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Introduction

Infant sleep is a subject of great interest—and concern—for many new parents. Parental
expectations for infant sleep often reflect cultural norms that may not align well with the
realities of infant growth and development. Unrealistic expectations for infant sleep have been
linked to the early cessation of breastfeeding (Ball 2003) and may contribute to the
development of postnatal depressions symptoms (Muscat, Thorpe & Obst 2012). Parents
frequently consult health providers for advice when their infant’s sleep does not meet
expectations (Polnay et al. 1999, Douglas, Hill 2013). This article provides a review of infant
sleep biology, duration, and development, that offers a solid basis to educate expectant parents

and to advise and reassure new parents about normal infant sleep.

The Biological Role of Sleep

Sleep is a biological necessity for all human beings, driven by the body’s homeostatic process.
The longer a period of wakefulness lasts, the stronger is the sleep pressure that eventually
builds up (Davis, Parker & Montgomery 2004). Sleep enables growth, healing and the
maintenance of normal body and immune functioning (Davis, Parker & Montgomery 2004,
Jenni, O'Connor 2005). A crucial function of sleep appears to be the renewal of the tissues of
the brain and central nervous system, as well as supporting learning and memory consolidation
(Davis, Parker & Montgomery 2004, Jenni, O'Connor 2005). Sleep contributes to brain plasticity,
the brain’s ability to modify its function and even its structure in response to external
experiential cues (Dang-Vu et al. 2006, Bertelle et al. 2007). A lack of sleep can lead to
impairments in behavioural, cognitive and emotional functioning, as well as decreased ability to

concentrate (Davis, Parker & Montgomery 2004, Bertelle et al. 2007).

Cultural Influence over Sleep
Although sleep is a biological necessity that is a human universal, the way we sleep is

strongly influenced by wider cultural values, practices and assumptions (Worthman 2011).
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What is considered “normal” with regard to adult and infant sleep varies from culture to culture
(Glaskin, Chenhall 2013), as well as through time (Ekirch 2001). In response to particular
cultural and political-economic pressures related to employment, the Western ideal for sleep is
a single unbroken 8-hour period that occurs during the night. While many people within
Western cultures have sleep patterns that do not adhere to this norm (i.e. shift workers, elderly
people), the cultural assumption that it is the correct way to sleep is strong (Worthman 2011).
However, infants are not influenced by this assumption. Infant sleep is driven by biological
necessity and is shaped by our evolutionary history (Jones, Ball 2012). Mismatches between
infants’ biologically-based requirements for sleep and adult cultural expectations play an
important role in shaping parental perceptions of infant sleep as problematic (Ball 2003, Jenni,
O'Connor 2005, Gettler, McKenna 2011). Some experts on infant sleep have been led to
wonder “whether at least some sleep-related problems of children are not in fact created by
cultural practices that may be incongruent with aspects of sleep biology or with stages of a

child’s emotional development” (Jenni, O'Connor 2005).

Evolutionary background to infant sleep

Infant sleep biology has evolved over millennia, shaped by the nature of human mother-
infant interactions. Human infants have a set of biological “expectations” that evolved based on
what was normal during the course of human evolution (McKenna, Ball & Gettler 2007). Human
infants are born developmentally immature as a trade-off between our large human brains and
the necessity for the infant to pass through the birth canal (Trevathan 1996). As a consequence,
they are not able to care for themselves or to be left alone for many months after birth.
Therefore, infants “expect” to be in nearly constant contact with their mothers, to sleep in
proximity with them and to be breastfed frequently throughout the day and night, since
adequate replacement foods did not exist (Ball, Klingaman 2008). In this context, human milk
has evolved to provide quick energy supply, through high levels of milk sugars, and to be easily

digestible due to lower levels of fat and protein (Riordan 2005). In the early weeks and months
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of life infants biologically “expect” a feeding every few hours or less, and, accordingly, their

sleep patterns reflect a need to awaken frequently.

Infant Sleep Architecture

Infant sleep cycles are considerably shorter than adult sleep cycles, lasting about 60
minutes, compared with adult sleep cycles of between 90 and 100 minutes (Jenni, Borbely &
Achermann 2004). Infants spend much more time than adults in “active sleep,” the equivalent
of Rapid Eye Movement (REM), or dreaming sleep. In early infancy over 50% of sleep time is
spent in active sleep, dropping to about 30% at 8 months of age (Sheldon 2006). This compares
with about 20% REM in adult sleep (Siegel 2005). The other half of the infant sleep cycle is
“quiet sleep,” the equivalent of adult Non-Rapid Eye Movement (NREM), or deep sleep. In
infants, active sleep occurs first in each 60-minute cycle, followed by quiet sleep. In adult sleep,
deep sleep occurs first, followed by increased periods of dreaming sleep towards the end of the
sleep episode (Bertelle et al. 2007). Infants are more easily woken during periods of active sleep
than quiet sleep and are more likely to awaken during the transition between states (Parslow et
al. 2003). However, while it may seem appealing to parents to promote longer periods of deep
sleep for the infant (and therefore minimise awakenings), the high percentage of active sleep
seen in infants is thought to play an important role in infant brain development.

Brain growth and development occurs more rapidly during infancy than at any other
period of development. Neural connections in the brain peak between two and four months of
life at double the adult number (Goldman-Rakic 1987). Researchers have suggested, therefore,
that since infants spend a great deal of their time asleep, the neurological activation that occurs
in the brain during active sleep is essential for the development and maintenance of the brain’s
neural network (Bertelle et al. 2007, Siegel 2005). Quiet sleep provides the opportunity for
consolidation of the changes in neural pathways brought about in response to periods of

wakefulness or brain activation (Bertelle et al. 2007).

Infant Sleep Duration
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Just as infant sleep architecture differs from that of adults, so too do infant sleep
patterns and duration. In adults, the instinct to sleep at night and be awake during the day is
driven by the circadian rhythm, which ties biological functions to the light/dark cycle of the 24-
hour day (Bertelle et al. 2007). When infants are born, they are not attuned to this cycle
(Ardura et al. 2003); as a result, in the early months of the infant’s life, sleep occurs in short
blocks that are distributed throughout the day and night (Henderson, France & Blampied 2011).
A comprehensive review of studies on infant sleep duration from around the world has
identified norms for infants up to one year of age (Galland et al. 2012). Drawing on the results
from 34 studies, the review found that between birth and two months of age infants sleep an
average of 14.6 hours distributed throughout the 24-hour day. A great deal of variation in sleep
duration exists between infants, with some sleeping as little as 8 hours in 24 and others as
much as 22 hours (Galland et al. 2012). Between birth and two months infants wake on average
1.7 times overnight (range: 0-3.4) (Galland et al. 2012). As the circadian rhythm emerges in
response to daylight and social cues during the first four months, infants begin to consolidate
their sleeping time into a longer overnight period (Henderson, France & Blampied 2011). In the
period between three and six months, infants wake on average 0.8 times overnight (range: 0-
3.0) (Galland et al. 2012). By six months of age, the average number of hours of sleep has
dropped to 12.9 hours and stays at roughly that level through to two years of age. The range of
variation among infants narrows from 8.8 to 17 hours at six months, to about 10 to 15 hours
from 12 months to two years (Galland et al. 2012). Sharing these well-evidenced norms with
parents may help to reassure them that their infant’s sleep patterns and duration are

appropriate for their stage of development.

Sleeping Through the Night

One of most frequent questions that parents are asked by friends and family, and that
they in turn inquire about with health care providers, is when their infant will begin to sleep
through the night. Colloquially, an infant who “sleeps through the night” is understood to fall

asleep and sleep without waking until a time that is considered appropriate to wake for the rest
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of the family. Scientifically, however, sleeping through the night, or “settling” has been defined
more narrowly (Henderson, Motoi & Blampied 2013). One of the most influential early studies
on infant sleep defined “sleeping through the night” as sleeping for a five hour stretch between
midnight and 5am (Moore, Ucko 1957). The researchers followed 104 infants in order to
ascertain when they began to sleep through the night. Using the midnight to 5am definition,
they found that 70% of infants began sleeping through by three months of age (Moore, Ucko
1957). However, of the infants who began to sleep through by three months, half—about 35%
of the total—subsequently reverted to waking at night between six and 12 months of age. An
additional 10% of the infants did not sleep through the night at all during their first year.
Together, these findings indicate that about 45% of the infants, or nearly half, did not
consistently sleep through the night by one year of age, even using the narrow definition of
midnight to 5am. Unfortunately, whereas the three month finding has become a guideline that
is widely quoted (Jones, Ball 2012), this latter finding is not well known to parents and
practitioners.

A recent study has extended this work on infant settling, by looking at differences in the
age when infants “sleep through the night” using three definitions: a narrow definition
(midnight to 5am); a broader definition (any unbroken 8-hour stretch overnight); and a “family
congruent” definition (10pm-6am) (Henderson et al. 2010). The third definition comes closest
to reflecting what is colloquially meant by “sleeping through the night” (Henderson, Motoi &
Blampied 2013). Following 75 infants, the researchers found that by three months of age 50%
of the infants slept without waking between midnight and 5am, and 50% slept without waking
for an 8-hour period. However, it was not until five months of age that 50% of infants slept
without waking from 10pm to 6am (Henderson et al. 2010). This finding suggests that a more
appropriate parental guideline for when an infant might start to sleep through the night would
be five months or later. At the same time, more than a quarter of the infants (28%) in the study
had not started to sleep without waking between 10pm to 6am by the time they turned one
year of age. The global review of infant sleep described above found that night waking

continues to be very common through the second half of the first year and the second year,
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with an average of 1.1 and 0.7 awakenings, respectively (Galland et al. 2012). Parents should be
reassured that infant night waking is an extremely common occurrence through the first year
and second year.

There are several key implication to these studies that new parents should be made
aware of with regard to “sleeping through the night.” First, scientific sources may define
sleeping through the night differently from common usage, which can lead to inappropriate
parental expectations for infant sleep. At the same time, many infants do not sleep through the
night during their first 12 months, even when it is defined as a period of five overnight hours.
Infant sleep development is not linear; many infants start to sleep through the night at some
point, but then revert to night waking as new developmental processes take place. Finally, the
point at which an infant sleeps for a period similar to the rest of the family (family congruent
“sleeping through the night”) is likely to occur substantially later than the point at which the
infant sleeps for a period from midnight to 5am (scientifically-defined “sleeping through the

night”).

Strategies

Parents frequently look for strategies to help them deal with infant sleep. The
“babymoon” is a strategy that can maximise maternal sleep and rest in the very early
postpartum period. Many cultures have traditionally mandated a period of rest and recovery
following birth, in which the mother primarily takes care of her new infant’s needs, while family
members and friends take care of the mother herself, any older children and contribute to the
cooking and cleaning. The names given to this period vary by location, but include /a
cuarantena, resguardo and doing the month (Piperata 2008, Waugh 2011, Callister 2006).
Breastfeeding promoters who encourage a “breastfeeding vacation,” involving extended rest
periods, minimal household responsibilities and on-demand breastfeeding echo these long
established practices. It must be said that the degree of social and familial support available to

the new parents will likely determine whether a “babymoon” period is practicable.
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Another widely discussed intervention for infant sleep is known as “sleep training”,
often using an extinction or “Cry It Out” approach. In this process, infants are left to fall asleep
alone, in a room separate from caregivers. Parents are instructed to leave the infant to “self-
soothe” and not to respond to crying for increasing periods of time (Douglas and Hill 2013).
Sleep training of infants younger than six months has not been found to improve infant and
maternal outcomes related to sleep (Douglas, Hill 2013) and there is evidence that the process
is highly stressful for infants. Australian researchers who looked at infants who were being
sleep trained found that on the first day of the process infant crying increased and the infants
showed elevated levels of cortisol, a stress hormone at and after bedtime (Middlemiss et al.
2012). By the third day, the infants had stopped crying when left alone to fall asleep, but they
continued to show elevated cortisol. Essentially, in the face of a lack of response, the infants
had ceased the “signalling behaviour” that should normally alert a caregiver to their distress,
but they nevertheless continued to experience high levels of stress (Middlemiss et al. 2012).
Parents who inquire about sleep training methods should be informed of the potential negative
effects of sleep training, and supported to explore strategies that may improve their own and

their infant’s sleep (e.g., bedsharing-see Russell, this volume).

Summary

This article has reviewed the evidence on infant sleep biology and sleeping patterns, and
presented normative data for infant sleep duration and the age at which infants may sleep
through the night. This data provides a solid evidence base for advising new and expectant

parents regarding infant sleep through the first two years of life.
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