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Abstract
OBJECTIVES—The prevalence and characteristics of fetal alcohol syndrome (FAS) and partial
fetal alcohol syndrome (PFAS) were determined in a third primary school cohort in a community in
South Africa (S.A.).

METHODS—An active case ascertainment, two-tier screening methodology, and the revised
Institute of Medicine diagnostic criteria were employed among 818 first grade pupils. Characteristics
of children with FAS and PFAS are contrasted with a randomly-selected control group. Data were
collected and analyzed for children in the study regarding: 1.) physical growth and development,
including dysmorphology, 2.) intelligence and behavioral characteristics, and 3.) their mother’s
social, behavioral, and physical characteristics.

RESULTS—The rate of FAS and PFAS in this area continues as the highest reported in any overall
community and is much higher than rates elsewhere. In this cohort it is 68.0 to 89.2 per 1,000. Severe
episodic drinking on weekends among mothers of children with FAS and PFAS accounts for 96%
of all alcohol consumed. Various measures of maternal drinking are significantly correlated with
negative outcomes of children in the areas of non-verbal intelligence (-0.26), verbal intelligence
(-0.28), problem behavior (0.31), and overall dysmorphology score (0.59). Significantly more FAS
and PFAS exists among children of rural residents (OR = 3.79).

CONCLUSIONS—A high rate of FAS and PFAS was again documented in this community, and
it has increased. Given population similarities, we suspect that other communities in the Western
Cape Province of South Africa also have high rates. Programs for prevention are needed.

Keywords
fetal alcohol syndrome; epidemiology; South Africa; alcohol abuse

1.0 Introduction
Alcohol is a teratogen that has raised concerns about birth outcomes for years (Sullivan,
1899;Lemoine, et al., 1968; Abel, 1998; Armstrong, 2003), but the diagnosis of fetal alcohol
syndrome (FAS) was not formalized and published until 1973 (Jones and Smith, 1973). Further
delineation of the diagnosis has occurred since then, and work on its nature and applications
continues (Sokol and Clarren, 1989; Aase, 1994; Aase, et al., 1995; Stratton, et al., 1996; Astley
and Clarren, 2000; Hoyme, et al., 2005).

FAS is a pattern of anomalies and developmental deficits found in children exposed to large
amounts of alcohol in the prenatal period. Children with FAS have a characteristic pattern of
facial and body dysmorphology, delayed physical growth and development, and specific
mental and behavioral deficits (Stratton, et al., 1996). For a diagnosis of FAS, all three
categories of problems must be present (Stratton, et al., 1996), and the diagnosis should be
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made only after excluding other genetic and teratogenic anomalies (Hoyme, et al., 2005). Even
though a FAS diagnosis can be made without confirmation of maternal drinking (Stratton, et
al., 1996), a detailed maternal history is best to confirm the quantity, frequency, and timing of
gestational drinking (May, 1995). In this study we provided diagnoses of two Institute of
Medicine (IOM) prescribed fetal alcohol outcomes, FAS and partial fetal alcohol syndrome
(PFAS) (Stratton, et al., 1996). In addition to these two levels of fetal alcohol outcomes, the
IOM report defined alcohol-related neurodevelopmental deficits (ARND) where the child has
neurodevelopmental delays and/or behavioral problems with minimal dysmorphology
characteristic of FAS or alcohol-related birth defects (ARBD) with some dysmorphology but
minimal behavioral or neurodevelopmental problems consistent with FAS (Stratton, et al.,
1996). The entire continuum of effects, from mild to severe, is called fetal alcohol spectrum
disorder (FASD).

1.1. South Africa and FAS Rates Elsewhere Placed in Perspective
In a first active case ascertainment study in this South African community, the rate of FAS
among first grade children was 40.5 to 46.4 per 1,000 (May, et al., 2000). In a second, similar
study it was even higher two years later at 65.2 to 74.2 per 1,000. Both of these rates of
prevalence are the highest ever reported in the world.

FAS prevalence from clinic-based studies is estimated for the United Sates (U.S.) as 0.33 to
2.2 (Abel, and Sokol, 1991; Stratton, et al., 1996; May and Gossage, 2001), and an average
estimate for the developed world is 0.97 per 1,000 (Abel and Sokol, 1987; Abel, 1998). A
clinic-based rate of FAS for African Americans of low socioeconomic status (SES) has been
reported as 2.3 per 1000 (Abel, 1998, 1995). In a few high risk American Indian reservation
communities in the U.S., the prevalence of FAS has been researched via studies utilizing active
case ascertainment methods, and averages of 8 per 1,000 have been found. The short-term
prevalence in these populations sometimes exceeds 20 per 1,000 (Abel, 1995; May, 1991; May,
et al., 1983; 2002).

Active case ascertainment for FAS epidemiological research, where outreach and aggressive
case finding are practiced, was endorsed by a study committee of the U.S. Institute of Medicine
as the most accurate approach to ascertaining prevalence; but such studies are logistically
challenging, expensive, and time consuming (Stratton, et al., 1996). Nevertheless, estimations
of FAS prevalence and most of the delineation of the characteristics of all levels of FASD in
the U.S. come from various other sources: birth records, disability registries, clinic-based
studies, and a very few population-based initiatives (Chavez, et al., 1988; Stratton, et al.,
1996; May, 1996: Burd, 1996; Egeland, et al., 1995; 1998; Kvigne, et al., 2004). All but one
of the four active case ascertainment studies of FASD in the U.S., where outreach in major
geographical areas focuses on aggressive case finding, were carried out among American
Indians (Quaid, et al., 1993; Duimstra, et al.,1993; May, et al.,1983;Clarren, et al., 2001).
Passive, record-based systems and clinic-based methods which investigate FAS among clients
presenting for medical services (e.g., prenatal clinics) are most commonly used in studies of
other U.S. and European populations (Abel and Sokol, 1991, 1987; Abel, 1995; May, 1996;
Chavez, et al., 1988; Egeland, et al., 1995, 1998). Therefore, because of wide variation in
methodologies, comparison of FAS prevalence and the characteristics of children with FASD
is difficult to impossible.

1.2 The Background of the Study Region
Fruit orchards, grape-growing, wine production, and agriculture dominate large areas of
Western Cape Province (WCP) of South Africa (SA). Wine production and unique social, and
economic conditions over the past 300 years have influenced the modal drinking patterns. Wine
was historically distributed daily by farmers to workers as partial payment for labor among an
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impoverished labor force. This practice was called the “Dop” system. Dop was outlawed over
the past 40 years by multiple statutes, and there is widespread public sentiment against it. In
our last study of this area, less than 2% of mothers of FAS children reported receiving Dop.
But residual patterns of frequent, heavy, episodic alcohol consumption (now commercially
purchased) by some individuals and groups remain a legacy of the Dop system. In recent years
there have been changes in the nature of the drinking behavior of the worker population, as
increased contemporary availability of inexpensive commercial beer, wine, and liquor,
primarily in “take-away” (carry-out) sources and shebeens (illegal bars), has maintained or
exacerbated heavy, episodic drinking behavior (London, et al., 1995; Parry, 1998; London,
2000; Crome and Glass, 2000; Mager, 2004). Episodic (binge) drinking is a major form of
recreation among sub-segments of the WCP population, which contributes to many public
health problems (King et al., 2004).

The population of the WCP is four million people composed of: 57% Cape Coloured (mixed
race), 18% Black, 25% White, and 1% other. The Cape Town metropolitan area is the principal
urban area of the WCP, but 40% of the population lives outside of it in small towns and rural
areas. The study community is similar in social and economic character to many others in the
Winelands of WCP, with a 1996 population of 45,255 (28.1% rural) (RSA Census, 1997). Most
of the inhabitants of this area are Coloured (people of mixed ancestry from intermarriage of
black African populations, European-origin whites, and some Asians).

This article summarizes a third, active case ascertainment FAS research initiative in a first
grade cohort in the WCP. Although FAS had been diagnosed in S.A. before (Palmer, 1985), a
first population-based study in this community was prompted by a bi-national (U.S. and S.A.)
commission initiated by the Vice Presidents of the two countries (NIAAA, 1996; 1998). A
follow-up study was undertaken in 1999, and both waves of research revealed the highest rates
of FAS ever reported. While answering a number of questions about the nature and causes of
FAS in this community in general, other questions were raised or were reframed by the findings
(May, et al., 2000; Viljoen, et al., 2005). The study reported upon here was designed to further
explore and summarize the epidemiology, maternal risk, child characteristics, trends, and
etiology of FAS and PFAS in this community and on FASD in other human populations as
well.

2.0 Methods
2.1 Diagnostic Criteria

Diagnostic components of the revised U.S. Institute of Medicine (IOM) categories (Hoyme, et
al., 2005) were used to assess FAS and PFAS in the children. For the diagnosis of FAS a child
must have: 1.) evidence of a characteristic pattern of minor facial anomalies including at least
2 or more of the key facial features of FAS (palpebral fissures ≤10th centile, thin vermilion
border, or smooth philtrum), 2.) evidence of prenatal and/or postnatal growth retardation
(height (hgt.) or weight (wgt.) ≤10th centile), 3.) evidence of deficient brain growth (structural
brain anomalies or occiptofrontal head circumference (OFC) ≤10th centile), and if possible, 4.)
confirmation of maternal alcohol consumption directly from the mother or a knowledgeable
collateral source. For a diagnosis of Partial FAS (PFAS), a child must have: 1.) evidence of a
characteristic pattern of facial anomalies including 2 or more of the three mentioned above,
2.) one or more other characteristics, such as prenatal or postnatal growth retardation (≤10th

centile) in height or weight), 3.) small OFC (≤ 10th centile), and/or evidence of a complex
pattern of behavioral or cognitive abnormalities inconsistent with developmental level and
unexplainable by genetic composition, family background, or environment alone, and if
possible, 4.) confirmation of maternal alcohol consumption directly from the mother or a
collateral source. There was no attempt in this study to diagnose any of the other, less
dysmorphic (usually less severe) forms of the IOM-defined fetal alcohol spectrum, alcohol-
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related birth defects (ARBD) or alcohol-related neurodevelopmental disorder (ARND), as the
study sampling methods were keyed by growth and structural deficits not obviously present in
children with ARND or ARBD. Every child with a FASD diagnosis met each of the IOM
criteria for FAS or PFAS, and criteria for alcohol exposure during pregnancy were met in
94.7% of all FASD cases from direct maternal interview and 100% from collateral sources.

2.2 Sampling - The Two-Tier Screening System and Children Participating in Each Stage
In the first study in this community (May, et al., 2000), dysmorphology, growth, and
developmental data for 406 unselected first grade children were collected initially to provide
child size and growth norms for this particular population relative to National Center for Health
Statistics (NCHS) growth charts and knowledge of the local clinical traits. The unique racial
admixture of the WCP necessitated this first step. The growth and clinical data from the first
study were utilized primarily to: calibrate the growth norms, standardize the observations of
the clinicians, set the cut off criteria for Tier II screening of the study, and ensure capture of
all FAS children residing within the study population.

Twelve of the 13 elementary schools of the community were accessed in this wave. The 12
participating primary schools constitute all of the public schools in the area. Six schools are in
rural areas and primarily educated the farm laborers’ children. Six are in the town. Since urban
schools are larger, almost 70% of the children attended the urban schools. All but one of the
schools were attended by over 95% Coloured and Black students, the one exception was an
urban school with a highly mixed racial/ethnic composition of about 50% White. The school
that declined participation was a private, all white school with approximately 60 upper
socioeconomic status first grade students. Therefore, over 85% of the children in the study
were Coloured; the remainder are Blacks or Whites, similar to the regional population. Most
of the study children underwent gestation locally due to relatively low mobility in the
population.

In this study, 818 (80.8%) of 1013 children on the rolls in first grade classrooms had parental
consent to participate. Each received Tier I screening where hgt., wgt., and OFC were
measured. If at or below the 10th centile on OFC and/or on both hgt. and wgt., a child was
referred for a complete physical examination (Tier II). Three hundred and six (37.4%) children
met these criteria (see Figure 1). A general surveillance of institutions for children with
retardation or other developmental disabilities (who were not in normal schools) did not reveal
any children with FAS or PFAS from the study area who were of appropriate age for first grade.

2. 3 Sampling-Tier II
Every child receiving a complete (Tier II) dysmorphology screen was methodically examined
by two pediatric dysmorphologists working simultaneously, but independently, each along
with one scribe (data recorder). Each of these experienced physicians measured OFC, palpebral
fissure length (PFL), philtral length (PL), inner and outer canthal distance (ICD and OCD),
and examined other indicators such as joint abnormalities, heart function, and palmar creases
while the scribe recorded the findings on a standardized form (Hoyme, et al., 2006). All
examiners were blinded from prior knowledge of child and mother. Once finished with one
physician, a second team repeated the examination. Inter rater reliability for independent
measurements was assessed in the two previous waves of our SA studies. Using the square
root of the Pearsonian Correlation, results were: 0.86 for ICD, 0.92 for IPD, 0.91 for PFL, and
0.82 for PL (Viljoen, et al., 2005), indicating substantial reliability.

2.4 Sampling - The Complete Diagnostic Sequence Continues
After the dysmorphology exams, a child was assigned a preliminary diagnosis of not-FAS,
deferred, or FAS. Only those with the classic FAS phenotype and measurements were assigned
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a preliminary diagnosis of FAS after major symptoms of other known birth defects had been
ruled out. Children with a deferred diagnosis had the appearance, growth deficits, and some
anomalies of FAS, but developmental tests and maternal interviews were especially necessary
for final diagnosis. Children with a preliminary FAS or deferred diagnosis (n = 108) were
advanced to intelligence, behavioral, and developmental testing, and their mothers were
interviewed for prenatal risks.

2.5 Sampling - Control Group
The control group of children provides a normative comparison group typical of the general
population of the community. Initially, 193 children were randomly selected as possible
controls from lists of all 1013 first grade students enrolled in these schools. Some of the children
selected did not have parental consent to participate (n = 43). Also, a number of the selected
controls (n = 62) were small and therefore met criteria for Tier II dysmorphology exams. But
after the dysmorphology exams were completed, all but 11 of the 62 were returned to control
status, as their morphology was not consistent with FAS or PFAS. The 11 controls who
remained in the FASD subject group at this point then went through the rest of Tier II screening
(developmental testing and maternal interview). Six of these children were found not to have
FAS or PFAS and, therefore, returned to control status. At the end of this study, five of the
initially-selected controls converted to a diagnosis of FAS or PFAS, leaving 150 possible
control children. Some children moved from the area or were otherwise unavailable during
testing, leaving a final control sample of 145 children. This represents 75.1% of those picked
randomly from the total pupil population. When differences between the selected controls and
the total sample of students were examined for eight key variables via t-tests, (sex, age, hgt.,
wgt., BMI for age, BMI, BMI centile, and OFC), there were no significant differences. This
indicates that the controls are generally representative of the total sample with consent to
participate. Regarding those 19% who did not participate in the overall study, we have no way
of knowing if they are fundamentally different from those who consented. Given the relatively
homogeneous nature of the population, however, we do not think so. Furthermore, a
participation rate of 81% in an active consent in-school study of any kind is an exceptionally
high rate.

Identical Tier II exams and testing were performed on all subjects and controls, and clinicians
were blinded throughout the process as to reason for entry into the study.

2.6 Developmental Tests - Psychological and Intellectual Functioning of the Children
Developmental tests administered to all children in Tier II of the study included: Tests of the
Reception of Grammar (TROG), Raven Colored Progressive Matrices, and the Personal
Behavior Checklist (PBCL-36). The TROG (Bishop, et al., 1989) tests linguistic understanding
through language comprehension and mastery of a fundamental intellectual developmental
trait. The TROG provides age-specific assessment of verbal I.Q. Non verbal I.Q. is measured
by the Raven Test of Coloured Progressive Matrices (Alderton and Larson, 1990) which
assesses thinking in the visual modality as a measure of inductive reasoning with broad cross-
cultural applicability. The PBCL-36 is a short scale that measures the behavioral characteristics
of FAS, regardless of age, race, sex, or I.Q. (Streissguth, et al., 1998). It consists of 36 items
in a checklist pertaining to several areas of functioning: academic performance, social skills
and interactions, bodily functions, communication and speech, personal manner, emotions, and
motor skills and activities. The PBCL is completed by the mother or another guardian. These
three instruments provided measures of verbal and non-verbal I.Q., cognitive skills, and
behavioral problems.
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2.7 Maternal Risk Data - Measuring Alcohol/Substance Abuse, Demographic, and Social
Variables

The mothers of control children became maternal controls. Structured interviews contained
items covering: reproduction; alcohol, tobacco, and drug use, before and during the index
pregnancy; socio-economic status (SES); demographic variables; nutrition; physical status of
the mother; and social context.

Protocols utilized drinking questions formulated and arranged in a timeline follow-back
methodology (Sobel, et al., 1988;2001) designed to elicit accurate reporting of alcohol
consumed from both Dop and commercial sources (London, et al., 1998; London, 2000;Parry
and Bennetts, 1998). Photographs of standard beer, wine, and spirit containers and tobacco
products sold locally were shown to respondents for accurate assessment of quantity,
frequency, and variability pf drinking (Kaskutas & Graves, 2000,2001). A 7-day retrospective
drinking log was used as the baseline for all alcohol questions to calibrate quantity and
frequency of recent drinking (current alcohol consumption), and for establishing an accurate
benchmark for recall of relative amounts of drinking during pregnancy of the index child (see
May, et al., 2000;2005; Viljoen, et al., 2002;2005). This method was used because direct
reporting of prenatal drinking is generally under-reported (Czarnecki, et al., 1990) and
retrospective reports of maternal drinking are generally significantly higher than that reported
during the prenatal period (Czarnecki, et al., 1990;Alvik, et al., 2006; Jacobson, et al., 1991;
2002;Jacobson and Jacobson, 1994). Women may underreport their alcohol use during
pregnancy unless information is gathered through unique questions, methods, and contextual
frameworks such as part of a general nutrition screen (King, 1994). Drinking questions,
therefore, followed the nutrition questions in our interviews. All maternal interviews were
administered in the field by experienced Afrikaans-speaking professionals.

Tobacco use (cigarettes) of the mothers was queried. Since most people in this population
purchased loose tobacco and rolled their own cigarettes with newspaper, it was necessary to
calculate the amount of tobacco per cigarette and then ask the mothers about how much they
purchased each week and smoked per day. We provided standard commercial (12.5 and 25
gram) pouches to several local women and asked them to roll all of the tobacco in each pouch
into cigarettes as they would normally. The cigarettes contained an average of one gram of
tobacco each. Therefore, in Table 3 each gram of tobacco equals one cigarette.

Study participants were also asked about other drug use. Less than 1% reported any drug use
other than alcohol at interview or during pregnancy. The most common other drug reported
was Daka, the S.A. name for marijuana. Prescription drugs are rarely available or used in this
population.

2.8 The Maternal Samples - Mothers of FASD Children and Controls
Since mothers of children with FAS often lead chaotic lives, death or mobility obviated some
interviews (May, et al., 1983; Streissguth, et al., 1985). Specifically, 57 of the 73 mothers of
the children with FASD were located; all agreed to be interviewed, which rarely occurs in
similar studies elsewhere (May, et al., 2006). Six (8.2%) FASD case mothers were deceased
(one each from tuberculosis, heart failure, liver failure, alcohol abuse, suicide, and motor
vehicle crash). The remaining 10 were nomadic or moved, and could not be reached. Most of
the children with FASD born to the mothers not interviewed were in foster or adoptive
placement, often precipitated by alcohol abuse and the disrupted lives of the mothers. For these
16 not interviewed directly, some data regarding alcohol consumption during the index
pregnancy were obtained via collaterals (usually relatives) on all but 2. Therefore we had some
information, either direct or indirect, on the drinking status during the index pregnancy of all
but 2 (97.3%) of the mothers of children with FASD. Detailed profiles and discussion of a
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variety of maternal risk factors for FAS in this setting are reported elsewhere (Viljoen, et al.,
2002; May, et al., 2005). Only three (5.3%) of the 57 mothers of children with FASD
interviewed denied drinking during the index pregnancy. To ensure accuracy, two
dysmorphologists revisited these three children to rule out other anomalies and to confirm the
diagnosis. With 3 interviewees denying drinking and 2 missing data, 5 (6.8%) children were
diagnosed as FAS or PFAS without confirmed alcohol exposure from any source.

Because the maternal control group consisted of the mothers of the randomly-selected children,
it was also random. It was intended to provide a comparison group that is representative of the
general population of the area, and consisted of the 145 mothers of the randomly-selected
control children located alive and agreeing to interviews. Eighty-five percent of the mothers
of the control children were interviewed directly. The data on these mothers constitute the basis
of most comparisons in this manuscript. Of the 22 randomly-selected mothers not interviewed,
only 6 (4.1%) refused an interview, which is a low refusal rate in such a sensitive topic of study.
One control mother (0.7%) was known to be deceased, 3 (2.1%) had moved away, and 12 were
not located for other reasons (e.g. 5.3% of control children were in foster or adoptive
placement). Collateral data on drinking were obtained for only some of the missing control
mothers (n=11).

2.9 Case Conferences for Final Diagnoses
Final diagnoses were made only after case conferences were held for each child (Hoyme, et
al., 2005; Viljoen, et al., 2005). Results from the three independently-collected data sets
(dysmorphology exams, developmental testing, and maternal interviews) were presented at a
structured case conference held in the Western Cape. Participants at the case conference were
the researchers who had collected the data. At least one person represented each domain
studied. Prior to the review of data in the case conference, the independent investigators of
each domain remained blinded to the data collected on each child by investigators in the other
domains.

2.10 Data Analysis
Data were entered and analyzed using the EPI Info software of the U.S. Centers for Disease
Control and Prevention (Dean, et al., 1996). Categorical variables comparing cases to controls
were analyzed by chi-square and also Fisher’s Exact tests where appropriate. Odds Ratios (OR)
were calculated for all 2 x 2 chi-square tests, and are not possible for other chi-square
configurations. Confidence intervals for Odds Ratios were computed for the 95% level by the
Cornfield technique. For continuous variables, t-tests, one way analysis of variance, and
difference of proportions tests (Blalock, 1972) were used. When analysis of variance tests were
significant, post-hoc analyses were performed with t-tests for all possible individual pairs. In
Table 4, Pearson correlation coefficients are used to compare selected variables, three of which
were utilized as dummy (0=no, 1=behavior practiced) variables. These items were whether the
woman drank at all during pregnancy and whether she reported having 3 or more or 5 or more
drinks per occasion during pregnancy. With certain variables, comparisons are made between
subsets of cases and controls based on current drinking and smoking and on others based on
drinking during the index pregnancy. The timing of the drinking is specified by labels in the
Tables and text. Alpha levels for significance were set at .05 with two-tailed comparisons.

3.0 Results
3.1 Physical Growth and Development

In Table 1, column 1, data are presented for all of the children who had consent to participate
in the study. Of the 818 children examined, 51.5% were male. The mean age of the first grade
children was 7.3 years (87.8 months). Children averaged 119 cm in height, weighed 21.8 kg,
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and had OFC of 50.9 cm. After the dysmorphology exam, 30 children had a preliminary
diagnosis of FAS, and 78 were preliminarily deferred pending further indicators for a more
definite diagnosis. These 108, along with the 145 control children, were the subjects of further
research (see Figure 1).

Fifty-five (55) of the school children received a final diagnosis of FAS, 18 a final diagnosis of
PFAS and 2 initially-deferred children were considered “still deferred” due to an inability to
locate them for testing (see Figure 1). Five of the randomly selected control children were
ultimately diagnosed with FAS (1) or PFAS (4). Each of these 5 also met Tier II screening
criteria because of small size of hgt. wgt. and/or OFC. In Table 1 (columns 2 - 4), there is
variation in the sex composition of the FAS, PFAS, and control groups, but the difference was
not statistically significant. The average age was 7.3 years for controls, 7.6 for PFAS, and 7.8
years for the FAS children. Height, weight, BMI measures, OFC, palpebral fissure length, and
most every clinical exam variable was significantly different between FAS, PFAS, and
controls, including total dysmorphology scores (18.4 for FAS, 17.8 for PFAS, vs. 8.1 for
controls p < .001). Higher dysmorphology scores indicate more features of FAS. Measurements
of philtrum length were not significantly different between FAS and PFAS children in the SA
population, primarily because a long philtrum is very common in the Coloured and Black
population. Also, clinodactyly was found to be very common in the overall population, and
therefore was not a good discriminator between the children with FASD and controls in this
population. However, other hand anomalies such as camptodactyly and an altered palmar
crease were significantly different between the groups. Other traits not statistically different
between groups were all clinical observations made without quantitative or structured criteria:
strabismus, epicanthal folds, and prognathism. Nevertheless, with each of these variables, the
clinical indicators were higher in the FASD children than among controls. Significantly more
of the children with FAS (20.4%) and PFAS (33.3%) were in foster or adoptive placement than
controls (5.5%).

Post hoc analysis of the significant differences between FAS, PFAS, and control groups in
Table 1 indicated that both the PFAS group and especially the FAS group were different from
controls on most interval level measures of growth, development, and dysmorphology. The
total dysmorphology scores of the PFAS and FAS groups were significantly different at the
< .001 level (see footnotes in Table 1). Significant differences between FAS and PFAS groups
were found in child’s BMI, BMI centile, head circumference, and palpebral fissure length.

3.2 Other Developmental Indicators
Table 2 presents comparative data for children with FAS, PFAS and controls. The children
with FAS scored worse than the children with PFAS or controls on all of the developmental
tests in Table 2. Verbal and non-verbal ability were significantly lower for children with an
FASD than for controls using one way analysis of variance (p < .001), although the post-hoc,
individual t-test comparison between PFAS and controls only approached significance (p=.
06). Problem behaviors were also higher than, and statistically significant from, controls for
both groups of FASD when measured by ANOVA and individual t-tests. The overall
dysmorphology scores, indicating severity of physical deformity and lack of physical
development, form a spectrum; but, the two FASD groups are quite close in their high severity
of dysmorphology (see Table 2). Children with FAS had the highest average score of 18.4,
then children with PFAS (17.8), and then the controls (7.8). There were no statistically
significant differences between the FAS and PFAS groups on any of the four developmental
traits in Table 2. Therefore, while intelligence scores, behavioral indicators, and
dysmorphology were all consistent in exhibiting a spectral pattern, the significant differences
were only between the two FASD groups and the controls.
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Reports of maternal drinking during pregnancy, also in Table 2, further support the spectrum
of damage associated with physical development and behavioral problems. The reported
drinking during pregnancy was significantly different between the three groups: 96% of the
mothers of children with FAS, 93.8% of the PFAS, and 24.2% of controls. The mean number
of drinks consumed per week during pregnancy by mothers who reported some drinking was
also significantly different. The mothers of children with FAS reported the most at 13, then
the controls who drank (6), with the mothers of PFAS lowest at 4.9. There is no significant
difference in reported current drinking with 53.8 to 65.9% drinking in each of the three groups.
Also, on number of drinks consumed per current week, control mothers who were drinking at
the time of the interview reported the greatest number. But the current drinking levels are not
significantly different between groups. Thus the spectrum of drinking does not hold across all
of these measures with the three maternal groups, as 24% of control mothers who drank during
pregnancy and the 60% of controls who are current drinkers report higher levels of drinking
than do the mothers of PFAS children. In post hoc analysis only one significant difference was
found in individual comparisons between the three groups on the maternal drinking variables
in Table 2. The number of drinks during pregnancy reported by mothers of children with FAS
and controls was significantly different (p=.02), and the difference between FAS and PFAS
on this variable approached significance (p=.07).

3.3 Maternal Drinking and Smoking and the Link the FASD Outcome
In Table 3 data on alcohol use and smoking compare mothers of FASD children and controls.
Data for FAS and PFAS were combined for this comparison because the differences in the two
FASD maternal groups did not differ significantly on current drinking or drinking during
pregnancy responses between FAS and PFAS maternal groups. Other maternal drinking
variables (Table 3) indicate that more mothers of children with an FASD were drinking greater
quantities of alcohol at the time of interview (61% vs. 26.9%). Furthermore, over 96% of all
alcohol currently consumed by mothers of children with FASD was on weekends, while 73%
of the controls’ drinking was on weekends. This was not a significant difference. Weekend
drinking is a common regional pattern. Ninety-two percent of the mothers of children with
FASD reported drinking immediately prior to the index pregnancy compared to 26% for
controls (p<.001). Furthermore, 96% of mothers of children with FASD and 24% of the controls
reported consuming alcohol during pregnancy (p<.001). Ninety-four percent of the mothers of
children with FASD drank during the first trimester, 84% in the second trimester, and 79%
drank during the third, which differed significantly the 23% to 16% for controls (p<.001 for
all trimesters). The beverage of choice reported by the mothers of children with FASD (not in
Table 3) was beer (81.8%), followed by wine (53.3%), and distilled spirits (6.1%). These
percentages exceed 100 because many mothers reported more than one favorite beverage.

More mothers of children with FASD used tobacco in the current time period, at the time of
interview (75.8% vs. 35.6%, p<.001, OR = 5.65) and during the index pregnancy (83.8% vs.
35.3%, p<.001, OR = 9.48). Similar significant differences existed between groups through
each trimester, although the data are not reported in Table 3. In spite of high prevalence of
prenatal smoking, by American and European standards, smokers (in both groups) consumed
low mean quantities each week: 33 to 39 hand-rolled cigarettes.

Fathers of children with FAS or PFAS and the fathers of controls are reported by female
respondents to drink heavily. While 81.1% of case fathers drank during the index pregnancy
compared to 47.5% of controls, a significant difference, the mean quantity of drinks consumed
by drinking fathers of the two groups were high during the index pregnancies (166 to 148 per
month) and did not differ significantly. There was tremendous variability in the drinking levels
in both groups as indicated by the large standard deviations. Fathers of children with FASD
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were more likely than controls to be described as having had a drinking problem, (p=.035, OR
= 3.05) and to currently have a drinking problem (p=.001, OR = 15.00).

Presented in Table 4 are zero-order correlations between four drinking measures and specific
outcomes; all associations were significant at various levels. Verbal and non-verbal ability are
negatively correlated with the mother’s reported drinking during pregnancy: whether she
reported drinking at all during the index pregnancy, drinks per month, drinks per day, and
reported episodes of 3 or 5 alcoholic drinks per day during gestation. Poor verbal scores are
most highly correlated with heavy episodic drinking of 3 or more drinks per day (-0.28) and
low non-verbal scores with number drinks per day (-0.26) and five or more drinks per occasion
(-.26). The more drinking reported per day during pregnancy, the lower the child’s I.Q.,
especially verbal. Problem behaviors were significantly correlated with all measures. Heavy
drinking mothers, especially those who reported drinking episodes of 3 drinks or more per
occasion during pregnancy (0.33) had children with more behavioral problems. The highest
correlations in Table 4 were found between total dysmorphology scores and all drinking
measures, especially with the dummy variable of whether the mothers reported drinking at all
(0.59) and episodes of 3 drinks or more drinks per occasion (0.51).

3.4 Urban/Rural Distribution and Prevalence of FAS
Mothers of children with FASD were much more likely than controls to have resided in rural
areas during gestation (See Table 5). Mothers of children with FASD are more likely to be
farm laborers than controls (40.6% vs. 19.8%, p = .006). When direct maternal reports are
examined, 65.2% reported residing in rural areas during the index pregnancy compared to
33.1% of controls (OR= 3.75). The urban/rural distribution of FAS cases was also tested against
the overall residence pattern through indirect standardization (Barclay, 1958). Since 65% (n =
45) of the FAS cases underwent gestation in the rural areas, this is a significant departure from
random distribution (p < .001, OR = 4.93), as only 28% of the population of the study site lived
in rural areas.

The prevalence of FAS among children screened (n = 818) was 89.2 per 1,000. A conservative
calculation of the rate is 72.1 if all 1013 first graders children in public schools are used as the
denominator (See Table 5). Although all races in the public school were screened, no white
children were found to have FAS or PFAS in this third wave of research. There were few older
children in first grade in this study cohort; therefore, there was no need to correct for age. If
the approximately 60 children in first grade from the private, all-White school that did not
participate are added to the denominator, and it is assumed that none of them have FAS, the
most conservative, in-school prevalence is 68.0 per 1,000. Since no out-of-school children
were identified with FAS, the range of FAS prevalence for the community was therefore 68.0
to 89.2 per 1,000 children.

4.0 DISCUSSION
In this third wave of research in the Western Cape Province community, the prevalence of FAS
and PFAS was found to be extremely high overall, and highest in the impoverished rural areas.
Participation in the study continued at a very high rate (81%). Children with FAS and PFAS
had significantly higher scores for dysmorphology than controls and performed significantly
worse on verbal I.Q., non-verbal I.Q., and the behavioral measures of the PBCL. Ninety-six
percent of the mothers of FAS children, 94% of mothers of PFAS children, and 24% of controls
reported drinking during pregnancy. With the reported levels of current drinking among those
who were drinkers at the time of interview, quantity per week was highest among mothers of
FAS (13.0 ± 13.6), lowest among the mothers of PFAS children (4.9 ± 3.5), and intermediate
among controls (6.0 ± 7.7). A much higher percentage of the mothers of FASD children than
controls are current drinkers (61 vs 27%) and mothers of FASD children report substantially

May et al. Page 11

Drug Alcohol Depend. Author manuscript; available in PMC 2008 May 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



lower drinking levels at time of interview than reported drinking during the index pregnancy.
A much higher percentage of the mothers of FASD children report smoking during pregnancy
(84%) vs controls (35%), but the quantity of cigarettes smoked per week by the smokers in
both groups is low (39 and 33). Fathers of FASD children are 1.7 times more likely to drink
during index pregnancies (81 vs. 48%), and are significantly more likely to be reported as
problem drinkers in past and present. Measures of drinking during the index pregnancies are
significantly associated with low intelligence and frequent behavioral problems in the children.
Reported drinking during pregnancy (.59), drinks per day (.48), 3 drinks or more per occasion
(.51), and 5 drinks or more per occasion (.45), correlate highly with total dysmorphology in
the children. Finally, the rate of FAS and PFAS was found to still be the highest reported in
the world at 68.0 to 89.2 per 1,000, slightly higher than a previous wave of research carried
out in 1999. No other major community in the world has been found to have such high rates
of FASD.

4.1 Limitations of the Study
While this is the most complete and comprehensive population-based study of FASD ever
undertaken in any community to date, there are limitations to the third study. First, the active
consent process has degraded slightly over time. Parents providing permission for their children
to participate was lower this time, 98.2% in wave 1, 93.6% in wave 2, and 80.7% in this wave.
But the consent rate remains higher than elsewhere in a similar study with active consent
protocols in any other population. For example, in the Clarren et al. (2001, p. 3) in-school study
in Washington State where active consent was required, only “about 25%” of the parents
allowed their children to participate. In Italy consent was obtained from 50% (May, et al.,
2006). Also speaking to the completeness of this study, only 2 children suspected as cases of
FAS or PFAS were lost to migration or refusal. A second weakness is that FAS and PFAS,
even at the high rate detected, does not provide enough cases to perform meaningful
multivariate analyses to more specifically sort out the interaction between prenatal alcohol
exposure and: various demographic traits, childbearing and other maternal traits, environment,
and other child psycho-social characteristics. Combining the results from multiple waves of
research in this community will prompt and permit more sophisticated analyses. Third, some
would say that retrospective maternal risk data is a weakness. But there is a need to balance
the accuracy of diagnosis of the child (which is maximized by exams at age 6) vs the need for
prospective data collected in prenatal clinics. Furthermore, while data collected in prenatal
clinics is generally more complete (fewer missing data points) for low risk women, and the
data may speak to the specific timing of exposure (e.g. weeks of gestation), it is often
underreported. Actually, several studies have found that significantly higher rates of prenatal
alcohol and substance abuse are reported retrospectively than prospectively (Alvik, et al.,
2006; Czarnecki, et al., 1990). In our methods we build our alcohol questions on a context of
nutrition, and working from daily reporting of current drinking in the past week and moving
to prenatal daily drinking reports, we attempt to ensure accuracy. A fourth weakness of this
study is that the FASD rates found in SA have limited comparability to developed or highly
underdeveloped populations. This particular region in SA remains unique in culture and
character from others in the world. The WCP Winelands remain as an “in between” population
with second and third world conditions existing within parts of the country. But much of the
WCP also has first world infrastructure and living conditions. However, the study of this
community remains valuable for providing this community with specific information for their
use in prevention, and for the general theoretical study of FASD. The methods used here can
also be used elsewhere. The rate of FASD in this community remains a “worst case, highest
rate scenario” for examining population-based etiological factors for FASD. Fifth, another
possible weakness of this study is that we have not diagnosed the full spectrum of the IOM-
defined categories of FASD. No study to date has reported on the full spectrum of FASD
diagnoses (FAS, PFAS, ARBD, and ARND). This study, however, is the first in South Africa,
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and is among the first anywhere, to provide a complete breakdown and symptom-by-symptom
detail of the two most severe diagnoses within the spectrum, FAS and PFAS. Most clinicians
familiar with the diagnosis of FASD know that there are clearly distinguishing and varying
levels of damage between cases of FAS meeting the IOM diagnostic criteria for FAS, some
being immediately recognized as very severe and others being less clear cut from
dysmorphology alone. This study documents efforts to utilize the IOM criteria that distinguish
between the two most severe levels of FASD, FAS and PFAS. We believe these distinctions
are important, especially in a binge drinking population. When using these two diagnoses in
this South African population, a spectrum of effects emerges.

4.2 Methodological Considerations
Our methods of epidemiological research have improved. We are now quite familiar with this
area and population. Using an operational version of the revised IOM methods is practical,
consistent, reliable, and produces highly-specific diagnoses from examining all domains of
variables (physical, psychological/developmental, and alcohol exposure). The dysmorphology
values and scores are consistently quantified, allowing comparison and correlation of variables
across domains. Active outreach in the schools ensures that selectivity and or omission is
minimized. Cataloguing of all physical and psychological traits of the children and maternal
drinking practices provides the opportunity for comparing FASD across populations for
examinations of relative risk. Using similar methods and techniques in schools across
populations would solve many of the problems of determining prevalence. Because of different
active and passive measures utilized in various studies, there is little or no valid way to compare
across studies.

4.3 Rates Over Time in this Community and Limited Comparisons
The rate of FAS remains high in this community, and the pattern of an excess of FASD births
in the rural areas continues. The rate of FAS and PFAS combined among the first grade children
in this wave of research (72.1 per 1,000) is 3.9% higher than the similar cohort rate from the
wave 2 rate, 69.4 per 1,000, three years earlier (Viljoen, et al., 2005). However, since the
consent to participate was lower this wave than in the past, the upper estimate per students
screened is substantially higher than in the past (89.2 vs. 74.5, or 19.7% higher than three years
earlier). Until substantial improvements in SES are made, or a massive comprehensive
prevention program is instituted successfully to change specific social conditions that currently
encourage heavy episodic maternal drinking (e.g. poverty, lack of education, boredom, and
racial discrimination), then the FASD rate may well remain high.

Only two studies published among other populations can be directly and accurately compared
to this population. In the only in-school study of FAS in the United States, Clarren, et al.
(2001) used similar methods to find FAS in 3.1 per 1,000 first grade children. In a recent study
in Italy using virtually identical methods among first grade students in randomly-selected
schools, FAS was 3.7 to 7.4 per 1,000 and all FASD (FAS, PFAS, and one case of ARND)
was found to be 20.3 to 40.5 per 1,000 (May, et al., 2006). Therefore, rates of FAS and FASD
may be higher in all populations than has been indicated by clinic-based studies and other
passive methodologies (Abel and Sokol, 1987; Abel, 1998; Sampson, et al., 1997) which report
FAS as 0.5 to 2.0 per 1,000 and FASD at 8.7 per 1,000.

4.4 Alcohol Consumption Pattern as a Risk Factor
From this wave of research we have again found that binge drinking on weekends is still the
pattern that causes most FASD, especially in the rural areas. Low SES and poverty in a society
of extreme SES contrasts persist as risk factors (Crome and Glass, 2000). The severity of
dysmorphology and the intelligence and behavioral characteristics of various levels of FASD
are correlated with a variety of maternal drinking measures in this high poverty setting where
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many of the mothers are also small and suffer from poor nutrition, low education, a general
powerlessness, and other related risk factors (May, et al., 2005; Viljoen, et al., 2002). On the
positive side, a high percentage of the mothers of children with FAS reported much lower levels
of current drinking (at time of interview) than during the index pregnancy or than reported in
previous waves of research in this town: 12.2 drinks per week at interview for drinkers in Wave
I (May, et al., 2000), 15.2 in Wave II (Viljoen, et al., 2005), and 7.8 in Wave III. However,
one finding in this study begs for more attention. The amount of current drinking per week
reported by the 24% of the controls who do drink is higher (8.9) than in previous research in
this community. Even though the drinking of the control group drinkers is less concentrated
on the weekends, and therefore probably less likely to be of a binge nature, it is of concern to
the health of future children. Thus, while 76% of the controls report not drinking during past
pregnancies, health care providers and prevention personnel should be vigilant with this trend
in approximately one quarter of the maternal population.

4.5 Prevention
We are hopeful that the research carried out and the reporting back of results to parents and
community constituents are lowering the rate of maternal drinking in this community. FASD
are theoretically 100% preventable. Certainly a number of coalitions for the prevention of FAS
have been formed among local health care providers, social service workers, and citizens since
the initiation of research in this area, their activity being considerable at times. This community,
and others like it, remains ripe for an efficacy trial of one or several types of prevention.
Comprehensive approaches (Stratton, et al., 1996; May, 1995) utilizing universal education
and broad behavioral change techniques are beginning, but will benefit from an infusion of
resources and consistent organizational support. Specific, targeted prevention, using selective
approaches such as screening all women attending prenatal clinics, are needed. And indicated
prevention, utilizing case management for maternal support and guidance in a poorly-educated
population could begin. For many individuals, a dual approach which encourages both drinking
cessation (and reduction), and birth control for those who are not able to quit drinking (Masis
and May, 1991), are promising. A comprehensive prevention trial utilizing these approaches
has recently been funded by NIAAA to combat the high rate of FASD in this community.

5.0 CONCLUSIONS
The third wave of study in this region of South Africa has demonstrated that these methods of
epidemiological research are consistent and improving in ability to diagnose at least two levels
of FASD. The specific childhood features of FAS in this first grade population have been
detailed as research and diagnostic methods applicable to similar studies in other populations.
Similar methods can be used for accurate comparison of FASD prevalence and relative risk.
The rate of FAS and Partial FAS remain at world record rates in this population, making this
locale a prime candidate for further research into the etiology of FASD and for prevention
programs to test the efficacy of FASD prevention.
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Figure 1.
Sampling Methodology and Flow of Referrals for Children in Wave 3 of the Western Cape,
South Africa Study
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TABLE 5
Distribution of Gestation of FAS Cases by Rural and Urban Calculated from Interviews and by Indirect
Standardization and Overall Prevalence of FAS: Wave III, 2002.

Variable Mothers Of Children
With FASD1 (n = 69)

Mothers Of Control
Children (n = 134) P, OR (95% CI)c

Mother’s usual occupation Farm laborer (%) 40.6 19.8 0.006
Residence at time of index pregnancy (from
interview)
 Rural 65.2 (n = 45) 33.3 (n = 44) <0.001a, OR = 3.75
 Urban 34.8 (n = 24) 66.7 (n = 88) (1.93 - 7.32)
Residence of FAS and PFAS mothers (indirect
standardization by frequency) Rural Urban

 Actual 45 24 <0.001a, OR = 4.93
 Predicted 19 50 (2.25 - 10.91)
Prevalence Rates (FAS & PFAS)
 1st grade children screened 89.2 per 1,000
 1st grade children per all enrolled in 12 schools 72.1 per 1,000
 1st grade children per all enrolled in all schools 68.0 per 1,000

NS = not statistically significant.

1
Mortality and mobility reduced the number of available mothers of FAS children by 4. See Methods Section text for details.

a
X2 test.

b
t-test.

c
95% confidence internals calculated via the Cornfield technique.
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