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Background: Adequate sleep is important for proper neurodevelopment and positive health outcomes.
Sleep disturbances are more prevalent in children with genetically determined neurodevelopmental
syndromes compared with typically developing counterparts. We characterize sleep behavior in Rett
(RTT), Angelman (AS), and Prader-Willi (PWS) syndromes to identify effective approaches for treating
sleep problems in these populations. We compared sleep-related symptoms across individuals with
these different syndromes with each other, and with typically developing controls.
Methods: Children were recruited from the Rare Diseases Clinical Research Network consortium regis-
tries; unaffected siblings were enrolled as related controls. For each participant, a parent completed
multiple sleep questionnaires including Pediatric Sleep Questionnaire (Sleep-Disordered Breathing),
Children's Sleep Habits Questionnaire (CSHQ), and Pediatric Daytime Sleepiness Scale.
Results: Sleep data were analyzed from 714 participants, aged two to 18 years. Young children with AS
had more reported sleep problems than children with RTT or PWS. Older children with RTT had more
reported daytime sleepiness than those with AS or PWS. Finally, all individuals with RTT had more ev-
idence of sleep-disordered breathing when compared with individuals with PWS. Notably, typically
developing siblings were also reported to have sleep problems, except for sleep-related breathing dis-
turbances, which were associated with each of the genetic syndromes.
Conclusions: Individuals with RTT, AS, and PWS frequently experience sleep problems, including sleep-
disordered breathing. Screening for sleep problems in individuals with these and other neurogenetic
disorders should be included in clinical assessment and managements. These data may also be useful in
developing treatment strategies and in clinical trials.

© 2021 Elsevier Inc. All rights reserved.
Introduction

Quality and quantity of sleep is important for optimal human
health, as evidence indicates that sleep influences many physio-
logical and behavioral functions.1 Critical roles for sleep in learning,
memory, neurogenesis, and neural plasticity have been described,
emphasizing the importance of sleep to brain development and
function 2-6; this suggests that healthy sleep in children is essential
for appropriate neurodevelopment and ultimate neurological
function. The range of sleep disorders in children is broad, although
the details of how different sleep problems impact typical devel-
opment and chronic illness remain unclear. Sleep disturbances
have severe adverse effects on the quality of life of children and
their families.7 In the general pediatric population, sleep problems
affect approximately 25% of all children.2 In neurodevelopmental
disorders, 50% to 95% of individuals may experience sleep problems
that constitute a risk for exacerbation of daytime problematic be-
haviors and poor cognitive and academic performance.4,7-9 Of the
more than 1200 individuals with genetically determined neuro-
developmental syndromes enrolled in the National Institutes of
Health-funded Rare Diseases Clinical Research Network (RDCRN)
Rett, Angelman and Prader-Willi syndromes consortiums, most
have sleep problems. These problems include difficulty initiating
and maintaining sleep, sleep-disordered breathing, and daytime
sleepiness.10 However, little information is available regarding
whether a specific sleep profile is observed in distinct genetic
syndromes and whether these sleep problems are persistent and
chronic. The natural history studies of Rett (RTT), Angelman (AS),
and Prader-Willi syndromes (PWS) conducted as part of the RDCRN
provide the opportunity to examine sleep profiles in a large cohort
of rigorously molecularly diagnosed and comprehensively clinically
characterized individuals over time.

RTT is a neurodevelopmental disorder that primarily affects fe-
males with an incidence of 1 in 10,000 to 1 in 15,000.11-15 RTT is
characterized byan initial period of apparently typical development
followed by a period of regression with loss of spoken communi-
cation and purposeful hand use, onset of stereotypical hand
31
movements, and impairment or absence of ambulation.16 Following
the regression phase, a period of stabilization without further
cognitive decline is noted, although motor problems may worsen
and other manifestations may arise. The manifestations include
epilepsy, growth failure, gastrointestinal issues (e.g., constipation
and gastrointestinal esophageal reflux), scoliosis, and autonomic
dysfunction. Although life expectancy is shorter than in the general
population, recent data demonstrate survival to the sixth decade in
most individuals with RTT.17 Themajority of cases of RTTare caused
by pathogenic variants leading to loss of function in the X-linked
genemethyl-CpG-binding protein 2 (MECP2).11-13,16,18 Notably, sleep
problems are frequently reported in individuals with RTT of all ages
and are one of the supportive criteria for clinical diagnosis.16,19,20

AS is a neurogenetic disorder affecting both females and males,
with a prevalence of 1 in 22,000 to 1 in 52,000.21-24 The cause of AS
is the absence of functional UBE3A protein in neurons related to a
deletion of the maternal chromosome 15q11-q13, which includes
the imprinted maternally expressed ubiquitin protein ligand E3A
(UBE3A) gene. The phenotype, present from birth, is characterized
by severe developmental impairment, absent or minimal spoken
language, gait abnormalities, happy and excitable personality, ep-
ilepsy, and abnormal movements. Children with AS frequently
experience insomnia-related symptoms and appear to sleep less
than age-matched typically developing children. Sleep problems
are reported to improve with age25,26; however, it remains unclear
if this finding is consistent among all AS patient populations.

PWS is a neurodevelopmental disorder affecting bothmales and
females, with an incidence between 1 in 10,000 and 1 in 30,000.27-
29 The molecular cause is loss of the paternally imprinted region on
chromosome 15q11-q13. The majority of cases occur as a result of a
15q11-q13 deletion involving the paternal chromosome 15, fol-
lowed by maternal disomy of chromosome 15 and imprinting
center defects.26,30 The phenotype in infancy is characterized by
hypotonia, feeding difficulties, poor weight gain, distinctive facial
features, and developmental delay. In childhood patients develop
hyperphagia, which in combination with low metabolic rate, often
results in early-onset morbid obesity.31 Sleep problems occur in
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most individuals with PWS and are characterized by obstructive or
central sleep apnea (with some individuals experiencing both), and
hypersomnia may occur in the absence of sleep-disordered
breathing; some patients also have findings consistent with nar-
colepsy.32-34

We leveraged parent reports of sleep behaviors in individuals
who participated in the RDCRN natural history studies to better
characterize sleep problems in one of the largest cohorts of in-
dividuals with RTT (NCT02738281), AS (NCT00296764), and PWS
(NCT03718416) to date. The goals were to identify sleep patterns
that were common among children and adolescents with these
syndromes and determine distinctions among these three syn-
dromes. Given that each of these syndromes have well-described
unique genetic causes, it is possible that these data may inform
future work aimed at understanding genetic contributions to sleep
problems in these patients. In addition, we compared data from
syndromic children and their siblings, to explore the effects of the
affected childrens' sleep problems on their typical siblings.

Materials and Methods

Study design

Individuals were recruited from the RDCRN natural history
studies for AS, RTT, PWS. These studies collect clinical and genetic
diagnosis, medical history, and contact information. The RDCRN
consortium sites recruited subjects, obtained informed consent, and
administered sleep questionnaires. Institutional review board
approval was obtained at each site and included University of Ala-
bama at Birmingham (RTT), Baylor College of Medicine (RTT, AS),
Boston Children's Hospital (RTT, AS), Greenwood Genetic Center
(RTT, AS), Rady Children's Hospital San Diego (AS), Vanderbilt Uni-
versity (AS, PWS), University of California, Irvine (PWS), University
of Florida (PWS), and University of Kansas Medical Center (PWS).

All individuals enrolled in the sleep project were required to
be 19 years old or younger at the time of enrollment and live in a
private home with a parent or guardian familiar with the child's
specific sleep pattern, and the parent or guardian was required to
be fluent in English (study questionnaires were only available in
English). Individuals were excluded if they lived in a group home
where the parent/guardian was not the primary caregiver. Affected
children were defined as individuals with a diagnosis of RTT, AS, or
PWS. Unaffected children were those who had a sibling with either
RTT, AS, or PWS enrolled in the study, who did not themselves have
a diagnosis of any neurological disorder. For each participant, a
parent or caregiver who was familiar with the sleep habits
completed each of the study questionnaires. Questionnaires were
checked for completeness; parents or caregivers were requested to
complete unfinished items. Multiple questionnaires were used to
ensure a comprehensive assessment of sleep-related traits.

We considered including data from individuals of all ages
enrolled via the RDCRN, but because we incorporated comparisons
of data from a typically developing sibling sample, we limited our
analyses to data from participants within age ranges in which
questionnaires have been validated. We analyzed data from the
following questionnaires:

(1) The Children's Sleep Habits Questionnaire (CSHQ) is a
retrospective, 45-item parent questionnaire that has been
used and validated in a number of studies to examine sleep
behavior in young children, from age two to 10 years.35,36 To
calculate the total score, answers to 33 items are summed
with higher scores indicating more problematic sleep be-
haviors. Scores can range from 33 to 99 with scores of 41 or
more suggested to indicate the significant occurrence of all
32
types of sleep problems.35 We analyzed total scores from the
CSHQ for children aged between two and 10 years.

(2) The Pediatric Daytime Sleepiness Scale (PDSS) includes eight
questions to assess daytime sleepiness and is similar to the
Epworth Sleepiness Scale for adults.37 The range of possible
scores is 0 to 32; no cutoff score has been established for the
PDSS. The PDSS has been validated for sleep assessment in
individuals aged between five and 17 years.37-39We analyzed
total scores for daytime sleepiness for participants between
these ages.

(3) The Sleep-Related Breathing Disorder (SRBD) scale consists of
22closed responsequestion items, extracted fromthePediatric
Sleep Questionnaire (PSQ), which was developed for clinical
research purposes, and validated against polysomnography.40

Final scores for the SRBD scale are based on the mean
response to all relevant questions where “yes” ¼ 1 and
“no”¼0,with a scoreof 0.33orgreaterbeingevidence of SRBD.
ThePSQ isvalidated forages twoto18years;weanalyzedSRBD
scores for all participants within this age range.

Although score ranges differ, it is notable that for all instruments
higher total scores indicate more reported sleep problems/
increased severity.

Statistical analysis

Age was determined by calculating the difference between the
birthdate and date of the visit where the parent completed ques-
tionnaires. For a subset of individuals (n ¼ 48), the birthdate was
missing or the calculated age at the visit was improbable (i.e.,
negative or less than one year). Missing or improbable ages were
replaced with the reported age at registration when available;
when age could not be determined, individuals were excluded. In
addition, to comply with the validity of the questionnaires, in-
dividuals who were younger than two years or older than 18 years
were excluded. To assess normality assumptions, histograms for
ages and sleep questionnaires were plotted and Shapiro-Wilk tests
conducted. Kruskal-Wallis tests were used to compare age and
proportion tests were used to compare gender and reported
ethnicity across all participants. For subjects with any of the syn-
dromes, Kruskal-Wallis tests were used to compare total scores
from the sleep questionnaires. Significant results were evaluated
using posthoc Dunn tests, and P values were adjusted with the
Benjamini-Hochberg method. The proportion of individuals with
significant evidence of sleep problems (CSHQ score of 41 or more)
or sleep-disordered breathing (SRBD score of 0.33 or more) across
genetic syndromes was also compared. As no PDSS cutoff is
currently established, we could not calculate these proportions for
this measure. Conditional logistic regression was used, while ac-
counting for relatedness, to first determine if age was associated
with any scores and then to compare parent reports of sleep
problems between the individual with the genetic syndrome to
their sibling control(s). Additional models adjusting for age at visit
were evaluated given that age was associated with the measure.
Mean and standard deviation are reported. All reported P values are
two-sided with a P value<0.05 considered statistically significant.
All analyses were performed using R v 3.5.1 (The R Foundation for
Statistical Computing, Vienna, Austria).

Results

Study population

The overall enrollment was 792 individuals. Of the total
enrollment, data from 714 participants with ages between two and



TABLE 1.
Study Participants With at Least One Sleep Questionnaire Completion

Diagnosis Age in Years
Mean ± S.D. (Range)

Ethnicity
% White

TOTAL N (% Female)

RTT 9 ± 4 (2-17) 83 246 (99)
Sibling controls (RTT) 10 ± 4 (2-18) 86 224 (59)
AS 8 ± 4 (2-18) 90 80 (53)
Sibling controls (AS) 8 ± 4 (2-18) 90 29 (41)
PWS 9 ± 4 (2-18) 88 95 (57)
Sibling controls (PWS) 8 ± 4 (2-18) 95 40 (48)
P value* 0.01 0.31 <0.0001
Total 9 ± 4 (2-18) 87 744 (71)

Abbreviations:
AS ¼ Angelman syndrome
PWS ¼ Prader-Willi syndrome
RTT ¼ Rett syndrome

* P values for tests of differences comparing age, ethnicity, and gender among
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18 years whose parents had completed at least one sleep ques-
tionnaire were analyzed. The largest cohorts were the sibling
controls (N ¼ 293), followed by individuals diagnosed with RTT
(N ¼ 246), then PWS (N ¼ 95), or AS (N ¼ 80). The analysis dataset
was predominantly white (87%), reflecting the ethnicity of the
RDCRN participants in general. Gender was majority female (70%)
and the proportion was different across groups, reflecting the large
number from the RTT cohort that was almost exclusively female
(~99%) as the MECP2 gene is X-linked; gender was not different
between patients with AS or PWS (P ¼ 0.66). Age was significantly
different from a normal distribution (Fig 1; W ¼ 0.97, P value <
0.0001). The mean age ranged from 7.77 to 9.76 years with signif-
icant differences when comparing all diagnostic groups, including
unaffected siblings (Table 1); however, no age differences were
observed among the three genetic syndromes (P ¼ 0.56).
diagnostic groups.
Comparison of sleep disturbances among different genetic
syndromes

Results from comparisons of parent-reported sleep for in-
dividuals with each evaluated genetic syndrome are provided in
Tables 2 and 3. Score distributions for all questionnaires were not
normal (P value<0.0001). On average, children were reported to
have significant sleep problems based on CSHQ score cutoffs (41 or
more). Specifically, children with AS had higher total CSHQ scores
when compared with children with RTT or PWS and children with
RTT had higher scores than those with PWS. Older children and
adolescents with RTT were reported to have more issues with
daytime sleepiness on the PDSS when compared with both those
with AS and PWS. No differences were observed when comparing
PDSS between individuals with AS and PWS. Finally, individuals
across all ages with RTT and AS showed no differences in parent-
reported symptoms of sleep-disordered breathing on the PSQ;
however, individuals with RTT had higher scores when compared
with individuals with PWS.

Furthermore, when focusing specifically on the proportion of
childrenwith CSHQ or SRBD scores meeting accepted cutoffs, more
FIGURE 1. Age distribution for individuals with sleep data included in analyses. Shown are
affected siblings (light gray), at the time of parent sleep questionnaire completion.
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individuals with AS had CSHQ scores greater than or equal to 41
(c2 ¼ 13.23, P ¼ 0.001), whereas more individuals with RTT were
reported to have strong evidence for sleep-disordered breathing
(c2 ¼ 69.59, P ¼ 7.72 � 10�16, Fig 2).
Comparison of sleep disturbances between genetic syndromes and
sibling controls

Increases in parent reported sleep-related breathing distur-
bances on the PSQwere associated with having a diagnosis for each
of the genetic syndromes evaluated when compared with siblings
(Table 4). There was no evidence for associations between total
scores on the CSHQ or daytime sleepiness reported on the PDSS and
having a genetic syndrome. Notably, scores on the PDSS were
associated with age in the families with RTT (P ¼ 0.03). When age
was included in the regression model, the association between
increased scores on the PDSS and a diagnosis of RTT was nearly
significant (P ¼ 0.05; Table 4).
ages in years of children affected with a genetic syndrome (dark gray) and their un-



TABLE 2.
Differences in Sleep Problems Among Genetic Syndromes

Sleep Measure Rett Angelman Prader-Willi H-Statistic
(df)

P Value

CSHQ (valid 2-10 years)
Final score (score range [33-99]; total N) 50.0 ± 11.0 (36-88; N ¼ 161) 53.0 ± 10.1 (38-75; N ¼ 54) 44.2 ± 6.6 (35-65; N ¼ 59) 24.7 (2) <0.0001

PDSS (valid 5-17 years)
Total score (score range [0-32]; Total N) 12.1 ± 5.1 (0-26; N ¼ 168) 9.9 ± 4.3 (0-19; N ¼ 58) 9.7 ± 4.5 (1-19; N ¼ 64) 13.9 (2) 0.001

Pediatric Sleep Questionnaire (valid 2-18 years)
Sleep-disordered breathing (score range [0-1]; Total
N)

0.4 ± 0.2 (0.0-0.9; N ¼ 246) 0.4 ± 0.1 (0.1-0.7; N ¼ 80) 0.3 ± 0.2 (0.0-0.7; N ¼ 94) 8.0 (2) 0.019

Abbreviations:
CSHQ ¼ Children's Sleep Habits Questionnaire
df ¼ Degrees of freedom
PDSS ¼ Pediatric Daytime Sleepiness Scale
Reported are results of Kruskal-Wallis test for differences in parent-reported sleep problems among the three genetic syndromes. For each questionnaire, the valid age and
possible score ranges are noted. Means ± S.D.s are provided, along with the range of scores observed and total number of patients (N) whose data were analyzed. Dunn test P
values are Benjamini-Hochberg adjusted. H-statistics reflects tests of whether medians are equal; z-statistics reflects pairwise multiple comparisons based on rank sums.
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Conclusions

This study focused on characterizing patterns of sleep abnor-
malities in children and adolescents with RTT, AS, and PWS,
including a comparison with their typically developing siblings.
Participants were recruited from the RDCRN and were compre-
hensively characterized in terms of molecular diagnosis and clinical
characteristics. By leveraging the resources of the RDCRN, we were
able to analyze sleep data from one of the largest cohorts of in-
dividuals affected with these rare neurodevelopmental syndromes
recruited to date. Our results suggest that sleep problems occur
frequently in these syndromes; they also recapitulated evidence
from previous studies conducted in smaller datasets but including
objective sleep measurements.

Problems with sleep-disordered breathing were considered by
parents to be more severe and problematic in individuals with
these syndromes than in their typically developing siblings.
Notably, individuals with RTT were reported to have more evidence
of sleep-disordered breathing when compared with individuals
with PWS. It is possible that this reflects central sleep apnea in RTT,
whereas obstructive sleep apnea is likely more prevalent in PWS
TABLE 3.
Direct Comparisons of Sleep Problems Between Genetic Syndromes

Sleep Measure Genetic Syndromes Comparison z-Statistic P Valueadjusted

CSHQ Total RTT vs AS �2.3 0.02
RTT vs PWS 3.7 0.0004
AS vs PWS 4.9 <0.0001

PDSS Total RTT vs AS 2.9 0.01
RTT vs PWS 3.3 0.003
AS vs PWS 0.5 0.63

SRBD Score RTT vs AS 0.3 0.78
RTT vs PWS 2.8 0.02
AS vs PWS 2.0 0.07

Abbreviations:
AS ¼ Angelman syndrome
CSHQ ¼ Children's Sleep Habits Questionnaire
df ¼ Degrees of freedom
PDSS ¼ Pediatric Daytime Sleepiness Scale
PWS ¼ Prader-Willi syndrome
RTT ¼ Rett syndrome
SRBD ¼ Sleep-Related Breathing Disorder
Reported are results of Dunn test for differences in parent-reported sleep problems
among the three genetic syndromes. For each questionnaire, the valid age and
possible score ranges are noted. Means ± S.D.s are provided, along with the range of
scores observed and total number of patients (N) whose data were analyzed. Dunn
test P values are Benjamini-Hochberg adjusted. H-statistics reflects tests of whether
medians are equal; z-statistics reflects pairwise multiple comparisons based on rank
sums.
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given the relationship between PWS and obesity 29,31 and the fact
that obesity is a strong risk factor for obstructive sleep apnea.41 In
general, previous studies characterizing sleep patterns in RTT,
which have utilized objective measures, such as overnight poly-
somnography and wrist actigraphy, observed difficulties initiating
and maintaining nocturnal sleep and early morning awakenings
and not reported sleep-disordered breathing.42-44 It is important to
note that these studies were based on small sample sizes, between
nine and 20 participants with RTT, which could limit the scope of
sleep disturbances observed and may not reflect those present in
the majority of patients with RTT. Furthermore, respiratory dis-
turbances are well documented in RTT, although many of these
disturbances (e.g., alternating bouts of breath-holding and irregular
hyperventilation) are thought to be more pronounced during
wakefulness, supporting a central cause.45 Evidence also indicates
that although breathing may be more irregular during the day,
children with RTT demonstrate nocturnal breathing abnormal-
ities.46 There are discrepancies when comparing evidence of sleep
disturbances obtained from parent report to objective measures,
whereas sleep questionnaires are beneficial for efficiently screening
large datasets of patients with rare genetic conditionsdlike the one
described in this studydfor sleep problems. Furthermore, parent-
reported sleep holds promise for validly measuring improvement
in sleep problems.47,48 Ultimately, more objectivemeasures of sleep
will need to be collected in larger datasets to fully determine if the
results obtained from parent report in this study are accurately
capturing differences in the severity of sleep-disordered breathing
in certain genetic syndromes when compared with others. Under-
standing sleep-disordered breathing in rare genetic syndromes is
an important area for future work.

Our results indicate additional differences in the occurrence and
severity of sleep problems among these genetic syndromes. For
example, young children with AS have significantly more severe
overall sleep problems compared with young children with RTT or
PWS based on the total scores from the CSHQ. This finding is in
agreement with those of previous studies suggesting that sleep
problems in individuals with AS are most severe in early child-
hood.49 Furthermore, the proportion of individuals with CSHQ
scores that met criteria for significant evidence of sleep problems
was at, or above, the upper range of that previously reported for
different neurodevelopmental disorders. For instance, previous
estimates indicate prevalence rates as high as 86% for individuals
with intellectual disabilities and autism spectrum disorder.48,50 The
present study observed that parent reports on the CSHQ showed
significant evidence of sleep problems in 96% of children with AS,
86% of children with RTT, and 70% of children with PWS. It is
notable that we did not analyze subscale item scores reflecting the



FIGURE 2. Participants with significant sleep problems stratified by genetic syndrome. Shown by genetic syndrome is the proportion of children whose scores reached evidence of
significant problems on the Children's Sleep Habit Questionnaire (CSHQ) or the Sleep-Related Breathing Disorder (SRBD) scale, compared with those whose scores did not meet
these cutoffs. Score cutoffs were based on accepted standards of CSHQ score of 41 or more or SRBD score of 0.33 or more. The color version of this figure is available in the online
edition.
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types of sleep problems in the CSHQ. By focusing on total scores
across the CSHQ, results could be more directly compared across all
the evaluated instruments (i.e., CSHQ, PDSS, and SRBD). This com-
parison allowed quantification of the overall severity of reported
sleep problems on different questionnaires that collectively capture
a broad range of ages. Using CSHQ subscale scores to better define
the specific types of problems that are unique to younger children
with each syndrome is an area of interest to future studies. Middle-
school aged children and adolescents with RTT were reported to
have more issues with daytime sleepiness on the PDSS compared
with similarly aged individuals with AS or PWS. It is possible that
this indicates that issues with daytime sleepiness are influenced by
female gender because RTT primarily affects females.51 It is also
possible that sleep-disordered breathing in patients with RTT in-
fluences expression of daytime sleepiness. However, of all the sleep
traits evaluated, only the association between age and daytime
sleepiness was significant and sleep-disordered breathing was not
TABLE 4.
Severity of Sleep Problems in Genetic Syndromes Compared With Sibling Controls

Genetic Syndrome Sleep Questionnaire (N ¼ Subjects; N ¼ Siblings) A

Families with Rett CSHQ (N ¼ 161; N ¼ 116) 5
PDSS (N ¼ 195; N ¼ 187) 1

SRDB (N ¼ 246; N ¼ 224) 0
Families with Angelman CSHQ (N ¼ 54; N ¼ 22) 5

PDSS (N ¼ 61; N ¼ 17) 9
SRDB (N ¼ 80; N ¼ 29) 0

Families with Prader-Willi CSHQ (N ¼ 59; N ¼ 26) 4
PDSS (N ¼ 81; N ¼ 29) 9
SRDB (N ¼ 95; N ¼ 40) 0

Abbreviations:
CSHQ ¼ Children's Sleep Habits Questionnaire
PDSS ¼ Pediatric Daytime Sleepiness Scale
SRDB ¼ Sleep-Related Breathing Disorder
SE ¼ Standard error
Reported are results of conditional logistic regression, while accounting for relatedness,
reported sleep problems when compared with siblings. Provided are means±S.D.s for
dividuals (N, N) whose data were analyzed.

* Results obtained while adjusting for age at visit.
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associated with age, suggesting that these two sleep-related issues
may be distinct. It is also notable that the association between
daytime sleepiness and age was unique to families with RTT. A
previous study based on parent observations found that the
amount of total 24-hour sleep did not correlate with age, whereas
the amount of daytime sleep positively correlated with age and the
amount of nighttime sleep negatively correlated with age.43 In
contrast, a study based on 24-hour wrist actigraphy found no cor-
relation between the amount of sleep and age.44 Our study provides
additional support for an association between daytime sleep and
age in RTT. Furthermore, the association between daytime sleepi-
ness and a diagnosis of RTT (compared with their siblings) was near
significance (P ¼ 0.05) when adjusting for age. These findings add
to, and substantiate, a previous report that observed that in-
dividuals with RTT appear to sleep more during the day and to have
a greater total sleep time in a 24-hour period compared with
typically developing individuals.52
ffected Subject Matched Sibling Control b (SE) P Value

0.0 ± 11.0 [36-88] 46.4 ± 11.2 [33-85] �0.009 (0.02) 0.73
2.2 ± 5.1 [0-26] 9.5 ± 5.9 [0-27] 0.04 (0.04) 0.37

0.08 (0.05)* 0.05*

.4 ± 0.2 [0-0.9] 0.2 ± 0.2 [0-0.8] 11.37 (2.48) <0.0001
3.0 ± 10.1 [38-75] 46.4 ± 8.3 [33-65] 0.09 (0.09) 0.31
.8 ± 4.4 [0-19] 10.6 ± 6.8 [1-23] 0.04 (0.14) 0.78
.4 ± 0.1 [0.1-0.7] 0.1 ± 0.1 [0.0-0.6] 9.75 (4.84) 0.04
4.2 ± 6.6 [35-65] 47.9 ± 13.7 [34-89] �0.07 (0.05) 0.12
.7 ± 4.5 [1-19] 9.1 ± 4.0 [2-18] �0.08 (0.14) 0.55
.3 ± 0.1 [0-0.7] 0.1 ± 0.2 [0-0.6] 6.99 (2.26) 0.002

evaluating if having a diagnosed syndrome was associated with increased parent-
each group, along with the range of scores observed and the total number of in-
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Sleep problems were prevalent in siblings of children with RTT,
AS, and PWS; this suggests that typically developing children
living in households with children having these three develop-
mental disorders may also experience more sleep problems than
other children. Evidence from the CSHQ indicated that 81% of
children aged between two and 10 years who were diagnosed
with RTT, AS, or PWS had a total score of 41 or more, which is
considered significant evidence of sleep problems. The prevalence
of total CSHQ scores of 41 or more in sibling controls was 67%. The
prevalence of total sleep problems for both children with syn-
dromes and their siblings was substantially greater than the
currently reported prevalence of 20% to 40% for typically devel-
oping children 53,54; this finding indicates that sleep behaviors in
children with neurodevelopmental syndromes substantially in-
fluence those of their siblings, and perhaps also other household
members, which may negatively impact the quality of life of both
affected children and their families. It is notable that this study did
not collect sleep-related questionnaire data from parents of chil-
dren who were typically developing and unrelated; this could
potentially introduce bias when interpreting these results because
it is possible that parents may compare their typically developing
child's sleep with that of their child with a genetic syndrome. It
would be useful to collect similar data from unrelated controls in
the future to ensure that there are no biases in reporting between
parents who have at least one child with a genetic syndrome
versus parents who are assessing sleep problems based solely on
typically developing children. Nevertheless, these findings
emphasize the importance of screening for sleep problems in the
siblings of individuals with rare neurogenetic disorders as well as
the individuals themselves.

Limitations of this study include lack of objective data (e.g.,
polysomnography, actigraphy) collected in this dataset. This
limits the ability to determine the correlation of the findings
from questionnaires with data from objective testing. Limited
information regarding objective evaluations utilizing overnight
sleep studies and actigraphy has been reported.52,55 The use of
objective assessments in future research may further charac-
terize and quantitate sleep-disordered breathing and sleep/wake
patterns in these patients. In addition, review of current or past
sleep medications and information from the families concerning
sleep medications was not obtained. Although some medication
data are available,56,57 these data are limited and beyond the
scope of the current study. Comprehensive characterization of
the influences of various medications on the expression of sleep
problems is an area of interest for subsequent work. Further-
more, as the purpose of this initial study was to examine sleep
problems, the relationship of comorbidities impacting sleep (e.g.,
epilepsy, gastrointestinal problems, clinical severity) was not
evaluated and is also of interest for future work. Regardless of
these shortcomings, our study provides valuable information
about RTT, AS, and PWS, and typically developing siblings,
which may contribute to clinical management of affected in-
dividuals and to the design of future studies evaluating the
effectiveness of behavioral and pharmacologic treatment of sleep
problems, including clinical trials of novel interventions for these
disorders.
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