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ABSTRACT  The prevailing research design for studying infant sleep
erroneously assumes the species-wide normalcy of solitary nocturnal sleep
rather than a social sleeping environment. In fact, current clinical perspec-
tives on infant sleep, which are based exclusively on studies of solitary sleeping
infants, may partly reflect culturally induced rather than species-typical
infant sleep patterns which can only be gleaned, we contend here, from infants
sleeping with their parents—the context within which, and for well over 4
million years, the hominid infant's sleep, breathing, and arousal patterns
evolved. Our physiological study of five co-sleeping mather-infant pairs in a
sleep lab is the first study of its kind to docurent the unfolding sleep patterns
of mothers and infants sleeping in physical contact. Our data show that
co-sleeping mothers and infants exhibit synchronous arousals, which, because
of the suspected relationship between arousal and breathing stability in
infants, have important implications for how we study environmental factors
possibly related to some forms of the sudden infant death syndrome (SIDS).
While our data show that co-sleeping mothers and infants also experience
many moments of physiological independence from each other, it is clear that
the temporal unfolding of particular sleep stages and awake periods of the
mother and infant become entwined and that on a minute-to-minute basis,
throughout the night, much sensory communication is occurring between
them. Our research acknowledges the human infant's evolutionary past and
considers the implications that nocturnal separation (a historically novel and
alien experience for them) has for maternal and infant well-being in general
and SIDS research strategies in particular.

Unlike old wives and baby Little is known about the natural ecologv
books, developmental research- of human social sleeping. By natural ecology
ers have greatly underrated the we mean an understanding that emerges
overwhelming complexity and from an integrated evolutionary, develop-
social importance of infants’ mental, and cross-cultural perspective. One
sleep-wake behauvior. It is time ——
foruszogive itthesen'ouslftten- m-vvd August 4, lmu:grudh:ﬂ;w 10, lmw o
tion it warrants (Sostek and ress repnint requests McKenna. Depr |
Anders, 19812114)‘ W w:nhnl.hrwoh(y Pomona College. Claremont (A
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ethological study of movementa of sleeping
adults has been published (liobson et al,
1978), and Andersa's (1978, 1979) pioneering
lime‘fapse video studies of infanta sleeping
in cribs at their homes approximate an eco-
loiiical approach. There are, however, no
published investigations of the physiological
regulatory efTects that co-sleeping partners
can assert on each other, such as possible
e{fects that one's touch, movement, hud-
dling, temperature, breathing, and sleep
sounds could have on the other's pattern of
sleep and arousals (see Riley, 1985, for a
recent historical review of aleep research). It
is eapecially significant from an anthro
logical perspective that there are no existing
studies of the effects on infants of aleeping
with their parent(s), The nrthaeologica?re-
constructions of early social life and cross-
cultural and nonhuman primate data clearly
reves| that parent-infant co-sleeping con-
stituted, for more than 4 million years,
the hominid infant’s environmental setting
within which its maturing sleep systems
evolved (Anderson, 1984; Hinde, 1884‘ |saac,
1978; Konner, 1981: Lancaster and Lan-
caster, 1982; McKenna, 1986; McKenna and
Mosko, 1990).

Among contemporary hunting-and-gath-
ering peoples for whom parent-infant co-
sleeping is the norm, infants do not ordi-
nari?y sleep through the night until well
after the first year or 2 of life, Co-sleeping
infants arouse [requently, usually to suckle a
few minutes each hour (Konner and Worth-
man, 1980; Short, 1984; Super and Hark-
ness, 1987) A similar patlern is found
among urban infants who breast-feed
{Carey, 1975) or who sleep with their par-
ents, as reported by Elias et al. (1986) in
their study of co-sleeping La Leche League
mothers and infants living in the United
States. These patterns contrast dramati-
cally with roﬁ’ies of more typical infants
studied in Western industrialized societies.
Here, infants are expected (or conditionedito
exhibit adult sleep profiles with rapidly de-
creasing numbers oFarousals and prolonged
nocturnal sleep bouts by around 3 to 4
months of age or earlier (see Hoppenbrouw-
ersetal, 1952; Riley, 1985). Frﬂluent night-
waking among infants after 4 or 5 months of
age and certainly by 1 year is considered to
represent a sleep disorder and/or a psycho-
pathology, which depending on its severity
may require clinical attention (Ferber,
1985).

Although research that shows apecifically
why social and solitary sleeping infants
should differ in their pattern of nocturnal
arousals has not yet been done, physiological
studies of the efTect of parent-infant sensory
contact may offer some insight. Numerous
studies reveal that among mammals in gen-
eral (see Galef, 1481, HoFer. 1981) but espe-
cially among monkeys, apes, and humans,
all of whom are born neurvlogically quite
Jmmature and develop slowly, parent con-
tact asserts measurable physiological regu-
latory effects on the infant. For example,
Fardig (1980) found that even radiant-
heated cribs could not maintain newborn
human infants’ skin temperatures at levels
achieved by placing the infants on their
mothers’ chests. In rhesus, pigtail, bonnet
macaques, and squirrel monkeys, even rela-
tively brief separations from parental ven-
tral contact can induce dramatic short-term
as well as some long-term physiological
changes in sleep, carﬁiac stability, stress
(ACTH) hormone levels, temperature, and
immunological efficiency (McKenna, 1986;
Reite and %apitanio, 1985; Reite and Short,
1978). Among other altricial mammals, such
as rat pups, it has been established that

articular kinds of maternal contact regu-
ate the production of enzymes needed to
release growth hormone; the enzymes and,
hence, growth hormone cease altogether
when pups are deprived of contact with their
mothers (Kuhn et al., 1978).

Even though cross-cultural and cross-spe-
cies data collected during the past 20 years
clearly suggest that separation of the infant
from the parent for nocturnal sleep is a
relatively recent historical and evolutionary
phenomenon, current research is nearly ex-
clusively focused on patterns of solitary
sleeping infants. This research orientation
represents a dubious example of Western
ethnocentrism envisioned in scientific re-
search designs. Seeninthis persrective, cur-
rent clinical models of expectabie sleep pat-
terns of human infants may represent, at
least in part, culturally induced rather than
species-typical infant sleep behavior. The
latter, we suggest, can best be discovered in
social rather than in solitary infant sleepin
microenvironments, where a rich variety o
sensory stimuli is probably provided by a
caregiver. (See Anders an({ geanah, 1984;
Hinde, 1984; Sanders, 1969 for related dis-
cussions.)

This paper has three primary goals: first,
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to describe preliminarily the continuous noc-
turnal sleep and arousal patterns of co-
slecping mothers and their infants by uaing
standard plysiological measures recorde
polygraphically; second, to investigate the
degree of synchrony in mother-infant arous-
als and sleep stages; and third, to consider
the possibility that synchronicity in sleep
and arousal patterns may be important from
an evolutionary perapective in light of the
suggestion that t}a]ilure to arouse to breathe
may be a precursor to some forms of respira-
tory collapse, thereby predisposing some in-
fanutoSFDg(see Davies, 1985; Guntheroth,
1977; Hoppenbrouwers and Hodgman, 1986;
Konner and Super, 1987, McKenna, 1986;
Sterman and Hodgman, 1988).

METHODS
Subjects and procedure

Ten healthy subjects (five mothers and
five infants, 2 to 5 montha of age) reported to
the Sleep Disorders Center at the University
of California Medical Center at approxi-
mately 8:00 p.M. for continuous all-night
polygraphic recordings of sleep usin
slnnszrd methodology (Rechtschaflen an
Kales, 1968): electroencephalogram (EEG)
at points C3/A2 on the skull, electro-oculo-
gram (EOG) to monitor eye movements, chin
electromyogram (EMG) to measure skeletal
muscle tone, and respiratory effort (chest
strain gauge). All of these procedures entail
surface recordings, are noninvasive, and
were approved by the University of Califor-
nia Irvine Human Subjects Medical Re-
search Committee.

Each mother-infant pair shared a single-
sized bed in a darkened, sound-attenuated
room. The mothers were purposefully not
instructed as to positioning their infants
once in bed. Gur assumption was that there
is noone “correct” sleeping position for moth-
ers and infants, but that many positions will
be experienced at different times during a
full night of co-sleeping. Recordings were
begun as soon as the mother and infant were
in bed, usually as soon as the infant ap-
peared to be asleep.

The following standard descriptions of
sleep were derived for each mother and in-
fant: total recording time (TRT), the amount
of time each subject was monitored poly-
graphically; total sleep time (TST), the total
minutes of sleep; sleep period time (SPT), the
tirne from initial sleep onset until the final
morning awakening; total wake time (TWT),

total recorded minutes of waking; waking
after sleep onset (WASQO), minutes of waking
within the aleep period: sleep efliciency (SE|,
the ratio of Tgf’elo TRT, number of stage
shifts, the number of shilla between sleep
stages plus shifls to and from waking; rapid
eye movement latencies (REM LAT), min-
utes to first REM cycle; sleep latency (sleep
LAT), minutes until first sree . and rapid
eye movement periods (# RFFM periods),
number of REM cycles. The percentages of
TST spent in each sleep stage tsee below)
were also calculated.

We did not require for this preliminary
study that our mother-infant pairs regularly
slept together previous to our testing. None
of them did so. Qur assumption was that the
kinds of mutual interactive efTects likely to
be found among co-sleeping mothers and
infants, i.e., the neurophysiological adapta-
tions of mothers and infants that make them
sensitive to each other's sensory cues in the
firat place, are evolutionarily conservative
(see Konner, 1981) and likely to be expressed
to some degree and in some form no matter
how infrequently they sleep together. More-
over, the kinds of postnatal physiological
regulatory effects and mutual sensitivities
we postulate would be an extension of prena-
tal maternal-fetal physiological interac-
tions, thouiéh of course they are lesa direct
and take different forms (see McKenna,
1986; Prechtl, 1984). Had we used only
mothers and infants who regularly slept to-

ether, there is at least indirect evidence
rom studies of nonhuman primates and
other mammals that the likelihood of docu-
menting mother-infant interactions would
have been enhanced (see Capitanio et al.,
1985; Field, 1985; Galef, 1981: Hofer, 1981:
Schwartz and Rosenblum, 1985 For exam-
ple, even when mothers and infants are not
slecpin{g, together in the same bed. there is a
general temporal trend toward behavioral
synchrony in sleep-wake patterns and other
behaviors (Anders, 1973; Kaye and Wells,
1978).

Our small sample size (five mother/infant
dyads) becomes less problematic when the
number of minutes of continuous maternal-
infant interaction (4,647 minutes) is con-
sidered. The technological challenges of
monitoring both mother and infant simulta-
neously as they slept in the same bed were
significant and, to our knowledge, have
never previously been attempted. Parame-
ters recorded in each mother-infant pair had
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to be written out simultaneously on a single
12-channel polygraph. Moreover, to recruit
mothers willing to subject themaelves and
their infants to the rigors of all-night record-
ings proved to be a formidable challenge—
especially when the age restrictions of the
infants are considered.
Scoring

Pol h recordings were scored for sleep
stage:gl?go-aecond epochs according (o ac-
cepted criteria. The Rechtachaffen and Kales
'IgGB) system for young adults was utilized
for the mothers wfme the scoring system for
3-month-olds developed by Guilleminault
and Souquet (1979) was used for the infants.
Identification of sleep-wake states in both
scoring systems depends on three simulta-
neous parameters: EEG, EQG, and EMG,

Five sleep stages are defined in adults:
Stage REM (rapid eye movement sleep) plus
four stages of non-REM (N-REM) sleep de-
lineated as Stages 1,2, 3, and 4. Stages | and
2 are often referred to collectively as light
N-REM sleep, whereas Stages 3 and 4 to-
gether constitute slow-wave or delta sleep
talso called deep aleep) because of the pres-
ence of slow, high-voltage (>75 pV) brain
waves, In the 3-month-ol§ infant, only three
sleep stages are defined: Stage }iEM, Stage
1-2, and Stage 3-4. A major difference be-
tween the infant and adult system (besides
the lack of differentiation between Stages 1
and 2 and also 3 and 4 in the infant) is the
higher voltage criterion for delta waves
¢t -150 uV) in the infant. In the process of
data reduction for our study, Stages 1 and 2
in the adult were sometimes combined to
obtain total light N-REM sleep, and likewise
Stages 3 and 4 were combined to obtain total
slow-wave sleep.

This “epocha?" system of sleep stage scor-
ing assigns to each 30-second epoch either
Wakefulness (W) or one stage of sleep based
on the predominant (>50%) sleep/wake-
fulness pattern occupying that epoch. Al-
though awakenings of 15 seconds or longer
that meet these criteria (i.e., epochal awak-
enings{EW () are automnticaily identified by
the epochal system, shorter-duration sub-
cpochal arousals, occupying leas than 50% of
an epoch te.g., less than 15 seconds in dura-
tionl, are not recognized by this system.
Because of our interest in all arousal phe-
nomena in sleep, we also quantified these
sub-epochal or transient arousals (TAs),
nmdig:i);g the criteria for TAs provided by
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Carskadon et al. (1982). They define a tran.
sient arousal as any clearly visible EEG
arousal lasting at least 2 seconds but not
associated with any sleep atage change in the
epochal scoring system. In our acoring of TAs
we have omitted the latler exclusion crite-
rion to permit identification of all briefl EEG
arousals during sleep, irrespective of
whether there is a return to the same or a
change to a different stafe of sleep. Tran-
sient arousals among infants were scored
when there was typically either an abrupt
increase in the predominant EEG frequency
or asudden burst of distinctly higher-voltage
slow waves. In the mothers, TAs were evi-
denced by an increase in EEG frequency (to
alpha or beta) frequently accompanieg b
bursts of K-complexes or sharp waves. Al-
though it was not a requirement (see excep-
tion Eclow) by far the majority of TAs in all
infants and mothers were accompanied by
signs of arousal on other channels, i.e., a
change in EOG pattern (to slow rolling eye
movements or blinking), an increase in chin
EMG amplitude, and/or a change in pattern
of respiration (Fig. 1). For two oFlhe mothers
exhibiting alpha intrusion in sleep, abrupt
increases in EEG frequency to an alpha
rhythm were not scored as *‘As unless ac-
companied by clear evidence of arousal on at
least one other channel.

All epochal sleep-stage scoring and quan-
tification of EWs and TAs were performed by
an accredited clinical polysomnographer
{Mosko) for each mother or infant indepen-
dently of the other dyad member.

 RESULTS
Co-slecping patterns of mothers

Tables 1 and 2 present means, standard
deviations, and ranges for standard descrip-
tions of nocturnal sleep for mothers and
infants. Mothers sleeping with their infants
spent the majority 169.6%) of their TST in
light non-REM sleep Stages 1 and 2. Stage 1
sleep in a drowsy condition often experienced
subjectively as wakefulness rather than
sleep, whereas in Stage 2 sleep, conscious-
ness is altered to the extent that “if awak-
ened most peo&)le usually recognize having
been asleep” (Riley, 1985:65). 8; the aver-
age, 15.6% of mothers’ total sleep lime was
spent in slow-wave (or deep) sleep. In Stages
J and 4 there was substantial intra-subject
variation, ranging from 12 to 22% across
mothers. Slow-wave sleep is subjectively ex-
perienced as deep sleep, and arousal thresh-
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TABLE 1. Standard descriptors of nocturnel sleep

Mothers Infants
Mean SO Renge Mean Sb Range
Total recording time: 470.7 144 454-490 407 144 454-490
TRT (minutes)
Total wake time: 212 310 4i-221 505 %5 0-AR
TWT (minules)
Total sleep time: 817 %7 24842t ae? ne 375-451
TST (minwtes)
Sleep period time: 4590 1.5.] £47-485 4702 142 454-4R9
SPT (minutes)
Steep efficiency 8 i B53-91 A9 57 A1-9¢
Wake afler sleep snoet: LR ] 712 J39-198 e 12 2868
WASO (minutes)
Sleep LAT tminutes) as 88 2-14 - - -
REM LAT tminutes) 1638 847 64-2719 13 133 1-345
*REM periods 3.2 1.0 2-5 RO 4 -
#Stage shifs 142 9 128-160 M 24 38-109
TARLE 2 Mean stage time as % TST
Mothers infants
Stage Mean (%) sD Hange (%) Mean (%) SH Range (™)
1 152 55 924
49 1 31-82
2 L2 R 40 48-82
3 80 3.0 2-10
n 15 8-423
4 98 52 3-8
REM 15.1 16 3-24 n 46 26-19

olda are highest in Stages 3 and 4 (Riley,
1985).

One of the most comprehensive studies of -
solitary sleeping females to which our co-
sleeping mothers were compared was con-
ducted iy Williams et al. (1974). Our small
sample size contrasts with their large
sample of more than 200 subjects, and the
different laboratory and testing conditions
prevent us from making statistical compari-
sons. Nevertheless, it is clear that our co-
sleepers experience more sleep fragmenta-
tion than do solitary sleepers. For example,
on the average our co-sleeping mothers expe-
rienced one less REM cycle than did the
solitary sleee‘ilmi females of comparable age
reported by Williams et al. (1974) and thus
spent much less average total time in REM
sieep. Moreover, the time it took our co-
sleeping mothers to fall asleep, ie., sleep
latency (see Table 1), was more than twice
the amount of time reported for solitary
sleegers. and co-sleeping mothers had more
WASO (waking sfter sleep onset) and lower
SE (sleep efficiency). The number of stage

shifts among co-sleeping mothers was more
than four times the mean frequency reported
for solitary sleepers, and sleep efficiency
(which ranged from .53 to .91 amonf our
co-sleepers) was lower than for solitary
sleeping females.

Infants

Compared with their mothers with whom
they sl?t. our infants averaged higher SE
(sleep efliciency) (Table 1) because oFshorter
sleep latencies and less WASO (waking after
sleep onset). Qur co-sleeping infants spent
an average of 39.6% of their total sleep time
in Stafes 1-2, 21% of their time in Stages 3-4
and 31.2% of their total sleep time in REM
(Table 2). Moreover, infants spent twice as
much total sleep time in REM sleep as their
mothers did, 31 * 4% and 15 * 5%. Com-
pared with solitary sleeping infants summa-
rized by Riley (1985) and Orr (1985), our
co-sleeping infants generally averaged less
time in delta sleep (gtages 3-4) and aroused
for periods greater than a minute more fre-
quently. But overall these five infants exhib-
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ited remarkably aimilar sleep profiles to
those of sclitary sleeping infants studied by
Hoppenbrouwers et al. (1982), st least as
close as one can tell thmug‘\ inferences
drawn from the much larger data set.

When all mothers and all infants are
ranked independent of their co-sleepin
partner according to total wake time, wit
rank 1 indicating the most wake time and
rank 4 the least, there is a trend toward
co-sleepers sharing the same rank. But while
one mother had the second highest percent.-
age of TWT (lotal wake time), her infant
ranked third in percentage of —below
an infant whose mother ranked third. In
other words, gix out of ten co-sleeping indi-
viduals shared the same rank as their co-
sleeping partner in TWT.

Overlap in sleep-wake stages of co-sleeping
mothers and infants

Using the 30-second epochal scoring sys-
tem for sleep-wake stages, we computed for
each co-sleeping mother and infant the per-
centage of that individual's sleep period time
spent simultaneously in the same stage of
sleep or wakefulnesa as the other member of
the pair. We called these times of corre-
sponding sleep-wake stages Simultaneous
Activit ql‘ime (SAT), as shown in Figure 2.
Total SAT average& 46% for the mothers
(range 43—48%) and 44% for their infants
(range 43—45%).

Since the progression of sleep stages
through the night has an inherent organiza-

tion that could contribute to these high per-
centages of SAT, and since we were inter-
ested in determining whether co-sleeping
would inf{luence the amount of synchrony in
sl:)e;r-wake stages, we also computed SATs
produced by pairing each mother with every
other infant with whom she did not sleep,
i.e., 20 randomly matched pairings. Startin
with the first epoch of recording time of eac
mother and infant Lo be compared, we deter-
mined the number of these 30-second epochs
{matched page by page of recorded data)
during which they were in the same sleep or
wake status at the same moment—just as we
compared each to their “real” co-sleeping
rartner (see Figs. 3 and 4). We then calcu-
ated an SAT (simultanecus activity time)
score for each by dividing their total com-
bined minutes of sleep stage or arousal over-
lap by their SPT (sleep period time, i.e., the
time from initial alee% onset until the final
morning awakening) (Fig. 2). The mean SAT
in mothers ﬂaired with other infants (ran-
domly matched) averaged 29% trange 18—
30%) and for infants randomly paired with
other mothers the average SYA% was 28%
(range 17-43%). The increase in SAT in
mothers paired with their own infant vs.
with other infants is significant (P <.0004,
two-sample (-test), as is the increase in SAT
in infants paired with their own vs. with
other mothera (also P <.0004).

To investigate the increase in SAT seen in
co-sleeping mothers and infants further, we
calculated the percentage of simultaneous

e ~200~0

Maothers

Infantsy

BB Randomly Maiched B Co-Steepers

Fig. 2. Mean percentsge of sleep period lime during which co-sleeping mothers snd infants
and non-co-sleeping mothers and infants exhibit simultsneous activity time (SAT).
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Fig. 3. Simultaneous Adlvit{v"“m (SAT) of co-sleeping and non-co-sleeping Infants (palred

with mothers) as 8 function of sleep stage.

OB ~D80~07

WASO" Stage 1-2

.|

Stage 3-4 FIEM

@B non Co-Steepers T Co-Steepers

“wake Mot Sieep Onsel Time

Fig. 4. Simultaneous Activity Time (SAT)
tpaired with infanta)as a function of sieep stage

overlap for each sleep-wake stage sepa-
rately. The percent of simultaneous overiap
was higher lor every sleep-wake stage when
computed for mothers paired with their own
vs. with other infants (Fig. 3}, although the
increase reached statistical significance only
for WASO (P <.0001). The same was true
when infants paired with their own mothers
were compared with infants in randomly

of co-sleeping and non-co-sleeping mothers

Ping

matched pairs (Fig. 4). Stage 1-2 showed the
smallest increase in simultaneous overlap
with co-sleeping for mothers and infants
alike. Our small sample size may explain the
lack of statistical significance in the face of
an apparent trend in co-sleepers toward
greater simultaneous overlap in all sleep
x';m es (but especially Stage 8-4 and Stage
KEM).
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Relationship between mothers' and infants’
arousal palterns

We also investigated the temporal rela-
tlonship between arousals in co-sleepin
mothers and infants. We examined EWs an
TAs in each member of a pair for overlap
with EWs (epochal awskenings) and TAs
(transient awakenings, >2 seconds but <15
seconds) in the other. That is, for each dyad
member, EWs and TAs were first identified
separately and then cnteﬁorized according to
the concurrent state of the other dyad mem-
ber. Specifically, for each dyad member EWs
were catesorized according to whether the
other dyad member a) also had an epochal
arousal in the same 30-second epoch; b) was
already awake when the other had the
arousal, that is, had an EW in a previous
epoch and remained awake; or ¢/ stayed
asleep, i.e., the other dyad member remained
asleep though the EW. Each TA was catego-
rized according to whether the other dyad
membera) had a concurrent or simultaneous
TA within +5 seconds; b) had an overlapping
epoch of waking (was already awake), i.e.,
had an EW in the same epoch or a previous
one and remained awake; orc) stayed asleep,
i.e., had neither a concurrent TA nor an
epoch of waking. We were not able to catego-
rize EWs and TAs further in terms of which
dyad member aroused first because of the
nearly simultaneous appearance of the onset
of arousals in a large percentage of in-
stances. R

The temporal correspondence in pattern of
EWs(e al wakenings) is shown in Figure
5, whicﬁo;raphs for each mother-infant pair
the entire recording period in 30-second ep-
ochs and shows all transitions to and from
sleep and wakefulness without regard to
particular sleep stage. These graphs not only
show the simuitaneity of a large percentage
of EWs for mothers and infants, but also
correspondence in periods of consolidated

aleb?).

others averaged 33+2 EWs (range 29-
48) during the night. Of the mothers' com-
bined total of 167%Ws, their infants had an
overlapping EW in 45% (75) of the cases (Fig.
6a): in most of these cases (67 EWs) the
infants awoke in the same epoch, and in the
remaining eight maternal EWs, the infant
was already awske from a previous EW
Ignoring mother-infant pair #2 (because the
infant had only twe EWs all night compared
to 12-36 EWs in each of the other four
infants), the percent of EWs in individual

TUTTTT RN AUV TR U R S
B L 18 M 1 ATUSIN_IME

[T T T W I U g ST S W, 1

:’u | min 1 snmd_ 118

~ n I_iamy 1
WUTL___ 81 t& U MF Wt §)
4

W& 11 MV _mx A N B__ANI}

4 L0 mE e ML AN . N
o ' 2 3 4 L] L] 14 L)
HOURS

Fig 8. Sieep-wake tranaitions of co-sleeping mothers
and infants over an B-hour period. (Note the number of
ronized awakenings (EWs) snd consolidated
eep.) For mhs;’r the line is the mother's sleep-
wake patlerns,; line underneath representa the in-
fant's. Each .g::\ represents an awakening of | minute.
A continuous horizontal line in its uppermost position s
time spent awake; 8 continuous line In ite iowermost
position is consolidated sleep.

mothers which overlapped an EW in their
infant ranged from 58 to 60%. Averaging
across all infants, infants remained asleep
through 55% of their mothers’ EW's.

In contrast, mothers remained asleep
through an averap‘e of only 117 of their
infants’ EWs, revealing perhaps greater ma-
ternal sensitivity to infant arousals(Fig. 6b).
Infants averaged 20+10.1 EWs trange 2-
36). Of the 101 combined total EWs recorded
across infants, 90 (89%) overlapped with a
maternal EW. Of those 90 infant EWs, the
mother most often (67 cases) had an EW in
the same epoch, whereas in 23 cases the
mother was already awake from a previous
EW: ain ignoring mother-infant pair #2,
for individual infants 83 to 97% of infant
EWs overlapped an EW in the mother. (For
infant #2 with only 2 EWs, this value was
100%.)

These temporal relationships in EWs far
exceed chance. When records of mothers
were paired with those of infants with whom
they did not sleep, the percent of total mater-
nal EWs overlapping EWs in the infant was
only 9.2%, and for total infant EWs this
value was only 23%. When compared to val-
ues obtained in co-sleeping pairs, the differ-
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ences are highly significant (P <.0001, two-
sample (-test),

TAs (transient arousals) also shawed sur-
risingly high frequencies of temporal over-
ap with both TAs and EWs in the other

member of the dyad (Fig. 6b). Mothers aver-
ﬁe;l 58x12 TAs (range 28-76). Of the 290

scored across mothers, 39% were accom-
panied by a TA in the infant within =6
seconds and 10% overlapped an infant EW,
Infants averaged 78+5.2 TAs (range 52—
115). Of the total 388 infant TAs, 29% were
accompanied by a maternal TA within 6
seconds and 37% overlapped a maternal EW.
Infants showed no arousal phenomena (i.e.,
no TA or EW) for 61% ofmatemal TAs,
whereas mothers showed no arousal phe-
nomena for onLy 34.%l ol}" ilnfant TAs, again
suggestin, rhaps slightly greater mater-
ne? sensigvrlfy to infant arousals than vice
verss.

Using our classification system and com-
bining TAs and EWs, 48% of the maternal
arousals were associated with some type of
arousal in their infants, and 71% of the
infant arousals were associated with some
type of maternal arousal.

%eorrecling the number of TAs and EWs in
each subject for length of sleep period to
obtain rates of TAs and EWs, we found that
infants averaged 2.4 EWs per hour and 9.9
TAs per hour compared to 5.3 EWs and 9.4
TAs per hour for the mothers. Mothers aver-
aged more than twice the rate of EWs as
their infants, whereas mothers and infants
had very similar rates of TAs. Although our
small sample size makes detection of signif-
icant interaction difficult, we nevertheless
looked for evidence that rates of both EWs
and TAs in mothers might be related to the
rates shown by their infants, and vice versa.
Using standard (Systat) regression analysis
(aee &ilkinson. 1986), we fgrmd that almost
60% of the variation in infants' rates of TAs
could be accounted for by the mothers’ TA
rates (or vice versa), although this does not
represent a significant correlation (Multiple
r: .77, v* 60, ?Tratio: 4.44, P <.13). Similar
results were found for rates of mother and
infant EWs (r: .84, r% .70, F-ratio, 7.15,
P <.08)(Figs. 7 and 8).

DISCUSSION

This study provides the first preliminary
data demonstrating that co-sleeping moth-
ers and infants ianuence each other's sleep
and arousal patterns, and specifically that
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Fig.8. Epochal arousal rates.

there is a very high temporal correspondence
between shorter TAs and, especially, longer
EWs in co-sleeping pairs different than what
is expected by chance. Ours is the first study
to use standard polysomnographic tech-
niques to document what should be fairly
obvious. Because human infants are neuro-
loqically immature at birth and slow to de-
velop, and parental investment is generalty
high among human mothers, it is to be ex-

ted that natural selection should favor
increased maternal sensitivity across a
ranie of environmental contexts, including
co-sleeping. From the infant's perspective,
natural selection should favor not only care-
givers capable of responding quick?;' and
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effectively to their needs, but also infants
who successfully respond in kind to the vari-
ety of sensory cues conceptually provided by
the mother upon whom, and for a relatively
long period of time, their own survival de-
renda tsee Bowlby, 1969; Chisholm, 1983;
{inde, 1984; Konner, 1981; Sanders, 1969;
Stern, 1985; and Travathan, 1987, for dis-
cussion).

While the infant’s overlapping and some-
times simultaneous arousals with the
mother occur at rates difTerent than what is
expected by chance, it is clear that mothers
respond more frequently to their infants’
arousals than vice versa and, hence, appear
%:nernllv to be the more sensitive partnerin
the co-sleeping dyad. This may reflect an
inability oPthe infant to monitor sensory
cues as efTiciently as the more mature part-
ner. Arcordinr to Galef (1981), slow matur-
ing and highly dependent mammals move
toward eflicient physiological re-engage-
ment with the “host™ mother only afler first
losing some structural and functional integ-
rity. This may be true for human infants
because it is the parent who, according to
Anders and Zeanah, “literally regulates be-
havioral. neurochemical, autonomic, an
hormonal functions of the infant by different
aspects of the relationship: nutritional,
warmth. sensory stimulation, and ‘thythmic
responsiveness’ " (1984:65).

\Eg did not attempt to classify arousals
with regard to which individual, mother or
infant, aroused first. We agree with Orr
when he states that “the aroussl reaponse is
clearly a complex neurcbehavioral event
that {ranscends the normal boundaries of
medical specialties and subspecialties (1985:
175). The directionality of arousals, i.e., who
initially arouses whom, can be exceedinﬁly
subtle and difficult to detect, especially for
transient arousals. It appears that subtle,
reciprocating physiological events lead to a
measurable transient arousal that cannot be
counted as a true arousal, but these cues
may be important to the pariner who does
show true arousal according to our criteria.
Hence. the question of who actually “causes”
an arousal may be the wrong question since
both partners may feed ofl of the other's
increasingly conspicuous cues, setting in mo-
tion 8 sequence of EEG, E()(}, or EMG re-
s‘)onses in each leading to a true “measur-
able” arousal or mother-infant arousal
overlap twithin *5 seconds) before both set-
tle down for more restful sleep.

The extent to which co-sleeping mothers
and infants can be said to be in synchrony or
some kind of physiclogical entrainment, ei-
ther in terms of the temporal organization of
sleep-wake patterns or in terms of arousal
phenomena, is a difficult but important

uestion (see Anders and Zeanah, 1984;

anders, 1969). Hosenfeld (1981) offers a
thoughtfnl concept of both synchrony and
entrainment, suggesting that synchrony is
recognizable when “reiativel rsistent
patterns of responsiveness in which periodic
and episodic behavior of at least one partici-
pant in a social encounter serves as a time
clock to whose beats of behavior the other
is responsive and entrained” (Rosenfeld,
1981:90). If one adopts Rosenfeld’s conceptu-
alization of synchrony, much of the time
mother-infant arousals and awakenings (re-
call Figs. 5, 6a,b) meet the criterion; how-
ever, the data presented here reveal a great
deal of mother and infant independence as
well. While arousals are “persistent” and
often (but not always) function as a “"time
clock to whose beat of behavior [the other]
is responsive or entrained,” mother-infant
arousals are not by any means perfectly
correlated and, thus, arousals are not “syn-
chronous” all of the time.

Our data suggest some temporal syn-
chrony in occurrence of specific sleep stages
and periods of wakefulness within the sleep

riod that cannot be exFlained solely by the
inherent organization ol sleep stages. Since
we were not able to test each mother and
each infant separately and under varyin
environmental conditions, as would be idea
(i.e., to compare their solitary patterns of
sleep with their social sleep patterns), we did
the next best thing. We matched and com-
pared, epoch to epoch, the sleep rofiles of
every infant with every mother with whom it
did not sleep in the study, and similarly
every mother with every infant. By doing so
we could partially isolate particular social or
environmental influences on sleep morphol-
ogy from autonomous or circadian ones, That
is, if mothers or infants had no particular
behavioral or physiclogical influence on each
other as they co-slept and, thus, ultradian or
circadian rhythms were responsible for any
ﬁiven profile, there would be no significant

ifferences between the timing and form of
sleep and awake patterns of true co-sleepers
and randomly matched non-co-sleepers,
but this was not the case. We found more
synchrony in all sleep stages and WASO
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in co-sleepers than in non-co-sleepers, sl-
though this pattern was atatistically signifi-
cant only for WASO. Mothers and infants did
not, however, simply mimic, parallel, or

somehow follow each other into and out of

the same sleep stsge and awake states
throughout the night as some have sug-
gested (see Sears, [985). Since the infant's
sleep t:{lcle lengths are quite different from
its mother’s owing to the immaturity of its
central nervous system, there can be no pas-
sive “following” anyway. But the fact that
co-sleeping mothers and infants showed
much more homogeneity in their sleep and
awake patterns overall ina important clini-
cal implications.

Qur findings that a co-sleeping mother
and infant assert unique effects on each
other are not surprising and are consonant
with a variety of developmental studies
demonstrating that both pre- and postnatal
maternal-infant physiological regulatory ef-
fects lead to some fundamental influences—
apecifically, on sleep-wake patterns (see
Anders, 1973, 1979; Carey, 1975). For exam-
ple, Smith and Steinachneider (1975) found
that among newborns 2848 hours old, in-
fants born to mothers with low heart rates
slept for longer periods of time, fell asleep
faster, and generally cried less often than
did infants born to mothers with higher
heart rates. Among rat pups, Reppert and
Schwartz (1983) found that the mothers’
REM and non-REM sleep cycles affected the
circadian rhythms of their offspring. Pio-
neering work by Hofer (1981), also on rats, by
Reite (see Reite and Field, 1985) and by Coe
et al. (1978, 1985} amonE nonhuman pri-
mates also demonstrates how the form and
degree of mothers’ postnatal contact with
their infants assert powerful regulatory ef-
fects on & variety ofpohysiolo ical systems,
one of which is sleep. r(aye an§ Wells (1978)
show that the human infant’s burst-pause
suckling pattern was related temporally to
the mother's signaling through jiggling,
looking, and/or vocalizing. Qur data provide
the first glimpse into theiinds of microphys-
iological events out of which larger behav-
ioral patternsof synchronicity likely emerge.

It is quite true, though, that almost all of
the research on human mother-infant syn-
chrony emerges out of strictly behavioral
studies, and not the kind of combined behav-
joral- hi:'siological study we conducted here.
Recall the classic study on infant gaze and
attention avoidance by Brazleton et al.

(1974) and on mother-infant “attunement”
and tum-taking bchavior by Field (1985)
as well as the studies of the emergence of
empathy and social referencing by Tronick,
Sander, Emde, and Campos (see reviews in
Kagsn, 1984; Reite and Field. 1985; and
Stern, 1985). All of these studies illustrate
important forms of mother-infant behavioral
complementarity and the development of
forms of aynchronicity in the first yearor 2 of
life. It may well be that all of these behavior

tterns emerge from both pre- and postna-

| patterns of maternal-infant physiological
interdependence of a kind Prechtl (1984),
Hofer (1981), Hoppenbrouwers and Hodg-
man (1986), and McKenna (1986) endorse.
Surely it is difficult and, indeed, probably
quite inappropriate to attempt to extricate
ultradian or circadian from socially or envi-
ronmentally induced sleep patterns of the
kind we discuss here. But it is undoubtedly
equaslly an inappropriate to assume that cir-
cadian and smaller ultradian rhythms in-
volved in sleep and arousal were designed or
favored by natural selection independent of
social influences that were found in the
“expectable” evolutionary environment of
adaptedness (after Bowlby, 19691

Our findings that mothers and infants
Increase the likelihood of an arousal in each
other provide a rationale for conducting fu-
ture research by using larger samples to
answer several questions relevant to the
study of the sudden infant death syndrome
(SIDS). This infant malady kills about two
out of every 1,000 infants each vear and is
the leading cause of nonaccidental death in
the United States for infants under 1 year of
age. (See Hoffman et al,, 1988. for an over-
view.) It is not presently understood and it
cannot be prevented; an animal model of
SIDS has yet to be produced. Using an an-
thropological framework integrated with
clinical data, (McKenna, 1986; McKenna
and Mosko, 1990) reviewed SIDS research
and proposed that a) human infants may be
more susceptible than other species to
breathing control errors possibly involved in
some SIDS cases because of our species-
specific anatomical and neurological re-
quirements for speech breathing—a corti-
cally controlled prerequisite for language
mastered by an infant around 7 months of
age, well before they speak but at a time
period around which they are ezpecially vul-
nerable to SIDS; and b) nocturnal parental
sensory breathing cues and general proxim-
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ity to parents may help infants to overcome
particular breathing control errors by way of
continuous streams of both rhythmic and
arhsthmic sensory stimuli. Under what
kinds of sleeping conditions do infants
arouse the most and to what extent is there
aninteractive effect of arousal and breathing
rate and/or stability? This question is espe-
cially important and needs to be pursued
since neurophysiological structures and pro-
cesses underlying arousals are suspected of
playing a role in either helpinior hindering
infants in arousing to breathe from pro-
longed breath pauses or prolonged apneas
ISterman and Hodgman, 1988§ If larger
than 10-20 seconds, and if accompanied
serious bradycardia (slowing of the infant's
heart) these apneas can lead to hypoxia and
poasib‘y the kind of death suspected to occur
among some (but not all) SIDS victims (see
Guilleminault and Coons, 1983; Harper et
al., 1981; Valdes-Dapena, 1978, 1980).
Until fairly recently it was thought that
infants with clinical histories of apneas were
at substantially increased risk of dying from
SIDS. But since only an estimated 5% of
agnempmne infants eventually do (Bryan,
1984), and so many die that never had an
apnea episode, the current view is that ap-
nea or periodic breathing episodes without
serious bradycardia may be normal for in-
fants (Peterson, 1983; Southall et al., 1982)
and not a “cause” of SIDS. Instead, the fatal
deficit characteristic of a small subcless of
SIDS-prone infants may be the inability to
arouse {rom apneas to breathe rather than
the apnea itse?f(Guntherolh. 1977; Harper
et al., 1981; Hoppenbrouwers and Hodgman,
1986; McGinty, 1984; Sterman and Hodg-
man, 1988). Hoppenbrouwers and llodgman
11986) suggest that “a failure to arouse to
breathe” may occur in some S1DS cases ow-
ing to a depressed cortex or some neuronal
misfunction between the brainstem and the
forebrain, an “adaptive failure” in their
words. Most recently, Sterman and Hodg-
man (1988:59) have advanced the “acceler-
ated maturation” theory, which suggests the
ﬁgsnibility that the premature maturation of
th sleep and arousal systems “leads to a
developmental mismatch with lower arousal
thresholds occurring prior to the completion
of the postnatal afaptation period.” 1If, in
fact, “wakefulness” constitutes an important
stimulus for breathing, as these authors
claim, then the form, frequency, and context
of what appears in many cases to be mater-
nal-induced or partner-facilitated arousals

among co-sleeping infants as reported here
may prove to be significant in helping in-
fants to override potentially fatal breathing
control errors, or to prevent these errors in
the ﬁrnt,glace, as Konner and Super (1987)
and McKenna (1986) have hypothesized
(also see Lipsitt, 1978, 1981, and 1982 for a
behavioral perspective). Qur findings donot,
of course, demonstrate this relationship, but
they provide a basis for justifying future
research that could (McKenna and Mosko,
1990).

It is important that sleep researchers be-
gin to question what has come to be accepted
as the “normal” development of circadian
and/or ultradian-based infant sleep behavior
that defines as "normal” infants who sleep
through the night at very young ages. In a
more evolutionaril natunj social sleep en-
vironment, which includes the mother, sib-
lings, or other co-sleepers, it is likely that
such sleeping arrangements with al(lheir
accompanying sensory exchanges mitigate
endogenous/uitradian sleep patterns as they
merge with and are affected by these social
influences. The fact that night waking dur-
ing the first and second years of life is more
normal than is presently thought, and re-
duced parental sleep efficiency during this
period 18 to be expected as well, is one impli-
cation of our study. It ia quite likely that
what is in the best biological and/or social
interest of the infant ia not necessarily in
either the biological or social best interest of
the parents. It is quite likely, for example,
that social sleeping arrangements induce
more arousals among infants in most in-
stances and that, as a consequence, €o-
sleeping 2- to 4-month-old infanis less often
sleep for uninterrupted, prolonged periods of
time at these enrl{ ages when their breath-
ing and/or arousal syatems are less able to
cope with episodic challenges. To our knowl-
edge, this is the first study that provides

reliminary data needed to answer part of

he question raised by Anders and Zeanah

(1984:65). "How do exogenous stimuli en-
train exogenous ultradian rhythms during
development?”

We are not unmindful, either, of Agnew et
al.'s (1966) classic description of the “first
night effects”™ in which years ago they
warned us how careful we should be not to
overinterpret sleep data collected on only
one n(ifht in the sleep lab. After all, they
argued, sleep is extremely susceptible to “en-
vironmenta mani‘)ulation.' Indeed, the ra-
tionale and underlying assumplions of our
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study depend on this ides. Moreover, we
suggest that not only are individuals sensi-
tive to where they sleep, but also te with
whom they sleep. It is precisely because
throughout their evelution infants and espe-
cially parents became sensitive to each oth-
er's proximity and/or contact that we ex_ﬁed
to find additional clinicaly important dilfer-
ences between social and solitary sleeping
infants as our research progresses. Evolu-
tionary, cross-cultural, and cross-species
data oﬂler, we suggest, a particularly strong
and unbiased basis with which to reconcep-
tualize research concerning infant malndies,
especially those such as SIDS, which elude
our understanding. An explicit recognition of
theinfant's evolullonnry(:ast is critical here.
The diverse data with which sll of us (espe-
cially anthropologists) work leads to the con-
clusion that the human infant's evolved de-
velopmental and physiological needs are
much less able to change and so change
much more slowly than do the behaviors of
parents who respond to them in culturally
prescribed ways. The integration of clinical
research with this simple but factually based

rspective promises to yield new insights,

ut much work needs to be done.
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