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ARTICLE INFO ABSTRACT

Keywords: Sleep patterns change dramatically across the earliest years of life and play an important role in
Sleep children’s daytime functioning. As a result, psychological research has taken an increasing in-
Intrinsic terest in unpacking the many intrinsic (i.e., child characteristics) and extrinsic (i.e., environ-
Extrinsic

mental input) factors that influence children’s sleep development. Considerably less attention has
been given to understanding the transactional relationships among intrinsic and extrinsic factors,
or to the underlying mechanisms, that both initiate and maintain individual differences in infant
sleep development. In the current review, we begin by summarizing what is known about the
development of sleep across the first two years of life, making explicit reference to the dual-
process model of sleep consolidation and regulation. Next, we synthesize existing literature on
the intrinsic and extrinsic factors that influence the development of sleep consolidation and
regulation in infants. Finally, we reconsider extant findings in the infant sleep literature using
theories and concepts from developmental science, posing new hypotheses about the ways in
which environmental input both shapes infant sleep patterns and modulates the effects of sleep
on later developmental outcomes. We conclude with an examination of current challenges in this
field and a suggested roadmap for future research.
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Introduction

The importance of adequate sleep for optimal daytime functioning has long been acknowledged in the adult literature.
Considerably less is known about the role of sleep in the broader context of child development. This relative dearth of research is
surprising, given that children spend more time asleep than awake in the entire first decade of life (Iglowstein, Jenni, Molinari, &
Largo, 2003). Further, sleep problems are among the most common clinical concerns across early childhood (Goodlin-Jones,
Burnham, & Anders, 2001; Mindell, Owens, & Carskadon, 1999), and have been linked to myriad problems in cognitive, emotional,
and behavioral functioning (Sadeh, 2007). These emerging lines of research suggest that, despite the clear primacy of sleep among
infants and children, sleep disruption is common and problematic. Therefore, understanding the normative process of sleep devel-
opment, as well as the factors that help or hinder this process, are of utmost concern.

Several theoretical models have been proposed to describe the dramatic changes in sleep behavior observed across the first years
of life. These include models that distinguish between dimensions of sleep quantity and quality (El-Sheikh & Sadeh, 2015), as well as
between circadian-homeostatic (Jenni & Lebourgeois, 2006), and consolidation-regulation processes (Goodlin-Jones, Burnham,
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Fig. 1. Sadeh’s transactional model. Adapted from Sadeh et al. (2010).

Gaylor, & Anders, 2001). In part one of the current paper, we review the literature on sleep development framed within the dual-
process model of consolidation and regulation. We chose to center our review around the consolidation-regulation framework be-
cause it is the most specific model that has been widely used in developmental research (e.g., Goodlin-Jones, Burnham, Gaylor, et al.,
2001; Sadeh & Anders, 1993; Staples, Bates, & Petersen, 2015). Briefly, sleep consolidation refers to the emergence of a diurnal
patterning of sleep/wake states. Sleep regulation refers to the process by which children become able to independently transition
between wakefulness and sleep, as indicated by the ability to fall asleep at bedtime and resume sleep following a nighttime waking
without relying on parental intervention. Considering sleep development within this dual-process framework allows us to more
concisely synthesize findings from studies using diverse indicators of infant sleep quality, while also inspiring novel questions re-
garding the development timelines of different components of sleep quality.

Due to variability in the development of consolidated and regulated sleep (e.g., Burnham, Goodlin-Jones, Gaylor, & Anders, 2002;
Iglowstein et al., 2003; Sadeh, Mindell, Luedtke, & Wiegand, 2009), an extensive body of literature has focused on predicting these
individual differences in sleep patterns from a variety of intrinsic and extrinsic factors. We review this work in the second part of the
manuscript. By intrinsic factors, we refer to child characteristics that have a biological basis and include constructs such as tem-
perament and physiological reactivity. Extrinsic factors, on the other hand, refer to contextual influences that shape the environment
in which the child develops. Most notably, these include caregiver qualities, strategies, and behaviors that support or hinder ap-
propriate modulation of sleep/wake state. Specific parenting behaviors and practices as well as parent-child interaction quality have
been shown to contribute substantially to infant sleep development (Teti, Philbrook, et al., 2015).

Sadeh and colleagues have proposed a transactional model which highlights the direct and indirect contributions of infant
characteristics and caregiver behaviors to the development of infant sleep, through mechanisms such as nighttime parent-child
interactions (Fig. 1; Sadeh & Anders, 1993; Sadeh, Tikotzky, & Scher, 2010). This model has recently been extended from an eco-
logical systems perspective to more fully incorporate the influence of proximal and distal systems (e.g., social, cultural, time) as well
as interactions between systems, that influence sleep development (El-Sheikh & Sadeh, 2015). Thus far, these models have been
successful in drawing attention to the importance of infant characteristics, parental input, and parent-child interactions that con-
tribute to individual differences in infant sleep quality. However, whereas ecological models provide a heuristic framework for
identifying putative determinants of infant sleep quality, they do not fully explicate the range and nature of dynamic and bidirec-
tional interactions between children and parents that both initiate and maintain individual differences in infant sleep quality, nor do
they grapple with the cascading influence of these differences for later developmental outcomes. The third section of the manuscript
begins to address these issues.

The novel aim of this review is to reconsider extant findings in infant sleep research from a developmental science perspective. By
highlighting and applying relevant theories and concepts derived from this domain, we argue that we can substantially expand
existing sleep frameworks and inspire a new sleep research agenda. Specifically, we argue that differential susceptibility and bio-
logical sensitivity to context (BSC; Boyce & Ellis, 2005) theories have direct relevance for how we study both antecedents and
consequences of individual differences in infant sleep quality. Together, these theories suggest that child physiological reactivity is
both influenced by early environmental input, as well as a modifier of later environmental influences. Considering infant sleep as one
index of reactivity allows us to pose new questions relating to the factors that promote or hinder sleep development in the first years
of life. It also allows us to consider new questions about how infant sleep may interact with characteristics of the environment to
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predict outcomes in a variety of domains. Relatedly, we apply the concept of developmental cascades to illustrate how successes or
difficulties in one domain of behavior (e.g., sleep consolidation and regulation) transfer, or spill over, to successes or difficulties in
other domains of behavior (e.g., cognitive and emotional capacities) later in development (Masten & Cicchetti, 2010).

Given the multiple goals of the current review, we organize the manuscript into three main sections. First, we summarize what is
known about the normal course of sleep development across the first two years of life. Presenting existing findings in terms of how
they map on to the processes of sleep consolidation and regulation affords a more nuanced approach to understanding the devel-
opment of distinct components of sleep quality in infancy. Next, we describe the main effects of intrinsic and extrinsic factors on
infant sleep development. Although not meant to be an exhaustive review, we highlight several specific exemplars that have garnered
attention in the literature, and that have the most direct relevance for infants. The third and most novel part of the review attempts to
marry existing sleep research with core ideas and theories from developmental science, in an effort to recast previous findings in a
new light, as well as inspire novel areas of inquiry. In closing, we present a roadmap for future research that aims to further integrate
the study of infant sleep into developmental science. At the same time, we acknowledge the practical, theoretical, and empirical
challenges that still hinder our progress.

Sleep development in infancy

The study of sleep development in infants and children has a long history, stemming from both psychological and medical
literatures. The medical literature tends to emphasize a normative perspective, which seeks to describe overall patterns of change,
derive reference values for sleep variables for different age groups, and identify the prevalence of sleep disorders (e.g. Acebo et al.,
2005; Iglowstein et al., 2003). A second body of work has arisen from an individual differences perspective, which seeks to describe
stability and change in sleep patterns over time, as well as identify the causes and consequences of individual variability in sleep
parameters (e.g. Anders & Keener, 1985; Scher, Epstein, & Tirosh, 2004; Zuckerman, Stevenson, & Bailey, 1987). Much of this work
has made use of longitudinal designs, though only a handful of studies have followed children past the first year of life (Scher et al.,
2004; Tikotzky & Shaashua, 2012; Touchette et al., 2007; Zuckerman et al., 1987).

One way to understand the dramatic changes in sleep patterns across infancy is through the joint processes of sleep consolidation
and regulation (Goodlin-Jones, Burnham, Gaylor, et al., 2001). As discussed previously, sleep becomes consolidated as children begin
to sleep in longer continuous stretches primarily during the nighttime period. Some sleep variables that are indicative of con-
solidation include the number and duration of daytime naps, longest continuous sleep period (LSP) and nighttime sleep ratio (NSR;
ratio of nighttime sleep to 24-hour sleep; Bernier, Carlson, Bordeleau, & Carrier, 2010), where fewer naps, longer LSP, and higher
NSR values indicate more consolidated sleep.' On the other hand, sleep regulation concerns the child’s ability to transition in-
dependently between wake and sleep states. Less wake time, fewer night wakings, and high sleep efficiency (i.e., ratio of time asleep
to time in bed) may all be used as crude indicators of self-regulated sleep, as children who soothe themselves to sleep spend less time
awake at night (Goodlin-Jones, Burnham, Gaylor, et al., 2001). Further specifying wakings into those that are signaled versus self-
soothed provides more direct indices of sleep regulation, with more self-soothed wakings indexing better regulated sleep. However,
deriving these variables requires the use of videosomnography, a method that remains rare in the literature.

In the follow sections, we review the research documenting development in sleep consolidation and regulation across the first two
years of life. Because of their individual strengths and weaknesses (see Sadeh, 2015 for a review), we rely on studies that use both
objective (e.g., actigraphy, videosomnography, polysomnography) and subjective (e.g., sleep diaries) sleep assessment methods. We
end with a discussion of two key questions that have yet to be fully addressed in the literature.

Sleep consolidation

Much of the work on early sleep development has dealt solely with infants from birth through age one, possibly motivated by the
dramatic changes in sleep patterns across the first year of life. These dramatic changes in sleep consolidation are guided in part by the
emergence of a distinct circadian rhythm. At birth, the circadian rhythm is immature, and periods of wakefulness and sleep are
guided largely by hunger and satiety (rather than light and dark) cues: when babies are hungry, they wake up and feed; after feeding,
they fall into another bout of sleep. Driven by these cues, newborns sleep an average of 16 h a day in 5-6 episodes interspersed
equally between daytime and nighttime. By the end of the first year of life, total sleep time decreases to between 12 and 13 h a day,
consolidated into one extended episode of nighttime sleep and one or more daytime naps (de Roquefeuil, Djakovic, & Montagner,
1993; El-Sheikh & Sadeh, 2015; Mindell & Owens, 2015; Sadeh et al., 2009). However, there is considerable variability around these
average values for sleep duration. For example, infants who are breastfed tend to sleep in shorter bouts than formula-fed infants, due
to quicker rates of digestion of breastmilk (Mindell & Owens, 2015).

The decrease in total sleep time across the first year of life is due mainly to a reduction in the amount of daytime sleep, specifically
a reduction in the number of daytime naps (Iglowstein et al., 2003; Sadeh et al., 2009). In one study using parent-report of daytime

! Although we will discuss changes in total sleep duration as well, primarily we will rely on changes in amounts and bouts of daytime versus
nighttime sleep as stronger evidence for sleep consolidation. This is consistent with the viewpoint that total sleep duration is a developmentally
inappropriate measure of sleep quality in infants (Bernier, Matte-Gagné, & Bouvette-Turcot, 2014). Further, while there is likely to be some overlap
between the constructs of sleep duration and quality (e.g., Goodlin-Jones, Burnham, Gaylor, et al., 2001), meta-analyses in older children support
that these are separable constructs (Dewald, Meijer, Oort, Kerkhof, & Bogels, 2010).
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and nighttime sleep durations, Sadeh et al. (2009) found that the nighttime sleep ratio (NSR) increases from 60% to 75% between 0
and 2 and 9-11 months, with the largest increase occurring between 0 and 2 and 3-5 months. This finding indicates that daytime
sleep constitutes 40% of total sleep in the first two months, but decreases to 25% by the end of the first year. At the same time, periods
of sustained sleep during the night increase. One meta-analysis showed that, whereas the longest continuous sleep period (LSP) is
between 3 and 4.5h in one month olds, it increases to about 6 h by 2-3 months of age and then plateaus (Henderson, France, &
Blampied, 2011).

Fewer studies have addressed sleep consolidation in the second year of life. The work that does exist documents changes in sleep
consolidation that continue the trends seen across the first year (Acebo et al., 2005; Iglowstein et al., 2003; Sadeh et al., 2009; Scher
et al., 2004; Zuckerman et al., 1987). For example, researchers examining 24-hour sleep patterns have reported that total sleep time
continues to decrease during this period, from an average of 12 to 13h at age 1 to an average of 11 to 13 h at age 3 (Iglowstein et al.,
2003; Mindell & Owens, 2015; Sadeh et al., 2009). Because duration of nighttime sleep tends to remain constant after age 1 (Acebo
et al., 2005), much of this reduction in total sleep time is due to a continued reduction in the number of daytime naps. Whereas taking
two naps a day is common at age 1, multiple studies have shown that by 18 months, most children transition to taking only one nap a
day (Acebo et al., 2005; Iglowstein et al., 2003; Sadeh et al., 2009). However, sleep is not considered to be fully consolidated until
between ages 5 and 7, when most children stop napping altogether (Acebo et al., 2005; Iglowstein et al., 2003; Mindell & Owens,
2015; Weissbluth, 1995). Similarly, a meta-analysis examining change in infants’ LSP across the first two years of life showed that LSP
continues to increase in the second year, but at a slower rate than observed in the first 6 months of life (Galland, Taylor, Elder, &
Herbison, 2012).

Sleep regulation

Concerning sleep regulation, wake time during sleep periods tends to decrease across the first year of life (e.g., Sadeh et al., 2009);
however, there are less consistent findings regarding change in the number of infant night wakings. Some researchers have reported
declines in night wakings by 3 (Burnham et al., 2002; Hoppenbrouwers, Hodgman, Arakawa, Geidel, & Sterman, 1988) or 6 months of
life (Scher et al., 2004), whereas others have found no systematic change in the number of night wakings across the first year
(Goodlin-Jones, Burnham, Gaylor, et al., 2001). While differences in methodologies and rates of signaled (i.e., vocalized) wakings
could possibly account for these disparate findings, it is important to note that all the aforementioned studies used objective mea-
surement to determine infant sleep state (e.g., videosomnography or polysomnography). Different thresholds for continuous wake-
fulness needed to code a waking (e.g. 5 versus 10 min of wakefulness) may contribute to this lack of consistent findings. Or, the
degree of individual differences in wakefulness may preclude the identification of a single, ‘normative’ pattern of change. In support
of this notion, one meta-analysis showed that, although night waking did decrease across the first two years of life, this sleep variable
demonstrated the greatest amount of variability compared to other measures (Galland et al., 2012).

Individual differences in the milestone of ‘sleeping through the night’ further highlight the considerable variability that exists in
terms of sleep regulation in the first year. Considered by some to be the most significant sleep milestone in infancy (Anders, Halpern,
& Hua, 1992), as well as the hallmark of self-regulated sleep (Henderson, France, Owens, & Blampied, 2010), sleeping through the
night does not mean that an infant experiences no wakings during the nighttime sleep period. Rather, this criterion is met when an
infant is able to fall asleep independently at bedtime and self-soothe back to sleep following night wakings, rather than rely on
caregiver intervention. As a result, caregivers of self-soothing infants perceive that their child has slept continuously throughout the
typical nighttime sleep period (i.e., from 12:00 to 5:00 AM or 10:00 PM to 6:00 AM; see Henderson et al., 2010). Given this criterion,
sleep diaries (alone or in combination with objective measures) can be a useful measure of whether an infant’s sleep is regulated, as it
necessarily relies on parental perceptions of their children’s signaling behavior. If an infant wakes (i.e., observed via actigraphy or
videosomnography) but does not signal (i.e., the waking is not reported on sleep diary), then an infant may be displaying self-
soothing.

Researchers using these types of measures have found that a majority of infants are ‘sleeping through the night’ by 12 months of
age (Anders et al., 1992; Burnham et al., 2002; Goodlin-Jones, Burnham, Gaylor, et al., 2001; Henderson et al., 2010). For example,
one study used videosomnography to observe and classify infant night wakings into two categories (Goodlin-Jones, Burnham, Gaylor,
et al., 2001). Non-self-soothed wakings were those where the infant received parental intervention to return to sleep, whereas self-
soothed wakings were those where the infant resumed sleep without parental assistance. Infants were then classified as self-soothers
(SS) or non-self-soothers (NSS), based on their modal response. Whereas the majority of 3 month old infants were NSS, at 6, 9, and
12 months, the majority of infants were SS, indicating an increase in sleep regulation across the first year of life. These findings are
supported by a more recent meta-analysis, which showed that rates of sleeping through the night increased from 31 to 58% at
2 months, to 67-85% at 6 months, to 80-95% at 12 months (Henderson et al., 2011).

Turning to the second year of life, there are continuing decreases in both the number and duration of nighttime wakings after age
1 (Acebo et al., 2005; Sadeh et al., 2009; Scher et al., 2004). Again, the use of different methodologies within the same study allows us
to compare the prevalence of signaled versus non-signaled wakings. In one study that used both maternal report and actigraphy to
assess night waking across one week of observation, a majority (71%) of mothers of one- to three-year-olds reported that their child
did not wake on any of the seven nights of observation (Acebo et al., 2005). Actigraphy data provided a different view, with the
average number of nightly wakings remaining between three and eight for the one- to three-year-olds. While these findings may be
partially due to actigraphy’s tendency to overestimate wakefulness (e.g., Insana, Gozal, & Montgomery-Downs, 2010; Meltzer,
Montgomery-Downs, Insana, & Walsh, 2012), the results may also indicate that night waking remains common beyond the first year
of life, but increasingly, the majority of children are able to return to sleep without signaling. Conversely, approximately one third of
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children may continue to signal for nighttime intervention, similar to the rates observed towards the end of the first year of life
(Burnham et al., 2002). Given the shortcomings of actigraphy, studies using videosomnography in the second year of life are needed
to confirm this pattern of findings.

Thus, in all of these studies, there is a subset of children who either cannot fall asleep independently, or who continue to signal
upon waking and require parental assistance to fall back to sleep. These children are more likely to be perceived by parents as having
sleep problems (Anders et al., 1992; Goodlin-Jones et al., 2001). Understanding the intrinsic and extrinsic factors that contribute to
these differences is important because infants with self-regulated sleep tend to have longer continuous sleep periods and greater
overall sleep duration (Anders et al., 1992; Goodlin-Jones, Burnham, Gaylor, et al., 2001). In addition, sleep problems that are
established in infancy may persist across the toddler and preschool years (Scher et al., 2004; Tikotzky & Shaashua, 2012; Zuckerman
et al., 1987).

Continuity and change in sleep consolidation and regulation

As mentioned above, most studies investigating sleep patterns across the first years of life have tended to use cross-sectional
samples of infants at different ages, meaning that they are primarily investigating between-individual, rather than within-individual
changes. As a result, we know much more about expected or reference values for sleep constructs at different ages than we know
about individual trajectories of sleep development. Nonetheless, several researchers have tested whether individual differences in
sleep consolidation and regulation in the first year of life predict individual differences in these same constructs at later time points.

One study which addressed this question included actigraphic assessments of nighttime sleep with children aged 3, 6, 9, 12, 20,
and 42 months, and showed that children’s LSPs were moderately correlated across this time period (Scher et al., 2004). Sleep
consolidation may therefore be stable from infancy into the preschool years, although additional indicators of sleep consolidation
(e.g., NSR) have yet to be tested.

Concerning the stability of sleep regulation, the same study described above showed that the number of children’s night wakings
was not significantly correlated from 3 to 42 months (Scher et al., 2004). However, results of a second, similar study demonstrated
that more actigraphic night wakings at 12 months predicted more night wakings at 4 years (Tikotzky & Shaashua, 2012). Although
both studies used actigraphy, the former study included children who had at least two nights of actigraphy monitoring, while the
latter study collected actigraphy data for four nights. Averaging across more nights may have resulted in more reliable estimates of
average waking activity, which would allow for enhanced ability to detect correlations across time.

Despite conflicting findings from actigraphy studies, parental perceptions of child sleep problems have been shown to be stable
across infancy and toddlerhood (Morrell & Steele, 2003; Zuckerman et al., 1987). That is, parents who reported that their child had a
sleep problem in their first year of life were more likely to report the child had a sleep problem at a follow-up visit in the second
(Morrell & Steele, 2003) or third (Zuckerman et al., 1987) year of life. In another study, researchers plotted trajectories of reported
night wakings across 6, 15, 24, and 36 months and found that there were two distinct groups of children (Weinraub et al., 2012). The
predominant group, labeled Sleepers, showed low, stable levels of parent-reported night wakings. A minority (1/3) of children fell
into a second group, labeled Transitional Sleepers, who were characterized by non-linear declines in night wakings across the same
time period, starting off with higher rates of night waking than Sleepers at 6 months, but declining to similar levels by 24 months.
Thus, these findings from self-report studies suggest that there may be qualitatively different patterns of change in sleep regulation
(e.g., children with perceived sleep problems/Transitional Sleepers and children without perceived sleep problems/Sleepers). Further
research using a combination of objective and subjective measures may allow us to disentangle whether there are differing trajec-
tories of signaled vs. non-signaled night wakings, which may add a layer of nuance to our understanding of stability in sleep reg-
ulation in infancy.

Beyond continuity in sleep consolidation and regulation themselves, a second question is the extent to which sleep consolidation
and regulation are related to one another across time. That is, is there any evidence that one process (i.e., sleep consolidation or
regulation) precedes the other developmentally? Given the immaturity of the circadian rhythm at birth, one hypothesis is that a
certain level of sleep consolidation is necessary before sleep regulation becomes relevant. This is because, until day/night patterning
of sleep is at least partially established, infants sleep and wake based on hunger and satiety cues. Differences in the numbers of night
wakings during these first months may have more to do with individual differences in feeding method (e.g., breast versus bottle) or
metabolism, rather than the infant’s own ability to regulate their sleep/wake states. By six months of age, however, the majority of
typically-developing infants no longer require nighttime feeding (Mindell & Owens, 2015), and the circadian rhythm is well-es-
tablished (e.g., de Roquefeuil et al., 1993). At this point, the stage is set for infants to begin to regulate their own night wakings. It is
therefore not surprising that there are dramatic changes in rates of self-soothing between 3 and 6 months of age (e.g., Goodlin-Jones,
Burnham, Gaylor, et al., 2001). Later in the first year of life, sleep regulation may in turn support further advances in sleep con-
solidation. This hypothesis is supported by research showing that infants who self-soothe following night wakings are likely to have
longer continuous sleep periods (Goodlin-Jones, Burnham, Gaylor, et al., 2001). Therefore, the question of which process precedes
the other is likely to have a complex answer, one which depends on the period of time being investigated. Empirical research should
be brought to bear on this developmental question, as it has clear implications for research and practice.

Intrinsic and extrinsic influences on sleep development

Clearly, there is a great degree of variability in the rate at which children develop consolidated and regulated sleep. We turn next
to a consideration of the intrinsic and extrinsic factors that influence these two processes. Because the existing literature has tended to
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consider intrinsic and extrinsic factors independently, we primarily review studies describing main effects. In subsequent sections, we
discuss possible interactions across intrinsic and extrinsic factors. Table 1 summarizes the studies described in these sections.

Intrinsic factors

Intrinsic factors that have been examined in relation to sleep development include temperamental characteristics and physio-
logical reactivity (i.e., autonomic nervous system function). We acknowledge that these factors are not necessarily innate (e.g.,
Propper & Holochwost, 2013). Rather, we use the term intrinsic here to mean characteristic of the child himself, rather than his
environmental surroundings.

For the most part, studies on intrinsic factors have tended to begin at birth. Although we too will consider postnatal factors, it is
important to note that prenatal risk factors, such as low birth weight (e.g., Pesonen et al., 2009), prematurity (e.g., Anders & Keener,
1985), and exposure to alcohol (e.g., Troese et al., 2008) and tobacco (Stéphan-Blanchard et al., 2008) may predispose infants to
sleep problems, and therefore constitute an important area of future study.

Infant temperament

Infant temperament is one commonly investigated intrinsic characteristic hypothesized to relate to early sleep development,
though the evidence supporting this link has been mixed. Most of the research linking difficult temperament to sleep problems in
infancy has utilized parent-report measures, which are likely to be biased by parents’ experiences with their infant at bedtime and
throughout the night (e.g., Scher, Epstein, Sadeh, Tirosh, & Lavie, 1992). In fact, the Revised Infant Behavior Questionnaire (IBQ-R;
Gartstein & Rothbart, 2003), one of the most popular infant temperament questionnaires, includes questions that directly reference
infant’s sleep behavior (e.g., “When going to sleep at night, how often did your baby have a hard time settling down to sleep?”).
Therefore, it is not surprising that reports of infant sleep and temperament are intimately yoked, though whether this represents a
true relationship between the two constructs, or merely shared method variance, remains to be determined.

In support of the latter hypothesis, one study showed that the link between temperament and sleep depended on whether the
mother or father was the respondent (Keener, Zeanah, & Anders, 1988), with fathers’ ratings of temperament being more strongly
linked to infant sleep. The authors explain that in their sample, fathers primarily worked outside the home, and therefore mainly
interacted with their infant during the nighttime (as opposed to mothers, who tended to be home with infants throughout the day and
night). Thus, fathers in the study based their perceptions of their infant’s temperament more strongly on the infant’s nighttime
behaviors, as opposed to mothers. Of course, the opposite explanation is also possible: parents’ perceptions of their infants’ tem-
perament may influence their perceptions of their infant’s sleep. These two hypotheses cannot be easily distinguished based on
current studies.

Only one study of which we are aware has shown links between observed temperament and infant sleep (Halpern, Anders, Coll, &
Hua, 1994), though their findings were mixed in terms of which temperamental characteristics related to which sleep outcomes.
These mixed findings raise a second issue in this area, regarding the general lack of specificity in terms of hypothesized linkages
between temperament and sleep. Although different dimensions of temperament have been proposed, Rothbart’s three temperament
“superfactors” (positive emotionality/surgency, negative affectivity, and orienting/regulatory capacity; Gartstein & Rothbart, 2003)
may be the most useful for studies of infant sleep, given that these superfactors describe infant’s tendencies towards reactivity and/or
regulation. Given this conceptualization, we might hypothesize that these three superfactors may be differentially related to indices
of infant sleep consolidation and regulation. For example, infant orienting/regulatory capacity may be a stronger predictor of infant
sleep regulation than of sleep consolidation. Future longitudinal studies should test specific predictive relationships among dimen-
sions of sleep and temperament, using at least one non-parent report or objective measure, in order to uncover whether there is a true
association between these two domains.

Physiological reactivity

Individual variation in physiological reactivity and regulation may also be implicated in the development of early sleep patterns.
We discuss influences of two branches of the autonomic nervous system (ANS), the sympathetic (SNS) and parasympathetic (PNS)
systems, as indexed by cortisol secretion and vagal tone, respectively. Although these systems clearly work together to influence
behavior, we discuss these systems separately in our review, given the relative lack of studies that integrate findings across the SNS
and PNS, at least in infancy (for a recent example in older children, see Alkon, Boyce, Neilands, & Eskenazi, 2017).

Researchers have increasingly become interested in baseline cortisol, the primary glucocorticoid secreted by humans, as an index
of SNS functioning and reactivity. Cortisol is secreted by the adrenal glands and is the end-product of the hypothalamic-pituitar-
yadrenal (HPA) axis. Similar to sleep, cortisol levels are governed by a circadian rhythm, with a spike in levels shortly after awa-
kening (cortisol awakening response; CAR), followed by a gradual decline across the day (Clow, Hucklebridge, Stalder, Evans, &
Thorn, 2010). Atypical cortisol rhythms (characterized by both under- and overarousal) have been linked to a variety of problem
behaviors in children, such as internalizing and externalizing disorders (Alink, van IJzendoorn, Bakermans-Kranenburg, Mesman,
Juffer, & Koot, 2008; Ruttle et al., 2011). Concerning sleep specifically, several studies have found that children with poor sleep
quality and/or higher self-reported sleep problems have higher daytime cortisol levels (El-Sheikh, Buckhalt, Keller, & Granger, 2008;
Hatzinger et al., 2010; Réikkonen et al., 2010), as well as higher CAR (Réikkonen et al., 2010). In infants, poor sleep has also been
shown to predict higher CAR. For example, shorter nighttime sleep duration, as measured by actigraphy, has been shown to predict
higher CAR in 12 and 24 month old infants (Bright, Frick, Out, & Granger, 2014). Researchers have similarly found that more
variability in night-to-night efficiency and a greater number of daytime naps were both associated with higher CAR (Scher, Hall,
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Zaidman-Zait, & Weinberg, 2009; Stalder et al., 2013).

Turning to the PNS, vagal tone is a commonly-studied metric that indexes parasympathetic control of the heart. It is measured as
the amplitude of respiratory sinus arrhythmia (RSA), or the variability in heart rate coinciding with respiration. Baseline RSA reflects
an individual’s ability to adaptively change states in response to a challenge, and to return to homeostasis after the disruption
(Porges, 1996). During a challenging situation, however, the withdrawal of vagal control allows for increases in heart rate that are
necessary for adaptive engagement with the environment. Thus, high baseline RSA and high RSA withdrawal are indicative of better
physiological regulation, and have been shown to predict various aspects of sleep. Studies with school-age children have found
associations between daytime RSA and sleep (El-Sheikh & Buckhalt, 2005; El-Sheikh, Erath, & Bagley, 2013), with lower baseline RSA
and lower RSA withdrawal being linked to increased sleep problems and other actigraphic indicators of poor sleep quality (e.g., long
wake episodes). In infants, lower RSA withdrawal during the still-face paradigm was found to predict higher parent-reported sleep
problems at 18 months (Gueron-Sela et al., 2017), while in preschoolers, higher baseline RSA predicted lower actigraphic sleep
activity and higher sleep efficiency at age 4 (Elmore-Staton, El-Sheikh, Vaughn, & Arsiwalla, 2012). Taken together, these findings
suggest that variations in PNS functioning may be related to sleep, at least in the second year of life and beyond.

Therefore, existing research suggests that ANS activity and infant sleep quality are coupled, although several questions remain.
First, relations between PNS reactivity and sleep in the first year of life have yet to be examined. Additionally, it is unknown whether
SNS and PNS activity are causally related to infant sleep development, or whether the opposite is true. While it is possible that more
physiologically reactive infants (e.g., those exhibiting hyper-arousal of the HPA axis) have more difficulty sleeping, infant sleep
patterns may also shape physiological reactivity, for better or worse.

Extrinsic factors

In addition to the multitude of intrinsic characteristics that may predispose a child to better or worse sleep, the role of the
environment in shaping sleep development, particularly during the early years, cannot be overstated. One consistent research finding
is that parents are the single largest contributor to the development of sleep patterns in the first five years of life (Sadeh et al., 2010).
Caregivers initially provide external regulation to support infant wake and sleep states, by promoting alertness and attention during
wake periods, and engaging in soothing, quiet activities (e.g., feeding, rocking) to facilitate drowsiness during the transition to sleep
(Sameroff, 2010). Successful experiences of state regulation provided by caregivers early in development shape the child’s own
regulatory competency within this domain. Given the primacy of parent-child interactions as an influence on infant development, our
review of extrinsic factors primarily describes parenting influences on infant sleep, although we acknowledge that more distal factors
(e.g., neighborhoods, culture) also contribute (e.g., Grimes, Camerota, & Propper, 2018). Relatedly, although a large body of lit-
erature has examined the role of parental cognitions about sleep (e.g., Sadeh, Flint-Ofir, Tirosh, & Tikotzky, 2007; Tikotzky & Sadeh,
2009; Tikotzky & Shaashua, 2012) and infant sleep location (e.g., Sadeh et al., 2009; Volkovich, Ben-Zion, Karny, Meiri, & Tikotzky,
2015), these likely have an impact on infant sleep development via patterns of parent-child interaction (or other familial factors), and
therefore are not considered here.

Thus, in the following section, we investigate parenting practices, bedtime routines, emotional availability, and daytime sensi-
tivity as proximal factors that contribute to the development of infant sleep. While parenting practices and bedtime routines describe
what parents do at bedtime and throughout the night, emotional availability and sensitivity describe how parents do it (Teti,
Philbrook, et al., 2015). Although these domains are not necessarily independent, each provides unique information about the social
ecology of infant sleep, and have tended to be studied separately. We therefore consider them as both independent and interactive
predictors of sleep outcomes. Additionally, although we use the term ‘parent’, the vast majority of studies report solely on mothers’
behaviors (cf. Tikotzky & Sadeh, 2015). We explicitly mention when fathers are included as study participants.

Parenting practices

The largest body of research on parent-child interactions in a sleep context describes specific parenting practices (also referred to
as settling strategies) occurring at bedtime and throughout the night that help or hinder children’s sleep consolidation and regulation.
Cross-sectional work measuring parenting practices and children’s sleep concurrently has yielded initial evidence linking parents’
settling strategies at bedtime to children’s self-regulated sleep. For example, 9 month old infants whose parents were present at
bedtime (regardless of parent gender or specific bedtime behavior) tended to wake up twice as much during the night, compared to
infants whose parents were not present at bedtime (Adair, Bauchner, Philipp, Levenson, & Zuckerman, 1991). Similarly, infants put to
bed asleep tended to wake up a greater number of times (Mindell, Sadeh, Kohyama, & How, 2010), spent more time awake at night
(DeLeon & Karraker, 2007), and required parental assistance to settle back to sleep (Goodlin-Jones, Burnham, Gaylor, et al., 2001),
compared to infants who were put into their crib awake. These findings indicate that infants who are given the opportunity to fall
asleep independently also have better regulated sleep.

Concerning specific parenting behaviors during the night, more active parental interventions during the night (e.g., feeding,
bringing into parent’s bed) have been associated with less consolidated and regulated sleep, indexed by a higher number of reported
night wakings, shorter continuous sleep periods, and short (< 6 h) nighttime sleep durations (Sadeh et al., 2009; Touchette et al.,
2005). Parents tend to employ the same strategies to settle infants at bedtime and to help them resume sleep following a night waking
(Sadeh et al., 2009), meaning that parents who are more actively involved at bedtime tend to also engage in active interventions
during the night. Thus, it seems that parents who engage in more active settling behaviors at bedtime and throughout the night have
children with less consolidated and regulated sleep. However, based on these cross-sectional studies alone, it is not possible to
determine whether these relationships are causal. An alternative explanation is that children who have more trouble falling and
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staying asleep at night elicit more active parental involvement at bedtime (Adair et al., 1991; Sadeh, Gruber, & Raviv, 2003).

Fortunately, several longitudinal studies have shed light on the direction of effects between parent-child interaction and nighttime
sleep. Morrell and Steele (2003) found that active physical comforting at bedtime (e.g., cuddling, feeding) predicted continuity in
parent-reported sleep problems from age 1 to age 2, where sleep problems were defined as frequent issues with infant settling or
waking over the past two months. The consequences of early setting strategies extend into the preschool years as well. Using the same
parenting practices scale as Morrell and Steele (2003), another study showed that parents’ use of active physical settling strategies at
1 year predicted lower reported and objective sleep duration at age 5, as well as greater reported sleep disturbances (Sheridan et al.,
2013). Studies using observational measurement of infant sleep regulation have revealed similar findings. For example, higher
parental latency to intervention at 3 months predicted more self-soothed awakenings at 12 months (Burnham et al., 2002). This study
also assessed whether changes in parenting practices across the first year predicted infant sleep regulation, and found that infants
who had steeper declines in out-of-crib time (i.e., were removed from their crib less over time) were more likely to self-soothe
following night wakings at 12 months. In a similar study with an older age group, children whose sleep problems persisted or arose
between 1 and 2 years of age had parents who continued or increased their use of active physical comforting strategies over this time
period (Morrell & Cortina-Borja, 2002). Parents of infants without sleep problems still engaged in some active comforting, but they
balanced these behaviors with increasing use of autonomy-encouraging strategies (e.g., offering a special cloth/toy). Further sup-
porting a causal relationship between bedtime practices and children’s sleep regulation, behavioral interventions that limit active
parental involvement at bedtime have been related to decreases in infant nighttime waking (e.g., Gradisar et al., 2016).

Findings from these longitudinal and experimental studies provide initial support for a causal relationship between bedtime
practices and children’s sleep regulation, where more active parental involvement at night is associated with less consolidated and
regulated sleep. From the few studies that have examined changes in parenting practices over time, it seems that the developmental
timing of specific parenting strategies may be an especially important factor in predicting child outcomes (Erath & Tu, 2011).
Whereas active parental strategies may be necessary in early infancy, in order to give children successful experience with state
regulation, this other-regulation provided by caregivers must shift to more passive strategies that give the child a chance to harness
his/her own self-regulatory capacities. These strategies might include waiting before responding to infant signals, verbally (rather
than physically) reassuring the child, and providing a comforting transitional item, such as a blanket or a stuffed toy (Mindell et al.,
2010; Morrell & Cortina-Borja, 2002). The exact age at which this shift should begin remains unknown, and may vary among
children. Given that the majority of sleep training programs are recommended for children beginning around 6 months of age (e.g.,
Ferber, 2006; Weissbluth, 2015), this time period may be particularly well-suited for transitioning to passive comforting strategies,
although this remains to be empirically demonstrated.

Bedtime routines

Whereas the study of nighttime parenting practices has a long history, researchers are now beginning to examine the importance
of consistent bedtime routines for children’s sleep. For example, greater adherence to a bedtime routine was concurrently associated
with longer sleep duration at 36 and 42 months (Staples et al., 2015). In a large, cross-sectional sample of children aged O through 5,
researchers found a dose-dependent association between frequency of adherence to a bedtime routine and child sleep outcomes
(Mindell, Li, Sadeh, Kwon, & Goh, 2015), with greater consistency (i.e., number of days per week the routine was followed) pre-
dicting shorter sleep onset latency, fewer night wakings, and greater nighttime sleep duration.

Further evidence of a causal relationship between bedtime routines and sleep comes from an experimental study of sleep-dis-
turbed infants and toddlers (Mindell, Telofski, Wiegand, & Kurtz, 2009). Parents in the experimental group were instructed to follow
a three-step bedtime routine for two weeks, whereas parents in the control group were told to follow their normal routine. Compared
to baseline, children in the experimental group exhibited fewer night wakings, longer LSPs, and greater nighttime sleep duration at
the end of the study period (Mindell et al., 2009). There were no improvements for children in the control group. Intervention effects
endured over a one-year period, although control group children also showed improvements in sleep across the year, limiting the
study’s conclusions about long-term efficacy (Mindell et al., 2011). Given this, coupled with the clinical nature of the sample and
reliance on maternal report of child sleep, it is unclear whether bedtime routines are causally linked to better sleep in all children.
Objective, longitudinal research assessing bedtime routine adherence and sleep over time may better inform this question.

Emotional availability at bedtime

Unlike parenting practices and bedtime routines, emotional availability describes how parents interpret and respond to infant
cues in a sleep context (Philbrook & Teti, 2016; Teti, Kim, Mayer, & Countermine, 2010). This work is built upon the notion that it is
not necessarily what parents do, but how they do it, that influences infant and child outcomes (Darling & Steinberg, 1993). Drawing
from sleep theory, this work hypothesizes that the emotional quality of parent-child interactions at bedtime can either support or
undermine the infant’s feeling of safety in his or her sleep environment, which in turn promotes or hinders sleep (Dahl, 1996; Teti,
Philbrook, et al., 2015). Researchers examining this hypothesis have coded parents’ emotional availability (EA) from videotaped
parent—child interactions at bedtime (Philbrook & Teti, 2016; Teti et al., 2010). Parents who score high on EA accurately interpret
and respond to their infants’ cues, while engaging in comforting activities that guide the child towards sleep. Parents who score low
on EA ignore their infants’ cues and engage in arousing behaviors that prolong wakefulness. Therefore, this coding scheme does not
merely document what parents are doing at bedtime, but whether the infant signaled for and benefitted from parent actions.

The first study examining parental EA at bedtime was comprised of a cross-sectional sample of parents and their infants aged
24 months and younger (Teti et al., 2010). This study showed that observed bedtime practices (e.g., holding, nursing, singing,
reading) were unrelated to reported infant sleep disruption. However, EA was significantly and negatively related to infant sleep

10



M. Camerota, et al. Developmental Review 53 (2019) 100871

disruption, such that parents who were rated as more emotionally available to their infants at bedtime reported fewer infant night
wakings. This association was especially strong for younger infants. A follow-up study by the same group used objective observation
of both EA and infant sleep (via videosomnography) when infants were 1, 3, and 6 months of age to examine the direct and inter-
active effects of parenting practices and EA on infant sleep and nighttime distress (Philbrook & Teti, 2016). Within-person effects
indicated that at time points when mothers were more emotionally available than their average, infants exhibited less nighttime
distress and longer sleep duration. Additionally, the effect of parenting practices (e.g., close physical contact) on infant sleep de-
pended on mothers’ EA. Less close contact at bedtime predicted more infant sleep when maternal EA was high; when maternal EA was
low, infants spent less time asleep regardless of the amount of close contact at bedtime.

The findings from the above two studies indicate that parents’ sensitivity and responsiveness to infant cues at bedtime are
important correlates of infants’ sleep consolidation and regulation. Depending on the specific parenting practices and age group
studied, EA has been shown to either directly predict infant sleep quality or moderate the effect of specific practices on infant sleep.
Therefore, although this body of research is just beginning, early findings support moving beyond the sole consideration of specific
nighttime practices toward a model that examines the appropriateness of parental input given the infant’s regulatory needs.

Daytime sensitivity

Similarly, research on parental sensitivity investigates the extent to which appropriate, contingent responses to infant cues during
the daytime predict infants’ ability to initiate and maintain sleep. Given that maternal sensitivity is crucial in the development of self-
regulation (Bernier, Carlson, & Whipple, 2010), and may contribute to the feeling of safety needed to relinquish vigilance and initiate
sleep (Dahl, 1996), theoretically, there should be a strong association between daytime sensitivity and infant sleep. However, em-
pirical findings are mixed.

One group of studies document the expected positive associations between parental sensitivity and child sleep. For example,
Priddis (2009) found that observed parental sensitivity was significantly lower among infants characterized as poor sleepers, com-
pared to good sleepers. Similarly, observed maternal sensitivity at 12 months was shown to predict children’s NSR at 3 and 4 years of
age (Bordeleau, Bernier, & Carrier, 2012a; Tétreault, Bouvette-Turcot, Bernier, & Bailey, 2017). However, a number of studies have
found no relationship (Scher, 2001), or a negative relationship (Dearing, Mccartney, Marshall, & Warner, 2001; Weinraub et al.,
2012), between maternal sensitivity and sleep in the first years of life.

Researchers have speculated (e.g., Tétreault et al., 2017) that differences in child age and method of sleep assessment may
contribute to these mixed findings. There may also be differences in the extent to which parents exhibit sensitivity in the context of
daytime and nighttime parenting. To our knowledge, there have not been any studies that explicitly compare parenting in these two
contexts as predictors of children’s development. Because nighttime parenting offers its own set of challenges (e.g., parental fatigue,
concerns over child safety), it is possible that the correlates and consequences of daytime and nighttime sensitivity are different.
These hypotheses remain to be tested.

Defining competent nighttime parenting

Given the multitude of parenting factors that have been investigated as contributors to infant sleep development, one lingering
question is how to define competent nighttime parenting. Clearly, the goals of daytime and nighttime parenting differ, and therefore,
what might be considered ‘sensitive’ or ‘responsive’ parenting during the daytime (e.g., responding to all infant vocalizations) might
be considered over-involvement during the nighttime. In support of this proposition, one study found that more parental responses to
non-distressed vocalizations during the nighttime predicted less decline in night waking across the first year of life. However, greater
responsiveness to distressed vocalizations at 1 and 3 months predicted steeper declines in infant night waking (Voltaire & Teti, 2018).
As we reviewed earlier, the type of intervention also matters; the later parents begin to rely on autonomy-encouraging interventions
as their primary strategy, the more likely that persistent infant sleep problems are observed (Morrell & Cortina-Borja, 2002).
Therefore, the type of infant cue (e.g., distress or non-distress), age of the infant, and type of parental intervention (e.g., active or
passive) may all be pertinent factors to consider when defining developmentally-appropriate, sleep-supportive parenting across the
first years. Intrinsic infant characteristics (e.g., physiological and temperamental reactivity) and situational factors (e.g., child illness,
new sleep environment) may also contribute to children’s nighttime parenting needs.

Contributions of developmental science to infant sleep research

From previous sections of this review, it is clear that recent decades have seen increased interest in the domain of infant sleep,
from tracing both normative trajectories of development to predicting individual differences in sleep consolidation and regulation.
However, the complexity of research questions in the field have not necessarily kept pace with this surge in interest. For example, the
majority of studies described above have tended to consider independent, direct effects of various child characteristics or parenting
behaviors on infant sleep development. Less well-understood are the ways in which parenting and child characteristics may interact
to predict infant sleep, as well as how early patterns of parent-child interactions centered around sleep may initiate a developmental
cascade leading to different patterns of child adaptation or maladaptation. The final section of this review explores the ways in which
developmental science can advance the study of infant sleep, primarily by providing theoretical and empirical grounding for un-
derstanding these unanswered questions.
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Fig. 2. Theoretical models describe the ways in which infant reactivity interacts with parental input to predict consolidated and regulated sleep. (A)
Diathesis-stress (Monroe & Simons, 1991) predicts that highly reactive infants will have the worst sleep outcomes when parents are non-supportive
of sleep, whereas (B) differential susceptibility (Belsky & Pluess, 2009) and biological sensitivity to context (Boyce & Ellis, 2005) hypothesize that, in
the face of highly supportive parenting, highly reactive infants are expected to fare the best, whereas in the face of non-supportive parenting, highly
reactive infants are expected to fare the worst.

Sleep as jointly influenced by intrinsic and extrinsic factors

The idea that intrinsic and extrinsic factors interact to predict child outcomes is strongly grounded in developmental theory. Two
predominant models describe the mechanism by which person-environment interactions operate (Fig. 2). The diathesis-stress model
(Monroe & Simons, 1991) indicates that individuals possessing certain risk factors are more susceptible to the negative effects of
adverse environments (e.g., suboptimal parenting). Commonly investigated risk factors include indicators of high reactivity, such as
negative emotionality. Based on the child characteristics we previously discussed, we might expect that reactive temperament and
heightened ANS activity may serve as risk factors when considering infant sleep development. According to the diathesis-stress
model, poor sleep outcomes would only result when children with these risk factors also experience suboptimal nighttime parenting
behaviors, such as poor bedtime structuring or low emotional availability (Fig. 2A).

On the other hand, the biological sensitivity to context (BSC; Boyce & Ellis, 2005) and differential susceptibility (Belsky & Pluess,
2009) hypotheses propose that certain intrinsic characteristics make children more susceptible to both positive and negative en-
vironmental experiences. Child characteristics indicative of high reactivity are therefore susceptibility factors, rather than risk factors
per se. In the face of negative environmental conditions, susceptible children are expected to fare the worst, while in the presence of
supportive environmental conditions, these children are expected to fare the best. Thus, children possessing the intrinsic char-
acteristics discussed previously (e.g., reactive temperament, heightened ANS activity) might have the best sleep outcomes when
parents appropriately support consolidated and regulated sleep, but the worst outcomes when parents do not provide such support
(Fig. 2B). Indeed, researchers have demonstrated that difficult temperament (Bates, Pettit, Dodge, & Ridge, 1998) and baseline RSA
(Conradt, Measelle, & Ablow, 2013) modulate the effect of environmental input on other developmental outcomes, such as self-
control and problem behavior.

Despite differences in whether child characteristics are viewed as risk or susceptibility factors, these theories lead to similar
predictions: infants who are highly reactive may require more extensive and contingent parental input in order to develop con-
solidated and regulated sleep, as compared to less reactive infants. As of yet, only two studies have tested this hypothesis. Using
objective measurement of infant sleep, Jian and Teti (2016) found that mothers’ observed emotional availability (EA) interacted with
infant surgency (characteristic of infants who are emotionally positive, physically active, easily excited, and likely to express ap-
proach tendencies) to predict nighttime sleep duration. Specifically, infants who were rated as highly surgent showed greater in-
creases in nighttime sleep duration between 1 and 6 months when their mothers were rated as high on EA, compared to highly
surgent infants whose mothers were low on EA. Thus, infants who are more active and excitable may require more responsive
external regulation from caregivers in order to settle and stay asleep at night. These findings partially support differential suscept-
ibility and BSC theories, in that highly reactive (i.e., surgent) infants who received highly sensitive nighttime parenting had the best
outcomes. However, highly surgent infants who received less sensitive nighttime parenting did not necessarily fare worse than low
surgency infants (Jian & Teti, 2016).

A second study examined the interaction between infant RSA and maternal depressive symptoms in predicting toddlers’ sleep
problems (Gueron-Sela et al., 2017). It is well-established that maternal depression interferes with infants’ development of sleep
regulation, as mothers who are depressed tend to have dysfunctional cognitions about infant sleep, and are more likely to intervene
with infants during the night, even when intervention is not necessary (Teti & Crosby, 2012). However, this longitudinal study
showed that the detrimental effects of maternal depression were particularly pronounced for children with high baseline RSA
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(Gueron-Sela et al., 2017). That is, children with high baseline RSA had the highest levels of sleep problems when maternal de-
pression was high, as compared to children with low baseline RSA. Again, these findings partially support differential susceptibility
and BSC theories, because although infants with high baseline RSA showed more sleep problems when exposed to negative en-
vironmental conditions (i.e., high maternal depression), they did not necessarily show the best outcomes when exposed to positive
environmental conditions (i.e., low maternal depression). However, the authors argue that the absence of maternal depression does
not necessarily indicate a highly supportive environment. Therefore, findings may have been more fully in line with these theories
had a broader index of nighttime caregiving (e.g., EA) been studied.

These two studies provide preliminary support for the hypothesis that infant characteristics and parental input jointly influence
the development of consolidated and regulated sleep. However, it is difficult to draw conclusions on the basis of two studies alone. It
remains unclear whether other infant characteristics, beyond temperament and RSA, interact with environmental input in similar
ways. Additionally, only one of these studies examined interactive effects as early as the first six months of life (Jian & Teti, 2016),
meaning we know very little about how these processes operate during a period of time that is characterized by rapid change in sleep
patterns. There is clearly a need for more research investigating the interactions of child characteristics and parenting input that
predict infant sleep development.

Sleep as an index of reactivity

Not only does the BSC theory make predictions about how infant characteristics interact with environmental input to predict
developmental outcomes, it also goes further, to describe the environmental origins of individual differences in reactivity (Boyce &
Ellis, 2005). According to the BSC theory, children’s reactivity profiles represent evolutionary adaptations to anticipated develop-
mental environments. Through early experiences with the environment (primarily via interactions with caregivers), children forecast
and adapt to the type of environment they are likely to encounter throughout their development (Ellis & Boyce, 2008). In conditions
that are either highly stressful or highly supportive, reactivity is up-regulated (Boyce & Ellis, 2005). In stressful environments, high
reactivity enables children to remain vigilant to detect threats and avoid danger. In supportive environments, high reactivity enables
children to reap the rewards of abundant resources. In environments that are less extreme (neither highly threatening nor suppor-
tive), reactivity is down-regulated to buffer individuals from chronic, moderate-level stressors. Thus, BSC posits a U-shaped re-
lationship between environmental quality and reactivity (Boyce & Ellis, 2005).

Of course, environmental influences are not the sole contributor to individual differences in reactivity. Rather, there are likely
genetic and physiological contributors that predispose or constrain an individual’s phenotype within a certain range or around a
predetermined ‘set point’ (Boyce & Ellis, 2005; Ellis & Boyce, 2008). These intrinsic (and possibly inherited) differences are expected
to preserve variability in reactivity profiles, even when environments are homogeneous. Therefore, intrinsic characteristics of
children continue to be important influences at all points in development.

While BSC attempts to explain both the causes and consequences of individual differences in reactivity, this theory tends to
consider stress reactivity specifically (i.e., pertaining to functioning of the autonomic and adrenocortical systems). However, we
might also consider infant sleep consolidation and regulation as additional manifestations of physiological reactivity that may op-
erate in similar ways as stress reactivity. For example, BSC would hypothesize that early experience with both highly stressful and
highly supportive environments would up-regulate reactivity, defined here by poorer sleep consolidation and regulation. Indeed,
research shows that environments that are stressful, such as those characterized by low maternal EA (e.g., low sensitivity, high
intrusiveness, high hostility), are associated with poorer infant sleep quality (Teti et al., 2010). Although not concerning parenting
per se, high levels of family stress (Richman, 1981), and household (El-Sheikh, Bagley, et al., 2013; Gellis, 2011) and neighborhood
deprivation (Bagley, Fuller-Rowell, Saini, Philbrook, & El-Sheikh, 2016; Grimes et al., 2018) are also associated with poor sleep
consolidation and regulation. These alterations could be adaptive in dangerous environments, as sleeping in shorter continuous bouts
and signaling for parental intervention might allow the infant additional opportunities to ensure that his/her sleep environment is
safe.

Regarding the highly supportive end of the spectrum, research shows that when parents are extremely involved in infant’s
nighttime sleep, either through increased parental presence at bedtime (Adair et al., 1991), more active nighttime interventions
(Morrell & Cortina-Borja, 2002), or more interventions to non-distressed or asleep states (Voltaire & Teti, 2018), poor sleep (i.e., high
reactivity) also results. These sub-optimal sleep patterns may result from the infant being unable to separate his/herself from sup-
portive caregivers and the opportunities for stimulation and care that they provide. However, these findings also raise an important
question regarding what conditions BSC would define as being highly supportive. In the domain of sleep, a highly ‘supportive’
environment might be better characterized as parental over-involvement or enmeshment, which subverts infants’ ability to develop
self-regulated, consolidated sleep. Therefore, it may be more appropriate to consider parental under- and over-involvement as the
endpoints of the environmental quality spectrum that Boyce and Ellis propose, rather than low and high supportiveness, at least in the
context of infant sleep. This reframing would suggest that conditions of parental under- and over-involvement lead to the worst infant
sleep outcomes, whereas appropriate levels of involvement (described in the section on defining competent parenting) lead to the
best sleep outcomes. Whether this broad reconceptualization of BSC could apply to other domains of infant behavior remains to be
seen.

Sleep as a moderator of environmental experience
The second part of the BSC theory concerns the ways in which individual reactivity interacts with environmental input to predict
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developmental outcomes. Previously, we discussed this theory in relation to the interactions of intrinsic infant characteristics and
caregiver behaviors that predict infant sleep consolidation and regulation. However, continuing with our consideration of infant sleep
as an index of reactivity itself, we can also apply this portion of BSC to understand how infant sleep may predict downstream
outcomes in multiple domains.

According to BSC, individuals who are highly reactive are more susceptible to environmental influence, compared to individuals
who display more moderate reactivity. Extending this hypothesis to sleep, we might expect that infants with poorly consolidated and/
or regulated sleep may be more influenced by environmental conditions than infants with better quality sleep. Research testing this
hypothesis has the ability to expand the current state of knowledge concerning the role of sleep in other developmental processes, an
area of research that is beginning to gain momentum.

For example, research demonstrates that sleep is implicated in both cognitive and socio-emotional development (for a review, see
Sadeh, 2007). While the majority of this research is correlational, studies using sleep restriction and extension paradigms provide
initial evidence that these relationships may be causal (Gruber, Cassoff, Frenette, Wiebe, & Carrier, 2012; Sadeh et al., 2003).
Generally, findings indicate that infants and children with poor sleep are more likely to suffer delays or deficits in cognition (e.g.,
Bernier, Beauchamp, Bouvette-Turcot, Carlson, & Carrier, 2013; Bernier, Carlson, Bordeleau, et al., 2010; Sadeh et al., 2003), and are
at increased risk for a variety of behavioral problems including internalizing and externalizing disorders (e.g., Aronen, Paavonen,
Fjallberg, Soininen, & Torronen, 2000; Chorney, Detweiler, Morris, & Kuhn, 2008). These findings are consistent with the idea of a
developmental cascade (e.g., Masten & Cicchetti, 2010), where functioning in an earlier-developing domain (i.e., sleep) has spillover
effects in later-emerging domains (i.e., cognition, emotion). However, a number of researchers have failed to find a relationship
between sleep and these outcomes (e.g., Mdkeld et al., 2018; Mindell & Lee, 2015). We propose that one possible reason for these
conflicting findings may be that previous studies have tended to solely consider main effects of sleep. Very few have examined the
ways in which children’s sleep and environmental experiences interact to predict downstream outcomes.

A handful of studies have explored the ways in which children’s sleep interacts with socioeconomic conditions (Buckhalt, El-
Sheikh, Keller, & Kelly, 2009; El-Sheikh, Buckhalt, Keller, Cummings, & Acebo, 2007) and family functioning (El-Sheikh, Hinnant,
Kelly, & Erath, 2010) to predict child adaptation or maladaptation. For example, several studies showed that when school-age
children had longer sleep duration or better sleep quality, there were few SES-related differences in cognitive ability. However, when
children had poorer sleep, children with high SES exhibit better cognitive ability than children with low SES (Buckhalt et al., 2009;
Buckhalt, Mona El-Sheikh, & Peggy Keller, 2007). Similarly, higher maternal psychological control predicted increased risk of in-
ternalizing symptoms in third-graders, but only when children’s sleep efficiency was low (El-Sheikh et al., 2010). These studies have
begun to draw attention to the potential role of sleep as an index of reactivity that modulates children’s susceptibility to both positive
and negative environmental influences.

Studies with younger children have shown the opposite direction of effects, such that infants with better sleep disproportionately
reap the benefits of enriched environments. For example, one study showed that infants with better sleep quality benefitted from high
levels of maternal sensitivity in the prediction of cognitive and socioemotional functioning, whereas children with worse quality sleep
were not influenced by variations in maternal sensitivity (Bernier, Bélanger, Tarabulsy, Simard, & Carrier, 2014). In another study,
maternal sensitivity was negatively associated with preschoolers’ internalizing and externalizing problems, but only when children
had longer nighttime sleep duration (Bordeleau, Bernier, & Carrier, 2012b). These findings are both consistent with vantage sensi-
tivity (Pluess & Belsky, 2013), with infant sleep constituting an endogenous factor that increases the positive benefit of enriched
environments.

Clearly, more work needs to be done to explore the role of sleep in developmental processes. Depending on the process and time
period under investigation, sleep may either have a direct effect on outcomes, or serve as a susceptibility, vulnerability, or protective
factor that modulates the effect of environmental experience on development.

Sleep as a developmental cascade

So far in this section, we have described a novel, developmentally-informed approach to studying infant sleep, one that seeks to
uncover the transactions among child characteristics and parenting behaviors that set infants on different trajectories of sleep de-
velopment. Fig. 3 visually summarizes this transactional approach to studying infant sleep. For example, the figure shows how early
caregiving quality and intrinsic infant factors jointly influence patterns of reactivity (red arrows). Reactivity in turn may directly
impact caregiving quality and sleep development (solid green arrows) or may moderate the impact of caregiving on sleep (dotted
green arrow). Interactions become more complex later in development, as infant sleep quality and reactivity influence one another,
influence caregiving quality, and moderate the impact of caregiving quality on later sleep, cognitive, and socioemotional develop-
ment (blue arrows). Interactions between intrinsic and extrinsic factors (dotted arrows) may operate via patterns consistent with
diathesis-stress (Monroe & Simons, 1991), BSC (Boyce & Ellis, 2005) and/or differential susceptibility (Belsky & Pluess, 2009)
theories, as described earlier.

One implication of this developmental approach is that it is critical to understand parent-child interactions centered around sleep,
because these interactions may initiate a developmental cascade leading to different pathways of child adaptation or maladaptation.
Cascade models describe how the early determinants of behaviors within a domain may have spreading, or ‘snowballing’ effects on
downstream developmental processes (Cox, Mills-Koonce, Propper, & Gariépy, 2010; Masten & Cicchetti, 2010). Fig. 3 is therefore
also an example of a cascade model, showing how transactions between infants and caregivers early in the first year of life set the
stage for later development across a wide array of domains (e.g., sleep, cognition).

To illustrate this point, consider some infants who are born predisposed to better consolidated and/or regulated sleep, perhaps
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Fig. 3. A developmentally-informed, transactional model for studying infant sleep. Genetic/constitutional and caregiving influences early in life
have organizational influences on infant reactivity (red arrows). As development proceeds, temperamental and physiological reactivity impact
quality of care but also moderate the impact of caregiving on infant sleep (green arrows), Inter-connections become more complex with further
development: Infant sleep quality and temperamental/physiological reactivity can impact caregiving quality directly; infant reactivity continues to
moderate linkages between caregiving quality and infant sleep; and both infant sleep and reactivity can moderate the link between caregiving
quality and socioemotional and cognitive functioning (blue arrows). Solid lines represent direct (i.e., main) effects, whereas dotted lines represent
interactive (i.e., moderation) effects. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)

because they are temperamentally or physiologically less reactive. We would expect it to be less challenging for parents to provide
appropriate nighttime care for these infants. The nighttime parenting these infants receive further supports their sleep development.
In turn, these less reactive, better sleeping infants may elicit or be better equipped for daytime interactions with caregivers that foster
cognitive and socioemotional development. For example, infants who are easier to soothe and more receptive to parental attempts at
cognitive stimulation might be expected to make larger gains in emotion regulation and cognition, respectively (e.g., Belsky, 1984;
Bornstein, 2016). Thus, patterns of harmonious, sensitive parent-child interactions set up in the context of nighttime sleep may spill
over into the daytime context, leading to more positive outcomes across many domains.

On the other hand, some infants may be predisposed to poorer consolidated and/or regulated sleep from birth, meaning that
nighttime parenting presents more challenges. Some parents may respond to this challenge with emotionally available, sensitive
caregiving (as described in our section on competent nighttime parenting) which promotes sleep development and leads to positive
adaptation in other domains. These infants would be indistinguishable from their counterparts, described in the above example, who
were predisposed to be better sleepers.

Other parents may be more poorly equipped to deal with the challenges of nighttime parenting presented by highly reactive
infants, leading to parental behaviors that could be characterized as either under- or over-involved. In turn, these parents may
exacerbate infant sleep difficulties. In the daytime context, sleepy infants and parents may be less likely to engage in high-quality,
sensitive interactions (Bell & Belsky, 2008; Philbrook & Teti, 2016), leading to cascading negative effects across developmental
domains. On the other hand, even if daytime parenting was not compromised, some studies show that sleepy infants are less likely to
take advantage of enriched daytime environments (Bernier, Bélanger, et al., 2014). Thus, there are multiple pathways to adaptation
or maladaptation for infants who differ in levels of reactivity. Understanding parental or family characteristics that support or
undermine sensitive nighttime caregiving, especially among parents of difficult sleepers, may be an important future direction.

Conclusion

Throughout the first two years of life, children’s sleep patterns change dramatically. The goal of this review has been to describe
these changes in terms of the underlying biopsychosocial processes of sleep consolidation and regulation and to provide a new
framework for studying the causes and consequences of individual differences in infant sleep development. Applying our transac-
tional, developmentally-informed model to the study of infant sleep has the potential to generate many novel directions for future
research. At the same time, practical and empirical challenges remain to be addressed.

Practically, there is a need for greater collaboration among scholars who study sleep from different perspectives. Currently,
parallel lines of work are investigating overlapping sets of questions pertaining to sleep within the fields of psychology, medicine,
anthropology, sociology, and public health. The guiding principles, theories, and methodologies within these diverse fields are likely
to be complementary, rather than antagonistic. On the other hand, areas of disagreement are useful in that they offer competing
hypotheses which can be empirically tested. Thus, collaboration between scholars who study sleep from different perspectives will
likely result in a richer understanding of the phenomenon of early sleep development (Bernier, Matte-Gagné, et al., 2014). As
demonstrated in this review, developmental psychology offers multiple theories and perspectives that have the potential to generate

15



M. Camerota, et al. Developmental Review 53 (2019) 100871

unique hypotheses about parenting, sleep, and cognitive and socioemotional development.

Empirically, there are multiple issues which may further contribute to a lack of cohesion among sleep researchers. One of the
main areas of difficulty is the lack of consistent operational definitions of key constructs, partly due to differences in sleep assessment
methods. Current methods for measuring sleep in young children include actigraphy, parent-report questionnaires, poly-
somnography, and videosomnography (for a review, see Sadeh, 2015). With the exception of polysomnography, all of these methods
can be conducted non-intrusively in the home environment. However, each method contains its own idiosyncrasies that may con-
tribute to findings that are not directly comparable across studies. Several recent studies comparing multiple methods of sleep
assessment have begun to shed light on the magnitude of discrepancies between these measures (Camerota, Tully, Grimes, Gueron-
Sela, & Propper, 2018; Tikotzky & Volkovich, 2018), concluding that different methods cannot be used interchangeably.

With all of the methodologies available to researchers, we are troubled by an overreliance in the literature on parent-report
measures, such as sleep diaries. Of the studies reviewed in this manuscript, over 40% rely solely on parents’ reports of sleep (Table 1).
Although quick and easy to use, and reliable for certain measures such as sleep schedule (Sadeh, 1994), the data collected from
parent-report measures are best described as parent’s perceptions of their children’s sleep. In some cases, parental perceptions of child
sleep are useful, such as when testing the relationship between infant sleep and parent outcomes (e.g., parents’ own sleep quality), or
when studying phenomena such as children’s signaled night wakings. However, solely using parent-report measures may be pro-
blematic for other research aims, such as investigating the effect of parenting on children sleep. For one, parent’s ratings of their
children are known to be influenced by parents’ own characteristics, including symptoms of psychopathology and parenting stress
(e.g., De Los Reyes & Kazdin, 2005). As these same characteristics are likely to influence parents’ ability to provide contingent
nighttime care, we may be overestimating the effect of parenting on children’s sleep when we rely on parent-report measures of our
outcomes. Further, for research focusing on infant’s overall number of night wakings (both signaled and not signaled) or their longest
sleep period, objective measurement of infant sleep is needed to provide an accurate overall assessment.

Within the same sleep assessment method, differences in equipment (e.g., different actigraphy devices; Meltzer, Walsh, Traylor, &
Westin, 2012) and data processing (e.g., different actigraphy algorithms; So, Adamson, & Horne, 2007) may lead to results that are
not directly comparable across studies. While we would expect directions of effects to be consistent across studies, descriptive
statistics and magnitudes of effects may differ based on scoring algorithm and device brand used. Recently, attempts have been made
to increase agreement between different scoring algorithms (Schoch, Jenni, Kohler, & Kurth, 2019), a promising direction for pro-
moting consistency across studies. However, clear and detailed reporting of device and scoring decisions remains essential.

Beyond differences in operational definitions, existing studies have tended to cherry-pick individual sleep variables for entry into
analyses, often without a-priori justification. As a result, it can be difficult to synthesize across studies using different variables. The
dual-process model of consolidation and regulation that we rely on in this review has the ability to bring consistency and clarity to the
literature regarding which sleep variables are indicative of which underlying processes. Tests of the dual-process model might use
factor analytic approaches to determine whether hypothesized indicators of sleep consolidation (e.g., LSP, NSR) and regulation (e.g.,
self-soothed wakings, parental interventions) load onto empirically separable latent constructs. A recent study with toddlers used
principal components analysis to reduce a large number of actigraphy variables into four construct scores (i.e., sleep activity,
duration, variability, and timing; Hoyniak et al., 2018), demonstrating the utility of such an approach.

In addition, future research should utilize methods that tap other levels of analysis, to better understand possible intrinsic and
extrinsic factors related to infant sleep. For example, adult and animal studies indicate that certain sleep disorders may have genetic
underpinnings (e.g., Sehgal & Mignot, 2011). Assessing individual differences in sleep as a function of genetic or epigenetic profiles
may lead to the discovery of further intrinsic infant characteristics that either directly or interactively predict differences in sleep
development. On the extrinsic side, distal environmental factors contribute to infant sleep, mediated by nighttime parenting or other
pathways. For example, parental cognitions (e.g., Tikotzky & Sadeh, 2009), psychopathology (e.g., Teti & Crosby, 2012), and co-
parenting quality (Teti, Crosby, McDaniel, Shimizu, & Whitesell, 2015) have been shown to contribute to nighttime parenting and
infant sleep. Environmental factors such as infant sleep location (e.g., Mileva-Seitz, Bakermans-Kranenburg, Battaini, & Luijk, 2017)
and ambient home conditions (e.g., temperature, noise; Franco et al., 2001) have also been examined. Integrating distal and proximal
factors into the same study may yield novel insights into the multiple mechanisms by which the environment impacts sleep.

Ultimately, none of these questions can be answered without the use of well-controlled, longitudinal research designs assessing
multiple levels of parent and child characteristics. Thus far, we are unable to make causal inferences about the role of intrinsic and
extrinsic factors in shaping sleep development because existing studies have either not included repeated measures of key constructs
or have not appropriately controlled for various confounding variables. Whereas longitudinal studies are one way to begin to es-
tablish causality, experimental manipulation is another strategy. As of now, the majority of experimental research has examined the
effect of different sleep training techniques on infant sleep outcomes (e.g., Gradisar et al., 2016). Intervention studies that attempt to
manipulate other aspects of nighttime parenting behavior (e.g., training emotional availability) may also prove useful in determining
whether there are causal effects of parenting practices on child sleep outcomes. Additionally, by further examining child char-
acteristics that serve as susceptibility factors, we can identify the children who are most likely to benefit from such interventions.

Although much work has been done in the area of infant sleep over the past few decades, we have still only scratched the surface
in terms of understanding the complex interrelations among parenting, child characteristics, and sleep in the early years of life.
Moving towards developmentally-informed, interactive models of infant sleep development promises to increase our knowledge base,
inspire novel research studies, and spawn innovative clinical interventions.

A developmentally-informed approach may also prove practically useful for parents and practitioners. Specifically, viewing
specific infant sleep patterns as an indicator of sensitivity or susceptibility to environmental conditions, rather than as a risk factor or
pathology, may help reduce the stigma and stress that parents face when they have a child who does not sleep well. BSC hypothesizes
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that differences in reactivity represent adaptations to environmental conditions, rather than individual characteristics that are in-
herently risky or protective. Further, there are multiple pathways by which children with different sleep patterns can flourish.

Our conceptualization of competent nighttime parenting as a dynamic, dyadic construct may also help the field move away from
‘one size fits all’ advice towards more individualized recommendations for promoting infant sleep. Different children are likely to
develop consolidated and regulated sleep at different rates, and different nighttime parenting strategies are likely to be more ap-
propriate at different points in time, or with different types of infants (e.g., surgent versus negative temperament; physiologically
reactive versus well-regulated). Providing parents with developmentally-informed, age-appropriate guidance on how to support their
infant’s sleep is likely to lead to better sleep for children and parents, as well as better parental mental health and family functioning
(e.g., Bayer, Hiscock, Hampton, & Wake, 2007), which in turn further supports optimal infant development. Thus, moving forward, it
will be important not only to continue basic scientific inquiries regarding infant sleep development, but also to seek further op-
portunities for translational research that may help families navigate this challenging area.
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