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“Doc, I didn’t know | was pregnant. Does my baby have fetal

alcohol spectrum disorder?”

Commentary

Abstract

How much alcohol is “safe” during pregnancy? This is a
question for which there is no conclusive answer.
Although no mother wants to intentionally harm her baby,
the reality is that consuming alcohol during pregnancy can
lead to a variety of complex developmental disabilities,
collectively termed Fetal Alcohol Spectrum Disorder
(FASD). The precise dosimetry data for the timing and
dose of alcohol in pregnancy is unknown, but several
features of alcohol metabolism are well characterized and
have significant implications for alcohol’s deleterious
effects on the developing fetus. There are a number of
critical periods in embryonic development, which can be
brief or prolonged and that correspond to specific tissues
and structures (organ systems). Alcohol at any one of these
critical periods can have significant downstream effects on
typical fetal development. Alcohol teratogenicity does not
produce a single abnormality, but instead can lead to a
cluster of birth defects and/or neurodevelopmental
abnormalities (i.e., FASD). Each of these cognitive or
behavioral problems can vary in its expression, from severe
and obvious early in life, to subtle and apparent only years
after birth. Based on the variability among women and
their fetuses, genetics and environmental influences, it is
very unlikely that “absolute risk” for alcohol and pregnancy
will ever be established. The age-old question, “How much
is too much?”, will also remain unanswered. The best
advice: “NO exposure equals NO risk.”

Keywords:  fetal alcohol spectrum disorder (FASD),
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One of the most unanswered and unanswerable questions in
the field of reproductive health and antenatal care is, “How
much alcohol will hurt my baby?” How much alcohol is
“safe” during pregnancy? Although the question has been
evaluated extensively in both the human and animal
literature, the answer is not simple.

No mother wants to intentionally harm her baby. However,
the reality is that consuming alcohol during pregnancy can
lead to a variety of complex developmental disabilities,
collectively termed fetal alcohol spectrum disorder
(FASD). The disabilities range from mild to severe
cognitive, behavioral and psychological problems that are

persistent and can be highly debilitating. Who would want
this for a child? Nobody.

Typically, when studying the effects of drugs for treatment
or environmental agents as toxicants, the evaluation
involves defining the “dose-response” relationship, which
considers 1) the amount of the compound (dose) received
and 2) the result (response). However, this relationship in
the context of alcohol and FASD is extremely difficult to
solve because both parts of the equation are complex and
subject to endogenous (i.e., genetics) and exogeneous (i.e.,
ethnicity) influences that make it near impossible to
determine. And this is coming from the experts in the
field! No wonder there is confusion.

Generally, people do not know exactly how much alcohol
they consume. Liquor and wine are poured into glasses of
varying sizes, refilled before they are emptied, and not
often measured specifically for quantity. Most people who
drink alcohol regularly do not drink the exact same amount
on different days, nor would they remember from week to
week how much they drank. This makes it extremely
difficult to determine the precise amount of alcohol
consumed in pregnancy when patients are asked weeks or
months after the fact (Jacobson, Chiodo, Sokol, &
Jacobson, 2002). To further complicate the issue, self-
report data from women related to their alcohol
consumption during pregnancy can be unreliable in some
situations and for many reasons (Morrow-Tlucak, Ernhart,
Sokol, Martier, & Ager, 1989).

Dose

After alcohol is consumed, it is readily absorbed into the
bloodstream and distributes throughout the total body water
(vascular component) of the mother. This is a relatively
fast process. Alcohol then passes freely through the
placenta from the mother’s bloodstream into that of the
fetus. The fetus may experience a higher dose of alcohol
than the mother, because it has little to no ability to
metabolize alcohol. Instead of being metabolized, the
alcohol accumulates in the amniotic fluid—where the fetus
is exposed to it again—before it passes back across the
placenta for metabolism and excretion by the mother. This
also means that the fetus may be exposed to a higher dose
of alcohol for a longer period of time than the mother. The
elimination of alcohol by the mother depends on her
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metabolism, which can be affected by other factors such as
nutrition, genetics and body weight (Chudley, 2011;
Paintner, Williams, & Burd, 2012a).

The precise dosimetry data for the timing and dose of
alcohol in pregnancy is unknown, but several features of
alcohol metabolism are well characterized and have
significant implications for the developing fetus. The
typical blood alcohol concentration for prenatal alcohol
exposure is assessed using body weight and frequency of
drinking (Paintner et al., 2012a). Persistent alcohol use
increases tolerance, which can result in very high blood
alcohol concentrations for some individuals. Another key
factor is the effect of drinking on consecutive days, when
the second exposure episode begins before the blood
alcohol concentration from the previous drinking episode
has reached zero. In these situations, a higher blood
alcohol concentration for the second episode will result,
leading to an extended period of exposure for the fetus.

Because alcohol readily absorbs into the bloodstream after
consumption and freely passes through the placenta to the
fetal compartment, the fetus reaches the same blood alcohol
concentration as the mother within minutes. However, the
level at which prenatal alcohol damage can be routinely
observed based on peak blood alcohol concentration,
number of episodes of exposure, total area under the
exposure curve over pregnancy, or number of standard
drinks across pregnancy (cumulative exposure) remains
unknown (Paintner et al., 2012a). The consumption of five
drinks over a two-hour period once a week for a woman
weighing 130 pounds (i.e., blood alcohol concentration of
0.16) has been proposed as an important threshold for
adverse outcomes (Abel, 1998). Currently, the pregnancy
exposure data that is relevant to the severity of symptoms
in offspring include 1) level of drinking before pregnancy
(since about 50% of pregnancies are unplanned, this results
in early gestational exposure, often to binge episodes of
drinking); 2) number of binge episodes; 3) number of
standard drinks during pregnancy (a standard drink is
defined as 14 g of ethanol); 4) number of days exposed (an
increase in days of exposure increases the number of key
gestational periods of risk where exposure occurs); and 5)
total area under the exposure curve during pregnancy
(Paintner et al., 2012a).

The timing of prenatal alcohol exposure during fetal
development is also an important issue. There are a
number of critical periods in embryonic development,
which can be brief or prolonged and that correspond to
specific tissues and structures (organ systems). Alcohol at
any one of these critical periods can have significant
downstream effects on typical fetal development. Data
from animal studies and some research in humans
demonstrate that organs and tissues that are developing at
the time of alcohol exposure are particularly susceptible to
the teratogenic effects of alcohol (Clarren, 1986; Michaelis,
1990; Sulik, Johnston, & Webb, 1981).

Alcohol-induced damage, however, can occur through
many different mechanisms (Abel & Hannigan, 1995) at
different times during pregnancy. This means that a dose
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of alcohol at one point during pregnancy can be
significantly more harmful than the same dose at another
time. Unfortunately, most of these critical periods in
gestation have not been established definitively. Even if
they were, most women do not know the exact day or hour
of conception and there are slight variations in the timing of
fetal development.

Beyond factors related to amount, frequency and timing of
maternal  alcohol ~ consumption,  recent  research
developments suggest that fetuses may differ in their
genetic susceptibility to the effects of prenatal alcohol
exposure. Twin studies demonstrate that identical twins
seem to be similarly damaged by alcohol while fraternal
twins may have very different results, where one twin is
more severely affected than the other (Chudley, 2011).

Response

While the dose is difficult to precisely gauge, so too is the
response. Alcohol teratogenicity does not produce a single
abnormality; rather, it can lead to a cluster of birth defects
and/or neurodevelopmental abnormalities (i.e., FASD).
Each of these cognitive or behavioral problems can vary in
its expression, from severe and obvious early in life, to
subtle and apparent only years after birth. While many
studies have focused on children with FASD, others have
involved adults with prenatal alcohol exposure, to try to
identify the associated long-term neurodevelopmental
abnormalities.

While the search to characterize the FASD phenotype
continues (Kodituwakku, 2007, 2009; Nash, Sheard, Rovet,
& Koren, 2008; Nash et al., 2013), contributing factors
have emerged from extensive neurocognitive and
behavioral assessments. Because prenatal alcohol exposure
can affect brain development via numerous pathways and at
all stages from neurogenesis to myelination, there are a
number of diverse outcomes that can result.
Neuropsychological functions such as spatial processing
(Mattson et al., 2010), concept formation and conceptual
set shifting (McGee, Schonfeld, Roebuck-Spencer, Riley,
& Mattson, 2008), memory (Green et al., 2009; Pei, Job,
Kully-Martens, & Rasmussen, 2011), sensory modulation
(Atchison, 2007), attention (Lee, Mattson, & Riley, 2004)
and social skills (Kully-Martens, Denys, Treit, Tamana, &
Rasmussen, 2012) are all sensitive to prenatal alcohol
exposure; mental health problems are also commonly
associated with an FASD diagnosis (Fryer, McGee, Matt,
Riley, & Mattson, 2007; Pei, Denys, Hughes, &
Rasmussen, 2011). These types of changes in brain and
behavior resulting from prenatal alcohol exposure have
been reviewed extensively in the FASD literature
(Kodituwakku, 2009; Malone & Koren, 2012; Nash et al.,
2008; Paintner, Williams, & Burd, 2012b; Riley, Infante, &
Warren, 2011). Differences in sensory processing abilities,
adaptive behavior and neurocognitive function in children
with partial FAS (pFAS), alcohol-related neuro-
developmental disorder (ARND) and prenatal exposure to
alcohol (PEA) have been compared and contrasted (Carr,
Agnihotri, & Keightley, 2010).  Regardless of the
diagnosis, a broad range of functional difficulties were
observed underscoring the need to conduct a range of
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standardized neuropsychological tests that will reveal
individual patterns of cognitive dysfunction. Recently,
there has been a shift in the approach to identifying a
neurocognitive profile for children with prenatal alcohol
exposure (PAE) (Quattlebaum & O'Connor, 2012). Instead
of a specific profile, current views favour a "generalized
deficit" conceptualization marked by diffuse information
processing and integration difficulties. After undergoing a
comprehensive, multi-informant assessment of neuro-
cognitive, emotional, social, behavioral, and adaptive
functioning, and, not surprisingly, children with FASD
performed considerably more poorly than the non-exposed
control group. Significantly, no differences were found
across FASD subtypes, providing evidence to support the
emerging generalized deficit conceptualization theory for
PEA.  Despite these and other findings that have
contributed to the field, no one study to date has followed
alcohol-exposed children over the lifetime with sufficient
objective tests to truly establish the relationship between
any dose or pattern of alcohol consumption and individual
outcomes.

“Doc, | didn’t know | was pregnant. Does my
baby have fetal alcohol spectrum disorder?”

To get back to where we started, how should “we” manage
women of childbearing age around issues of prenatal
exposure to alcohol? What are the recommendations?
What do we know conclusively? Based on the variability
among women and their fetuses, genetics and
environmental influences, it is very unlikely that “absolute
risk” for alcohol and pregnancy will ever be established.
The age-old question, “How much is too much?”, will also
remain unanswered.

The best advice: “NO exposure equals NO risk.”
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