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Abstract
Alcohol exposure during development causes central nervous system alterations in both humans and
animals. Although the most common behavioral manifestation of these alterations is a reduction in
cognitive abilities, it is becoming increasingly apparent that deficits in social behavior may be very
prevalent sequelae of developmental alcohol exposure. In infancy and early childhood, deficits in
attachment behavior and state regulation are seen in both alcohol-exposed people and animals,
suggesting that these changes are largely the result of the alcohol exposure rather than maternal
behavior. In the periadolescent period, people exposed to alcohol during development show a variety
of difficulties in the social domain as measured by checklists filled out by either a parent or teacher.
Rats exposed to alcohol during development show changes in play and parenting behaviors. In
adulthood, prenatal alcohol exposure is related to high rates of trouble with the law, inappropriate
sexual behavior, depression, suicide, and failure to care for children. These high rates all suggest that
there may be fundamental problems in the social domain. In other animals, perinatal alcohol exposure
alters aggression, active social interactions, social communication and recognition, maternal
behavior, and sexual behavior in adults. In conclusion, research suggests that people exposed to
alcohol during development may exhibit striking changes in social behavior; the animal research
suggests that these changes may be largely the result of the alcohol insult and not the environment.
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1. Introduction
Fetal alcohol syndrome (FAS) has been defined by a constellation of characteristics including
growth retardation, organ anomalies, and central nervous system (CNS) dysfunction [32]. CNS
dysfunction has most commonly been manifested by a decrease in intellectual function [44,
65]. However, people with FAS appear to differ from the mentally retarded population because
of additional problems in the social domain [11,65]. Deficits in social behaviors in children
with FAS are more severe than those seen in children with similar verbal IQ but who were not
exposed to alcohol [75]. Furthermore, social behavior deficits have been associated with
prenatal alcohol exposure in adolescents and adults without the full FAS diagnosis [65,67] and
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at lower doses of alcohol than would be necessary to produce the full FAS [13]. In fact,
problems in the social domain are reported almost as frequently as the most commonly noted
problem, namely attention deficits, in people with FAS [60].

Social behavior is very complex. Indeed, the complexity of social interactions among primates
has been postulated to be the evolutionary change that resulted in selection for greater
intelligence [17]. The socialization of human beings begins very early and continues
throughout the lifespan. Social behavior in an adult individual is the result of a complex
interaction of genetics, brain development, early childhood experiences pertaining to
socialization, and learning throughout the lifespan; these factors combine to affect social
cognition and motivation. Clearly, the changes in social behavior observed in adults with FAS
could be a function of many things including their genetic background, alcohol-induced
alterations in brain structures involved in social behavior, abnormal childhood socialization
processes, and abnormalities in social learning processes throughout the lifespan.

Rodent models of FAS can be used as means to examine the effect of alcohol exposure during
development on social behavior in a simpler and more easily controlled system than that seen
in the human condition. Nevertheless, even in rodents, social behavior is not that simple. Social
behavior in rats has been shown to follow similar principles as in humans and is also a function
of genetics, teratogenic influences, early maternal-infant interactions, and later social learning.
In experimental rodent models of FAS, the alcohol can be administered in the prenatal or
postnatal period, because the period in the rat equivalent to brain development in the third
trimester in humans extends as far as postnatal day 15 [5]. In these models, the variable of an
alcohol-abusing rearing mother can be removed by cross-fostering. The variable of different
genetic backgrounds can be controlled by using control groups with the same genetic
background and the variable of undernutrition can be assessed by pair feeding a control group.
However, alterations in early maternal-infant interactions still may occur by means of
behavioral abnormalities in the rodent pup altering the maternal reaction of the dams (e.g.
[49]), which results in altered dynamics of the maternal-infant interaction. Nevertheless,
findings of changes in behavior in alcohol-exposed rodents are a powerful indication that the
changes are initiated by the alcohol insult rather than by an abnormal environment. The
similarities of findings in the human and animal literatures in terms of dose-response effects
on the central nervous system and growth in the study of FAS have been striking [20], but
changes in social behavior have not been compared.

Despite the complexity of social behavior, it is critical on a number of levels to explore
systematically the factors involved in the production of social deficits in people with FAS.
From a social cost point of view, it is becoming apparent that people with FAS have a high
probability of delinquency and/or criminality (see below for more detailed discussion) and
some of these problems may arise from difficulties with social behavior in general. Difficulties
in social behavior are likely to impair work performance, resulting in a high likelihood of the
necessity of dependent living even into adulthood [67]. In addition to the social cost, there are
costs to the individual with FAS. There is a high rate of depression and suicide in people with
FAS that is as yet unexplained [22,40,67]; however, lack of social support, which can result
from awkward social behavior, has been shown to be a major contributor to depression [48].
Thus, understanding the factors involved with the changes in social behavior could lead to
targeted interventions and perhaps ameliorate both the social cost and the cost to the individual.

This review examines social behavior as it relates to prenatal alcohol exposure in the hope that
the knowledge acquired from both animal and human research literatures can be used to
delineate some of the factors involved in observed social deficits. The review will take a
developmental lifespan perspective and include findings that range from those on children born
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to moderate social drinkers to children with FAS born to alcoholic women and those derived
from animal models of FAS.

2. Infancy and early childhood
Research on the social development of infants has been influenced by Bowlby [9], who
proposed that attachment behaviors in an infant were part of a social behavior system that
operated to ensure that the primary caretaker was nearby to provide protection for the infant.
Bowlby also argued that the temperament of the infant interacted with the environment,
particularly the primary caregiver, and that this interaction could influence later adult
relationships. Note that the interaction is both the result of the infant’s attachment behaviors
and the responses of the caretaker to those behaviors. More recent conceptualizations of social
development of the child have also focused on the mother-infant dyad. The emphasis is on the
process of mutual regulation [77], where the infant’s temperament and ability to regulate its
own state can interact with maternal ability to meet the infant’s needs.

Attachment in infants has often been examined using the strange situation procedure in which
the infant is exposed to increasing degrees of separation from the primary caretaker, and the
reactions of both the caretaker and infant are assessed [1]. O’Connor and colleagues [50,51]
investigated attachment, as assessed by the strange situation experiment, in infants born to
middle-class women who were social drinkers. Children in this sample contained a high number
of infants who displayed a disorganized style of attachment, characterized by conflicting and
confused behavior. Mothers of the infants with disorganized attachment styles were the
heaviest social drinkers during pregnancy. Results from a causal modeling procedure suggested
that the primary variable was the direct effect of alcohol consumption during pregnancy on the
infants’ temperament [51]. Consistent with O’Connor’s causal model, others have suggested
that whereas maternal sensitivity is a predictor of a secure attachment style, a disorganized
attachment is predicted largely by the newborn’s behavior [59].

Infants with FAS or infants exposed to alcohol during pregnancy show high levels of irritability
[16], a temperament variable shown to contribute to maladjustment in attachment [44] and a
possible indicator of later difficult temperament and behavioral problems in the child [74]. In
addition, alcohol-exposed infants have been shown to have disturbed sleep patterns [14,16,
58] and feeding difficulties [16]. Steinhausen, Nestler, and Spohr [61] described significantly
higher levels of both eating and sleeping disturbance in children born to alcoholic mothers
compared to matched controls. Stoffer, Scher, Richardson, Day, and Coble [63] demonstrated
prenatal alcohol disruption of sleep-state cycling in neonates. Prenatal alcohol was significantly
related to state disregulation one day postpartum and weak suck and longer latency to suck two
days postpartum; the mothers of these children were well-nourished social drinking mothers
who had all been in prenatal care by the fifth month of pregnancy [42,62,68].

Disruption in sleep and feeding rhythms could represent early problems in state regulation in
the infants themselves and could possibly disrupt the attachment process [23] or other important
aspects of maternal-infant dynamics [6]. It is likely that alterations of the maternal-infant
interactions where the mother is a social drinker are primarily the result of the disruption to
the infant. One study that coded mother-child interactions during 8- and 18-month Bayley
assessments of the child found that maternal drinking in this well-educated population was not
associated with inappropriate mothering styles [69]. Similarly, Ragozin, Landsman-Dwyer,
and Streissguth [54] found that in a subset of this same population maternal social drinking
was not related to home environments at 12 months as measured on the HOME scale. However,
when the mother is an alcoholic, it is quite likely that there would be a maternal contribution
to a disruption of maternal-infant dynamics, in addition to the contribution from the infant (see
Freier [24] for an interesting discussion of this interaction). Indeed, given that maternal
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alcoholism is associated with child abuse, the maternal contribution could be quite strong
[41].

The findings in the human population of a disruption of the maternal-infant dyad are strongly
corroborated by the animal research. During the neonatal period, the rat pup must interact with
its siblings and its dam. Alcohol exposure during development results in a longer latency to
attach to a nipple and shorter periods spent attached to the nipple, regardless of whether testing
is done with an anesthetized (and therefore nonlactating) dam [3,55] or nonanesthetized dam
[73]. The suckling by prenatally exposed rat pups results in less milk intake, and these
alterations in suckling behavior also result in a change in a foster dam’s prolactin response to
suckling by postnatal day 10 [73]. Another example of altered pup behavior resulting in altered
dam response is that pups exposed to ethanol prenatally are unable to elicit retrieval from a
dam as quickly as control pups [49]. Others have found that prenatal exposure to ethanol
reduces isolation-induced ultrasonic vocalizations, which are vocalizations assumed to indicate
distress [33]. Further, these vocalizations in prenatally exposed pups have altered
responsiveness to opioids [33] and neurosteroids [81]. Again similar to the human literature,
alcohol exposure during development disrupts the sleep [29,30,64] and feeding [73] rhythms
and the development of the ability to regulate temperature [80,82] in rat pups, which would
disrupt the process of psychobiological attunement that may underlie attachment [23]. The
alcohol-induced changes in early pupdam interactions suggest the likelihood of cascade-like
effects [49] such that deficits in pups could result in altered dam behavior, which in turn could
result in even more aberrant behavior in the pups.

The interactions between the infant and primary caretaker are assumed to be fundamental to
later social interactions, particularly interactions between two individuals. There is
considerable evidence that the maternal-infant dyad in humans and the dam-pup interactions
in rats are disrupted by alcohol exposure during development. In addition, infants exposed to
alcohol during development also show deficits in modeling of others, an ability postulated to
be extremely important for the development of social behavior [2,45]. In particular, Jacobson
et al. [31] found that alcohol-exposed infants showed impaired ability to model play behavior
exhibited by the experimenter. Given the possibility of a disruption in two fundamental
processes to social behavior—the interaction between the mother and infant and modeling—
it is not surprising that social problems occur in older children exposed to alcohol during
development (see Table 1).

3. Periadolescence
Examination of social behaviors in children and adolescents exposed to alcohol during
development has been largely based on standardized tests of adaptive behaviors and behavior
checklists done by either the teacher or parent of the affected child. Both of these methods of
assessing child behavior have their drawbacks, including being dependent on the
perceptiveness of the observer and the influence of the observer’s expectations.

Coles et al. [15] examined children (average age 6 years old) who had been moderately exposed
to alcohol during development and found no deficits in adaptive behaviors after current
maternal drinking had been controlled. Brown et al. [11] reported that there were no differences
in children exposed to moderate amounts of alcohol during development in free play behaviors
or aggression levels over a 5-min observation period. In the same population of children,
teachers reported more aggression and other externalizing problems in children whose mothers
drank alcohol throughout pregnancy compared to children whose mothers either stopped
drinking in the third trimester of pregnancy or did not drink at all during pregnancy [11].
Steinhausen [60], using the Child Behavior Checklist, examined children of similar age but
who had FAS and had been exposed to large amounts of alcohol during development. Both
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the teachers’ and parents’ behavior ratings indicated severe deficits in the social domain; indeed
the social problems were almost as prevalent as attention problems. Children exposed to alcohol
but without FAS have been shown to do less well in school even after controlling for the current
environment and the child’s IQ score, suggesting difficulties in a behavioral domain [25].
Thomas et al. [75], using the Vineland Adaptive Behavior Scale, found that children with FAS
had deficits in social skills of approximately three standard deviations below the mean for their
age. In both the interpersonal skills and use of play and leisure time subdomains, the deficits
were significantly greater than a control group matched on verbal IQ who were not exposed
to alcohol.

Investigations of the effects of alcohol exposure during development on the periadolescent
period in rats have examined two forms of affiliative behavior, namely play and parental
behavior. Play is a primary reinforcer for animals during this period and also appears to be a
need because it exhibits an increase in frequency when animals have been socially isolated
[52,53]. Normally play behavior is more frequent in male rats than in female rats. However,
prenatal alcohol exposure has been shown to reverse this difference such that alcohol-exposed
male rats play less than male control rats and alcohol-exposed female rats play more than female
control rats [46] (although there has been a failure to replicate this effect at least in males [7]).
This effect of alcohol exposure suggests that some of the teratogenic effects of alcohol on social
behavior may be mediated by alterations of normal developmental patterns of sex hormones.
Parental behavior is another form of affiliation; male and female rats in the juvenile period
exposed to rat pups will eventually retrieve and hover over the rat pups. Exposure to alcohol
during the prenatal period [4] or postnatal period [78] results in an increase in the latency to
retrieve rat pups in both male and female juvenile rats.

It is difficult to draw parallels between the animal and human literature in the periadolescent
period at this time, largely because the measures of social behavior are obviously very different.
Direct observation of play behavior has not been conducted in children with FAS and
observations of general social behavior have not been done in juvenile rats exposed to alcohol.
Striking gender differences have not been found in the human syndrome. However, it should
be noted that in rat models of FAS, the behaviors that show sexually dimorphic effects of
alcohol exposure are sexually dimorphic in control postpubertal rats; none of the measures
used in the human population have been ones that are normally sexually dimorphic, and so the
lack of gender differences in FAS might be a function of the type of measures used and the
age of the children evaluated.

Although there have not been many studies directly examining social behavior in this age
group, there are a number of studies reporting certain temperament characteristics, that are
important in social behavior, occurring at a high frequency in individuals with FAS. In
particular, there have been frequent reports of impulsivity and distractability in children with
FAS [66] and in children born to mothers who were social drinkers [12,57,70-72]. In the
literature on delinquency, impulsivity, in particular, is considered to be one of the best
predictors of early onset of delinquency, at least in boys [76]. In fact, 60% of young adolescents
with FAS have had problems with the law, with one in three individuals having committed
their first crime between the ages of 9 and 14 years [66]. The most predominant crimes are
crimes against persons, including theft, burglary, assault, and murder [66].

4. Late adolescence and adulthood
Adolescents and adults with FAS or fetal alcohol effects (FAE; mean age 17 years) show
unresponsiveness to social cues, lack of reciprocal friendships, lack of tact, and difficulty in
cooperating with peers, as measured by the Vineland Adaptive Behavioral Scale [39,65].
Indeed, adults with FAS who have normal IQ scores still exhibit problems in the social domain
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[65]. Women with either FAS or FAE often have difficulty in caring for their children. In one
study, 36% of children born to 30 women with FAS or FAE had been taken from their mothers
by children’s protective services agencies [26,66].

Although there are very few studies directly examining social behavior in adults exposed to
alcohol during development, there are findings that are suggestive of difficulties with social
behavior in individuals with FAS or FAE. In adults with FAS or FAE who are 21 years of age
or older, 58% have had trouble with the law, suggesting possible difficulties in integrating with
society [66]. In this same group of individuals, over 40% have had a history of inappropriate
sexual behavior, perhaps indicating a failure to appreciate social norms [66]. Also, individuals
with FAS or FAE have very high rates of depression and of suicide and parasuicide behaviors
[22,40,60,66], possibly indicating failure of social support of these individuals or a failure to
utilize existing supports due to cognitive and temperamental characteristics [48].

Animal models of FAS have been used to examine social behaviors in adult rats exposed to
alcohol during development. In normal rats, active social interactions between adult males are
greater than those seen in adult females. This pattern is reversed by alcohol exposure during
the early postnatal period [36]. There is some evidence that aggression and social investigation
are increased in male mice by exposure to alcohol during development [10,21,38,79]; however,
pair-fed control mice were not used in these studies and care should be taken in their
interpretation. In adult rats, exposure to alcohol during the prenatal period increases offensive
aggression compared to pair-fed controls [56]. Social recognition is impaired in alcohol-
exposed rats of both sexes [37] and social communication appears to be altered at least in
female rats by exposure to alcohol during development [37]. Prenatal alcohol exposure also
feminizes adult male sexual behavior [19,28] and delays the onset of vaginal opening and
behavioral estrus in female rats [8,18,43,47].

Two studies have now demonstrated that female rats prenatally exposed to alcohol at levels
not high enough to produce malformations show marked disruption of maternal behaviors [4,
27]. Compared with control rats who retrieved their pups in rapid succession, licked them, and
crouched over them protectively, the prenatally exposed dams built nests of inferior quality
and took, on average, twice as long to retrieve the first pup back to the nest. By 30 min half
the fetal-alcohol-exposed dams had not retrieved their litters. Although the rat pups were
themselves normal in calling to their dams, the retrieval behavior of the alcohol-exposed dams
appeared to be disoriented, unmotivated, and disorganized. They sometimes carried a pup
halfway to the nest, and then dropped it to pick up another pup, or they spent much time
grooming themselves and eating and drinking while ignoring the pups [27].

Although it is tempting to point to the parallels between the animal findings and human findings
on maternal and sexual behavior, it should be kept in mind that the relationship between these
behaviors in rats and humans is distant, particularly with respect to the extent of hormonal
influences. Perhaps more compelling are the findings that simple interaction frequencies and
processing of social cues is altered in rats exposed to alcohol during development. Given the
apparent breadth of problems in social behavior seen in people with FAS or FAE, it may that
there is a fundamental difficulty in some subprocess underlying social behavior, whether it be
in perception of social cues, social motivation, or selection of the appropriate social response.

5. Conclusions
It is apparent that there are changes in social behavior induced by alcohol exposure during
development both in rats and in adults. Some of the changes are apparent very early in life,
suggesting that some of the basic building blocks of social behavior in infancy are abnormal,
heralding difficulty with social behavior later in life. The extent and impact of the changes in
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social behaviors appear to increase in adulthood such that in humans, very gross indicators of
social maladjustment, such as suicide and arrest rates, detect these difficulties.

At this point, there is enough evidence to indicate that in addition to cognitive deficits, another
very common and important indicator of CNS dysfunction in FAS is problems in the social
domain. Questions abound about the extent and nature of these difficulties, demanding
observational and laboratory studies specifically aimed at social behavior in people with FAS.
Future studies examining early attachment and other social behaviors in infants with FAS still
with their alcoholic parent or in stable adoption environments would greatly increase our
understanding about the relative contributions of altered infant behaviors versus altered
maternal behaviors to attachment difficulties. The natural environment in which children with
FAS are raised has recently been documented in one large study [66], but others are needed,
as are laboratory studies examining environmental conditions exacerbating and ameliorating
problems with socialization. The possible interaction of the availability or lack of social support
services for affected adults and their lack of social skills should also be examined. Finally,
studies in children and adults with FAS should focus on the nature of the subprocesses in social
behavior that may be altered.

Animal models of FAS could and should be used to aid the research process. The use of models
can facilitate the examination of simple social processes and can establish more clearly the
degree to which the changes in social behaviors are the direct result of alcohol-induced brain
changes. These data can then be used to guide and design longitudinal studies to be conducted
in humans. Animal models of FAS can also be used to establish the underlying neural bases
of the changes in social behavior. Whereas structures critically involved in social behaviors,
such as the hypothalalmus [34], amygdala [36], septal region [35], and hippocampus [35], have
been shown to be altered by exposure to alcohol during development, strong causal links
between specific behavioral alterations and neural changes have yet to be drawn. Animal
models are ideal for this difficult task and this type of research may suggest possible
pharmacological treatments for FAS.

In summary, both animal and human studies strongly suggest that alcohol exposure during
development alters social behaviors and both types of studies have specific contributions to
make to further explore these alterations. The FAS research field has a long history of
collaboration and communication between basic and applied researchers and the domain of
social behavior is one in which the contributions from both types of research are necessary and
should yield much needed and important insights for behavioral interventions.

Acknowledgments
This paper was supported by NIAAA grant AA11566 to S.J. Kelly, NIAAA grant AA06666 to N. Day, NIAAA grant
AA01455-01-22 to A.P. Streissguth, CDC grant RO14/R998515-01-04 to A.P. Streissguth, and CSAP grant
H86SP02897 to A.P. Streissguth.

References
[1]. Ainsworth, MDS.; Wittig, BA. Attachment and exploratory behavior of one-year-olds in a strange

situation. In: Foss, BM., editor. Determinants of Infant Behavior. Vol. 4. Methuen; London: 1969.
p. 113-136.

[2]. Bandura, A. Social Learning Theory. Prentice Hall; Englewood Cliffs, New Jersey: 1977.
[3]. Barron S, Kelly SJ, Riley EP. Neonatal alcohol exposure alters suckling behavior in neonatal rat

pups. Pharmacol Biochem Behav 1992;39:423–428. [PubMed: 1946583]
[4]. Barron S, Riley EP. Pup-induced maternal behavior in adult and juvenile rats exposed to alcohol

prenatally. Alcohol Clin Exp Res 1985;9:360–365. [PubMed: 3901808]

Kelly et al. Page 7

Neurotoxicol Teratol. Author manuscript; available in PMC 2009 June 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



[5]. Bayer SA, Altman J, Russo RJ, Zhang X. Timetables of neurogenesis in the human brain based on
experimentally determined patterns in the rat. Neurotoxicology 1993;14:83–144. [PubMed:
8361683]

[6]. Beeghly M, Tronick EZ. Effects of prenatal exposure to cocaine in early infancy: Toxic effects on
the process of mutual regulation. Infant Mental Health Journal 1994;15:158–175.

[7]. Blanchard BA, Hannigan JH. Prenatal ethanol exposure: Effects on androgen and nonandrogen
dependent behaviors and on gonadal development in male rats. Neurotoxicol Teratol 1994;16:31–
39. [PubMed: 8183187]

[8]. Boggan WO, Randall CL, Dodds HM. Delayed sexual maturation in female C57Bl/6J mice prenatally
exposed to alcohol. Res Commun Chem Pathol Pharmacol 1979;23:117–125. [PubMed: 441506]

[9]. Bowlby, J. Attachment. Vol. 1. Basic Books; New York: 1969. Attachment and Loss.
[10]. Brain, PF.; Ajarem, JS.; Petkov, VV. The utility of ethological assessments of murine agonistic

interactions in behavioural teratology: The fetal alcohol syndrome. In: Olivier, B.; Mos, J.; Brain,
PF., editors. Ethopharmacology of Agonistic Behavior in Animals and Humans. Martinus Nijhoff
Publishers; Boston: 1987. p. 110-121.

[11]. Brown RT, Coles CD, Smith IE, Platzman KA, Silverstein J, Erickson S, Falek A. Effects of prenatal
alcohol exposure at school age. II. Attention and behavior. Neurotoxicol Teratol 1991;13:369–376.
[PubMed: 1921916]

[12]. Carmichael-Olson H, Sampson PD, Barr HM, Streissguth AP, Bookstein FL. Prenatal exposure to
alcohol and school problems in late childhood: A longitudinal prospective study. Development and
Psychopathology 1992;4:341–359.

[13]. Carmichael-Olson H, Streissguth AP, Sampson PD, Barr HM, Bookstein FL, Thiede K. Association
of prenatal alcohol exposure with behavioral and learning problems in early adolescence. J Am
Acad Child Adolesc Psychiatry 1997;36:1187–1194. [PubMed: 9291719](Tech. Rept. No. 94-02),
Seattle, University of Washington, Pregnancy & Health Study

[14]. Chernick V, Childiaeva R, Ioffe S. Effects of maternal alcohol intake and smoking on neonatal
electroencephalogram and anthropometric measurements. Am J Obstet Gynecol 1983;146:41–47.
[PubMed: 6846423]

[15]. Coles CD, Brown RT, Smith IE, Platzman KA, Erickson S, Falek A. Effects of prenatal alcohol
exposure at school age. I. Physical and cognitive development. Neurotoxicol Teratol 1991;13:357–
367. [PubMed: 1921915]

[16]. Coles CD, Platzman KA. Behavioral development in children prentally exposed to drugs and
alcohol. Int J Addictions 1993;28:1393–1433.

[17]. Cosmides L. The logic of social exchange: Has natural selection shaped how humans reason? Studies
with the Wason selection task. Cognition 1989;31:187–276. [PubMed: 2743748]

[18]. Creighton-Taylor JA, Rudeen PK. Prenatal ethanol exposure and opiatergic influence on puberty
in the female rat. Alcohol 1991;8:187–191. [PubMed: 2069733]

[19]. Dahlgren IL, Matuszczyk JV, Hård E. Sexual orientation in male rats prenatally exposed to ethanol.
Neurotoxicol Teratol 1991;13:267–269. [PubMed: 1886535]

[20]. Driscoll CD, Streissguth AP, Riley EP. Prenatal alcohol exposure: Comparability of effects in
humans and animal models. Neurotoxicol Teratol 1990;12:231–237. [PubMed: 2196422]

[21]. Elis J, Kršiak M. Effect of alcohol administration during pregnancy on social behaviour of offspring
of mice. Activitas Nervosa Superior 1975;17:281–282. [PubMed: 1221798]

[22]. Famy C, Streissguth AP, Unis A. Mental illness in adult patients with fetal alcohol syndrome and
fetal alcohol effects. Am J Psychiatry 1998;155:552–554. [PubMed: 9546004]

[23]. Field T. Attachment and separation in young children. Ann Rev Psychol 1996;47:541–561.
[PubMed: 8624142]

[24]. Freier K. In utero drug exposure and maternal-infant interaction: The complexities of the dyad and
their environment. Infant Mental Health Journal 1994;14:176–188.

[25]. Goldschmidt L, Richardson G, Stoffer D, Geva D, Day N. Prenatal alcohol exposure and academic
achievement at age six: A nonlinear fit. Alcohol Clin Exp Res 1996;20:763–770. [PubMed:
8800397]

[26]. Grant, T.; Ernst, C.; Streissguth, A.; Porter, J. An advocacy program for mothers with FAS/FAE.
In: Streissguth, AP.; Kanter, J., editors. The Challenge of Fetal Alcohol Syndrome: Overcoming

Kelly et al. Page 8

Neurotoxicol Teratol. Author manuscript; available in PMC 2009 June 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Secondary Disabilities. University of Washington Press; Seattle: 1997. p. 102-112.Tech. Rept. No.
96-13

[27]. Hård E, Musi B, Dahlgren IL, Engel J, Larsson K, Liljequist S, Lindh AS. Impaired maternal
behaviour and altered central serotonergic activity in the adult offspring of chronically ethanol
treated dams. Acta Pharmacol Toxicol 1985;56:347–353.

[28]. Hård E, Dahlgren IL, Engel J, Larsson K, Liljequist S, Lindh AS, Musi B. Development of sexual
behavior in prenatally ethanol-exposed rats. Drug Alcohol Depend 1984;14:51–61. [PubMed:
6489152]

[29]. Hilakivi L. Effects of prenatal alcohol exposure on neonatal sleep-wake behavior and adult alcohol
consumption in rats. Acta Pharmacol Toxicol 1986;59:36–42.

[30]. Hilakivi L, Tuomisto L, Hilakviv I, Kiianmaa K, Hellevuo K, Hyytia P. Effect of prenatal alcohol
exposure on neonatal sleep-wake behavior and adult alcohol consumption in the AA and ANA rat
lines. Alcohol 1987;22:231–240.

[31]. Jacobson JL, Jacobson SW, Sokol RJ, Martier SS, Ager JW, Kaplan-Estrin MG. Teratogenic effects
of alcohol on infant development. Alcohol Clin Exp Res 1993;17:174–183. [PubMed: 8452200]

[32]. Jones KL, Smith DW. Recognition of the fetal alcohol syndrome in early infancy. Lancet
1972;2:999–1001. [PubMed: 4116985]

[33]. Kehoe P, Shoemaker W. Opioid-dependent behaviors in infant rats: Effects of prenatal exposure to
ethanol. Pharmacol Biochem Behav 1991;39:389–394. [PubMed: 1946579]

[34]. Kelly SJ. Alcohol exposure during development alters hypothalamic neurotransmitter content. J
Neural Transm 1996;103:55–67. [PubMed: 9026377]

[35]. Kelly SJ. Effects of alcohol exposure and artificial rearing during development on septal and
hippocampal neurotransmitters in adult rats. Alcohol Clin Exp Res 1996;20:670–676. [PubMed:
8800383]

[36]. Kelly SJ, Dillingham RJ. Social behavior and the amygdala region are altered by perinatal alcohol
exposure. Neurotoxicol Teratol 1994;16:377–384. [PubMed: 7526147]

[37]. Kelly SJ, Tran TD. Alcohol exposure alters social recognition and social communication in rats.
Neurotoxicol Teratol 1997;19:383–389. [PubMed: 9380005]

[38]. Kršiak J, Elis J, Pöschlová N, Mašek K. Increased aggressiveness and lower brain serotonin levels
in offspring of mice given alcohol during gestation. J Stud Alcohol 1977;38:1696–1704. [PubMed:
562457]

[39]. LaDue, RA.; Streissguth, AP.; Randels, SP. Clinical considerations pertaining to adolescents and
adults with fetal alcohol syndrome. In: Sonderegger, TB., editor. Perinatal Substance Abuse:
Research Findings and Clinical Implications. Johns Hopkins University Press; Baltimore: 1992. p.
104-133.

[40]. Lemoine P, Lemoine PH. Avenir des enfants de meres alcooliques (étude des 105 cas retrouvées a
l’âge adulte) et quelques constations d’interêt prophylactique. Ann Pediatr 1992;39:226–235.

[41]. Lynn W, Reid AJ, Midmer DK, Diringer A, Carroll JC, Stewart DE. Antenatal psychosocial risk
factors associated with adverse postpartum family outcomes. Can Med Assoc J 1996;154:785–799.
[PubMed: 8634957]

[42]. Martin, DC.; Martin, JC.; Streissguth, AP.; Lund, CA. Sucking frequency and amplitude in
newborns as a function of maternal drinking and smoking. In: Galanter, M., editor. Currents in
Alcoholism. Grune and Stratton, Inc.; New York: 1979. p. 359-366.

[43]. McGivern RF, Raum WJ, Handa RJ, Sokol RZ. Comparison of two weeks versus one week of
prenatal ethanol exposure in the rat on gonadal organ weights, sperm count and onset of puberty.
Neurotoxicol Teratol 1992;14:351–358. [PubMed: 1454044]

[44]. Meares R, Penman R, Milgrom-Friedman J, Baker K. Some origins of the “difficult” child: The
Brazelton scale and the mother’s view of her newborn’s character. Br J Med Psychol 1982;55:77–
86. [PubMed: 7059536]

[45]. Meltzoff, AN. The human infant as homo imitans. In: Zentall, TR.; Galef, BG., Jr., editors. Social
Learning. Psychological and Biological Perspectives. Lawrence Erlbaum Associates; Hillsdale, NJ:
1988. p. 319-341.

[46]. Meyer LS, Riley EP. Social play in juvenile rats prenatally exposed to alcohol. Teratology
1986;34:1–7. [PubMed: 3764769]

Kelly et al. Page 9

Neurotoxicol Teratol. Author manuscript; available in PMC 2009 June 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



[47]. Minetti S, Fulginiti S. Sexual receptivity of adult female rats prenatally intoxicated with alcohol on
gestational day 8. Neurotoxicol Teratol 1991;13:531–534. [PubMed: 1758407]

[48]. Mrazek, PB.; Haggerty, RJ. Reducing Risks for Mental Disorders: Frontiers for Preventive
Intervention Research. National Academic Press; Washington, DC: 1994.

[49]. Ness JW, Franchina JJ. Effects of prenatal alcohol exposure on rat pups’ ability to elicit retrieval
behavior from dams. Dev Psychobiol 1990;23:85–99. [PubMed: 2340959]

[50]. O’Connor MJ, Sigman M, Kasari C. Attachment behavior of infants exposed prenatally to alcohol:
Mediating effects of infant affect and mother-infant interaction. Dev Psychopathol 1992;4:243–
256.

[51]. O’Connor, MJ. The implications of attachment theory for the socioemotional development of
children exposed to alcohol prenatally. In: Spohr, H-L.; Steinhausen, HC., editors. Alcohol,
Pregnancy and the Developing Child. Cambridge University Press; Cambridge: 1996. p. 183-206.

[52]. Panksepp J, Beatty WW. Social deprivation and play in rats. Behav Neural Biol 1980;30:197–206.
[PubMed: 7447871]

[53]. Panksepp J, Siviy S, Normansell L. The psychobiology of play: Theoretical and methodological
perspectives. Neurosci Biobehav Rev 1984;10:465–492. [PubMed: 6392950]

[54]. Ragozin, AS.; Landesman-Dwyer, S.; Streissguth, AP. The relationship between mothers’ drinking
habits and children’s home environments. In: Seixas, FA., editor. Currents in Alcoholism. Vol. 4.
Grune and Stratton, Inc.; New York: 1978. p. 39-49.

[55]. Rockwood GA, Riley EP. Nipple attachment behavior in rat pups exposed to alcohol in utero.
Neurotoxicol Teratol 1990;12:383–389. [PubMed: 2392098]

[56]. Royalty J. Effects of prenatal ethanol exposure on juvenile playfighting and postpubertal aggression
in rats. Psychol Rep 1990;66:551–560. [PubMed: 2349347]

[57]. Sampson PD, Streissguth AP, Barr HM, Bookstein FL. Neurobehavioral effects of prenatal alcohol:
II. Partial least squares analysis. Neurotoxicol Teratol 1989;11:477–491. [PubMed: 2593987]

[58]. Scher M, Richardson G, Coble P, Day N, Stoffer D. The effects of prenatal alcohol and marijuana
exposure: Disturbances in neonatal sleep cycling and arousal. Pediatr Res 1988;24:101–105.
[PubMed: 3412843]

[59]. Sprangler G, Fremmer-Bombik E, Grossman K. Social and individual determinants of infant
attachment security and disorganization. Infant Mental Health Journal 1996;17:127–139.

[60]. Steinhausen, HC. Psychopathology and cognitive functioning in children with fetal alcohol
syndrome. In: Spohr, H-L.; Steinhausen, HC., editors. Alcohol, Pregnancy and the Developing
Child. Cambridge University Press; Cambridge: 1996. p. 227-248.

[61]. Steinhausen HC, Nestler V, Spohr H-L. Development and psychopathology of children with the
fetal alcohol syndrome. J Dev Behav Pediatr 1982;3:49–54.

[62]. Stock DL, Streissguth AP, Martin DC. Neonatal sucking as an outcome variable: Comparison of
quantitative and clinical assessments. Early Hum Dev 1985;10:273–278. [PubMed: 3987578]

[63]. Stoffer DS, Scher MS, Richardson GA, Day NL, Coble P. A Walsh-Fourier analysis of the effects
of moderate maternal alcohol consumption on neonatal sleep-state cycling. Journal of American
Statistics Association 1988;83:954–963.

[64]. Stone WS, Altman HJ, Hall J, Arankowsky-Sandoval G, Parekh P, Gold PE. Prenatal exposure to
alcohol in adult rats: Relationships between sleep and memory deficits, and effects of glucose
administration on memory. Brain Res 1996;742:98–106. [PubMed: 9117426]

[65]. Streissguth AP, Aase JM, Clarren SK, Randels SP, LaDue RA, Smith DF. Fetal alcohol syndrome
in adolescents and adults. JAMA 1991;265:1961–1967. [PubMed: 2008025]

[66]. Streissguth, AP.; Barr, HM.; Kogan, J.; Bookstein, FL. Final Report to the Centers for Disease
Control and Prevention (CDC). University of Washington, Fetal Alcohol and Drug Unit; Seattle:
1996. Understanding the Occurrence of Secondary Disabilities in Clients with Fetal Alcohol
Syndrome (FAS) and Fetal Alcohol Effects (FAE). Tech. Rept. No. 96-06

[67]. Streissguth, A.; Barr, H.; Kogan, J.; Bookstein, F. Primary and secondary disabilities in fetal alcohol
syndrome. In: Streissguth, AP.; Kanter, J., editors. The Challenge of Fetal Alcohol Syndrome:
Overcoming Secondary Disabilities. University of Washington Press; Seattle: 1997. p. 25-39.Tech.
Rept. No. 96-13

Kelly et al. Page 10

Neurotoxicol Teratol. Author manuscript; available in PMC 2009 June 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



[68]. Streissguth AP, Barr HM, Martin DC. Maternal alcohol use and neonatal habituation assessed with
the Brazelton scale. Child Dev 1983;54:1109–1118. [PubMed: 6354622]

[69]. Streissguth, AP.; Barr, HM.; Darby, BL.; Ervin, CH. Predicting 4-Year IQ with the Mother-Infant
Interaction Scale (MIIS). University of Washington, Pregnancy and Health Study; Seattle: 1991.

[70]. Streissguth AP, Bookstein FL, Sampson PD, Barr HM. Neurobehavioral effects of prenatal alcohol:
Part III. PLS analyses of neuropsychologic tests. Neurotoxicol Teratol 1989;11:493–507. [PubMed:
2593988]

[71]. Streissguth AP, Bookstein FL, Sampson PD, Barr HM. Attention: Prenatal alcohol and continuities
of vigilance and attentional problems from 4 through 14 years. Development and Psychopathology
1995;7:419–446.

[72]. Streissguth AP, Sampson PD, Carmichael-Olson H, Bookstein FL, Barr HM, Scott M, Feldman J,
Mirsky AF. Maternal drinking during pregnancy and attention/memory performance in 14-yearold
children: A longitudinal prospective study. Alcohol Clin Exp Res 1994;18:202–218. [PubMed:
8198221]

[73]. Subramanian M. Lactation and prolactin release in foster dams suckling prenatally ethanol exposed
pups. Alcohol Clin Exp Res 1992;16:891–894. [PubMed: 1443427]

[74]. Thomas, A.; Chess, S.; Birch, HG. Temperament and behavior disorders in children. New York
University Press; New York: 1968.

[75]. Thomas SE, Kelly SJ, Mattson SN, Riley EP. Social abilities of children with fetal alcohol syndrome:
A comparison to cognitivelymatched and normal control children. Alcohol Clin Exp Res
1998;22:528–533. [PubMed: 9581664]

[76]. Tremblay RE, Pihl RO, Vitaro F, Dobkin PL. Predicting early onset of male antisocial behavior
from preschool behavior. Arch Gen Psychiatry 1994;51:732–739. [PubMed: 8080350]

[77]. Tronick EZ. Emotions and emotional communication in infants. Am Psychol 1989;44:112–119.
[PubMed: 2653124]

[78]. Wilson JH, Kelly SJ, Wilson MA. Early postnatal alcohol exposure in rats: Maternal behavior and
estradiol levels. Physiol Behav 1996;59:287–293. [PubMed: 8838608]

[79]. Yanai J, Ginsburg BE. A developmental study of ethanol effect on behavioural and physical
development in mice. Alcohol Clin Exp Res 1977;1:325–333.

[80]. Zimmerberg B, Ballard GA, Riley EP. The development of thermoregulation after prenatal exposure
to alcohol in rats. Psychopharmacology 1987;91:479–484. [PubMed: 3108928]

[81]. Zimmerberg B, McDonald BC. Prenatal alcohol exposure influences the effects of neuroactive
steroids on separation-induced ultrasonic vocalizations in rat pups. Pharmacol Biochem Behav
1996;55:541–547. [PubMed: 8981584]

[82]. Zimmerberg B, Tomlinson TM, Glaser J, Beckstead JW. Effects of prenatal alcohol exposure on
the developmental pattern of temperature preference in a thermocline. Alcohol 1993;10:403–408.
[PubMed: 8216888]

Kelly et al. Page 11

Neurotoxicol Teratol. Author manuscript; available in PMC 2009 June 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kelly et al. Page 12
Ta

bl
e 

1
C

ha
ng

es
 in

 so
ci

al
 b

eh
av

io
r o

bs
er

ve
d 

in
 a

lc
oh

ol
-e

xp
os

ed
 p

eo
pl

e 
an

d 
an

im
al

 m
od

el
s o

f F
A

S

O
th

er
 sp

ec
ie

s
H

um
an

s

In
fa

nc
y 

an
d 

ea
rly

 c
hi

ld
ho

od
B

eh
av

io
ra

l a
lte

ra
tio

ns
 in

 m
at

er
na

l-i
nf

an
t d

ya
d 

[3
,5

5,
73

]
D

is
or

ga
ni

ze
d 

at
ta

ch
m

en
t o

f t
he

 in
fa

nt
 [5

0,
51

]

D
is

ru
pt

io
n 

of
 sl

ee
p 

an
d 

fe
ed

in
g 

rh
yt

hm
s a

nd
 te

m
pe

ra
tu

re
 re

gu
la

tio
n 

[2
9,

30
,6

4,
73

,8
0,

82
]

D
is

ru
pt

io
n 

of
 sl

ee
p 

an
d 

fe
ed

in
g 

rh
yt

hm
s [

14
,1

6,
42

,5
8,

61
,6

2,
63

,6
8]

?
D

ef
ic

its
 in

 m
od

el
in

g 
[3

1]

Pe
ria

do
le

sc
en

ce
Se

xu
al

ly
 d

im
or

ph
ic

 c
ha

ng
es

 in
 p

la
y 

[7
,4

6]
?

D
el

ay
s i

n 
in

du
ct

io
n 

of
 m

at
er

na
l b

eh
av

io
r [

4,
78

]
?

?
So

ci
al

 d
ef

ic
its

 a
s m

ea
su

re
d 

by
 b

eh
av

io
r c

he
ck

lis
ts

 [1
1,

60
,2

5,
75

]

?
Im

pu
ls

iv
ity

 a
nd

 ir
rit

ab
le

 te
m

pe
ra

m
en

t [
58

,6
6,

70
]

La
te

 a
do

le
sc

en
ce

 a
nd

 a
du

lth
oo

d
C

ha
ng

es
 in

 a
ct

iv
e 

so
ci

al
 in

te
ra

ct
io

ns
 [3

6]
So

ci
al

 d
ef

ic
its

 a
s m

ea
su

re
d 

by
 b

eh
av

io
r c

he
ck

lis
ts

 [3
9,

65
]

D
is

ru
pt

io
n 

of
 m

at
er

na
l b

eh
av

io
r i

n 
fe

m
al

es
 [4

,2
7]

D
iff

ic
ul

tie
s i

n 
ca

rin
g 

fo
r c

hi
ld

re
n 

by
 m

ot
he

rs
 [2

6,
66

]

A
lte

ra
tio

ns
 in

 se
xu

al
 b

eh
av

io
r [

8,
18

,1
9,

25
,4

3,
27

]
In

ap
pr

op
ria

te
 se

xu
al

 b
eh

av
io

r [
66

]

In
cr

ea
se

d 
ag

gr
es

si
on

 in
 m

al
es

 [1
0,

21
,3

8,
56

,7
9]

?

Neurotoxicol Teratol. Author manuscript; available in PMC 2009 June 22.


