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A B S T R A C T   

Background: Prevalence and characteristics of fetal alcohol spectrum disorders (FASD) have been described 
previously in this community. 
Methods: Active case ascertainment methods were employed in a new cross-sectional study with Revised Institute 
of Medicine criteria among first grade students (n = 735) via dysmorphology examinations and neurobehavioral 
assessments. Their mothers were interviewed regarding risk factors. Final diagnoses were assigned via structured 
case conferences. 
Results: Children with fetal alcohol syndrome (FAS), partial FAS (PFAS), and alcohol related-neurodevelopmental 
disorder (ARND) were significantly different from controls on all cardinal variables, multiple dysmorphology 
traits and neurobehavioral performance. Mothers of children with FASD reported significantly more drinking 
before and during pregnancy (mothers of children with FAS reported 7.8 (±6.1) drinks per drinking day (DDD) 
prior to pregnancy and 5.1 (±5.9) after pregnancy recognition). Distal risk variables for a diagnosis on the 
continuum of FASD were: lower maternal height, weight, and body mass index; higher gravidity; lower education 
and household income; and later pregnancy recognition. Alcohol and tobacco remain the only commonly used 
drugs. Women reporting first trimester drinking of two DDD were 13 times more likely (95 % CI:1.3-133.4) to 
have a child with FASD than non-drinkers; and those who reported drinking throughout pregnancy were 19.4 
times more likely (95 % CI:8.2–46.0) to have a child with FASD. 
Conclusion: Seventeen years after the first study in this community, FASD prevalence remains high at 16 %–31 %. 
The FAS rate may have declined somewhat, but rates of PFAS and ARND seemed to plateau, at a high rate.   
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1. Introduction 

1.1. Diagnosing a continuum 

Fetal alcohol syndrome (FAS), the phenotype of the most severely, 
physically-affected children within the continuum of fetal alcohol 
spectrum disorders (FASD), was first described by Jones and Smith 
(1973). Children with FAS display significant dysmorphia, growth re-
striction and neurobehavioral impairments resulting from exposure to 
substantial amounts of alcohol during gestation. Children showing fewer 
physical features of FAS and less growth restriction are diagnosed with 
one of three other specific diagnoses established by a committee of the 
Institute of Medicine (IOM): partial FAS (PFAS), alcohol-related birth 
defects (ARBD), and alcohol-related neurodevelopmental disorder 
(ARND) (Hoyme et al., 2005, 2016; Stratton et al., 1996). These four 
diagnoses form the gamut of FASD (Streissguth and O’Malley, 2000; 
Warren et al., 2004). Establishing the population-based prevalence of 
the full range of FASD in general populations has been a worldwide 
challenge (Lange et al., 2018). 

1.2. Active case ascertainment studies of FASD in South Africa and 
elsewhere 

Active case ascertainment (ACA) of children with FASD produces the 
highest prevalence of FASD of any method (Stratton et al., 1996). 
Because no single biological marker exists for FASD, the diagnosis is 
complex and multidisciplinary. Therefore, under-diagnosis is common; 
one study estimated that up to 87 % of children with FASD are either not 
diagnosed or are misdiagnosed in their lifetimes (Chasnoff et al., 2015). 
Therefore, surveillance systems and most clinic-based studies produce 
gross underestimates of prevalence (May et al., 2009). 

ACA has been employed successfully to study FASD in primary 
schools, not only in South Africa, but also in Italy (May et al., 2011, 
2006), Croatia (Petkovic and Barisic, 2013, 2010), the United States 
(May et al., 2018a), Poland (Okulicz-Kozaryn et al., 2017) and Canada 
(Popova et al., 2019). The above studies in countries other than South 
Africa reported what were alarmingly high rates (2–6 %), and ACA 
studies in South Africa reported even higher rates. The first of these 
cross-sectional, period prevalence studies in South Africa (May et al., 
2000) and four additional studies were carried out previously in the 
community that is the subject of this study (May et al., 2016d, 2013, 
2007; Viljoen et al., 2005). 

1.3. The current study 

This manuscript describes a sixth cross-sectional, ACA study con-
ducted in this one community in the Western Cape Province (WCP) of 
South Africa (May et al., 2016d, 2013, 2007, 2000; Viljoen et al., 2005). 
The racial composition of this agricultural and light industrial commu-
nity of 55,500 people in 2011 was: 68 % Cape Coloured (mixed race), 16 
% Black African, 15 % White, and 1 % Other (“Census, 2011,” n.d.). Data 
were collected from 2014 to 2016 in all primary schools of the com-
munity to describe the traits of children with FASD and maternal risk 
factors associated with an FASD diagnosis in the current time period. 
Additionally, we present the prevalence of FASD reported in the five 
preceding studies to assess community, diagnostic and study trends in 
the prevalence of FASD. 

The aims that we hope to accomplish with this manuscript are as 
follows. First, we present detailed analysis of the common physical and 
neurobehavioral traits among children diagnosed within the full con-
tinuum of FASD in this community and compare them to randomly- 
selected controls from this same population. Second, case control com-
parisons of the proximal and distal maternal risk factors are presented as 
they differ among mothers of children with each FASD diagnosis and as 
they differ from mothers of comparison children verified as typically 
developing. Third, we present the prevalence of the full continuum of 

FASD diagnoses among first grade students in this community in 2014 
and compare it to the prevalence in previous cross-sectional, population- 
based studies in this same community population. And fourth, we pre-
sent the association between alcohol and selected neurobehavioral 
performance measures, physical features, and the likelihood of a diag-
nosis within the FASD continuum by quantity of alcohol consumed per 
day and by trimester of drinking. 

2. Methods 

2.1. Recruitment and sampling – a three-tier process 

The Ethics Committee of Stellenbosch University Faculty of Medicine 
and Health Sciences and the Institutional Review Boards of the Uni-
versity of New Mexico and the University of North Carolina approved all 
protocols. All first-grade children (n = 1128) from all 13 primary schools 
in the community participated in this study. Written consent for 735 first 
graders (65.1 %) was received from parents/guardians and assent forms 
were obtained from children seven years and older. As illustrated in 
Fig. 1, a three-tier, ACA process of screening, data collection and diag-
nosis was implemented. 

2.1.1. Tier I: random selection and measurement of physical features 
In Tier I, all consented and assented children were measured for 

height, weight, and head circumference [occipital frontal circumference 
(OFC)]. All children ≤25th centile on height, weight and/or OFC were 
advanced to Tier II for physical examinations. In addition, 350 enrolled 
students from the 13 schools were selected randomly from class rolls to 
participate as potential cases or controls, and 223 of these children had 
been consented into the study (See Fig. 1). All children who had been 
consented to enter the study, who had been chosen randomly, and/or 
who fell below the 25th centile on one of more of the size criteria, were 
advanced to Tier II for physical examinations (n = 561). 

2.1.2. Tier II: dysmorphology exams 
In Tier II, experienced pediatric dysmorphologists/medical geneti-

cists performed live examinations of 554 children, and data were 
documented on standardized forms. All examiners were blinded from 
any information regarding the children and their mothers. Before each 
physical exam, 2-dimensional facial photographs of all children were 
taken for future reference during the final case conference. If any of the 
cardinal physical traits or minor anomalies associated with one of the 
four diagnoses on the continuum of FASD were present in a child, the 
child was advanced to Tier III. Additionally, all randomly-selected 
children, regardless of their size or dysmorphology findings, were 
advanced to Tier III for diagnosis as a case or as a typically-developing 
control. If the exams and testing indicated development in the normal 
range, randomly-selected children became controls. Based on exams 
and/or random selection, 394 children and their mothers/guardians 
qualified for Tier III of the diagnostic process. 

2.1.3. Tier III: assessment of cognitive and behavioral traits 
Cognitive and behavioral testing of eligible children was conducted 

in Tier III. Four tools assessed neurobehavioral traits of consented 
children: 1) Test of Reception of Grammar (TROG), a measure of verbal 
intelligence (Bishop, 1989); 2) Raven Coloured Progressive Matrices, a 
measure of nonverbal intelligence (Raven, 1981); 3) Digit-Span Scaled 
Score of the Weschler Intelligence Scales for Children, fourth edition 
(WISC-IV), to assess short-term memory and executive functioning 
(Wechsler, 2003); and 4) the Achenbach Teacher Report Form to mea-
sure inattention and problem behaviors (Achenbach and Rescorla, 
2001). 

2.1.4. Tier III: maternal risk factor assessment: proximal and distal 
variables 

To ensure accuracy in the reporting of alcohol use during the index 
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pregnancy, highly trained and experienced, Afrikaans-speaking, grant- 
funded field staff administered maternal interviews to all available and 
consenting mothers (n = 364; 92.4 %). Maternal interviews gathered 
information regarding general health, childbearing history, nutrition, 
alcohol and other drug use and socioeconomic status (SES) before, 
during and after the birth of the index child. Drinking questions adhered 
to a structured timeline follow back, evidence-based format, to maxi-
mize recall and minimize under-reporting (Sobell et al., 2001, 1988). 
Under-reporting is believed to be more common when the interviews are 
carried out quickly in busy prenatal clinics by medical staff (Jacobson 
et al., 2002). A one-week, day-by-day, retrospective drinking log linked 
to nutrition questions documented current alcohol consumption (King, 
1994) and served as a baseline quantification of alcohol use before the 
questions moved onto retrospective reports of alcohol consumption 
prior to the index pregnancy and during each trimester. Retrospective 
reports of alcohol use during pregnancy have also been characterized as 
more accurate than those reported in prenatal clinics, for respondents 
may often report no alcohol use or reduced consumption to healthcare 

providers (Czarnecki et al., 1990; Hannigan et al., 2010). These tech-
niques have been used successfully in other studies and countries by 
others as well as our team (Chambers et al., 2019; Jacobson et al., 2008; 
May et al., 2017, 2016d, 2016a, 2013, 2008, 2005; Popova et al., 2019; 
Viljoen et al., 2005, 2002). Previous South African studies have also 
confirmed that such direct maternal reports of prenatal alcohol use are 
accurate in this particular population. Two alcohol use biomarkers have 
been employed to confirm the accuracy (>90 %) of the reporting by 
women from this population (May et al., 2018b). Both proximal and 
distal maternal risk variables were covered in the interviews. Proximal 
variables measured drinking and other drug use, including the quantity, 
frequency and (gestational) timing of use and drinking during the period 
of breastfeeding (May et al., 2016c). Distal variables measured the 
mothers’ physical characteristics, childbearing history, SES and other 
demographic variables. 

Variations on the American “Standard Drink” (14 g of absolute 
alcohol (AA)) were employed due to the fact that the South African 
standard drink is 12 g (“What Is A Standard Drink? | National Institute 

Fig. 1. Sampling Methodology for Prevalence of FASD in a Sixth Sample in a South African Community.  
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on Alcohol Abuse and Alcoholism (NIAAA) (2020)). Furthermore, 
because South African wine and beer are somewhat higher in alcohol 
content on average, these amounts were used as standard drinks: 340 mL 
at 5 % alcohol by volume for beer; 120 mL of wine (14 % by volume); 
and 50 mL of 40 % alcohol by volume for liquor. 

2.1.5. Multidisciplinary case conference for final diagnosis 
At the end of the three-tier process, a multidisciplinary case confer-

ence provided a final diagnosis for each child. Research team members 
who had collected the information from examinations, testing and 
maternal interviews evaluated the data and findings from all domains, 
including growth, dysmorphology, cognitive/behavioral performance, 
and maternal risk factors. After formally reviewing the detailed data and 
findings for each child and the corresponding maternal interview, a final 
diagnosis (or in a few cases, a deferral for more information to a later 
decision date) was made by the dysmorphologists with the consensus of 
the entire clinical team. 

2.2. IOM diagnostic categories 

The revised IOM diagnostic criteria (Fig. 2) for FASD were employed 
(Hoyme et al., 2005, 2016). Philtrum and vermilion border morphology 
were assessed utilizing the South African lip/philtrum guide, which was 
developed specifically for this predominantly Cape Coloured population 
(Hoyme et al., 2015). For children with FAS, significant growth re-
striction and specific facial dysmorphia must be present. For a child to 
qualify for a diagnosis of PFAS, less growth restriction is required. 
However, at least two of the three cardinal facial features must be pre-
sent to make a diagnosis of either FAS or PFAS. The revised IOM 
guidelines allow FAS and PFAS diagnoses to be made by qualified 
practitioners without direct documentation of alcohol exposure after 
ruling out other malformation syndromes with similar phenotypes 
(Hoyme et al., 2005, 2016). In this and all previous WCP community 
studies, diagnosing children as FAS or PFAS without direct maternal 
reports of prenatal exposure or detailed collateral reports from close 
relatives has been rare (May et al., 2016d, 2016a, 2013, 2011, 2008). A 
diagnosis of ARND or ARBD requires direct maternal reporting, or in 
very rare instances, other direct documentation such as alcohol-related 
injury or arrest or collateral reports from close associates of the mother 
indicating a significant level of alcohol exposure in the index pregnancy. 
A summary total dysmorphology score is used as a descriptive, numer-
ical summary of cardinal physical features that are characteristic of 
FASD for each child; but this score is not used as a rigid cut off measure 
for any of the diagnoses in the FASD continuum. It reflects a single 
number to describe of total weighted value of the specific physical fea-
tures commonly found in children exposed to alcohol prenatally (see 
Hoyme et al., 2016). 

2.2.1. Statistical analysis 
Data were entered and analyzed using Excel (Microsoft Excel, 2016) 

and SPSS Version 25.0 (IBM, 2017). Case control analyses compared 
results across FASD diagnostic groups and controls. Chi-square, t-tests, 
z-tests of proportions, and one-way analysis of variance (ANOVA) using 
Bonferroni-adjusted values, where appropriate, determined statistical 
significance as noted in the tables (Tabachnick and Fidell, 2019). 
Post-hoc analyses utilized Dunnett’s C pairwise comparisons (α = .05) 
on statistically significant ANOVAs to determine bivariate significance. 
Dunnett tests control for alpha error (Type 1; false positive) produced 
when performing multiple comparisons of group means (Tabachnick 
and Fidell, 2019). 

2.2.2. Estimating true prevalence 
The estimated prevalence of individual diagnoses within the FASD 

continuum were calculated as low to high based on three techniques. 
First, crude rates were based on two denominators: all children 
attending first grade (enrollment rate); and the total number of children 

with consent to participate in the study (sample rate). Second, the 
proportion of FASD cases by individual diagnosis was derived from 
random sample entrants into the study, and the estimated rate (per 
1000) for all enrolled students was calculated by applying these pro-
portions to estimate the number of cases missed because of non-consent. 
Third, the final weighted estimates were derived from: (a) FASD cases 
diagnosed in the consented sample, added to (b) the estimated cases in 
the non-consented sample utilizing the proportional diagnostic distri-
bution of FASD cases among randomly-selected children, added to (c) 
the proportion of small children not randomly-selected and not tested 
for ARND, but who might have qualified for an ARND diagnosis. Then 
the sum of a + b+c was divided by all first-grade children enrolled in the 
schools. For a full description and the formula of these weighted prev-
alence methods see May et al. (2018a). 

2.2.3. Association analysis 
Zero-order correlations were calculated to determine the association 

of social and environmental risk factors and prenatal alcohol use with 
selected child traits. Partial correlation analysis was also performed. 
Partial correlations adjusted for household income and mother’s edu-
cation to determine the primary associations between maternal alcohol 
use and the same select neurobehavioral outcomes and dysmorphology 
as in the zero-order correlations. Analysis of variance explained by 
measures of drinking and socio-environmental variables was performed 
via stepwise multiple regression. Binary logistic regressions, adjusted for 
tobacco use, were performed to predict the: 1) odds of an FASD diagnosis 
in this community by usual drinks per drinking day (DDD) in the first 
trimester and 2) by all trimester combinations. 

3. Results 

3.1. Child physical growth, physical development and dysmorphology 

Data in the first column of Table 1 were not included in the statistical 
analyses. They represent values for all consented children who received 
dysmorphology exams. The average age of the first graders was 7.0 years 
(83.6 months), with a mean height of 116.4 cm, an average weight of 
20.5 kg and an OFC of 50.6 cm. There were minimal differences when 
compared with the randomly-selected control group. In this first grade 
cohort of the study community, 48 children were diagnosed with FAS, 
65 with PFAS and 67 with ARND. Not included in Table 1, or any of the 
child trait tables, was one child who was diagnosed with ARBD, very 
rare condition in every population. All statistically significant variables 
across groups met Bonferroni-adjusted levels (p < .0038), indicating that 
the IOM diagnostic criteria worked well to distinguish FASD groups from 
controls. Post hoc analysis indicated that total dysmorphology score and 
OFC significantly differentiated every group from one another in inter- 
group comparison with Dunnett C (bivariate) comparison tests (p < 
.05). Height, weight, and palpebral fissure length (PFL) were also 
significantly different in five inter-group bivariate comparisons, and 
BMI distinguished the diagnostic groups significantly in three compar-
isons. One might also note that children with ARND differed signifi-
cantly (actually p < .05) from randomly-selected, typically-developing 
controls on height, weight, BMI, and total dysmorphology score. 

Children with FAS tended to be older than those in other groups, for 
some were repeating first-grade. In Table 1 and Fig. 3, one can observe 
that mean OFC differed significantly across all groups, whether 
measured by centile or actual measurement. True microcephaly (OFC ≤
3 %) was documented in 58 % of children with FAS and in 33 % of those 
with ARND. Table 1 and Fig. 3 also document the significant bivariate 
difference in total dysmorphology score among the diagnostic groups 
and from typically-developing controls. The FAS group displayed the 
highest dysmorphology score (18.1), followed in a continuum-like 
manner by PFAS (13.2), ARND (9.7), and controls (6.9). 
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Fig. 2. Institute of Medicine Diagnostic Guidelines for Specific Fetal Alcohol Spectrum Disorders (FASD) as clarified by (Hoyme et al., 2005). Reproduced with 
permission from Pediatrics, Vol. 138, Pages 3-4, Copyright © 2016 by the AAP. 
Reproduced with permission from Journal Pediatrics, Vol. 138, Pages 3− 4, Copyright © 2016 by the AAP. 
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3.2. Other minor anomalies 

Table 2 presents other minor anomalies observed in children with 
FAS, PFAS, ARND and the randomly-selected, verified, typically- 
developing controls. Maxillary and mandibular arcs, inner pupillary 
distance (IPD), outer canthal distance (OCD), hypoplastic midface, 
“railroad track” or “cupped” ears, and ptosis differed significantly across 
diagnostic groups at the Bonferroni-adjusted level (p < .0045) Flat nasal 
bridge, prognathism and altered palmar creases are significant at levels 
< .01, therefore approaching significance on the Bonferroni-adjusted 
alpha level Children with PFAS are the most prognathic when 
compared to other diagnostic groups (16.9 %). Maxillary and mandib-
ular arc measurements and OCD were also strong discriminators in post- 
hoc comparisons. The ARND group was again significantly different 

from the control group on three post hoc comparisons: maxillary arc, 
mandibular arc, and outer canthal distance. 

3.3. Race of the children by diagnosis 

The racial breakdown of the children consented into the study was: 
9.1 % Black, 86.1 % Cape Coloured (mixed race), and 4.8 % White 
(Table A.1. in Appendix). Of the consented children, four of the black 
children were diagnosed with an FASD, as were 173 of the Coloured 
children and three of the White children. Whether measured by specific 
FASD diagnosis (chi-square = 20.8, df = 8, p = .008) or as FASD vs not 
FASD (chi-square = 20.1, df = 2, p < .001), this distribution is signifi-
cantly different (Table A.2 in the Appendix). FASD is most prevalent 
among mixed-race children, then the White, and least among the Black. 

Table 1 
Children’s Demographic, Growth, Cardinal FAS Variables, and Total Dysmorphology Score from a South African Community with Post Hoc Analysis Summary: A Sixth 
Sample.   

All children1 (n = 554) FAS (n = 48) PFAS (n = 65) ARND (n = 67) RS Controls (n = 137)   

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) p-value 

Sex (% Male) 48.7 41.7 52.3 47.8 49.6 .715 
Age of child (in months) 83.6 (5.2) 86.0 (8.4) 84.7 (5.9) 84.6 (6.5) 82.6 (4.1) .002C 

Height (cm) 116.4 (5.1) 112.1 (4.7) 116.2 (5.6) 116.3 (5.2) 118.1 (5.1) <.001A,B,C,E,F 

Weight (kg) 20.5 (3.2) 17.7 (1.8) 20.4 (2.6) 20.0 (3.1) 22.0 (4.1) <.001A,B,C,E,F 

Body Mass Index (BMI) 15.1 (1.6) 14.1 (1.0) 15.1 (1.3) 14.7 (1.5) 15.7 (2.0) <.001A, C,F 

BMI centile 36.2 (27.2) 18.7 (20.8) 36.4 (26.4) 29.3 (25.4) 45.4 (29.6) <.001A, C,F 

Occipitofrontal circumference (OFC) (cm) 50.6 (1.6) 48.6 (1.2) 50.7 (1.1) 49.9 (1.5) 51.5 (1.7) <.001A,B,C,D,E,F 

OFC ≤3rd centile (% Yes) – 58.3 9.2 33.3 6.6 <.001 
OFC ≤10th centile (% Yes) – 100.0 18.5 62.1 13.1 <.001 
Palpebral fissure length (PFL) centile – – 7.5 (10.9) 14.6 (14.1) 25.8 (14.2) 29.0 (18.1) <.001A,B,C,D,E 

PFL ≤ 3rd centile (% Yes)  – 43.8 20.0 1.5 4.4 <.001 
PFL ≤10th centile (% Yes)  – 67.7 31.0 1.7 5.2 <.001 
Smooth Philtrum (% Yes)2 – 76.6 76.9 13.4 11.7 <.001 
Narrow Vermilion of Upper Lip (% Yes)2 – 89.6 90.6 14.9 21.3 <.001 
Total Dysmorphology Score – – 18.1 (3.1) 13.2 (3.2) 9.7 (4.2) 6.9 (3.8) <.001A,B,C,D,E,F  

1 All children column was excluded from statistical analyses. 
2 Scores of 4 or 5 on South African Lip/Philtrum Guide (Hoyme et al., 2015). Bonferroni-adjusted value: p < .0038 Significant (p < .05) post-hoc Dunnett C 

comparisons between: AFAS & PFAS; BFAS & ARND; CFAS & Controls; DPFAS & ARND; EPFAS & Controls; FARND & Controls. 

Fig. 3. Average Occipitofrontal (head) Circumference (OFC) by Measurement (cm) and Age-specific Percentile and Total Dysmorphology Scores by Diagnostic 
Category for a Sixth South African Sample. 
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Of the total 180 children diagnosed with an FASD, 96 % of the children 
with FASD were Cape Coloured even though they were 86 % of the 
children in the study. This was a significant over-representation (z =
4.509, p < .001) (see Table A.3 in the Appendix). Nine percent (9 %) of 
the White children received an FASD diagnosis, while they were 5 % of 
those in the study (z = 1.696, p = not statistically significant). The Black 
African children had a significantly lower proportion of FASD diagnoses 
(2 %) than the 9 % representation in the study (z = 4.509, p < .001). 

3.4. Cognitive and behavioral traits 

Cognitive and behavioral results in Table 3 characterize low average 
achievement levels for all community children, and one-way ANOVA 
values indicated significant differences among all diagnostic groups on 
each neurobehavioral indicator. Mean values for the control group were 
best for all five measures, and all the FASD groups were performing 
significantly lower than controls on all measures. The ARND and FAS 
groups had the lowest mean scores on TROG (verbal ability), Raven 
(non-verbal ability) and the Digit Span (working memory and executive 
functioning). Children with FAS had the highest means for behavioral 
and inattention problems. In post hoc analysis, average total behavioral 
problems were significantly higher among subjects with each of the 
FASD diagnoses than controls. Inattention problem scores were the most 
discriminating among the group averages, for all but two inter-group 
comparisons were significantly different (FAS vs ARND and PFAS vs 
ARND). 

3.5. Distal maternal risk – physical, childbearing, and demographic 

The ANOVA analysis indicated that mothers of children with FASD 
were significantly shorter, lighter, and demonstrated lower BMIs, lower 
education, lower household income and were later in recognition of the 
index pregnancies (11.9–15.8 weeks) than the mothers of controls (11.2 

weeks) (Table 4). Means of gravidity and parity were all higher among 
mothers of children with FASD, although not a statistically significant 
difference from other diagnostic groups when Bonferroni-adjustment 
was applied. Post hoc analysis indicated that the only significant 
bivariate difference for gravidity and parity was between mothers of 
children with FAS and controls for gravidity. Other post-hoc significance 
was reported for lower maternal weight, BMI, head circumference, and 
number of years of schooling completed between mothers of children 
with FAS, PFAS, and ARND vs controls. Mothers of children with FAS 
were later in pregnancy recognition than were mothers of children with 
ARND and controls. Household income was less for mothers of children 
with FAS than controls and for mothers of children with ARND than 
controls. 

3.6. Proximal maternal risk – alcohol use in the index pregnancy 

Results for proximal risk factors revealed significant maternal dif-
ferences among groups for many drinking variables (Table 4). Average 
DDD for mothers of children with FAS was highest prior to pregnancy 
and in every trimester. Fewer mothers of children with PFAS (82 %) 
reported drinking during the first trimester but drank fewer days per 
week than mothers of FAS and ARND children. Thirty-six percent (36 %) 
of mothers of normal controls reported drinking during first trimester, 
and 64 % abstained. All mothers of children with ARND were confirmed 
to have had an alcohol-exposed pregnancy through either collateral 
informants or self-report, and first trimester drinking was reported by 
98.5 %. The trend in drinking by trimester was downward; mothers of 
children in all the FASD diagnostic categories reported lower DDD and 
less frequent drinking in second and third trimesters. Mothers of chil-
dren with FAS went from reports of 85.1 % in first trimester to 55.3 % in 
the third trimester (difference of 29.8 %, p < .001). Similar or greater 
declines from first to third trimester in all maternal groups were equally 
significant (p < .001) via z-tests (see analysis in Appendix Table A.4). 

Table 2 
Other Minor Anomalies of Children with FAS, PFAS, and ARND Compared to Controls: A Sixth Sample in South Africa.   

FAS (n = 48) PFAS (n = 65) ARND (n = 67) RS Controls (n = 137) p-value 

Maxillary Arc (cm) – Mean (SD) 23.2 (0.8) 23.9 (0.9) 23.7 (0.9) 24.2 (1.0) < .001A,B,C,F 

Mandibular Arc (cm) – Mean (SD) 24.2 (1.0) 24.7 (1.0) 24.9 (1.0) 25.4 (1.2) < .001B,C,E,F 

Inner canthal distance (ICD) centile – Mean (SD) 49.7 (22.4) 50.5 (22.2) 45.1 (22.5) 53.2 (21.5) .107 
Inter pupillary distance (IPD) centile – Mean (SD) 43.8 (24.6) 49.6 (24.4) 48.9 (21.8) 57.5 (23.7) .002C 

Outer canthal distance (OCD) centile – Mean (SD) 17.6 (11.4) 24.2 (13.5) 23.3 (12.5) 34.3 (19.3) < .001A,C,E,F 

Hypoplastic midface (%) 85.4 87.7 74.6 64.2 .001 
“Railroad” Track or “cupped” Ears (%) 31.9 25.0 13.4 11.0 .003 
Flat nasal bridge (%) 52.1 61.5 50.7 36.8 .007 
Altered Palmar Creases (%) 54.2 24.6 37.3 33.6 .012 
Prognathism (%) 10.4 16.9 7.5 2.9 .006 
Ptosis (%) 37.5 13.8 10.4 5.8 < .001 

Bonferroni-adjusted value: p < .0045 Significant (p < .05) post-hoc Dunnett C comparisons between: AFAS & PFAS; BFAS & ARND; CFAS & Controls; DPFAS & ARND; 
EPFAS & Controls; FARND & Controls. 

Table 3 
Mean Scores on Developmental and Behavioral Indicators1 of Children with FAS, PFAS, and ARND Compared to Controls from a South African Community with Post 
Hoc Analyses: A Sixth Sample.   

FAS (n = 48) PFAS (n = 65) ARND (n = 66)2 RS Controls (n = 119)2   

Mean (SD) Mean (SD) Mean (SD) Mean (SD) p-value 

TROG Percentile Score^ 4.1 − 10 4.8 − 9.9 2.6 − 7.3 9.4 − 16 .001F 

Raven Percentile Score+ 16.1 − 13 19.2 − 14 16.9 − 13 34 − 21 < .001C,E,F 

WISC IV Digit Span Percentile Score 18.5 − 22 28.2 − 27 19.3 − 22 40.5 − 29 < .001C,E,F 

Total Behavior Problems 75.5 − 26 65 − 26 62.1 − 29 43.3 − 30 < .001C,E,F 

Total Inattention Problems 76.5 − 27 58.7 − 29 63.8 − 30 42.9 − 27 < .001A,C,E,F 

Bonferroni-adjusted value: p < 0.01 Significant (p < .05) post-hoc Dunnett C comparisons between: AFAS & PFAS; BFAS & ARND; CFAS & Controls; DPFAS & ARND; 
EPFAS & Controls; FARND & Controls. 

1 All scores standardized for age of child at time of testing. 
2 One child with ARND and 18 controls did not complete the entire test battery. 
^ Test of Reception of Grammar (TROG). A measure of verbal intelligence. 
+ Raven Coloured Progressive Matrices. A measure of nonverbal intelligence. 
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DDD in all groups declined from first to third trimester, but none of these 
reductions were significant (see Appendix Table A.5). However, mothers 
of children with FAS reported less reduction of both percentage drinking 
and quantity DDD in the last two trimesters. 

3.7. Prevalence rates 

Final diagnoses and the first estimation of prevalence are presented 
in the left side of Table 5 and Fig. 4. Forty-eight (48) children were 
diagnosed with FAS, 65 with PFAS, 67 with ARND and 1 with ARBD. 
Oversampling of small children in Tier I provided the greatest proba-
bility of including virtually every child with FAS or PFAS who had 
consent to participate. Using technique one, the lowest possible rate for 
FAS was 42.6, and the lowest possible high rate was 65.3 per 1,000. The 

rate of total FASD was lowest at 160.5 and lowest high estimate was 
246.3 per 1,000. 

The second technique produced a single rate of estimated prevalence 
from the 73 cases and their proportional representation of FASD di-
agnoses found within the 210 children who entered the study via 
random selection and completed all tiers of the study (middle section, 
Table 5). FAS and total FASD rates from this technique were 66.7 FAS 
cases per 1,000, and the total FASD rate was 347.6 per 1,000. This rate of 
total FASD was the highest prevalence estimate produced by any of the 
three techniques employed. 

The third and final technique (Table 5, right section), estimated the 
total number of cases likely to exist among unconsented children (b), 
and by estimating the probable ARND cases in small children who were 
not randomly-selected and not tested for neurobehavioral problems (c). 

Table 4 
Maternal Physical, Demographic, Childbearing, and Drinking of Alcohol in South Africa: A Sixth Sample.   

FAS (n = 48) PFAS (n = 65) ARND (n = 67) RS Controls (n = 117)  

Mean (SD) Mean (SD) Mean (SD) Mean (SD) p-value 

Physical, Demographic and Childbearing Variables          
Maternal height (cm) 154.2 (6.4) 157.3 (6.5) 158.6 (7.2) 160.0 (6.9) < .001B,C 

Maternal weight (kg) 59.7 (18.5) 64.1 (17.0) 62.3 (13.7) 76.4 (18.8) < .001C,E,F 

Maternal body mass index (BMI) 24.9 (7.0) 26.1 (6.6) 24.8 (5.2) 29.8 (6.6) < .001C,E,F 

Maternal head circumference (cm) 54.2 (1.8) 55.0 (2.2) 54.8 (1.9) 55.9 (2.2) < .001C,E,F 

# of years of school completed 7.8 (2.9) 8.5 (2.3) 8.7 (2.0) 10.2 (1.9) < .001C,E,F 

Household income (in Rands) 1307 (1078) 1482 (1308) 1223 (1397) 2302 (3106) .004C,F 

Gravidity 3.6 (1.5) 3.4 (1.8) 3.0 (1.4) 2.8 (1.4) .005C 

Parity 3.3 (1.5) 3.1 (1.5) 2.7 (1.3) 2.6 (1.3) .018 
Child’s birth order 2.7 (1.5) 2.5 (1.5) 2.1 (1.1) 2.1 (1.3) .023 
Maternal age (years) during pregnancy 27.1 (7.2) 25.8 (6.5) 25.0 (6.3) 26.2 (6.9) .427 
Aware of pregnancy (weeks) 15.8 (7.1) 13.7 (6.1) 11.9 (5.9) 11.2 (5.8) < .001B,C 

Alcohol Consumption Reported for the Index Pregnancy          
3 months before pregnancy, usual # of drinks per drinking day (DDD) 7.8 (6.1) 5.3 (4.3) 6.2 (3.5) 2.2 (3.9) .001C,E,F 

Direct evidence of drinking during pregnancy (% Yes)1 85.1 85.1 100.0 37.3 < .001 
Once pregnancy known, usual number of DDD 5.1 (5.9) 2.8 (4.1) 2.6 (4.2) 0.7 (3.0) < .001C,E,F 

Drank in 1st trimester (%) 85.1 81.5 98.5 36.4 < .001 
Usual number of DDD in 1 st trimester 8.0 (6.5) 5.1 (4.2) 6.1 (4.1) 2.1 (3.9) < .001C,E,F 

Usual number of DDD in 1 st trimester2 9.4 (6.0) 6.3 (3.8) 6.2 (4.1) 5.9 (4.5) .002A,B,C 

Usual Frequency of DDD in 1st trimester2      

Every day or almost every day 12.8 3.9 1.6 4.8  
3− 4 times per week 23.1 21.6 18.8 11.9  
1− 2 times per week 51.3 64.7 64.1 57.1  
2− 3 times per month 12.8 7.8 12.5 9.5  
Once a month or less 0.0 2.0 3.1 16.7 .020 
Drank in 2nd trimester (%) 71.7 55.4 55.2 15.3 < .001 
Usual number of DDD in 2nd trimester 6.8 (6.9) 3.1 (4.0) 3.4 (4.3) 1.0 (3.4) < .001C,E,F 

Usual number of DDD in 2nd trimester2 9.6 (6.3) 5.8 (3.8) 6.3 (4.1) 7.4 (6.0) .014A 

Usual Frequency of DDD in 2nd trimester2      

Every day or almost every day 12.9 2.9 0.0 5.9  
3− 4 times per week 22.6 14.7 19.4 17.6  
1− 2 times per week 51.6 67.6 61.1 47.1  
2− 3 times per month 9.7 14.7 11.1 5.9  
Once a month or less 3.2 0.0 8.3 23.5 .100 
Drank in 3rd trimester (%) 55.3 38.5 28.4 12.5 < .001 
Usual number of DDD in 3rd trimester 4.2 (5.3) 2.1 (3.9) 1.9 (4.0) 0.7 (2.9) < .001C 

Usual number of DDD in 3rd trimester2 7.8 (4.9) 6.0 (4.4) 7.1 (5.0) 7.9 (6.9) .648 
Usual Frequency of DDD in 3rd trimester2      

Every day or almost every day 12.5 4.3 0.0 10.0  
3− 4 times per week 25.0 17.4 27.8 20.0  
1− 2 times per week 41.7 60.9 66.7 50.0  
2− 3 times per month 16.7 8.7 5.6 0.0  
Once a month or less 4.2 8.7 0.0 20.0 .478 
Tobacco and Other Drug Variables      
Grams of tobacco used per week3 43.3 (26.7) 49.6 (37.3) 42.8 (30.1) 51.9 (46.8) .604 
Used tobacco during pregnancy (% Yes) 60.9 62.5 74.2 35.0 < .001 
Used other drugs during pregnancy (% Yes) 0.0 5.9 2.3 2.5 .564 

Significant (p < .05) post-hoc Dunnett C comparisons between: AFAS & PFAS; BFAS & ARND; CFAS & Controls; DPFAS & ARND; EPFAS & Controls; FARND & Controls. 
Bonferroni-adjusted significant values: demographic and childbearing: p < .0045; drinking variables: p < .0036; tobacco and other drugs: p < .017. 
DDD = drinks consumed per drinking day. 

1 In over 90 % of the cases, the source of the direct evidence of alcohol used during the index pregnancy is the maternal interview. In the other cases, evidence is from 
collateral reports of relatives or close associates. 

2 Among drinkers only in the specific time period. 
3 Among women who reported using tobacco in the previous 12 months. 
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This final estimate of true prevalence added (a) the number of cases 
diagnosed to (b) the cases estimated in the non-consented sample and (c) 
the estimated ARND cases not tested for neurobehavioral problems 
among consented children. Therefore, the numerator of technique three 
is (a + b + c) and the denominator was all 1st grade children in these 
schools. This third technique estimated the true prevalence of FAS to be 
65.7 per 1000 and total FASD as 305.9 per 1000 (95 % CI = 279.0–332.7 
per 1000). Fig. 4 graphically displays these rates. 

3.8. Prevalence over time: 1997− 2014 

Fig. 5 presents prevalence rates per 1000 children. The prevalence of 
FAS in this community over this 17-year period has changed in studies 
over the years. In 1999 the FAS rate was 69 per 1000 and dropped to 54 
per 1000 in 2003. It then rose to 91 per 1000 in 2008, was 79 per 1000 in 
2010 and then returned to 66 in this study. FAS is the original FASD 
diagnosis in what is now the FASD continuum. FAS represents the 
children with the most severe physical dysmorphology commonly used 
by pediatric dysmorphologists/geneticists for detecting prenatal alcohol 
exposure and therefore has had consistent criteria over the span of these 
studies. PFAS was not utilized as a diagnosis by our clinical team until 
2003, and once initiated PFAS prevalence increased from 17 per 1,000 
to 70 in 2008, to 106 in 2010 and then trended down only slightly to 94 
in 2014. The first use of the ARND diagnosis in this community was in 
2008, but it was not yet fully defined by extensive research criteria at 
that time (Hoyme et al., 2016). Once more detailed diagnostic protocols 
were developed by a variety of researchers and employed by the clinical 
team, the rate in this community rose from 47 per 1000 in 2008 and 48 
in 2010 to 145 in 2014. Quite often, certain isolated dysmorphic features 
such as small head size, and subtle minor anomalies were clues to refer a 
child for neurobehavioral testing to assess possible ARND. 

3.9. Zero-order and partial correlation and multiple regression analysis 

Table 6 presents zero-order and partial correlation analyses between 
select child traits and four quantity by timing of drinking variables. The 
zero-order correlations represent the association between select 
maternal risk factors in this community and certain child traits. The 
partial correlations adjusted for household income and level of educa-
tion of the mother to isolate the effect of alcohol from environmental 
conditions such as socioeconomic status and poverty. 

The zero-order correlations were statistically significant at the < .05 
level on 22 of the associations with drinking. And for the partial cor-
relations, 14 of the associations were significant at the < .05 level. Both 
correlation approaches had some significant associations with variables 
covering non-verbal ability, Digit Span Score, behavior, inattention, 
head circumference, and total dysmorphology score. Only verbal ability 
fails to be significant this level (< .05). 

With a Bonferroni adjustment to mitigate Type I error for multiple 
analyses, all the maternal drinking variables by quantity were signifi-
cantly associated with head circumference and total dysmorphology 
score (p < .001) in pregnancy overall and in each trimester for both 
zero-order and partial correlations. 

The correlation coefficients and variance explained by the effect of 
alcohol alone and the combined effect of alcohol and impoverished so-
cial conditions in this community sample were estimated with stepwise 
multiple regression (presented in Appendix Table A.6). Non-verbal 
abilities of the children were significantly and negatively associated 
with DDD in the first and second trimesters (R = − .269, R2 = .073, p < 
.001). Alcohol alone explained 7.3 % of the variance in ability. Then 
when the effect of maternal education and household income were 
added, the overall association was stronger (R = .373, R2 = .139, p < 
.001), and DDD in first and second trimesters and low maternal educa-
tion and low household income explained 13.9 % of the variance in non- 
verbal scores. Similarly, drinking in the first two trimesters also pro-
duced a significant association with inattention problems in the children Ta
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(R = .228, R2 = .052, p = .001), explaining 5.2 % of the variance in 
inattention. The combined effect of drinking, maternal education and 
household income was significant with higher correlation coefficients (R 
= .316, R2 = .100, p < .001) and explaining 10 % of the variance in 
inattention. The head circumference (OFC) of the children was corre-
lated significantly with drinking (R = − .305, R2 = .093, p < .001) 
explaining 9.3 % of the variance in head size. Drinking and socio- 
environmental variables combined produced a stronger association (R 
= .387, R2 = .150, p < .001) which explained 15 % of the variance. 
Finally, the association of the total dysmorphology score with drinking 
in the first two trimesters alone was more robust than other child 
outcome associations with drinking alone (R = .385, R2 = 14.8, p < 
.001), explaining 14.8 % of the variance. When drinking indicators were 
combined with the two socio-environmental indicators, this was the 
strongest relationship examined (R = .487, R2 = .237, p < .001), 
explaining 23.7 % of the variance in dysmorphology scores in this 
community. 

3.10. Logistic regression: usual drinks per drinking day in the first 
trimester 

In Table 7, binary logistic regression, adjusting for smoking, predicts 
the odds of an FASD diagnosis by the usual DDD in the first trimester. 
The comparison is between mothers who reported drinking during 
pregnancy and mothers who reported no drinking. Mothers who report 
drinking three or more DDD in the first trimester had 9.4 times greater 
odds (p < .002, 95 %CI = 1.91− 33.61) of having a child with a diagnosis 
of FASD. Mothers who drank two (OR = 13.01), four (OR = 8.02) and 
five or more (OR = 6.95) DDD in the first trimester also had significantly 
high odds of having a child diagnosed with FASD. The greater odds ratio 
at two DDD over the other DDD categories are likely due to maternal 
under-reporting of actual quantity of alcohol consumed. 

Table 8 presents regression results, controlling for smoking, for 
alcohol use by trimester. Children born to mothers drinking only in 1st 
trimester had an odds ratio 6.1 times greater for an FASD diagnosis than 
those born to non-drinkers (p < .001, 95 %CI = 2.98–12.55). Those born 
to mothers drinking only in first and second trimesters had odds of an 
FASD diagnosis 17.3 times that of non-drinkers (p < .001, 95 %CI =

Fig. 4. Final Prevalence Rates (per 1000) of FASD Diagnostic Groups and Controls: A Sixth South African Sample.  

Fig. 5. Rate of FAS, PFAS, and ARND in the 
Original Study Community (W) 1997-2014. 
Footnotes: 
The ARND prevalence rate of 145 per 1000 
children in 2014 reflects both improved skill of 
diagnosing ARND and also a new, more com-
plete technique for estimating the number of 
children with ARND among enrolled students. 
Otherwise, the estimate for children with ARND 
in 2014 would be 91.2 without the additional 
estimation technique (estimate “c” in Table 5).   
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6.59–45.26). Those mothers drinking in all three trimesters had a like-
lihood of a child with FASD that was 19.4 times that of a non-drinker (p 
< .001, 95 %CI = 8.21–46.02). 

4. Discussion 

4.1. Diagnostic considerations 

In this sixth cross-sectional, first grade cohort sample of FASD 
prevalence studies in this WCP community, the Revised IOM Diagnostic 
Criteria for physical traits, basic neurobehavioral testing, maternal risk 

Table 6 
Zero-Order and Partial Correlation Coefficients (Adjusted for Square Root of Household Income and Square Root of Mother’s Education) for Developmental1 and 
Physical Dysmorphology Variables with Selected Maternal Drinking Measures During Pregnancy from a South African Community.  

Child Trait Mother Reported Drinking 
During Pregnancy 

Drinks Per Drinking Day During 
1st trimester (log) 

Drinks Per Drinking Day During 
2nd trimester (log) 

Drinks Per Drinking Day During 
3rd trimester (log)   

Zero-Order Partial Zero-Order Partial Zero-Order Partial Zero-Order Partial 

Verbal abilitya (log) 
r − 0.065 − .031 − 0.101 − .041 − 0.086 .007 − 0.069 .028 
p .228 .568 .062 .452 .114 .893 .200 .611 
df 340 338 340 338 340 338 340 338 

Non-verbal abilityb (log) 
r − 0.167 − .132 − 0.180 − .121 − 0.257 − .173 − 0.215 − .120 
p .002 .015 .001 .026 < .001 .001 < .001 .027 
df 340 338 340 338 340 338 340 338 

WISC-IV Digit Span (log) 
r − 0.080 − .041 − 0.112 − .053 − 0.135 − .045 − 0.173 − .078 
p .138 .446 .039 .332 .012 .408 .001 .149 
df 340 338 340 338 340 338 340 338 

Behaviorc (sqrt) 
r 0.117 .089 0.142 .091 0.140 .063 0.163 .086 
p .030 .103 .009 .093 .009 .247 .003 .114 
df 340 338 340 338 340 338 340 338 

Inattention problemsc (sqrt) 
r 0.102 .070 0.153 .102 0.194 .120 0.218 .142 
p .059 .197 .005 .060 < .001 .027 < .001 .009 
df 340 338 340 338 340 338 340 338 

Head Circumference (OFC) 
r − 0.175 − .141 − 0.176 − .111 − 0.213 − .116 − 0.242 − .145 
p .001 .009 .001 .041 < .001 .032 < .001 .007 
df 340 338 340 338 340 338 340 338 

Total Dysmorphology score 
r 0.273 .241 0.318 .266 0.354 .267 0.313 .212 
p < .001 .000 < .001 .000 < .001 .000 < .001 .000 
df 340 338 340 338 340 338 340 338 

1 All scores standardized for age of child at time of testing. 
A. Tests of the Reception of Grammar (TROG). 
B. Raven Colored Progressive Matrices. 
C. Personal Behavior Checklist (PBCL-36). 

Table 7 
Binary Logistic Regression (Controlling for Tobacco Use During Pregnancy) Predicting Odds of a FASD Diagnosis by Usual Drinks per Drinking Day in 1st Trimester: A 
Sixth South African Sample.   

B S.E. Wald Sig. Odds Ratio 95 % C.I. for EXP(B)       

Lower Upper 

Non-drinkers (referent group) – – 51.548 < .001 1.0 – – 
1 drink per drinking day .612 .965 .402 .526 1.844 .278 12.222 
2 drinks per drinking day 2.566 1.187 4.669 .031 13.010 1.269 133.358 
3 drinks per drinking day 2.240 .721 9.662 .002 9.397 1.912 33.608 
4 drinks per drinking day 2.081 .731 8.099 .004 8.015 1.165 41.508 
5+ drinks per drinking day 1.939 .912 4.525 .033 6.953 6.077 25.777 
Tobacco Use During Pregnancy1 .726 .347 4.392 .036 2.067 1.048 4.077 
Constant − 1.467 .277 28.073 < .001 .231   

Yes/No. 

Table 8 
Binary Logistic Regression (Controlling for Tobacco Use During Pregnancy) Predicting Odds of a FASD Diagnosis by Trimester of Drinking: A Sixth South African 
Sample.   

B S.E. Wald Sig. Odds Ratio 95 % C.I. for EXP(B)       

Lower Upper 

Non-drinkers (referent group) – – 60.816 < .001 1.0 – – 
Drank in 1st trimester only 1.812 .366 24.450 < .001 6.121 2.985 12.550 
Drank in 1st and 2nd trimester 2.849 .492 33.562 < .001 17.265 6.586 45.259 
Drank in 1st, 2nd, and 3rd trimester 2.967 .440 45.504 < .001 19.433 8.207 46.019 
Tobacco Use During Pregnancy1 .657 .306 4.600 .032 1.929 1.058 3.517 
Constant − 1.542 .279 30.514 < .001 .214   

1Yes/No. 
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factor assessment, and multidisciplinary case conference methodologies 
worked well. They produced quite a complete description of the prev-
alence of FASD, the relative frequency of occurrences of child physical 
traits, and a profile of selected neurobehaviors across the diagnostic 
spectrum of FASD. This study also provided information regarding the 
relationship of drinking and other maternal risk factors to these child 
traits and the diagnoses of FASD. The criteria, methodology, and tech-
niques for diagnosing the full spectrum of FASD have improved sub-
stantially over the past two decades, especially so with the challenging 
categories of PFAS and ARND. While the rate of full-blown FAS appears 
to have stabilized, or possibly to have decreased, in recent years in this 
community, the prevalence of PFAS and ARND has risen, in part due to 
the increasing clarity and sophistication of diagnostic criteria of the 
more subtle alcohol-related traits in the children with these diagnoses 
(del Campo and Jones, 2017; Jones et al., 2010). This is particularly 
important given that there is an absence of major dysmorphology, fewer 
minor anomalies, and growth deficits with which to characterize PFAS 
and ARND in most populations. Dysmorphology and physical growth 
have been, and remain, critical cornerstones of diagnostic criteria for 
FAS and PFAS. Gaining a better understanding of co-occurring minor 
anomalies that are often associated with prenatal alcohol exposure, adds 
more diagnostic tools to the traditional cardinal features of FASD and 
the general growth deficits associated with FAS (Abell et al., 2016; Coles 
et al., 2020; Gomez et al., 2020; Sawada Feldman et al., 2012). 
Furthermore, the recognition of additional dysmorphic traits sometimes 
associated with prenatal alcohol exposure has brought more attention 
to, and discovery of, the most common FASD-linked behavioral prob-
lems and anomalies which is leading to a new appreciation of the sub-
stantial variation in FASD phenotypes (Goh et al., 2016; Mattson et al., 
2013, 2010; Ware et al., 2012). Furthermore, an expanded knowledge of 
proximal and distal maternal risk factors has emerged from the time our 
team members began to work in this community. 

Evidence of this improved diagnostic understanding is demonstrated 
in the finding that children with ARND had significantly higher dys-
morphology scores than typically developing controls. Furthermore, 
each of the five neurobehavioral tests contributed significantly to the 
diagnosing of children on the spectrum of FASD. This is especially so 
with the children with ARND. The TROG, which measures the reception 
of grammar, was the least statistically discriminating among the 
assessment tools used, but overall was still discriminating among the 
diagnostic groups. 

4.2. Maternal risk trends 

For proximal maternal risk, this community population (and others 
in the WCP) remains virtually exclusive in the use of alcohol and tobacco 
over other drugs (Fletcher et al., 2018; Watt et al., 2017). Less than 3 % 
of the women in this population, even among mothers of children with 
FASD, reported use of drugs other than tobacco and alcohol. Tobacco use 
remains the only significant drug other than alcohol used by mothers in 
this community. Mothers of children with FASD smoked significantly 
more (66 % vs. 35 %) than controls. 

The lowest quantity of alcohol consumed in the first trimester that 
significantly increased the odds of an FASD diagnosis (OR = 13.0) was 
two DDD when controlling for tobacco use. But there is some evidence to 
suspect under-reporting of the actual quantity of alcohol consumed by 
those who reported two DDD, for the odds ratios drop when the reported 
levels increase to three, four, and five or more. Nevertheless, since to-
bacco use and alcohol use were both common among mothers of chil-
dren with FASD, we might still conclude that heavy smoking and heavy 
drinking combined to produce this level of risk for the fetus in this 
particular population. 

The modal frequency of drinking that produced a significantly high 
probability of a child with an FASD diagnosis was two drinking days per 
week in the first trimester. Those women who drink alcohol in all three 
trimesters increase the odds of an FASD diagnosis over non-drinkers by 

19.4 times (p < .001, 95 %CI = 8.21–46.02). Therefore, the gestational 
timing of drinking is critical for producing an association with an FASD 
diagnosis. In the first trimester, the odds of an FASD diagnosis were 
increased six times over abstainers but drinking heavily in the second 
and third trimesters increased the odds of an FASD diagnosis by 17–19 
times. 

Distal maternal risk variables have remained somewhat similar in 
this community over the years. Lower values of maternal height, weight 
and BMI were first identified in this community as placing children at 
higher risk for FASD (May et al., 2015, 2008; Viljoen et al., 2005). They 
were again significant in this cohort. Furthermore, higher gravidity and 
parity and lower socioeconomic status as measured by lower education 
and household income, remain substantial risk factors (Abel, 1995; Abel 
and Hannigan, 1995). Finally, later recognition of pregnancy, as we 
have also documented in the United States, is significantly more typical 
of mothers of FASD (Chambers et al., 2019; May et al., 2020a, 2020b, 
2020c). 

The correlation analyses that utilized both zero-order and partial 
correlations provided some comparison of the combined effect of overall 
social conditions and drinking during pregnancy versus that of alcohol 
only. The partial correlations, controlling for socio-environmental var-
iables, were more targeted to the teratogenic influence of alcohol alone. 
The relationship of drinking quantity by trimester with neurobehavioral 
variables, head circumference and total dysmorphology, illustrated the 
stronger associations between the socio-environmental conditions and 
alcohol combined on the child traits of FASD than with prenatal alcohol 
use alone. Furthermore, the stepwise multiple regression also demon-
strated that more robust correlations were obtained, and more variance 
in the child traits was explained, when both quantity of alcohol use per 
drinking day and socio-environmental variables were considered in the 
analysis. In other words, the challenging conditions of poverty, stress, 
and less than optimal nutrition (May et al., 2016b, 2014) faced by many 
mothers and families in this community combine with the teratogenicity 
of alcohol for a stronger association with negative outcomes on the 
common traits of children with FASD. 

4.3. Prevalence 

The prevalence of FAS remains high in this community, and with the 
improved capability to diagnose PFAS, may appear to be less prevalent. 
However, the diagnoses of PFAS and ARND appear to be more prevalent 
and may have plateaued at a high level. As stated before, these trends are 
partially explained by an improvement in diagnostic rigor and improved 
criteria and understanding of these subtle phenotypes by the clinical 
disciplines. The current rates may also be attributed to an increased 
availability, access to, and greater use of, more alcoholic beverages, and 
a greater variety thereof, in the community and surrounding rural areas 
(SA Wine Industry, 2019 Statistics NR 44, n.d.; Spotong, 2019). 

4.4. Strengths and limitations 

This study has several strengths. First, the study was population- 
based; therefore, the findings are representative of this entire commu-
nity and first grade children therein. Second, because the children were 
six to seven years old, they were old enough for assessment of mean-
ingful dysmorphology, physical growth, and neurobehavioral charac-
teristics. Third, the population of children was virtually exclusively 
alcohol-exposed except for tobacco exposure. Therefore, alcohol was 
likely the primary teratogenic agent affecting the major negative out-
comes in the children with FASD. The findings were not substantially 
biased by co-morbid exposures to marijuana, opioids, cocaine, or other 
drugs, and the regression analyses was designed to control for the effect 
of co-morbid tobacco use. But some of the analysis indicated that social 
and environmental factors exert a meaningful negative effect as well. 
Further research on these other effects is warranted. Fourth, the access 
to, and inclusion of, many randomly-selected, typically-developing 
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controls ensured an adequate comparison group of children who had 
been exposed to the same environmental and cultural conditions as the 
affected children. This also allows for a conservative, but likely accurate, 
weighted estimation of true prevalence of cases, child traits, and 
maternal risk factors specific to this community. Fifth, the accumulated 
experience of the local and American clinical and epidemiological 
investigative team, spans 20 years and provides a robust set of experi-
ences for diagnosing and understanding FASD in this population. 

There were also limitations to this study. First, the reports of drinking 
are seven years retrospective and may be influenced by poor recall and 
misrepresentation. But, as we have demonstrated previously with a 
biomarker study in a sample of pregnant WCP women (May et al., 
2016a), this population reports with candor and accuracy when inter-
viewed by experienced interviewers using sophisticated research pro-
tocols in a comfortable setting. Under these conditions the accuracy of 
self-reported alcohol use mirrors the findings of two alcohol use bio-
markers used in combination. Second, this was not a longitudinal study. 
It was a descriptive, cross-sectional, period prevalence study of a 
first-grade cohort. This approach and the analysis presented here was 
not geared to an extended consideration of etiology beyond specific 
associations which link diagnostic outcomes to the primary teratogen. 
Longitudinal study methods are better suited to assess multivariate in-
fluences on, or contributions to, the severity of FASD traits in children. 
Third, a longitudinal study initiated in the prenatal period might be 
more desirable for robust empirical documentation of prenatal exposure 
during pregnancy and assessment of child development and outcomes 
over time (Kalberg et al., 2019). Our team initiated such studies a decade 
ago, and there is little variance in the findings of the children at five 
years of age, and also in the maternal risk traits identified, in longitu-
dinal studies when compared to those in these cross-sectional studies 
(Kalberg et al., 2019). Carrying out longitudinal studies on children with 
FASD into adulthood has rarely been done (Spohr, 2018). But such an 
approach is vital for a more complete understanding of FASD develop-
mental traits and their trajectory across the lifespan. 
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