
Fetal Alcohol Spectrum Disorders in a Midwestern City: Child 
Characteristics, Maternal Risk Traits, and Prevalence

Philip A. May, Ph.D.1,2, Julie Hasken, M.P.H.1, Amy Baete, M.B.A.3, Jaymi Russo, M.Ed.3, 
Amy J. Elliott, Ph.D.4,5, Wendy O. Kalberg, M.A., LED2, David Buckley, M.A.2, Marita Brooks, 
B.S.2, Marian A. Ortega2, Dixie M. Hedrick, M.P.H.1, Barbara G. Tabachnick, Ph.D.6, Omar 
Abdul-Rahman, M.D.7, Margaret P. Adam, M.D.8, Tamison Jewett, M.D.9, Luther K. 
Robinson, M.D.10, Melanie Manning, M.D.11, H. Eugene Hoyme, M.D.5,12,13

1Nutrition Research Institute, Department of Nutrition, University of North Carolina, Chapel Hill, 
NC

2Center on Alcoholism, Substance Abuse and Addictions (CASAA), University of New Mexico, 
Albuquerque, NM

3Sanford Research, Sioux Falls, SD

4Avera Research, Sioux Falls, SD

5Department of Pediatrics, Sanford School of Medicine, University of South Dakota, Sioux Falls, 
SD.

6California State University, Northridge

7Department of Pediatrics, University of Nebraska College of Medicine, Omaha, NE

8Department of Pediatrics, University of Washington School of Medicine, Seattle, WA

9Department of Pediatrics, Wake Forest University School of Medicine, Winston-Salem, NC

Corresponding Author: Philip A. May, Gillings School of Global Public Health, University of North Carolina at Chapel Hill, 
Nutrition Research Institute, 500 Laureate Way, Kannapolis, NC 28081, philip_may@unc.edu, 704-250-5002.
Contributors’ Statement:
Philip A. May was the Principal Investigator who designed and directed the overall study, received the NIH funding, directed field 
staff operations in the local site and interaction with the school administrators, wrote the majority of all drafts of the manuscript, and 
directed the data analysis. Julie Hasken performed the majority of the data analyses. Amy Baete and Jaymi Russo were local field 
coordinators, at the Midwest site, who provided liaison with school administrators and performed all day-to-day duties of logistics 
with the consent forms, scheduling the clinics, testing and maternal interviews, and performing the in-person maternal interviews in 
both samples. Each contributed programmatic data, written text and edited various drafts of the manuscript. Wendy Kalberg, David 
Buckley, Marian Ortega, and Marita Brooks designed, oversaw, and performed various data management activities: files, data entry, 
and IRB activities for the project and with the central data repository. Wendy Kalberg, along with Claire Coles of Emory University, 
designed the neurobehavioral battery of tests and checklists. In addition, Mrs. Kalberg trained local school psychologists and oversaw 
the implementation of neurobehavioral testing and data collection and interpretation of test and checklist results for the case 
conferences and research team. Amy Elliott served as the local site director for all CoFASP research in the Midwest as well as serving 
as a major advisor and interpreter/evaluator for neurobehavioral results in final case conferences for each child. Barbara Tabachnick 
advised, performed, and/or checked all the statistical analyses and advanced correlation techniques and applications. Omar Abdul-
Rahman, Margaret Adam, Luther Robinson, Tamison Jewett, and Melanie Manning were the project dysmorphologists who examined 
all children, generated clinical dysmorphology data in field clinics, and made the final diagnoses of all children. H. Eugene Hoyme 
was the chief dysmorphologist who supervised all the clinical medical team members and performed many of the clinical exams. 
Along with Dr. Elliott, Dr. Hoyme provided clinical feedback in cases where needed and appropriate. David Buckley coordinated the 
interface between the two data centers: University of California San Diego and the University of New Mexico. Dixie Hedrick 
performed manuscript preparations including tables and figures (with Julie Hasken) and coordination with all co-authors. Each co-
author read drafts of the manuscript and contributed to the writing and editing.

Conflict of Interest: The authors have no conflict of interest to declare.

HHS Public Access
Author manuscript
Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.

Published in final edited form as:
Alcohol Clin Exp Res. 2020 April ; 44(4): 919–938. doi:10.1111/acer.14314.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10Department of Pediatrics, State University of New York at Buffalo School of Medicine and 
Biomedical Sciences, Buffalo, NY

11Departments of Pathology and Pediatrics, Stanford University School of Medicine, Stanford, CA

12Department of Pediatrics, University of Arizona College of Medicine, Tucson, AZ

13Sanford Children’s Genomic Medicine Consortium, Sanford Health, Sioux Falls, SD.

Abstract

Objective: To determine the characteristics of children with fetal alcohol spectrum disorders 

(FASD) and their mothers in a Midwestern city.

Methods: Case control samples were drawn from two separate first grade cohorts (combined 

N=4,047) in every city school using different methods. In Cohort Sample One, all consented small 

children (≤25th centile on height, weight and/or head circumference) entered the study along with 

a random sample from all enrolled students. Cohort Sample Two was drawn totally at random. 

Child growth, dysmorphology, and neurobehavior were assessed using Collaboration on FASD 

Prevalence (CoFASP) criteria, and mothers were interviewed.

Results: For the samples combined, 891 children received dysmorphology exams, and 692 were 

case conferenced for final diagnosis. Forty-four children met criteria for FASD. Total 

dysmorphology scores differentiated diagnostic groups: fetal alcohol syndrome (FAS), 16.7; 

partial fetal alcohol syndrome (PFAS), 11.8; alcohol-related neurodevelopmental disorder 

(ARND), 6.1; and typically-developing controls, 4.2. Neurobehavioral tests distinguished children 

with FASD from controls, more for behavioral problems than cognitive delay. Children with 

ARND demonstrated the poorest neurobehavioral indicators. An adjusted regression model of 

usual pre-pregnancy drinking indicated that maternal reports of three drinks per drinking day 

(DDD) significantly were associated with a FASD diagnosis, (p=0.020, OR= 10.1, 95%CI=1.44–

70.54), as were five or more DDD (p<.001, OR=26.47, 95%CI=4.65–150.62). Other significant 

maternal risk factors included: self-reported drinking in any trimester; smoking and cocaine use 

during pregnancy; later pregnancy recognition, later and less prenatal care; lower maternal weight, 

BMI, and head circumference; and unmarried status. There was no significant difference in FASD 

prevalence by race, Hispanic ethnicity, or socioeconomic status at this site, where the prevalence 

of FASD was 14.4–41.2 per 1,000 (1.4–4.1%).

Conclusion: This city displayed the lowest prevalence of FASD of the four CoFASP sites. 

Nevertheless, FASD were common, and affected children demonstrated a common, recognizable 

and measurable array of traits.

Keywords

fetal alcohol spectrum disorders; alcohol use and abuse; women; prenatal alcohol use; prevalence; 
children with FASD

INTRODUCTION

Recent, meta-analytic literature reviews have indicated that there is a general lack of 

adequate empirical research on the epidemiology of fetal alcohol spectrum disorders (FASD) 
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throughout the world (Lange et al., 2017; Roozen et al., 2016b). Especially lacking is 

research linking detailed alcohol exposure data and other maternal characteristics to specific 

FASD outcomes (Roozen et al., 2018).

Active Case Ascertainment

Since the diagnosis of fetal alcohol syndrome (FAS) was first described (Jones and Smith, 

1973), surveillance systems, prenatal clinic-based studies, and special referral clinics have 

proven inadequate for determining the prevalence of FAS or other FASD (May et al., 2009). 

Active case ascertainment (ACA) in schools has successfully determined the prevalence and 

characteristics of FASD in communities in South Africa, Italy, and Croatia (May et al., 2000, 

2006, 2007, 2011, 2013, 2016a, 2016b, 2017; Petkovic and Barisic, 2010, 2013; Urban et al., 

2008, 2015; Viljoen et al., 2001, 2005). ACA is also a robust method for linking maternal 

characteristics to child outcomes (May and Gossage, 2001; Roozen et al., 2018, 2016a; 

Stratton et al., 1996). In ACA studies, physical examinations and neurobehavioral testing are 

provided to children to determine their characteristic traits (Adnams et al., 2001; Aragon et 

al., 2008; Kalberg et al., 2013; Kodituwakku et al., 2006), and mothers are interviewed about 

alcohol use and other health-related behavior during the index pregnancy (Ceccanti et al., 

2014; May et al., 2005, 2008, 2010, 2013; Viljoen et al., 2002). Therefore, ACA studies 

provide a platform for profiling traits of children with FASD and maternal risk factors.

Previous ACA studies in the U.S.

Four ACA community studies of FASD prevalence were published for U.S. communities 

prior to the Collaboration on FASD Prevalence (CoFASP) initiative. The first study reported 

on FAS prevalence of 3.1 per 1,000 in one county in Washington State; no summary of child 

or maternal risk traits was presented (Clarren et al., 2001). Burd et al (1999) and Poitra et al 

(2003) reported on screening methods and prevalence among children in a head start 

program, and the prevalence of FAS was 4.3–5.9 per 1,000. A third study summarized child 

and maternal traits for FAS and partial fetal alcohol syndrome (PFAS) in a Rocky Mountain 

city. The prevalence was 11–25 per 1,000 for FAS and PFAS combined (May et al., 2015). 

Finally, a manuscript reported on the prevalence of full continuum of FASD in a Midwestern 

city, use the diagnostic criteria of (Hoyme et al., 2005). The prevalence of total FASD was 

24 to 48 per 1,000 (May et al., 2014). In each of these previous studies, the reporting of 

significant child and maternal risk characteristics was somewhat limited.

This Study Community

The characteristics of two samples of first grade children who qualified for a diagnosis on 

the continuum of FASD in this Midwestern U.S. City were studied 2010–2015. Samples 

were supported by the NIAAA-funded Collaboration on FASD Prevalence (CoFASP), which 

represented a first major, multi-sample, multi-site effort to examine the population-based 

prevalence of the full continuum of FASD and maternal risk factors in the U.S.

While in the previous Midwestern City publication, we summarized diagnoses and traits 

found in the first child cohort (Sample 1) using different diagnostic criteria (May et al., 

2014), this manuscript presents results when CoFASP criteria and cut-off standards are 
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applied to Cohort Sample 1 and also reports the results combined with Cohort Sample 2, 

which used only random methods.

This city had 172,000 residents in 2015 and a robust economy which relied on banking, 

medical care, agriculture, manufacturing, and higher education (Table 1). The population 

grew three times more rapidly than the U.S. as a whole from 2010 to 2015. Racial and ethnic 

composition of the city is primarily White non-Hispanic (85%) (“U.S. Census Bureau 

QuickFacts: United States,” 2015). Median age, 34.5 years, is younger than the overall U.S. 

population, and mean household value is less than the U.S. average. More people graduated 

from high school and college in this city than the general U.S. population, and per capita 

income and median household income are comparable to the U.S. average. In this state, 79% 

of adults identify themselves as Christian, 5% fewer people are unaffiliated with a formal 

religion (“nones”) when compared to the U.S. average, and most people report that religion 

is very/somewhat important in their lives (Pew Research Center, 2015). The state health rank 

falls between 15th and 19th of the 50 states (America’s Health Rankings Annual Report, 

2015). Binge alcohol use and excessive drinking are slightly more common in this state and 

county than in the U.S. population. State per capita alcohol consumption was higher than the 

U.S. (2.62 vs. 2.30 gallons) (LaVallee and Yi, 2011); but other regions of this state had 

higher rates of heavy drinking than this city. Excessive drinking in this county is 18%, while 

the U.S. average is 16.8% (“CDC - BRFSS,” 2013). Over the past decade, this city 

demonstrated greater prosperity and more rapid growth than most medium-sized Midwestern 

cities.

METHODS

Protocols and consent forms were approved by The University of New Mexico School of 

Medicine and the University of North Carolina. Active consent for children to participate 

was obtained from parents and separately from mothers for maternal interviews.

Diagnostic Criteria

CoFASP studies utilized Revised Institute of Medicine (IOM) diagnostic guidelines for 

FASD (Hoyme et al., 2005), with revised cut-off values set by investigator teams and the 

CoFASP advisory group (Hoyme et al., 2016). The continuum of FASD has four specific 

diagnoses: fetal alcohol syndrome (FAS), partial fetal alcohol syndrome (PFAS), alcohol-

related neurodevelopmental disorder (ARND), and alcohol-related birth defects (ARBD) 

(Hoyme et al., 2016). Each diagnostic category was utilized in this study, yet ARBD is rare 

in any population (May et al., 2016b, 2016a, 2015, 2014, 2011a). The diagnosis of FAS and 

PFAS can be made without a confirmed history of alcohol exposure with revised IOM 

criteria (Hoyme et al., 2005, 2016; Stratton et al., 1996). Many women may under-report 

alcohol consumption during pregnancy (Alvik et al., 2006; Bakhireva et al., 2017; Wurst et 

al., 2008); yet in some populations prenatal drinking is reported quite accurately (Fortin et 

al., 2017; May et al., 2018a). In epidemiology studies, the diagnosis of any FASD is rarely 

made without direct maternal reports of significant alcohol use during pregnancy, prior to 

pregnancy recognition or collateral reports of alcohol-related behavior. An ARND diagnosis 

always requires direct confirmation of prenatal alcohol use in the index pregnancy. Other 
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recognizable malformation syndromes were ruled out by medical geneticists/

dysmorphologists prior to making a diagnosis on the FASD continuum. Final diagnoses 

were made in formal, data-driven case conferences.

Cohort One Sampling: A Census of Growth Deficient Children and Random Sample Entry

Two sampling methods were used in two independent cohorts of first grade children enrolled 

in all public (n=24) and private schools (n=8) in this city. In 2010, Cohort Sample 1 was 

initiated. Consent forms were sent to parents of all first grade students (n=2,033) enrolled in 

schools that year; 1,545 forms were returned (76%), 112 of the forms were refusals, leaving 

1,433 (70.5%) children for this sample (see Figure 1). In Sample 1, children entered the 

study via: 1) oversampling of every consented child who was ≤ 25th centile on height, 

weight and/or head circumference, or 2) selection by a simple, random sample drawn from 

consented children in the entire first grade class rolls. The random sample provided a 

comparison (control) group that was representative of children in this population, and a 

vehicle for estimating the true prevalence of FASD (May et al., 2018a). All small children 

were provided full dysmorphology exams, and if there were indications of FASD traits or 

another known anomaly, they were referred on to neurobehavioral tests and behavioral 

checklists. All randomly-selected children were also provided dysmorphology examinations 

and all referred on for full testing. Three additional, consented children entered the study by 

referral, due to developmental concerns expressed by parents and/or teachers. Children 

entering via non-random selection routes and found not to qualify for a diagnosis within the 

FASD continuum (or another known malformation syndrome), did not default to the control 

group. Identical exams and testing were performed on all children who participated through 

all tiers of the study (Figure 1). If possible, each child’s mother was interviewed in person.

Cohort Two Sampling: A Simple Random Sample

Cohort Sample 2 was drawn by a simple random sample from the 2,014 children enrolled in 

the same schools, two years (Fall of 2012) after cohort Sample 1. Seven-hundred and nine 

(709) unique numbers were chosen randomly by computer, and as before, parents were 

provided information and consent forms through the take-home folder system utilized by 

schools (Figure 2). Five-hundred and twenty (520) consent forms (73%) were returned with 

380 (53.6%) providing consent to participate. Because every child in Sample 2 was selected 

randomly, each child was to be assessed for neurobehavior and their mothers interviewed for 

maternal risk.

The Study Process-Three Tiered Assessment Used for Both Samples

All consented children in both samples were measured for height, weight, and 

occipitofrontal (head) circumference (OFC) in Tier I: in Sample 1 to oversample small 

children and in Sample 2 to begin the dysmorphology exam. In Tier II of Sample 1, all 

consented small children, three children referred by teachers, and all randomly-selected 

children were provided dysmorphology exams by pediatric dysmorphologists/medical 

geneticists. Teams measured each child’s height and weight, took facial photographs (frontal 

and 45-degree angle), and provided structured, standardized dysmorphology examinations 

blinded from any background information on children or mothers. Exams assessed growth, 

facial measurements, and minor or major anomalies of the craniofacies, body, and heart for 
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the presence or absence of specific features of FASD (Hoyme et al., 2016). Each child was 

assigned a “dysmorphology score,” an objective research tool quantifying growth deficiency 

and structural anomalies that correlates well with outcomes from maternal drinking 

(Ervalahti et al., 2007). Inter-rater reliability, for specific trait measurements, has been tested 

for this team, producing Cronbach’s alpha coefficients of: 0.993 for OFC, 0.957 for inner 

canthal distance (ICD), 0.951 for palpebral fissure length (PFL), and 0.928 for philtrum 

length (May et al., 2011b) and acceptable reliability on other correlation measures (May et 

al., 2000; Viljoen et al., 2005).

After reviewing dysmorphology findings for each child, the dysmorphologist assigned a 

preliminary diagnosis: a) not-FASD, b) FAS or PFAS (based on growth deficiency and 

dysmorphology alone), c) diagnosis deferred (rule out a specific FASD diagnosis pending 

developmental/behavioral testing and maternal interview), or d) another genetic or 

malformation syndrome. All randomly-selected children and those in categories b and c 

were advanced to Tier III.

In Tier III, the CoFASP battery was provided by school psychologists (Figure 3) to evaluate 

cognition, academic achievement, behavior and adaptive skills. The instruments included 

were the Differential Abilities Scale-2nd Edition (Elliott, 2007) to assess general 

intelligence; the NEPSY-II (Korkman et al., 2007) for executive functioning, memory, and 

visual spatial integration; the Developmental Test of Visual-Motor Integration (VMI) (Beery 

and Beery, 2004) for eye-hand coordination; and the Bracken Basic Concepts Scale-Revised 

(Bracken, 1998) to measure basic concept development in math, reading and spelling. 

Checklists were employed to assess behavior: the Achenbach Child Behavior Checklist 

(CBCL) was completed by a parent and teachers (TRF) to assess behavior (Achenbach and 

Rescorla, 2001). The Vineland Adaptive Behavior Scales (Sparrow et al., 2005) were also 

completed by teachers and parents.

Consenting mothers of Tier III participants were interviewed, in-person, by project staff. 

Maternal questions were sequenced to maximize accurate reporting of general health, 

childbearing, nutrition, alcohol and other drug use, and socioeconomic status (SES) 

variables. Drinking questions employed a timeline, follow-back sequence (Sobell et al., 

2001, 1988) and Vessels alcohol product methodology for accurate calibration of alcohol 

units (Kaskutas and Graves, 2001, 2000; Kaskutas and Kerr, 2008). Current alcohol 

consumption for the week preceding the interview was embedded in dietary intake questions 

(King, 1994) to aid accurate calibration of drinking quantity, frequency, and gestational 

timing of alcohol use (Alvik et al., 2006; May et al., 2013a, 2008, 2005). The mother was 

asked about alcohol use before and during the index pregnancies. Retrospective reports of 

alcohol use have been found to be generally accurate in several populations (Czarnecki et al., 

1990; Fortin et al., 2017; Hannigan et al., 2010). The accuracy of self-report data produced 

by this approach has been confirmed by biomarker results in one population (May et al., 

2018b).

Maternal risk data were gathered in both samples for a total of 380 mothers. The American 

standard drink unit definition was used, where one drink equals consuming 14g of absolute 

alcohol: 12oz (350mL) of beer at (5% alcohol by volume); 5oz (150mL) of wine (12% by 
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volume); or 1.5oz (44mL) of liquor (40% by volume) (“What Is A Standard Drink? | 

National Institute on Alcohol Abuse and Alcoholism (NIAAA),” n.d.). Drinking during 

pregnancy was confirmed if at least one of the following criteria was met: a) six or more 

standard drinks per week for two or more weeks during pregnancy; b) three or more drinks 

per occasion two or more times during pregnancy; or c) documentation of alcohol-related 

social or legal problems in proximity to the index pregnancy (e.g. treatment for alcohol 

abuse or driving under the influence). These CoFASP criteria were deemed sufficient 

evidence of drinking during the index pregnancy (Hoyme et al., 2016).

Multidisciplinary Case Conferences: Assignment of Accurate Final Diagnoses

After all data were collected, summarized and reviewed, diagnoses were assigned in 

structured, multidisciplinary case conferences. All children who qualified for Tier II 

screening by dysmorphology findings, random selection entry into the study, or teacher 

referral were conferenced. Each child’s findings for each domain were discussed while 

digital photographic images of each child (frontal and 45° profile views) were projected on a 

screen. After discussion of specific findings and assessment of sufficient evidence in each 

domain, final diagnoses were assigned by team consensus. Consistency and quality 

assurance were enhanced by strict application of CoFASP criteria in the examinations and 

conference proceedings. Final diagnoses were later double-checked for consistency and 

accuracy by data management teams at UNC, UCSD, and UNM were triple-checked by 

reciprocal exchange of all child diagnostic data for all FASD cases and a sample of non-

cases. Each team was blinded to the other team’s classifications and determined whether 

criteria had been applied accurately.

Statistical Analysis

Data analyses were performed with Excel (“Microsoft Excel,” 2016) and SPSS (IBM, 2017). 

Case control findings for child measures were compared across diagnostic groups using chi 

square and Fisher’s exact tests for categorical variables, t-tests, one-way analysis of variance 

(ANOVA) and post-hoc Dunnett’s correction pairwise comparisons with α=.05. Bonferroni-

adjusted alpha values are indicated in each table.

Partial correlation analysis, controlling for maternal drug use, was employed to determine 

associations between maternal drinking and pregnancy recognition with select child 

outcomes. In calculating partial correlations, transformations were undertaken for most 

measures due to skewness. Logarithmic transforms were applied to the usual number of 

drinks per drinking day (DDD) before pregnancy, number of weeks before mother’s 

recognition of the index pregnancy, and the teacher’s reports of rule-breaking and attention 

problems. Square root transformations were applied to the child’s total dysmorphology and 

general abilities scores. Although highly unbalanced, transformations could not be applied to 

“yes/no” items: reported maternal drinking during pregnancy trimesters, and the covariate, 

whether mother had used drugs during the index pregnancy. Use of pairwise deletion 

ensured that all available data were included. A statistical criterion of p<.0017 was set to 

control for Type I familywise error rate in partial correlation analyses. Partial correlations 

may be attenuated due to non-normality remaining after transformation and to highly 

unbalanced frequencies in dichotomous categories.
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Logistic regression predicting FASD as a function of number of drinks per drinking day 

(DDD) prior to pregnancy was performed, while controlling for tobacco and drug use during 

pregnancy. Varying amounts of data were missing on the measures, but there was no more 

than 5% missing for any one variable and only 6% missing data overall. Due to the small 

number of children with diagnoses, multiple imputations were undertaken to stabilize the 

estimates. No transformations were applied to tobacco or drug use during pregnancy, and 

number of DDD was treated as a categorical variable. SPSS MI (Multiple Imputation) 

function imputed 25 complete datasets, and pooled results over the 25 imputations are 

presented in the table.

The site prevalence of FASD was calculated from the average of the rates using CoFASP 

criteria from the two independent, individual cohort samples published previously (May et 

al., 2018a). The lower rates for FASD represent the minimum (lower bound) prevalence 

possible given the number of children meeting CoFASP-revised-IOM guidelines (numerator) 

in combined site samples divided by the total children enrolled in first grade classes in both 

cohorts. The higher rates employed a conservative, weighted correction factor for each 

diagnosis based on the proportion of diagnoses made within the subsamples of randomly-

selected entrants. Weighted correction was applied to the unconsented first grade students 

for all FASD diagnoses and additionally to not-FASD small students for ARND estimated 

cases among those who entered the study through growth qualification alone. The 

calculation of rates is described fully in the e-appendix of the CoFASP prevalence summary 

paper (May et al., 2018a).

RESULTS

FASD cases by racial and ethnic distribution are presented in Table 2. Whether measured 

across specific diagnoses of FASD or measured by FASD vs. not FASD, the rates of FASD 

are not significantly different by race or Hispanic ethnicity.

Child Physical Traits

Forty-four (44) cases on the continuum of FASD were diagnosed, 36 from Sample 1 and 8 

from Sample 2. In the combined data, 25% of children had FAS, 52% had PFAS, and 23% 

had ARND. There were 521 randomly-selected children diagnosed as typically-developing 

controls after full examinations and neurobehavioral assessment. Children with FASD 

differed significantly (Bonferroni-adjusted) from controls on all variables in Table 3 with 

two exceptions: age and sex. On all other growth, cardinal facial features, and other minor 

anomalies, group differences were statistically significant; appropriate classification and 

specificity were achieved for child physical traits using IOM-CoFASP diagnostic criteria. 

Average total dysmorphology scores were: FAS=16.7; PFAS=11.8; ARND=6.1; and 

controls=4.2. Post-hoc analyses indicate significant bi-variate group differentiation by 

dysmporphology except for children with ARND vs. controls by definition, are likely to 

differ due to growth restriction or minor anomalies. OFC differed significantly across groups 

(Figure 4). Mean OFC for controls was 65th centile, and the PFAS group had the largest 

OFC of the FASD groups, 39th centile. Sixty-three percent of the FAS children were ≤3rd 

centile of OFC, and 40% of the children with ARND had an OFC ≤ 10th centile. Children 
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with ARND had a lower average BMI centile than controls. Other minor anomalies and 

growth deficiency were more prevalent in all FASD diagnostic groups than controls. The 

mandibular and maxillary arc measurements were depressed in all FASD groups over 

controls. Hypoplastic midface was more common in FASD groups than controls, as were 

camptodactyly, other aberrant palmar creases, and heart malformations in the PFAS group.

Neurobehavioral Profiles by Diagnostic Group

The CoFASP battery was effective in distinguishing diagnostic groups across the FASD 

spectrum (Appendix Table E1). Figure 5 highlights neurobehavioral results by specific 

diagnoses. In the intellectual domain, children with PFAS scored the highest of the FASD 

groups on the General Abilities Test, whereas children with ARND had the lowest scores on 

most executive function items as evidenced by the INN vs. INI (name vs inhibition) contrast 

scaled score, although this difference across groups was not statistically significant. On most 

behavioral variables (mood regulation, attention, impulse control, and adaptive function), 

there were consistent and significant differences across groups, and in Figure 5 attention 

problems and rule breaking behavior are significantly different across all diagnostic groups. 

Children with ARND had the poorest scores (See also Appendix E1). In Table 4 all 

neurobehavioral test scores for the entire CoFASP Battery are presented comparing children 

with FASD to controls. The FASD group was significantly differentiated from controls on all 

neurobehavioral measures, mostly at Bonferroni-adjusted significance levels, with the 

exception of: non-verbal reasoning, INN vs INI (name vs inhibition) contrast score, learning, 

visuomotor precision combined scaled score, CBCL rule-breaking behavior t-score, 

oppositional defiant t-scores, and Vineland standard scores of communication and daily 

living skills as reported by the teacher and socialization as reported by the parent.

Maternal Risk Data-Proximal and Distal Variables

All maternal risk variables that significantly differentiated mothers of children with FASD 

from control mothers are included in Tables 5 and 6 with a selected few that did not. Table 5 

presents proximal causal variables of drinking and other drug use. Ninety-six percent (96%) 

of mothers of children with FASD drank prior to pregnancy, compared to 60% of controls. 

The mean number of DDD prior to pregnancy was 4.4 for mothers of children with FASD 

and 2.5 for mothers of controls, and DDD reporting was highest among mothers of children 

with ARND (mean, 7 drinks; median, 6.5 drinks, Table E1). Pre-pregnancy frequency per 

week was higher among mothers of FASD, for 67% reported drinking at least weekly 

compared to 32% for controls; 15% of the mothers of FASD children reported daily drinking 

vs. 3% for controls. More mothers of children with FASD (52%) reported exceeding their 

usual daily amounts of alcohol than mothers of controls (17%). Mothers of children with 

FASD were more likely to report drinking (yes/no) in the first trimester (42%) compared to 

mothers of controls (5.3%). Fewer mothers of controls reported drinking in the second and 

third trimesters. Only 2–3% of mothers of controls reported drinking in the latter trimesters. 

Virtually all quantity measures of drinking during pregnancy appear to have been 

underreported (Table 5), especially in the FAS and PFAS group (Table E1).

Concerning current drinking, many of the mothers of children with a FASD reported the 

same or less drinking than before and during the index pregnancy. Current drinking is only 
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significantly different among groups on one variable: 12.5% of mothers of children with 

FASD reported a drinking problem compared to 2.3% of controls.

Co-morbid use of other drugs is more likely among mothers of children with FASD than 

controls; they are more likely to report using tobacco, cocaine, and “any drugs” during 

pregnancy. During pregnancy, children diagnosed with FASD were reported to have been 

exposed to tobacco (25%), any drugs (16%), marijuana (6%), cocaine (3%), and 

methamphetamine (3%). Mothers of children with FASD are overall more likely to report 

lifetime use of tobacco, methamphetamine, cocaine, and painkillers with only exposure to 

crack cocaine significantly higher. Mothers of children with ARND are most likely to report 

co-morbid drug use (Table E2). Simultaneous use of alcohol and marijuana during 

pregnancy was reported by 6.5% of mothers of children with FASD compared to 1.4% of 

controls. This difference was not statistically significant.

In Table 6, mothers of children with FASD weighed less, had smaller heads, and a lower 

average BMI than controls. Health indicators were not significant, although depression in 

one’s lifetime and lower weight before pregnancy approached significance. The only 

significant childbearing variable among groups is week of pregnancy recognition. Mothers 

of children with FASD report significantly later recognition of pregnancy than controls (8.5 

vs. 5.2 weeks). This is true in all FASD groups (Figure 6 and Table E3). Mothers of children 

with FASD have these risk indicators: they are somewhat less likely to take prenatal 

vitamins; they visit providers significantly less for prenatal care; they make their first 

prenatal visit significantly later; and report more premature labor (especially mothers of 

children with ARND, 100%).

Children with FASD were significantly lighter at birth, less likely to live with his/her 

biological mother or married parents. Approaching significance is that mothers of children 

with FASD (PFAS and ARND especially) report consuming alcohol during the 

breastfeeding period (Tables 6 and E2). Expressing and disposing of breastmilk (“Pump and 

Dump”) was practiced by more mothers of children with FASD. Fathers of children with 

FASD were more likely to have had a drinking problem than controls, children with FASD 

were more likely to live in foster or adoptive placement and their parents were more likely to 

be divorced, separated or living with a partner. There is no significant difference among the 

groups by maternal education completed or yearly income; socio-economic status does not 

discriminate maternal risk at this site. Finally, not in Table 6 or Table E3, there was no 

statistically significant difference reported among groups for regularity of institutional 

religious attendance or professed formal religion.

Correlation Analysis

Partial correlation analysis measured associations between maternal variables and child 

cognitive/behavioral measures, FASD diagnosis, and total dysmorphology scores after 

adjusting for whether mother had used drugs during the index pregnancy (Table E4). 

Maternal reports of drinking during second or third trimester correlated significantly with 

teacher reports of attention problems, but neither of these correlations were particularly 

strong once adjusted for drug use. With absolute values of r equal to .18 and .20, each 

variable accounted for no more than about 4% of the variance in the child’s behavior. There 
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were also suggested, but not statistically significant, links between first trimester drinking 

and attention and usual DDD before pregnancy with lower total dysmorphology score and 

lower probability of a FASD diagnosis.

Further correlation analysis was undertaken via binary logistic regression. Adjustments were 

made to control for any tobacco use and any illicit drugs during pregnancy. Table 7 presents 

adjusted results for the relationship of reported DDD three months prior to pregnancy to a 

FASD diagnosis. Reporting three DDD prior-to-pregnancy is significantly related to a FASD 

diagnosis (p=0.020) with an odds ratio of 10.1 (95%CI=1.4–70.5). The likelihood of a 

FASD diagnosis in this community is 10 times greater for a woman who reports drinking 

three DDD prior to pregnancy. Furthermore, likelihood increases to 26.5 times greater 

(95%CI=4.7–150.6) with usual DDD of five or more prior to the index pregnancy.

Estimated Prevalence of FASD from the Combined Data

In Figure 7, the combined sample prevalence of FASD diagnoses are presented. The rate of 

FAS was no lower than 2.7 per 1,000 children, and using a conservative site-specific 

weighting formula (May et al., 2018a) estimated to be 3.9 per 1,000. FASD prevalence is no 

lower than 14.4 per 1,000 and weighted rate was 41.2 per 1,000 or 4.1% of the first grade 

population.

DISCUSSION

This city in the Midwestern United States is a prosperous, rapidly growing, midsize city with 

many economic and social indicators similar to U.S. averages. There were no differences in 

FASD prevalence rates by race and Hispanic ethnicity, a finding consistent across three of 

the CoFASP sites. The estimated prevalence of FASD in this community is 1.4 to 4.1%, 

which is higher than would have been predicted from common estimates of FASD 

prevalence from the past (May et al., 2009), but not surprising given increases in alcohol use 

among females in the past two decades (Grant et al., 2017). Nevertheless, this site had the 

lowest FASD prevalence of any of the four CoFASP sites (May et al., 2018a). There was no 

difference in FASD prevalence by racial and ethnic categories, but the results may be due, in 

part, to low statistical power from the relatively few cases of FASD.

Overall, the study data describe the variety of consequences of maternal drinking in the 

prenatal period for first grade children. Drinking three DDD or more prior to pregnancy is 

reported by many mothers of children with FASD, and this pattern may be continued by 

many individuals until relatively late pregnancy recognition and later visits to a healthcare 

provider than with other mothers. Prenatal alcohol exposure causes multiple problems for 

many of the children who are exposed at various levels and times during pregnancy, and it 

may also be exacerbated by co-morbid exposure with other drugs (Brown et al., 2017; Fish 

et al., 2019; Hingson et al., 1982; Volkow et al., 2017). Children diagnosed with any of the 

diagnoses on the continuum of FASD manifested a variety of physical and neurobehavioral 

deficits not experienced by the typically-developing children at age seven.
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Physical Traits and Dysmorphology

Dysmorphology, growth, and physical traits were well distinguished and categorized into 

groups by the revised IOM diagnostic methods using CoFASP-specified cut-off criteria 

(Hoyme et al., 2016). There were multiple (facial and other physical) sizes and appearances 

among and within the FASD diagnostic groups. This variation is due in part to quantity, 

frequency, and timing of alcohol exposure to the fetus (Lipinski et al., 2012; May et al., 

2013a; Parnell et al., 2013; Sulik et al., 1981) and possibly to other co-morbid drug 

exposures. Nevertheless, while we found variable appearances and neurobehaviors from one 

child to the next, both within and among FASD diagnostic groups, each child met strict 

phenotypic criteria for a diagnosis within the FASD continuum. If one were searching for 

children with FAS or PFAS, let alone ARND, by focusing primarily upon the classic FAS 

facial phenotype described in the early pediatric literature (Sulik et al., 1981), or a single 

behavioral phenotype (Mattson et al., 2013, 2010), few children with FASD would be found 

in ACA, population-based studies, or diagnosed correctly (Chasnoff et al., 2015).

Neurobehavioral Performance

Variations in performance by individual children on a variety of cognitive and executive 

functioning tests was also demonstrated among and within the various FASD groups and 

consistently between the children with FASD vs. controls. Neurobehavioral performance 

was consistently poor for all the FASD diagnostic groups, but consistently the poorest for 

children with ARND. Neurobehavioral deficits in cognition, executive functioning, memory, 

and visual spatial abilities have been shown in studies of prenatally alcohol-exposed children 

(Coles et al., 2010; Mattson et al., 1999, 2013, 2019; Mattson and Riley, 2011; Rasmussen, 

2005; Ware et al., 2012). The results of the overall cognitive, visual spatial, and executive 

functioning assessments with this cohort of children revealed highly significant differences 

between those diagnosed with FASD and control children (See Table 4). Cognitive deficits 

often are secondary in severity to the behavioral deficits seen in this population. Behavioral 

issues studied empirically with prenatally-exposed populations have shown more significant 

deficits and greater numbers of deficits specifically in areas of attention, impulse control, 

attention deficit, hyperactivity, mood disorders and self-regulation (Coles et al., 2009, 1997; 

Kodituwakku et al., 1995; O’Connor and Paley, 2009; Pei et al., 2011). Behavioral 

differences between the children with FASD and controls in this study showed similar 

behavioral patterns. Highly significant differences were seen in the following behavioral 

areas on both the CBCL and TRF: internalizing problems; attention problems and attention 

deficit/hyperactivity problems; conduct problems (See Table 4). Skills of daily living or 

adaptive functioning are skills necessary for one to function independently in the daily 

activities of life: daily living, social abilities and motor development. Although adaptive 

skills have been shown to be impaired in children exposed to alcohol (Fagerlund et al., 2012; 

Kalberg et al., 2006; Streissguth et al., 1991; Thomas et al., 1998), recently Doyle et al 

(2019) have shown that prenatally-exposed children with higher intellectual functioning had 

a decreased level of adaptive abilities, and that the lag in adaptive skills was heavily 

impacted by communication abilities. At this site two areas of significance in adaptive 

functioning emerged between the children with FASD and the control children: 

communication skills reported by the parents and socialization skills reported by the teacher.
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Maternal Risk Assessment

Mothers of children with FASD, especially the mothers of children with ARND, report more 

frequent and heavier use of alcohol before pregnancy than do the mothers of controls. 

Mothers of children with FASD also report some drinking in the first, second, and third 

trimesters, although the frequency and amounts reported seem to be low. Drinking prior to 

pregnancy proved to be the most forthright reports of quantity of drinking per episode. The 

regression model indicated a 10-fold greater likelihood of a FASD diagnosis when a mother 

reported usual DDD of three pre-pregnancy over that of those who reported no drinking. 

Furthermore, the odds of a FASD diagnosis increased to 26 times with reports of five or 

more DDD. Large confidence intervals in this analysis are concerning, but likely due to few 

cases in some drinking categories. Therefore, reported odds ratios should be interpreted as 

approximate. First trimester drinking may be of prime importance for causing long-lasting 

physical and neurobehavioral deficits in children. Mothers of children with FASD report 

more problems with alcohol use and recovery and co-morbidity with other drug use, 

especially tobacco and marijuana. At this site the difference in co-morbid alcohol and 

marijuana use reported between mothers of FASD children and controls was not statistically 

significant, but substantial (6.5 vs. 1.4%). Given recent pre-clinical study findings (Fish et 

al., 2019), and the likelihood of underreporting, this is a concerning finding. Maternal 

alcohol use correlates significantly, but not strongly, with physical anomalies, poorer growth, 

and some neurobehavioral outcomes in this study and other studies (May et al., 2016b, 

2016a, 2013b).

Multiple proximal and distal variables also influence these outcomes both prenatally and 

throughout the early years of life. On average, mothers of children with FASD recognized 

their pregnancy later than control mothers, visited a healthcare provider later in pregnancy, 

and the number of prenatal visits was fewer for the FASD group. The combination of 

significant pre-pregnancy drinking and late pregnancy recognition and/or confirmation, are 

of major significance in many of the FASD cases, especially PFAS and ARND. Therefore, in 

this Midwestern site, reports of significant drinking three months prior to pregnancy, late 

recognition of pregnancy, and later seeking of prenatal healthcare produce a high-risk 

profile. If reliable alcohol use biomarkers are not feasible or available, pre-pregnancy 

drinking levels have substantial predictive value.

Strengths and Limitations

The combined-sample consent rate was higher at this site (62%) than any other CoFASP 

site. Consent was 70.5%, the oversample of growth deficient children, and lower (54%) for 

the simple random sample. Key school administrators and a majority of teachers and school 

personnel were enthusiastic and invested in facilitating this study, especially in Sample 1 

where the small children were oversampled. With the simple random sample, Sample 2, the 

representativeness of the more dysmorphic forms of FASD (FAS and PFAS) is likely an 

undercount, since there were no children diagnosed with FAS and only two with PFAS. 

Alternatively, Sample 1, which oversampled small children, may have produced an 

underestimate of ARND, since the rate of ARND was one-third that of Sample 2. A second 

limitation of this study is an underreporting of prenatal drinking. The research staff 

successfully interviewed 89.8% of mothers of children who completed all three tiers of the 
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study. However, none of the five mothers of children with FAS directly reported drinking 

during any trimester, and prenatal drinking was confirmed in only three of these individuals 

(due to “no shows”) by co-lateral sources during clinical pediatric follow-up. Similarly, only 

53% of mothers of children with PFAS directly reported drinking in the first trimester. 

Finally, stricter cut-off criteria for evidence of alcohol use employed by the CoFASP group 

reduced the number of ARND cases diagnosed in Sample 1 from that reported in a previous 

publication from this sample (May et al., 2014). Therefore, it is unknown how 

underreporting of alcohol has affected the maternal risk sample values and cases diagnosed, 

and its impact is greatest on ARND rates. Third, since the rate of ARND from Sample 1 was 

likely underestimated even with employing weighted correction techniques, one would 

suspect the combined sample rate of ARND is an underestimate. The true rate of FASD may 

also be somewhat higher than reported here. Identifying ARND cases via random samples of 

children from a general population may be the most accurate approach for determining the 

prevalence of ARND if accurate alcohol exposure information can be obtained. 

Oversampling of small children, on the other hand, is best for determining the accurate 

prevalence of FAS and PFAS.

CONCLUSION

Growth, dysmorphology, and neurobehavioral traits of children with FASD were described 

in detail in this Midwestern City. Children who qualify for a diagnosis on the continuum of 

FASD have a variety of phenotypes both within and across diagnostic categories and 

neurobehavioral performance levels. Behavioral problems were more likely to qualify 

children for a diagnosis on the spectrum of FASD than cognitive ability. Many of the 

behaviors and skills of children with FASD provide additional challenges and burdens for 

schools, teachers and parents. Significant maternal risk factors reported were substantial 

drinking prior to pregnancy recognition, co-morbid use of other drugs prior to and during 

pregnancy, late recognition of pregnancy and prenatal care, and usual pre-pregnancy 

drinking levels in the form of binge drinking three or more DDD. The prevalence of total 

FASD in this community is 4.1%. While significantly higher than previously accepted 

estimates of 1%, this rate was the lowest of any site of the four CoFASP communities. Only 

the Southeastern Site had a similarly low rate. There were no significant differences in 

FASD prevalence at this site by race, ethnicity or socioeconomic status, which is an 

indication that FASD risk is distributed across various strata of this community.
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Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

This project was funded by the National Institutes of Health (NIH), the National Institute on Alcohol Abuse, and 
Alcoholism (NIAAA), grants RO1 AA15134-04S1, UO1 AA019894. Marcia Scott, Ph.D., Kenneth Warren, Ph.D., 
Faye Calhoun, D.P.A., and the late T-K Li, M.D. of NIAAA provided intellectual guidance, encouragement, and 
support for prevalence studies of FASD for many years. We extend our deepest gratitude and thank you to Dr. 
Pamela Homan, Superintendent of the public schools, Dr. Tom Lorang, Superintendent of the Catholic schools, the 
Boards of Education, administrators, principals, teachers, and psychologists of the public and private school 
systems in the study community who have hosted and assisted the investigators in the research process over the 
years. Their professional support, guidance, and facilitation have been vital to the success of this study. We are 

May et al. Page 14

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



especially grateful to Marie Rickert and Patti Pannell who were the study champions in the public school system 
and facilitated the study in many ways throughout its duration. We are also grateful for the advice and participation 
in the initiation, planning and completion of the project by the CoFASP Advisory Committee members who were 
led by Marcia Scott, Ph.D., NIAAA Project Officer, and Judith Arroyo, Ph.D., Michael Charness, M.D., William 
Dunty, Ph.D., Daniel Falk, Ph.D., Dale Herald, M.D., Ph.D., and Edward Riley, Ph.D. We dedicate this paper to our 
deceased colleague, Jason Blankenship, Ph.D., who was excited about this project and invested much effort into 
initiating it before his premature death in October 2013.

Funding Source: This project was funded by the National Institutes of Health (NIH), the National Institute on 
Alcohol Abuse, and Alcoholism (NIAAA), grant UO1 AA019894 as part of the Collaboration on Fetal Alcohol 
Spectrum Disorders Prevalence (CoFASP) consortium. The content of this manuscript is solely the responsibility of 
the authors and does not necessarily represent the official views of the National Institutes of Health.

Financial Disclosure: The authors have no financial relationship relevant to this article to disclose.

Abbreviations:

ARBD alcohol-related birth defects
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What’s Known on this Subject:

There are few population based studies in the United States of the characteristics of 

children with specific diagnoses on the FASD continuum and their mothers. Most studies 

of FASD prevalence and maternal and child characteristics have been undertaken using 

passive methods of case ascertainment or are selective in nature, thereby underestimating 

rates of FASD. Furthermore, most clinical and epidemiological studies of FASD do not 

provide a detailed overview of physical and neurodevelopmental traits of children fully 

diagnosed FASD and associated maternal risk factors in comparison with typically-

developing children and their mothers in the same population.

What this Study Adds:

Using active case ascertainment methods among children in a representative, middle class 

county in a Midwestern City in the United States, traits of children with FAS and total 

FASD and their mothers are described and compared to characteristics of normally-

developing children and their mothers in the same community. The results of two such 

studies in two cohorts of first grade students from the same city are presented here. The 

traits provide clear differentiation of diagnostic groups within FASD, and the prevalence 

of the complete continuum using strict CoFASP criteria and cut-off points was found to 

be substantially higher than most older estimates for the general U.S. population.
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Figure 1. 
Sampling Methodology for Prevalence of FASD in Midwestern City: Sample 1

*If a child was randomly selected and found to have an FASD or another known genetic or 

teratogenic disorder, he/she was classified appropriately and removed from the control 

group.

**11 were not FASD, with other genetic disorders
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Figure 2. 
Sampling Methodology for Prevalence of FASD in Midwestern City: Sample 2

*If a child was randomly selected and found to have an FASD or another known genetic or 

teratogenic disorder, he/she was classified appropriately and removed from the control 

group.

** 2 were not FASD, but had other genetic disorders

May et al. Page 23

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
CoFASP Cut-Off Criteria Set for all Domains: Neurobehavioral Testing Battery
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Figure 4. 
Occipitofrontal Circumference (OFC) and Total Dysmorphology Score by FASD Diagnosis, 

Midwestern City
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Figure 5. 
Selected Cognitive and Behavioral Measures by Specific FASD Diagnoses, Midwestern City
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Figure 6. 
A. Week When Pregnancy Was First Recognized, Midwestern Site

B. Timing of First Visit to Healthcare Provider by Trimester, Midwestern site
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Figure 7. 
Combined Sample Site Prevalence of FASD Diagnoses in the Midwestern City: Cohort 

Samples 1 and 2 and Mean Prevalence

*Individual Sample 1 and Sample 2 estimates from May et al., 2018a.
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Table 1.

Demographic Indicators for the Midwestern City Compared to the United States

Demographic Indicator Midwestern City United States

Population (7/2015)
1

(percentage of US population)

171,544
(0.05%)

321,418,820
(100%)

Population change (%) since 2010
1 11.4% 4.1%

Race/Hispanic Ethnicity (2010)
1

 White, non-Hispanic 84.9% 63.7%

 Black, non-Hispanic 4.2% 12.6%

 American Indian and Alaskan Native 2.7% 0.9%

 Asian 1.8% 4.8%

 Two or more races 2.5% 2.9%

 Hispanic or Latino 4.4% 16.3%

Foreign born persons
1 7.1% 13.1%

Age – years (median) 34.5 37.2

Housing
1

 Median household value $155,200 $176,700

Education
1

 High School graduate or higher, % ages ≥25 years 90.8% 86.3%

 Bachelor’s degree or higher, % ages ≥25 years 32.5% 29.3%

Economy
1

 Per capita income in past 12 months (2014 dollars) $28,120 $28,555

 Median household income $52,607 $53,482

 Persons in poverty 11.8% 14.8%

Religion
5

 Composition

  Christian 79% 70.6%

  Non-Christian 3% 5.9%

  Unaffiliated (nones) 18% 22.8%

 Importance of Religion

  Very important 57% 58%

  Somewhat important 24% 24%

  Not too important/not at all 18% 16%

Health Behavior Median 25

 Overall state health Rank in US
2 15–19 (Range 1–50)
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Demographic Indicator Midwestern City United States

Alcohol Use

 Binge drinking^ state %, (US rank)
2 17.4% (35) 16.8% (25)

 Excessive drinking+, state % (US rank)
2 18.3% (30) Median = 17.4% (25)

 Excessive drinking, county
3 18.0% Mean = 16.8%

 Heavy drinking#, city
3 6.4% 5.0%

State per capita ethanol consumption (2009), volume per person 14 years and older
4 2.62 gallons

9.91 liters
2.30 gallons
8.71 liters

Sources:

1.
US Census, 2015

2.
United Health Foundation, America’s Health Rankings, 2015; comprised of scores on behaviors, community and environment, policy and clinical 

care; scores are ranked for each of the 50 states with better scores resulting in a higher rank among the 50 states; ranges indicate that different 
rankings are provided for each of the four domains named above

3.
Behavioral Risk Factor Surveillance System (BRFSS) 2013 data of the CDC. Reported in local city and county statistical reports

4.
LaVallee and Yi, 2011. NIAAA Surveillance Report #92

5.
Pew Research Center. America’s Changing Religion Landscape, 2015. Online. www.pewresearch.org.

^
Binge drinking defined as: during the past 30 days, the consumption of 5 or more drinks for men or 4 or more drinks for females on an occasion

#
Heavy drinking is defined as males having more than two drinks per day and females having more than one drink per day

+
Excessive drinking of alcohol is defined as both binge drinking (above) and chronic drinking also referred to as heavy drinking (above)
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Table 2.

Distribution of FASD Case and Randomly-Selected Controls by Racial Categories: Midwestern City

FAS PFAS ARND
RS

controls χ2 p

n % n % n % n % n %

White 440 77.9 8 72.7 20 87.0 8 80.0 404 77.5

6.692 0.669

Hispanic 30 5.3 0 0.0 1 4.3 0 0.0 29 5.6

African American 43 7.6 1 9.1 2 8.7 0 0.0 40 7.7

Other 52 9.2 2 18.2 0 0.0 2 20.0 48 9.2

FASD RS controls χ2 p-value

n % n % n %

White 440 77.9 36 81.8 404 77.5

0.964 0.810

Hispanic 30 5.3 1 2.3 29 5.6

African American 43 7.6 3 6.8 40 7.7

Other 52 9.2 4 9.1 48 9.2

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 32

Ta
b

le
 3

.

D
em

og
ra

ph
ic

, P
hy

si
ca

l G
ro

w
th

, C
ar

di
na

l F
A

S 
Fe

at
ur

es
, O

th
er

 M
in

or
 A

no
m

al
ie

s,
 a

nd
 T

ot
al

 D
ys

m
or

ph
ol

og
y 

Sc
or

es
 f

ro
m

 a
 M

id
w

es
te

rn
 C

ity
: 2

01
0–

20
14

C
hi

ld
re

n 
w

it
h 

FA
S

(n
=1

1)
C

hi
ld

re
n 

w
it

h 
P

FA
S

(n
=2

3)
C

hi
ld

re
n 

w
it

h 
A

R
N

D
(n

=1
0)

R
an

do
m

ly
-S

el
ec

te
d 

C
on

tr
ol

 
C

hi
ld

re
n

(n
=5

21
)

Te
st

-s
co

re
p-

va
lu

e

G
ro

w
th

 a
nd

 C
ar

di
na

l F
ea

tu
re

s

Se
x 

(%
 M

al
e)

36
.4

60
.9

40
.0

52
.6

χ
2 =

2.
42

0
.4

90

C
ur

re
nt

 A
ge

 (
in

 m
on

th
s)

 –
 M

ea
n 

(S
D

)
82

.4
(6

.5
)

84
.7

(4
.1

)
82

.3
(4

.9
)

81
.8

(4
.8

)
F=

2.
79

2
.0

40
E

H
ei

gh
t P

er
ce

nt
ile

 –
 M

ea
n 

(S
D

)
7.

0
(6

.3
)

32
.3

(2
8.

3)
56

.5
(3

5.
6)

60
.3

(2
7.

6)
F=

20
.5

14
<

.0
01

A
,B

,C
,E

W
ei

gh
t P

er
ce

nt
ile

 –
 M

ea
n 

(S
D

)
13

.7
(1

1.
5)

34
.2

(2
5.

0)
42

.3
(3

1.
0)

61
.2

(2
7.

0)
F=

19
.4

76
<

.0
01

A
,C

,E

C
hi

ld
’s

 B
M

I 
Pe

rc
en

ta
ge

 –
 M

ea
n 

(S
D

)
40

.3
(3

4.
7)

44
.6

(2
8.

6)
28

.6
(2

7.
5)

58
.6

(2
7.

7)
F=

6.
85

4
<

.0
01

F

O
cc

ip
ito

fr
on

ta
l C

ir
cu

m
fe

re
nc

e 
(O

FC
) 

Pe
rc

en
til

e 
– 

M
ea

n 
(S

D
)

3.
1

(3
.1

)
38

.7
(2

4.
9)

32
.4

(3
5.

3)
65

.0
(2

7.
3)

F=
29

.0
51

<
.0

01
A

,C
,E

 
O

FC
 c

en
til

e 
≤3

rd
 c

en
til

e
63

.6
13

.0
30

.0
0.

8
χ

2 =
18

0.
41

4
<

.0
01

 
O

FC
 c

en
til

e 
≤1

0th
 c

en
til

e
10

0.
0

21
.7

40
.0

4.
8

χ
2 =

15
4.

19
0

<
.0

01

Pa
lp

eb
ra

l F
is

su
re

 L
en

gt
h 

(P
FL

) 
Pe

rc
en

til
e 

– 
M

ea
n 

(S
D

)
10

.9
(1

4.
4)

12
.2

(1
2.

5)
22

.3
(1

1.
5)

29
.1

(1
6.

0)
F=

13
.3

65
<

.0
01

C
,E

 
PF

L
 c

en
til

e 
≤3

rd
 c

en
til

e
36

.4
39

.1
10

.0
5.

4
χ

2 =
50

.2
68

<
.0

01

 
PF

L
 c

en
til

e 
≤1

0th
 c

en
til

e
72

.7
56

.5
10

.0
10

.7
χ

2 =
71

.5
75

<
.0

01

Sm
oo

th
 P

hi
ltr

um
 (

%
 Y

es
)

90
.9

87
.0

30
.0

14
.0

χ
2 =

11
6.

28
9

<
.0

01

N
ar

ro
w

 V
er

m
ili

on
 (

%
 Y

es
)

81
.8

82
.6

10
.0

17
.9

χ
2 =

79
.2

46
<

.0
01

O
th

er
 M

in
or

 A
no

m
al

ie
s

M
ax

ill
ar

y 
A

rc
 (

in
 c

m
) 

– 
M

ea
n 

(S
D

)
23

.2
(1

.2
)

24
.1

(.
8)

24
.2

(1
.2

)
24

.8
(1

.0
)

F=
12

.3
26

<
.0

01
C

,E

M
an

di
bu

la
r 

A
rc

 (
in

 c
m

) 
– 

M
ea

n 
(S

D
)

23
.7

(1
.3

)
25

.1
(.

8)
25

.0
(1

.3
)

25
.9

(1
.2

)
F=

14
.7

03
<

.0
01

A
,C

,E

H
yp

op
la

st
ic

 m
id

fa
ce

 (
%

 Y
es

)
54

.5
47

.8
50

.0
25

.0
χ

2 =
13

.1
16

.0
04

C
am

pt
od

ac
ty

ly
 (

%
 Y

es
)

18
.2

0.
0

10
.0

2.
3

χ
2 =

13
.2

26
.0

04

O
th

er
 a

be
rr

an
t p

al
m

ar
 c

re
as

es
 (

%
 Y

es
)

9.
1

17
.4

10
.0

2.
1

χ
2 =

20
.8

10
<

.0
01

H
ea

rt
 m

al
fo

rm
at

io
ns

 (
%

 Y
es

)
0.

0
4.

3
0.

0
0.

2
χ

2 =
10

.8
63

.0
12

To
ta

l D
ys

m
or

ph
ol

og
y 

Sc
or

e
– 

M
ea

n 
(S

D
)

16
.7

(3
.0

)
11

.8
(3

.6
)

6.
1

(4
.3

)
4.

2
(2

.9
)

F=
11

1.
07

5
<

.0
01

A
,B

,C
,D

,E

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 33
Po

st
-h

oc
 s

ig
ni

fi
ca

nt
 d

if
fe

re
nc

e 
be

tw
ee

n:

A
. FA

S 
&

 P
FA

S;

B
. FA

S 
&

 A
R

N
D

;

C
. FA

S 
&

 C
on

tr
ol

s;

D
. PF

A
S 

&
 A

R
N

D
;

E
. PF

A
S 

&
 C

on
tr

ol
s;

F.
A

R
N

D
 &

 C
on

tr
ol

s.
B

on
fe

rr
on

i a
dj

us
te

d 
si

gn
if

ic
an

ce
 le

ve
l f

or
 G

ro
w

th
 a

nd
 C

ar
di

na
l F

ea
tu

re
s 

=
 0

.0
05

; f
or

 o
th

er
 m

in
or

 a
no

m
al

ie
s 

=
 0

.0
07

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 34

Ta
b

le
 4

.

N
eu

ro
be

ha
vi

or
al

 F
in

di
ng

s 
A

m
on

g 
C

hi
ld

re
n 

w
ith

 F
A

SD
 a

nd
 R

an
do

m
ly

-S
el

ec
te

d 
C

on
tr

ol
s 

fr
om

 a
 M

id
w

es
te

rn
 C

ity
: 2

01
0–

20
14

C
hi

ld
re

n 
w

it
h 

FA
SD

(n
=3

7)
R

an
do

m
ly

-S
el

ec
te

d 
C

on
tr

ol
 C

hi
ld

re
n

(n
=3

31
)

t-
te

st
p-

va
lu

e
M

ea
n 

 
(S

D
)

M
ea

n 
 

(S
D

)

In
te

lle
ct

ua
l D

om
ai

n
(n

=
37

)
(n

=
33

1)

G
en

er
al

 A
bi

lit
ie

s 
Pe

rc
en

til
e

44
.9

 (
25

.7
)

59
.3

 (
23

.7
)

−
3.

49
4

.0
01

**

V
er

ba
l C

lu
st

er
 P

er
ce

nt
ile

40
.4

 (
25

.6
)

60
.1

 (
25

.0
)

−
4.

48
6

<
.0

01
**

N
on

ve
rb

al
 R

ea
so

ni
ng

 C
lu

st
er

 P
er

ce
nt

ile
42

.3
 (

25
.5

)
50

.3
 (

24
.5

)
−

1.
87

8
.0

61

Sp
at

ia
l C

lu
st

er
 P

er
ce

nt
ile

54
.9

 (
25

.5
)

63
.2

 (
22

.3
)

−
2.

11
3

.0
35

*

E
xe

cu
ti

ve
 F

un
ct

io
n

(n
=

37
)

(n
=

33
0)

IN
N

 (
N

am
in

g)
 c

om
bi

ne
d 

sc
al

ed
 s

co
re

7.
9 

(3
.5

)
10

.1
 (

3.
5)

−
3.

68
0

<
.0

01
**

IN
N

 v
s.

 I
N

I 
C

on
tr

as
t S

ca
le

d 
Sc

or
e

8.
6 

(3
.4

)
9.

5 
(3

.3
)

−
1.

59
9

.1
11

IN
I 

(I
nh

ib
iti

on
) 

co
m

bi
ne

d 
sc

al
ed

 s
co

re
7.

8 
(3

.1
)

9.
6 

(3
.4

)
−

3.
05

9
.0

02
**

IN
S 

(S
w

itc
hi

ng
) 

co
m

bi
ne

d 
sc

al
ed

 s
co

re
7.

9 
(2

.6
)

10
.0

 (
3.

1)
−

3.
66

5
<

.0
01

**

Sp
ee

de
d 

N
am

in
g 

C
om

bi
ne

d 
sc

al
ed

 s
co

re
7.

8 
(2

.1
)

9.
3 

(2
.7

)
−

3.
31

2
.0

01
**

L
ea

rn
in

g1
(n

=
8)

(n
=

22
1)

B
B

C
S 

Sc
ho

ol
 R

ea
di

ne
ss

 C
om

po
si

te
 S

ca
le

d 
Sc

or
e

11
.5

 (
2.

4)
12

.4
 (

2.
1)

−
1.

23
5

.2
18

B
B

C
S 

R
ea

di
ne

ss
 C

om
po

si
te

 S
ta

nd
ar

d 
Sc

or
e

10
7.

0 
(1

3.
3)

11
2.

3 
(1

0.
4)

−
1.

40
5

.1
61

V
is

ua
l S

pa
ti

al
(n

=
37

)
(n

=
33

1)

V
M

I 
St

an
da

rd
 S

co
re

93
.9

 (
8.

6)
97

.2
 (

7.
4)

−
2.

54
2

.0
11

**

V
is

uo
m

ot
or

 P
re

ci
si

on
 C

om
bi

ne
d 

sc
al

ed
 s

co
re

9.
1 

(2
.9

)
9.

8 
(2

.9
)

−
1.

52
7

.1
28

M
oo

d 
R

eg
ul

at
io

n2

C
B

C
L

 A
nx

io
us

/d
ep

re
ss

ed
 t-

sc
or

e
56

.3
 (

7.
6)

53
.1

 (
4.

8)
2.

40
0

.0
22

*

T
R

F 
A

nx
io

us
/d

ep
re

ss
ed

 t-
sc

or
e

55
.1

 (
6.

7)
51

.9
 (

3.
6)

3.
08

7
.0

04
**

C
B

C
L

 W
ith

dr
aw

n/
de

pr
es

se
d 

t-
sc

or
e

56
.9

 (
7.

5)
53

.1
 (

5.
0)

2.
80

3
.0

08
*

T
R

F 
W

ith
dr

aw
n/

de
pr

es
se

d 
t-

sc
or

e
56

.2
 (

7.
8)

52
.2

 (
4.

2)
3.

31
8

.0
02

**

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 35

C
hi

ld
re

n 
w

it
h 

FA
SD

(n
=3

7)
R

an
do

m
ly

-S
el

ec
te

d 
C

on
tr

ol
 C

hi
ld

re
n

(n
=3

31
)

t-
te

st
p-

va
lu

e
M

ea
n 

 
(S

D
)

M
ea

n 
 

(S
D

)

C
B

C
L

 I
nt

er
na

liz
in

g 
Pr

ob
le

m
s 

t-
sc

or
e

54
.3

 (
10

.6
)

48
.1

 (
8.

9)
3.

15
6

.0
03

**

T
R

F 
In

te
rn

al
iz

in
g 

Pr
ob

le
m

s 
t-

sc
or

e
52

.1
 (

10
.8

)
45

.0
 (

7.
9)

4.
17

5
<

.0
01

**

C
B

C
L

 E
xt

er
na

liz
in

g 
Pr

ob
le

m
s 

t-
sc

or
e

53
.5

 (
10

.6
)

49
.4

 (
9.

5)
2.

29
8

.0
22

*

T
R

F 
E

xt
er

na
liz

in
g 

Pr
ob

le
m

s 
t-

sc
or

e
53

.5
 (

9.
6)

48
.5

 (
7.

8)
3.

93
5

<
.0

01
**

C
B

C
L

 A
ff

ec
tiv

e 
pr

ob
le

m
s 

t-
sc

or
e

56
.7

 (
7.

1)
53

.2
 (

5.
1)

2.
64

6
.0

12
*

T
R

F 
A

ff
ec

tiv
e 

pr
ob

le
m

s 
t-

sc
or

e
55

.6
 (

6.
6)

52
.0

 (
3.

9)
3.

49
6

.0
01

**

C
B

C
L

 A
nx

ie
ty

 p
ro

bl
em

s 
t-

sc
or

e
57

.3
 (

7.
6)

53
.4

 (
5.

4)
2.

76
9

.0
09

*

T
R

F 
A

nx
ie

ty
 p

ro
bl

em
s 

t-
sc

or
e

56
.5

 (
7.

2)
51

.9
 (

4.
0)

4.
05

1
<

.0
01

**

A
tt

en
ti

on
2

C
B

C
L

 A
tte

nt
io

n 
pr

ob
le

m
s 

t-
sc

or
e

59
.9

 (
10

.4
)

54
.4

 (
6.

4)
2.

94
5

.0
06

**

T
R

F 
A

tte
nt

io
n 

pr
ob

le
m

s 
t-

sc
or

e
57

.6
 (

9.
2)

53
.0

 (
4.

8)
3.

18
9

.0
03

**

C
B

C
L

 A
tte

nt
io

n 
de

fi
ci

t/h
yp

er
ac

tiv
ity

 p
ro

bl
em

s 
t-

sc
or

e
58

.2
 (

8.
5)

54
.0

 (
6.

2)
2.

75
6

.0
09

**

T
R

F 
A

tte
nt

io
n 

de
fi

ci
t/h

yp
er

ac
tiv

ity
 p

ro
bl

em
s 

t-
sc

or
e

58
.0

 (
9.

9)
53

.6
 (

5.
3)

2.
84

8
.0

07
**

Im
pu

ls
e 

C
on

tr
ol

2

C
B

C
L

 R
ul

e-
br

ea
ki

ng
 b

eh
av

io
r 

t-
sc

or
e

54
.6

 (
5.

7)
53

.6
 (

4.
9)

1.
10

9
.2

68

T
R

F 
R

ul
e-

br
ea

ki
ng

 b
eh

av
io

r 
t-

sc
or

e
56

.0
 (

7.
0)

52
.7

 (
4.

8)
2.

94
8

.0
05

**

C
B

C
L

 A
gg

re
ss

iv
e 

be
ha

vi
or

 t-
sc

or
e

57
.0

 (
7.

4)
53

.9
 (

6.
0)

2.
29

2
.0

28
*

T
R

F 
A

gg
re

ss
iv

e 
be

ha
vi

or
 t-

sc
or

e
55

.5
 (

7.
0)

52
.6

 (
4.

7)
2.

62
7

.0
12

*

C
B

C
L

 O
pp

os
iti

on
al

 d
ef

ia
nt

 p
ro

bl
em

s 
t-

sc
or

e
56

.9
 (

7.
0)

54
.9

 (
6.

0)
1.

58
0

.1
23

T
R

F 
O

pp
os

iti
on

al
 d

ef
ia

nt
 p

ro
bl

em
s 

t-
sc

or
e

54
.2

 (
6.

3)
52

.5
 (

5.
0)

1.
69

5
.0

97

C
B

C
L

 C
on

du
ct

 p
ro

bl
em

s 
t-

sc
or

e
56

.9
 (

7.
1)

53
.8

 (
5.

7)
2.

80
2

.0
05

**

T
R

F 
C

on
du

ct
 p

ro
bl

em
s 

t-
sc

or
e

56
.3

 (
7.

9)
52

.5
 (

4.
8)

3.
12

5
.0

03
**

A
da

pt
iv

e 
F

un
ct

io
n3

V
in

el
an

d 
(P

ar
en

t)
 V

A
B

S 
C

om
m

un
ic

at
io

n 
St

an
da

rd
 S

co
re

98
.0

 (
14

.1
)

10
6.

2 
(1

2.
7)

−
3.

43
0

.0
01

**

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 36

C
hi

ld
re

n 
w

it
h 

FA
SD

(n
=3

7)
R

an
do

m
ly

-S
el

ec
te

d 
C

on
tr

ol
 C

hi
ld

re
n

(n
=3

31
)

t-
te

st
p-

va
lu

e
M

ea
n 

 
(S

D
)

M
ea

n 
 

(S
D

)

V
in

el
an

d 
(T

ea
ch

er
) 

V
A

B
S 

C
om

m
un

ic
at

io
n 

St
an

da
rd

 S
co

re
94

.3
 (

16
.2

)
98

.1
 (

13
.0

)
−

1.
63

4
.1

03

V
in

el
an

d 
(P

ar
en

t)
 V

A
B

S 
D

ai
ly

 L
iv

in
g 

Sk
ill

s 
St

an
da

rd
 S

co
re

99
.6

 (
16

.0
)

10
3.

5 
(1

1.
5)

−
1.

36
4

.1
81

V
in

el
an

d 
(T

ea
ch

er
) 

V
A

B
S 

D
ai

ly
 L

iv
in

g 
Sk

ill
s 

St
an

da
rd

 S
co

re
96

.6
 (

14
.4

)
99

.3
 (

13
.2

)
−

1.
15

7
.2

48

V
in

el
an

d 
(P

ar
en

t)
 V

A
B

S 
So

ci
al

iz
at

io
n 

St
an

da
rd

 S
co

re
10

0.
1 

(1
7.

0)
10

4.
8 

(1
3.

4)
−

1.
81

0
.0

71

V
in

el
an

d 
(T

ea
ch

er
) 

V
A

B
S 

So
ci

al
iz

at
io

n 
St

an
da

rd
 S

co
re

96
.1

 (
15

.4
)

10
3.

8 
(1

5.
0)

−
2.

83
6

.0
04

**

1.
C

hi
ld

re
n 

le
ss

 th
an

 7
 a

t t
im

e 
ev

al
ua

tio
n 

di
d 

no
t c

om
pl

et
e 

a 
B

R
A

C
K

E
N

.

2.
Fo

r 
C

B
C

L
: n

=
32

 f
or

 F
A

SD
; n

=
29

8 
fo

r 
C

on
tr

ol
s.

 F
or

 T
R

F:
 n

=
42

 f
or

 F
A

SD
; n

=
44

4 
fo

r 
C

on
tr

ol
s.

3.
Fo

r 
V

in
el

an
d 

(P
ar

en
t)

: n
=

32
 f

or
 F

A
SD

; n
=

29
2 

fo
r 

C
on

tr
ol

s.

Fo
r 

V
in

el
an

d 
(T

ea
ch

er
):

 n
=

35
 f

or
 F

A
SD

; n
=

43
7 

fo
r 

C
on

tr
ol

s.

* Si
gn

if
ic

an
t a

t <
0.

05

**
Si

gn
if

ic
an

t a
t t

he
 B

on
fe

rr
on

i-
ad

ju
st

ed
 le

ve
l o

f 
si

gn
if

ic
an

ce
: I

nt
el

le
ct

ua
l: 

0.
01

25
; E

xe
cu

tiv
e 

Fu
nc

tio
n:

 0
.0

1;
 L

ea
rn

in
g:

 0
.0

25
; V

is
ua

l S
pa

tia
l: 

0.
02

5;
 M

oo
d 

R
eg

ul
at

io
n:

 0
.0

04
; A

tte
nt

io
n:

 0
.0

12
5;

 I
m

pu
ls

e 
C

on
tr

ol
: 0

.0
06

; A
da

pt
iv

e 
Fu

nc
tio

n:
 0

.0
08

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 37

Ta
b

le
 5

.

Pr
ox

im
al

 M
at

er
na

l R
is

k 
Fa

ct
or

s 
fo

r 
FA

SD
: A

lc
oh

ol
 a

nd
 D

ru
g 

U
se

 in
 M

id
w

es
te

rn
 C

ity

C
hi

ld
re

n 
w

it
h 

FA
SD

(n
=3

1)
R

an
do

m
ly

-S
el

ec
te

d 
C

on
tr

ol
 C

hi
ld

re
n

(n
=3

05
)

χ
2

or
t-

te
st

p-
va

lu
e

M
ea

n 
 

(S
D

)
M

ea
n 

 
(S

D
)

A
lc

oh
ol

 U
se

 –
 B

ef
or

e 
an

d 
D

ur
in

g 
P

re
gn

an
cy

D
ra

nk
 b

ef
or

e 
pr

eg
na

nc
y 

(%
 Y

es
)

96
.3

60
.1

13
.9

18
<

.0
01

**

# 
of

 d
ri

nk
s 

co
ns

um
ed

 o
n 

us
ua

l d
ri

nk
in

g 
da

y 
be

fo
re

 p
re

gn
an

cy
1

4.
4 

(3
.0

)
2.

5 
(2

.3
)

3.
48

1
.0

01
**

M
dn

 =
 3

.5
M

dn
 =

 2
.0

--
--

U
su

al
 f

re
qu

en
cy

 –
 b

ef
or

e 
pr

eg
na

nc
y1

 
E

ve
ry

da
y 

or
 a

lm
os

t e
ve

ry
da

y
14

.8
2.

8

 
3–

4 
tim

es
 p

er
 w

ee
k

11
.1

4.
5

 
1–

2 
tim

es
 p

er
 w

ee
k

40
.7

24
.3

 
2–

3 
tim

es
 p

er
 m

on
th

11
.1

23
.2

 
1 

tim
e 

pe
r 

m
on

th
 o

r 
le

ss
22

.2
45

.2
16

.4
26

.0
02

**

D
ay

s 
dr

an
k 

m
or

e 
th

an
 u

su
al

 –
 b

ef
or

e 
pr

eg
na

nc
y 

(%
 Y

es
)1

51
.9

17
.1

18
.7

82
<

.0
01

**

D
ra

nk
 in

 1
st
 tr

im
es

te
r 

(%
 Y

es
)

41
.9

5.
3

47
.8

45
<

.0
01

**

# 
of

 d
ri

nk
s 

on
 u

su
al

 d
ri

nk
in

g 
da

y1  −
1s

t
3.

2 
(3

.4
)

4.
1 

(4
.6

)
−

0.
47

8
.6

38

U
su

al
 f

re
qu

en
cy

1  –
 1

st

 
E

ve
ry

da
y 

or
 a

lm
os

t e
ve

ry
da

y
25

.0
28

.6

 
3–

4 
tim

es
 p

er
 w

ee
k

0.
0

14
.3

 
1–

2 
tim

es
 p

er
 w

ee
k

25
.0

0.
0

 
2–

3 
tim

es
 p

er
 m

on
th

0.
0

0.
0

 
1 

tim
e 

pe
r 

m
on

th
 o

r 
le

ss
50

.0
57

.1
4.

71
4

.1
94

D
ra

nk
 in

 2
nd

 tr
im

es
te

r 
(%

 Y
es

)
20

.0
3.

3
16

.6
43

<
.0

01
**

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 38

C
hi

ld
re

n 
w

it
h 

FA
SD

(n
=3

1)
R

an
do

m
ly

-S
el

ec
te

d 
C

on
tr

ol
 C

hi
ld

re
n

(n
=3

05
)

χ
2

or
t-

te
st

p-
va

lu
e

M
ea

n 
 

(S
D

)
M

ea
n 

 
(S

D
)

# 
of

 d
ri

nk
s 

on
 u

su
al

 d
ri

nk
in

g 
da

y1  -
 2

nd
1.

0 
(0

.0
)B

2.
7 

(3
.9

)
−

0.
74

7
.4

72

U
su

al
 f

re
qu

en
cy

1  –
 2

nd

 
E

ve
ry

da
y 

or
 a

lm
os

t e
ve

ry
da

y
0.

0
14

.3

 
3–

4 
tim

es
 p

er
 w

ee
k

0.
0

14
.3

 
1–

2 
tim

es
 p

er
 w

ee
k

0.
0

0.
0

 
2–

3 
tim

es
 p

er
 m

on
th

33
.3

0.
0

 
1 

tim
e 

pe
r 

m
on

th
 o

r 
le

ss
66

.7
71

.4
3.

19
7

.3
62

D
ra

nk
 in

 3
rd

 tr
im

es
te

r 
(%

 Y
es

)
20

.0
2.

6
20

.4
26

.0
01

A
,*

*

# 
of

 d
ri

nk
s 

on
 u

su
al

 d
ri

nk
in

g 
da

y1  -
 3

rd
1.

0 
(0

.0
)B

1.
9 

(1
.9

)
−

0.
75

9
.4

64

U
su

al
 f

re
qu

en
cy

1  –
 3

rd

 
E

ve
ry

da
y 

or
 a

lm
os

t e
ve

ry
da

y
0.

0
16

.7

 
3–

4 
tim

es
 p

er
 w

ee
k

0.
0

0.
0

 
1–

2 
tim

es
 p

er
 w

ee
k

0.
0

0.
0

 
2–

3 
tim

es
 p

er
 m

on
th

0.
0

0.
0

 
1 

tim
e 

pe
r 

m
on

th
 o

r 
le

ss
10

0.
0

83
.3

.3
81

.5
37

A
lc

oh
ol

 U
se

 -
 C

ur
re

nt

D
ri

nk
 in

 p
as

t 3
0 

da
ys

 (
%

 Y
es

)
73

.1
65

.7
.5

89
.4

43

B
in

ge
 5

+
 in

 p
as

t m
on

th
 (

%
 Y

es
)

4.
2

2.
5

.2
43

.4
85

A

W
hy

 u
su

al
ly

 d
ri

nk
: b

ec
au

se
 o

th
er

s 
dr

in
k

12
.5

19
.3

.6
74

.5
88

A

W
hy

 u
su

al
ly

 d
ri

nk
: t

o 
fe

el
 le

ss
 a

nx
io

us
12

.5
8.

4
.4

78
.4

50
A

W
hy

 u
su

al
ly

 d
ri

nk
: t

o 
fo

rg
et

 w
or

ri
es

 (
%

 Y
es

)
20

.8
7.

0
5.

75
9

.0
33

A
,*

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 39

C
hi

ld
re

n 
w

it
h 

FA
SD

(n
=3

1)
R

an
do

m
ly

-S
el

ec
te

d 
C

on
tr

ol
 C

hi
ld

re
n

(n
=3

05
)

χ
2

or
t-

te
st

p-
va

lu
e

M
ea

n 
 

(S
D

)
M

ea
n 

 
(S

D
)

R
ep

or
te

d 
cu

rr
en

t d
ri

nk
in

g 
pr

ob
le

m
 a

t i
nt

er
vi

ew
 (

%
 Y

es
)

12
.5

2.
3

9.
41

9
.0

14
A

,*
*

R
ec

ov
er

in
g 

dr
in

ke
r 

(%
 Y

es
)

9.
7

4.
7

1.
46

1
.2

04
A

D
ru

g 
U

se

U
se

d 
to

ba
cc

o 
– 

du
ri

ng
 p

re
gn

an
cy

 (
%

 Y
es

)
25

.0
8.

9
8.

00
8

.0
11

A
,*

*

U
se

d 
an

y 
dr

ug
s 

in
 p

re
gn

an
cy

 (
%

 Y
es

)
15

.6
4.

3
7.

19
0

.0
21

A
,*

A
bu

se
d 

pr
es

cr
ip

tio
n 

– 
du

ri
ng

 p
re

gn
an

cy
0.

0
1.

4
5.

03
0

1.
00

A

U
se

d 
m

ar
iju

an
a 

– 
du

ri
ng

 p
re

gn
an

cy
 (

%
 Y

es
)

6.
3

3.
9

.5
13

.3
62

A

U
se

d 
m

ar
iju

an
a 

&
 a

lc
oh

ol
 –

 d
ur

in
g 

pr
eg

na
nc

y 
(%

 Y
es

)
6.

5
1.

4
4.

05
3

.1
03

A

U
se

d 
co

ca
in

e 
- 

du
ri

ng
 p

re
gn

an
cy

 (
%

 Y
es

)
3.

2
0.

7
14

.8
10

.0
02

A
,*

*

U
se

d 
m

et
ha

m
ph

et
am

in
e 

– 
pr

eg
na

nc
y 

(%
 Y

es
)

2.
7

1.
1

2.
03

2
.1

60
A

U
se

d 
to

ba
cc

o

 
Y

es
, w

ith
in

 la
st

 3
0 

da
ys

37
.5

24
.3

 
Y

es
, i

n 
lif

et
im

e
18

.8
33

.6

 
N

ev
er

43
.8

42
.1

6.
79

0
.0

34

U
se

d 
an

y 
dr

ug
 in

 li
fe

tim
e 

(%
 Y

es
)

40
.6

27
.2

2.
58

0
.1

47
A

U
se

d 
m

ar
iju

an
a 

– 
in

 li
fe

tim
e 

(%
 Y

es
)

29
.0

24
.4

.3
20

.6
62

A

U
se

d 
m

et
ha

m
ph

et
am

in
e 

– 
in

 li
fe

tim
e 

(%
 Y

es
)

13
.3

5.
9

2.
41

8
.1

24
A

U
se

d 
he

ro
in

 –
 in

 li
fe

tim
e 

(%
 Y

es
)

0.
0

0.
3

.1
00

1.
00

A

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 40

C
hi

ld
re

n 
w

it
h 

FA
SD

(n
=3

1)
R

an
do

m
ly

-S
el

ec
te

d 
C

on
tr

ol
 C

hi
ld

re
n

(n
=3

05
)

χ
2

or
t-

te
st

p-
va

lu
e

M
ea

n 
 

(S
D

)
M

ea
n 

 
(S

D
)

U
se

d 
cl

ub
 d

ru
gs

 –
 in

 li
fe

tim
e 

(%
 Y

es
)

0.
0

2.
3

.1
90

1.
00

A

U
se

d 
cr

ac
k/

co
ca

in
e 

– 
in

 li
fe

tim
e 

(%
 Y

es
)

16
.1

4.
3

7.
73

0
.0

18
A

,*
*

A
bu

se
d 

pa
in

 k
ill

er
s 

– 
in

 li
fe

tim
e 

(%
 Y

es
)

12
.5

2.
3

3.
05

0
.1

99
A

1.
A

m
on

g 
w

om
en

 w
ho

 d
ra

nk
 in

 th
at

 s
pe

ci
fi

c 
tim

e 
pe

ri
od

.

2.
A

 c
ol

la
te

ra
l i

nt
er

vi
ew

 c
on

fi
rm

ed
 a

lc
oh

ol
 c

on
su

m
pt

io
n 

bu
t w

ith
 u

nk
no

w
n 

qu
an

tit
y 

an
d/

or
 f

re
qu

en
cy

.

A
. Fi

sh
er

 e
xa

ct
 te

st

B
. A

ll 
re

sp
on

de
nt

s 
(n

=
3)

 r
ep

or
te

d 
th

e 
sa

m
e 

va
lu

e;
 th

er
ef

or
e,

 th
er

e 
is

 n
ot

 s
ta

nd
ar

d 
de

vi
at

io
n

* Si
gn

if
ic

an
t a

t 0
.0

5

**
Si

gn
if

ic
an

t a
t t

he
 B

on
fe

rr
on

i-
ad

ju
st

ed
 le

ve
l: 

A
lc

oh
ol

 u
se

 b
ef

or
e 

an
d 

du
ri

ng
 p

re
gn

an
cy

 =
 0

.0
03

; c
ur

re
nt

 a
lc

oh
ol

 u
se

 =
 0

.0
07

; d
ru

g 
us

e 
=

 0
.0

03
.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 41

Ta
b

le
 6

.

D
is

ta
l M

at
er

na
l R

is
k 

Fa
ct

or
s 

fo
r 

FA
SD

: P
hy

si
ca

l, 
H

ea
lth

, C
hi

ld
be

ar
in

g,
 P

re
na

ta
l C

ar
e,

 P
os

tn
at

al
 V

ar
ia

bl
es

, a
nd

 D
em

og
ra

ph
ic

 V
ar

ia
bl

es
 f

ro
m

 a
 

M
id

w
es

te
rn

 C
ity

.

C
hi

ld
re

n 
w

it
h 

FA
SD

 (
n=

31
)

R
an

do
m

ly
-S

el
ec

te
d 

C
on

tr
ol

 C
hi

ld
re

n 
(n

=3
04

)

χ
2  

or
 t

-t
es

t
p-

va
lu

e
M

ea
n

(S
D

)
M

ea
n

(S
D

)

P
hy

si
ca

l

H
ei

gh
t a

t i
nt

er
vi

ew
 (

cm
)

16
5.

9
(8

.6
)

16
6.

2
(6

.6
)

−
0.

22
0

.8
60

W
ei

gh
t a

t i
nt

er
vi

ew
 (

kg
)

67
.1

(1
8.

8)
78

.4
(2

0.
7)

−
2.

92
1

.0
04

**

B
od

y 
M

as
s 

In
de

x
24

.5
(6

.0
)

28
.2

(7
.2

)
−

2.
70

5
.0

07
**

H
ea

d 
ci

rc
um

fe
re

nc
e

54
.0

(1
.9

)
55

.1
(1

.4
)

−
2.

56
7

.0
01

**

W
ei

gh
t b

ef
or

e 
pr

eg
na

nc
y 

(i
n 

kg
)

60
.7

(1
4.

2)
69

.1
(1

6.
7)

−
2.

48
0

.0
14

*

St
om

ac
h 

ul
ce

rs
 –

 in
 li

fe
tim

e 
(%

 Y
es

)
12

.5
7.

5
.9

96
.3

06
A

L
iv

er
 p

ro
bl

em
s 

/ h
ep

at
iti

s 
– 

in
 li

fe
tim

e
6.

3
1.

6
3.

02
7

.1
36

A

D
ep

re
ss

io
n 

– 
in

 li
fe

tim
e 

(%
 Y

es
)

53
.3

35
.2

3.
86

0
.0

49
*

C
hi

ld
be

ar
in

g

G
ra

vi
di

ty
3.

0
(1

.7
)

3.
3

(1
.6

)
−

0.
93

1
.3

52

Pa
ri

ty
2.

6
(1

.4
)

2.
7

(1
.1

)
−

0.
52

3
.6

01

M
is

ca
rr

ia
ge

s
0.

5
(0

.8
)

0.
5

(1
.0

)
−

0.
16

7
.8

68

A
bo

rt
io

ns
0.

1
(0

.3
)

0.
0

(0
.2

)
0.

66
2

.5
08

St
ill

bi
rt

hs
0.

0
(0

.0
)

0.
0

(0
.2

)
−

0.
66

9
.5

04

B
ir

th
 o

rd
er

 o
f 

in
de

x 
ch

ild
1.

7
(0

.8
)

1.
9

(1
.1

)
−

1.
29

9
.1

95

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 42

C
hi

ld
re

n 
w

it
h 

FA
SD

 (
n=

31
)

R
an

do
m

ly
-S

el
ec

te
d 

C
on

tr
ol

 C
hi

ld
re

n 
(n

=3
04

)

χ
2  

or
 t

-t
es

t
p-

va
lu

e
M

ea
n

(S
D

)
M

ea
n

(S
D

)

Pr
eg

na
nc

y 
re

co
gn

iti
on

 (
in

 w
ee

ks
)

8.
5

(8
.3

)
5.

2
(2

.5
)

4.
94

9
<

.0
01

**

P
re

na
ta

l C
ar

e

O
nc

e 
kn

ew
 p

re
gn

an
t, 

ta
ke

 v
ita

m
in

s 
(%

 Y
es

)
83

.3
94

.0
4.

81
9

.0
45

A
,*

 
# 

of
 ti

m
es

 s
ee

n 
by

 h
ea

lth
ca

re
 p

ro
vi

de
r

 
 

N
ev

er
6.

5
0.

0

 
 

1–
5 

tim
es

6.
5

1.
7

 
 

M
or

e 
th

an
 5

 ti
m

es
87

.1
98

.3
12

.6
54

.0
01

**

W
he

n 
fi

rs
t s

ee
n 

by
 h

ea
lth

ca
re

 p
ro

vi
de

r

 
1st

 tr
im

es
te

r
78

.1
95

.7

 
2nd

 tr
im

es
te

r
12

.5
3.

3

 
3rd

 tr
im

es
te

r
6.

3
0.

7

 
D

el
iv

er
y 

on
ly

3.
1

0.
3

14
.6

10
.0

02
**

Pr
em

at
ur

e 
la

bo
r 

(%
 Y

es
)2

33
.3

12
.5

5.
81

0
.0

28
A

,*

O
th

er
 h

ea
lth

 p
ro

bl
em

s 
du

ri
ng

 p
re

gn
an

cy
41

.9
22

.3
5.

93
3

.0
18

*

A
cc

id
en

ts
/in

ju
ry

 –
 d

ur
in

g 
pr

eg
na

nc
y 

(%
 Y

es
)

6.
3

7.
6

0.
07

3
1.

00
A

Po
st

pa
rt

um
 d

ep
re

ss
io

n 
(%

 Y
es

)
20

.0
15

.9
.3

38
.6

03

P
os

tn
at

al
 V

ar
ia

bl
es

C
hi

ld
’s

 W
ei

gh
t (

gr
am

s)
 a

t b
ir

th
29

41
(6

12
)

32
87

(6
19

)
−

3.
00

8
.0

03
**

C
hi

ld
’s

 E
st

im
at

ed
 g

es
ta

tio
n 

ag
e 

at
 b

ir
th

 (
in

 w
ee

ks
)

37
.9

(2
.1

)
38

.5
(2

.5
)

−
1.

36
5

.1
73

B
re

as
tf

ed
 (

%
 Y

es
)1

62
.5

77
.2

.9
33

.3
93

C
on

su
m

ed
 a

lc
oh

ol
 in

 b
re

as
tf

ee
di

ng
 p

er
io

d1,
3

60
.0

21
.5

4.
11

4
.0

77
A

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 43

C
hi

ld
re

n 
w

it
h 

FA
SD

 (
n=

31
)

R
an

do
m

ly
-S

el
ec

te
d 

C
on

tr
ol

 C
hi

ld
re

n 
(n

=3
04

)

χ
2  

or
 t

-t
es

t
p-

va
lu

e
M

ea
n

(S
D

)
M

ea
n

(S
D

)

Pu
m

p 
an

d 
du

m
p5  (

%
Y

es
) 

am
on

g 
m

ot
he

rs
 w

ho
 b

re
as

tf
ed

60
.0

16
.6

6.
18

2
.0

41
A

,*

C
hi

ld
 li

ve
s 

w
ith

 b
io

lo
gi

ca
l m

ot
he

r 
(%

 Y
es

)
80

.6
95

.7
11

.8
96

.0
04

A
,*

*

C
hi

ld
 li

ve
s 

w
ith

:

 
Fo

st
er

/A
do

pt
ed

/R
el

at
iv

e
9.

7
3.

3

 
B

io
lo

gi
ca

l m
ot

he
r

22
.6

19
.8

 
B

io
lo

gi
ca

l f
at

he
r

9.
7

1.
0

 
B

io
lo

gi
ca

l m
ot

he
r 

an
d 

fa
th

er
58

.1
75

.9
11

.9
80

.0
05

*

Fa
th

er
 e

ve
r 

ha
d 

a 
dr

in
ki

ng
 p

ro
bl

em

 
N

ev
er

38
.5

61
.9

 
In

 th
e 

pa
st

, b
ut

 n
ot

 c
ur

re
nt

ly
61

.5
31

.3

 
C

ur
re

nt
ly

0.
0

1.
7

 
B

ot
h 

pa
st

 a
nd

 c
ur

re
nt

ly
0.

0
5.

1
8.

51
2

.0
28

*

Y
ea

rs
 o

f 
E

du
ca

tio
n 

co
m

pl
et

ed
1

14
.5

(2
.0

)
15

.0
(2

.8
)

−
.0

47
8

.6
33

H
ou

se
ho

ld
 y

ea
rl

y 
in

co
m

e 
- 

du
ri

ng
 p

re
gn

an
cy

64
20

0
(5

33
42

)
62

36
2

(4
15

55
)

0.
20

6
.8

37

M
ar

ita
l S

ta
tu

s 
- 

cu
rr

en
t

 
M

ar
ri

ed
56

.7
78

.9

 
D

iv
or

ce
d/

W
id

ow
ed

/S
ep

ar
at

ed
/S

in
gl

e
43

.3
17

.5

 
L

iv
in

g 
w

ith
 p

ar
tn

er
0.

0
3.

6
12

.0
38

.0
05

A
,*

*

M
ar

ita
l S

ta
tu

s 
- 

cu
rr

en
t

 
M

ar
ri

ed
56

.3
77

.0

 
D

iv
or

ce
d/

W
id

ow
ed

/S
ep

ar
at

ed
/S

in
gl

e
25

.0
11

.8

 
L

iv
in

g 
w

ith
 p

ar
tn

er
18

.8
11

.2
6.

87
8

.0
29

A

Sp
ir

itu
al

ity
: n

on
e 

[0
] 

to
 h

ig
h 

[1
0]

1
4.

1
(3

.4
)

6.
2

(2
.7

)
−

1.
98

7
.1

57

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 44
A

Fi
sh

er
 E

xa
ct

 T
es

t

1.
In

cl
ud

es
 o

nl
y 

M
W

 s
am

pl
e 

II

2.
In

cl
ud

es
 o

nl
y 

M
W

 s
am

pl
e 

I

3.
A

m
on

g 
w

om
en

 w
ho

 b
re

as
tf

ed
.

4.
A

m
on

g 
w

om
en

 w
ho

 b
re

as
tf

ed
 a

nd
 c

on
su

m
ed

 a
lc

oh
ol

 in
 th

e 
br

ea
st

fe
ed

in
g 

pe
ri

od
.

5.
Pu

m
p 

an
d 

du
m

p 
is

 th
e 

co
llo

qu
ia

l n
am

e 
fo

r 
ex

pr
es

si
ng

 b
re

as
tm

ilk
 a

ft
er

 d
ri

nk
in

g 
al

co
ho

l a
nd

 d
is

po
si

ng
 o

f 
it.

* Si
gn

if
ic

an
t a

t 0
.0

5

**
Si

gn
if

ic
an

t a
t t

he
 B

on
fe

rr
on

i-
ad

ju
st

ed
 v

al
ue

: p
hy

si
ca

l v
ar

ia
bl

es
 =

 0
.0

06
; c

hi
ld

be
ar

in
g 

va
ri

ab
le

s 
=

 0
.0

07
; p

re
na

ta
l c

ar
e 

=
 0

.0
07

; p
os

tn
at

al
 v

ar
ia

bl
es

 =
 0

.0
04

.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

May et al. Page 45

Ta
b

le
 7

.

A
dj

us
te

d 
B

in
ar

y 
L

og
is

tic
 R

eg
re

ss
io

n 
A

na
ly

si
s 

of
 F

A
SD

 D
ia

gn
os

is
 a

s 
a 

Fu
nc

tio
n 

of
 U

su
al

 N
um

be
r 

of
 D

ri
nk

s 
pe

r 
D

ri
nk

in
g 

D
ay

 3
 M

on
th

s 
Pr

io
r 

to
 

Pr
eg

na
nc

y:
 O

ve
r 

25
 I

m
pu

ta
tio

ns
 –

 M
id

w
es

te
rn

 C
ity

 (
n=

33
7)

S.
E

.
Si

g.
O

dd
s 

R
at

io
 E

xp
(B

)
L

ow
er

U
pp

er
F

ra
ct

io
n 

M
is

si
ng

 I
nf

o.
R

el
at

iv
e 

In
cr

ea
se

 V
ar

ia
nc

e
R

el
at

iv
e 

E
ff

ic
ie

nc
y

1 
dr

in
k 

pe
r 

dr
in

ki
ng

 d
ay

1.
39

9
0.

96
2

0.
14

7
4.

05
1

0.
61

0
26

.8
88

0.
29

0
0.

39
8

0.
98

9

2 
dr

in
ks

 p
er

 d
ri

nk
in

g 
da

y
1.

35
5

0.
88

8
0.

12
8

3.
87

6
0.

67
7

22
.1

95
0.

24
6

0.
31

9
0.

99
0

3 
dr

in
ks

 p
er

 d
ri

nk
in

g 
da

y
2.

31
1

0.
99

0
0.

02
0

10
.0

89
1.

44
3

70
.5

36
0.

22
2

0.
28

0
0.

99
1

4 
dr

in
ks

 p
er

 d
ri

nk
in

g 
da

y
2.

19
1

1.
09

5
0.

04
6

8.
94

5
1.

03
7

77
.1

53
0.

28
0

0.
38

1
0.

98
9

5 
dr

in
ks

 o
r 

m
or

e 
pe

r 
dr

in
ki

ng
 d

ay
3.

27
6

0.
88

5
0.

00
0

26
.4

72
4.

65
3

15
0.

61
5

0.
22

8
0.

29
0

0.
99

1

C
ov

ar
ia

te
s

U
se

d 
to

ba
cc

o 
du

ri
ng

 p
re

gn
an

cy
0.

65
1

0.
58

8
0.

26
8

1.
91

8
0.

60
6

6.
07

2
0.

02
4

0.
02

5
0.

99
9

U
se

d 
an

y 
ill

ic
it 

dr
ug

s 
du

ri
ng

 p
re

gn
an

cy
−

0.
06

6
0.

73
3

0.
92

9
0.

93
6

0.
22

2
3.

94
1

0.
05

3
0.

05
5

0.
99

8

C
on

st
an

t
−

3.
91

9
0.

76
6

0.
00

0
0.

02
0

0.
00

4
0.

09
0

0.
27

3
0.

36
8

0.
98

9

R
ef

er
en

ce
 g

ro
up

: n
on

-d
ri

nk
er

s

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 April 15.


	Abstract
	INTRODUCTION
	Active Case Ascertainment
	Previous ACA studies in the U.S.
	This Study Community

	METHODS
	Diagnostic Criteria
	Cohort One Sampling: A Census of Growth Deficient Children and Random Sample Entry
	Cohort Two Sampling: A Simple Random Sample
	The Study Process-Three Tiered Assessment Used for Both Samples
	Multidisciplinary Case Conferences: Assignment of Accurate Final Diagnoses
	Statistical Analysis

	RESULTS
	Child Physical Traits
	Neurobehavioral Profiles by Diagnostic Group
	Maternal Risk Data-Proximal and Distal Variables
	Correlation Analysis
	Estimated Prevalence of FASD from the Combined Data

	DISCUSSION
	Physical Traits and Dysmorphology
	Neurobehavioral Performance
	Maternal Risk Assessment
	Strengths and Limitations

	CONCLUSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Figure 6.
	Figure 7.
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.
	Table 6.
	Table 7.

