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Teratogenic Effects of Alcohol
in Humans and Laboratory Animals
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Historically, alcohol has often been
noted to have an adverse effect on off-
spring. The Bible, Judges 13:7, says:
“‘Behold, thou shalt conceive and bear a
son: and now drink no wine or strong
drink.”” In early Carthage there was re-
ported to be a prohibition against the
bridal couple drinking on their wedding
night for fear of producing a defective
child. According to Aristotle, ‘‘Foolish,
drunken and harebrained women most
often bring forth children like unto them-
selves, morose and languid,’’ and in 1834
a report to the British House of Com-
mons said: Infants of alcoholic mothers
often have a starved, shriveled, and im-
perfect look (7).

In 1899, Sullivan (2) reported the first
empirical work on the fetal effects of ma-
ternal drinking during pregnancy. Fe-
male drunkards in the Liverpool jail had
a stillbirth and infant death rate of 56 per-
cent, more than double that of non-
alcoholic female relatives. Noting that
the outcomes of successive pregnancies
were increasingly adverse as a woman'’s
alcoholism progressed, Sullivan con-
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cluded that ‘‘maternal intoxication’’ was
the main source of damage to the fetus.

Despite these early warnings, little fur-
ther research was reported during the
next 50 years. Haggard and Jellinek (3),
reflecting the prevailing attitude in 1942,
attributed developmental problems in
children of alcoholic mothers to poor
postnatal nutrition and chaotic environ-
mental circumstances rather than to in-
trauterine exposure to alcohol. But by
1957 4), a medical thesis, filed in Paris
and apparently never published, de-
scribed quite clearly the malformations,
growth deficiency, and poor develop-
ment of foundling home children whose
mothers were alcoholic.

In this article we discuss the work of
the past 10 years that implicates alcohol
as a teratogen, describing data from
three sources: clinical studies, prospec-
tive human studies, and research with
experimental animals. Alcohol is of par-
ticular interest as a teratogen because of
its wide use, and the wide range of ef-
fects on offspring exposed in utero. Mal-
formations, intrauterine death, growth
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retardation, central nervous system ab-
normalities, and behavioral deficits have
all been demonstrated in humans and
laboratory animals exposed to alcohol in
utero. Mental retardation is the most
pronounced behavioral effect of heavy
intrauterine exposure to alcohol.

Alcohol, like other drugs with a molec-
ular weight between 600 and 1000,
passes freely across the placental barrier
(), and concentrations of alcohol in the
fetus are at least as high as in the mother
6, 7). Prior to the 1940’s it was assumed
that the uterus was virtually impervious
to harmful extrinsic factors circulating
within the mother (8). However, full re-
alization of the teratogenic potential of
environmental agents came with the tha-
lidomide tragedy, and now alcohol joins
the list of agents with demonstrated tera-
togenic effects.

Fetal Alcohol Syndrome

In 1968, in a relatively obscure French
medical journal, Lemoine and colleagues
(9) described 127 offspring of alcoholics,
emphasizing their remarkable similarity
of facial characteristics, growth defi-
ciency, and psychomotor disturbances.
Lemoine said the children resembled
each other to such a degree that the diag-
nosis of maternal alcoholism could be
made from examination of the child.
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Five years later, Jones and Smith and
co-workers (I0) at the University of
Washington independently described a
similar pattern of malformations in eight
unrelated children born to chronically al-
coholic mothers. Although initially re-

noted as well as some minor malforma-
tions of the external ear. Although many
of these features might occur in normal
persons, it is the cluster of character-
istics that is diagnostically important for
FAS. Fetal alcohol syndrome has been

Summary. The teratogenicity of alcohol has been demonstrated in humans through
clinical studies, behavioral studies, and epidemiologic studies, and in animals through
controlled laboratory experiments. In humans exposed to alcohol during gestation the
effects can range from fetal alcohol syndrome in some offspring of chronic alcoholic
women to reduced average birth weight in offspring of women reporting an average
consumption of two to three drinks or more per day. The behavioral effects of such
exposure may range from mental retardation in children with fetal alcohol syndrome to
milder developmental and behavioral effects in infants born to social drinkers. In ani-
mals, exposure to alcohol in utero may result in death, maiformation, and growth
deficiency as well as behavioral and developmental abnormalities. The mechanisms
of impairment and related risk factors are yet to be elucidated.

ferred for failure to thrive and develop-
mental delay, these children displayed a
constellation of particular facial features,
growth deficiency, and mental retarda-
tion that Jones and Smith termed the fe-
tal alcohol syndrome (FAS). This identi-
fication of a recognizable pattern of mal-
formation, which clearly implicated the
prenatal period as the time of insult,
stimulated interest in the toxicity of alco-
hol. Within the next few years, several
hundred case reports (/1) were published
in the medical literature of many coun-
tries, including Germany, France, the
United States, Ireland, Sweden, South
Africa, Canada, and Australia.

The facial characteristics in FAS (Fig.
1) include short palpebral fissures (eye
slits), low nasal bridge, epicanthic folds,
short nose, indistinct philtrum (the
ridges running between the nose and the
mouth), narrow upper lip, small chin,
and flat midface. Other eye anomalies,
such as ptosis (drooping eyelids) and
strabismus (crossed eyes), have been

recognized in children of all races; Fig. 2
shows the comparability of FAS facial
characteristics despite differences in ra-
cial heritage. Minor joint anomalies, al-
tered palmar crease patterns, and minor
genital anomalies have also been report-
ed; heart defects occur in about 30 per-
cent of children with FAS. Tables 1 and
2 summarize the prevalence of these fea-
tures in 245 clinical patients with FAS
arn.

The growth deficiency typical of FAS
is of prenatal onset, and postnatal catch-
up growth generally does not occur.
Children with FAS are usually below the
third percentile in height, weight, and
head circumference. As they develop,
the reduced adipose tissue becomes
more pronounced, and as children they
are often very thin.

The central nervous system effects in-
clude retarded mental and motor devel-
opment, tremulousness, hyperactivity,
and poor attention spans. Small brain
size and brain malformations (Fig. 3)

Table 1. Principal features of FAS observed in 245 affected persons. [Table reproduced from
Clarren and Smith (1), courtesy of the New England Journal of Medicine]

Feature

Manifestation

Central nervous system
dysfunction

Intellectual
Neurologic
Behavioral

Growth deficiency
Prenatal
Postnatal

Mild to moderate mental retardation*®
Microcephaly*; poor coordination and hypotoniat
Irritability in infancy*; hyperactivity in childhood

Less than 2 standard deviations for length and weight*
Less than 2 standard deviations for length and weight*;

disproportionately diminished adipose tissuef

Facial characteristics
Eyes
Nose
Maxilla
Mouth

Short palpebral fissures*

Short, upturnedt; hypoplastic philtrum*

Hypoplastict

Thinned upper vermillion*; retrognathia in infancy*; micro-

gnathia or relative prognathia in adolescencet

*Feature seen in > 80 percent of patients.
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tFeature seen in > 50 percent of patients.

have been noted at autopsy, as well as
abnormal migration of neural and glial
cells out over the surface of the brain
(12, 13). Havlicek and others (/4, 15)
have noted abnormal electroencephalo-
gram patterns in newborns and children
with FAS.

Fetal alcohol syndrome has been diag-
nosed in infants and in adults (10, 16).
The facial characteristics and growth
deficiency have been the primary diag-
nostic criteria in the newborn, although a
variety of functional deficits have also
been noted, including tremulousness,
hypotonia, hyperactivity, and hyper-
acusis (heightened sensitivity to sound)
(17). Weak sucking ability and other
feeding difficulties, failure to thrive, and
delayed development also have been re-
ported during the first year of life (/0,
18).

Although FAS has attracted much in-
terest because of its unique and easily
recognizable constellation of features, it
is becoming increasingly evident that
maternal alcoholism is related to a whole
spectrum of effects (19). Even in the ab-
sence of typical FAS, a variety of other
adverse effects of alcohol have been re-
ported. Two recent studies (/5, 20) have
confirmed Sullivan’s (2) early work
showing higher neonatal and infant mor-
tality in offspring of female alcoholics, as
well as increased risk for infants with
low birth weight. Although one group of
investigators (/5) reported an increased
risk of epilepsy in infants born to alco-
holic mothers, epilepsy has not been a
frequently reported concomitant of FAS.

Mental handicaps. Mental retarda-
tion, hyperactivity, slow development,
and perceptual-motor disturbance are
frequently noted in clinical reports of
children with FAS. In IQ studies of chil-
dren with FAS in Germany (2/), France
(22), Sweden (I5), and the United States
(16), the findings were remarkably simi-
lar. The average reported 1Q of children
with FAS is around 68 (mildly retarded),
but the range of IQ scores is wide. A few
children with FAS may have normal in-
telligence, but most have significant
mental handicaps. As indicated in Table
3, increasing severity of the physical
characteristics of FAS is associated with
decreasing intellectual performance (/6,
21, 22). These IQ scores are for children
with a diagnosis of FAS; the risk for
mental retardation in children who do
not have an FAS diagnosis, but who are
born to alcoholic mothers, would be ex-
pected to be much lower.

Only a few IQ studies have been con-
ducted on the same children over time.
One child with FAS who was studied in
our clinic from birth to 5 years (Fig. 4),
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showed no improvement in IQ, despite
good care in a foster home since birth
and multiple remedial services. Although
one follow-up study reports mild im-
provement in the most mildly affected
cases (22), other studies of small groups
of children with FAS show no significant
change in IQ over time (/5, 23). The ages
of the children tested, genetic factors,
and environmental circumstances may
all play a role in the outcome of FAS.

Several investigators have described
cognitive or intellectual deficits in chil-
dren born to alcoholic mothers but lack-
ing the characteristics of FAS. This is
not surprising, because teratogenic
agents can produce behavioral deficits in
experimental animals, even in the ab-
sence of structural defects (8, 24).
Shaywitz et al. (25) have described a
small group of children, all born to alco-
holic mothers, who have minimal brain
dysfunction but generally normal in-
telligence. Olegard et al. (I15) have de-
scribed infants born to alcoholic mothers
who had abnormal evoked-response en-
cephalograms in the absence of other
FAS characteristics and in the absence
of low birth weight. Clarren et al. (12) re-
ported brain malformations in autopsied
offspring of a small group of alcoholic
and ‘‘binge’’ drinking mothers; some of
these offspring showed no FAS charac-
teristics. Two recent studies of children
born to alcoholic mothers (20, 26) show
significantly lower IQ scores in children
of alcoholic mothers compared to con-
trols matched on a variety of relevant
variables, even though most of the chil-
dren did not have an FAS diagnosis. Un-
fortunately, the contributions of certain
postnatal environmental factors associ-
ated with maternal alcoholism are diffi-
cult to sort out in human studies. Future
studies should focus on outcomes in chil-
dren raised by nonalcoholic foster par-
ents to fully separate the relative contri-
butions of prenatal and postnatal influ-
ences.

Prevalence. Two questions must be
addressed regarding the prevalence of
FAS: What is the prevalence of FAS
among children of alcoholic mothers and
what is the prevalence of FAS in the gen-
eral population? On the basis of data
from the National Perinatal Collabora-
tive Study, Jones and colleagues (20) re-
ported that six children of 23 chronically
alcoholic mothers could be retrospec-
tively diagnosed as having FAS. How-
ever, the alcoholic mothers in this study
were primarily from the lowest socioeco-
nomic classes, and this 32 percent preva-
lence rate of FAS among alcoholic
mothers may pertain only to those from
comparable backgrounds. Olegard and
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Small head
circumference

Low nasal bridge
Epicanthic folds

Short palpebral
fissures

Short nose
Small midface
Indistinct philtrum

Thin upper lip

Fig. 1. Facial features that are characteristic
of FAS.

colleagues in Sweden (/5) conducted a
prospective study identifying alcoholic
women during pregnancy and reported a
33 percent prevalence rate for the full
syndrome and a 76 percent rate for par-
tial effects. Majewski, Bierich, and col-
leagues (21) conducted extensive retro-
spective studies of children of alcoholic

mothers in Germany and reported a 26
percent frequency of FAS. However,
these workers noted that the frequency
was 43 percent among the most severe
alcoholics and 20 percent among women
with milder alcoholism. They concluded
that the critical issue is not the exact
amount of alcohol consumed by the alco-
holic mother during pregnancy, but
rather the chronicity of her alcoholism.
Majewski’s sample, like that of Jones et
al., also contained many alcoholic wom-
en from the lower social classes. Unpub-
lished work in our own clinic suggests
that the frequency of FAS may be lower
when we sample a volunteer group of re-
covered alcoholic women of higher so-
cial class and educational background
who reported being alcoholic during a
given pregnancy. The prevalence of FAS
reported in studies of alcoholic mothers
is influenced by such factors as sample
selection and demographics as well as by
the definitions for alcoholism and FAS
that are used.

Fig. 2. Children with FAS of three racial backgrounds: (left) American Indian, (center) black,

and (right) white. All are mentally retarded.

Table 2. Associated features of FAS observed in 245 affected persons. Features described as
frequent were reported in 26 to 50 percent of patients; features described as occasional were
reported in 1 to 25 percent of patients. [Table reproduced from Clarren and Smith (/1), courtesy

of the New England Journal of Medicine)

Area Frequent Occasional

Eyes Ptosis; strabismus; Myopia; clinical microphthalmia; blepharophimosis
epicanthal folds

Ears Posterior rotation Poorly formed concha

Mouth Prominent lateral Cleft lip or cleft palate; small teeth with faulty enamel
palatine ridges

Cardiac Murmurs, espe- Ventricular septal defect; great vessel anomalies; te-
cially in early tralogy of Fallot
childhood, usual-
ly a result of atrial
septal defect

Renogenital Labial hypoplasia Hypospadias; small rotated kidneys; hydronephrosis

Cutaneous Hemangiomas Hirsutism in infancy

Skeletal Aberrant palmar Limited joint movements, especially fingers and el-
creases; pectus bows; nail hypoplasia, especially fifth polydactyly;
excavatum radioulnar synostosis; pectus carinatum; bifid xiph-

oid; Klippel-Feil anomaly; scoliosis
Muscular Hernias of diaphragm, umbilicus, or groin; diastasis

recti
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The question of the prevalence of FAS
in newborns in the general population
must be addressed through systematic
prospective studies in which newborn in-
fants are examined for characteristics of
FAS. In northern France (22), the birth
prevalence of FAS was reported to be
one in 1000 live births when only the
most severe cases were counted, but one
in 400 if milder cases were included.
These figures are very comparable to
those reported from Sweden (one in 600
births) (/5), and from Seattle (one in 750
births) (27).

Although chronic maternal alcoholism
with heavy drinking during pregnancy
has béen a consistent factor in reported
cases of FAS, some other factors may
exist which predispose a given woman to
producing affected offspring, and these
risk factors warrant further study. The
higher prevalence of affected cases with-
in the lower socioeconomic classes sug-
gests that some social class-related fac-
tors, such as poor nutrition, smoking,
and additional drug use, may increase
the risk of FAS. Other risk factors may
be alcohol-related, such as the chronicity
of the mother’s alcoholism. Several case
studies show increasingly adverse preg-
nancy outcomes associated with increas-
ing chronicity of maternal alcoholism
1, 28). Genetic factors in mother or
child may be related to the occurrence of
FAS; a few reports of differentially af-
fected dizygotic twins have appeared
(28, 29). Furthermore, the alcoholic fa-
ther as a risk factor has not been system-
atically studied, despite the fact that al-
coholic women are often married to alco-
holic men and that hyperactivity has
been reported in offspring of alcoholic

fathers (in studies failing to adjust for al-

coholic mothers) (30).

If we conclude that current knowledge
suggests a prevalence of FAS of about
one per 750 births in the general popu-

Table 3. Studies of intellectual function in FAS

lation, and if we assume that neonates
diagnosed as having FAS will indeed
have subsequent retarded development,
then this would make FAS one of the
most common forms of mental retarda-
tion with a known etiology. Although
FAS is clearly associated with chronic
maternal alcoholism, the effects of indi-
vidual drinking patterns, nutrition, other
drug use, genetic factors, metabolic dif-
ferences, paternal alcoholism, and other
possibly correlated risk factors are less
well understood.

Prospective Studies on the Effects
of Maternal Drinking

Although clinical studies have focused
on the consequences of chronic maternal
alcoholism, information is rapidly accu-
mulating on the effects of a wider spec-
trum of maternal drinking, including so-
cial drinking. Studies of the con-
sequences of lower and more variable
amounts of alcohol exposure are impor-
tant because the lower limits of the
teratogenic effects of alcohol are un-
known.

In 1974, the National Institute of Al-
cohol Abuse and Alcoholism (NIAAA)
funded three major prospective studies
on maternal alcohol use and pregnancy
outcome: one in Boston (3/), one in
Loma Linda, California (32), and one in
Seattle (33). Two prior studies in Paris
(34) and Seattle (35) also addressed this
issue. These five studies differed widely

with respect to sample size and constitu-

ency, alcohol assessments, statistical
procedures, and outcome measures eval-
uated. Measures of average alcohol use
were derived from self-reports obtained
through interview or questionnaire. The
criterion for a ‘‘heavy’’ drinker varied
considerably across studies: in the Se-
attle studies (33, 35), ‘‘heavy’’ drinkers

. The severity of diagnosis is indicated by Roman

numerals, with I representing the least severe.

1Q Relation Hy-
Sample (mean of IQ to er-
Country Reference sizg and severity of astivi-

range) diagnosis ty

France Lemoine et al. (9) 127* About 70* Yes

Dehaene and co- 22 66 (33 to 122) Yes Yes

workers (22)

Germany Majewskiet al. 1) 18 82 (47 to 123) I: IQ =091 Yes
II: 1IQ =79
: III: 1Q = 66

United Streissguth et al. (16) 20 65 (16 to 106) I: IQ =82 Yes
States II: IQ = 68
III: 1IQ = S8
IV: 1IQ =55

*]t is unknown whether this represents actual test scores and, if so, the number of children tested from among

the total sample.
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were those who reported 1 ounce or
more of absolute alcohol per day on the
average (equivalent to two or more
drinks of wine, liquor, or beer per day);
in the Paris study (34), ‘*heavy’’ drinkers
reported 40 or more centiliters of wine
daily (equivalent to about 1.6 ounces or
more of absolute alcohol per day); and in
the Boston study (37), ‘‘heavy’’ drinkers
reported 45 drinks or more per month
and sometimes five drinks or more per
occasion.

In all of these prospective studies the
‘“heavy”’ drinking group was defined
solely on the basis of self-reported con-
sumption rather than on whether or not
the women were alcoholic or had alco-
hol-related problems. The lower limit of
“‘heavy drinker’’ in each study was well
within the quantity of consumption gen-
erally construed to be ‘‘social’’ drinking.

Because the use of alcohol is corre-
lated with smoking and smoking is also
related to adverse pregnancy outcome
(36), it is necessary to adjust or control
for smoking in studies of alcohol tera-
togenesis. Most, but not all, of the pro-
spective studies addressed this issue.
Despite many differences in sample char-
acteristics and procedures, the con-
clusions of the prospective studies were
similar, with 12 reports indicating that al-
cohol use by pregnant women is associ-
ated with adverse effects on off-
spring 31, 33-35).

Intrauterine  growth. Intrauterine
growth is negatively associated with ma-
ternal alcohol intake, even after adjust-
ment is made for other variables such as
smoking, caffeine, parity, and gestation-
al age. Kaminski et al. (34), reported that
greater alcohol use is related to lower in-
fant birth weight and placental weight.
Heavy drinkers (women drinking an av-
erage of at least 1.6 ounces of absolute
alcohol per day during pregnancy) have
infants averaging 59 grams less than off-
spring of lighter drinkers. Little (35) re-
ported that women drinking an average
of 1 ounce or more of absolute alcohol
per day during the eighth month of preg-
nancy delivered babies averaging 160
grams less than offspring of lighter drink-
ers. In our prospective study, we have
also found that increased alcohol use is
significantly related to decreased birth
weight, the length of the infant at birth,
and the head circumference (37), after
adjusting for other relevant variables.

Stillbirths. The French investigators
(34) found a significant relationship be-
tween maternal drinking and stillbirth
rates. The unadjusted stillbirth rates of
9.9 per 1000 for light drinkers and 25.5
per 1000 for heavy drinkers were signifi-
cantly different. Certain risk factors,

SCIENCE, VOL. 209



when combined with heavy alcohol use,
resulted in even higher stillbirth rates.
These included greater maternal age,
higher parity, lower social class, and
smoking. In nonsmokers, heavy alcohol
intake more than doubled the risk of
stillbirths, while women who both drank
heavily and smoked had the highest
stillbirth rates—50.5 per 1000.

Congenital malformations. Kaminski
et al. (34) did not detect a relationship
between maternal drinking and rate of
major congenital malformations. This is
not surprising because major malforma-
tions have not been noteworthy even in
children with FAS. Their data on minor
malformations have not yet been report-
ed.

In the Boston study (3/), infants were
examined by a pediatric neurologist who
reported increased rates of congenital
anomalies associated with heavy mater-
nal alcohol use: 32 percent of the heavy
drinkers’ infants had major or minor
anomalies compared to 14 percent for
moderate drinkers and 9 percent for light
drinkers. Multiple congenital anomalies
were found in 20 percent of the heavy
drinkers’ offspring, more than four times
the rate for light drinkers. For reasons
that are not entirely clear, Ouellette and
co-workers (38) did not note a specific
pattern of anomalies suggestive of FAS.

In the Seattle longitudinal study, Han-
son ef al. (27) evaluated and categorized
newborns according to FAS character-
istics and growth deficiency. Standard-
ized blind evaluations were conducted
on 163 newborns, half of whom had been
born to heavier drinkers and half to con-
trols (who drank infrequently or ab-
stained). The women’s reports of drink-
ing in early pregnancy were significantly
related to a pattern of growth deficiency
and minor malformations associated
with FAS. As Table 4 indicates, the per-
centage of abnormal infants for each
group of mothers was directly related to
the amount of maternal drinking. It must
be noted, however, that only two of
these infants were diagnosed as having
the full syndrome, and the mothers of
both of them had an independent clinical
diagnosis of alcoholism. The other nine
infants were called ‘‘abnormal’’ on the
basis of their growth deficiency and the
presence of some FAS characteristics,
but they did not have the full syndrome.
As Hanson et al. point out, the predic-
tive validity of such a diagnosis is not
known, but follow-up studies are under
way.

Clarren and colleagues (/2) examined
a small number of brains obtained at au-
topsy from children with a diagnosis of
FAS, including some from the Seattle
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Fig. 3. Comparison of the brain of a normal
newborn with the brain of an infant with FAS
who died 5 days after birth. [Photograph cour-
tesy of S. Clarren] Note the small size of the
brain from the infant with FAS and that the
gyral pattern is obscured by a leptomeningeal
neuroglial heterotopia.

study. Of particular interest is that these
workers found leptomeningeal neuroglial
heterotopias (abnormal cell migration) in
the offspring of two women who de-
scribed themselves as infrequent drink-
ers who had occasional binges. It is not
clear from these data whether this means
(i) that large doses of alcohol at infre-
quent intervals can produce brain mal-
formations; (ii) that these women gave
inaccurate accounts of their actual drink-
ing habits; or (iii) that other factors,
which may or may not be related to binge
drinking, may produce these brain mal-
formations. Further research is needed
in this area.

.

Neonatal behavioral effects. Behav-
ioral teratology is relatively new to the
field of teratology (24). Traditionally, the
teratogenicity of an agent has been eval-
uated in terms of physical malforma-
tions, whereas adverse pregnancy out-
comes in epidemiologic studies have fo-
cused on measures of growth, morbidity,
and mortality. However, the behavioral
deficits associated with FAS (mental re-
tardation, learning problems, hyper-
activity, and attentional deficits) make
behavioral studies of particular interest
in evaluating the effects on offspring of
moderate maternal alcohol use.

The Seattle study (33) focused primari-
ly on the behavioral consequences of so-
cial drinking, with newborn behavior
evaluated through several independent
procedures. Although the predictive va-
lidity of newborn behaviors is unknown,
the longitudinal design should permit in-
vestigation of this question. From the in-
terviewed sample of 1529 Seattle wom-
en, a cohort of 500 offspring was selected
for detailed behavioral evaluation: 250
whose mothers were the heaviest drink-
ers and 250 whose mothers drank alcohol
infrequently or not at all.

All of the infants were examined under
standardized conditions by independent
teams of examiners who had no knowl-
edge of parental drinking history, medi-
cal diagnosis, or infant performance on
other tests. The data were analyzed
primarily by multiple regression tech-
niques, with adjustments being made
for effects of nicotine, caffeine, parity,
and other relevant variables. On their
first day of life, the infants were ex-
amined with the Brazelton Neonatal
Assessment Scale (BNAS) and sys-
tematic observations were made of the
infants’ naturally occurring behaviors.
On the second day, data were obtained
regarding operant learning and base-
line sucking behavior.

w

Fig. 4. Child with a diagnosis of FAS photographed at birth, at 8 months, and at 4!/ years; the
child’s IQ was 40 to 45 at each evaluation from 8 months on.
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On the BNAS (39), significant dif-
ferences were found on two of the six be-
havioral clusters evaluated. Infants of
mothers who were heavy drinkers had
poorer habituation scores (that is, they
were not as quick to tune out redundant
stimuli) and lower levels of arousal. The
habituation finding is of particular inter-
est in view of the hypersensitivity to
sounds (hyperacusis) that has been re-

Non-alert wake state

w
(3]

[
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Hand-to-mouth behaviors

Atypical head orientation
(head to the left)
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>
~» Moderate-heav @
corae-neawy 2
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o
£ 3
S 40}
[ =4
k=3
§' 20 +
a

ported clinically in infants with FAS
6).

The naturally occurring behaviors of a
subset of 124 infants were coded by
Landesman-Dwyer et al. (40), by means
of an electronic data acquisition system
to preserve the time and sequence of all
events. Of the 16 summary behavior
codes examined, infants exposed to
more alcohol were significantly more

Body tremors

Vigorous body activity

12 1

Fig. 5. Findings from the naturalistic observation study. All comparisons depicted here are
significantly different in multiple regression analyses, adjusting for maternal nicotine use and

sex, birth weight, and birth order of the infant.

50-

40+

30k

20

Pressure (mm)
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)
Time (seconds) 300

Trials: Baseline ——10 Acquisition

20 30 Extinction —=40

Fig. 6 Sucking record of an individual newborn showing number of sucks during baseline,
acquisition, and extinction trials. This record met the criteria for learning: responses increased
in the presence of a reward (acquisition trials) and decreased when the reward was withdrawn

(extinction trials).
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likely than controls to display; (i) in-
creased body tremors, (ii) increased time
with eyes open, (iii) increased head ori-
entation to the left (an atypical position
in newborns), (iv) increased hand-to-
mouth behavior, and (v) decreased vig-
orous body activity (Fig. 5).

Operant learning studies involved two
paradigms: head-turning and sucking be-
havior (¢/). In these studies, the infant
received a sip of glucose water as a re-
ward for the prescribed response (either
a head turn to the nonpreferred side or
sucking on a nonnutritive nipple). Figure
6 depicts a sucking record from the oper-
ant learning study. Similar findings were
obtained for both head-turning and suck-
ing experiments: infants whose mothers
both smoked and drank heavily during
pregnancy performed significantly more
poorly on both learning tasks. The rela-
tion of these measures to learning during
the school-age years is not known, but is
being evaluated in the longitudinal de-
sign.

Measures of sucking behavior (42)
were obtained from 151 infants by means
of a pressure transducer attached to a
nonnutritive nipple, as in the learning
study. Data were recorded on a tape re-
corder and computer-analyzed. Infants
of mothers who drank heavily during
pregnancy had significantly weaker
sucking pressure; this is of particular in-
terest because poor sucking and feeding
difficulties have been reported clinically
in infants with FAS, and sucking pres-
sure is directly related to milk intake.

In addition to using the specially de-
signed codes for behavioral variables de-
scribed above, certain medical indices of
newborn status were obtained from the
hospital records of 1429 infants whose
mothers were interviewed during preg-
nancy (43). On three of these, there was
a higher frequency of occurrence among
infants born to heavy drinking mothers
compared to offspring of control
mothers: (i) need for ventilatory resusci-
tation, (ii) heart rate abnormalities, and
(iii) lower Apgar scores. The Apgar is a
commonly used clinical tool for rating
newborn status at delivery. The 10-
point scale represents a summation of
ratings on color, crying, respiration, re-
sponsiveness, and muscle tone. Signifi-
cantly more infants of heavy drinking
mothers had 1-minute Apgar scores of 3
or below and 5-minute Apgar scores of 8
and below.

From the Boston prospective study,
Ouellette, Rosett, and colleagues (3/),
reported that infants of heavy drinkers
were significantly more jittery than off-
spring of control mothers. Sander et al.
and Rosett et al. (44) reported data from

SCIENCE, VOL. 209



a pilot study of 31 newborns receiving
24-hour monitoring in a special bassinet.
They concluded that the regulation of
state (the presence of predictable pat-
terns of sleep and waking activity) is not
as well-organized in infants of heavy
drinkers, although the actual time spent
in different stages of sleep does not dif-
fer. Maternal smoking was not adjusted
for in either of these studies (37, 44), so it
remains as a potentially confounding
variable.

In terms of effects on later develop-
ment, two reports are relevant. Maternal
alcohol use during pregnancy has been
related to small but significant decre-
ments in mental and motor development
in 8-month-old infants (45), and to de-
creased attentiveness in 4-year-old chil-
dren (46). In these two studies, statistical
adjustments were made for several other
variables such as gestational age, birth
order, and maternal smoking.

The prospective studies of social
drinking during pregnancy indicate that
increased maternal alcohol use is related
to a variety of adverse pregnancy out-
comes. These include increased intra-
uterine growth deficiency, stillbirths,
congenital malformations, and a variety
of functional measures including low Ap-
gar score, heart rate abnormalities, jit-
teriness, poor sucking ability, low activi-
ty, poor habituation, poor performance
on operant conditioning, atypical head
orientation and other behaviors associat-
ed with poor functioning of the central
nervous system. The breadth of the find-
ings and the number of studies reporting
comparable results are important factors
in evaluating the strength of the effect.
However, some caveats must be men-
tioned.

1) All of the studies of social drinking
have been based on self-reported mater-
nal alcohol intake; the relationship of
these scores to actual intake is unknown.
Although one study (47) has shown good
test-retest reliability over a 1-week inter-
val and no systematic tendency toward
reporting more or less alcohol consump-
tion on the second interview, the ques-
tion of validity has not been addressed.

2) The lower limit of alcohol neces-
sary to produce a harmful effect has not
been determined. Furthermore, patterns
of alcohol use both between women and
within women are so variable during
pregnancy that any attempt at quan-
tification represents only a rough estima-
tion. To date, adverse effects have not
been reported at less than two drinks per
day on the average. The significance of
binge as opposed to regular drinking has
not been systematically addressed.

3) Alcohol use is positively correlated

18 JULY 1980

Table 4. Maternal alcohol consumption and neonatal outcome. Children were classified as ab-
normal if two of the following four criteria were met, in addition to either criterion iii or iv: (i)
weight or length or both < third percentile; (ii) head circumference < third percentile; (iii) short
palpebral fissures (< 1.8 cm in infants = 36 weeks of gestational age); (iv) multiple dysmorphic
features characteristic of FAS (such as broad, low nasal bridge, epicanthic folds, long philtrum,

small nails, limitation of joint movement). [Data from Hanson et al. (27)]

Maternal alcohol consumption

Drinks per day

Abnormal newborns with
some features of FAS

AA*
=20 (= 4 drinks per day)
1.0 to 2.0 (2 to 4 drinks per day)
< 1.0 (= 2 drinks per day)

N Percentage N
16 19 3t
54 11 6
93 2 2

*AA = Average ounces of absolute alcohol consumed per day, in month preceding recognition of pregnancy,

according to self-report.

7Two of these three newborns had enough FAS characteristics to receive an

FAS diagnosis; their mothers also had a clinical diagnosis of alcoholism.

with smoking and other personal charac-
teristics that may influence risk. While
smoking has been adjusted for in most of
the studies described above, other pos-
sible risk factors, such as poor nutrition
and use of prescription and nonpre-
scription drugs, are more difficult to
evaluate. Some of these factors can be
dealt with more precisely in studies on
experimental animals.

Animal Models for Teratogenic
Effects of Alcohol

The third major body of evidence im-
plicating alcohol as a teratogen comes
from reports of experiments with labora-
tory animals. Animal models are particu-
larly important because of the opportu-
nity to control for factors seldom ac-
counted for in human studies, including
control of timing and dose of alcohol ex-
posure, control of nutrition through pair-
fed controls, control of the postnatal en-
vironment through cross-fostering, and
consideration of individual differences
through cross-strain comparisons. The
mouse (48), guinea pig (49), beagle dog
(50), rat (5/), and pigtail macaque (52)
are among the species being studied as
models for the teratogenicity of alcohol.

Structural and physiological effects.
Reduced size of litter and of offspring are
frequently found with high dosages of al-
cohol during gestation (48, 49). Many
morphological effects are also found, but
these are not consistently replicated
across species. In the mouse, investiga-
tors have produced eye defects (53), car-
diac and neural abnormalities (48), digit
anomalies, and cardiovascular, urogeni-
tal, and head malformations (54) by ad-
ministering large doses of alcohol. In the
rat, microcephaly and a shriveled ap-
pearance have been noted, as well as de-
velopmental retardation, malformation,
and delayed ossification following a very
small dose of alcohol (5/). Abel (55),

however, found no gross malformations
at birth nor any learning differences with
a comparable dose. In the guinea pig
(49), whose neural development is com-
plete at birth, shallow fissures, abnor-
mally flat gyri, and cellular lesions in cor-
tex and basal ganglia were found in the
offspring of mothers given oral doses of
ethanol, although no external structural
anomalies were described. Methodologi-
cal differences between experimenters
in terms of the time period during gesta-
tion that alcohol is administered, the
dose, the route of administration, and
the strain of animal used, contribute to
the difficulties encountered in reproduc-
ing experimental results. However, spe-
cies differences may also be responsible
for the lack of consistency. Although it
may not be possible to induce teratogen-
ic effects in the rat as reliably as in
the mouse, it is relatively easy to in-
duce structural change in some mouse
strains.

Neurochemical, hormonal, and neural
anomalies may occur as a consequence
of ethanol exposure and have a profound
effect on offspring function even in the
absence of gross morphological change.
Decreased protein synthesis (56), de-
layed myelination of fetal brain (57), and
lowered concentrations of serotonin in
the brain (58) have been reported in off-
spring of alcohol-fed rats. More such
studies are needed to determine the
mechanisms underlying functional defi-
cits.

Developmental and functional effects.
Measures of function studied in animals
include: (i) developmental and growth in-
dices, (ii) activity, (iii) stress paradigms,
and (iv) appetitive or learning paradigms.
Stress paradigms are of particular inter-
est because of the assumption that neu-
rally compromised organisms will not
tolerate stress as readily as will non-
compromised individuals. To date, be-
havioral teratology studies have been
done primarily on rodents, and alcohol
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has usually been administered only dur-
ing the period of organogenesis.
Developmental  effects. Decreased
birth weight and litter size in offspring of
alcohol-fed animals have been found by
many investigators (48, 59, 60), although
not by all (7, 51). In the laboratory of one
of us (J.C.M.), it was found that in-
creased neonatal deaths as well as
growth retardation continuing until
adulthood occurred in some studies of
rats exposed to alcohol in utero (60). In
other studies, these differences were not
found (6/), possibly because of differing
methods of alcohol administration and
differing amounts of drug available to the
fetus. We have uniformly found longer
gestational periods for alcohol-treated
rat dams, although Ellis et al. (62) failed
to find this in the mouse. We have also
found some evidence for developmental
delay, but not all measures differentiate
groups. Eye-opening tends to be delayed
no matter what administration method is
used. Papara-Nicholson and Telford (49)
found not only decreased birth weight in
newborn guinea pig offspring, but also
poor locomotion, and sucking and feed-
ing difficulties as well as incoordination,
increased stillbirths, neonatal deaths,
and retardation of myelination.
Hyperactivity. Hyperactivity in the
offspring of mothers given alcohol during
pregnancy has been reported by several
investigators, including ourselves (63-
65). Since the methods of alcohol admin-
istration have included both intubation
and liquid diet, and the activity has been
measured by a variety of methods such
as activity wheels, observer counts of
rearing and approach, and squares
crossed in an open field, we can be fairly
confident that the results are valid.
Krsiak’s group (58) found lowered con-
centrations of serotonin in the brains of
offspring from dams given alcohol, al-
though brain catecholamines (dopamine
and norepinephrine) were not depleted.
This may be particularly relevant be-
cause a recent review (66) links lowered
activity of the serotonergic system to hy-
peractivity in humans. In addition, the
Krsiak study eliminated the possible ef-
fect of individual versus group housing
(which has been shown to influence brain
monoamine levels), and our study (63),
by cross-fostering the offspring, elimi-
nated possible postnatal maternal influ-
ences. Offspring exposed to alcohol in
utero are more active than controls, re-
gardless of whether they are raised by
natural or foster mothers, a finding that
replicates the clinical reports of hyper-
activity in children with FAS (/6).
Learning effects. These have been re-
ported by many investigators, beginning
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with an
learning

early study reporting inferior
ability in a water maze and
greater emotionality in rats whose
mothers received alcohol during preg-
nancy (67). Phillips and Stainbrook (59)
tested visual discrimination in an appa-
ratus designed to present four stimuli si-
multaneously; the offspring exposed to
alcohol in utero were inferior in learning
set formation, which tests conceptual-
ization, or ‘‘learning to learn.”” Bond and
Di Giusto (65) found such offspring im-
paired in their ability to learn to avoid a
noxious stimulus. Riley et al. (68), using
several different paradigms, reported dif-
ficulty with response inhibition and re-
versal learning in offspring of alcohol-fed
rats, behaviors perhaps analogous to the
uninhibited behaviors seen in some chil-
dren with FAS (16).

In our own laboratory (60), operant
studies, in which the receipt of food de-
pends on an animal’s ability to learn the
pattern of timing or to expend a given
amount of effort, have shown that rats
exposed to alcohol in utero are slower to
learn on the simple schedules when alco-
hol is also continued during lactation. Al-
cohol administered only during the nurs-
ing period did not have as severe an ef-
fect. Pair-fed controls were used to con-
trol for undernutrition, since alcohol is
caloric. The offspring exposed to alcohol
in utero performed more efficiently on
schedules that rewarded a slower rate of
response. A punishment schedule, in
which the rats had to turn on the shock
themselves before they could operate a
bar to receive food pellets, showed that
offspring exposed to alcohol during ges-
tation and nursing had trouble learning
the problem; their behavior totally dis-
integrated at the highest shock level.

From the literature on animal studies,
we see a confirmation of the work con-
ducted with humans on the teratogenic
effects of alcohol. In addition to produc-
ing malformations and increased off-
spring mortality, intrauterine exposure
to alcohol in laboratory animals pro-
duces growth deficiency and learning
deficits that might be construed as analo-
gous to the developmental and in-
tellectual impairment noted in children
with FAS. Furthermore, the literature on
laboratory animals clarifies the nutri-
tional issue to some extent. Pair-fed con-
trols have been used in many of the ani-
mal studies, and the results have sug-
gested that it is the alcohol that is the
prime teratogenic agent, not the poor nu-
trition. However, even pair feeding does
not control for changes in metabolism
and utilization of basic nutrients which
may be affected by alcohol. To our
knowledge, no one has investigated the

role of poor nutrition as a risk factor that
might increase the likelihood of an effect
in alcohol-fed animals. Such studies of
possible synergistic effects might help to
explain the preponderance of children
with FAS among the lower social
classes.

Animal experiments also show the im-
portance of the host in determining the
effect produced by a teratogenic agent.
Chernoff (69) found that alcohol-fed mice
had more resorptions and more mal-
formed offspring than pair-fed controls,
but the effects were strongest in a mouse
strain that has low alcohol dehy-
drogenase activity and is a slow metabo-
lizer of alcohol. As there is still consid-
erable question as to why some alcoholic
mothers produce affected offspring and
others do not, studies such as these can
help explain some of the genetic factors
that may be involved.

Conclusions

The research and clinical studies re-
viewed here clearly indicate that alcohol
is a teratogen. However, the mecha-
nisms through which the effects are pro-
duced remain unclear. The question of
whether it is the direct effect of alcohol
on morphogenesis or the effect of a
breakdown product, such as acetalde-
hyde (70), awaits further study. Like-
wise, risk factors that may exacerbate an
effect, such as poor nutrition, exposure
to other drugs, and individual differences
in alcohol metabolism, are poorly under-
stood.

There appears to be a dose-response
curve for intrauterine alcohol exposure.
The effects on offspring range from birth
weight and functional deficits at the
lower doses to FAS and increased off-
spring mortality at the higher doses (such
as among offspring of chronic alcohol-
ics). A safe level of alcohol use during
pregnancy has not been established, al-
though birth weight decrements in hu-
man beings have been found at levels
corresponding to about two drinks per
day on the average.

Public policy. These findings have im-
portant implications for public policy.
On 1 June 1977, following the first feder-
ally sponsored workshop on FAS, Er-
nest P. Noble, then director of NIAAA
(71), issued a health caution on FAS,
warning that adverse effects were found
corresponding to about six drinks per
day on the average and that the effects at
lower levels remained uncertain. Imme-
diately, a statement on FAS was made to
200,000 health care professionals
through the Morbidity and Mortality
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Weekly Report circulated by the Center
for Disease Control (72). In September
1977, Donald Kennedy, then commis-
sioner of the Food and Drug Administra-
tion (FDA), authorized publication of a
statement on FAS in the FDA Drug Bul-
letin (73).

On 15 November 1977, Kennedy
urged the Bureau of Alcohol, Tobacco,
and Firearms (BATF) to initiate rule-
making to require that labels be put on
bottles regarding alcohol use during
pregnancy. On 31 January 1978, the Sen-
ate Subcommittee on Alcoholism and Drug
Abuse held hearings on the question of
bottle labeling and FAS (74), and on 17
March 1978, BATF solicited public re-
sponse to the question (75). In January
1979, BATF decided against bottle label-
ing partly because of the complexity of
the message that would be required (76).
BATF did require that the liquor indus-
try fund an educational campaign, to be
evaluated in 2 years, warning mothers of
the dangers that drinking poses to their
unborn children (75).

On another front, NIAAA has funded
two demonstration and prevention proj-
ects (77) to develop education materials
and media campaigns regarding alcohol
and pregnancy, and to develop systems
for providing information and referral
services to pregnant women drinking at
risk levels. Several states, including Wis-
consin, South Carolina, Virginia, Texas,
and Illinois, have also taken the initiative
and developed educational and service
programs for FAS. The National Council
on Alcoholism has made FAS a focus for
research funding, the National Founda-
tion-March of Dimes has been active in
educational programming for FAS, and
the Bureau of Indian Affairs made FAS
top priority for the Year of the Child.

The teratogenic effects of alcohol are
clearly established in humans and ani-
mals, although many questions remain
unanswered. Two key issues, now, are
to elucidate the mechanisms of impair-
ment and to increase public awareness.
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