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The adverse effects of prenatal alcohol consumption have long been known; however, a formal
description and clinical diagnosis of these effects was not introduced until 1973. Since then, the
distinction of the wide range of effects that can be induced by prenatal alcohol exposure, and,
consequently, the terminology to describe these effects has continued to evolve. Although much progress
has been made in understanding the consequences of prenatal alcohol exposure, challenges still remain
in properly identifying all affected individuals as well as their individual patterns of alcohol-induced
deficits. Also, as the large numbers of women who continue to drink during pregnancy indicate,
prevention efforts still require further refinement to enhance their effectiveness. In addition, the
mechanisms underlying alcohol-induced damage have not yet been fully elucidated; as knowledge of
the mechanisms underlying alcohol-induced deficits continues to grow, the possibility of minimizing
potential harm by intervening during prenatal alcohol exposure is enhanced. Finally, researchers are
exploring additional ways to improve or fully restore behavioral and cognitive functions disrupted by
prenatal alcohol exposure by treating the individuals with fetal alcohol spectrum disorders, thereby
reducing the heavy burden for affected individuals and their families. Ky WORDS: Fetal alcobol spectrum
disorders; fetal alcohol syndrome; fetal alcohol effects; maternal alcohol consumption; prenatal alcohol exposure;
pregnancy; alcohol related birth defects; developmental disorders; diagnosis; research; alcohol-related

neurodevelopmental disorder

A lthough the effects of alcohol
consumption on pregnancy
outcomes have been observed
throughout history, alcohol’s ability

to interfere with embryonic and fetal
development (i.c., teratogenicity) was
not recognized until the lacter half of
the 20th century. Alcohol now is recog-
nized as the leading preventable cause
of birth defects and developmental
disorders in the United States (Bailey
and Sokol 2008). The severity of birth
defects resulting from exposure of the
developing embryo or fetus to alcohol
is determined by multiple factors,
including genetic background, timing
and level of alcohol exposure, and
nutritional status (Guerri et al. 2009;
Warren and Li 2005). The most serious
adverse consequence of prenatal alcohol
exposure is fetal alcohol syndrome (FAS),
which has an estimated prevalence that
ranges from 0.5 to 7.0 cases per 1,000

births in the United States (May and
Gossage 2001; May et al. 2009). More-
ovet, many children who have been
exposed to large amounts of alcohol
prenatally may exhibit alcohol-related
brain and behavioral abnormalities but
are not diagnosed with FAS because
they do not show the abnormal facial
features. This range of deficits now is
referred to as fetal alcohol spectrum
disorders (FASD) and is estimated to
occur in 1 percent of births (Sampson
etal. 1997), although some have sug-
gested that the rate is much higher
(May et al. 2009). The disabilities asso-
ciated with FASD can persist through-
out life and place heavy emotional and
financial burdens on individuals, families,
and society.

This is the third issue of Alcohol
Research ¢ Health and its predecessor,
Alcohol Health ¢ Research World, to
address the problems resulting from

prenatal alcohol exposure (National
Institute on Alcohol Abuse and
Alcoholism [NTAAA] 1994, 2001),
and it is clear that although significant
progress has been made, many chal-
lenges remain. For example, researchers
have made progress both in under-
standing the mechanisms of how
alcohol damages the fetus, including
epigenetic influences, and in the
potential prevention of such damage
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through the development of pharma-
cotherapeutic interventions. Never-
theless, too many pregnant women
continue to drink and too many
nonpregnant women in their child-
bearing years drink in risky patterns
that place themselves and their potential
progeny at high risk for negative health
outcomes, making prevention and
intervention strategies a high priority.
This article tracks the changing
concepts and refinements in diagnoses
that have occurred since the first
description of FAS in 1973; next, it
highlights some of the research advances
made in recent years in diagnosing
the effects of fetal alcohol exposure,
elucidating the mechanisms through
which alcohol exerts its detrimental
effects, preventing prenatal alcohol
exposure, and developing treatments
for affected individuals. These high-
lights underscore the fact that although
knowledge of the consequences of
fetal alcohol exposure and their
underlying mechanisms has expanded
significantly, the field still faces con-
tinuing challenges, and the goal of
ameliorating these life-long conse-
quences has not yet been accomplished.

D1AGNOSING THE EFFECTS OF
FETAL ALCOHOL EXPOSURE

As can be expected in any scientific or
medical field, the terminology used
to define and diagnose the adverse
effects of prenatal alcohol exposure
has evolved since the first formal
description of FAS (Jones and Smith
1973; Lemoine et al. 1968). The
only diagnosis of an effect of prenatal
alcohol exposure that currently is
widely accepted remains the full
presentation of FAS. Despite some
refinements, the essential diagnostic
criteria for FAS have changed very
lictle since they were first described
in the literature (Centers for Disease
Control and Prevention [CDC] 2004;
Warren and Foudin 2001). Several
significant attempts have been made
over the years to categorize the effects
of prenatal alcohol exposure that do
not meet guidelines for FAS. The
criteria for diagnosing FAS and other

terms developed by consensus among
stakeholders (e.g., researchers, Federal
agencies, medical organizations,
patient advocacy organizations, etc.)
to describe the wide range of effects
of prenatal alcohol exposure are sum-
marized in the following paragraphs.

Terminology Used to Describe
Alcohol’s Effects

The evolution in the understanding
of alcohol’s effects on the fetus has
resulted in a variety of (sometimes
overlapping) terms that have been used
to characterize the range of alcohol’s
potential effects. These include FAS,
partial FAS (pFAS), fetal alcohol effects
(FAE), alcohol-related birth defects
(ARBD), alcohol-related neurodevel-
opmental disorder (ARND), and fetal
alcohol spectrum disorders (FASD).

FAS. A diagnosis of full FAS is made
if the following three primary defining
features are present:

e Documentation of characteristic
facial abnormalities (smooth
philtrum, thin vermillion border,
and short palpebral fissures)

(see figure);

* Documentation of prenatal and
postnatal growth deficits; and
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¢ Documentation of central nervous
system (CNS) abnormalities (i.e.,
structural, neurological, or behav-
ioral, or a combination thereof).

FAE. The term suspected “fetal alcohol
effects” (FAE) was introduced in 1978
as a label for the negative outcomes
of alcohol exposure during pregnancy
that failed to meet all the criteria for
FAS (Clarren and Smith 1978). In
1980, this designation was reaffirmed
by the Research Society on Alcoholism’s
Fetal Alcohol Study Group (FASG)
(Rosett 1980). However, two prob-
lems developed with the use of this
terminology. First, researchers began
to use terms such as “suspected FAE”
in the literature as a diagnosis rather
than as a “bookmark” that merely
suggests that the abnormalities seen
in the child were compatible with
those caused by prenatal alcohol
exposure but were not sufficient for a
diagnosis of FAS (Aase et al. 1995).
Second, the term FAE was too broad
and began to be used indiscriminately
by clinicians and other entities (e.g.,
health and other care providers and
agencies) eager to obtain needed ser-
vices for their patients, clients, and
children (Aase et al. 1995; Hoyme

et al. 2005). The FASG subsequently
strongly discouraged the use of the
term FAE in scientific publications
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(Sokol and Clarren 1989), and, even-
tually, the authors of the article that
originally had proposed the term FAE
recommended abandoning its use in
clinical settings (Aase et al. 1995).

ARBD and ARND. At its 1987
meeting, the Research Society on
Alcoholism’s FASG attempted to
agree on a more precise terminology
for describing alcohol’s broad effects
on the fetus. Although this attempt
was not successful, the group did
reaffirm the diagnostic criteria for

the FAS and suggested that the term
“alcohol-related birth defects” (ARBD)
be used to describe “observed anatomic
or functional outcome to the impact
of alcohol on the offspring” (Sokol and
Clarren 1989, p. 598). Subsequently,
ARBD came to refer more specifically
to physical anomalies associated with
prenatal alcohol exposure (Stratton et
al. 1996, see below).

The term “alcohol-related neurode-
velopmental disorder” (ARND) is
used to describe individuals with
confirmed prenatal alcohol exposure
who exhibit CNS neurodevelopmental
abnormalities and/or evidence of
complex patterns of behavioral or
cognitive abnormalities that cannot
be explained by other genetic or
environmental factors (Chudley et al.
2005; Hoyme et al. 2005; Stratton,
et al. 1996). Because they do not
exhibit the physical features associated
with prenatal alcohol exposure, indi-
viduals with ARND may be more
challenging to recognize and differen-
tiate from individuals with other
developmental disorders. The eluci-
dation of patterns of neurobehavioral
effects of prenatal alcohol exposure
that will facilitate identification is an
ongoing goal (for more information,
see the articles by Coles, pp. 42-50,
and by Mattson and Riley, pp. 51-55,
in this issue).

The terms ARBD and ARND
are used as one of five diagnostic cat-
egories recommended by the Institute
of Medicine (IOM) in a 1996 report
(Stratton et al. 1996). These cate-
gories include the following:

* FAS with a history of maternal
alcohol exposure;

* FAS without a history of maternal
alcohol exposure;

* DPartial FAS with a history of maternal
alcohol exposure, which includes
people with signs and symptoms
attributable to significant prenatal
alcohol exposure who need medical,
social services, and other attention
but who would not receive a diag-
nosis of FAS with confirmed mater-
nal alcohol exposure;

* ARBD, which refers to people with
alcohol-related physical anomalies
only; and

* ARND, which refers to people who
manifest neurodevelopmental, cog-
nitive, or behavioral abnormalities
attributable to prenatal alcohol
exposure.’

In this diagnostic scheme, ARBD,
along with partial FAS and ARND,
constitute the broad category of
alcohol-related effects—that is, clinical
conditions that clearly have been linked
(through clinical or animal studies)
to maternal alcohol ingestion. These
categories, along with the specific
IOM-recommended diagnostic criteria
for FAS and alcohol-related effects,
were described fully in the previous
issue of Alcohol Research ¢ Health
focusing on these outcomes (Warren
and Foudin 2001) that is available on
the NIAAA Web site at heep://pubs.
niaaa.nih.gov/publications/arh25-3/
153-158.htm.

FASD

In 2003, the National Task Force

on Fetal Alcohol Syndrome and Fetal
Alcohol Effect (NTF FAS/FAE), a
Federal advisory committee with
membership from across several Federal
health agencies and the public, devel-
oped guidelines for the diagnosis

of FAS. The product, Fetal Alcohol
Syndrome: Guidelines for Referral and

]According fo this classification, a person can manifest both ARBD
and ARND, without, however, meeting the criferia for full FAS.

Diagnosis, provided detailed standard
diagnostic criteria for the facial
abnormalities, growth deficits, and
CNS abnormalities of FAS and was
intended to promote consistency in
diagnosis for clinicians, scientists, and
service providers (Bertrand 2004).
The Guidelines also included a con-
sensus statement on the definition of
FASD that was developed at an April
2004 summit. That statement, provided
below, included input from Federal
agencies and experts in the field and was
sponsored by the National Organization
on FAS (Bertrand 2004, p. 4):

“Fetal alcohol spectrum disorders
(FASD) is an umbrella term describ-
ing the range of effects that can occur
in an individual whose mother drank
alcohol during pregnancy. These
effects may include physical, mental,
behavioral, and/or learning disabilities
with possible lifelong implications.
The term FASD is not intended for
use as a clinical diagnosis.”

Diagnostic Criteria for Describing
the Consequences of Prenatal
Alcohol Exposure

Several major published sets of diagnos-
tic criteria for FAS and other negative
effects of prenatal alcohol exposure
currently are being used to identify
and describe individuals exposed to
alcohol prenatally. The IOM guidelines
(Stratton et al. 1996) proposed a set
of descriptions for the five disease
categories outlined in the guidelines;
however, these descriptions were not
operationalized for use in clinical
settings. A more detailed diagnostic
system, commonly referred to as
either the 4-Digit Code or the
Washington Criteria, was developed
by Astley and Clarren (2000). In
2005, Hoyme and colleagues (2005)
published a more refined set of diag-
nostic criteria, derived primarily from
those of the IOM, that are intended
to be more applicable to clinical pedi-
atric practice (Hoyme et al. 2005).
Likewise, the Public Health Agency of
Canada’s National Advisory Committee
on Fetal Alcohol Spectrum Disorder
issued a set of diagnostic guidelines
(Chudley et al. 2005). A comparison
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summary of these diagnostic schemara,
including the guidelines generated by
the National Task Force on Fetal
Alcohol Syndrome and Fetal Alcohol
Effect (Bertrand et al. 2004) is shown
in the table.

The terminology used in describing
and diagnosing the consequences of
prenatal alcohol exposure continues
to be fluid, as can be expected in any
area of medicine, and likely will con-
tinue to evolve as new and more
refined evidence becomes available.

PROGRESS AND CHALLENGES
FOR FASD RESEARCH

Case Ascertainment

As a result of the refinements in clinical
criteria for diagnosing FAS and other
effects of prenatal alcohol exposure
over the past 35 years, the ascertain-
ment of cases for both clinical and
research purposes has improved.
Nonetheless, the subtle nature of
some of the dysmorphic features asso-
ciated with prenatal alcohol exposure
continues to pose difficulties, particu-
larly for diagnosis in infancy. Failure
to recognize alcohol-related dysmor-
phology and resultant underreporting
may interfere with affected individuals
receiving appropriate medical and
social services. Advances in three-
dimensional computer recognition
of FAS dysmorphology, using algo-
rithms for feature detection from
facial images (Fang et al. 2008) and
stereo photogrammetry (Mutsvangwa
et al. 2009), are promising tools that
eventually may improve diagnosis,
particularly among populations who
do not have access to a specialist
trained in recognizing dysmorphology.
(For more information on the three-
dimensional analysis of FASD fea-
tures, see the sidebar by Wetherill and
Foroud, pp. 38-41, in this issue.)
Another key challenge facing clini-
cians is the ability to identify FASD
when no or only partial dysmorphic
features are present. Although computer-
generated imaging may detect subtle
dysmorphology, biomarkers that indi-
cate exposure to alcohol during the

prenatal period would provide an
additional tool to identify individuals
with FASD and to better relate alcohol
exposure parameters with outcomes.
The majority of alcohol ingested by
the mother and the fetus eventually is
oxidized to carbon dioxide and water,
neither of which could serve as a mark-
er for alcohol exposure. Recently,
however, there have been advances in
methodologies to measure breakdown
products (i.e., metabolites) of alcohol
that are produced when alcohol is
broken down through other pathways
(Burd and Hofer 2008; Pragst and
Yegles 2008). These metabolites persist
in various tissues (e.g., blood, urine,
and hair) for multiple days to weeks
after alcohol exposure, providing new
opportunities for monitoring alcohol
exposure in either the newborn or the
mother. Other potential biomarkers
include those that derive from alcohol-
induced alterations in the individual’s
metabolic, proteomic, or epigenetic
profile. Although continued use and
refinement of maternal drinking
questionnaires (e.g., the T-ACE or
AUDIT-C) will provide valuable
information regarding alcohol expo-
sure levels, reliable biomarkers that
eliminate the need to depend on
self-reporting of alcohol consumption
during pregnancy will enhance both
diagnosis and understanding of the
relationship between alcohol exposure
levels and outcome, particularly
because self-report data may be inac-
curate or unavailable. Furthermore,
biomarkers reflecting altered biochemical
profiles also may help to describe the
extent of the FASD injury itself. (For
more information, see Bakhireva and
Savage, pp. 5663, in this issue.)

Consequences of Prenatal Alcohol
Exposure

A better understanding of the physical,
neurological, and behavioral patterns
of alcohol’s effects also can help
improve diagnosis of affected individ-
uals. For example, elucidation and
enhanced understanding of specific
neurodevelopmental consequences

of prenatal alcohol exposure would
enhance the clinicians’ ability to dis-
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tinguish FASD from other develop-
mental disabilities. Comparisons with
other developmental disorders are key
for generating diagnostic tools that are
both sensitive and specific (see Coles,
pp- 42-50 and Mattson and Riley,
pp- 51-55, in this issue).? Moreover,
recognizing the relative strengths and
weaknesses in patients’ cognitive/
behavioral profiles will help researchers
and treatment providers design interven-
tions that target weaknesses while using
strategies that engage existing strengths.
Imaging technologies, such as mag-
netic resonance imaging (MRI), are
helping to elucidate alcohol’s neuro-
pathological effects. Because of the
lifelong learning and neurobehavioral
deficits that characterize FAS and other
types of FASD, the CNS unquestion-
ably is the most critical system
adversely affected by prenatal alcohol
exposure. Imaging and neurobehavioral
research in individuals with FASD
have revealed that some brain regions
are particularly sensitive to prenatal
alcohol exposure, whereas other areas
apparently are relatively more spared.
Particularly vulnerable regions include
the frontal cortex, caudate, hippocampal
formation, corpus callosum, and
components of the cerebellum, includ-
ing the anterior cerebellar vermis. One
technology that is relatively new for
analyzing the effects of prenatal alcohol
exposure is a specific form of MRI
called diffusion tensor imaging (dcMRI).
This technique allows investigators to
visually track changes in bundles of
nerve fibers (i.e., white matter tracts)
in the brains of humans at any age.
These tracts now are known to be
adversely affected by prenatal alcohol
exposure and may relate to alterations
in information processing. In addi-
tion, another MRI technology called
functional MRI (fMRI) is being used
to link behavioral and cognitive
deficits with alterations in the func-
tioning of certain CNS regions.

2The sensitivity of a diagnostic tool is a measure of how often

it correctly identifies patients with a given condition (i.e., the propor-
fion of people with the condition who are correcily identified as
such); conversely, the specificity is a measure of the tool's ability to
correctly identify patients who do not have the condition of interest
(i.e., individuals with a developmental disorder that is not FASD).
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Table Summary and Comparison of the Various Diagnostic Schemas for Prenatal Alcohol Related Disorders

4-Digit Code®

Revised I0M®

Canadian’

National Task Force
on FAS/FAE®

FAS
Facial
Characteristics

Growth
Refardation

Central
nervous
system (CNS)
involvement

Alcohol
Exposure

Partial FAS
Facial
Characteristics

Growth
Refardation

Central
nervous
system (CNS)
involvement

Simultaneous presentation
of short palpebral fissures
(=2 SDs), thin vermillion
border, smooth philfrum.

Height or weight <10th
percentile.

Head circumference (occipital-
frontal circumference [OFC])
=2 SDs below norm or
significant abnormalities in
brain sfructure or evidence of
hard neurological findings or
significant impairment in three or
more domains of brain function
(=2 SDs below the mean) as
assessed by validated and
standardized fools.

Confirmed or not confirmed.

Short palpebral fissures (<2
SDs) and either a smooth

philfrum or thin vermillion

border, with the other being
normal OR palpebral fissure
(=1 SD) and both a smooth
philtrum and thin vermillion.

Not required

Same as for FAS

Two of the following: short
palpebral fissures (<10th
percentile), thin vermillion
border, smooth philfrum.

Height or weight <10th
percentile.

Head circumference (OFC)
<10th percentile or structural
brain abnormality.

Confirmed or not confirmed.

Two or more of the following:
short palpebral fissures (<10th
percentile), thin vermillion
border, smooth philfrum.

Either height or weight
<10th percentile OR
(see CNS involvement).

Head circumference <10th
percentile or structural brain
abnormality or behavioral
and cognitive abnormalities
inconsistent with develop-
mental level.

Simultaneous presentation
of short palpebral fissures
(=2 SDs), thin vermillion
border, smooth philfrum.

Height or weight or dispro-
portionately low weight-to-

height ratio (=10th percentie).

Evidence of three or more
impairments in the following
CNS domains: hard and soff
neurologic signs; brain struc-
ture; cognition; communica-
tion; academic achievement;
memory; executive function-
ing and abstract reasoning;

attention deficit/ hyperactivity;

adaptive behavior, social
skills, social communication.

Confirmed or not confirmed.

Two or more of the following:
short palpebral fissures, thin
vermillion border, smooth
philtrum.

Not required

Same as for FAS

Simultaneous presentation
of short palpebral fissures
(=10th percentile), thin
vermillion border, smooth
philtrum.

Height or weight <10th
percentile.

Head circumference (OFC)
<10th percentile or sfructural
brain abnormality or neuro-
logical problems or other soft
neurological signs outside
normal limits or functional
impairment as evidenced by
global cognitive or intellectual
deficits, below the 3rd percentile
(2 SDs) below the mean or
functional deficits below the
16th percentile (1 SD) below
the mean in at least three
domains: cognitive or devel-
opmental markers, executive
functioning, motor, social
skills, attention/hyperactivity,
and other (i.e. sensory,
memory, language).

Confirmed or not confirmed.

Not proposed
Not applicable

Not applicable

Not applicable
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Table Continued

National Task Force

4-Digit Code® Revised I0M® Canadian’ on FAS/FAE®
Alcohol Confirmed Confirmed or not confirmed Confirmed Felt that there was insufficient
Exposure data to provide guidance for
this diagnosis. Formed group
fo discuss.
ARND Does not propose this diag- Not applicable
nostic category, but rather
has several categories
assessing functional deficits.
Central Same as for FAS Either 1) structural brain Same as for FAS Not applicable
nervous anomaly or OFC <10th
system percentile or 2) evidence of a
involvement complex pattern of behavioral
or cognitive abnormalifies
inconsistent with developmental
level that cannot be explained
by genefics, family background
or environment alone.
Alcohol Confirmed Confirmed Confirmed Not applicable
Exposure
Notes The 4-Digit Code provides an Alcohol exposure is defined Alcohol exposure is defined Alcohol exposure levels are

assessment of effects in four
areas (growth, face, CNS,
and alcohol exposure) that
results in 256 different codes

and 22 diagnostic categories.

A specific paftern or level

of alcohol exposure is not
required, just that alcohol
exposure is confirmed or not.

as a pattern of excessive
intake or heavy episodic
drinking.

as a pattern of excessive infake
or heavy episodic drinking.

A domain is considered
“impaired” when on a stan-
dardized measure: Scores
are =2 SDs below the mean,
or there is a discrepancy

of af least 1 SD between
subdomains or there is a
discrepancy of at least 1.5-2
SD among subtests on a
measure.

not defined, but the authors
cite evidence of alcohol expo-
sure based upon clinical
observation; self-report;
reports of heavy alcohol use
during pregnancy by a reliable
informant; medical records
documenting positive blood
alcohol levels, or alcohol
freatment; or other social,
legal, or medical problems
related to drinking during
pregnancy.

1. All of the diagnostic schemes assume that genetic or medical causes have been ruled out and that appropriate norms are used when available.

2. All of the diagnostic schemes use the University of Washington Lip-Philtrum Guide (http://depts.washington.edu/fasdpn/htmlis/lip-philirum-guides.him).

3. For palpebral fissure norms, the 4-Digit Code uses Hall ef al. 1989, Hoyme ufilizes Thomas et al. 1987, and Chudley provides both the Thomas and Hall charts; the National Task Force
guidelines do not mention which chart o use. Hall recently wrote that her charts underrepresented normal palpebral fissure length (Hall 2010) and should be replaced by those from Clarren et al. 2010.

4. Note that < 2 SD = 2.3rd percentile in a normal distribufion

5. Asfley and Clarren 2000
6. Hoyme ef al. 2005

7. Chudley et al. 2005

8. Berfrand et al. 2004

SOURCE: Modified with permission from Riley et al. 2011.
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Other imaging techniques, such
as magnetic resonance spectroscopy
(MRS), positron emission tomography
(PET), and single-photon emission
computed tomography (SPECT)
indicate that prenatal alcohol exposure
alters metabolite levels and ratios,
cerebral blood flow, and brain signal-
ing (i.e., neurotransmitter) systems—
changes that may be evident even in
the absence of gross morphological
changes. Moreover, brain imaging
may be useful for detecting neuro-
pathology early in development, and
prenatal and/or neonatal ultrasound
analyses may be used to identify
developmental disruptions, thereby
helping to improve early diagnosis
and intervention efforts. Finally,
functional neuroimaging studies also
may become useful in contributing to
the diagnosis of children with FASD
as well as monitoring the efficacy of
various interventions (for more infor-
mation, see the article by Nufiez and
colleagues, pp. 121-131 in this issue).

Researchers also are using brain-
imaging techniques in animal studies
of FASD. Three-dimensional brain
reconstruction using imaging tech-
nologies provides a powerful tool
to complement standard techniques
looking at stained tissue slices (i.c.,
histological techniques). In animal
models, these strategies allow investi-
gators to directly manipulate alcohol
exposure parameters and measure the
resultant neuropathology. For example,
the extent of damage to any brain
area may be related to the timing of
alcohol exposure relative to develop-
mental processes (i.e., neurogenesis)
that are occurring in that particular
brain region, as well as to the overall
stage of embryonic development
(Guerri et al. 2009). Manipulation
of such variables is helping researchers
to better account for variability
observed in outcomes of individuals
with FASD. Moreover, measures that
are similar to those obtained in clinical
studies now also can be obtained in
animal models, facilitating translation
of findings among species. (see O’Leary-
Moore et al., pp. 99-105, in this issue).

Mechanisms of Alcohol’s
Prenatal Effects

Alcohol seems to have many distinct
actions through which it can induce
harm to the developing embryo and
fetus and which, depending on the
developmental timing of exposure,
contribute to the variability of outcomes
observed across the spectrum of pre-
natal alcohol effects. Animal models
are providing important insights into
how alcohol causes both structural
and functional damage. Evidence for
alcohol-induced alterations has been
found throughout pregnancy, even

as early as the embryonic stage of
development. For example, using an
embryonic frog model representing
very carly gestation, researchers
demonstrated that alcohol can induce
developmental injury by decreasing
the expression of several key genes
necessary for development (Yelin et
al. 2007). This reduced gene expression
results in outcomes consistent with
those seen in FAS, including smaller
head size (i.e., microcephaly), abnormally
small eyes (i.e., microphthalmia) and
other ocular abnormalities, overall
growth retardation, and delayed gut
development. Furthermore, Yelin and
colleagues (2007) demonstrated that
highly reactive oxygen-containing
molecules (i.e., reactive oxygen species)
and potentially reactive nitrogen species
are involved in the mechanisms by
which alcohol causes these develop-
mental effects. Consistent with these
observations, the antioxidant ascorbic
acid (vitamin C) can protect against
alcohol-related microcephaly and
overall growth impairment (Peng et
al. 2005).

Programmed cell death (i.e., apopto-
sis) is an essential process for normal
development. If, however, apoptotic
events occur too early, too late, or in
excess, the developmental trajectory
can be altered. Both in vivo and in
vitro studies have demonstrated that
oxidative stress induced by alcohol may
cause apoptosis, in part by reducing
the cells’ levels and activity of antioxi-
dants. These findings have led inves-
tigators to test whether antioxidants
could prevent fetal alcohol injury.

The results of such studies to date have
been mixed but demonstrate that
some antioxidants can partially protect
against alcohol-induced developmental
damage (Da Lee et al. 2005).
Another important functional system
altered by prenatal alcohol exposure
is the L1 cell adhesion system. Like
other adhesion molecules, the L1 cell
adhesion molecule (L1ICAM) helps
cells bind with each other or with
other large molecules outside the cell,
thereby guiding the growth of cells and
ensuring the formation of functional
tissues. It is interesting to note that
children who are born with mutations
involving the L1 molecule develop
birth defects similar to those seen in
children with FAS (Yeaney et al. 2009).
Studies found that even low alcohol
concentrations, such as those resulting
after consumption of one drink, can
interfere with the ability of LICAM
to mediate cell adhesion and axonal
growth (Ramanathan et al. 1996).
These findings illustrate that alcohol
can interfere with communication
among cells and molecules during
development and indicate additional
targets for intervention to prevent or
ameliorate alcohol-related birth defects.
In addition to alcohol directly dis-
rupting development, there also is
evidence that alcohol withdrawal may
be damaging to the developing fetus.
This pathway of damage may involve
the brain-signaling molecule (i.e.,
neurotransmitter) glutamate and the
molecules (i.e., receptors) with which
it interacts, specifically a receptor called
the N-methyl-D-aspartate (NMDA)
receptor. Alcohol may acutely block
NMDA receptors, to which the body
responds by increasing the activity of
those receptors in order to compensate
for alcohol’s effects. When the alcohol
is withdrawn, however, this compen-
sation results in an overactivation of
NMDA receptors. In fact, adminis-
tration of various agents that prevent
NMDA receptor activation (i.e.,
NMDA receptor antagonists), including
MK-801, eliprodil, agmatine, and
memantine, during the withdrawal
period can protect against neuropathol-
ogy and behavioral deficits associated
with developmental alcohol exposure
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(Lewis et al. 2007; Thomas et al.
2001, 2004).

Finally, prenatal alcohol exposure
may exert its harmful effects via epi-
genetic mechanisms. These are mech-
anisms that alter the activity (i.e.,
expression) of certain genes without,
however, changing the genes’ DNA
sequence. Examples of epigenetic
mechanisms include methylation of
the DNA and/or changes to the way
the DNA is packaged in the cell’s
nucleus in the form of DNA—protein
complexes (i.e., chromatin). Alcohol-
induced epigenetic changes during
the prenatal period might account for
some of the deleterious effects result-
ing from prenatal alcohol exposure
(for more information, see the article
by Kobor and Weinberg, pp. 29-37
in this issue.)

In summary, it is clear that alcohol
disrupts developmental processes
through multiple sites of action.
Establishing the mechanisms through
which alcohol causes FASD and
applying this knowledge to the preven-
tion and treatment of these disorders is
an ongoing challenge for scientists.

Prevention and Intervention

Despite health warnings issued by

the Federal Government since 1977
(Food and Drug Administration
1977, 1981; U.S. Surgeon General
2005), including point-of-sale warning
signs and bottle labeling, women
who are pregnant and women of
childbearing age continue to drink and
to drink in patterns that significantly
increase risk for FASD among their
offspring. Among women who are in
their childbearing years who might
become pregnant, 55 percent reported
using alcohol in the previous month,
12.4 percent reported consuming five
or more drinks on one occasion (i.e.,
binge drinking), and 13.1 percent
reported either drinking seven or more
drinks in a week or binge drinking
(ie., frequent use) (Rasmussen et al.
2009). This particularly is important
for nonpregnant women of childbear-
ing age because one-half of pregnancies
in the United States are unplanned
(Finer and Henshaw 20006). In these

cases, 2 woman may be unaware that
she is pregnant and therefore may
continue to drink during the early
stages of pregnancy, placing her fetus
at risk for FASD. In a recent analysis of
data from the Behavioral Risk Factor
Surveillance System surveys, the
CDC (2009) found that the preva-
lence of previous month alcohol use
and binge drinking among pregnant
and nonpregnant women of child-
bearing age did not change substan-
tially from 1991 to 2005. In another
study, when women were asked about
drinking at any time during pregnancy
(rather than during the past 30 days),
30.3 percent of women reported
drinking at some time during preg-
nancy and 5.7 percent reported binge
drinking (Rasmussen et al. 2009).
There clearly is a need to bridge the
gap between knowledge and behavior.
Understanding why some women
continue to drink even when they
know that it may be potentially
harmful remains a key challenge, as

is the identification of effective inter-
ventions to reduce the risk of a child
developing FASD.

Prevention methods may be
improved by identifying factors that
convey protection from or increase
risk of FASD. Identification of such
factors not only may help elucidate
the mechanisms of alcohol-induced
birth defects but may help target
prevention and intervention strategies
to populations at highest risk. For
example, genetic factors can influence
the extent of adverse pregnancy out-
come in both humans and animal
models. Animal research has shown
that the genetic profiles of the mother
and the fetus are important for deter-
mining the potential for risk of
alcohol-related physical birth defects,
prenatal mortality, and learning and
other neurobehavioral deficits in the
offspring (for more information, see
the article in this issue by Wilson and
Cudd, pp. 92-98). In humans, the
presence of a specific variant of the
gene encoding the alcohol-metabolizing
enzyme alcohol dehydrogenase (ADH)1,
called ADHI1B*2, in either the moth-
er or child decreases the risk for FAS
(see Warren and Li 2005). Other

FASD: Research Challenges and Opportunities

studies have shown that the presence
of another ADH]1 variant, ADH1B*3,
decreases the risk for neurodevelop-
mental deficits associated with FASD
(see Warren and Li 2005). Both of
these ADH variants are more efficient
at oxidizing alcohol to acetaldehyde,
a toxic intermediate metabolite, sug-
gesting that elevated acetaldehyde levels
may contribute to decreased alcohol
consumption, which, in turn, lessens
the risk of FASD (Guerri et al. 2009;
Warren and Li 2005; for more infor-
mation, see the article by May and
Gossage, pp. 15-26 in this issue).

In addition to searching for factors
that influence risk of FASD and
which might be targets for prevention
efforts, researchers are pursuing two
other paths for preventing FASD—
elimination or reduction of alcohol
consumption by pregnant women
and interventions for alcohol-exposed
individuals to prevent or reduce alcohol’s
harmful effects on the fetus.

Preventing Potentially Harmful
Alcohol Consumption. The most
desirable prevention approach involves
eliminating or s1gn1ﬁcantly reducing
alcohol consumption by women
during pregnancy. The IOM has
proposed several strategies targeting
different population subgroups that
continue to form the basis of preven-
tion strategies aimed at reducing the
prevalence of FASD (Stratton et al.
1996). These can be classified as uni-
versal, selected, and targeted strate-
gies. Universal approaches are aimed
at all members of a population (e.g.,
all women) and typically involve
general information and education.
Examples of such universal approaches
include notices in bars, restaurants,
and other points of sale; broad media
campaigns; and warning labels on
alcohol beverage containers. Research
to date has not demonstrated that
universal approaches decrease alcohol
use among the group at highest risk
for having a child with FASD.
Selected approaches are directed to
women who are in special risk groups
(e.g., women who frequently engage
in binge drinking). An example of
such selective approaches would be
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screening efforts in primary care or
prenatal clinics in communities known
to have a high prevalence of risky
drinking. Indicated or targeted pre-
vention is directed at women known
to be more vulnerable because they
frequently drink in a high-risk manner
(e.g., frequent binge drinking), have
received a diagnosis of alcoholism, or
have previously given birth to a child
with FASD.

Limited research on selected and
targeted prevention efforts has shown
that these methods may produce
changes in drinking behavior that
potentially can decrease the risk for an
adverse fetal outcome. For instance,
studies found that both screening for
alcohol use and administration of
brief interventions in the clinic (both
of which are considered selected pre-
vention approaches) have positive
effects on drinking reduction during
pregnancy (Chang 2004; Chang et al.
2005). Several screening instruments
offer good sensitivity and specificity
in identifying women at risk, and
their effectiveness may be enhanced
by computerized self-interview
(Dawson et al. 2001).

Interventions for Alcohol-Exposed
Individuals. Other efforts are exploring
the possibility of minimizing the
damage caused by prenatal alcohol
exposure. Pharmacological intervention
during pregnancy is one prevention
approach that may be particularly
suitable if a woman consumed alcohol
before she realized she was pregnant
or if she otherwise fails to stop drinking
in pregnancy. Unlike many other
teratogens that have limited periods
of exposure vulnerability, alcohol can
produce embryonic and fetal injury
during multiple gestational periods.
Promising agents that have been shown
to reduce fetal cell toxicity include
anti-inflammatory agents such as
prostaglandin inhibitors, growth factors,
antioxidants, the nutrient choline,
and agents that interfere with alcohol-
related disruption of the LICAM
system (Yeaney et al. 2009). Also, two
small molecules (i.e., neuropeptides)
derived from neurotrophic factors
produced by the body that induce

survival, development, and function
of nerve cells (i.e., activity-dependent
neurotrophic factor and activity-
dependent neuroprotective protein)
have been shown to provide significant
protection from alcohol-induced fetal
injury in cell culture and animal models
(Sari and Gozes 2006). Thus, deriva-
tives of these neurotrophic factors may
offer significant potential as future pro-
tective agents.

It should be noted that although
the field now is identifying a number
of potential effective treatments, chal-
lenges exist. First, although agents
may ameliorate alcohol’s effects on
a specific targeted system in a given
study, it is not likely that any single
intervention will address alcohol’s
many teratogenic mechanisms of action.
Second, any pharmacotherapeutic
intervention itself may have the poten-
tial to induce additional teratogenic
effects if nontargeted developmental
events are affected.

To develop more effective interven-
tions, researchers must enhance under-
standing of the mechanisms by which
alcohol causes damage, of the factors
that ameliorate or exacerbate these
effects (e.g., critical periods for alcohol
exposure or maternal nutritional
status), and how these factors relate
to levels of alcohol exposure and
consequences.

Therapeutics

Several promising approaches to
restore or improve neurobehavioral
outcome in individuals who have
been exposed to alcohol prenatally
are being explored both clinically and
in animal models (for more informa-
tion, see the article by Paley and
O’Connor, pp. 6475, and Idrus and
Thomas, pp. 7685 in this issue.) For
example, complex motor skills train-
ing in adult rats can mitigate perfor-
mance deficits on a task that resulted
from binge exposure to alcohol during
development (Klinstova et al. 2000).
The analyses also demonstrated that
this training stimulates the formation
of new connections among nerve cells
(i.e., synaptogenesis) in the cerebel-
lum. Other forms of directed activity

may have similar beneficial effects in
other neuronal cell populations.

Nutritional interventions also may
be effective later in life. Dietary sup-
plementation with the nutrient choline
can decrease hyperactivity and improve
spatial and working memory in rats
that had been exposed to alcohol
during development (Thomas et al.
2007). Postnatal choline administra-
tion may be effective, in part, by acting
as a precursor to the neurotransmitter
acetylcholine. Alcohol-induced changes
in cholinergic functioning in a brain
region called the hippocampus can
lead to hyperactivity, passive avoidance
learning deficits, and impairments
in spatial and working memory. Of
interest, postnatal choline treatment
had no effect on alcohol-induced deficits
in motor balance and coordination,
suggesting that choline’s ameliorative
effects when administered after alcohol
exposure may be more effective for
hippocampal dysfunction.

One of the main characteristics
of the brain is the ability to adapt to
changes throughout life. This process,
which is called neuronal plasticity,
is the basis for life-long learning.
Elucidation of how prenatal alcohol
exposure influences life-long neuronal
plasticity is critical for identifying
pharmacological, nutritional, educa-
tional, or behavioral interventions
that can capitalize on that plasticity.
The hope is that if prevention strategies
fail to eliminate FASD, improved and
targeted interventions can improve the

quality of life of individuals with FASD.

SUMMARY

Alcohol research has made great strides
toward understanding the causes and
consequences of prenatal exposure to
alcohol since its initial clinical descrip-
tion over three decades ago. The pre-
sent and future challenges will be to
further refine both basic and clinical
research to improve case recognition
for FASD, both through the identifi-
cation of biomarkers and through a
better understanding of the neurode-
velopmental characteristics that define
FASD, and to apply this knowledge
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of neurobehavioral phenotype to the
development of appropriate clinical
and educational interventions. Other
efforts need to center on enhancing
prevention through increased screening
for alcohol use, better education of
health care professionals, and societal
changes that will help to influence
the behavior of women who are
pregnant and who are in their
childbearing years. Finally, it will be
crucial to improve understanding of
the genetic, socioeconomic, age, and
other factors involved in the develop-
ment of FASD to better target pre-
ventive and treatment approaches
where they will be most effective. l

ACKNOWLEDGEMENTS

Supported by National Institute on

Alcohol Abuse and Alcoholism grants
AA-012446 and AA-014811. Special
thanks to Drs. Ken Jones, Edward Riley,

and Sally Anderson for their comments.

FINANCIAL DISCLOSURE

The authors declare that they have no
competing financial interests.

REFERENCES

AASE, J.M.; JONES, K.L.; AND CLARREN, S.K. Do
we need the term “FAE”? Pedjatrics 95(3):428—430,
1995. PMID: 7862486

ASTLEY, S.J., AND CLARREN, S.K. Diagnosing the
full spectrum of fetal alcohol-exposed individuals:
Introducing the 4-digit diagnostic code. Alcohol and
Alcoholism 35(4):400-410, 2000. PMID: 10906009

BAILEY, B.A., AND SOKOL, R.J. Pregnancy and alco-
hol use: Evidence and recommendations for prena-
tal care. Clinical Obstetrics and Gynecology
51(2):436-444, 2008. PMID: 18463472

BERTRAND, J.; FLOYD, R.L.; WEBER, M.K.; ET AL.
National Task Force on Fetal Alcohol Syndrome
and Fetal Alcohol Effect. Fetal Alcohol Syndrome:
Guidelines for Referral and Diagnosis. Atlanta, GA:
Centers for Disease Control and Prevention

(CDC), 2004.

BURD, L., AND HOFER, R. Biomarkers for detection
of prenatal alcohol exposure: A critical review of
fatty acid ethyl esters in meconium. Birth Defects
Research. Part A, Clinical and Molecular Teratology
82(7):487-493, 2008. PMID: 18435469

CDC. Alcohol use among pregnant and nonpreg-
nant women of childbearing age: United States,

1991-2005. MMWR, Morbidity and Mortality
Weekly Report 58(19):529-532, 2009. PMID:
19478721

CHANG, G. Screening and prevention in prenatal
care settings. Alcohol Research & Health
28(2):80—84, 2004.

CHANG, G.; MCNAMARA, T.K.; OrAV, E.J.; ET AL.
Brief intervention for prenatal alcohol use: A ran-
domized trial. Obstetrics and Gynecology 105(5 Pt.
1):991-998, 2005. PMID: 15863535

CHUDLEY, A.E.; CONRY, J.; COOK, J.L.; ET AL.
Fetal alcohol spectrum disorder: Canadian guide-
lines for diagnosis. CMAJ: Canadian Medical
Association Journal 172(5 Suppl.):51-S21, 2005.
PMID: 15738468

CLARREN, S.K., AND SMITH, D.W. The fetal alco-
hol syndrome. New England Journal of Medicine
298(19):1063-1067, 1978. PMID: 347295

DA LEE, R;; AN, S.M.; Kim, S.S.; ET AL. Neurotoxic
effects of alcohol and acetaldehyde during embry-
onic development. Journal of Toxicology and
Environmental Health, Part A: Current Issues
68(23-24):2147-2162, 2005. PMID: 16326430

DAWSON, D.A.; Das, A.; FADEN, V.B.; ET AL.
Screening for high- and moderate-risk drinking
during pregnancy: A comparison of several
TWEAK-based screeners. Alcoholism: Clinical and
Experimental Research 25(9):1342-1349, 2001.
PMID: 11584155

FANG, S.; MCLAUGHLIN, ].; FANG, J.; ET AL.
Automated diagnosis of fetal alcohol syndrome using
3D facial image analysis. Orthodontics & Craniofacial
Research 11(3):162-171, 2008. PMID: 18713153

Food and Drug Administration (FDA). Fetal alco-
hol syndrome. FDA Drug Bulletin 7(4):18, 1977.

FDA. Surgeon General’s advisory on alcohol and
pregnancy. FDA Drug Bulletin 11(2):9-10, 1981.
PMID: 6119269

FINER, L.B., AND HENSHAW, S.K. Disparities in
rates of unintended pregnancy in the United States,
1994 and 2001. Perspectives on Sexual and
Reproductive Health 38(2):90-96, 2006. PMID:
16772190

GUERRI, C.; BAZINET, A.; AND RILEY, E.P. Foetal
alcohol spectrum disorders and alterations in brain
and behaviour. Alcohol and Alcoholism
44(2):108-114, 2009. PMID: 19147799

Hovme, H.E.; May, P.A.; KALBERG, W.O.; ET AL.
A practical clinical approach to diagnosis of fetal
alcohol spectrum disorders: Clarification of the
1996 Institute of Medicine criteria. Pediatrics
115(1):39—47, 2005. PMID: 15629980

JoNEs, K.L., AND SMITH, D.W. Recognition of the
fetal alcohol syndrome in early infancy. Lancet

302(7836):999-1001, 1973. PMID: 4127281

LEMOINE, P.; HAROUSSE, H.; BORTEYRU, J.P.; AND
MENUET, J.C. Children of alcoholic parents:
Anomalies in 127 cases. Archives Francaises de
Pediatrie 25(7):830-832, 1968.

FASD: Research Challenges and Opportunities

LeEws, B.; WELLMANN, K.A.; AND BARRON, S.
Agmatine reduces balance deficits in a rat model of
third trimester binge-like ethanol exposure.
Pharmacology, Biochemistry, and Bebavior
88(1):114-121, 2007. PMID: 17714770

May, P.A., AND GOSSAGE, ].P. Estimating the
prevalence of fetal alcohol syndrome: A summary.

Alcohol Research ¢ Health 25:159-167, 2001.

May, P.A.; GOSSAGE, ].P.; KALBERG, W.O.; ET AL.
Prevalence and epidemiologic characteristics of
FASD from various research methods with an
emphasis on recent in-school studies. Developmental
Disabilities Research Reviews 15(3):176-192, 2009.
PMID: 19731384

MUTSVANGWA, TE..; SMIT, J.; HOYME, H.E.; ET
AL. Design, construction, and testing of a stereo-
photogrammetric tool for the diagnosis of fetal
alcohol syndrome in infants. /EEE Transactions on
Medical Imaging 28(9):1448-1458, 2009. PMID:
19336298

National Institute on Alcohol Abuse and
Alcoholism. Alcohol-Related Birth Defects. Alcohol
Health ¢ Research World 18(1):1-94, 1994.

National Institute on Alcohol Abuse and Alcoholism.
Alcohol-Related Birth Defects: An Update. Alcohol
Research & Health 25(3):151-239, 2001.

PENG, Y.; Kwok, K.H.; YANG, P.-H.; ET AL.
Ascorbic acid inhibits ROS production, NF-kappa
B activation and prevents ethanol-induced growth
retardation and microencephaly. Neuropharmacology
48(3):426-434, 2005. PMID: 15721175

PRAGST, F., AND YEGLES, M. Determination of
fatty acid ethyl esters (FAEE) and ethyl glucuronide
(EtG) in hair: A promising way for retrospective
detection of alcohol abuse during pregnancy?
Therapeutic Drug Monitoring 30(2):255-263, 2008.
PMID: 18367991

RAMANATHAN, R.; WILKEMEYER, M.F.; MITTAL,
B.; ET AL. Alcohol inhibits cell-cell adhesion medi-
ated by human L1. Journal of Cell Biology
133(2):381-390, 1996. PMID: 8609170

RASMUSSEN, S.A.; ERICKSON, J.D.; REEF, S.E.; AND
Ross, D.S. Teratology: From science to birth
defects prevention. Birth Defects Research. Part A,
Clinical and Molecular Teratology 85(1):82-92,
2009. PMID: 19067401

RiLEY, E.P.; INFANTE, M.A.; AND WARREN, K.R.
Fetal alcohol spectrum disorders: An overview.
Neuropsychology Review DOI 10.1007/s1 1065-
011-9166-x; April 16, 2011. [Epub ahead of print]
PMID: 21499711

SAMPSON, P.D.; STREISSGUTH, A.P.; BOOKSTEIN,
F.L., ET AL. Incidence of fetal alcohol syndrome
and prevalence of alcohol-related neurodevelop-
mental disorder. Terarology 56(5):317-326, 1997.
PMID: 9451756.

SARI, Y., AND GOZES, 1. Brain deficits associated
with fetal alcohol exposure may be protected, in
part, by peptides derived from activity-dependent
neurotrophic factor and activity-dependent neuro-
protective protein. Brain Research Reviews
52(1):107-118, 2006. PMID: 16488478

Vol. 34, No. 1, 2011



SOKOL, R.J., AND CLARREN, S.K. Guidelines for use
of terminology describing the impact of prenatal
alcohol on the offspring. Alcoholism: Clinical and
Experimental Research 13(4):597-598. 1989

PMID: 2679217

STRATTON, K.; HOWE C.; BATTAGLIA F, EDS. Fetal
Alcohol Syndrome: Diagnosis, Epidemiology,
Prevention, and Treatment. Washington, DC:
National Academies Press, 1996.

THOMAS, J.D.; FLEMING, S.L.; AND RILEY E.P.
MK-801 can exacerbate or attenuate behavioral
alterations associated with neonatal alcohol expo-
sure in the rat, depending on the timing of admin-
istration. Alcoholism: Clinical and Experimental
Research 25(5):764-773, 2001. PMID: 11371726

THOMaS, ].D.; GARCIA, G.G.; DOMINGUEZ, H.D.;
AND RiLEY, E.P. Administration of eliprodil
during ethanol withdrawal in the neonatal rat
attenuates ethanol-induced learning deficits.
Psychopharmacology (Berl) 175(2):189-195, 2004.
PMID: 15064913

U.S. Surgeon General. Surgeon General’s Advisory
on Alcohol and Pregnancy. Washington, D.C.: U.S.
Department of Health and Human Services, 2005.
Available at http://www.surgeongeneral.gov/
pressreleases/sg02222005.html. Accessed
September 23, 2010.

WARREN, K.R., AND FOUDIN, L.L. Alcohol-related birth
defects—the past, present, and fucure. Alohol Research ¢
Health 25(3):153-158, 2001. PMID: 11810952

WARREN, K.R., AND LI, T.-K. Genetic polymor-
phisms: Impact on the risk of fetal alcohol spec-
trum disorders. Birth Defects Research. Part A,
Clinical and Molecular Teratology 73(4):195-203,
2005. PMID: 15786496

YEANEY, N.K; HE, M.; TANG, N.; ET AL. Ethanol
inhibits L1 cell adhesion molecule tyrosine phos-
phorylation and dephosphorylation and activation
of pp60stc. Journal of Neurochemistry 110(3):779—
790, 2009. PMID: 19457108

YELIN, R.; KoT, H.; YELIN, D.; AND FAINSOD, A.
Early molecular effects of ethanol during vertebrate

embryogenesis. Differentiation; Research in Biological
Diversity 75(5):393-403, 2007. PMID: 17286601

RETHINKING DRINKING
Alcohol and Your Health

RETHINKING DRINKING

nd your health

i
drinking pattaim
Sas vigna ot 3

¥ prabism
Gantools ta mike

¥ 3 thangs

v My O 53, 0 e SOCIARDNG
DTN O NITRLS, CEpENINg o YOur

w0 ks, s 38 ONErS vakishln, eI ied IfoeRIton.
- B 0k af your NNy #sbis B hiow ey My
B8 vou QEL TR

National Institute on Alcohol Abuse and Alcoholism, Publications Distribution Center,
P.O.Box 10686, Rockville, MD 20849-0686 Fax:(703) 312-5230.

U.S. Department of Health and Human Services
National Institutes of Health « National Institute on Alcohol Abuse and Alcoholism

Alcohol Research & Health


http:http://www.surgeongeneral.gov



