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Abstract 
Background: Fetal Alcohol Spectrum Disorders (FASDs) are a global public 
health concern with lifelong consequences for affected individuals. Recent 
prevalence studies suggest FASD prevalence rates range from 1-5% among 
school age children. Most people with FASD are not correctly diagnosed and 
inadequate screening to identify patients with increased risk may contribute 
to under-diagnosis. This study developed a 10-item screening tool for FASD 
and examined its feasibility. Methods: The sample consisted of 355 children 
who had been evaluated at an FASD clinic. Data from the 33-item Alcohol 
Related Neurodevelopmental Disorder Behavioral Checklist was used to de-
velop a brief FASD screen by comparing the changes in Cronbach’s alpha for 
different combinations of items. The validity of the brief scale was then fur-
ther examined using receiving operating characteristic analyses. Results: The 
10-item screen demonstrated acceptable sensitivity, specificity, and accuracy 
to identify children at high risk for FASD. The percentage correctly classified 
was 91.3 and the area under the receiving operating characteristic curve was 
0.971. Conclusions: This feasibility study demonstrated that a screen for FASD 
consisting of 10 items with yes or no responses can be completed in 3 - 4 mi-
nutes. The tool is brief, with a low administration burden and has acceptable 
epidemiologic performance characteristics including accuracy. Future research 
should examine the performance of this tool when used in larger, communi-
ty-based populations where screening for FASD would be appropriate. 
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1. Introduction 

Among women of child-bearing age in the United States, 53.6% used alcohol in 
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the past month and 18.2% binge drank [1]. Since up to 50% of pregnancies are 
unplanned, many of these women will have children with prenatal alcohol ex-
posure [2]. Despite increasing awareness of the risks of alcohol use during preg-
nancy, rates of alcohol use during pregnancy continue to be alarmingly high. A 
study from the Centers for Disease Control and Prevention reported that 13.5% 
of pregnant women reported ongoing alcohol use and that over 5% reported binge 
drinking, defined as four or more drinks in a sitting [3]. Upon confirmation of 
pregnancy, most women quit or reduce alcohol use, but 10.2% continue to drink 
[1] and recent studies indicate that over 8% of pregnant women are drinking dur-
ing the last trimester of pregnancy [4]. The United States has 3.6 million births 
annually. Thus, every year in the United States alone 494,679 pregnancies have 
prenatal alcohol exposure and 183,215 will have been exposed to binge drinking. 
Each day 1350 infants are born with a history of prenatal alcohol exposure. Data 
on prenatal alcohol exposure have considerable variation due to the presence of 
common confounders, including variation in data collection methodologies, lack 
of systematic population-based screening, underreporting of use during pregnan-
cy, and differences in thresholds for exposure. However, this data does demon-
strate that prenatal alcohol exposure is a huge public health problem. 

Prenatal alcohol exposure has been demonstrated to increase risk for multiple 
adverse outcomes impacting the normal developmental trajectories of infants 
and young children. The range of adverse outcomes is large but frequently in-
cludes acquisition of speech and language skills, cognitive development and both 
gross and fine motor skills [5]. Prenatal alcohol exposure also increases risk for 
fetal alcohol spectrum disorder (FASD). This is an important public health issue 
since FASD is the most common cause of noninheritable developmental disabil-
ity in the United States. 

FASD is typically considered to be a broad term for four categorical entities. 
The first entity is fetal alcohol syndrome, which is diagnosed by the presence of 
prenatal alcohol exposure, abnormal facial features, growth impairment (height, 
weight, or both), and brain dysfunction, based on deficits in three domains of 
brain function. The second is partial fetal alcohol syndrome, characterized by the 
absence of growth impairment and only one or two abnormal facial features. 
The third is alcohol-related neurodevelopmental disorder, defined as prenatal 
alcohol exposure and impairment in three or more domains of brain function. 
The fourth is alcohol-related birth defects, involving prenatal alcohol exposure 
and a birth defect that may be attributable to prenatal alcohol exposure. Howev-
er, this category is very rarely used. More recently, the broad category of FASD 
has been utilized as a diagnostic entity in some countries [6]. This broad con-
struct of FASD is used as a diagnosis for individuals with adverse outcomes at-
tributable to prenatal alcohol exposure. 

FASD is a common condition with a broad severity with a typical course of 
increasing severity across the lifespan. Much of the impairment is due to lack of 
early recognition and inadequate interventions. The disorder varies widely, with 
cognitive ability ranging from average to intellectual disability. Common com-

https://doi.org/10.4236/ojped.2024.144072


T. Mueller et al. 
 

 

DOI: 10.4236/ojped.2024.144072 769 Open Journal of Pediatrics 
 

orbidities include birth defects, sensory impairments, high rates of other neurode-
velopmental disorders, such as attention deficit hyperactivity disorder, learning 
disabilities, speech and language deficits, and gross and fine motor impairments. 

Recent research on the prevalence of FASD among first-grade students from 
four different areas in the United States found that the estimated prevalence rate 
of FASD ranged from 1.1% to 5.0% [7]. In the United States alone, this suggests 
that at a 1.1% prevalence rate, 100 new cases of FASD are born each day. If the 
prevalence rate is 5%, then 500 new cases of FASD are born daily, or about one 
new case every 20 minutes. Globally, the prevalence of FASD is at least 2.2% 
with wide variation by country [8]. Recent studies have consistently indicated 
that FASD is more prevalent than previously believed [9] [10]. A recent me-
ta-analysis estimated the global prevalence to be as high as 8.5 per 1000 children 
[8]. These prevalence estimates suggest that FASD is more common than autism 
spectrum disorder and is a very important causal factor for attention defi-
cit-hyperactivity disorder, intellectual disability, vision and hearing impair-
ments, and multiple developmental neuropsychiatric disorders [9] [10]. 

While the prevalence rates from these studies demonstrate that FASD is a 
common developmental disorder, screening for prenatal alcohol exposure and 
FASD is still not routine in child health care settings [11]. Screening for prenatal 
alcohol exposure is often absent in obstetric, pediatric, and child welfare sys-
tems, especially when compared to screening for drug use. This may be due, in 
part, to concerns about the stigma against women who use alcohol during preg-
nancy [12]. However, stigma related to prenatal drug use is also a concern, yet 
screening for drug use in this population is common. 

Obtaining information about prenatal alcohol exposure and exposure dosi-
metry is often complicated by the frequency with which children at the highest 
risk for FASD are separated from their biological parents (e.g., foster care, rela-
tive placement, adopted, or incarcerated in juvenile justice system or placed in a 
residential care facility). A recent study found that among 151 children and 
young adults screened for FASD, only four (2.6%) lived with their biological 
parents. This makes collection of data on prenatal alcohol use difficult in routine 
clinical settings, especially where health care for children at high risk for FASD 
may be delivered at multiple sites [13]. For example, 30.5% of children with 
FASD will be placed in foster care and over 18% of children in foster care have 
FASD (Engesether B, Hoffner M, Johnson E, Klug MG, Popova S, Burd L. Pre-
valence of fetal alcohol spectrum disorder in foster care: A scoping review. Al-
cohol: Clinical and Experimental Research (in press).). Foster care is an example 
of a system of care that utilizes routine systematic screening followed by referral 
for diagnosis and early intervention. These services already have existing fund-
ing streams to support them. While screening for FASD has not been widely 
adopted the foster care system does provide a useful example of a system where 
screening for FASD could take place. Children with a positive screen would have 
an existing system of care to support linking screening, diagnosis, and entry into 
diagnosis-informed interventions. 
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Comparisons of results from prevalence studies and rates of diagnosis of 
FASD in clinical settings demonstrate that both drinking during pregnancy and 
FASD are often undetected [14]. In a series of large prevalence studies, only two 
of the 222 cases of FASD diagnosed (1%) had been previously diagnosed [7]. An 
amazing 99% of children with FASD had not been correctly diagnosed. Another 
study in school-aged children found only one out of seven diagnosed cases 
(14.3%) had been previously diagnosed [15]. 

The low rates of diagnosis may be due to low levels of awareness among clini-
cians of FASD, uncertainty about how to diagnose FASD, and very limited routine 
screening in systems of care for children [16]. However, since 100 to 500 children 
with FASD are born every day in the United States, FASD may be much more 
prevalent than currently suspected by clinicians [17]. The lack of appropriate di-
agnosis suggests that many of these children were being treated for conditions 
other than FASD. Since FASD is frequently comorbid with many other develop-
mental disorders, some may have been receiving care for these related disorders. 
However, they would not have been receiving diagnosis-informed care for FASD. 

When FASD is undiagnosed or misdiagnosed, opportunities for early access 
to appropriate early interventions and support services are being delayed or 
missed [8] [18]. Identification of FASD is clinically important due to the very 
high rates of neuropsychiatric comorbidity, which increases over the lifespan. A 
large scientific literature on FASD has demonstrated an increased risk for a wide 
range of comorbid neuropsychological and mental health disorders over the li-
fespan of affected individuals [19]. 

Inadequate routine screening may be one of the primary factors contributing 
to underdiagnoses of FASD by healthcare professionals [17] [20]. Despite rec-
ommendations from organizations such as the American Academy of Pediatrics 
and the Centers for Disease Control and Prevention, screening for prenatal al-
cohol exposure and related developmental issues remains suboptimal [21] [22]. 
Physicians and other healthcare providers often face challenges in implementing 
comprehensive screening due to time constraints, competing priorities, and li-
mited training on identifying and diagnosing FASD [23] [24]. Another factor 
may be the lack of an easy-to-use screening tool with acceptable epidemiologic 
performance criteria that could be used in routine office-based clinical care [25]. 
Screening appears to be an important step in both identifying children at in-
creased risk for FASD and in constraining the demand for very limited access to 
FASD diagnostic clinics resulting from inappropriate referrals. 

The rational for routine screening for FASD can be supported by the following: 
• 1% - 5% of first grade students have FASD; 
• Risk for placement into foster care for children with FASD is high; 
• Rates of FASD in foster care populations are exceptionally high; 
• Nearly all cases are undiagnosed; 
• The mortality rate is increased; 
• Mortality among siblings is also increased; 
• FASD results in lifelong impairments; 
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• Early identification of FASD can reduce future developmental problems; 
• FASD increases risk for learning disabilities and school related problems; 
• Cost of care for FASD is very high; 
• FASD increases risk for foster care placement and multiple foster home 

placements; 
• FASD increases risk for involvement in the corrections system; 
• FASD increases risk for substance use disorders; 
• FASD increases risk for dependent living as adults. 

Current diagnostic criteria for FASD have considerable variability, and re-
quire significant cost and staffing resources [26]. The multidisciplinary diagnos-
tic process can be resource-intensive, time-consuming, and requires specialized 
expertise, making it challenging to implement in routine clinical practice [16]. 
However, a diagnosis of FASD has important benefits. The diagnosis of FASD 
can also impact care for the mother, the child with FASD and the child’s siblings. 
The diagnosis of FASD offers multiple options to improve outcomes. A diagno-
sis identifies a mother in need of treatment. This can have multiple benefits, in-
cluding preventing exposure in future pregnancies and reducing risk for mortal-
ity in the mothers [27]. A diagnosis also identifies siblings in need of assessment 
[28]. Additionally, a child with FASD is in need of increased surveillance for the 
development of multiple FASD associated problems, including increased risks 
for contact with juvenile justice systems. Lastly, a diagnosis identifies a need for 
a diagnosis-informed treatment plan [29]. This should include access to early 
developmental therapies, such as speech and language therapy, physical therapy, 
occupational therapy, behavioral interventions, treatment of sleep disorders, 
prevention of exposure to adverse childhood experiences, and prevention of 
multiple foster home placements. 

One key area is to improve screening practices to identify children at increased 
risk for FASD. The current study examined the feasibility of development of a 
brief, easy-to-use screening tool for FASD, that could be used in screening pro-
grams in not only healthcare settings but community-based settings as well. 

2. Materials and Methods 

This study utilized a clinical sample of children (N = 355) who had been seen at 
a regional FASD clinic and, as part of the assessment, had been administered the 
33 item Alcohol Related Neurodevelopmental Disorder Behavioral Checklist 
(ABC; Figure 1) [25]. A validation study of the ABC has been published [25]. 

Inclusion Criteria 
Each child had been evaluated and had a diagnosis of either FASD or 

no-FASD. For those diagnosed with FASD, evidence of prenatal alcohol expo-
sure was required. The study sample was limited to children from birth through 
18 years of age. 

Exclusion Criteria 
Cases where the evidence of prenatal alcohol exposure status was unclear,  
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Figure 1. The 33-item Alcohol Related Neurodevelopmental Behavioral Checklist (ABC). 
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cases with possible or probable FASD diagnosis, and cases over 18 years of age 
were excluded. This study utilized a de-identified dataset and was developed 
under the University of North Dakota Institutional Review Board protocol (IRB 
00006034). 

Measures 
The items used for development of the brief screening tool were from the 

33-item ABC with yes or no response options (Figure 1) [30]. In this study, item 
33 from the ABC was excluded from the analysis, since the data on prenatal al-
cohol exposure used in the diagnostic evaluation was obtained from a far more 
detailed exposure assessment. 

Exposure Assessment 
The development of improved exposure assessments has been an ongoing ef-

fort for over 30 years. An update on the ongoing effort and the current metho-
dology for both detection of exposure and assessment of dosimetry is available 
[30]. As a part of this ongoing effort, the development of an effective screen for 
alcohol use during pregnancy has included the development of a one question 
screen, i.e., The-One [30]-[32]. In a similar fashion, the development of the ABC 
has been underway for nearly 40 years and multiple iterations of the tool have 
been reported [30]. This includes five population-based studies, which included 
patients with a diagnosis of FASD [30]. 

Statistical Analyses 
The original 32-item ABC scale was compared using combinations of dif-

ferent items. For the first reduction analysis, items were selected for removal 
using the change in Cronbach’s alpha. An item was removed from the pro-
posed scale if its removal would lead to an increase in alpha, or if the decrease 
from its removal was less than 0.003, equivalent to a reduction in alpha of less 
than 0.40%. This value was set primarily to facilitate the description of the re-
duction of items in the scale. After multiple iterations, a 10-item scale with yes 
or no response options was finalized and named the FASD MINI, which can be 
completed in 3 - 4 minutes. 

The reliability of the 10-item scale was then compared to that of the 32-item 
screen using Cronbach’s alpha. In addition, the validity of the brief scale was 
examined by comparing the percent correctly classified (%CC) and the area un-
der the curve (AUC) with 95% confidence intervals (95% CI) obtained from the 
receiving operating characteristic (ROC) analyses. 

Lastly, sensitivity analysis was completed by splitting the data into two groups, 
i.e., children under 8 years of age and children 8 years or older, and again com-
paring the full 32-item ABC and the brief 10-item FASD MINI screen. To de-
termine a cutoff score for the FASD MINI, a further sensitivity analysis was 
completed using children from 4 to 18 years of age. Different age groups based 
on this sample were analyzed with different cutoff scores. The analysis was com-
pleted with SAS v. 9.4. All references and computer code are available upon re-
quest from the corresponding author. 
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3. Results 

The study included a final sample of 355 children, average age 8.52 (SD = 4.28; 
47.89% under 8 years of age) and 223 (62.82%) were male. We identified 174 
(49.01%) children who had a diagnosis of FASD and had a completed ABC 
available. 

Variable analyses were conducted using Cronbach’s alpha values for the full 
32-item ABC scale. A receiving operating characteristic (ROC) analysis was also 
done to test the ability of the shortened scale to predict FASD, using the %CC 
and AUC. Table 1 shows that the alpha for the full scale was 0.893, with 
89.0%CC and AUC of 0.979 (95% CI = 0.969 − 0.990). 

The first step in reducing the 32-item scale involved excluding ABC items 
that, upon removal, would either increase alpha or cause a reduction in alpha by 
less than 0.003, corresponding to a decrease of less than 0.36%. This led to the 
exclusion of four items (18, 21, 23, and 30). Subsequently, 10 more items (1, 2, 
15, 19, 20, 24, 26, 27, 28, and 29) were removed, leaving 18 items. The resulting 
Cronbach’s alpha was 0.887 (a reduction of 0.006), with 90.7%CC and AUC of 
0.981 (a slight increase). From the 32-item checklist, included as Figure 1, our 
analysis identified 10 items (4, 5, 8, 10, 12, 13, 16, 17, 31, and 32) that comprise 
the final FASD MINI Screen (Figure 2). The Cronbach’s alpha for the 10-item 
FASD MINI was 0.822, with a %CC of 91.3 and an AUC of 0.971. 

The validity of the FASD MINI was assessed by splitting the data into two co-
horts: Children under 8 years of age (n = 170) and children 8 years and older (n 
= 185). Both the 32-item ABC and the shortened 10-item FASD MINI scales 
were compared between these cohorts. Figure 3 shows the %CC for each scale 
broken down by age cohorts. For the original 32-item scale, the group of child-
ren under age 8 was correctly classified 88% of the time, compared to 97% in the 
older group (p < 0.001). Using the 10-item scale, %CC was 88% for the younger 
group, and %CC was 91% for the older age group (p = 0.214). There was a sig-
nificant difference within the 8 or older group between the 32-item scale (97%) 
and the 10-item scale (91%, p = 0.004). The optimal FASD MINI score to iden-
tify a positive screen was a score of six or more. 

 
Table 1. The item elimination process for development of the 10-item fetal Aclohol spec-
trum screen (FASD) MINI. 

Scale 
Items 

Remaining 
Items 

Removed 
Cronbach’s 

Alpha 
%CC AUC LL UL 

Full 1-32  0.893 89.0 0.979 0.969 0.990 

First  
Reduction 

3-14, 16,17, 22,  
25, 31, 32 

1, 2, 15, 28, 19-21,  
23, 24, 26-30 

0.887 90.7 0.981 0.971 0.991 

The final  
10 items 

4, 5, 8, 10, 12,  
13, 16, 17, 31, 32 

1-3, 6, 7, 9, 11,  
14, 15, 18-30 

0.822 91.3 0.971 0.958 0.984 

Note. %CC = percent correctly classified; AUC = area under the curve, LL= lower limit 
and UL = upper limits of the confidence interval. 
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Figure 2. The final Version of the FASD MINI Comprised of 10 Items. 

 

 
Figure 3. The percentage of the study sample (N = 355) correctly classified by the 32-item 
ABC and 10-item FASD MINI scale for each of the two age cohorts. 
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Figure 4 shows the ROC curves for the 32-item ABC and 10-item FASD MINI 
scales by age cohorts. The full 32-item ABC scale for children aged 8 and older has 
the highest AUC of 0.997 (95% CI = 0.993 − 1.00). The other three curves demon-
strated similar performance, with AUCs of 0.968 for the 32-item ABC scale in 
younger group (95% CI = 0.947 − 0.989), 0.972 for the 10-item FASD MINI scale in 
the older group (95% CI = 0.953 − 0.990), and 0.980 for the 10-item FASD MINI 
scale in the younger group (95% CI = 0.965 − 0.995). The AUC of the 32-item ABC 
scale in the older group was significantly higher than that of the 32-item ABC scale 
in the younger group and the 10-item FASD MINI scale in the older group. 

 

 
Figure 4. Receiver operating characteristics (ROC) for 32-item ABC and 10-item FASD 
MINI for the two age cohorts. 

 
The 10 items on the FASD MINI screening tool were not all developmentally 

appropriate for very young children. In order to examine the most appropriate 
age range for the screening tool, we reviewed the 10 items and, based on our 
clinical experience, determined that an age range from four years of age to 18 
years of age would be most appropriate. Table 2 presents the results of the sensi-
tivity analysis for these age groups and the age-based cutoff scores for a positive 
screen on the FASD MINI when compared to the same age groups and the 
32-item ABC. A cutoff score of six for all ages can be used and makes interpreta-
tion of the screening tool very simple. 

4. Discussion 

FASD represents a significant public health concern due to its high prevalence, 
impact across the lifespan, increased risk for multiple comorbid neurodevelop-
mental disorders, elevated cost of care and increased mortality rates. In current 
clinical practice, FASD is frequently undiagnosed, which can delay access to early  
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Table 2. The sensitivity analysis for the 10-item FASD mini by age cohorts. 

Age Grouping n %CC AUC Cutoff 

≤4 70 0.929 0.982 6 

5 - 7 100 0.940 0.980 6 

8 - 11 95 0.895 0.968 7 

≥12 90 0.922 0.978 7 

≤7 170 0.954 0.979 6 

≥8 185 0.908 0.972 7 

5 - 11 195 0.908 0.970 6 

>4 285 0.909 0.972 6 

All 355 0.913 0.971 6 

Note. %CC = percent correctly classified; AUC = area under the curve. 
 

intervention. Early diagnosis is also important for the prevention of FASD in 
younger siblings and has been demonstrated to be associated with substantial cost 
savings, compared to non-specific FASD prevention programs [33]. Screening for 
exposure-dependent conditions like FASD or neonatal opioid withdrawal has 
complex ethical implications which need to be considered. Does the screen have 
an unacceptable false positive rate and if so, how will this be managed? What are 
the implications of screening infants and children for maternal health disorders, 
including substance use/abuse? Can the screen increase the availability of sup-
portive and confidential care for the children, their mothers, and perhaps their 
siblings? Will the screening increase the risk for contact with child protective 
services? For many infants and children, this should not be considered a nega-
tive consequence. 

This study examined the feasibility of a brief screening tool to identify 
children at increased risk for FASD. The FASD MINI is both brief and has a 
low administrative burden, while demonstrating acceptable epidemiologic 
performance characteristics, including acceptable accuracy. The screen can be 
considered positive for FASD if the score is six or more. The 10-item version 
was demonstrated to have acceptable epidemiologic performance criteria. The 
accuracy of the screen, as assessed by the %CC, changed very little compared 
to the results from the 32-item original screen with the 10-item mini screen. 
The potential time savings and decreased patient burden from the brief scale 
would add additional support for the utilization of the FASD MINI. Further-
more, the tool also utilizes items describing easy-to-understand behavioral 
concerns, which are often part of the concerns expressed by parents and care-
takers leading to referral for evaluation. The scoring system is very easy to use, 
and a single cut-point for a positive screen also simplifies the use of this tool in 
clinical settings. 

Physicians and other health care providers face various challenges when it 
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comes to implementing comprehensive screening programs. The barriers to im-
plementing screening for FASD includes time constraints, competing priorities, 
and limited training on identifying and diagnosing FASD [23] [24]. The de-
velopment of the FASD MINI offers an opportunity to increases low-cost, 
low-burden screening in a variety of clinical care settings. The form could also 
be entered into the electronic health record for an automated approach to popu-
lation-based screening. 

Efforts to reduce the underdiagnoses and under-recognition of FASD, 
should include increasing awareness of the lifelong impact of FASD among 
healthcare professionals and emphasizing the importance of early identifica-
tion, which has the potential to improve outcomes for mothers, children with 
the diagnosis, and their siblings. In addition to improved screening tools, 
strategies to improve screening methodologies in clinical care settings are also 
needed. 

Although this study offers many benefits and proposes a potential solution to 
a common problem in clinical care, it also has multiple limitations. The data for 
this study were obtained from a single site and the subjects included in this study 
may not adequately represent children from other areas or cultures. A patient’s 
diagnosis in our center may vary compared to diagnostic outcomes from other 
centers. These limitations should be considered in future studies to examine the 
feasibility of community-based screening using the FASD MINI. This should in-
clude multi-site feasibility testing of the tool in community settings, inclusion of 
larger and more diverse populations, and consideration of the cost of imple-
menting a screening program. Additionally, longitudinal studies investigating 
the long-term outcomes of individuals identified with FASD through improved 
screening and diagnostic practices would provide valuable insights into the ef-
fectiveness of interventions and support services. 

In conclusion, the underdiagnoses and under-recognition of FASD pose sig-
nificant challenges to public health. By examining the feasibility of the FASD 
MINI, a brief 10-item FASD screening tool, this study has underscored the need 
for increased awareness, improved screening protocols, and enhanced diagnostic 
capabilities to address the hidden burden of FASD. By implementing these 
strategies, we can strive to identify and support individuals with FASD, possibly 
mitigating some of the adverse effects on their lives, the lives of their families 
and society as a whole. 
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