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Table 2. Pediatric sleep promotion interventions
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Child age
M —-SD
(range) Length of Effect size
Author (year) Study design Intervention description n diagnosis intervention Main ndings Cohensd[95% ClI]
Anggerainy Two-arm intervention Music therapy or storytelling 31 27-31 30 min before Both music therapy and Music intervention: d = 1.71 [0.90
(2019) [72] (pre-post) interventions (4 months 12 years) bedtime for storytelling signi cantly to 2.52]
various infectious dis- three improved scores on a sleep Story intervention: d = 0.64 [ 0.10
eases consecutive disturbance scale. t0 1.37]
days
Cook Quality improvement inter-  Clinician education 394 (30days 18 years) Throughout Signi cant increase insleep  Age > 2 years
(2020) [45] vention sessions and updated elec- varied hospital stay duration for patients older d =0.46 [0.19 to 0.74]

tronic health record (EHR)
orders that enabled the
forgoing of overnight BP
checks

Hinds (2007) [21] Prospective, two-site, pilot ~ Enhanced physical activity inter- 29 12.5— 2.9 (7 years

than 2 years. No statis- Age < 2 years

tically signi cant change d=0.13[ 0.19 to 0.44]
among patients under

2 years.

30 min twice daily No signi cant group dif- Post-intervention group differences:

RCT vention, consisting of pedaling 18 years) for 2 4 days ferences in SE or sleep Sleep duration: d =0.28 [ 0.48
a stationary bicycle-style cancer duration post-intervention.  to 1.05]
exerciser However, intervention arm  SE: d =0.07 [ 0.65 to 0.83]
had greater mean change M group differences:
in SE than the control arm.  Sleep duration: d = 0.30 [ 0.46
0 1.07]
SE:d = 0.79 [0.003 to 1.58]
Jacobs Pilot RCT Massage sessions tailored to the 34 15.7 — 2.5 (12 years 20 to 30 min Among intervention, pre-post Pre/post-intervention:
(2016) [73] patient 21 years) sessions for improvement in night Night sleep duration: d = 0.96
cancer 2 3days sleep duration. Signi cant [ 0.01to 1.94]
interaction between time SE:d=0.59[ 0.35to 1.54]
and intervention, with WASO: d =0.09 [ 0.83to 1.01]
intervention experiencing Awakenings:d = 0.43[ 1.36
greater nighttime sleep to 0.50]
episodes than control. Night sleep episodes: d = 0.37
[ 0.56 to 1.30]
Manuel Pilot multicomponent inter- Multicomponent intervention, 85 6.7 (1 month 18 years)  Throughout hos- Following intervention, Pre/post-intervention group dif-
(2021) [56] vention including minimizing alarms not speci ed pital stay average night wakings ferences:
and other disruptions at night, decreased slightly (mean of Night wakings
having set light schedules, 2.1to 1.9) and average d=0.14[ 0.30 to 0.59]
encouraging bedtime stories sleep quality did not Sleep quality
and turning off screens within change (mean of 6.7). Chil- d=0.00[ 0.44 to 0.44]
1 h of bed, giving patients dren who knew about the
sleep-promoting yers, and sleep improvement project
displaying educational posters had signi cantly fewer
on unit night wakings (p = 0.03)
and better subjective sleep
quality (p = .02).

Papacon- Pilot RCT Relax to Sleep, a sleep interven- 44  6.5—2.0 (4 years 3 days Intervention averaged 50 min- Post-intervention group differences:
stantinou tion combining sleep health 10 years) utes more nighttime sleep, TST:d =0.53[ 0.07 to 1.15]
(2018) [20] education with diaphragmatic not speci ed 45 minutes less WASO, and  Longest nocturnal sleep period:

breathing longer maximum lengths d=0.28[ 0.33t0 0.88]
of uninterrupted nighttime  Awakenings: d = 0.004 [ 0.60
sleep compared to usual to 0.60]
care group. At follow-up, WASO: d =0.42[ 0.19 to 1.02]
intervention had greater M group differences at follow-up:
improvements in sleep Sleep disturbances (CSHQ):
disturbances. d =0.65[0.04 to 1.26]

Rogers Unblinded, Age-appropriate sleep education; 33 9.5 -3.9 (4 years 5 days No signi cant differences Group differences:

(2019) [54] multicomponent pilot parent implemented relax- 19 years) between groups. Interven-  Mean sleep episode duration:
RCT ation technique; stimulus cancer tion modestly preserved d= 0.27[ 0.95t00.41]

control measures to reduce nighttime sleep duration, ~ Longest sleep episode:

environmental sleep dis- as demonstrated by group d= 0.18[ 0.87 to 0.50

ruptors by time interaction. Mean wake episode duration:
d=0.11[ 0.58 to 0.78]

Awakenings: d =0.08 [ 0.60 to
0.76]
White RCT A recording of the child s parent 18 5.83 (3 years 8 years) 10-minute re- Intervention fell asleep more Fall asleep (binary): d = 0.04

(1983) [74] reading a bedtime story was not speci ed

cording played often during 45-minute SOL/sleep duration: unable to

played as part of the child s nightly for two  observation period, had calculate
bedtime routine nights lower SOL, and had greater
sleep duration than control
group.
White Four-arm intervention Arm 1: parent-recorded story at 94 (3 years 8 years) 1 night Parent presence or listening  SOL: unable to calculate

(1990) [51] (three arms randomized, bedtime and parent absent;

one arm convenience arm 2: stranger-recorded

sample) story at bedtime and parents
absent; arm 3: no story and
parents absent; arm 4: no

story and parents present

not speci ed

to a parent-read story book
had signi cantly longer
SOL compared to those
who listened to a stranger-
read story or did not listen
to a story at all.

SE was also observed, with the intervention group experi-
encing higher SE (M = 72.98 — 15.61) than the control group
(M=71.23-16.62), p=.85,d=0.07 (95% CI: 0.65 to 0.83). However,

when considering baseline rates of SE, the intervention group
demonstrated a signi cantly higher mean change in SE than the
control group, F=4.17, p =.05,d = 0.79 [(95% CI: 0.003 to 1.58) [21].
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Conceptual model of pediatric inpatient sleep

The synthesis of factors in uencing sleep, components of existing
interventions, and the extent of sleep disruption is illustrated by
the Pediatric Inpatient Sleep Model (Figure 2). Taken together, the
in uencing factors contribute to hospitalized pediatric patients
decreased sleep duration, more frequent night wakings, increased
WASO, decreased SE, and poor sleep quality. These sleep disturb-
ances were caused by a combination of factors at multiple levels:
child (e.g. affect, symptoms), family (e.g. caregiver affect, parenting
behaviors), and environment (e.g. noise, interruptions). The most
frequently discussed in uencing factors were at the environment-
level; however, the majority of interventions targeted the child-level
using relaxation techniques. Other sleep-promoting interventions
targeted the family level by providing sleep education to parents,
for example, or the environment-level by modulating light ex-
posure or decreasing noise on the ward. Refer to Figure 2 for the full
lists of factors impacting sleep and of intervention components.

Risk of bias

The majority of included studies (n = 20) were rated as fair,
indicating some risk of bias. Fourteen studies were rated good
with low risk of bias, and 11 studies were rated poor signi-
fying high risk of bias. Figure 3 illustrates the ratio of quality
ratings across each study design. Of the cross-sectional studies,
increased risk of bias was related to use of unvalidated outcome
measures, lack of power analyses justifying sample size, and
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Figure 2. Pediatric inpatient sleep model.
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lack of adjustment for confounders [39]. Of note, questions re-
lated to exposure status in cohort studies (6 10; 12) were not
applicable for cross-sectional descriptive study design. Across
pre-post and controlled intervention studies, most studies used
validated and objective measures of sleep; however, the poten-
tial for bias was increased by small sample sizes, unblinded par-
ticipants or outcome assessors, high rates of attrition, not using
intent-to-treat analyses, and lack of clarity regarding group dif-
ferences at baseline [39]. Regarding qualitative articles, lower
quality assessments were related to a lack of information re-
garding data saturation, the systematic analytic process, or how
theory informed the study [38]. Supplemental Tables 5 8 provide
the quality assessment ratings for each individual study.

Discussion

The purpose of this review is to examine factors that in uence
sleep during pediatric hospitalizations and determine the ef-
fectiveness of non-pharmacological sleep promotion interven-
tions among hospitalized children. As established by existing
reviews, pediatric patients experience decreased sleep duration,
poor sleep quality, decreased SE, more frequent night wakings,
and increased WASO in the hospital setting [22 24]. We found
that a combination of factors across the child, family, and envir-
onment levels contribute to these sleep disruptions. Although
pediatric patients and their families most frequently discussed
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Figure 3. Quality assessment.

the negative impacts of environmental disruptions, most inter-
ventions targeted the child-level using relaxation techniques.
Most included interventions were small pilot studies; however,
preliminary ndings suggest a positive impact on sleep duration.
We synthesized these ndings into the Pediatric Inpatient Sleep
Model. This conceptual model is presented as a proposed frame-
work for future research and quality improvement projects and
should be further re ned as the literature base expands. This ap-
pears to be a burgeoning area of research, as evidenced by 55.6%
of the included articles being published between 2016 and 2021.

Sleep disturbances are a multifactorial problem, stemming
from a combination of factors at the child, family, and environ-
ment levels. Participants most often discussed environmental
in uences on pediatric inpatient sleep. Reduced sleep quality
was strongly associated with increased noise and moderately
associated with increased luminosity [15]. Noise on the wards
frequently exceeded the World Health Organizations recom-
mended threshold for healthy sleep environments [11, 13, 15,
61, 66, 68 70]. Although light was generally conducive to sleep
after 11:00 pm, over half of the rooms received light exposure
above the recommended threshold between 8:00 pm and 11:00
pm [61]. This distinction in timing is important given the poten-
tial for arti cial lighting to suppress melatonin production and
recommendations to reduce light exposure a few hours before
bed [75]. Light exposure between 8:00 pm and 11:00 pm dispro-
portionately impacts younger children, who have earlier bed-
times than their adolescent counterparts. These environmental
disturbances are often related to providing medical care, as evi-
denced by the administration of medications being signi cantly
associated with increased noise and less sleep [15]. Although
beyond the scope of this review, environmental factors appear
modi able; the results of two quality improvement initiatives
demonstrated signi cant reductions in nighttime noise [66, 70].
Child- and family-level factors were less frequently discussed
within the context of inpatient sleep; however, extant literature
has examined relationships between these factors and sleep
outside of the hospital. For example, screen time is signi cantly
associated with reduced sleep duration and increased sleep
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problems outside of the hospital [76]. These potential in uences
should be further examined within the hospital setting and con-
sidered when conducting inpatient sleep research. Additionally,
some parenting characteristics may be advantageous when the
child is healthy, but disadvantageous in the hospital setting. For
instance, hospitalized children with more rigid parents slept
worse; however, in the home setting, higher levels of consistent
enforcement of family rules and routine is related to improved
child sleep [77].

Overall, most interventions demonstrated preliminary sup-
port for improving aspects of sleep. Six of the nine included
interventions were small pilot or preliminary studies designed
to examine feasibility and demonstrate support for larger future
interventions [20, 21, 54, 56, 72, 73]. As such, most pilot studies
were not adequately powered to detect statistically signi cant
differences. However, some non-statistically signi cant nd-
ings are clinically meaningful. Obtaining an additional 30 min
of sleep is related to signi cant improvements in childrens
emotional regulation and alertness [78]. Therefore, although not
statistically signi cant, obtaining an average of 43 53 additional
minutes of sleep following Jacobs et al.s massage interven-
tion, Papaconstantinou et al.s multicomponent intervention,
and Hinds et al.s physical activity intervention should be con-
sidered clinically meaningful. It is important to note some inter-
ventions were multicomponent and thus the ef caciousness
of individual components cannot be established at this time.
Taken together, interventions using relaxation strategies such
as music therapy, massage, and diaphragmatic breathing, ap-
pear potentially bene cial; however, support for storytelling
as a relaxation strategy is inconclusive and may be dependent
on parent presence or the childs relationship to the reader.
Additional support for massage was provided via qualitative re-
port, suggesting children had an easier time falling asleep after
the massage [79]. Interventions that provided sleep education,
scheduled physical activity, bundled nursing care, used white
noise machines, modulated light exposure, and reduced over-
night vital checks also appear to have a bene cial impact on cer-
tain aspects of sleep. In addition to improving patient outcomes,
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