatment of children with FASD [33]. Among psychologists, 
71% report lacking relevant training in FASD diagnosis, 42% underestimate the 
prevalence of FASD, and 65% report being “very unprepared” or “somewhat 
unprepared” to identify a child with FASD compared to only 4% reporting feel-
ing “very prepared” to identify these children [33]. In addition to pediatricians 
and psychologists, other professionals such as social workers, special education 
teachers, and neurologists who have the potential to recognize and aid in diag-
nosis of FASD are likely to encounter children with FASD due to the presence of 
comorbidities. 

The results of the current study have the potential to substantially improve the 
ability of many of these professionals to identify individuals who may have 
FASD as well as to improve the holistic evaluation and management of the 
child’s care if a diagnosis is made. The current study is the first the authors are 
aware of to demonstrate a bidirectional relationship between FASD and ACEs, 
neurodevelopmental diagnoses, and foster or residential care placement. Impor-
tantly, application of the results from the current study does not require know-
ledge of prenatal alcohol exposure. This helps to avoid a common barrier to 
FASD recognition, which involves asking the mother about alcohol use during 
pregnancy. Instead, a referral to a specialty center could be made, allowing a 
more experienced specialist to complete a formal evaluation. If a known history 
of prenatal alcohol exposure is present, a lower threshold for referral is likely 

https://doi.org/10.4236/ojped.2021.114054


B. J. Conant et al. 
 

 

DOI: 10.4236/ojped.2021.114054 591 Open Journal of Pediatrics 
 

warranted. 
As shown in Figure 2, knowledge of any of the three factors can be used to 

predict risk for FASD, and an FASD diagnosis informs risk for ACEs, neurode-
velopmental disorders, and foster or residential care placement. Professionals 
involved in the evaluation of any of these factors should therefore be aware of 
this relationship. For professionals involved in formal FASD evaluation, these 
results highlight the importance of holistic care and a proactive, diagnosis-informed 
treatment and management plan. Any time a patient is diagnosed with FASD, it 
is important to evaluate for ACEs and neurodevelopmental disorders. Evaluating 
these areas or referring to a specialist for evaluation helps to ensure that a more 
complete picture of the patient’s impairment is captured. Evaluation for risk of 
foster or residential care placement is also crucial, especially considering the im-
plications of the reauthorized Child Abuse Prevention and Treatment Act 
(CAPTA). This is potentially a source of services for families at risk of foster care 
placement. Thus, a wide range of services is available for families to prevent 
placement in foster care. 

Information on ACEs, neurodevelopmental diagnoses, and foster or residen-
tial care placement will often be more readily available than formal FASD evalu-
ations, especially for those who are most likely to encounter patients with un-
diagnosed FASD. For example, social workers are likely to have easily accessible 
knowledge of previous foster care or residential care placement and are well 
equipped to evaluate ACEs. Similarly, special education teachers and parapro-
fessionals are likely to have access to neurodevelopmental diagnoses through in-
dividualized education plans. Psychologists and psychiatrists are likely to have 
access to neurodevelopmental diagnoses through electronic medical records or 
their own evaluations and are highly trained to evaluate ACEs. Neurologists and 
pediatricians without training in FASD may also feel more comfortable evaluat-
ing any of these three interrelated factors than performing an FASD evaluation. 
When encountering a patient who has been in foster/residential care or a patient 
with many ACEs or neurodevelopmental diagnoses, all of these professionals 
should consider evaluating for FASD with a tool such as the ARND Behavioral 
Checklist or DSM-V proposed criteria for ND-PAE or referring to a specialty 
clinic for evaluation. Additionally, given one factor, professionals may consider 
assessing other dimensions to further evaluate their perception. For example, a 
pediatrician seeing a child who is in foster care could inquire about previous 
ACEs, or a neurologist seeing a patient with several neurodevelopmental diag-
noses could ask if the child has previously been in foster or residential care. 

The results of the current study and their relevance to numerous different 
professions represent a significant opportunity to increase diagnostic capability 
and access to treatment for FASD. The current difficulties in diagnosis and ten-
dency toward conservative prevalence estimates make it very difficult to capture 
the full impact of FASD on individuals and society. Nevertheless, studies consis-
tently demonstrate that FASD is a massive public health concern, with impacts 
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that extend much further than several conditions that receive far more attention 
[29]. Establishing how different domains such as ACEs, neurodevelopmental 
disorders, and foster care placement impact FASD risk represents a significant 
step towards improving recognition of these patients by the many professionals 
they will encounter. 

Several strategies are available to decrease the risk for FASD. The first is the 
adoption of routine screening for alcohol use among women of childbearing age. 
The second would be routine screening for alcohol use among pregnant women. 
The third is screening the children of women who have been in substance use 
treatment. Fourth would be to screen all children who enter neonatal intensive 
care units. All children should be screened as a part of well child care. Lastly, all 
siblings of a child diagnosed with FASD should be screened for FASD. 

5. Limitations 

There are several limitations associated with the current study. First, as a region-
al referral center, the patient population seen at our clinic is greatly influenced 
by geography and local populations. Although the participants in this study are 
representative of our overall patient population, a sample from other centers 
would likely differ significantly in terms of race and cultural norms and expe-
riences. Second, ACEs and neurodevelopmental diagnoses were evaluated by re-
call during interviews. Therefore, both scores represent a summary of data that 
has, in many cases, been collected from several sources. No information on spe-
cific details or duration of adverse experiences was accounted for, which may in-
fluence outcomes. Additionally, ACE scores may be reported inaccurately by the 
individuals accompanying the patient. This may be due to incomplete know-
ledge of the postnatal environment by an adoptive or foster parent, or due to 
concerns of stigma or legal action by a biological parent. Third, although the re-
liability and validity of our diagnostic checklist have been established, we cannot 
be certain that all diagnoses are correct in the absence of a clinical biomarker. 
Finally, because all evaluations were performed at the same center and by the 
same clinician, any tendencies or biases in diagnosis would be expected to in-
fluence the data systemically. 

Most of these limitations can and should be addressed through future research 
efforts. Larger, diverse multi-center replication studies should be developed to 
determine if these results are consistent across populations and clinicians. Addi-
tionally, these results should be investigated in the context of other commonly 
used diagnostic tools, including the DSM-V proposed criteria for ND-PAE. Most 
importantly, there should be efforts to incorporate these findings into clinical 
practice and evaluate their value in the context of various professions. Future 
research should also include identifying additional factors that increase the risk 
for FASD; identifying protective factors against FASD despite prenatal alcohol 
exposure; developing a potential method for identifying children under age three 
who show signs of FASD, increasing education about prenatal alcohol exposure 
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for professionals in fields related to healthcare, education, corrections, and social 
work; promoting abstinence from substance use during pregnancy; and im-
proving recognition and treatment for individuals with substance use disorders. 

6. Conclusion 

We conclude that ACEs, neurodevelopmental diagnoses, and foster or residen-
tial care placement are associated with increased risk for FASD, and conversely, 
individuals with FASD are at increased risk for exposure to ACEs, development 
of neurodevelopmental disorders, and placement in foster or residential care. A 
wide range of professionals is likely to encounter patients with FASD, including 
physicians, social workers, psychologists, special education teachers, and para-
professionals. Increased rates of contact with judges, attorneys, social workers 
residential care staff and juvenile corrections systems demonstrate the need for 
further training and increased efforts to identify infants, children, and adoles-
cents with FASD. Routine screening would be a useful strategy to identify these 
children. 
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