Fetal Alcohol

Spectrum Disorders

From Research to Policy

JENNIFER D. THOMAS, PH.D.; KENNETH R. WARREN, PH.D.; AND BRENDA G. HEWITT

Forty years ago, alcohol was not commonly recognized as a teratogen, an agent that can disrupt the
development of a fetus. Today, we understand that prenatal alcohol exposure induces a variety of
adverse effects on physical, neurological, and behavioral development. Research supported by the
National Institute on Alcohol Abuse and Alcoholism (NIAAA) has contributed to the identification of
the range and prevalence of fetal alcohol spectrum disorders (FASD), as well as methods for
prevention and treatment of FASD. The worldwide prevalence and high personal and societal costs of
FASD speak to the importance of this research. This article briefly examines some of the ways that
NIAAA has contributed to our understanding of FASD, the challenges that we still face, and how this
research is translated into changes in public policy. KEY WORDS: Alcohol consumption; fetal alcohol
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espite centuries of alcohol use,
D the first two clinical reports of

fetal alcohol syndrome (FAS)
in English literature did not appear
until 1973, published in the journal
Lancer by a group of investigators from
the University of Washington, Seattle.
The first paper (Jones et al. 1973)
described the common dysmorphic
and developmental problems in eight
children of alcoholic women. The
second paper (Jones and Smith 1973)
characterized an additional three chil-
dren and introduced the term “fetal
alcohol syndrome” to describe the
common pattern of observed deficits.

Within 2 years following these

publications, the National Institute
on Alcohol Abuse and Alcoholism
(NIAAA) initiated its first research
projects on FAS. The goals of that
early research were to confirm alcohol’s
ability to disrupt the development of
a fetus (i.e., its teratogenicity) and, if
confirmed, to further characterize the
syndrome. Among the first grants

awarded was one to Dr. Ann Streissguth,
a coauthor on the first Lancer paper,
to begin an investigation of the effects
of alcohol across the full spectrum of
dose levels on neurodevelopmental
outcomes. Subsequently known as the
Seattle 500 Study, based on the number
of children recruited, this initial project
has been an active research program
for more than 30 years. Two other
epidemiologic studies also were awarded
to examine the relationship between
alcohol and fetal outcome: one of
these was awarded to Dr. Jan Kuzma,
an epidemiologist at Loma Linda
University, and the other to Dr. Joel
Alpert at the Boston University School
of Medicine. One of the coleaders of
the Boston University project was Dr.
Henry Rosett, a psychiatrist and NIAAA
Career Teacher who became an impor-
tant and prominent leader in research
and education on FAS.

Concurrent to these investigations,
NIAAA initiated a number of research
projects involving animal models.

These animal models were critical for
addressing the early skepticism that
alcohol was a teratogenic agent. The
argument was made that if alcohol
causes birth defects, surely the medi-
cal field would have noted this long
before, given the thousands of years
of alcohol use. In addition, although
the initial cases of FAS all were born
to women who had significant alcohol
use disorders (AUDs), it was not clear
if FAS was the direct result of alcohol
on the embryo and fetus or it was
caused by some other drug, malnutrition,
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or even “a deviant lifestyle.” The ani-
mal studies enabled scientists to con-
trol many of these other variables and
thereby truly assess whether FAS was
indeed the result of alcohol or some
other factor. The initial animal models
studied rats, mice, and dogs, among
other species, and effects of alcohol
were similar to those observed in the
offspring of women with AUDs (Abel
and Dintcheff 1978; Chernoft 1977;
Ellis and Pick 1980; Randall and
Taylor 1979; Randall et al. 1977; Riley
et al. 1979). Thus, animal studies were
critical for the recognition of alcohol
as a teratogen.

In February 1977, NIAAA organized
the first workshop on FAS. Researchers
from epidemiological, clinical, and basic
science fields (about 50 in attendance)
brought their findings to the forum.
Although the intent was primarily to
help guide future research directions,
the attendees at the meeting were so
impressed with the findings that they
collectively expressed a need to inform
the public that alcohol could be
damaging to the developing fetus,
potentially resulting in FAS.

NIAAA took responsibility for gain-
ing approval from the Department of
Health Education and Welfare (DHEW)
for issuing an advisory on alcohol use
in pregnancy. After documenting
the available evidence in a state-of-
the-science report, the Department
approved an advisory issuance. It was
released on June 1, 1977, in the Food
and Drug Administration’s (FDA’s)
Drug Bulletin and the Centers for
Disease Control and Prevention’s
(CDCs) Morbidity and Mortality Weekly
Report, as well as through a press confer-
ence at DHEW headquarters. The
FDA and CDC bulletins were selected
as the appropriate dissemination vehicles
because their audiences were physicians
and other health care professionals—
the primary targets sought at that
time. The advisory warned against
heavy drinking in pregnancy and
recommended a somewhat refrained
two-drink-per-day drinking limit.

Following the publication of the
advisory in the FDA Drug Bulletin,
the Commissioner of the FDA wrote
to the Director of the then Bureau of

Alcohol Tobacco and Firearms in the
Department of the Treasury on the
need for warning labels on alcohol-
containing beverages to inform
drinkers of the potential harm caused
by alcohol’s use in pregnancy. The
letter, which also was publicly dis-
tributed, led to initiation of Senate
hearings on FAS and potential beverage
alcohol warning labels. Two sets of
Senate hearings were held in succes-
sive years. The outcome was a legisla-
tively passed requirement for a joint
report to be submitted by both the
Department of Human Health
Services (DHHS; replacing DHEW)
and the Department of the Treasury,
addressing the health hazards of alcohol,
with particular reference to pregnan-
cy and recommendations on what
could and should be done to address
the problems. In 1980, the joint
DHHS and Treasury Report (1980)
was sent to Congress. The Report
did not immediately call for alcohol
beverage labeling but rather requested
the Surgeon General to issue a (new)
health advisory on FAS. Released in
May 1981, the Surgeon General’s
advisory went further than the original
NIAAA/DHEW 1977 advisory and
recommended that both pregnant
women and those secking to become
pregnant avoid all alcohol. In 1988,
the issue of alcoholic beverage label-
ing emerged again in Congress. This
time, Congress passed legislation
requiring all alcohol-containing bev-
erages to carry a warning label. That

label addressed both alcohol and
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pregnancy and other risks associated
with alcohol use. The language of
the warning label, as well as the size,
color, and placement have not been
changed since 1989.

Also of note, NTAAA took a lead
in developing information on the
dangers of alcohol use during preg-
nancy and disseminated those find-
ings through public information
campaigns in both print brochures
and radio and television public service
announcements, as early as 1978.
Thus, NIAAA has been instrumental
in affecting public policy and inform-
ing the public of the adverse effects
of prenatal alcohol exposure.
Moreover, over the last 35 years of
NIAAA-supported research, our
understanding of alcohol’s teratogenic
effects has grown substantially, and
many questions have been answered
in whole or in part. The number of
researchers in the field has grown,
with more than 400 members of the
Fetal Alcohol Spectrum Disorders
Study Group and 106 studies currently
funded by NIAAA, as important
questions surrounding prenatal alcohol
exposure continue to be addressed.

THE CONSEQUENCES OF
PRENATAL ALCOHOL
EXPOSURE

FAS is characterized by three diagnostic
criteria: a distinct pattern of facial dys-
morphology (see figure 1), pre- and
postnatal growth deficiencies, and
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Figure 1 Facial features of FAS.
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central nervous system dysfunction.
However, it was readily apparent to all
involved in the early days of alcohol
and pregnancy research that prenatal
alcohol exposure could produce a range
of effects that fell short of meeting all
of the diagnostic criteria for full-blown
FAS. Over the years, a number of
terms have been used to describe these
alcohol-attributed effects, including
partial FAS, fetal alcohol effects,
alcohol-related birth defects, and
alcohol-related neurodevelopmental
disorders, with the Institute of
Medicine providing some standardiza-
tion in their 1996 report (Stratton et
al. 1996). Subsequently, a general
acceptance emerged that the adverse
outcomes fall across a spectrum, and an
umbrella term was introduced for this
full spectrum: fetal alcohol spectrum
disorders (FASD) (Streissguth and
O’Malley 2000).

NIAAA-supported investigations
were vital for identifying many of the
adverse outcomes of prenatal alcohol
exposure, from neurodevelopmental
and physical effects to end points
such as a heightened risk of miscar-
riage and stillbirth. Although early
research focused only on those indi-
viduals most affected by prenatal
alcohol exposure, recent research is
examining the range of FASD using
novel technologies to advance our
understanding. For example, early
studies of prenatal alcohol-induced
neuropathology were derived from
postmortem tissue, which showed
that prenatal alcohol leads to
microencephaly (small brain), as well
as neuroglial heterotopias (nerve cells
that have migrated to the wrong loca-
tion) and disrupted development of
the corpus callosum and cerebellum
(Clarren et al. 1978). However, these
reports wete derived from cases at the
severe end of the FASD continuum.

In the early 1990s, NIAAA funded
seminal research by Dr. Edward Riley
and colleagues, which used noninva-
sive imaging to show that multiple
areas of the central nervous system
are adversely affected by prenatal
alcohol exposure. Structural imaging
studies confirmed reductions in the
volume of overall brain size, with dis-

proportionate reductions in basal
ganglia and the anterior vermis of the
cerebellum (Mattson et al. 1992).
Additional studies have shown alter-
ations in brain shape, changes in
cortical thickness, reduced size, and
altered shape of the corpus callosum,
as well as alterations in the hip-
pocampus (see Norman et al. 2009).
Since those early studies, a variety
of imaging techniques have been used,
including diffusion tensor imaging,
magnetic resonance spectroscopy,
functional magnetic resonance imag-
ing, positron emission tomography,
and single-photon emission computed
tomography (for a review, see Norman
et al. 2009). These studies show that
prenatal alcohol exposure disrupts

development of both gray and white
macter (see figure 2) and further illus-
trate alcohol-related alterations in
cerebral blood flow, neurotransmitters,
and neuronal activity, even when there
are no obvious structural changes.
Importantly, it was discovered that
individuals exposed to alcohol prenatally
could suffer from brain anomalies
and dysfunction without exhibiting
distinct facial dysmorphology, a find-
ing with significant implications for
the identification of children with
FASD. More recently, prenatal and
neonatal ultrasound are being used

to help identify brain anomalies early
in development, which may be key
for early intervention. NIAAA also is
now supporting similar brain-imaging

and cerebellum (yellow arrow).

Figure 2 Magnefic Resonance Imaging (MRI) scans of four children: (A) shows a typically
developing 10-year-old boy who has not been exposed fo alcohol (B) features an
11-year-old boy with partial fefal alcohol syndrome (pFAS) (C) shows a 7-year-old
girl with FAS, and (D) shows a 14-year-old boy with FAS. Nofice the variability in
brain sfructures among the individuals with fetal alcohol syndrome disorders,
including alcohol-related changes in areas such as the corpus callosum (red arrow)

Alcohol Research & Health, in press.

SOURCE: Sowell, E.; Nunez, S.; Roussotte, F. Structural and functional brain abnormalities in fetal alcohol spectrum disorders,
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techniques with animal models, in
which alcohol exposure parameters
can be controlled (Parnell et al. 2009)
(see figure 3).

The neuropathology associated with
FASD leads to a range of behavioral
effects. Early studies demonstrated
general impairments in intelligence
(although there is quite a range of IQ
scores among individuals exposed to
alcohol prenatally), impaired reflex

development, deficits in motor coot-
dination, and hyperactivity. More
recent studies suggest that deficits

in attention, learning and memory,
emotional dysregulation, and executive
functioning are core deficits, likely
reflecting the dysfunction of the frontal
lobe (for reviews, see Kodituwakku
2007; Riley and McGee 2005). These
behavioral domains also are disrupted
with animal models of FASD (Driscoll

Figure 3 3D reconstruction of the faces and brains of mice af 17 days of gestation. Control
mice are shown in a and ¢, mice exposed to alcohol are shown in b and d. Mouse
fetuses in b and d illusfrate dysmorphology resulting from exposure to alcohol at 7
days of gestation. Compared fo the confrol (a), the ethanol-exposed fetus (b) has a
smaller head size, a small nose, and an elongated/abnormal philral portion of the
upper lip. These facial features are characteristic of fetal alcohol syndrome. The brain
of the ethanol-exposed animal also is dysmorphic (d); the olfactory bulbs are absent
and the cerebral hemispheres are united rostrally (open arrow). Color codes:
red=cerebral cortex, pink=olfactory bulbs, magenta=mesencephalon, light
green=diencephalon, dark green=pons and medulla, teal=cerebellum.

SOURCE: O’Leary-Moore, S.K.; Parnell, S.E.; Godin, E.A.; and Sulik, K.K. Magnetic resonance-based studies of FASD in
animal models, Alcohol Research & Health, in press. Modified from Godin, E.A.; O’'Leary-Moore, S.K.; Khan, A.A; ef al.
Magnefic resonance microscopy defines ethanol-induced brain abnormalities in prenatal mice: effects of acute insult on
gestational day 7. Alcoholism: Clinical and Experimental Research 34(1):98-111, 2010. PMID: 19860813
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et al. 1990). Moreover, prenatal alco-
hol-induced alterations in cognitive
functioning and stress responses may
contribute to secondary disabilities,
including psychiatric comorbidities
and vulnerability to addiction. One
of the challenges is to determine if
there is a pattern of neuropathology
and behavioral expression that is
unique to prenatal alcohol exposure
and therefore useful for diagnosis, as
described below.

Prenatal alcohol also leads to physical
and physiological changes that are
not part of an FAS diagnosis, including
alterations in skeletal and organ for-
mation as well as immune function
(see Zhang et al. 2005). Prenatal
alcohol exposure also may contribute
to other disorders. For example, it
may disrupt the development of brain
structures that contribute to sudden
infant death syndrome. NIAAA is
addressing this issue jointly with the
National Institute on Child Health
and Human Development via a
consortium. When considering that
40 years ago it was not commonly
recognized that alcohol was a teratogen,
remarkable strides have been made in
understanding the range of ethanol’s
adverse effects on the developing
embryo and fetus.

PROBLEMS IN IDENTIFYING
INDIVIDUALS EXPOSED TO
ALCOHOL PRENATALLY

The identification of individuals who
have been exposed to alcohol prenatally
can be challenging. Accurate maternal
drinking histories may not be available
and even if the child exhibits the defin-
ing features of FAS, they may be
missed if the child is not diagnosed by
a trained dysmorphologist. It is even
more challenging to identify individu-
als who have been exposed to alcohol
prenatally but who do not meet the
diagnostic criteria for FAS (i.e., do

not exhibit all of the defining facial
features). Thus, there is a need for tools
to enhance diagnoses, particularly
because diagnoses often are necessary
for the individual to receive appropriate
services. The possibility that more
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subtle dysmorphic features could aid in
a diagnosis of FAS or partial FAS in the
absence of information on alcohol
exposure in pregnancy (after eliminating
genetic disorders otherwise appearing
as phenocopies) currently is being
investigated by an international
consortium funded by NIAAA. Three-
dimensional camera imaging is being
explored as a means for identifying
facial features that represent the full
spectrum of FASD. Such images could
serve as a tool for sites that do not have
access to a trained dysmorphologist
and to detect individuals with partial
FAS. Moreover, evaluation of the rela-
tionship between the dysmorphic facial
features, the neuroanatomic brain fea-
tures, and the neurodevelopmental
alterations may not only elucidate the
common embryological processes that
are disrupted but also can be used to
determine if a pattern of injury exists
that can serve as a unique signature of
prenatal alcohol exposure.

Identification of FASD also can be
improved by better detection of women
who are drinking alcohol during
pregnancy. Clinical research has shown
that it is possible in many situations,
both prospectively and retrospectively,
to obtain good clinical histories on
alcohol exposure during pregnancy
(Chiodo et al. 2009; Hannigan et al.
2009; Sokol et al. 1989). Screening
for such alcohol exposure information
has been aided by a number of brief
questionnaires that have been devel-
oped over the years, such as the T-
ACE (Chiodo et al. 2010; Sokol et al.
1989), TWEAK (Russell et al. 1994,
1996), the 10-question AUDIT (Bohn
et al. 1995), and the more direct and
convenient 3-question AUDIT-C
(Dawson et al. 2005), among several
others (Chasnoff et al. 2007; Chiodo
et al. 2009). Nonetheless, there are
occasions during which the attainment
of reliable alcohol exposure information
is not possible, for example, when
maternal memory is poor, drinking
is denied, or biological parents are
not available.

Therefore, the identification of
biomarkers that can reliably reflect
fetal alcohol exposure and/or injury
is of high priority, especially because

such markers may be useful for early
case recognition and thereby early
intervention. Although metabolites of
tobacco or other drugs often are used
as biomarkers of their respective use,
the prime oxidative metabolites of
alcohol are carbon dioxide and water,
both of which are present in such
abundance that they cannot serve as a
marker of alcohol use. However, there
also are less prominent nonoxidative
routes by which alcohol is eliminated
from the body. This includes the for-
mation of esters with the body’s fatty
acids to make fatty acid ethyl esters
(FAEEs). The FAEEs, which can
accumulate in hair, are a potential
marker for prior alcohol use (Kulaga
et al. 2009). FAEEs also may be
found in the meconium from new-
borns and can indicate exposure to
alcohol in the last few weeks or
months of pregnancy (Bearer et al.
2003). Other nonoxidative metabo-
lites of ethanol include ethyl glu-
curonide, which already has been
used as a clinical marker to reflect
alcohol exposure within the past 3
days, and phosphatidyl ethanol, a
marker that may indicate alcohol use
for up to 1 to 2 weeks (Litten et al.
2010). Newer technologies in the
fields of proteomics and metabolomics
(Harrigan et al. 2008; Hiller-Sturmhéfel
et al. 2008), and even epigenetic
alterations of histone proteins and
DNA methylation eventually may
provide meaningful indications of
alcohol exposure via biological fluids
from either maternal or infant sources.
Markers that can reliably indicate
level and timing of alcohol exposure
would greatly improve the ability to
identify individuals with FASD.

DEFINING THE PROBLEM

Although the Institute of Medicine
(1996) estimates the prevalence of FAS
in the United States to be between 0.5
and 2.0 cases per 1,000 live births, this
is likely an underestimate. Determining
the true prevalence has proven to be a
major challenge because children with
FASD often are diagnosed with other
disorders (such as attention deficit

hyperactivity disorder, oppositional
defiant disorder, or conduct disorder),
or the neurodevelopmental deficits are
totally ignored and no educational or
clinical diagnosis is given. Obtaining
an accurate prevalence of FAS requires
the use of an expensive epidemiologic
technique called active case ascertain-
ment (May et al. 2009). When this
method was applied in South Africa, it
revealed an alarmingly high FAS preva-
lence of 65 to 74 per 1,000 live births
(Viljoen et al. 2005). An active case
ascertainment study in Italy revealed
an FAS prevalence of 3.7 to 7.4 per
1,000 live births (May et al. 2006), a
rate similar to a pilot active case ascet-
tainment study in a small western city
in the United States (Clarren et al.
2001). Incidence of the full spectrum
of FASD is much higher, estimated to
affect 1 percent of live births in the
United States (Sampson et al. 1997), 2
to 4 percent in Italy (May et al. 20006),
and 7 to 9 percent in South Africa
(May et al. 2007). Through examina-
tion of FASD at various international
sites, NIAAA is identifying not only the
prevalence of FASD but also the envi-
ronmental factors that may convey risk
or protection against FASD.

THE Risk FAcTORSs FOR FASD

Both clinical and preclinical studies
have identified a number of risk factors
for FASD, including dose, pattern, and
timing of alcohol exposure (see Abel
and Hannigan 1995; May et al. 20084;
West 1987). For example, using a
mouse model, Sulik and colleagues
(1981) demonstrated that facial dys-
morphology is caused by alcohol expo-
sure during early gestation (i.e., during
gastrulation). Heavier drinking and
binge drinking increase the likelihood
of FASD. But is there a threshold for
alcohol’s damaging effects? This is a
difficult question and, to date, safe
amounts of alcohol during pregnancy
have not been established. Moreover,
because so many factors influence alcohol’s
adverse effects, including polydrug use,
prenatal care, nutrition, and genetic
factors, it is difficult to predict outcome
on an individual basis. In general, low
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socioeconomic status and education,
increased maternal age and number of
pregnancies (i.e., gravidity), and poor
nutrition are associated with more
severe outcomes following prenatal
alcohol exposure. One approach to
better understanding the relationship
between maternal and alcohol exposure
factors to fetal outcome is through
prospective studies. NIAAA currently
is funding several prospective studies
to address risk factors in FASD.
Understanding protective and provoca-
tive factors will allow prevention efforts
to be targeted at high-risk populations.

PREVENTING HIGH-RISK
DRINKING DURING
PREGNANCY

The most desirable route for prevention
involves eliminating or significantly
reducing alcohol consumption by
women during pregnancy. In 1996, the
Institute of Medicine report proposed a
three-level model for prevention involv-
ing components targeted to the general
population (universal prevention), to
high-risk communities (targeted pre-
vention), and to the specific individuals
at greatest risk, which would include
women who already have given birth
to a child with an FASD or women
who meet diagnostic criteria for alcohol
dependence (indicated prevention)
(Stratton et al. 1996). Whereas universal
prevention efforts have failed to provide
meaningful success in FASD prevention,
targeted and indicated prevention efforts
have met with significant success (May
et al. 2008).

One aspect of FASD prevention
involves the recognition of high-risk
drinking in women in primary-care
settings and prenatal clinics. Importantly,
research shows that screening and
brief interventions in these settings
are highly effective in reducing and
eliminating risky drinking. Unfortunately,
even though such tools are readily
available through NIAAA (http://pubs.
niaaa.nih.gov/publications/Practitioner/
CliniciansGuide2005/clinicians_guide.
htm), they are not routinely utilized,
fostering the need to greatly expand

such efforts (Chang et al. 2000,
2005).

FASD is completely preventable if
women would no longer drink alcohol
during pregnancy. Recognizing that
this ideal goal often may not be met,
other efforts are underway to explore
the possibility of minimizing the
damage caused by prenatal alcohol
exposure (see sections below).

How DoEs ALcoHor DIsRUPT
DEVELOPMENT?

Understanding the mechanisms by
which alcohol disrupts development is
important, both for the development
of better prevention efforts and of
novel interventions. Because alcohol
exerts multiple actions on the develop-
ing embryo and fetus, it induces damage
via many mechanisms (Goodlett et al.
2005). For example, studies show that
alcohol can disrupt every step in cen-
tral nervous system development, from
proliferation, migration, and differenti-
ation, to synaptogenesis and myelina-
tion; in fact, alcohol can directly lead
to apoptotic and necrotic cell death.
Neuropathology can be induced
both by alcohol actions on neurons as
well as by supportive glial cells. The
mechanisms will depend on the dose
and developmental timing of alcohol
exposure and the characteristics of
the various cell populations. Early
research demonstrated that both
alcohol and its metabolite acetalde-
hyde are directly teratogenic. Alcohol
also can have secondary effects, includ-
ing interference with placental function
and nutrient absorption. More recent
research supported by NIAAA demon-
strates that alcohol disrupts develop-
ment via some specific actions,
including oxidative stress and mito-
chondrial dysfunction, inhibition of
cell adhesion molecules, reduction
of neurotrophic factors, and effects
on neurotransmitter systems such as
glutamate and y-aminobutyric acid
systems. These mechanisms of action
have led to the development of a
variety of experimental therapeutics,
as described below.

Developmental alcohol exposure
also alters gene expression. For exam-
ple, alcohol may affect a number of
early gestational genes, including Pax
6, Otx 6, Sox 3, NCAM, TBX 5, and
Vax 2 (Peng et al. 2004). Recently,
NIAAA, recognizing the importance
of epigenetic aspects in alcohol’s
actions, has marked this as a key area
of research in the Institute’s strategic
plan. Epigenetic factors refer to fac-
tors that regulate gene expression
(through DNA methylation, histone
modification, or via micro RNAs)
without altering the actual DNA.
Recent studies indicate that develop-
mental alcohol may lead to epigenetic
changes (for reviews, see Ramsay
2010; Haycock 2009). Such findings
may help to explain the results of
early studies (Stockard 1913) show-
ing the teratogenic effects of alcohol
exposure before conception and on
male gametes. Epigenetic effects may
contribute to long-lasting changes in
physical and behavioral development,
including changes in the stress and
immune systems that can impact a
range of cognitive and emotional
effects in offspring.

INTERVENING WITH AND
TREATING INDIVIDUALS
WitH FASD

Despite prevention efforts, many
women continue to drink alcohol
during pregnancy. Moreover, many
countries have yet to acknowledge that
FASD occurs in their populations, so
policies to reduce alcohol are not in
place. Thus, it is vital to identify ways
of reducing the severity of effects in
children with FASD.

NIAAA began funding studies to
examine how nutritional and envi-
ronmental factors might reduce the
severity of FASD within 10 years
of the recognition of FAS. To date,
NIAAA has funded numerous pre-
clinical and clinical studies that
examine methods for protecting
against alcohol-related damage at
the time of the insult, as well as treat-
ments that may effectively reduce the
severity of FASD among individuals
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who have been exposed to alcohol
prenatally.

For example, as noted above, alcohol
may lead to oxidative stress. Numerous
animal studies have shown that various
agents with antioxidant properties,
including vitamins C and E, or even
the activation of endogenous antioxi-
dants can reduce the adverse physical,
neuropathological, and behavioral
effects of alcohol. Protection against
the physical effects of alcohol exposure
also has been observed with adminis-
tration of a variety of neurotrophic
factors, including BDNE, IGF-I,
NGE and neuropeptides derived
from activity-dependent neurotrophic
factor (ADNF) and activity-dependent
neurotrophic peptide (ADNP), as
well as their small peptide active frag-
ments SAL and NAD, to name a few.
In fact, NAP and SAL, which now
are being investigated as a treatment
for other disorders such as Alzheimer’s
disease, can protect against physical
and neuropathological effects of alcohol
(i.e., Chen et al. 2005). Serotonin
agonists also can protect against alcohol-
related developmental damage, as
serotonin serves not only as a neuro-
transmitter but also as a neurotrophic
factor (i.e., Druse et al. 2006). Similarly,
drugs that block the over activity of
N-methyl-D-aspartic acid receptors,
which may contribute to brain damage
during alcohol withdrawal, also can
reduce neuropathology and behavioral
deficits (i.e., Thomas et al. 2001).
Finally, agents that antagonize alcohol’s
blockade of cell adhesion sites are
being further refined (Arevalo et al.
2008; Chen et al. 2001).

As noted above, another key risk
factor for FASD is poor nutrition.
Animal studies have shown that
some nutrients may attenuate alcohol’s
teratogenic effects, including choline,
folate, zinc, and nicotinamide,
although not all studies have found
beneficial effects. This leads to the
intriguing question of whether nutri-
tional supplements can reduce FASD
in clinical populations. NIAAA currently
is funding the first study to examine
the effectiveness of micronutrient
supplementation among women who

have been drinking alcohol during
pregnancy.

In the meantime, what can be done
after the child is born and already has
sustained the alcohol-induced injury?
Early reports suggested that the 1Qs
of individuals exposed to alcohol
prenatally were stable and little could
be done to improve the cognitive
and behavioral abilities of those with
FASD. More recently, however, it has
been recognized that the brain’s ability
to recover (i.e., its plasticity) from
early alcohol exposure is much greater
than previously thought and, although
some studies suggest that prenatal
alcohol may limit lifespan neuroplas-
ticity, interventions may indeed
improve behavioral function and
quality of life.

Animal model studies indicate that
various pharmacological, nutritional,
and behavioral interventions can
improve outcome. For example, drugs
like cognitive enhancers (Medina et
al. 2006) may enhance plasticity and
recovery of function. Nutritional fac-
tors, such as choline, also have been
shown to effectively improve cogni-
tive functioning, even when adminis-
tered weeks after developmental alco-
hol exposure. Choline supplementa-
tion can reduce the severity of deficits
on a variety of cognitive tasks (i.c.
Thomas et al. 2007). Finally, envi-
ronmental or behavioral interven-
tions, such as communal rearing,
environmental enrichment, motor
acrobatic training, and exercise also
can improve cognitive and motor
function (Hannigan et al. 2007;
Klintsova et al. 2000; Thomas et al.
2008). These studies suggest that if
individuals with FASD are given the
appropriate experience, whether
social, cognitive, or motor in nature,
their performance can improve (see
Kelly et al. 2009).

Consistent with preclinical find-
ings, clinical studies show that stable
home environments are associated
with a better outcome than unstable,
stressful environments (Streissguth
et al. 1996). Moreover, based on
NIAAA-funded studies showing that
environmental factors could influence
outcome, an increasing number of

studies are demonstrating that educa-
tional interventions can reduce the
severity of FASD. Such interventions
can effectively assist families in creat-
ing a stable environment, and train
individuals with FASD on targeted
skills, such as mathematical abilities,
social skills, metacognition, and literacy.
These promising studies indicate
that multiple approaches may improve
the quality of life of people with
FASD. NIAAA continues to support
research to identify the most effective
neurodevelopmental and educational
interventions for FASD.

SUMMARY

Forty years ago, alcohol was not
commonly recognized as a teratogen.
Today, not only has public policy
changed, but we also have a better
understanding of the consequences

of prenatal alcohol exposure and the
prevalence and mechanisms of alcohol-
related damage. Although we have
developed diagnostic, prevention, and
treatment strategies, challenges remain.
Better identification and diagnosis of
the full range of FASD are needed,
which could be improved with the
development of biomarkers that aid in
detection and accurate quantification
of prenatal alcohol consumption.
Continued development of effective
prevention and treatment strategies
also is critical. Through support of
epidemiological, clinical, and preclinical
research; facilitation of scientific
exchange through conferences; and

by leading public policy, NIAAA will
continue to play an important role in
understanding the complexities of

FASD. B
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