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Summary

In 2014, Buysse published a novel definition of sleep health, raising awareness for the importance
of this construct for individuals, populations, clinical care, and research. However, the original
definition focused on adults, with the recommendation that it should be adapted for children

and adolescents. As children live within a complex and dynamic system, and may not always
have control over their own sleep, this theoretical review will examine and apply Buysse’s five
dimensions of sleep health within the context of pediatrics. In addition, using examples from

the pediatric sleep literature we introduce a modified definition that takes into consideration

the influence of the socio-ecological system within which children live, and the sleep-related
behaviors that are critical in supporting or hindering sleep health. Finally, we discuss how the
proposed theoretical framework, Peds B-SATED, can be applied to clinical practice, research, and
training in the field of pediatric sleep.
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Introduction

In 2014, Buysse published his seminal paper titled “Sleep Health: Can We Define It? Does

It Matter?“ [1] He defined sleep health as “a multidimensional pattern of sleep-wakefulness,
adapted to individual, social, and environmental demands, that promotes physical and mental
wellbeing. Good sleep health is characterized by subjective satisfaction, appropriate timing,
adequate duration, high efficiency, and sustained alertness during waking hours” (p. 12).
This definition expresses sleep as a positive attribute, with a focus on how well an individual
or population sleeps rather than on sleep disorders or sleep disturbances. It provides targets
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for health promotion and prevention, again in contrast to treatment of disorders that aims

to reduce symptoms. Sleep health also can be considered within the broader context of
population health and allows for a focus on health promotion at many levels, including
individuals, communities, and populations. Finally, it can be measured both subjectively and
objectively, along a continuum from low to high levels, and acknowledges that sleep health
may be different across situations and individuals.

Notably, Buysse (2014) states that this definition is “most appropriate for adults, but could
be adapted to infants, children, and adolescents” (p. 12). This is an important point as, unlike
adults who may have significant control over their sleep health, children and adolescents
(birth to 18 years) live within a complex and dynamic system that exerts significant
influence over their sleep health of which they have minimal control. In this theoretical
review we examine and apply Buysse’s five dimensions of sleep health within the context

of pediatrics, and then introduce a modified definition that includes the influence of the
socio-ecological system within which children live and the sleep-related behaviors that are
critical in supporting or hindering sleep health.

Researchers have previously used socio-ecological and systems frameworks to understand
the etiology of sleep patterns and problems in children [2—4]. Within a socio-ecological
framework [5] (Fig. 1), factors at different levels of the social ecology, including
characteristics of the individual child (microsystem), the family and school environments
(mesosystem), and the broader neighborhood and socio-cultural context (macrosystem), may
independently or interactively contribute to aspects of pediatric sleep health, as well as the
development of pediatric sleep problems [6]. Contributing factors at each socio-ecological
level shown in Fig. 1 are not an exhaustive list, but reflect a growing body of research

on correlates of and contributors to poor pediatric sleep health. These factors may be
conceptualized as being proximally or distally linked to pediatric sleep health domains.
Individual factors, such as neurodevelopmental or behavioral health status [7,8], and family
factors, including parenting behaviors and family functioning [3,9], may be more proximal
factors influencing child sleep health, compared to distal factors such as neighborhood
amenities, green space, light, and noise [10]. However, factors at multiple socio-ecological
levels likely interact in nuanced and complex ways to influence pediatric sleep health over
time. For instance, living in a disadvantaged neighborhood or being of lower socioeconomic
status (SES) have been cross-sectionally and longitudinally associated with insufficient and
poor-quality pediatric sleep [10-13], but these linkages can vary in magnitude and direction
according to additional individual and family factors [14].

Furthermore, the salience of different socio-ecological factors may change across
developmental stage. For example, a difficult temperament or medical conditions such as
reflux in infancy could contribute to challenging parent—child interactions around sleep and
sleep disruption in early childhood [3], but these factors are less likely to be a concern in
school-aged children or adolescents. In contrast, a later secondary school start time policy
may directly increase the sleep duration of adolescents [15], with little to no impact on
infants and toddlers. Factors may also interact differently or synergistically at various points
in development. For instance, both parental enforcement of bedtimes [16-18] and later
school start times [19, 20] benefit adolescent sleep, which in turn impacts adolescent mood,
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whereas pathways between parenting practices, the school setting, and child sleep and mood
outcomes may differ earlier in development.

In addition to considering sleep across different developmental stages, child development

is also a dynamic process, with critical and sensitive periods from infancy through
adolescence. As such, there may be cascading and bidirectional effects among sleep
problems, socio-ecological factors, and child well-being. For example, longitudinal research
suggests that self-regulation deficits and sleep problems may interact during early childhood
with downstream impacts on attention and school functioning [21,22]. Although more
research is needed, it is also possible that the consequences of insufficient sleep, such

as emotion-regulation deficits [23] and irritability [24], may impact how youth interact

with their social ecology (e.g., peers, teachers, caregivers), leading to cascading adverse
outcomes.

Dimensions of pediatric sleep health

With the socio-ecological framework in mind, we now turn to the sleep health dimensions
proposed by Buysse. In his paper, he proposes the acronym SATED as a way to quickly
assess the different dimensions of sleep health: Satisfaction with sleep, Alertness during
waking hours, Timing of sleep, sleep Efficiency, and sleep Duration. He also argues

that Regularity is important for treatment, but is less clearly associated with poor health
outcomes. Recent studies have examined the psychometric properties of both the five-item
SATED questionnaire [25] and the six-item RU SATED questionnaire, which was modified
to also include sleep regularity [26,27]. However, two of these studies reported weak
psychometric findings [26,27]. Other studies have created operational definitions for the
dimensions of Buysse’s sleep health dimensions, including one for adolescents [28], as well
as explored potential new measures of different sleep health dimensions [29,30].

In the following sections, we highlight how all five dimensions as initially described

by Buysse are also applicable for pediatric sleep health, providing considerations and
differences for pediatrics (with a summary found in Table 1). This is followed by our
proposal that regularity is part of a larger dimension that is highly relevant for pediatrics,
namely sleep-related Behaviors, resulting in a six-factor model: Peds B-SATED. Because
sleep duration is the first aspect of sleep most people consider when thinking about sleep
health, and sleep duration is increasingly being viewed as a public health outcome [15,31-
33], we will start with a discussion of how this dimension of pediatric sleep health is similar
to and different from adults.

Sleep duration: The total amount of sleep obtained per 24 h

Similar to adults there is a recommended optimal range of sleep duration to promote
health in pediatrics. As seen in Table 2, optimal sleep duration has been linearly associated
with health outcomes across psychological/social, cognitive/academic, and physical health
domains in a number of studies. Unlike adults, however, recommended hours of sleep
changes across development, as highlighted by pediatric guidelines from the American
Academy of Sleep Medicine [34]. This consensus statement describes how sufficient sleep
duration (within the recommended range for age) is associated with optimal physical and
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mental health outcomes, including improved attention, behavior, learning, memory, emotion
regulation, and quality of life; while sleep duration outside this range (not enough sleep or
too much sleep) is associated with inattention, behavior and learning problems, increased
risk of accidents and injuries, hypertension, obesity, diabetes, and mental health problems
[34].

One of the striking differences between sleep duration in adults and pediatrics is the wide
range of recommended hours, from 12 to 16 h for infants to 8-10 h for adolescents [34],
and that sleep duration needs are constantly changing, with 5 different guidelines between
the ages of 4 months and 18 years [34]. Increased family education around sleep duration
guidelines and how these change as children age is necessary to promote healthy sleep over
time [34]. In addition, 24-h sleep duration in young children includes both developmentally-
appropriate daytime naps and nighttime sleep. Thus, it is essential for health care providers
and families to have a strong understanding of what is age-appropriate not only for total
sleep duration, but also for the frequency and duration of naps in early development.

One shortcoming of the recommended hours of sleep duration in pediatrics is that these
values are based on either studies of actual sleep (how much sleep children and adolescents
are currently getting) or, more often, sleep opportunity (the amount of time between bedtime
and wake time that children try to sleep). While it has been shown that adolescents have

an average biological sleep need of ~9.3 h per night [35], no controlled studies have
examined the sleep need of pre-pubertal children. Thus, additional research is essential that
clearly defines sleep need in order to provide the most accurate recommendations of sleep
duration in pediatrics. Indeed, there is a growing body of research suggesting that both
insufficient sleep and excessive sleep duration are associated with poor functioning [36—
39]. For instance, studies have found a curvilinear association between sleep duration and
child outcomes, such that children with longer sleep durations, outside the recommended
range [37,38], demonstrate poorer cognitive and behavioral functioning. Research that better
identifies optimal thresholds for child sleep duration and examines the impact of both short
and long sleep on functioning is needed.

Additionally, as seen in Fig. 1, it is important to recognize that current sleep
recommendations that are based on actual sleep are likely influenced by individual (e.g.,
neurodevelopment [7], race/ethnicity [40, 41]), family/school (e.g., parent set bedtimes
[16,17], school start times) and broader socio-cultural and environmental factors (e.g.,
perceived discrimination [42], neighborhood violence [43, 44]).

Finally, it is not clear that the current recommendations for sleep duration are representative
of all children. For example, racial differences in napping patterns have been found (e.g.,
Black or African American children stop napping at an older age than non-Latinx White
children [45]). However, there is some question about whether 24-h sleep duration actually
differs between Black or African American and non-Latinx White children, as the increase
in naps may be associated with decreased nocturnal sleep, potentially in a bidirectional
relationship [46]. Furthermore, there are racial/ethnic disparities in pediatric sleep duration,
such that non-Latinx white youth are more likely to obtain sufficient sleep relative to their
Black or African American and Latinx peers [40,41]. Examining additional cultural and
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socio-ecological factors that may account for these noted disparities is important to better
understand sleep needs across different pediatric populations. Similarly, it is unclear if there
are different sleep needs for children around the world, or whether differences in sleep
duration are more a result of cultural practices rather than biological need. For example,
studies have found differences of up to 1.5 h in obtained sleep in young children in countries
such as Japan and Korea compared to New Zealand and United Kingdom [47]. Finally,
while children with neurodevelopmental disorders have a shorter sleep duration compared
to children who are typically developing, it is not clear if this is a shorter sleep need or
some type of abnormality in neural organization [48]. More research is needed to better
understand variation in physiological sleep needs in these groups.

Sleep efficiency and continuity: The ease of falling asleep and returning to sleep

The primary definition of sleep efficiency is the ratio of time sleeping to time in bed

trying to sleep, thus accounting for sleep onset latency (time between lights out and falling
asleep) and wake after sleep onset (time spent awake after falling asleep). Several reviews
have examined the relationship between sleep efficiency and health outcomes (see Table 2)
[49-52]. While objective measures of sleep can provide a more accurate measure of sleep
efficiency, the subjective report of sleep continuity relies on an individual to estimate both
sleep onset latency and wake after sleep onset. Studies of adults have found only a modest
association between self-reported sleep and objective measures (e.g., [53, 54]).

In pediatrics, sleep efficiency and continuity can be more challenging to capture than with
adults, especially as it is often based on parental report. Few studies have considered at
what age children can accurately report on sleep onset latency and wake after sleep onset.
In one qualitative study with sleep experts, there was disagreement on the specific age
when children become accurate self-reporters; however, there was consensus that there may
be wide variability, with some children as young as 6 years able to describe their sleep
efficiency, and some pre-adolescents who still do not have a sense of sleep onset latency

or wake after sleep onset [55]. Thus, a significant amount of what we know about sleep
continuity in pediatrics relies on parental report. But as children get older, parents become
less involved with sleep routines [56-58]. Thus, parents of a middle or high school aged
child (i.e., 11-17 years) may not be aware of how long a child spends trying to fall asleep, or
how long he/she is awake during the night if the child does not wake the parent [59].

On the other end of the age spectrum, it is important to consider developmental differences
in infant sleep continuity. For example, studies have shown that all infants have frequent
night wakings, but many return to sleep quickly without signaling their parents [60-62].
Thus, parental report may underestimate sleep continuity compared to more objective
measures. Also, the construct of whether night wakings, which can be normative in infants,
is problematic needs to be considered within the larger context of the family. For example,
treatment is usually sought based on parental report of concerns, rather than objective report
of wakings. The duration of these night wakings may also need to be considered within
this basis of parental report. For example, studies indicate that adults typically need to be
awake for an average of 4 min to report middle of the night awakenings, with individual
differences ranging from 30 s to 10 min [63]. Should a similar construct be implemented
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for parental report of night wakings, differentiating between normative night wakings versus
those that are problematic? Furthermore, the quality of these wakings will affect parental
report. For instance, although two infants each may wake briefly and return to sleep quickly,
it is qualitatively different when the first one returns to sleep independently, compared to
the second infant who cries, and parents respond to help the infant return to sleep. The
second scenario is more likely to be deemed problematic, although there may be substantial
variation within and across cultures in how parents define a sleep problem and in their
expectations for infant sleep consolidation in particular [64,65].

There are also questions about how to define “sleeping through the night,” as well as
consideration of the age when sleeping for long stretches is developmentally appropriate.
Studies have investigated the definition of sleeping through the night as it pertains to
infants. Henderson and colleagues concluded that the most developmentally and socially
valid criterion for sleeping through the night is from 10:00 pm to 6:00 am [65,66], after
comparing three definitions [1]: sleeping from midnight to 5:00 am [2], 8-h criterion
(sleeping uninterrupted for 8 h minimum between sleep onset and morning waking), or [3]
family congruent criterion (sleeping uninterrupted from 10:00 pm to 6:00 am). The majority
of infants met the family congruent criterion at two and 3 months of age.

Sleep timing: The placement of sleep within the 24-h d

For most people, sleep occurs at night, as human circadian rhythms are regulated by the
release of melatonin when it gets dark outside, and the cessation of melatonin production
with the exposure to daytime light. Extrinsic factors, such as work schedules, also play a
significant role in the timing of adult sleep.

In pediatrics, both intrinsic (e.g., the circadian rhythm) and extrinsic factors (e.g., family,
school) play a critical role in determining the timing of sleep (Fig. 1), with some research
showing that the timing of sleep is in turn related to child outcomes (Table 2). In newborn
infants, the circadian rhythm is not fully detectable until around eight-12 weeks of age

[67], starting with the day-night rhythm of cortisol secretion and followed by melatonin
rhythmicity one week later, contributing to nighttime sleep consolidation. It is further
impacted by light exposure, with one study finding that increased duration of daily exposure
to >100 lux of illumination, as well as increased amplitude of circadian rhythm of light,
were associated with stronger circadian patterns in young infants [68]. Thus, both intrinsic
and extrinsic factors impact the regular timing of sleep in the first few months.

Studies clearly show the importance of parent set bedtimes and consistent early bedtimes
for sleep health in children and adolescents [16-18,69]. However, in many families, parent
work and childcare schedules play a role in the timing of sleep for children under 10

years [70-72]. For example, in order to spend time with children in the evenings after

work, parents or other caregivers may delay child bedtimes, or children may attempt to
remain awake later to see their parent/caregiver. In the mornings, when parents/caregivers
need to be at work early, many children need to be awakened to get to daycare or before
school care, resulting in shortened sleep duration. Weekend schedules may also be shifted to
prioritize family activities, although there is limited research on weekday to weekend shifts
in preschool and school-aged children. Another external factor that can influence the timing
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of sleep in younger children is the presence of older children and adolescents in the home.
Older siblings who have evening activities, or other adults in the home who remain awake
later and/or share the child’s sleep space, can also result in a delayed bedtime for younger
children [9,73]. Similarly, naps may be affected by daytime activities of older siblings. In
addition, there may be practices that differ across cultures and influence the timing of sleep,
such as later mealtimes and a designated siesta or rest period in the afternoon [1].

With the onset of puberty, the circadian timing of dim light melatonin onset is delayed by
1-2 h [74], resulting in later sleep onset times. Weekend social jetlag (the significant delay
of bedtime and wake time on non-school days) can also result in poorly timed sleep when
the weekend is over [75]. Adolescence is a time that also includes increases in homework,
extracurricular activities, and social interactions that can further delay the timing of sleep
onset. However, early school start times are common in the United States [15,76], resulting
in early rise times for many adolescents. The intersection between normal circadian changes,
irregular sleep schedules on weekends, and external restrictions on sleep timing can result in
poorer sleep health for youth [77].

Alertness/sleepiness: The ability to maintain attentive wakefulness

Along with the circadian rhythm that helps to drive sleep timing, homeostatic sleep pressure
(or the drive for sleep) helps to regulate daytime alertness [78,79], which is important for
optimal health and well-being (Table 2). Good sleep health should contribute to decreased
sleep pressure through most of the day, resulting in increased feelings of alertness and
decreased feelings of sleepiness. The homeostatic drive also factors into when someone
begins to feel sleepy, with changes across development. Although 16 h of wakefulness

is needed to build sufficient sleep pressure in adults, homeostatic sleep pressure builds
more quickly in infants, toddlers, and preschoolers [79]. This helps to explain why naps

are developmentally appropriate in infants and young children, while most school-aged
children and adolescents remain alert through the day, without feeling sleepy in school or
during activities. In contrast, there is a slower build-up of homeostatic sleep pressure during
wakefulness in post-pubertal adolescents, resulting in a greater ability to delay bedtimes
[80].

In young children, there are a number of factors that affect the timing and the presence of
naps. As noted above, development of underlying circadian rhythms of cortisol, melatonin,
and core body temperature does not develop until eight-12 weeks of age. Throughout
infancy, naps are affected by both sleep pressure and homeostatic drive, resulting in

naps occurring in individual infants either when sleep pressure is high (e.g., 2-3 h of
wakefulness) or based on their circadian clock (e.g., napping at 9:00 a.m. and 2:00 p.m.).
Initial studies indicate great variability in the time of day for naps across early infancy
[81], however between about eight and 12 months old, parental report of daytime sleep
develops into the following two distinct times: one nap at about 9:00 am and a second nap at
about 2:00 pm. Although most toddlers still need to nap [82], one study found that napping
toddlers had later bedtimes, shorter nighttime sleep duration, and napping frequency was
positively correlated with melatonin onset time [83].
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There are also cultural differences in napping. Prior to age 3 years, a study of infants in
predominantly-Asian countries/regions found minimal variation in the number and duration
of daytime naps compared to infants in predominantly non-Latinx White countries [47].
However, vast differences in napping occur after age 3 years, as a result of racial and cultural
differences. One study found significant racial differences in napping in the United States,
beginning as early as age 2 years and extending to at least 8 years [45]. At age 8 years,
almost 40% of Black or African-American children were reported to nap, compared with
only 5% of non-Latinx White children. Looking at cross-cultural differences, preschoolers
in countries such as China and Philippines continue to nap until ages 5 and 6 years, in
comparison to the cessation of the majority of napping in countries such as Australia, United
States, and the United Kingdom [84]. For older school-aged children in China, midday
napping has been associated with improved daytime functioning, including cognitive, mood,
and behavior [85]. Further research, however, still needs to be conducted on individual,
family, and socio-cultural differences within these contexts in both nap timing and duration
to determine whether daytime sleepiness and naps are clinically concerning.

When considering alertness/sleepiness in pediatrics, it is critical to understand that
presenting symptoms can differ between children and adults. For example, while irritability
can be a sign of increased sleepiness across development, some children have increased
energy when sleepy (as opposed to most adults who report decreased energy) [86]. Other
significant signs of sleepiness in children and adolescents include difficulties with behavior
and emotion regulation, as well as poor concentration and academic performance [19,87]. It
is also important to recognize the role of attribution in understanding alertness/sleepiness.
Most adults can report that they are sleepy because of poor quality or insufficient quantity
of sleep. However, it is not clear at what age children are able to attribute their daytime
functioning to their previous night of sleep [55]. In addition, reliance on parent report may
not always provide a complete picture as parents can only report on observable behaviors
(e.g., increased hyperactivity, reports of child falling asleep in school, irritability). Child
report is needed to better recognize internal symptoms, such as feelings of fatigue or
anhedonia that may result from poor quality sleep.

During adolescence, a number of other factors affect daytime alertness beyond insufficient
sleep and underlying sleep disrupters, such as obstructive sleep apnea and narcolepsy. As
noted above, studies also indicate that there is a slower accumulation of homeostatic sleep
pressure in older adolescents, which contributes to an ability to delay bedtimes [80]. The
intersection of later bedtimes and early high school start times in the United States create
what is referred to as the “perfect storm,” [77] contributing to significant daytime sleepiness.
Napping may be used in some countries to decrease daytime sleepiness, with associations
between midday napping and improved neurocognitive functioning for adolescents in China
[88]. There are likely individual differences in the response to decreased sleep that impact
daytime alertness and functioning [89], similar to observed phenotypic and intra-individual
differences in response to insufficient sleep in adults [90].
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Satisfaction/quality: The subjective assessment of “good” or “poor” sleep

Of all five dimensions, satisfaction/quality is the most difficult to quantify [1]. All other
dimensions of sleep health can be measured by behavioral or physiological data, but
satisfaction/quality relies solely on the reporter to provide an interpretation of their sleep.
Further, this interpretation is often made within the context of other environmental and
social contexts. Thus, two individuals may have the same sleep duration, sleep continuity,
and sleep timing, but one feels as if their sleep was “good” while the other reports their sleep
to be “poor.”

In pediatrics, as with other aspects of sleep, there remain questions about when a child
might be able to differentiate between good and poor sleep quality. For older children and
adolescents, if not queried directly, satisfaction/quality is the dimension of sleep health least
likely to be accurate when provided by parents because sleep quality is so subjective. Thus,
when possible it is essential to obtain reports of sleep quality from both the parent and

the child/adolescent. Further, the parent’s perception of sleep heavily influences their own
report of the child’s sleep quality/satisfaction [91], and parents may misattribute daytime
behavioral issues to poor sleep quality. Finally, although subjective reports of satisfaction/
quality are related to health and well-being outcomes (Table 2), research studies have vastly
differed in how they define sleep quality.

Sleep-related behaviors: Actions and activities that may promote or inhibit sleep health

Sleep-related behaviors are an important consideration in pediatric sleep health, and are
being added to the original model proposed by Buysse [1]. Sleep-related behaviors is

a broader category of factors that promote sleep, including a consistent sleep schedule
(regularity as defined by Buysse [1]) and a nightly bedtime routine, as well as factors that
inhibit sleep health, such as caffeine intake and technology use in the hour prior to sleep.
Additionally, parent—child interactions prior to bedtime and at sleep onset can impact sleep
duration, consolidation, and quality. While more research is needed, these different aspects
of sleep behaviors (e.g., routines, caffeine, electronics) have also been associated with health
outcomes across development in pediatrics (Table 2).

Unlike adults, children and adolescents may or may not have sole control over many of these
factors, with parents or other external factors (e.g., use of computers required for homework)
often driving the choice of sleep-related behaviors. Thus, we propose sleep-related behaviors
as a sixth sleep health dimension for pediatrics, expanding the sixth dimension of regularity
(or variability) in adults. While we agree that regularity is a critical aspect of sleep health for
pediatrics, we argue that it is part of the sleep-related behaviors dimension.

In pediatrics, regularity can be applied to multiple dimensions of sleep health, but is most
critical for the timing of sleep, which in turn ensures sufficient sleep duration. As previously
discussed, the regularity of bedtimes and wake times helps to maintain a healthy sleep
rhythm for children and adolescents. It is common for adolescents and many school-aged
children to have variable sleep-wake schedules, with differences noted between weekdays,
weekends, and school holidays. The variability in weekend sleep time in particular is
problematic, as previously described, resulting in social jetlag.>’ For example, a youth who
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does not obtain sufficient sleep during the school week because of a late bedtime and an
early wake time will further delay his bedtime on weekend nights, and attempt to “catch up”
on sleep by sleeping until noon. However, come Sunday night he will have difficulty falling
asleep, impairing his ability to obtain sufficient sleep duration and feel alert during the day.

In addition to a regular sleep schedule, it is important to have a consistent bedtime routine
to facilitate sleep onset and broad sleep health. Defined as the predictable activities that
occur in the hour or so prior to sleep onset [92], a bedtime routine is essential for children
of all ages. In early childhood, there is a dose—response relationship between bedtime
routine consistency and healthy sleep outcomes, with increased bedtime routine consistency
linearly associated with earlier bedtimes, a shorter sleep onset latency, reduced nighttime
awakenings, and longer sleep duration [93]. Even in school-aged children, following a
consistent bedtime routine is associated with better sleep, including longer nighttime sleep
duration [56]. Having a consistent routine is hypothesized to facilitate sleep onset by
creating positive sleep associations, with the steps of the routine serving as part of a
behavioral chain leading to sleep [92].

Sleep-onset associations, behaviors that occur at the time of sleep onset, are common and
often the result of parent behaviors. Parental presence is the most common sleep—onset
association that can impact the ability to fall asleep or return to sleep following a naturally
occurring night waking. Parental presence at sleep onset is common in young children (68%
of infants, 43% of toddlers and preschoolers) [56]. It also is important to note that sleep
onset associations are not limited to children <5 years, with over 20% of school-age children
and 6% of adolescents requiring parental presence to fall asleep at bedtime at least some of
the time [55,56].

Socio-ecological factors may play a role in the association between parental presence at
sleep onset and child sleep outcomes, and as such must be considered in light of whether

or not families are bed- or room-sharing, and whether this is an intentional choice, a
necessity due to limited space or economic resources, or in reaction to a child sleep
problem. For example, cross-cultural research has demonstrated that there is variation in
parenting behaviors at bedtime according to region, with over half (57%) of young children
from predominantly-Caucasian countries falling asleep independently compared to only

4% of those from predominantly-Asian regions/countries [94]. Parent presence at sleep
onset was more robustly associated with poor nighttime sleep in predominantly-Caucasian
regions and also contributed to the association between bed- or room-sharing and poor sleep
outcomes. Although there are few studies of parental presence and co-sleeping at bedtime in
older children, some research indicates that co-sleeping was more common in school-aged
children with anxiety disorders, and was also linked to an increased sleep onset latency

and more variable nighttime sleep duration [95]. Parents of children with special needs

may also be more likely to be present at bedtime, contributing to poor sleep outcomes. For
example, in one study parents of children with Down syndrome were significantly more
likely to report being present at bedtime than parents of typically developing children [96].
Additional research focused on parental presence at bedtime and pediatric sleep outcomes
should include an assessment of pre-bedtime parenting practices, parent—child interactions,
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and co-sleeping preferences and arrangements, in both children who are typically developing
and those with comorbid behavioral health and neurodevelopmental conditions.

Transition objects are another type of sleep—onset association commonly seen in pediatrics
(especially in younger children) and not in adults to facilitate sleep. Objects can include
pacifiers, stuffed animals, or other comfort items. These are typically considered positive
sleep onset associations as a child can utilize these objects without parental assistance.
Studies have found that stuffed animals can reduce stress and fears at bedtime in younger
and school age children [69,97,98].

Extrinsic sleep-related behaviors, including caffeine use and technology, often interfere with
sleep health and may be impacted by parents/caregivers or other environmental factors,
such as availability and social norms. As a stimulant, caffeine has a physiological impact
that can result in delayed and disrupted sleep in both children and adults. Although it

is recommended that children under 12 years have no caffeine, and adolescents have
limited caffeine (<100 mg) [99], caffeine is widely available and consumed by a substantial
proportion of youth, with studies showing that 28-58% of preschoolers, 41-87% of school-
aged children, and 75-86% of adolescents regularly consuming caffeine [56,100-102].
Household norms, parental rule enforcement, and family practices play an important role in
child caffeine consumption and the subsequent impact on sleep. In particular, parental limit
setting around child caffeine consumption has been shown to benefit both sleep quality and
sleep duration in children and adolescents [103].

The use of electronics prior to sleep onset is discouraged, however it is a common behavior,
with an estimated 25% of 1-3 year olds [104] to over 70% of children and adolescents
having electronic devices in the bedroom and/or using electronics prior to bedtime [104—
107]. Although most research is correlational (and not causal), there is consistent evidence
that the presence of electronic items in the child’s bedroom or the use of electronics at
bedtime is associated with shorter sleep duration across development [56,104-107]. From
this growing literature, several findings stand out as important to consider for pediatric sleep
health. First, recent research shows a correspondence between child and parent habits around
electronics usage, as children who use electronics at bedtime are more likely to have parents
using electronics at bedtime as well [103]. This finding suggests that parental limit setting
around the use of electronics may need to be bolstered by parents and other family members
monitoring their own electronics usage at bedtime. Second, studies have shown that over
one-third of young adolescents report waking during the night to use social media at least
once a week, with over one in 5 youth waking almost every night to send or check social
media messages [108]. For teenagers in particular, parental-limit setting in relation to social
media engagement is likely necessary to prevent electronics from interfering in healthy
sleep. Finally, in line with broader racial/ethnic disparities in sleep health, the presence of

a television in the bedroom is associated with shorter sleep duration among racial/ethnic
minority children ages 6 months to 7 years, but not among non-Latinx white children [109].
Finally, it needs to be noted that a total ban of electronics use at bedtime needs to be
considered within the individual and family context [110]. For example, some electronics
use by some children with neurodevelopmental conditions may result in an easier time
settling down at bedtime, although this has not been studied to date. Further research related
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to variation in family and socio-cultural norms and limit-setting around electronics usage,

as well as causal research examining the impact of electronics usage on sleep, is necessary
to better inform pediatric sleep health recommendations related to electronics devices across
different pediatric populations.

Peds B-SATED: Revised definition and application of the model

Clinicians

Based on this review and the Peds B-SATED model, we propose a revised version of
Buysse’s definition of sleep health for pediatrics (with additions italicized). Good sleep /n
pediatrics is characterized by subjective or caregiver-rated satisfaction, appropriate timing,
adequate duration for age, high efficiency, sustained alertness during waking hours, and
healthy sleep behaviors. The proposed Peds B-SATED model provides an applicable
framework for clinicians and researchers in pediatric sleep, both in terms of current
application and the development of future directions for clinical practice, research, and
training.

For clinicians, screening for sleep health should be on par with screening for diet and
exercise [111]. Although sleep duration might be the easiest question to screen given
recommended age-based guidelines, duration alone, as we have discussed, does not define
sleep health. Such screening and assessment, however, needs to be done across all identified
domains. Additionally it needs to include assessment of both perception of sleep by
caregivers and children/adolescents, as well as specific questions about sleep patterns and
sleep disturbances. Starting with a broader question (e.g., “Do you/does your child have
any sleep problems? Is there anything you wish to change about your child’s sleep?*), in
addition to asking about snoring as recommended by the American Academy of Pediatrics
[112], may be needed to initiate the conversation between patients/families and clinicians,
with a set of developmentally-tailored follow-up questions used depending upon the family’s
responses.

Clinical screening tools for sleep disorders have been developed, including the BEARS
[113] and the Sleep Disturbances Scale for Children (SDSC) [114]. However, these
measures are not ideal for screening sleep health, with the BEARS screening tool only
capturing four of the six domains (missing Satisfaction and Behaviors), and the SDSC only
including two sleep health dimensions (Sleepiness and Duration).

There are hundreds of pediatric sleep questionnaires that have been developed over the years
that do include different domains of sleep health; however, a comprehensive review of these
is beyond the scope of this theoretical review [115-117]. Instead in Table 3 we provide a list
of commonly used questionnaires, as well as measures that include different aspects of sleep
health across different developmental groups. Of these, one measure per age group assesses
all domains of sleep health: the parent-reported Children’s Sleep Habits Questionnaire (ages
2-10) [118], the self-reported Children’s Report of Sleep Patterns (ages 8-18) [119-121],
and the self-report School Sleep Habits Survey (ages 13-19) [122]. The Brief Infant Sleep
Questionnaire-Revised assesses all domains except for sleepiness/alertness, as warranted
given the focus on infants and toddlers (birth to 3 years) [123,124]. However, none of
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these measures assesses all aspects of each domain. Thus, one comprehensive measure
that includes all aspects of the Peds B-SATED sleep health domains should be developed,
including multiple versions to appropriately assess sleep health at different ages/stages.

Finally, incorporating sleep health within the context of intervention for specific sleep
disorders enables a clinician to more appropriately treat individuals. One study found that
within an interdisciplinary pediatric sleep center almost 25% of presenting patients had
more than one diagnosed sleep disorder, such as sleep apnea and insomnia, and over one-
third received a behavioral recommendation, such as implementation of a consistent sleep
schedule or bedtime routine [125]. For example, obstructive sleep apnea (OSA) and other
disorders can contribute to poor sleep health, but as noted above, sleep health is a broader
construct and is more than just the absence of a sleep disorder. A practitioner can treat the
sleep disorder, such as prescribing positive airway pressure (PAP) therapy for the treatment
of OSA, but the child may only sleep 5 h a night or the adolescent may sleep during the day
which interferes with school performance. Thus, the dimensions of sleep health are distinct
but complementary to the treatment of pediatric sleep disorders and should be assessed with
all patients. Furthermore, the valid definition and characterization of sleep health in children
will strengthen the reciprocal and bi-directional relationships between sleep health and sleep
medicine.

Researchers

There is a need for additional research across a number of the domains indicated. For
example, more work needs to be done to identify actual sleep need for school-aged and
younger children, as opposed to relying on studies of obtained sleep. In addition, research
examining each of these sleep health constructs, as well as how the underlying domains
may be related over time, is necessary to better understand all aspects of this pediatric sleep
health model. Despite the availability of well-validated pediatric sleep measures (examples
in Table 3), additional research on how such measures or broader screening questions can be
used to efficiently and accurately screen the Peds B-SATED domains in clinical practice is
needed.

Further, more information is needed about how each domain of Peds B-SATED is related

to important child well-being outcomes [126], including psychological/social functioning,
cognitive skills and academic performance, and physical health. Although there is a growing
body of research linking sleep health domains and child well-being (a review of which is
beyond the scope of this paper), including a recent meta-review on sleep and child outcomes
that included 39 review papers examining such linkages [127], there are critical gaps in this
research. As shown in Table 2 research on the consequences of variation in sleep timing,
alertness/sleepiness/napping, and sleep behaviors is lacking. Research that examines the
ways in which specific sleep health behaviors may be associated with or lead to adverse
child outcomes is especially sparse. By contrast, there are a number of meta-analytic and
systematic reviews available on research linking insufficient sleep and multiple domains

of child well-being. In addition, it is notable that there is heterogeneity in the terms used

to describe sleep domains, with some research using actigraphy-derived sleep efficiency

as an index of sleep quality, which may contribute to mixed findings in the literature for
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several linkages between sleep quality and child outcomes. Finally, whereas many studies
of pediatric sleep and physical health explore outcomes such as weight gain, adiposity, and
cardiometabolic risks, few studies have examined other physical health outcomes, such as
illnesses and injuries/accidents [127].

Finally, additional research that takes both a developmental and a socio-ecological approach
to understanding the multifaceted construct of sleep health, and how the domains of
pediatric sleep health may vary by individual and contextual factors, is critical. This work
can inform efforts to promote sleep health and well-being across multifaceted populations of
children and adolescents.

The key to identification of sleep issues and promotion of positive sleep health is adequate
training of pediatric clinicians, including those involved with children on a regular basis
such as in childcare settings and schools. A number of studies have noted the lack of
knowledge of sleep and sleep medicine by health care clinicians [128,129], as well as

a lack of training in medical school [130, 131] and pediatric residency programs [132].
Furthermore, a survey of 346 members of the American Academy of Pediatrics found that
few of these pediatricians (18%) had ever received formal training on sleep disorders and
less than 15% were very confident in their abilities to counsel pediatric patients on sleep
issues [133]. This training is critical not only for primary care clinicians, but is needed for all
types of clinicians, including pediatric specialists (e.g., psychiatry, neurology, developmental
and behavioral pediatrics), psychologists, and nurses/nurse-practitioners [134,135]. Along
with identifying sleep-related issues, the education of primary care physicians and other
front-line clinicians about sleep health is necessary to give families the support and
information needed to improve sleep health across all domains.

Training is also important for those involved with children and adolescents on a regular basis
outside of healthcare settings, including those in early childhood education programs and in
schools. A study of sleep health literacy in 63 staff members at a Head Start program found
that although 87% reported feeling comfortable discussing healthy sleep with parents, less
than half felt comfortable counseling them [136]. Thus, there was a gap in the perception of
staff between their competencies to promote healthy sleep in families and their capacity to
address sleep problems. There have been calls for school psychologists to receive preservice
and continuing education in the assessment, prevention, and intervention for pediatric sleep,
as well as development of practice guidelines for assessment and intervention, similar to
those for medical practice [137]. Little, if any, attention has been paid to the need for
teachers to receive education about pediatric sleep. Development of educational programs
regarding the domains of Peds B-SATED will not only help them identify children with
sleep issues, but more importantly integrate this information into the education of children
and adolescents about the importance of sleep and understanding of sleep health.

Public education

Although we have outlined suggestions for how clinicians can evaluate and provide
interventions for sleep health directly to patients, there remains a significant need for
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broader, population-based dissemination of sleep health information directly to families

and the general public. Sleep education programs for children and adolescents have been
primarily school based, with studies showing an increase in sleep knowledge, and in some
cases sleep duration, but no long term changes in sleep health [138,139]. Parent sleep
education programs have been studied primarily as prevention for infant sleep disturbances
[140], or in the context of treatment for specific populations (e.g., autism, head start
programs) [141-144]. In addition, there have been endeavors to provide publicly-available
education about sleep, such as the website Babysleep.com developed and disseminated by
the Pediatric Sleep Council that has resulted in global outreach to 223 countries (99% of the
world’s countries) [145]. Finally, although there have been campaigns to promote awareness
about sleep health in older youth and adults, such as the National Healthy Sleep Awareness
Project, which was supported by the American Academy of Sleep Medicine, the Centers

for Disease Control and Prevention, and the Sleep Research Society [146], as well as Baby
Sleep Day promoted by the Pediatric Sleep Council, there have been no concerted public
health campaigns to improve sleep health in children of all ages. There is also a need for
continued development of publicly-available sleep education websites, smartphone apps, and
toolkits. There have been some developments in this area, including sleep toolkits developed
by the Autism Treatment Network for parents, but more are needed, especially ones that are
created to be directly accessed by children or adolescents.

The Peds B-SATED framework can provide a foundation for such campaigns and public
education endeavors, with direct-to-consumer information about the importance of sleep
health and specific behaviors families can take to encourage it. In light of significant sleep
health disparities in pediatrics and among adults, it is especially important that public health
efforts to promote healthy sleep awareness are implemented and disseminated in a manner
that is responsive to the many socio-ecological factors that shape sleep health outcomes and
target reduction of sleep health disparities [147].

Peds B-SATED: Conceptual model

As we have described throughout this paper, sleep health is critical across development,
from infancy through adolescents. The Peds B-SATED framework allows us to
conceptualize the different aspects of sleep health, including the additional component of
sleep health behaviors, which may be especially important in pediatrics. Although this
framework has significant overlap with the adult RU-SATED framework, there are also
distinct characteristics that need to be considered from both a developmental perspective and
a socio-ecological model. Children and adolescents are not simply small adults, and thus the
unique features of pediatric sleep health must be considered by clinicians and researchers to
ensure successful physiological, cognitive, and emotional development.

It is important to understand that sleep health is not a uni-dimensional construct,

but includes different domains: specifically Behaviors, Satisfaction/Quality, Alertness/
Sleepiness, 7iming, Efficiency, and Duration. Further, while some domains are essential
for all children regardless of age (e.g., bedtime routine, consistent bedtime schedule),
other aspects of these domains do not remain consistent across development (e.g., sleep
duration is greater in infants than adolescents). Thus, clinicians and researchers need to be
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aware of the differences of sleep across development. In addition, while these pediatric
sleep health domains may be related, it is also important to recognize they may not
always be associated. For example, children who experience poor quality sleep or who
have a caregiver-identified child sleep problem may or may not consume any caffeine

or have bedroom electronics. In the same way, some youth may consume caffeine and
use electronics but obtain adequate sleep duration and report no daytime sleep-related
impairments. Furthermore, there are likely significant individual differences, potentially
influenced by other socio-ecological factors, in sleep health needs and profiles across
pediatric populations. The multidimensional Peds B-SATED conceptualization is similar
to how one might characterize individual nutritional needs and profiles, with individuals in
need of supplementation in some areas (e.g., protein) but not others (e.g., vegetables) in
order to achieve optimal sleep health.
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Practice points

. Sleep health should be considered at every well-child visit, on par with diet

and exercise.

. The Peds B-SATED theoretical model provides clinicians a framework to

evaluate the different dimensions of sleep that impact health outcomes.

. Sleep health should be integrated into the treatment of all pediatric sleep

disorders, whether behavioral or physiological in etiology.
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. Identify actual sleep needs for school-aged and younger children, rather than

. Develop a validated screening measure that includes all Peds B-SATED

. Conduct additional research that links the Peds B-SATED domains with

. Include both developmental and socio-ecological factors in future research to

Research agenda

relying on studies that only measure obtained sleep or sleep opportunity.

domains that can be used in both primary care and specialty care practice.

child and adolescent well-being, including physical health, mental health, and
academic outcomes.

understand individual and contextual factors that contribute to sleep health.

Sleep Med Rev. Author manuscript; available in PMC 2022 June 01.
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* Alertness
« Timing

Efficiency
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e o o o o o

Macrosystem:

Green space, light, and noise
Environmental allergens and toxins
Neighborhood/community violence
Perceived discrimination and racism
Broader cultural norms

State-level school start time policies

Me.

sosystem:

Parent-child interactions

Parent mental health and family stress
Family routines and chaos

Family cultural beliefs

Family socioeconomic status

Other individuals in the home

Local school/extracurricular start times

Microsystem:
* Genetic profile

e e e | * RACE @Nd ethnicity

Age

* Medical, neurodevelopmental, and
behavioral health comorbidities
Temperament

« Chronotype

Socio-ecological factors hypothesized to contribute to pediatric sleep health domains.
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