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Background—Concise, accurate measures of maternal prenatal alcohol use are needed to better
understand fetal alcohol spectrum disorders (FASD).

Methods—Measures of drinking by mothers of children with specific FASD diagnoses and
mothers of randomly-selected controls are compared and also correlated with physical and
cognitive/behavioral outcomes.

Results—Measures of maternal alcohol use can differentiate maternal drinking associated with
FASD from that of controls and some from mothers of alcohol-exposed normals. Six variables that
combine quantity and frequency concepts distinguish mothers of FASD children from normal
controls. Alcohol use variables, when applied to each trimester and three months prior to
pregnancy, provide insight on critical timing of exposure as well. Measures of drinking, especially
bingeing, correlate significantly with increased child dysmorphology and negative cognitive/
behavioral outcomes in children, especially low non-verbal IQ, poor attention, and behavioral
problems. Logistic regression links (p<.001) first trimester drinking (vs. no drinking) with FASD,
elevating FASD likelihood 12 times; first and second trimester drinking increases FASD outcomes
61 times; and drinking in all trimesters 65 times. Conversely, a similar regression (p=.008)
indicates that drinking only in the first trimester makes the birth of a child with an FASD 5 times
less likely than drinking in all trimesters.

Conclusions—There is significant variation in alcohol consumption both within and between
diagnostic groupings of mothers bearing children diagnosed within the FASD continuum.
Drinking measures are empirically identified and correlated with specific child outcomes. Alcohol
use, especially heavy use, should be avoided throughout pregnancy.

Keywords
alcohol use and abuse; women; prenatal alcohol use; fetal alcohol spectrum disorders; South
Africa; dysmorphology; cognition

1. INTRODUCTION
1.1 Background

Evidence linking multiple maternal traits to fetal alcohol spectrum disorders (FASD) is
substantial (Abel and Hannigan, 1995; May and Gossage, 2011). However, much of the
evidence links only summary measures of alcohol consumption (e.g., mothers drank/did not
drink or binged occasionally) to outcomes often limited to particular behavioral traits such
as IQ, attention, and memory (Bailey et al., 2005; Nulman et al., 2004; Sayal et al., 2009).
Also, summary drinking measures are infrequently linked to specific diagnoses within the
FASD continuum, only to “FASD.” Utilizing specific diagnoses combines physical
dsymorphology and cognitive/behavioral traits for a more complete outcome indicator.
Overall, more empirical evidence is needed to clarify and define the quantity, frequency, and
timing (QFT) of alcohol usage that produce risk for a specific diagnosis within FASD.

1.2 Specific measures of alcohol consumption in pregnancy
The search for specific measures of prenatal alcohol use levels and patterns that produce
fetal alcohol syndrome (FAS) and other diagnoses within the FASD continuum has been
carried out in clinic settings (Alvik et al., 2006a, 2006b, 2006c; Day et al., 1999), drinking
surveys (Floyd et al., 1999), epidemiologic studies of various methods (Kvigne et al., 2003;
May et al., 2005, 2008a; Petković and Barišić, 2010), and drawn from data in existing
populations studies. Few large case control samples exist with mothers who drank heavily
during pregnancy giving birth to large numbers of children with an FASD. Such samples
provide an opportunity to identify specific alcohol use measures and link them with specific
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diagnoses in the FASD continuum (Alvik et al., 2006c; Colvin et al., 2007; Kristjanson et
al., 2007; May et al., 2009).

Prenatal drinking varies among and within populations of the world (Abel, 1998). In the
United States, England, and Canada, 20 – 32% of pregnant women drink, and in some
European countries the rate may exceed 50% (Alvik et al., 2006c; Bonati and Fellin, 1991;
Centers for Disease Control and Prevention, 1997; Primatesta et al., 1993; Waterson and
Murray-Lyon, 1989). In South Africa (ZA), 34 to 51% of women report prenatal drinking
(Croxford and Viljoen, 1999; May et al., 2008a).

Some individual children escape diagnoses within the FASD continuum in spite of
substantial prenatal alcohol exposure (Abel, 1998; May et al., 2013a; Skogerbø et al., 2012;
Underbjerg et al., 2012). Maternal risk to the fetus involves the interaction of biological,
familial, historical, social, and psychological influences (Gomberg, 1993), and the relative
importance of these co-factors to FAS or other diagnoses within the FASD continuum has
been demonstrated elsewhere (Abel and Hannigan, 1995; May et al., 2011, in press). This
paper focuses on isolating particular measures of alcohol use, for alcohol use is by far the
primary risk factor for the physical characteristics and behavioral deficits which define
FASD (May et al., 2011, 2013b). In the study population, alcohol is virtually the sole drug
used. Alcohol is the teratogen and other variables are predisposing conditions as we
currently understand them (Abel and Hannigan, 1995; May and Gossage, 2011).

1.3 Prevalence of FASD and the study population
Recent estimates are that FAS affects 2 to 7 per 1,000 children in the Western world (May et
al., 2006, 2009, 2011; Petković and Barišić, 2010). All levels of FASD may affect 2 to 5%
(May et al., 2009). More prevalent in ZA (May et al., 2000, 2007; Urban et al., 2008;
Viljoen et al., 2005), total FASD for this study community is 13.6 to 20.9%, the highest ever
reported (May et al., 2013a).

This paper focuses on alcohol use data reported by mothers of children with a diagnosis
within the FASD continuum. Understanding alcohol use by QFT provides insight into the
etiology of FASD in humans, adds to diagnostic rigor, and facilitates intervention and
prevention strategies by identifying dangerous: consumption patterns, levels of use, and
times for fetal exposure (Kvigne et al., 2003; May, 1995).

2. METHODS
2.1 Sample

Alcohol use characteristics of mothers of children with one of three specific Institute of
Medicine (IOM) FASD diagnoses are contrasted with mothers of randomly-selected, normal
children (both alcohol-exposed and unexposed). These diagnoses are: FAS, partial fetal
alcohol syndrome (PFAS), and alcohol-related neurodevelopmental disability (ARND;
Stratton et al., 1996). All mothers and children are from the same community in ZA. A
fourth study of FASD in this community, all actively consented, 1st grade school children
were screened for height, weight, and head circumference. Children ≤ 25th centile on height
and weight and/or head circumference and children randomly-selected as potential controls
were advanced to a diagnostic physical exam by blinded dysmorphologists. Clinical
characteristics and measurements for each child were recorded on a quantified
dysmorphology checklist where a high score indicates more features of FASD (Hoyme et
al., 2005). Children suspected of an FASD, and the randomly-selected children, were
administered developmental tests by psychometricians, their teachers completed behavior
checklists, and their mothers were interviewed about maternal risk factors. All final child
diagnoses were made in case conferences using revised IOM criteria (Hoyme et al., 2005).
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Paired mother/child cases constitute the sample (n = 250): mothers of children with FAS
(n=63), with PFAS (n=48), with ARND (n=32), and 107 randomly-selected controls, found
to neither have an FASD nor suffer from another disability. Twenty-six controls were
alcohol-exposed in utero, and 81 were not. Mirroring the population of this community,
virtually all study participants were mixed-race (“Coloured”) individuals, and <10% were
Blacks or Whites. The children with an FASD were on average 83.7 months (SD=8.9),
50.3% male, and a birth order of 2.4 (SD=1.2). Control children were 80.1 months old
(SD=6.4), 56.1% male, with an average birth order of 2.0 (SD=1.0). Mothers of children
with FASD averaged 33.5 years of age (SD=6.1) with gravidity of 3.6 (SD=1.5) and parity
of 3.2 (SD=1.3). Mothers of normal controls were 34 years old (SD=6.6) with gravidity of
2.9 (SD=1.3) and parity of 2.7 (SD=0.9; see May et al., 2013a for more sample details).

2.2 Questionnaire and interview sequence
All mothers were administered identical questionnaires and received incentive grocery gift
cards. The questionnaire was developed and refined to gather information in this population
(May et al., 2005, 2008a; Viljoen et al., 2002) to quantify maternal risk factors ranging from
general health and nutrition, child bearing, and socioeconomic status before, during, and
after gestation of the index child. When interviewed, the maternal respondents were unaware
if the index child had an FASD. Interviewers were aware in only some instances (due to
logistical duties in the physical exam clinics) that any provisional diagnosis of possible
FASD existed. Non-threatening questions on general health and childbearing were asked
first, and then nutrition, for alcohol consumption responses are more accurate in this format
(King, 1994). Then the QFT of the mother’s current drinking were introduced and explored
via a 1-week, day-by-day log and other questions.

2.3 Measures
Drinks containing alcohol were measured in standard, American ethanol units equaling 0.5
ounces of absolute alcohol: 340 ml can/bottle of beer (5% ethanol), 120 ml of wine (11%
ethanol), 95 ml of wine (13.5% ethanol), or 44 ml of distilled spirits (43% ethanol).
Respondents viewed pictures of standard containers of local brands to calibrate exact
amounts consumed (Kaskutas and Graves, 2000, 2001; Kaskutas and Kerr, 2008). Questions
on current drinking establish the method and calibration of reporting, and refresh recall
before the timeline follow-back questions (Sobell et al., 1988, 2001) about the index
pregnancy. Retrospective, post-natal reports of gestational alcohol use have proven to be
accurate (Alvik, 2006a; Czarnecki et al., 1990; Hannigan et al., 2010).

Blood alcohol concentrations (BAC) were estimated via the BACCuS for a single drinking
episode based on the individual’s sex, weight, number of drinks consumed, and duration of
consumption (Markham et al., 1993). Because of individual differences in alcohol
metabolism, these calculations are estimations.

This population uses alcohol rather exclusively, and alcohol consumption is the sole focus of
this paper. Use of other drugs (prescription or illicit) was reported by less than 1% in this
study sample (May et al., 2013a), and has always been <2% in all studies in this community
(May et al., 2005, 2008a; Viljoen et al., 2002). The major recreational drug used is daga
(marijuana), although methamphetamine is emerging in urban areas. Smoking behavior as it
impacts FASD has been described in detail elsewhere for this community (May et al., 2005,
2008a; Viljoen et al., 2002). Cigarette smoking is a high prevalence behavior (30 – 60% of
mothers), but a low frequency behavior; smoking mothers reported using an average of 33 to
62 cigarettes a week, a low quantity by US standards (Centers for Disease Control and
Prevention, 2005).
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Development and behavior were assessed with: Tests of the Reception of Grammar
(TROG), a measure of verbal IQ (Bishop, 1989); Colored Progressive Matrices (Raven,
1981) for non-verbal IQ; the WISC-IV Digit-Span Scaled Score (Wechsler, 2003) for
executive functioning; and the Teacher Report Form for problem behaviors (Achenbach and
Rescorla, 2001). Each test represents a domain of functioning that discriminates children
with FASD from controls.

2.4 Data analysis
Data were entered with Epi Info software (Dean et al., 1994), and analyses performed with
SPSS, version 19 (SPSS, 2010). For maternal drinking during pregnancy by diagnostic
group, categorical variables were analyzed by chi square and continuous variables by one
way analysis of variance, shown to be robust to differing frequency distributions
(Tabachnick and Fidell, 2013). Alpha levels for statistical significance for these analyses are
adjusted with Bonferroni corrections as noted in the tables. ANOVAs that were statistically
significant by the Bonferroni criterion were followed by pairwise comparisons of groups
using an additional Dunnett’s correction, which corrects for the post hoc multiple testing of
all combinations of two groups. Bonferroni corrections were used for all bivariate and
partial correlations. Binary logistic regression analyses were performed to specifically
compare odds of having a child with FASD for mothers who drank during different
trimesters.

3. RESULTS
3.1 Quantity and frequency of drinking before pregnancy

Maternal drinking results (Table 1) show many significant differences across groups. The
number of standard drinks consumed three months before pregnancy is significantly
different (F = 23.31, p <.001), with Dunnett’s C post hoc analyses indicating differences
between the unexposed controls (x¯ = 0.3, SD = 1.3) and all three other FASD diagnostic
groups, FAS (x¯ = 11.0), PFAS (x¯ = 14.0), ARND (x¯ = 16.9), and exposed controls (x¯ = 8.2).
More mothers of children with ARND (67.9%) reported drinking more (than current levels
at interview) prior to the index pregnancy than did mothers of children FAS (62.5%), PFAS
(52.4%), and exposed controls (44.4%).

3.2 Drinking during pregnancy – quantity and frequency
The average number of standard drinks consumed per week during pregnancy also differed
significantly between the FASD groups and controls (F = 16.43, p <.001). Post hoc tests
demonstrated differences between the FAS group and both exposed and unexposed controls,
as well as between the unexposed controls and PFAS, ARND, and exposed control groups.
The average number of standard drinks consumed during pregnancy on weekends (Friday
through Sunday) and during the week showed no statistically significant differences between
groups. Adding the drinks per weekend to drinks per weekday produces a greater quantity
than the simple question, “how many drinks did you have per week,” as the more focused
the time period, the higher the reporting of drinking. In Table 1, drinks consumed per
drinking day (DDD) during pregnancy is statistically significant overall (F = 16.14, p <.
001). In post hoc analyses it also differentiates between each of the diagnostic groups and
unexposed controls, FAS and exposed controls, and between exposed and unexposed
controls. Finally, bingeing at both 3 drinks (χ2 = 117.22, p <.001) and 5 drinks (χ2 = 69.92, p
<.001) per occasion during pregnancy were significantly different across groups. Therefore,
most measures of quantity and frequency of alcohol use are useful in to discriminating
between FASD diagnostic groups and controls. Drinks per week and DDD are robust
measures of combined quantity/frequency.
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3.3 Timing of drinking during pregnancy
Timing of drinking by trimester (Table 1) demonstrates significant differences for DDD
across maternal groups. First trimester means range from 6.8 for mothers of FAS to 3.8 for
the mothers of exposed, normal children. On the other hand, estimated peak BAC’s for the
drinking in each group do not differ significantly by trimester, indicating that peak BAC is
not a good measure of risk for FASD in this population where binge drinking is the
normative style and because it does not capture frequency of drinking. Figure 1 illustrates
that DDD drop for each group with each trimester; but error bars (noting standard error)
indicate much individual variation. Post hoc analyses illustrate significant differences of
DDD at all three trimesters between the FAS, PFAS, and ARND groups compared with
unexposed controls, and significant differences: for the first trimester between exposed and
unexposed controls and for both the second and third trimesters between the FAS group and
unexposed controls.

In addition to data presented in Table 1, results of a two-way, between-within ANOVA
using only the four groups with exposed mothers confirms significant reduction of drinking
across trimesters for all drinking groups. The only statistically significant effect was the
within-subjects main effect for trimester (F (2, 410) = 31.72, p <.001), partial η2 = .14 with
95% confidence limits between .08 and .19.

Table 2 presents data on a simple frequency variable: how many days per week did you
drink? Overall, mothers of children with FAS and ARND in this ZA population reported
more drinking days per week during pregnancy and in the first trimester than did the others.
There was no significant difference in current frequency of drinking across groups at
interview or in 2nd and 3rd trimester.

3.4 Correlations with child physical traits and cognitive/behavioral outcomes
Table 3 presents bivariate correlations of maternal drinking measures with four child
physical traits characteristic of children with an FASD and total dysmorphology score of
anomalies common to FASD. Most quantity/frequency drinking measures (30 of 40) are
significantly associated with child physical indicators of FASD at the alpha level of <.05.
Similarly, 16 of 30 measures of timing are significantly associated at alpha <.05. With
Bonferroni adjustment of alpha level, many correlations of particular drinking measures
remain statistically significant, indicating a more robust association: total dysmorphology
score, vermillion score, and palpebral fissure length are significant in 6 of 8 correlations;
head circumference in 5 of 8 correlations; and philtrum with 2 of 8. Women who report
more drinking during pregnancy than their current drinking, and those reporting bingeing
correlate significantly with most FASD physical features. Drinks per week 3 months prior to
pregnancy and mean drinks per week, DDD, and bingeing 5 or more drinks during
pregnancy all correlate significantly with 4 of 5 physical measures. Head circumference,
palpebral fissure length, vermillion score, and total dysmorphology score are all linked to
DDD during pregnancy. Estimated peak BAC is again not statistically significant using the
adjusted alpha level, probably because it is not a measure that combines quantity and
frequency concepts.

The addendum at the bottom of Table 3, repeats the correlations of physical features and
DDD for 2nd and 3rd trimesters, while controlling for 1st trimester drinking. With this
control, statistical significance is not attained for any of these physical features. Most facial
dysmorphia and many of the minor anomalies of FASD are developed primarily in the 1st

trimester, which may account for the lack of significance in the addendum comparison.

For behavioral outcomes, fewer measures were highly correlated with child cognitive and
behavioral performance (see Table 4). Generally, the greater the maternal drinking, the
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greater the child’s problems with non-verbal IQ, problem behavior, and attention. The most
discriminating drinking variables were DDD and bingeing of 3 and 5 drinks per occasion,
which at the adjusted alpha level of p =.0014, are significantly associated with 3 or more of
the 5 tests (non-verbal IQ, problem behavior, attention problems, and working memory).
Similarly, drinks per week consumed 3 months prior to pregnancy and mean drinks per
week during pregnancy are each significantly correlated with 2 of the 5 tests (problem
behavior and attention problems, and attention problems and verbal IQ; respectively).

For timing, DDD during the pregnancy is a better measure (as indicated by stringent alpha
levels) than are estimated peak BAC measures when predicting child performance on non-
verbal intelligence in the first two trimesters and attention in the first and third trimesters.

3.5 Predicting FASD from drinking behavior over pregnancy trimesters
Based on these results, binary logistic regression analyses were utilized to predict FASD
from maternal drinking (DDD) by trimester (Table 5). Seven analyses were conducted, and
three were statistically significant at the Bonferroni-adjusted level (α= .007). The odds of
giving birth to an FASD child are 12 times greater for mothers who reported drinking only
during the first trimester compared to those who reported no drinking, although the 95%
confidence interval is quite large (4.13 to 35.8). Nagelkerke R2 = .27 suggests that a little
over a quarter of the variability in FASD is predictable from first trimester drinking. The
odds of giving birth to an FASD child increase to about 61 times greater than for non-
drinking mothers (95% CI, 13 to 291) for mothers who drink during the first and second
trimesters only. The odds of giving birth to an FASD child further increase to about 65 times
greater (95% CI, 23 to 180, Nagelkerke R2 = .65) for mothers who reported drinking during
all trimesters.

Although not quite statistically significant by the Bonferroni criterion, continuing to drink
during all trimesters increases the odds of a child with FASD by about 5 times compared
with drinking only during the first trimester, (95% CI, 2 to 18, Nagelkerke R2 = .65).

4. DISCUSSION
4.1 QFT measures of prenatal alcohol consumption characterize differential drinking
leading to the FASD continuum

From this sample and the variables examined, a number of conclusions follow. First, several
measures of QFT distinguish between drinking patterns of mothers of children with
diagnoses within FASD and unexposed controls; and a few even distinguish between FAS
and exposed controls and between exposed and unexposed controls. Few summary alcohol
use measures have been identified before that have made these distinctions between drinking
patterns that lead to the birth of children with and without an FASD. Second, even though
they do not drink the most alcohol 3 months prior to pregnancy, the mothers of FAS and
PFAS children in this population drink consistently in a binge fashion (primarily on
weekends) throughout the entire pregnancy and taper off the least in later pregnancy. Third,
on average, mothers of children with ARND drink the most per week 3 months prior to
pregnancy, and drink almost as much as the mothers of children with PFAS in the first
trimester. But overall, mothers of children with ARND cut down more in the middle and
later stages of pregnancy, yet when they do drink, they binge heavily and report spacing out
consumption throughout various days of the week. Fourth, mothers of the normal/control
children who drank during pregnancy drink the least of any of the drinking mothers (about
50% less than the mothers of FASD children) and did not drink at all during the weekdays.
Mothers of normal controls report cutting down on the drinking greatly in the second and
third trimesters, even though when they drink they binge drink. Fifth, with only a few
exceptions, average drinking during pregnancy for the mothers of FASD children form a
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spectrum from the heaviest sustained bingeing practiced by the mothers of the FAS children
to the least drinking and fewest binges among mothers of the children without FASD.

4.2 Variation in maternal drinking levels and patterns found both between and within the
diagnostic groups

Therefore, individual variation in quantity, frequency, and timing of drinking exists between
the groups of mothers in ways that one would generally expect given the severity of FASD
characteristics in the sample. Higher average quantities consumed more frequently
throughout pregnancy produce the predicted variation in diagnoses across the continuum.
But a sixth and final point can be made from these data. Variation in drinking QFT is also
striking within each group as evidenced by the large standard deviations for most every
variable (e.g. DDD) and is illustrated by the error bars in Figure 1. Drinking quantities of
individual woman are frequently similar across FASD diagnostic groups, indicating that
there are many mothers of children with ARND who drank as much or more when they
drank, especially in the 1st trimester, as did some mothers of children with FAS and PFAS.
And there are mothers of children with FAS or PFAS who drank less, especially in the first
trimester, than some of the mothers who have children with ARND or are children who are
physically and behaviorally normal. Therefore, there is individual variation among mothers
in quantity, but especially in frequency and timing.

While much of the variation in child outcomes is due to major drinking variation by QFT,
other maternal risk co-factors such as maternal age, gravidity, maternal body mass index,
nutrition, and socioeconomic status also play a significant and meaningful role. But
including these other maternal risk factors in these analyses is beyond the scope of this paper
and have been analyzed elsewhere (May and Gossage, 2011; May et al., 2007, 2008a,
2013b). It is interesting, however, that the drinking data used in the regression model explain
60 to 65% of the variance in diagnosis, which is similar to the variance in child outcomes
explained in complex structural equation models of child dysmorphology and neurobehavior
(62 to 55%) that incorporate multiple measures of risk: socioeconomic status, childbearing
history, and maternal physical variables (May et al., 2011, 2013b). Furthermore, genetic
(Khaole et al., 2004) and epigenetic variables also influence outcome. They are also beyond
the scope of these epidemiologic sample data and of this paper. In light of these findings, it
seems impossible to easily determine that there is a specific threshold level of drinking that
might be safe for any individual mother. Even by drinking exclusively in the first trimester a
woman in this sample increases the likelihood of a child with an FASD twelve fold.
Therefore, these data clearly reinforce that there is no safe level of alcohol consumption that
can be recommended for any woman at any time of pregnancy, especially in the first
trimester when many do not yet know that they are pregnant.

4.3 The effect of prenatal drinking on child physical features, cognitive skills, and behavior
Maternal drinking variables in this study, especially the binge measures, correlate
significantly with increased dysmorphology, decreased head circumference, short palpebral
fissures, and indistinct vermillion boarder. These simple physical measures/traits can
provide a clinician with clues of prenatal alcohol exposure, at least in the first trimester
(Hoyme et al., 2005; May et al., 2011). Many of the alcohol consumption measures that
combine quantity and frequency (Q/F) concepts, and therefore characterize binges, are also
substantially associated with many measures of cognitive/behavioral performance. But only
non-verbal intelligence correlates significantly at the most strict significance levels.
Furthermore, when adding timing of drinking during the pregnancy, the drinks per drinking
day (DDD) measure is associated with poor performance on cognitive and behavioral scales
in all virtually trimesters. Non-verbal IQ and attention are significantly correlated in 2 of the
3 trimesters. As has been demonstrated with other analyses and samples, prenatal alcohol
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use is more directly correlated with physical effects on children (May et al., 2011) than its
effect on neurobehavior. The effect of prenatal drinking on neurobehavior is filtered through
multiple environmental conditions in the child’s formative years such as: maternal
education, maternal health, and cognitive stimulation which are often mediated by
socioeconomic conditions (May et al., 2013b). With good postnatal conditions the brain
development of a child with FASD can improve in areas such as verbal acuity and ability to
focus attention as is demonstrated in this paper.

4.4 Assessing global risk by trimester – regression analysis findings
In this sample, drinking throughout all trimesters increases the odds of having a child with
an FASD diagnosis by 65 times over that of non-drinking mothers, while first trimester
drinking alone increases the odds 12 times. But intervention after 1st trimester drinking is
promising. When a mother ceases drinking after the first trimester it appears to decrease the
odds of an FASD child by 5 times. This finding reinforces studies of intervention where case
management and other techniques have been proven effective in preventing FASD when
introduced early or at least in the second trimester (Grant et al., 2013; May et al., 2008b, in
press).

4.5 Limitations of this study
There are limitations to this study. First, the data utilized are from one unique, population
where rates of FASD are the highest in the world, and alcohol is the exclusive drug of
choice. Social, economic and cultural conditions associated with FASD in this population
are severe and prominent. Binge drinking on weekends is normative for up to 40% of the
women in this population, while drinking moderately and during the weekday is rare. This
means that patterns of association, and possibly etiology, are robust, lend themselves well to
discovery, and are more easily determined than in other populations where maternal
drinking exists with lower prevalence, is obscured or hidden, and is likely cofounded by
other drugs of abuse. While these conditions allow us to isolate the study variable, alcohol,
its applicability to other populations may be questioned. Second, ZA mothers of this mixed
race population are rather unique regarding their physical, nutritional, socioeconomic status,
and historically unique relationship to alcohol. But, multiple studies of FASD in ZA have
demonstrated that the sample mothers are extraordinarily forthcoming and reliable in
reporting alcohol use. We think that these conditions make the link between detailed alcohol
use information and child diagnosis more accurate and valid, but the study can be criticized
for relying on self-reported information. Third, the outcome variables utilized in this study
are diagnostic variables of both child physical traits and cognitive/behavioral performance
drawn from clinical exams. While these are measured by highly experienced professionals
from multiple disciplines, and few human studies of FASD have the benefit of multiple
measures of alcohol use to pair with these specific outcome measures, some have questioned
the accuracy of specific diagnostic categories within the FASD continuum. Forth, while it
would be desirable to collect biological samples for analyzing biomarkers of alcohol and
drug use, genetic risk factors, and epigenetic influences, we did not. Therefore, more
detailed studies of the molecular influence of prenatal alcohol exposure in humans await
further study.

4.6 Conclusions
The specific quantity, frequency, and timing of prenatal exposure to alcohol that will
produce a child with a specific diagnosis within the FASD continuum varies greatly by
individual mothers, and furthermore the maternal drinking variance is demonstrated in this
study to exist both between and within FASD diagnostic categories. Binge drinking of at
least two days a week during all trimesters in this population may produce FAS or PFAS,
while mothers of children with ARND and exposed children without an FASD are most
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likely to reduce their average and peak alcohol consumption in the later trimesters. Overall,
however, regular drinking in a binge fashion is the common pattern for all mothers of
children with any of the FASD diagnoses.
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Figure 1.
Mean Drinks per Drinking Day (DDD) by Trimester and Diagnostic Group
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