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Sleep patterns in young children with congenital heart disease

Anjali Sadhwani, PhD'+?, Samantha Butler, PhD"?, Valerie Rofeberg, MS®, Kristina Espinosa, PsyD'">*, Laura Wood, PhD"">°,
Adam R. Cassidy, PhD'+?, Johanna Calderon, PhD'->°, Caitlin K. Rollins, MD, SM":%, Jayne Singer, PhD**,
Brandi Henson, PsyD"?, Catherine Ullman-Shade, PhD?, Catherine Clark, PsyD'+?, David Wypij, PhD*'*'",
Jane W. Newburger, MD, MPH*'°, David C. Bellinger, PhD, MSc>’*®, and Janice Ware, PhD*°

Sleep patterns of 419 toddlers with congenital heart disease were comparable with the normative population except
for increased likelihood across the cohort of sleeping in parents’ room and increased disrupted sleep in children
aged 18-23 months. Disrupted sleep patterns were associated with lower maternal education and increased med-

ical complexity.

leep is essential for normal growth, brain maturation,

physical and emotional health, and immune func-

tion.'” The establishment of organized patterns of
sleep and waking in children is a significant milestone of early
development.” Sleep affects a child’s development, learning,
behavioral functioning, and overall quality of life.” Recently,
the National Sleep Foundation (2015)° and the American
Academy of Sleep Medicine (2016)” each released consensus
statements on recommended sleep. However, children vary
widely in their sleep,” with patterns influenced by genetic,
behavioral, medical, cultural, familial, and environmental
factors.” Sleep problems are an area of concern for many fam-
ilies in early childhood. Approximately 20%-30% of typically
developing children from infancy to preschool age demon-
strate sleep problems.’

Children with congenital heart disease (CHD) face multi-
ple neurodevelopmental (ND) challenges,'”'® including dif-
ficulties in self-regulation, beginning in infancy'’ and
continuing through childhood and adolescence.'®*" Chal-
lenges to self-regulation in infancy and toddlerhood often
are expressed through sleeping disturbances, yet research
characterizing the sleep patterns of children with CHD is
limited and focused primarily on infants younger than the
age of 12 months.”’ Understanding the sleep patterns of
young children with CHD is particularly important, given
their high risk for developmental delay, medical comorbidity,
and context of high family stress and parental anxiety.”* ** Of
note, early dysregulated sleep patterns are linked to chal-
lenges in social-emotional and executive functioning both
in infancy and later years.””*>*’ A comprehensive under-
standing of the patterns of early self-regulatory processes
could identify children at increased risk for later executive
and emotional challenges.

Bayley-lll Bayley Scales of Infant and Toddler Development, Third
Edition

CHD Congenital heart disease

CNP Cardiac Neurodevelopmental Program

ND Neurodevelopmental

The goals of this study were (1) to characterize the sleep
patterns of young children (12-36 months of age) with
CHD as well as parental concerns about their child’s sleep,
and (2) to identify medical, developmental, and family fac-
tors associated with parent-reported sleep patterns and con-
cerns about their child’s sleep. We hypothesized that children
with CHD would be at greater risk for disrupted sleep pat-
terns compared with the normative sample (eg, shorter dura-
tion of sleep at night, increased night-time awakenings) and
that increased medical complexity would be associated with
disrupted sleep patterns.

Methods

This retrospective study compared the sleep patterns of a
cohort of children with CHD with data from a large web-
based normative sample of 5006 parents of children aged
birth to 3 years who completed an online questionnaire about
their child’s sleep.”® The CHD cohort was a convenience
sample of toddlers with CHD who returned for clinical eval-
uation in the Cardiac Neurodevelopmental Program (CNP)
at Boston Children’s Hospital between September 2009 and
October 2018. Inclusion criteria were history of CHD and
heart surgery within the first 12 months of life, completion
of a ND evaluation between 12 and 36 months of age, and
parent/legal guardian informed consent for inclusion of their
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child’s ND and medical data in our institutional CNP
research registry. Children were stratified into 3 age groups
(12-17, 18-23, and 24-36 months) for comparison with the
normative data.

ND evaluation included parent interview, parent question-
naires, and direct child assessment. Demographic and clinical
information collected through an intake form included
parental education, feeding method at time of assessment,
medical history, and current medical status. Medical infor-
mation also was extracted from the child’s electronic medical
record. Parents provided information about their child’s
sleep patterns, including total hours of sleep (day and night),
number of night-time awakenings, and child sleep location
(categorized as alone in own room, in separate bed in par-
ents’ room, in parents’ bed, in room with sibling, or other),
as well as responded to a closed-ended question (yes/no) of
whether they had any concerns regarding their child’s sleep.
Development was assessed using the Bayley Scales of Infant
and Toddler Development, Third Edition (Bayley-III),29
administered by a licensed clinical psychologist. The
Bayley-III Motor composite score was selected as a proxy
for overall development as sleep is particularly important
for motor learning’”’" and acquisition of new motor skills
often disrupts sleep.”””” Motor skills are often an area of
developmental concern for children with CHD.”* For
children who had more than one ND evaluation, data from
all evaluations were included in the analyses.

Two-sample #-tests were used to compare children having
CHD with the normative sample for each age group in terms
of sleep characteristics (hours of daytime, night-time, or total
sleep and number of night-time awakenings). Normative
data for sleep location were combined across age groups us-
ing a weighted average based on sample size, and multino-
mial logistic regression using generalized estimating
equations to account for participants with two evaluations
was used to compare sleep location between children with
CHD and normative data. Linear, ordinal, or multinomial
regression with generalized estimating equations was used
to compare sleep characteristics including sleep location
between patients with vs without parent-reported concerns,
adjusting for age group.

Linear and logistic regression with generalized estimating
equations were used to identify demographic, medical, and
developmental predictors of total hours of sleep, total hours
of night-time sleep, any night-time awakening, and parent-
reported concerns for sleep. Predictors associated with each
of these variables univariably at a level of P < .25 were consid-
ered for stepwise regression, and significant improvement in
the Quasi Information Criterion and P < .05 were required to
remain in the final multivariable models. Candidate predic-
tor variables included primary caregiver education, birth
weight, gestational age, single-ventricle anatomy, number
of operations, number of catheterizations, history of extra-
corporeal membranous oxygenation, history of stroke or
seizure, use of a feeding tube, and presence of motor delay
(defined as standard score <85 on the Bayley-III Motor
domain). All models included adjustment for age group.

Association of select medical and demographic factors with
specific sleep location was assessed via X tests. Analyses
were conducted using R (version 3.6.0; R Foundation for Sta-
tistical Computing) with the significance threshold set at
P <.05.

Results

Of 419 participants seen for an ND evaluation, 97 (23%) were
born preterm (gestational age <37 weeks), 48 (12%) had a ge-
netic diagnosis, and 65 (16%) had single-ventricle anatomy.
Approximately 41% (173 participants) came for their initial
ND evaluation in our CNP clinic at ages 18-23 months and
129 (31%) returned to the clinic for 2 or more visits
(Table I; available at www.jpeds.com). With respect to
sleep patterns across all ages, 17% of parents reported
concern for their child’s sleep and 53% of children were
reported to awaken at least once each night.

When compared with the recommended hours of sleep as
proposed by the National Sleep Foundation® and American
Academy of Sleep Medicine,” 79% of toddlers (12-35 months)
fell within the recommended 11-14 hours of sleep, with 13%
receiving less than 11 hours of sleep. For preschoolers
(36 months of age), 77% fell within the recommended
10-13 hours of sleep, with 14% receiving more than 13 hours
of sleep.

Compared with the normative population, toddlers with
CHD were less likely to sleep in their own room (CHD
54% vs normative sample 69%; Figure 1; available at www.
jpeds.com). Across all ages, children with CHD received an
average of 12.4 hours of sleep (SD = 1.6 hours) with about
10.3 hours during the night (SD = 1.4 hours) and 2.1 hours
during the day (SD = 0.9 hours). Children aged
24-36 months had fewer hours of total sleep compared
with children 12-17 and 18-23 months, which is
developmentally appropriate and consistent with the
normative population (Table II). In addition, toddlers with
CHD aged 18-23 months experienced more frequent night-
time awakenings (CHD 1.1 £ 1.1 vs normative sample
0.8 = 0.9; P = .009) and increased hours of daytime sleep
(CHD 2.3 + 0.8 vs normative sample 2.2 + 0.7; P = .02)
compared with the normative group. Among children with
CHD aged 12-17 months and 24-36 months, all sleep
variables were comparable with those in the normative
data. After we adjusted for child age, parents who were
concerned about their child’s sleep were more likely than
parents without concerns to report fewer hours of total
sleep (d = —1.1, 95% CI —1.5 to —0.6, P < .001), fewer
hours of night-time sleep (d = —0.9, 95% CI —1.3 to —0.6,
P < .001), and increased night-time awakenings (d = 1.4,
95% CI 1.1-1.7, P < .001).

Variations in sleep patterns were identified within the
CHD sample based on demographic, medical, and develop-
mental factors (Table III). The presence of a motor delay
was associated with lower likelihood of night-time
awakenings, and single-ventricle anatomy, greater number
of cardiac operations, and presence of a known genetic
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Table II. Sleep patterns in young children (12-36 months) with CHD compared with a normative sample (N = 548
assessments)

All ages
12-17 months 18-23 months 24-36 months All assessments
Normative Normative Normative
CHD sample CHD sample CHD sample CHD

Variables (n = 146) (n =720) (n=173) (n =716) (n =229) (n = 700) (N = 548)
Hours of daytime sleep, mean + SD 24 +£1.0 25+0.8 2.3 +0.8" 22 +0.7 1.8+0.8 1.9+1.0 21+£0.9
Hours of night-time sleep 104 +14 103+ 14 103+14 103 +£1.3 102 +1.3 10.0 £1.3 103+14
Total hours of daytime or night-time 127 +1.8 128 +£1.6 127 +£15 125+ 1.5 120+ 1.6 11.9+15 124 +1.6

sleep
Number of night-time awakenings 09+1.1 09+1.2 1.1 +£1.1* 08 +09 0.7+1.0 0.8 +£0.9 09+1.1
One or more night-time awakenings, 66 (50%) - 106 (63%) - 100 (46%) - 272 (53%)

No. (%)
Parent current concern for child’s 26 (18%) - 26 (15%) - 39 (18%) - 91 (17%)

sleep

7

*Results significantly different (P < .05) from normative sample (Sadeh et al*®) based on a 2-sample t-test for this age group.

diagnosis were associated with increased likelihood of night-
time awakenings. In addition, greater primary caregiver
education was associated with increased total hours of child
sleep, increased hours of night-time sleep, lower likelihood
of a night-time awakening, and lower likelihood of parental
concerns about sleep.

Variations in sleep location within the CHD sample also
were explored by examining univariable associations with
maternal education, parent-reported concerns for sleep,
and medical factors. Toddlers whose parents had a college ed-
ucation or greater were significantly more likely to sleep in
their own room and less likely to sleep in the same room
with their parent (own room 64%, parent’s room 9%)
compared with toddlers whose parents had less than a college
education (own room 37%, parent’s room 27%; P < .001;
Figure 2; available at www.jpeds.com). In addition, parents
who reported concerns were more likely than parents
without concerns to have their child sleep in bed with them
rather than in their own room (parents with sleep
concerns: own room 35%, parent’s bed 35% vs parents
without sleep concerns: own room 59%, parent’s bed 10%;
P < .001; Figure 3; available at www.jpeds.com). Finally,
toddlers with a genetic diagnosis were significantly less
likely to sleep in their own room than those without a
genetic diagnosis (39% vs 57%; P .004; Figure 4;
available at www.jpeds.com). Sleep location did not vary by
cardiac anatomy (P = .52).

Discussion

Our study found that overall sleep patterns of children with
CHD were largely comparable with those in a normative
sample of children without CHD with some notable excep-
tions. There was a decreased likelihood of toddlers with
CHD sleeping in their own room compared with the norma-
tive sample, and more frequent night-time awakenings and
increased length of daytime sleep were reported in children
aged 18-23 months with CHD compared with the normative
group. In addition, disrupted sleep patterns in the children

with CHD were associated with lower maternal education
and increased medical complexity.

In terms of sleep location, children with CHD, irrespective
of severity of cardiac diagnosis, were twice as likely to sleep in
their parents’ room compared with the normative popula-
tion. Although decisions about child sleeping location,
particularly around co-sleeping, in the normative population
may be based on family, cultural, and socioeconomic fac-
tors,”” in our sample, the child’s medical status and parental
concern for a child’s well-being in the context of a complex
medical history may be important contributors. Literature
has shown that parents of children with CHD experience
increased stress and concern for their child’s health
compared with the normative population.”® Parents of chil-
dren with medical risk and perceived fragility may keep their
children in their bedroom in order to monitor the child’s
medical status. Of note, the American Academy of Pediatrics
recommends room-sharing for the first 12 months in order
to reduce the risk of sudden infant death syndrome.’”
Although the children in this study were all older than
12 months, they often continued to sleep in their parent’s
room. Having a child sleep in the parents’ room past
12 months may affect the child’s ability to establish their
own sleep patterns and self-regulation and should be further
studied.

The biggest discrepancy in sleep patterns between children
with CHD compared with the normative sample occurred in
18- to 23-month-old children who woke up more frequently
during the night and slept more during the day. The cause for
disrupted sleep patterns in children with CHD aged 18-
23 months is unclear. Potential reasons include unmasking
of reduced endurance with greater mobility and longer nap-
ping in daytime. It is also possible that parental anxiety
around physical wellbeing of the child is greater because of
upcoming interventions, such as the Fontan procedure for
children with single ventricle anatomy.”®”” This may lead
to an increased tendency of parents to check-in on their
sleeping child immediately if restless, resulting in more inter-
rupted sleep. Supporting this hypothesis, we also noted
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Table III. Associations between demographic, medical, and developmental factors and sleep characteristics (N = 548
assessments)
Outcomes Predictor Beta (95% Cl) OR (95% ClI) P value
Total hours of sleep Age 12-17 mo Reference -
Age 18-23 mo —0.06 (—0.45 t0 0.32) .75
Age 24-36 mo —0.72 (—1.08 to —0.35) <.001
Primary caregiver education: college or greater 0.92 (0.55-1.28) <.001
Number of night-time hours of sleep Age 12-17 mo Reference —
Age 18-23 mo —0.15 (—0.46 to 0.16) .34
Age 24-36 mo —0.30 (—0.58 to —0.03) .03
Primary caregiver education: college or greater 0.77 (0.49-1.05) <.001
Any night-time awakening Age 12-17 mo Reference —
Age 18-23 mo 1.72 (1.06-2.81) .03
Age 24-3 mo 0.78 (0.49-1.24) .30
Primary caregiver education: college or greater 0.59 (0.39-0.89) .01
Single-ventricle anatomy 2.00 (1.03-3.91) .04
Genetic diagnosis 2.09 (1.10-3.98) .03
More than 1 cardiac operation 1.83 (1.10-3.04) .02
Motor delay 0.58 (0.37-0.91) .02
Parent report of sleep concerns Age 12-17 mo Reference —
Age 18-23 mo 0.83 (0.45-1.51) 54
Age 24-36 mo 0.92 (0.53-1.60) .76
Primary caregiver education: college or greater 0.52 (0.32-0.84) .007
L More than 1 cardiac operation 2.20 (1.34-3.60) .002
W

increased night-time awakenings in toddlers with more se-
vere CHD including those with single-ventricle anatomy
and greater number of cardiac operations.

Although the toddlers in our sample had sleep patterns
comparable with the normative sample, between 9% and
13% of our cohort were getting less than the recommended
hours of sleep®’ compared with 34% of similarly aged chil-
dren in a recent study.” In addition, fewer parents of chil-
dren with CHD reported concern about for their child’s
sleep (17%) compared with parents in the general group
(20%-30%) " or parents of children born preterm (25%)."'
This finding is contrary to the widely held belief among med-
ical and developmental professionals that children with CHD
have a greater prevalence of sleep challenges. It is possible
that ongoing concerns around the child’s medical condition
lead parents of children with CHD to consider mild varia-
tions in sleep patterns as an expected area of behavior that
does not raise concern. In addition, lower prevalence of
parental sleep concern may be related to the greater preva-
lence of children with CHD sleeping in their parent’s
room. It is possible that parental presence in the room might
mitigate any potential sleep difficulties that may be more
apparent if the child were sleeping independently in a sepa-
rate room.

Variations in sleep patterns within our CHD sample also
were noted and associated with child, family, and environ-
mental factors. Factors that reflect medical complexity of
the child such as single-ventricle anatomy, number of cardiac
operations, and presence of a genetic condition were associ-
ated with increased likelihood of night-time awakenings and
reduced night-time sleep. Past research on children with
chronic illness*” and genetic conditions such as 22q11*>**
also noted a connection with sleep-related problems. In addi-
tion, motor delay is well documented in children with

CHD.”* It is possible that children with motor delays have
reduced endurance and stamina and are less likely to have
nightly awakenings.

Maternal education was consistently associated with sleep
patterns. Children of parents who had a college degree had
longer durations of uninterrupted sleep and were more likely
to sleep in their own room compared with those who did not
have a college degree. As one potential indicator of socioeco-
nomic status, lower maternal education may be related to
decreased sleep quality through a range of mechanisms,
including reduced financial means leading to an unconducive
physical sleep environment with the lack of separate bedrooms
and noise levels*” or reduced awareness and knowledge*® on
implementing consistent sleep routines and schedules to pro-
mote better sleep.ﬁ‘7 Indeed, the American Academy of Pediat-
rics has recommended parental education about sleep health as
akey factor in improving sleep,***’ and making it a priority for
discussion during visits to pediatric primary care. Sleep is crit-
ical for the developing brain’s executive networks. Facilitating
the development of healthy sleep habits promotes emergence
of appropriate self-regulatory skills.”

The current study has limitations. Because the cohort con-
sisted of a convenience sample of children with CHD who re-
turned for follow-up ND evaluation at a single cardiac center,
there may be bias in those who return for ND follow-up and
they may not be representative of all children with CHD,
leading to an under- or overestimation of sleep disturbances
that may limit the generalizability to all children with CHD.
Data about night-time use of oxygen support or sleep-
disordered breathing were not gathered, although these
factors may impact sleep patterns and location. Future inves-
tigations should consider these factors to better account for
the interaction between sleep and a child’s medical
complexity.



The interplay among family, socioeconomic and cultural
factors, parental stress, and sleep patterns within the CHD
population should be further examined using larger and
more diverse cohorts representing data from multiple cardiac
centers. Longitudinal follow-up may provide insight into
how sleep patterns in children with CHD change over time.
In addition, the relationship of sleep to other markers of
self-regulation, such as executive functioning and behavioral
functioning, should be examined in future studies. Standard-
ized sleep questionnaires such as Brief Infant Sleep Question-
naires’ should be used to better capture parent report of their
child’s sleep. In addition, although parent-reported concerns
are extremely important in understanding clinical implica-
tions for the family, given their child’s medical complexity,
it is possible that parents under- or over-reported sleep
disruption in their children. Thus, objective measures such
as a video-recorded observation or actigraphy along with
sleep diaries could be used to assess the correlation between
parent-report and objective measures of sleep hygiene.
Screening high-risk groups for sleep concerns during ND
follow-up and providing families with sleep education is
crucial to provide support to optimize sleep. B
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Table I. Demographic, medical, and developmental
characteristics of toddlers with CHD (N = 419 toddlers)

N\

Characteristics

No. (%) or
mean = SD

Demographic characteristics
Male
White
Hispanic

12-17 mo
18-23 mo
24-36 mo

1
2

Medical background
Birth weight, kg
Gestational age, wk
Gestational age <37 wk
Single-ventricle anatomy
Prenatal diagnosis
Genetic diagnosis
Noncardiac congenital anomaly

Number of cardiac operations
1
2
3 or more

More than 1 cardiac operation

ECMO
Stroke or seizure
Use of a feeding tube

More than 1 cardiac catheterization

Age at first neurodevelopmental assessment

Number of neurodevelopmental assessments

Primary caregiver education: college or greater

Events before first neurodevelopmental assessment

Motor delay at first neurodevelopmental assessment

242 (58%)
354 (85%)
41 (10%)

146 (35%)
173 (41%)
100 (24%)

290 (69%)
129 (31%)
260 (64%)

31+07
38.3 + 2.3
97 (23%)
62 (15%)
221 (53%)
48 (12%)
77 (19%)

115 (28%)
J

ECMO, extracorporeal membrane oxygenation.

All variables <5% missing. Domain delays defined as standard score <85.



100%

CHD
Normative Data

75%
69%

54%

50%

25%

16% 15% 15%
8%

15%

8%

o,
0% Parents' Bed Other

Own Room Parents' Room

Figure 1. Child sleep location of young children (12-

36 months) with CHD compared with a normative sample.
Own Room indicates alone in own room; Parents’ Room in-
dicates in separate bed in parents’ room; and Other indicates
in room with siblings or other locations.
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Figure 3. Distribution of child sleep location of young children
(12-36 months) with CHD based on parent-reported sleep
concerns. Own Room indicates alone in own room; Parents’
Room indicates in separate bed in parents’ room; and Other
indicates in room with siblings or other locations.
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Figure 2. Distribution of child sleep location of young children
(12-36 months) with CHD based on level of maternal educa-
tion. Own Room indicates alone in own room; Parents’ Room
indicates in separate bed in parents’ room; and Other indi-
cates in room with siblings or other locations.

Figure 4. Distribution of child sleep location of young children
(12-36 months) with CHD and presence of genetic diagnosis.
Own Room indicates alone in own room; Parents’ Room in-
dicates in separate bed in parents’ room; and Other indicates
in room with siblings or other locations.
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