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Breastfeeding and Mother–Infant 
Sleep Proximity

Implications for Infant Care

Helen Ball and Kristin Klingaman

Research into mother–infant cosleeping with breastfeeding represents a
relatively new area for behavioral and physiological investigation inspired
by evolutionary thinking. This topic within the evolutionary medicine rubric
might well be the furthest along in terms of how much of the data produced
by laboratory and in-home field studies is regularly incorporated into med-
ical discourse and public policy, as this chapter by Ball and Klingaman
describes. Diverse theoretical and empirical data are used to better under-
stand the ongoing debate in Western industrialized countries concerning
where babies should sleep and how and where nighttime infant feedings
should occur. According to the dominant Western medical paradigm, infants
belong in their own space for sleeping, and only if awake should the mother
bring a baby to bed to breastfeed— and then neither can fall asleep until they
are back in their proper arrangements. A sleeping mother constitutes a direct
threat to the safety of her infant, this view claims. Ball and Klingaman point
out, however, that it is only among economically deprived cultural subgroups
(where breastfeeding is rare) and where bed sharing is practiced in a danger-
ous manner are infant deaths statistically overrepresented. In addition, the
authors describe how and why more optimal breastfeeding depends on close
sensory mother–infant contact during both the night and day. And, as their
review reveals, many mother–infant bed-sharing studies suggest that the
mother’s body regulates the infant’s physiology in many beneficial ways. In
turn, the infant’s increased breastfeeding frequency, stimulated by maternal
proximity, induces positive changes in the mother’s uterus while sustaining,
if not improving, her milk supply. The ease of breastfeeding with bed sharing
also tends to increase the duration that mothers breastfeed. To sleep or not to
sleep with baby, then, represents a quintessential anthropological practice
that is articulated by Ball and Klingaman’s evidence-based and evolutionary-
based discussion.
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227Chapter 12: Breastfeeding and Mother–Infant Sleep Proximity

INTRODUCTION

Few topics elicit more passion or prescription, from professionals and the public alike,
than infant care. Issues surrounding feeding and sleeping are particularly controversial,
having dominated public discourse on infant care for the past century. An anthropologi-
cal perspective on this discourse highlights the competing ideologies of infancy in the
public domain, components of which include popular notions of infant fragility and
resilience, the cultural value attached to infant independence, public conceptions of
infant development, and the prevailing sense of parental competence. Caregivers seeking
guidance on infant care may place their trust in professionals and “experts” or friends and
relatives, but they often do not realize that the advice they receive may vary according to
the ideological objectives of the person or organization by which it is advocated. Parents
seeking guidance on infant feeding and sleeping practices will find that health messages
surrounding these issues change frequently as they occupy contested ground between
breastfeeding promotion and sudden infant death syndrome (SIDS; also known as crib or
cot death) risk-reduction strategies (i.e., “breastfeed through the night” vs. “do not sleep
with your infant”). Each position inhabits an ideologically different locale (Rowe, 2003)
and inhibits the realization of the other. The intertwined relationship of breastfeeding and
mother–infant sleep proximity offers a compelling arena for the application of evolu-
tionary perspectives. In this chapter, therefore, we focus an evolutionary lens upon the
mother–infant feeding and sleeping relationship. We consider the recent historical changes
in infant care ideology in Western societies that have shaped current ideas regarding
infant sleep, explore the implications of infant care trends that have resulted in the decou-
pling of breastfeeding and sleep behavior, and apply this information to understanding
why public health strategies concerning infant feeding and sleeping currently appear to
be in a state of impasse.

“Evolutionary pediatrics” is an emerging subfield of evolutionary medicine that
examines the link between infant caregiving practices and health issues that affect the
entire life history of the individual. Its theoretical framework draws upon cross-species,
cross-cultural, historical, and paleoanthropological evidence to inform critical examina-
tion of Western postindustrial and biomedical models of infant care. This relatively new
aspect of applied anthropology has arguably achieved greater change in medical practice
and public consciousness than any other branch of evolutionary medicine to date, as it is
increasingly accepted by clinicians and parents alike that many contemporary infant care
practices, often driven by medical and/or cultural ideology, are detrimental to infant
health, development, and sometimes survival. By providing a counterpoint to the pre-
vailing perspectives on infant care and development, researchers in anthropology and
evolutionary medicine have revealed how culturally influenced ideas regarding the way
parent–child relationships “should” be structured and the ways in which infants “ought”
to behave may clash with the evolved needs and propensities of infants and caregivers
(e.g., Hrdy, 1999; McKenna, 2000; McKenna & McDade, 2005; Small, 1998; Trevathan
& McKenna, 1994). A mother’s urge to cuddle her baby when he cries, for instance, con-
flicts with the cultural notion (reinforced by peer or intergenerational pressure) that one
may “spoil” infants by cuddling. Regardless of their widespread acceptance as “tra-
ditional” methods of infant care in Euro-American societies, many practices such as for-
mula feeding, infant schedules, and delayed responses to crying are recently acquired
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228 EVOLUTIONARY MEDICINE AND HEALTH

when placed in the broader context of the history of our species (Hardyment, 1983). The
three brief examples below provide illustration:

1. The feeding of babies with artificial formula derived from cow’s milk became popular
throughout the twentieth century for reasons of perceived convenience, status, and
modernity (Fildes, 1985), yet formula use introduces babies to allergens and
pathogens, denies them the antibodies found in their mother’s milk, forces their imma-
ture gut to digest the fat-dense milk designed for the infants of ruminant animals, and
increases their risk of long-term adverse health outcomes such as hypertension, dia-
betes, and cancer (e.g., Cunningham, 1995).

2. The popularity of regimented infant schedules is a peculiar example of infant-care
practice in Western clock-bound cultures. Scheduled infants who fed, slept, and
played by the clock were introduced to British, American and New Zealand mothers
by popular parenting expert Frederick Truby King in the early twentieth century, who
were provided with sample schedules to follow in his “Mothercraft” manuals
(Hardyment, 1983). Parents were advised to keep their infants on strict schedules for
both timing and quantities of feeding and sleeping, an approach still in evidence, in
modified form, in the routines and “parent-directed feeding” approach to infant care
advocated in popular baby manuals today (Ezzo & Bucknam, 1998).

3. The encouragement of infants to “self-soothe” by caregivers resisting the urge to
respond to crying and other signals is also unique to Western societies (e.g., Barr &
Elias, 1988), where the notions that babies should not be dependent upon caregivers
to calm them have influenced infant care practices. The origins of these views can be
traced to American behavioral psychologist John B. Watson, who in the 1930s
instructed parents on the fostering of self-reliance in their offspring, espousing the
view that no child can receive too little affection (Hardyment, 1983). The method of
infant “sleep training” known as “controlled crying,” advocated in the United States
by Richard Ferber (1985) and the United Kingdom by Gina Ford (1999)—whereby
parents progressively delay responding to their infants’cries, and then respond only in
a limited and prescribed manner—are popular modern descendants of Watson’s
authoritarian approach to infant care.

These twentieth-century parenting practices have become embedded in the cultural land-
scape of Western infant care (Valentin, 2005), yet formula feeding, infant scheduling,
and controlled crying have all been associated with adverse infant outcomes such as
gastrointestinal infection, dehydration, and failure to thrive (Aney, 1998; Howie, Forsyth,
Ogston, Clark, & Florey, 1990), and all conflict with the evolutionary predisposition
of human infants to be cared for by responsive, emotionally and physically available
mothers who provide breast milk according to infant need.

Evolutionarily inappropriate care behaviors are not confined to the realm of parental
care; medical care practices in the immediate pre- and postpartum period are also associ-
ated with detrimental outcomes for infants. Well-known examples include exposure to
opiate analgesics during labor, which make the baby drowsy and unable to root and suckle
(e.g., Righard & Alade, 1990); lack of immediate mother–infant skin contact at birth,
which has similar consequences in preventing the expression of infant crawling and
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suckling behaviors in the immediate post-birth period (e.g., Anderson, Moore, Hepworth,
& Bergman, 2003); separation of infants from their mothers on the postnatal ward, which
hinders effective bonding and breastfeeding initiation (e.g., Waldenstrom and Swenson,
1991); supplementary feeds of water or formula, which reduce the infant’s desire to nurse
and also have the potential to introduce pathogens to his undeveloped immune system
(Royal College of Midwives, 2002); aggressive treatment of moderate cases of neonatal
jaundice (e.g., Brett & Niermeyer, 1999) and hypoglycemia (e.g., Hawdon, Ward-Platt,
& Aynsley-Green, 1994) involving separation of mother and infant; and/or artificial for-
mula feeding to treat “symptoms” that are normal corollaries of breastfeeding in the
period between birth and the onset of full milk production.

INFANT FEEDING AND SLEEPING: THE MISMATCH
BETWEEN INFANT CARE FASHIONS, EXPECTATIONS OF

INFANT DEVELOPMENT, AND INFANT BIOLOGY

Rapid and dramatic changes took place in infant care practices in many industrializing
nations between the mid-nineteenth and twentieth centuries (Hardyment, 1983; Hulbert,
2003). Principal among these were alterations in infant feeding methods and sleeping
arrangements. The increasing popularity of “scientifically developed” infant formula,
combined with sufficient wealth to permit the majority of families to live in houses with
separate bedrooms for parents and children, led to the separation of mothers and infants
for both feeding and sleep. One consequence of these cultural changes in infant care was
their impact on parental expectations of infant sleep behavior. In the mid-twentieth
century, when sleep researchers Moore and Ucko (1957) began documenting the devel-
opmental pattern of infant sleep, tables enumerating an infant’s month-by-month sleep
requirements were hugely popular (Hardyment, 1983; and see, e.g., Good Housekeeping
Baby Book, 1956). The results of Moore and Ucko’s studies quickly became regarded as
normative milestones against which the development of all infants could be assessed.
Seventy percent of the 160 babies they studied ceased waking in the night by the age of
3 months—and soon it became the advice of pediatricians and the goal of parents that
infants should “settle” (begin sleeping through the night, defined as midnight to 5 a.m.)
by 3 months of age (e.g., Better Homes & Gardens Baby Book, 1965). Although Moore
and Ucko recognized that feeding type (breast milk or formula) had an impact upon
infant sleep behavior, the establishment of prolonged and early sleep habits were their
principal priority: “Unsatisfactory feeding is generally the first thing to be looked for in
a wakeful baby. . . . Where breastfeeding proved unsatisfactory, weaning to a bottle or
complementary feeds sometimes had an immediate beneficial effect on sleep; in other
cases, strengthening the formula or introducing solids settled the child” (p. 338). As
decades passed the pursuit of early and unbroken sleep in young infants became a
parental priority, and expectations regarding the normal pattern of infant sleep develop-
ment in both the United Kingdom and United States were culturally codified in pediatric
and parenting manuals; the second sentence of the American Academy of Pediatrics’
Guide to Your Child’s Sleep states, “In early infancy, the first task is to help your baby
learn to sleep longer at night . . .” (1999, p. 1). Hundreds of books (not to mention magazine
articles and Internet sites) now extol a myriad of techniques for achieving a somnolent
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baby. What has been overlooked, however, is that the infants upon whom the common
yardstick for infant sleep development was based slept in rather different circumstances
than infants today: whereas young infants are now predominantly breastfed and sleep in
their parents’ rooms, in the 1950s most infants received formula milk and were placed to
sleep in a separate room from their parents.

Over the last several decades, breastfeeding promotion efforts have succeeded in
increasing the proportion of infants breastfed; currently 76% of mothers in the United
Kingdom (Bolling, 2006), and 71.4% of mothers in the United States (Li, Darling,
Maurice, Barker, & Grummer-Strawn, 2005) provide their babies with breast milk com-
pared with a low of almost 20% in 1956 (www.lalecheleague.org), and breastfed infants
exhibit very different sleep/wake development patterns from those of formula-fed
infants. It is now apparent that Moore and Ucko’s infant population was predominantly
composed of formula-fed infants and that they recorded artificially premature settling
(consolidation of nighttime sleep) of their subjects, in part due to the soporific effects of
cow’s milk, and in part due to the separation of infants at night from their mothers, who
consequently underestimated their infants’ night waking (Anders, 1979). However, the
notion of these developmental milestones for infant sleep became cemented in parenting
folklore as targets to be attained and subsequently gave rise to conflict between parental
expectations that infants should sleep through the night at as early an age as possible (thus
conforming to the culturally expected “norms” based upon formula-fed infants) and the
biological requirement for breastfed infants to wake and feed frequently throughout the
day and night (Carey, 1975; Quillin & Glen, 2004; Wright, McLeod, & Cooper., 1983;
Zuckerman, Stevenson, & Bailey, 1987). This conflict has emerged as one of the barriers
to breastfeeding in societies where parents of newborn infants value (and strive to obtain)
prolonged and unbroken nighttime sleep (Ball, 2003; Greenslade, 1995; Marchand &
Morrow, 1994; Pinilla & Birch, 1993).

The differences in sleep patterns between breastfed and formula-fed infants arise largely
as a consequence of the human infant’s inability to easily digest cow’s milk (Raphael,
1976), which causes formula-fed infants (excepting those with a cow’s milk allergy [Kahn
et al., 1987]) to sleep more deeply and for longer periods at an earlier age than breastfed
infants (Butte, Jensen, Moon, Glaze, & Frost, 1992). Infant sleep bouts gradually consoli-
date into a diurnal rhythm over the course of the first year of life, but breastfed infants—
particularly those who are exclusively breastfed for at least 6 months in accordance with
current health guidelines (DOH, 2001; WHO, 2001)—do not experience consolidation of
nighttime sleep as early as their formula-fed counterparts (Elias, Nicolson, Bora, &
Johnston, 1986). Additionally, infants fed artificial formula exhibit significantly different
sleep patterns compared with breastfed infants in terms of shorter sleep latency (time taken
to fall asleep), longer duration of rapid eye movement (REM; active) sleep, and a larger per-
centage of REM, while breastfed infants experience significantly more sleep interruptions
during the night, are fed more frequently, and consequently have significantly more night
feedings (Butte et al., 1992). The “. . . development of a long unbroken night’s sleep by the
early age of 4 months is surprising when considered from an evolutionary viewpoint,
because human infants, like other primates, are physiologically adapted for frequent suck-
ling and close physical contact with their mothers” (Elias et al.,1986, p. 322). Unrealistic
ideals for infant sleep are now, however, engrained in parenting expectations and continue
to undermine the confidence of new parents regarding their infants’normal development.
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BREASTFEEDING MOTHERS AND BED SHARING

Greenslade comments that “many new mothers are quite unprepared to accept the fre-
quency of breastfeeding which can be seen as often as two hourly because of the easily
digestible nature of breast milk, especially when a bottle of formula may keep the infant
quiet for four to five hours” (1995, p. 24). This conclusion was echoed by mothers inter-
viewed in the northeast of England, who found the sleep disruption caused by frequent
nighttime breastfeeding to be too much to cope with and switched their baby to formula
within a few weeks of birth (Ball, 2003). Experienced breastfeeding mothers and lacta-
tion professionals acknowledge that minimizing the disruption of nighttime breastfeed-
ing is important in sustaining the breastfeeding relationship over a period of many
months. One nocturnal caregiving strategy that accomplishes this is for mother and infant
to sleep together, allowing the baby easy access to maternal breasts, as well as requiring
minimal sleep disturbance for the mother when the infant needs to nurse. Many U.K.
mothers therefore begin the night with their infants in a cot by their bed, bringing the baby
into bed at the time of the first nighttime feed, where the infant may subsequently remain
to feed and sleep for the remainder of the night (Ball, 2002). We have termed this strategy
(which represents the majority of breastfeeding–driven bed sharing) “combination bed-
sharing” (Ball, Hooker, & Kelly, 1999), as the infant sleeps in a combination of places
over the course of a single night. The existence of an infant care strategy combining
breastfeeding and bed sharing is supported by studies of Western mothers in many coun-
tries (e.g., Ball, 2002, 2003; Blair and Ball, 2004; Clements et al., 1997; Elias et al., 1986;
Ford et al., 1994; McCoy et al., 2004; Mitchell & Scragg, 1994; Rigda, McMillen, &
Buckley, 2000). In examining the nighttime caregiving practices of 253 families during
the first 4 months of their infants’ lives, we found a significant association between
breastfeeding and bed sharing: 65% of infants who had “ever breastfed” slept in their par-
ents’ bed (at least occasionally), while 33% of formula-fed infants did so (Ball, 2002,
2003), and for infants who were breastfed for a month or more, the association with bed
sharing was even greater, with 72% of these infants being bed sharers. Likewise, Rigda
et al. (2000), McCoy et al. (2004), Quillin and Glen (2004), and Baddock (2006) report
similar significant associations. This indicates that the majority of bed sharing currently
carried out in Western societies is done in the context of breastfeeding and that the pro-
portion of infants who bed share will continue to increase as breastfeeding increases
across these populations. These points are particularly important given the position
recently taken by several national pediatric bodies (e.g.,American Academy of Pediatrics)
and SIDS organizations to advise parents against bed sharing (see below).

MOTHER–INFANT SLEEP CONTACT AFFECTS LACTATION

The composition of breast milk provides an explanation for the link between bed sharing
and breastfeeding. The analysis of human milk composition has identified us as a low-
solute, frequent suckling species (Jelliffe & Jelliffe, 1978), meaning that our rather thin
and watery milk has a relatively low fat and high sugar content in comparison to that of
other animals (Ben Shaul, 1962). Like other primate species with similar milk composition,
human infants digest their mother’s milk quickly and therefore suckle frequently—and
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mothers require the stimulation of frequent suckling to trigger milk production. Humans
are therefore physiologically adapted for close mother–infant contact day and night—
necessary both for the infant’s optimal development in receiving the nutritional and
immunological benefits of breast milk on a consistent basis (Stuart-Macadam, 1995) and
for the maintenance of the mother’s milk supply (Woolridge, 1995). Furthermore, as
breastfeeding also releases the hormone oxytocin into the mother’s blood and milk, it
induces sleep in both mother and infant (Dettwyler, 1995; Hrdy, 1999). These interacting
factors reinforce the position that sleep contact is an adaptive and common part of
mother–infant nocturnal feeding behavior, and therefore that bed-sharing promotes
breastfeeding (McKenna, Mosko, & Richard, 1997).

As mechanisms were sought to address the low rates of breastfeeding in postindustrial
nations towards the end of the twentieth century, health practitioners began to accept
that mother–infant separation undermines the initiation and establishment of breast-
feeding (Esmail, Lambert, Jones, & Mitchell, 1995). Evidence concerning the impact of
mother–infant separation on breastfeeding drives the current emphasis on practices such
as skin-to-skin contact following delivery (Anderson, 2003; DeChateau & Wiberg, 1977;
Goldstein Ferber & Makhoul, 2004) and rooming-in on the postnatal ward (DiGirolamo,
Grummer-Strawn, & Fein, 2001; Perez-Escamilla, Pollitt, Lonerdal, & Dewey, 1994;
UNICEF UK BFI, 2000; WHO, 1999). But despite the importance attached to close
mother–infant contact by breastfeeding specialists, clinical research has only examined
limited ways in which the brief period of postdelivery skin-to-skin contact currently
practiced in delivery suites might be reinforced on the postnatal ward. This provided an
ideal situation in which an intervention based on evolutionary medicine could be tested.
In most maternity facilities, following 30 minutes of skin-to-skin contact postdelivery,
the provision for mother–infant contact involves rooming-in with the infant at the
mother’s bedside. This is conducted either during the day with the infant removed to a
communal nursery at night or (more recently) 24-hour rooming-in with mothers per-
forming all aspects of their infants’ care (Young, 2005). Research examining the effects
of rooming-in has concentrated primarily on sleep and breastfeeding initiation, with
studies demonstrating that separation of infants to neonatal nurseries resulted in less fre-
quent breastfeeding (Yamauchi & Yamanouchi, 1990) and greater likelihood of breast-
feeding failure (Buxton, Gielen, Brown, Paigee, & Chwalow, 1991). However, contrary
to the popular belief that mothers sleep better in the immediate postpartum period if their
babies are cared for by others, clinical studies have found that nighttime mother–infant
separation did not result in an increase in either the quantity or quality of maternal sleep
or in maternal alertness the following day (Waldenstrom & Swenson, 1991; Keefe,
1988). Studies have also shown that infants who spend their nights in nurseries sleep sig-
nificantly less and cry more than those in their mothers’rooms (Keefe, 1987). Round-the-
clock rooming-in is now standard practice in WHO/UNICEF Baby-Friendly accredited
hospitals worldwide and in nations with progressive maternity care such as Sweden
(Svensonn, Matthiesen, & Widstrom, 2005), but the practice suffers resistance from hos-
pital staff and mothers on wards where infant nurseries still exist, and/or infant and
maternal care is provided by different nursing teams (e.g., Gokcay, Unzel, Kayaturk, &
Neyzi, 1997; Rice, 2000; Svensonn et al., 2005).

Although it is assumed that rooming-in provides mothers and babies with the chance to
feed frequently (and rooming-in is clearly more favorable than nursery care), an
evolutionary perspective provoked us to question whether a plastic bassinette at the
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mother’s bedside provided sufficient opportunity for the close physical contact needed to
reinforce the benefits afforded by delivery room skin-to-skin contact. We hypothesized that
if prolonged and unhindered contact was beneficial in promoting the unfolding physiolog-
ical and behavioral relationship between mother and infant, then facilitating contact for
longer periods should lead to more frequent breastfeeding on the postnatal ward, which in
turn may improve long-term breastfeeding duration. Our team therefore designed a study to
examine the effects of infant sleep location on the postnatal ward of a tertiary-level hospital
in Newcastle-upon-Tyne, United Kingdom. Details of the trial design, methods, and clini-
cal results are reported in Ball, Ward-Platt, Heslop, Leech, and Brown (2006), and here we
summarize the findings relevant to evolutionary medicine. Sixty-one newly delivered
infants (experiencing only vaginal deliveries with no opiate analgesia) and their mothers
(with a prenatal intention to breastfeed but little or no prior breastfeeding experience) were
randomized to one of three arrangements for the duration of their stay on the postnatal
ward: (1) infant in the standard bassinette [cot] at mother’s bedside; (2) infant in side-car
crib attached to mother’s bed; (3) infant in mother’s bed with rail attached to bedside—
known as the cot, crib, and bed conditions, respectively. Mothers and infants were video-
taped throughout their first two postnatal nights using a camera with a night vision lens to
film in the dark, and after hospital discharge the participants were followed up by telephone
interview at 2, 4, 8, and 16 postnatal weeks. Data from overnight videos were coded and
quantified. Those infants randomly allocated to the bed or crib condition exhibited signifi-
cantly more frequent attempted and successful feeds than those infants randomly allocated
to the cot (see Figure 12-1) with no significant differences found in feeding frequency
measures between the bed and crib conditions (Ball et al., 2006).
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FIGURE 12-1 Median frequency per hour of attempted and successful breastfeeds for mothers
and infants by randomly allocated sleep condition. For attempted feeds the difference between bed
and cot and crib and cot were significant (p � 0.012; p � 0.008). For successful feeds the differ-
ences between bed and cot and crib and cot were also significant (p � 0.003; p � 0.013). There
were no significant differences between the bed and crib conditions. All comparisons tested using
Mann–Whitney U test.
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Although superficially similar, as all conditions keep the baby within sight and reach
of the mother, in practice the use of the stand-alone bassinette (cot) impedes breastfeed-
ing by introducing a barrier between mother and infant (cot wall), which prevents unhin-
dered contact; inhibits the infant’s ability to root and initiate suckling; obscures the
infant’s cues from the mother; and by its height prevents mothers from retrieving their
infants without either assistance or the need for getting out of bed (which following epi-
siotomy or certain types of labor analgesia can be very difficult), thereby substantially
hampering the ease and speed of maternal response. Prompt response to infant feeding
signals and frequent suckling in the early neonatal period are essential elements in ensur-
ing that mothers establish successful milk production—a process controlled by the hor-
mone prolactin. Each time the infant stimulates the mother’s nipple via suckling or touch,
prolactin secretion increases rapidly (Johnston & Amico, 1986; Uvnas-Moberg,
Windstrom, Werner, Matthiesen, & Winberg, 1990), and during the early postpartum
period the amount of prolactin released is directly related to the intensity of nipple stim-
ulation (Neville, Morton, & Umemura, 2001). The mother produces more prolactin each
time her baby attempts to feed, so frequent attempts are key. Facilitating close mater-
nal–infant proximity during the nights following birth is doubly important since breast-
feeding at night triggers greater prolactin release than daytime feeding (Tennekoon,
Karunanayake, & Seneviratne, 1994; Woolridge, 1995). A mother’s initial copious milk
production (technically known as lactogenesis II, and commonly referred to as the milk
“coming in”) is modulated by the amount of prolactin she secretes. Research has shown
that both the timing of the first breastfeeding and the frequency of breastfeeding on the
second postpartum day are positively correlated with milk volume on day 5, suggesting
that frequent stimulation of prolactin secretion in the period between birth and lactogen-
esis II increases subsequent milk production (Neville, 2001). Infrequent suckling, on the
other hand, is associated with delayed lactogenesis II (Chapman & Perez-Escamilla,
1999; Sözmen, 1992). The link between frequent early suckling and the timing and
volume of copious milk production via the stimulation and operation of the hormone pro-
lactin explains the potential physiological benefit of our infant sleep location interven-
tion. Unhindered mother–infant access facilitates frequent nipple stimulation, frequent
suckling, and particularly frequent attempted and successful feeds at night, thereby pro-
moting the earlier onset of lactation and more prolific milk supply.

In addition to being critical for breastfeeding initiation, high initial prolactin levels are
also important for successful long-term lactation. The maintenance of lactation (known
as galactopoeisis) is dependent upon the adequate development of prolactin receptors in
the breast tissue (Riordan & Auerbach, 1993), which results from frequent feeding in the
early postpartum period (Marasco & Barger, 1999). According to Lawrence and
Lawrence (1999) prolactin receptors are laid down in the first 3 months postpartum and
are crucial in maintaining lactation following the switch from endocrine control (regu-
lated by the brain) to autocrine control (regulated by local tissue). This means that fre-
quent early feeding attempts will not only lead to effective establishment of milk
production, but will enhance its continued maintenance. A common reason given by
women in the United States and United Kingdom for quitting breastfeeding is a perceived
or real insufficiency in breast milk production (e.g., Hamlyn, Booker, Oleinikova, &
Wands, 2002), suggesting that inadequate quantities of prolactin receptors may have
been developed in the initial phases of breastfeeding. As this may be a consequence of
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infrequent feeding bouts, particularly at night, we hypothesized that those infants sleep-
ing in close proximity to their mothers on the postnatal ward in the trial described above
(bed or crib condition) would have better long-term breastfeeding outcomes than infants
randomly allocated to the stand-alone bassinette (cot) condition as a consequence of their
more frequent early feeding pattern. To test this hypothesis, telephone interviews at 2, 4,
8, and 16 postnatal weeks ascertained breastfeeding status following hospital discharge.
Figure 12-2 illustrates that although all mothers initiated breastfeeding on the postnatal
ward, the proportion of infants from the cot group who were exclusively breastfed at
home declined rapidly compared to those in the bed and crib groups. The association
between unhindered versus hindered access and cessation of exclusive breastfeeding by
8 weeks was significant (�2 � 5.1, df � 1, p � 0.024). The same pattern is clear for the
decline in any breastfeeding: 43% of infants experiencing the cot condition were still
receiving breast milk at 16 weeks compared with 73% of the crib group and 79% of the
bed group (Figure 12-3), and also significant (�2 � 4.2, df � 1, p � 0.041). Although this
study was not powered to measure the impact of mother–infant sleep proximity on long-
term breastfeeding outcomes, these indicative data suggest that such a trial is warranted.

An evolutionary perspective on early infant life views the mother and infant as a
mutually dependent unit, behaviorally and physiologically intertwined via breastfeed-
ing. The removal of neonates from their mothers’ bodies for sleep has more serious con-
sequences for successful lactation, and therefore long-term infant and maternal health,
than is commonly acknowledged. In the year 2000, 23% of U.K. mothers who initiated
breastfeeding in hospital were no longer breastfeeding 2 weeks later, with only 21% of
mothers who began breastfeeding still doing so after 6 months (Hamlyn et al., 2002). The
introduction of bedding arrangements facilitating unhindered access between mothers
and infants on postnatal wards has the potential to increase these proportions dramatically

100%

90%

80%

70%

60%

50%

Pe
rc

en
t E

xc
lu

si
ve

 B
re

as
tf

ee
di

ng

40%

30%

20%

10%

0%
Bed

At Birth At 2 Weeks At 4 Weeks At 8 Weeks At 16 Weeks

Crib Cot

FIGURE 12-2 Percentage of exclusive breastfeeding at birth, 2, 4, 8, and 16 weeks among infants
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and to educate parents how to work with rather than against the evolved mother–infant
relationship.

For most of our history and prehistory, successful mother–infant interaction in the
immediate postnatal period was a critical component in infant survival. Natural selection
has produced human neonates equipped with a suite of innate characteristics (nonlearned
behaviors present from birth such as crying and rooting) that serve to stimulate and elicit
maternal care and thereby enhance their own survival chances. A powerful mixture of neu-
rochemicals and hormones primes mothers to respond both behaviorally and physiologi-
cally to their infants’ cues and signals (Hrdy, 1999). Under the appropriate environmental
conditions (e.g., unhindered physical contact in a safe environment with a lack of interrup-
tions), the coevolved system of interaction, feedback, and exchange between a newborn
infant and his or her mother unfolds spontaneously according to a predictable sequence
(Trevathan, 1987). In suboptimal conditions (e.g., early separation, maternal distraction,
lack of safety, maternal anxiety or pain) the process can be so severely disrupted that mater-
nal and infant health, and even infant survival, is compromised (Ball & Panter-Brick, 2000).
Only in the last 100 years has the development of medical technologies made it possible
for large numbers of neonates to survive the immediate postnatal period without a mother.
This is a significant achievement of medical science; but one that carries a price. So suc-
cessful was medical technology in maintaining infant survival when mothers died or were
unavoidably absent that about half a century ago, on the maternity wards of hospitals in
industrialized societies, maternal presence in the earliest period of her infant’s life began to
be considered superfluous (Nusche, 2002). Mothers were confronted with an increasingly
passive role in a birth process, which resulted in the removal of their infants to the care of
medical experts. Fifty years later, despite all we have learned about the importance of
physical contact between mothers and infants, some authorities are now advising mothers
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FIGURE 12-3 Percentage of any breastfeeding at birth, 2, 4, 8, and 16 weeks among infants sleep-
ing in one of three randomly allocated sleep locations (mother’s bed, side-car crib, and stand-alone
cot) on the postnatal ward.
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that not only is proximity to her body unnecessary for her infant’s survival, it is explicitly
designated as dangerous on the grounds of SIDS risk and fears concerning overlaying.

IS MOTHER–INFANT SLEEP CONTACT SAFE?

Coroners, pathologists, and epidemiologists are increasingly vociferous regarding the
potential dangers to infants of sleeping with their mothers or parents (e.g., BMJ UK
Health News, 2002; Byard, 1994; Weale, 2003) and acknowledge little or no value in
breastfeeding-related mother–infant sleep contact. Coroners, pathologists, and the U.S.
consumer product safety commission have used series of uncontrolled case reports of
infant deaths as a basis for arguing that bed sharing results in accidental infant deaths
(Drago and Dannenberg, 1999; Kemp et al., 2000; Nakamura, Wind, & Danello, 1999;
Scheers, Rutherford, & Kemp, 2003), which have been robustly challenged (e.g., see
McKenna & Gartner, 2000; O’Hara, 2000). Epidemiologists, on the other hand, favor
odds ratios and relative risks—calculating the probabilistic likelihood of death for infants
from SIDS or accidental death under a variety of sleep circumstances, based on the char-
acteristics of infant who died in comparison with matched live control infants in large
population-based studies. The assumptions of these studies are much harder to unpick
and challenge, and in populations with exceedingly low rates of postneonatal mortality
such as the United States and United Kingdom, risk factors for sudden death in infancy
assume major concern. Prone infant sleep, parental smoking, poverty, and young mater-
nal age are all well-known factors that increase the risk of unexpected infant death
(Fleming, 1994). However, estimates of the relative risk of SIDS in the context of bed
sharing vary widely. Although McKenna (1986) hypothesized a reduced risk of SIDS in
the context of bed sharing based on an evolutionary perspective, epidemiological studies
have so far found no protective effect. Assessments of the impact of bed sharing on SIDS
range from no increased risk to the infants of nonsmoking parents to a 12-fold increase
for infants sharing a sofa for sleep with a parent who smokes (Blair et al., 1999). Different
studies use varied criteria to define what constitutes bed sharing (e.g., Hauck et al., 2003;
Carpenter, 2004; McGarvey, McDonnell, Hamilton, O’Regan, & Matthews, 2006) and
have produced a confusing array of statistics (see Cote, 2006). Furthermore, such epi-
demiological case-control studies consistently lack inclusion of infant feeding data in
calculating the odds ratios or relative risks associated with bed sharing. Until more appro-
priate data are collected it is difficult to assess whether breastfeeding–related sleep con-
tact between mothers and infants constitutes a risk to infant safety. However, it is unlikely
that any potential risk would be of great magnitude (see Leduc & Camfield, 2006) given
that breastfed infants have shown a reduced SIDS risk compared to formula-fed infants
in several studies (e.g., Hauck et al., 2003; Hoffman, Damus, Hillman, & Krongrad, 1988).
The negative picture of bed sharing that is painted by many epidemiological studies con-
trasts sharply with the evolutionary anthropological perspective on the importance of
close contact and undermines the mother–infant breastfeeding relationship—all of which
sets public health programs to prevent SIDS and those to promote breastfeeding at odds.

An anthropological perspective on infant sleep biology and parent–infant sleep behav-
ior, including the evolutionary underpinnings and developmental benefits of mother–infant
bed sharing, have been described in numerous publications (McKenna & Mosko,
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2001; McKenna, Mosko, Dungy, & McAninch, 1990; McKenna, Thoman, et al., 1993;
Mosko, Richard, McKenna, Drummond, & Mukai, 1997). They explain how mother–infant
dyads that routinely bed share and breastfeed sleep in close proximity with a high
degree of mutual orientation (facing one another) and arousal overlap (waking at the
same time). When bed sharing, mothers placed infants in the supine position for sleep,
and infants breastfed significantly more frequently and cried less than on nights when
they slept apart from their mothers (Richard, Mosko, McKenna, & Drummond, 1996).
However, because of the confines of the narrow hospital bed in which mothers and infants
slept for these studies, it was unclear whether the orientation, proximity, arousal, and
breastfeeding characteristics reported were artifacts of sleeping in cramped conditions or
an intrinsic feature of normal bed sharing for breastfeeding mothers and infants. In recent
years the results of McKenna and Mosko’s studies have been replicated in at least three
different settings, and breastfeeding mother–infant dyads have been observed displaying
consistent bed-sharing behavior, regardless of whether they slept in a narrow hospital
bed, a full-size bed in a sleep lab, or at home in beds ranging from twin to king-sized
(Baddock, 2006; Ball, 2006; Young, 2002). Mothers sleep in a lateral position, facing
their baby, and curled up around it. Infants, positioned level with their mother’s breasts,
sleep in the space created between the mother’s arm (positioned above her infant’s head)
and her knees (drawn up under her infant’s feet) (Baddock, 2006; Ball, 2006; Richard
et al., 1996) (see Figure 12-4). The cumulative results of these studies provide a robust

FIGURE 12-4 Characteristic sleeping position of breastfeeding mothers and infants when bed
sharing.
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understanding of breastfeeding–related bed-sharing behavior and suggest that the char-
acteristic maternal sleep position observed in these studies represents an instinctive
behavior on the part of a breastfeeding mother to protect her infant during sleep (Ball,
2006)—a view reinforced by the fact that all primiparous mothers in our team’s hospital
trials have spontaneously adopted this position without instruction on the first night
with their new babies. Although we imagine this behavior to have evolved in a very dif-
ferent sleep context than one adorned with Western beds and bedding, the principle
of infant protection is no less effective. When mothers curl up around their infants for
sleep, they construct a space in which their infant can sleep constrained by their own
body, protected from potentially dangerous environmental factors— be they predators,
cold weather, or the suffocation hazards of quilts and pillows. In the current Western
context, therefore, bed-sharing breastfeeding infants sleep flat on their mother’s mat-
tress, away from pillows, in a lateral or supine position. Despite the fears of coroners and
pathologists (e.g., Byard, 1998; Risdon, 2003) that infants may be overlain, when a
breastfeeding mother sleeps curled up around her infant in this way she cannot roll
forward onto it, and neither can any other co-bed sharers lie on the infant without lying
on the mother also.

Bed-sharing infants of breastfeeding mothers appear, then, to avoid the presumed haz-
ards of sleeping in adult beds (e.g., suffocation, overlaying, wedging, entrapment,
[Nakamura et al., 1999]) due to the presence and behavior of their mothers. Interestingly,
however, notable differences have been observed in bed-sharing behavior between
breastfeeding and formula-feeding mothers and infants (Ball, 2006). In a small study
comparing 20 families (10 breast- and 10 formula-fed) videoed sleeping in their home
environment, the formula-fed infants were generally placed high in the bed, with infants’
faces level with parents’ faces, and either positioned between, or on top of, the parental
pillows. In contrast the breastfed infants were always positioned flat on the mattress,
below pillow height and level with the mother’s chest. Formula-feeding mothers spent
significantly less time facing their infant and in mutual face-to-face orientation than did
breastfeeding mother–infant pairs, and they did not adopt the “protective” sleep position
with the same degree of consistency. Breastfeeding mothers and infants experienced a
significantly greater frequency of arousals from sleep, and significantly more of these
were synchronous (mother and baby waking together) for breastfeeding than formula-
feeding mothers and infants (see Table 12-1).

The patterning of these differences is consistent with our understanding of the physio-
logical mechanisms mediating maternal and infant behavior, in that breastfeeding moth-
ers experience a hormonal feedback cycle, which promotes close contact with, heightened
responsiveness towards, and bonding with infants in a way that is missing for mothers who
do not breastfeed (Hrdy, 1999; Small, 1998). The implications of these data—that breast-
feeding bed-sharing mothers and infants sleep together in qualitatively and significantly
quantitatively different ways than do formula-feeding mothers and infants—indicate that
epidemiological studies of bed sharing that have not considered feeding type as a variable
for matching cases and controls may have drawn inappropriate results in assessing risk
factors associated with bed sharing. One role of evolutionary pediatrics here is to per-
suade, encourage, and assist epidemiologists to re-examine these issues in ways that take
into account the variations in infant care behaviors that are associated with different types
of caregiving and which therefore are likely to affect their outcomes.
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EVOLUTIONARY PERSPECTIVES AND INFANT CARE

Anthropological works in the popular and academic domains such as Leidloff’s Continuum
Concept and Eaton, Shostak, and Konner’s Paleolithic Prescription first applied an evo-
lutionary perspective to infant development and infant care in exploring the mismatch
between current parental caregiving practices and infants’evolved expectations. Over the
last decade and a half, these themes have become the focus for researchers such as

TABLE 12-1 Comparison of Bed-Sharing Characteristics for Breast-Fed and Formula-Fed Infants.

Significance

(Mann-Whitney

Formula-fed Breast-fed U-test)

Hours of bed-sharing data (median) 7.6 hours 8.0 hours ns

Orientation to mother
Mother facing infant 59% 73% p � 0.05
Infant facing mother 46% 65% ns
Face-to-face orientation 32% 47% p � 0.02

Orientation to father
Father facing infant 46% 26% ns
Infant facing father 20% 9% ns
Face-to-face orientation 8% 0% ns

Infant sleep position
Infant supine 83% 40% p � 0.02
Infant lateral 6% 54% p � 0.02
Infant prone 0% 0% ns

Parent–infant proximity
Touching mother 60% 75% ns
Touching father 20% 6% ns

Parent–infant sleeping position
Mother curled up round infant 25% 49% ns
Father curled up round infant 0% 0% ns

Height of infant in bed relative to mother
Infant face level with mother’s face or chin 71% 0% p � 0.01
Infant face level with mother’s chest 29% 100% p � 0.02
Infant face below mother’s chest height 0% 0% ns

Direction of infant in bed
Vertical position (perpendicular to headboard) 94% 86% ns
Rotated between 30–60o to either side 5% 13% ns

Feeding
Median feed frequency/night 1.0 bouts 2.5 bouts p � 0.009
Total feeding time 9 min 31 min p � 0.007

Awakening frequency (medians)
Number maternal arousals per night 2 (range � 0–4) 4 (range � 3–5) p � 0.001
Number of infant arousals per night 2 (range � 0–3) 3 (range � 2–5) p � 0.006
Number of mutual arousals per night 1 (range � 0–2) 3 (range � 1–4) p � 0.003

Source: Modified from Ball, 2006.
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McKenna and Mosko (2001), Trevathan (1987), and Dettwyler (1995), who have further
applied evolutionary reasoning to issues of infancy. Studies of mother–infant sleep
proximity, feed frequency, and breastfeeding duration build upon these foundations to
demonstrate how the intricate, coevolved relationship between maternal physiology,
breastfeeding success, and thereby long-term health outcomes for both infants and moth-
ers are disrupted or reinforced by variation in infant sleep location.

Evolutionary medicine provides a lens through which we can observe the iatrogenic
(unintentionally medically induced) effects of changes in infant care—such as the effects
on breastfeeding of sequestering newborn infants in neonatal nurseries for the purpose of
infection control, or the banning of breastfed infants from mothers’ beds due SIDS odds
ratios—providing a perspective that helps to both challenge current practice and identify
ways of ameliorating the discordance between culturally sanctioned practice and the
evolved needs of infants, such as via the provision of side-car cribs on hospital postnatal
wards. An evolutionary pediatric approach to infant feeding and sleep finds that bed shar-
ing makes breastfeeding less “hard work” through enhanced accessibility, reduced sleep
disturbance, and more frequent nighttime suckling, which stimulates prolactin release
and continued milk production. As increasing numbers of mothers breastfeed their
infants, the proportion of infants who bed share will increase, leading to greater conflict
between breastfeeding promotion and SIDS-reduction advice and greater confusion for
parents. Blanket recommendations against parent–infant bed sharing work antithetically
to breastfeeding promotion and undermine programs such as the WHO/UNICEF Baby-
Friendly Initiative. Huge successes have been made in the improvement of breastfeeding
rates in postindustrial nations over the last decade as mothers have been encouraged to
physically reconnect with their infants, so it is tragically ironic to read reports that around
the world, and particularly in countries with traditionally high rates of breastfeeding,
such as Taiwan and Sweden (e.g., Alm, Lagercrantz, & Wennergren, 2006; Huang &
Cheng, 2006), physicians and national institutions are following the lead of the American
Academy of Pediatrics in advising mothers to strictly keep their infants out of their beds
for fear of SIDS and accidental deaths. By challenging the uncritical acceptance of pub-
lic health recommendations and biomedical care interventions that disrupt the evolved
physical relationship between mothers and infants, evolutionary medicine has begun to
influence the recommendations of clinicians, epidemiologists, and policy makers regard-
ing infant care and must continue to encourage a much longer-term view than is currently
taken in the realm of infant public health.
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