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ABSTRACT. Objective. To test the hypothesis that exposure to alcohol in breast milk affects infants’ sleep and
activity levels in the short term.
Methods. Thirteen lactating women and their infants
were tested on 2 days, separated by an interval of 1 week.
On each testing day, the mother expressed 100 mL of
milk, while a small, computerized movement detector
called an actigraph was placed on the infant’s left leg to
monitor sleep and activity patterning. After the actigraph
had been in place for ;15 minutes, the infants ingested
their mother’s breast milk flavored with alcohol (32 mg)
on one testing day and breast milk alone on the other.
The infants’ behaviors were monitored for the next 3.5
hours.
Results. The infants spent significantly less time
sleeping during the 3.5 hours after consuming the alcohol-flavored milk (78.2 minutes compared with 56.8 minutes after feeding alcohol in breast milk). This reduction
was apparently attributable to a shortening in the longest
sleeping bout (34.5 compared with 56.7 minutes for sleeping after breast milk alone) and the amount of time spent
in active sleep (25.8 minutes compared with 44.2 minutes
after breast milk alone); the decrease in active sleep was
observed in all but 2 of the 13 infants tested.
Conclusions. Although the mechanisms underlying
the reduction in sleep remain to be elucidated, this study
shows that short-term exposure to small amounts of alcohol in breast milk produces distinctive changes in the
infant’s sleep–wake patterning. Pediatrics 1998;101(5).
URL: http://www.pediatrics.org/cgi/content/full/101/5/e2;
alcohol, lactation, sleep, activity, development, infant behavior.
ABBREVIATION. NS, not significant.

T

he notion that infants can be influenced by
components in their mothers’ breast milk has a
rich, long history.1 Physicians in the 18th century often would treat the infants’ ailments by prescribing certain diets to the mother or wet nurse.2
That such practices continue in more modern times is
evident in the medical lore that recommends that
nursing mothers drink an occasional alcoholic beverage, preferably before the evening feeding, to alleviate and sedate their fussy infants.3,4 No experimental evidence supports this recommendation,
although a previous study on the effects of maternal
alcohol consumption on the feeding behaviors of
breastfed infants reported that the infants’ patterning
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of sleeping, as determined from logs completed by
mothers, indeed was altered in the short term.5
Despite this lore, the question of whether occasional exposure to alcohol in breast milk can affect
the infant continues to generate much speculation in
the medical community.6,7 Because alcohol is excreted to a limited extent in breast milk,5,8,9 occasional
exposure often is considered insignificant,8,10 except
in such rare cases of intoxication when the mothers
of breastfeeding infants drank quite heavily11,12 or
when infants were inadvertently fed large amounts
of alcohol in a bottle.13 Moreover, an epidemiologic
study14 found no significant difference in the motor
and mental development of 1-year-old breastfed infants whose mothers drank less than one drink per
day, compared with either breastfed infants whose
mothers did not drink at all or those who were
formula-fed. Only those infants who were exposed
regularly (at least daily) to alcohol in their mothers’
breast milk, showed a slight, but significant deficit in
gross motor, but not mental, development. Perhaps
the developing brain is extremely sensitive to alcohol
or the small amounts ingested in breast milk accumulated in the infant because it is metabolized or
excreted more slowly than in children and adults.14
The present study aimed to evaluate the infants’
sleep and activity levels during the immediate hours
after acute exposure to alcohol in breast milk. Because of the limitations in mothers’ reports,15 objective measures were obtained by using a miniature
actigraph, a small, lightweight wristwatch-sized motion detector, that had been validated previously
with polysomnographic monitoring of both infants16
and adults.17
METHODS
Subjects
Fifteen nonsmoking lactating women who had consumed at
least one alcoholic beverage during lactation and whose infants
had experienced drinking breast milk from a bottle were recruited
from advertisements in local newspapers and from the Women,
Infant and Children Centers in Philadelphia, PA. Two of the
mother–infant pairs were excluded because one infant had a fever
on a testing day and the other received a vaccination injection the
day before testing and cried throughout the session. The mothers
(3 primiparous, 10 multiparous) ranged in age from 22 to 34 years
(mean, 27.4 6 1.1 years), and the infants (9 girls, 4 boys) ranged in
age from 1.5 to 5.6 months of age (mean, 2.7 6 0.3 months). There
was no effect of the infants’ sex on any of the variables tested.
Informed consent was obtained from each woman before testing.
All procedures used in this study were approved by the Committee on Studies Involving Human Beings at the University of Pennsylvania.
Using a time-line follow-back questionnaire,18 each woman estimated the number, types, and frequency of alcoholic beverages
consumed during pregnancy and lactation. Mothers reported
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drinking very little during pregnancy (range, 0 to 30 alcoholic
beverages per 9 months; mean 6 SEM, 1.3 6 1.1), but increasing
alcohol intake during lactation, on average, to 3.0 6 1.0 alcoholic
beverages per month (range, ,1 to 20 drinks per month); these
numbers likely underestimate alcohol usage.19 At the end of the
study, mothers were asked to refrain from drinking one alcoholic
beverage in the near future so that their infant would not be
additionally exposed to alcohol as a result of their participation in
the study.

Procedures
Each mother–infant pair was tested on 2 days separated by an
interval of 1 week (6 1 day). During the 3 days preceding each
testing day, mothers were instructed to eat bland foods and to
refrain from drinking any alcoholic beverages to ensure that the
milk would have a similar flavor profile and be devoid of alcohol
on each testing day.20 Testing occurred in a private room that was
carpeted and contained a portable crib for the infants. After acclimatization to the room and personnel, each mother expressed
approximately 100 mL of milk, usually from both breasts, by using
an electronic breast pump (Medela, Crystal Lake, IL), and the
actigraph was placed on the infant’s left leg.
After the actigraph had been in place for ;15 minutes, each
infant readily bottle-fed ;100 mL of their mothers’ breast milk
alone on one testing day and an equal volume of their mothers’
breast milk flavored with 40 mL (32 mg) of ethanol on the other
test day; the amount of ethanol added to the milk represents the
average concentration detected in breast milk ;1 hour after lactating women drank an acute dose (0.3 g/kg) of alcohol.5,8,9,21
Seven of the infants were fed the control milk on the first day and
the alcohol-flavored milk on second test day; the order was reversed for the remaining infants. There were no significant effects
of order of presentation on any of the variables tested.
The infants were monitored for 3.5 hours after they consumed
the breast milk from the bottle. The mothers nursed their infants
on demand; milk intake was assessed by weighing the infants
immediately before and after each feed on an Acme medical scale
(San Leandro, CA) that was accurate to 5.0 g. The volume of milk
consumed by the infant (in milliliters) was estimated by dividing
the weight of the milk by 1.031, the specific gravity of mature
breast milk. The infants were placed in the portable crib provided
or on the carpet as much as possible so that actigraph-monitored
infant activity was independent of the mother’s activity. The
mothers were not informed of the order of testing, and at the end
of each test session, they were asked several questions about their
infants’ behavior.

Dose Delivered to the Infant
The amount of alcohol ingested by the infants in this study
(estimated by multiplying the volume of milk ingested by the
concentration of alcohol) ranged from 28.8 to 35.8 mg (mean,
31.3 6 0.6). Taking into account the body weight of each infant, the
estimated dose range from 4.00 to 6.41 mg/kg (mean, 5.24 6 0.2);
this is similar to what would be experienced at the breast after the
consumption of a 0.3 g/kg dose by the mother.5,21

Method for Measuring Infant Sleep and Activity
Rhythms
The actigraph (AMA-32 Ambulatory Monitoring, Ardsley, NY),
a self-contained microcomputer that consists of a piezoelectric
accelerometer, generates a voltage in proportion to the mechanical
deflection of the free end as the actigraph is moved.22 Motility
levels were sampled in the zero crossing mode at a constant rate
of 10 Hz. In this mode, an activity count was scored each time that
the infant’s leg movement fell above the unit’s sensitivity threshold. The number of zero crossings was stored in the actigraph’s
memory in 1-minute epochs and later analyzed via a computer
program developed by Sadeh and colleagues (Ambulatory Monitoring Ltd, Ardsley, NY). The automatic scoring algorithms on
which this program is based has been validated previously for
sleep–wake discrimination in both infants16 and adults,17 and for
distinguishing between active versus quiet sleep.23
The following sleep–wake measures were derived from the
activity raw data for each 3.5-hour test session: 1) sleep percent
(percentage of total minutes spent in sleep); 2) quiet sleep (total
minutes the infant spent in quiet sleep); 3) active sleep (total
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minutes the infant spent in active sleep); 4) longest sleep period
(length of the longest continuous episode of sleep); 5) latency to
fall asleep (number of minutes to first sleep bout); 6) number of
sleeping bouts; and 7) mean activity count (average number of
zero crossings the piezoelectric beam) during wakefulness. All
summary statistics reported in this article are expressed as
means 6 SEM, and all P values represent two-tailed tests.

RESULTS

Although the infants slept for the same number of
times during each test session (paired t test (12 df ) 5
0.76; P 5 .46; not significant [NS]) (Table 1), there
was, on average, a 25% reduction in the length of
time spent sleeping after they consumed the alcoholflavored milk compared with breast milk alone
(paired t test (12 df ) 5 2.27; P 5 .04). This reduction
was apparently attributable to a shortening in the
longest sleeping bout (paired t test (12 df ) 5 2.29; P 5
.04) and the amount of time spent in active sleep
(paired t test (12 df ) 5 3.30; P 5 .006). Although not
significant, infants also tended to fall asleep sooner
(paired t test (11 df ) 5 1.50; P 5 .16; one infant did
not sleep during the alcohol test session) and to be
more active during wakefulness (paired t test (12 df )
5 21.67; P 5 .12) after the ingestion of the alcohol in
breast milk compared with breast milk alone.
The decrease in active sleep after alcohol exposure
was observed in all but 2 of the 13 infants tested (Fig
1). However, the effect of alcohol was not immediate;
ie, there was no significant difference in the amount
of time spent in active sleep during the first half of
the 3.5-hour testing session (control vs alcohol,
18.2 6 3.8 vs 17.0 6 4.2 minutes; paired t test (12 df )
5 0.21; P 5 .84; NS). In contrast, infants spent significantly less time in active sleep during the second
half of testing session (ie, 1.75 to 3.5 hours) after
exposure to alcohol in breast milk compared with
breast milk alone (control vs alcohol, 25.2 6 5.5 vs
8.6 6 2.6 minutes; paired t test (12 df ) 5 3.14; P 5
.009).
Mothers apparently were unaware of the differences in their infants’ behaviors after alcohol exposure; ie, they were as likely to report that they
thought their infants consumed the alcohol milk on
either test day (x2 (1 df ) 5 1.30; P . .2; NS). Moreover, there was no significant difference in the number of times the infants breastfed (control vs alcohol,
2.3 6 0.3 vs 2.6 6 0.4; paired t test (12 df ) 5 21.00;
TABLE 1. Sleep and Activity Measures During the 3.5 Hours
After the Infants’ Ingestion of Breast Milk With Alcohol or With
Breast Milk Alone
Variable

Type of Milk Ingested by
Infant
Breast Milk Alcohol-flavored
Breast Milk

Total sleep (min)
78.2 6 10.6
Quiet sleep (min)
34.0 6 6.9
Active sleep (min)
44.2 6 5.9
Latency to first sleep bout (min) 50.4 6 7.7
Longest sleep bout (min)
56.7 6 10.8
Number of sleeping bouts
2.8 6 0.5
Mean activity count
211.9 6 6.6
during wakefulness
* P # .05.
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56.8 6 11.0*
31.0 6 6.8
25.8 6 5.1*
34.1 6 6.1
34.5 6 6.6*
2.4 6 0.4
221.9 6 6.7

DISCUSSION

beverages, imparts a distinctive change of flavor in
breast milk that can be detected by, and perhaps is
arousing to, the infant.30 Moreover, animal model
research revealed that such sensory experiences can
modulate behavior and activity.28,31 The reduction in
active sleep observed after the ingestion of alcohol in
breast milk was not immediate, however.
To determine whether the changes in the infants’
sleep behaviors were attributable to the experience
with a flavor in breast milk per se, we repeated the
study on another group of breastfed infants of similar age. In place of alcohol, nonalcohol-based vanilla
was used to examine infants’ responses after exposure to a flavor in breast milk on one test day and to
breast milk alone on the other.32 Vanilla was chosen
because it too is transmitted to breast milk and often
is experienced as a sweet odor that shares similar
hedonic and flavor properties with low concentrations of ethanol.20 As demonstrated in Figure 2, and
in contrast to the infants’ response after alcohol exposure (solid circles), there was no significant difference in the amount of time the infants spent in active
sleep during the 3.5-hour testing session in which
they ingested their mothers’ breast milk flavored
with vanilla (open circles) compared with breast
milk alone. Nor were there significant differences in
the number of sleeping bouts, amount of time spent
in quiet or total sleep, latency to sleep, longest sleep
bout, or activity levels during wakefulness after exposure to the vanilla-flavored milk, thus suggesting
that it is not the flavor per se that is responsible for
the alterations in sleep–wake patterning after exposure to alcohol in breast milk.
Second, the results observed may be attributable to
some changes in the infants’ interaction with their
mothers. To be sure, sleep, the most frequent state of
consciousness for infants, can be influenced by a

The present study expanded on our previous findings5 and revealed that acute exposure to alcohol in
breast milk altered the infants’ sleep–wake patterning; ie, infants tended to fall asleep sooner, but slept
for significantly shorter periods of time, during the
3.5 hours after the consumption of breast milk flavored with alcohol compared with consumption of
breast milk alone. This reduction apparently was, in
part, attributable to a shortening in the amount of
time that the infants spent in active sleep (Fig 1),
which was evidenced during the latter half of the
testing session. Such findings are consistent with
those observed previously in healthy adults24 –26 and
other animals27 after the consumption of acute doses
of alcohol. Also consistent with previous studies is
the finding that infants tended to be more active
during wakefulness after consuming the alcohol-flavored milk. Unlike high doses, low doses of alcohol
produce a stimulatory effect on locomotor activity in
both postweanling28 and adult29 animals.
Several hypotheses, not mutually exclusive, could
account for these changes in the infants’ behavior
after the consumption of alcohol in breast milk. First,
the alterations in the infants’ behaviors may be in
response to the flavoring of the milk. Previous work
in our laboratory demonstrated that the mother’s
ingestion of alcohol, as with many other foods and

Fig 2. Mean number of minutes the infants spent in active sleep
during the 3.5-hour testing session, during which they consumed
breast milk alone or breast milk with an added flavor. The solid
circles indicate the data from the infants in the present study who
were tested with the flavor of alcohol; the open circles indicate
data collected from another group of breastfed infants of similar
age (n 5 14) who were tested with nonalcohol-based vanilla flavor
(McCormick, Inc, Hunt Valley, MD); F(1,25 df ) 5 5.77; P 5 .02.

Fig 1. Percent difference in the time each infant spent in active
sleep during the 3.5-hour testing session, during which they ingested breast milk flavored with alcohol, compared with time
spent in active sleep when they ingested breast milk alone (control
condition). The 13 infants are rank-ordered by the amplitude of
their responses. Mean percent difference, 233.8 6 13.5%; paired t
test (12 df ) 5 3.30; P 5 .006).

P 5 .34; NS) or the amount of milk consumed during
these breastfeeds (control vs alcohol, 147.5 6 19.4 vs
177.6 6 19.8 mL; paired t test (12 df ) 5 21.43; P 5
.18; NS).
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variety of environmental and physiologic factors.
However, the present study aimed to control for
such factors experimentally. Each of the two test
sessions occurred at the same time of day, and testing occurred in a private, quiet room. The infants
were placed in the crib or on the carpet as much as
possible so that the actigraph-monitored sleep and
activity measures were independent of their mothers’ activity. The mothers were unaware of the order
of testing and, perhaps more importantly, did not
identify reliably which day their infants consumed
the alcohol-flavored milk. Moreover, there was no
difference in the patterning of feeding immediately
before and during the two testing days that were
separated by an interval of 1 week. Although possible, that the alterations in the patterning of sleep
were attributable to changes in the infants’ interaction with their mothers seem unlikely. Rather, it
appears that exposure to this small amount of alcohol in breast milk had a direct, albeit subtle, effect on
the infants.
Because the drug in the nursing infant’s blood or
urine was not measured, we do not know the
amount that was absorbed from the milk. However,
the information available on pediatric pharmacokinetics has demonstrated significant differences in the
absorption, distribution, metabolism, and excretion
of a variety of drugs in infants compared with older
children and adults.33 Some evidence suggests that
infants have limited capacity to oxidize ethanol,34
which in turn may render the dose more potent.
Animal model studies have revealed that infant rats
exhibit a lower alcohol-related metabolic capacity,
longer half-life, and in turn higher peak blood alcohol levels,35 and that infant rats are more sensitive to
the effects of alcohol on certain cognitive processes28,36 compared with older conspecifics.
Despite the disruptions observed in active sleep
after exposure to alcohol in their mother’s breast
milk, it is possible that the infants might later exhibit
compensatory increases in active sleep (ie, after the
3.5-hour test session). That they are capable of such
compensations is suggested by the observation that
infants of mothers who drank heavily throughout
pregnancy but were primarily formula-fed after birth
spent more time in both quiet and active sleep during the immediate postpartum period.37– 40 Compensatory increases in active sleep also have been reported toward the latter portion of the night after
acute consumption of alcohol in nonalcoholic
adults24,26 and, although tolerance to the sleep-disrupting effects of alcohol occurs within a few nights,
compensatory increases in active sleep reoccur when
alcohol is discontinued.24
Because the mothers of the infants in the present
study drank very little during both pregnancy and
lactation, we do not know whether infants who are
frequently exposed to alcohol in breast milk would
experience continued alterations in sleep–wake patterning. Nevertheless, the finding that acute exposure reduces the time spent in active sleep (but not
quiet sleep) may shed light on the aforementioned
epidemiologic findings that revealed that the infants
who were chronically exposed to alcohol in breast
4 of 5

milk exhibited a slight deficit in motor, but not mental, development, at 1 year of age.14 Of particular
interest is the finding that the degree of abnormality
in the electroencephalogram during active sleep at
birth was related to subsequent motor, but not mental, development.40 Recall that there was no significant difference in the mental development of 1-yearold breastfed infants whose mothers drank daily
compared with that for infants whose nursing mothers drank less than one drink per day or those who
were formula-fed. Thus, we hypothesize that continued exposure to alcohol in breast milk leads to continued disruption of active sleep, which has been
found to be predictive of later motor development in
both human infant40 and animal model41,42 studies.
Although the amount of alcohol ingested in breast
milk is a minute fraction of that consumed by the
mother, the present study revealed that such exposure may subtly affect the infants’ behaviors in the
short term. Such findings are consistent with the
traditional notion that the infant’s behavior can be
influenced by the components in breast milk.1,2,20 Perhaps one reason why the lore that relates that occasional drinking by the nursing mother can sedate the
breastfed infant4 has been promulgated is because
the infants tended to fall asleep sooner. To be sure,
the findings that infants slept less and tended to be
more aroused during wakefulness are more consistent with a stimulatory effect of alcohol; however,
these effects are subtle and do not address the issue
of whether exposure to higher doses of alcohol in
breast milk has more pronounced sedative effects on
the recipient infant.12
The mechanisms underlying these changes in
sleep patterning and the long-term impact on development remain to be determined. Unlike pregnant
women, nursing women who drink occasionally can
limit their infant’s exposure to alcohol by timing
breastfeeding in relation to their drinking. Contrary
to popular beliefs, alcohol is not stored in breast
milk, but peaks ;30 minutes to 1 hour after the
cessation of drinking and decreases thereafter, much
like that found in maternal plasma.5,8,9,21 As advocates of breastfeeding, we emphasize the many advantages to both the mother and the infant and encourage health professionals to inform mothers of
the scientific information, albeit limited, on the transfer of alcohol to breast milk and its effects on their
infant.
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