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Abstract
Author Manuscript

Background: Potocki-Lupski syndrome (PTLS; MIM 610883) is a neurodevelopmental disorder
caused by a micro-duplication, a 3.7 Mb copy number variant (CNV), mapping within
chromosome 17p11.2, encompassing the dosage sensitive RAI1 gene. Whereas RAI1
triplosensitivity causes PTLS, haploinsufficiency of RAI1 due to 17p11.2 microdeletion causes the
clinically distinct Smith-Magenis Syndrome (SMS; MIM 182290). Most individuals with SMS
have an inversion of the melatonin cycle. Subjects with PTLS have mild sleep disturbances such as
sleep apnea with no melatonin abnormalities described. Sleep patterns and potential disturbances
in subjects with PTLS have not been objectively characterized.
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Methods: We delineated sleep characteristics in 23 subjects with PTLS who underwent a
polysomnogram at Texas Children’s Hospital. 11 of these subjects (58%) completed the Child’s
Sleep Habits Questionnaire (CSHQ). Urinary melatonin was measured in one patient and
published previously.
Results: While the circadian rhythm of melatonin in PTLS appears not to be disrupted, we
identified significant differences in sleep efficiency, percentage of rapid eye movement (REM)
sleep, oxygen nadir, obstructive apnea hypopnea index, and periodic limb movements between
pre-pubertal subjects with PTLS and previously published normative data. Data from the CSHQ
indicate that 64% (7/11) of parents do not identify a sleep disturbance in their children.
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Conclusions: Our data indicate that younger individuals, <10 years, with PTLS have
statistically significant abnormalities in five components of sleep despite lack of recognition of
substantial sleep disturbances by parents. Our data support the contention that patients with PTLS
should undergo clinical evaluations for sleep disordered breathing and periodic limb movement
disorder (PLMD), both of which are treatable conditions.
Keywords
Potocki-Lupski Syndrome; sleep study; sleep characteristics; obstructive sleep apnea; periodic
limb movement disorder; RAI1; duplication 17p11.2; genomic disorder

INTRODUCTION
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Potocki-Lupski syndrome (PTLS; MIM 610883) is usually associated with duplication
17p11.2 and represents a neurodevelopmental disorder characterized by infantile hypotonia,
failure to thrive, congenital cardiovascular anomalies, developmental delay, intellectual
disability, and behavioral abnormalities including attention deficits and features of autism
spectrum disorder [1, 2, 3, 4, 5] Clinically recognizable distinct craniofacial features are
usually mild in individuals with PTLS, and often include a triangular shaped face, downslanting palpebral fissures and mandibular hypoplasia [2, 6]. Most subjects reported with
PTLS harbor a common, recurrent duplication of 3.7Mb within 17p11.2 that occurs de novo
in association with the sporadic disease trait; however, both smaller and larger duplication
copy number variants (CNVs) of this region will cause the PTLS phenotype [7].
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The short arm of chromosome 17 is susceptible to genomic instability and prone to
rearrangements due to the presence of low-copy repeats (LCRs), resulting in a number of
conditions collectively known as “genomic disorders” [8]. Those relevant to this discussion
include PTLS, Smith-Magenis (SMS) syndrome (MIM 182290) and Yuan-Harel-Lupski
(YUHAL) syndrome (MIM 616652). The common PTLS duplication and the common SMS
deletion are reciprocal recombination products [1, 9, 10]. Interestingly, these two disorders
exhibit many clinical features that are on opposite ends of a given spectrum—so called
“mirror traits” [6, 11]. The duplicated segment in YUHAL syndrome spans not only the
PTLS region, but the CMT1A (MIM 118220) region as well, thus these individuals have a
more severe neuromuscular phenotype and manifest clinical signs of distal symmetric
polyneuropathy observed in Charcot-Marie-Tooth disease [12]. Importantly, the genomic
region of each of these disorders contains the dosage sensitive RAI1 gene. This gene is
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deleted, or harbors a pathogenic single nucleotide variant (SNV) allele, resulting in protein
loss-of-function, and haploinsufficiency in persons with SMS; the RAI1 gene is duplicated
in persons with PTLS and YUHAL syndromes.
Smith-Magenis syndrome is a multiple congenital anomalies disorder in which sleep
abnormalities pose substantial clinical concern. Specific sleep disturbances include excessive
daytime sleepiness, increased nocturnal awakenings, and diminished rapid eye movement
(REM) sleep [13]. Inversion of the circadian rhythm of melatonin was first elucidated in
SMS deletion patients [14] and corroborated by other investigators [13]. Haploinsufficiency
of RAI1 is implicated in the aberrant sleep phenotype in SMS as an inversion of the
circadian rhythm of melatonin has also been observed in a person with SMS harboring a
pathogenic variant in RAI1 [15]. Circadian abnormalities in mouse models for SMS also
implicate RAI1 as being the major ‘driver gene’ contributing to SMS [16]
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In contrast to the prevalence of sleep disturbances in SMS, most individuals with PTLS do
not report abnormal sleep patterns [2]. Although individuals with PTLS do not typically
exhibit sleep disturbances that are noted by parents or disrupt family dynamics, we have
reported central and/or obstructive sleep apnea in a small cohort, n=10, of PTLS subjects
who underwent a formal sleep assessment and polysomnography [2]. Mullegama et al.,
reported caregiver survey data on a cohort of 15 subjects which also supports dyssomnia in
PTLS [17]. The study herein comprehensively delineates the sleep characteristics of the
subjects (n=10) reported in Potocki et al., [2] and polysomnography results and sleep
analyses in 13 additional subjects with PTLS.

MATERIAL and METHODS:
Author Manuscript
Author Manuscript

This research project was approved by the Institutional Review Board at Baylor College of
Medicine in Houston, Texas. Records were reviewed from all subjects diagnosed with PTLS
who were seen at Baylor College of Medicine and Texas Children’s Hospital from 2003
through 2017. Of these subjects, 23 subjects had a nocturnal polysomnogram (PSG)
performed as part of the research protocol; however, only 19 of these were available to
review. Records from all subjects (n=23; 14 = male) with a genetic diagnosis of PotockiLupski syndrome at Baylor College of Medicine and Texas Children’s Hospital from 2003
through 2017 were included in the study. Of the 23 subjects studied, 11 (58%) of the
subject’s parents completed the Child’s Sleep Habits Questionnaire (CSHQ). Subjects on
whom the information was collected were studied under a research protocol to obtain
objective baseline data. Subjects were not screened for possible sleep disordered breathing
before being referred for a polysomnogram. Informed consent was obtained from the parents
of all subjects. All subjects received their sleep studies through the Children’s Sleep Center
at Texas Children’s Hospital in Houston, Texas which is an accredited sleep center for
pediatric patients. These studies were performed by a registered PSG technologist
experienced in recording pediatric patients according to the standards of the American
Academy of Sleep Medicine (AASM) for pediatric patients.
Measurements obtained on the night of the polysomnogram in all subjects included a 10–20
EEG montage, two ocular channels, a nasal flow sensor, a nasal thermistor, a chin and two
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leg EMGs, a pulse oximeter, either end tidal or transcutaneous carbon dioxide sensor, a one
lead EKG, and abdominal and thoracic respiratory inductance plethysmography belts. Sleep
sessions also obtained time synchronized video and sound recorded to characterize snoring
and behaviors during sleep. Study data were analyzed by sleep medicine physicians at Texas
Children’s Hospital using pediatric scoring practice guidelines established by the AASM
[18, 19]. Study data included validated sleep questionnaires (CSHQ), parental reports on
sleep quality, and results from polysomnograms.

Author Manuscript

The Child’s Sleep Habits Questionnaire (CSHQ) is a 33 item clinically validated
questionnaire which screens for sleep disturbances among several sleep disorder sub types;
bedtime resistance, sleep onset delay, sleep duration, sleep anxiety, night wakening’s,
parasomnias, sleep disordered breathing, and daytime sleepiness. The measure has a total cut
off score of 41, with subjects with a score above 41 indicating an underlying sleep
disturbance. The responses indicate a frequency of the observed behavior in addition to
identifying if that behavior is considered a problem [20].
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For analysis of the polysomnographic data subjects were divided into two sub-groups;
subjects over 10 years of age (n=3; age 11, 13, and 14 years) and subjects under 10 years of
age (n=16; Median age of 4 years). Data for the remaining 4 polysomnograms were not
available as the results were not documented in the report and the original data was
unavailable for retrieval. This age cut-off division was delineated to minimize effects of
hormonal change on study subjects. Sleep characteristics of the subjects were compared to
previously published normative data [21] using independent sample T-tests to assess
potential differences in sleep characteristics. Comparisons were made for sleep efficiency,
percentage of REM sleep, oxygen nadir, carbon dioxide levels as measured either by end
tidal or transcutaneous measurement, obstructive sleep apnea events, central sleep apnea
events, apnea hypopnea index, respiratory disturbance index, limb movements, and arousals
associated with limb movements.

RESULTS
The total values of the CSHQ Screen did not identify the presence of a sleep disturbance in
the majority of subjects with PTLS with a total score of less than 41 (64% n=7/11 subjects).
Few parents report sleep difficulties in their children (Table 1); however, despite normal
screening for sleep disturbances, the polysomnogram data reveals evidence for physiological
sleep perturbations in subjects with PTLS.
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The sleep characteristics measured by polysomnogram in subjects with PTLS (Table 2)
suggest that subjects with PTLS are affected by sleep disordered breathing. The differences
between the pre-pubertal and post-pubertal results varied in the extent of statistical
significance. The cause of the difference could be phenotypic or due to small sample size
(post pubertal subjects n = 3). Because the sample size of the post-pubertal subjects is small
our discussion focuses on the data from the pre-pubertal subjects.
The sleep characteristics of pre-pubertal PTLS subjects compared to previously published
normative control data are shown in Table 2. Overall, pre-pubertal subjects with PTLS
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showed statistically significant differences from previously published normative data in five
of six measured sleep characteristics – sleep efficacy, REM sleep, oxygen nadir, obstructive
apnea hypopnea index, and limb movements [21].
Sleep efficiency is the amount of time a subject was sleeping divided by the total amount of
time the subject was recorded. Subjects with PTLS have a significantly decreased sleep
efficiency when compared to control data (p=0.029). Subjects with PTLS had a sleep
efficiency which was 8% lower when compared to previously published normative control
data.
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Sleep can be divided into two distinct stages; non rapid eye movement sleep (NREM) and
REM sleep. REM is typically a dream state which is clustered in the second half of the sleep
period. During REM sleep muscle tone is typically lost which can contribute to worsening of
sleep apnea. REM is also essential to neurological development, learning, and memory
consolidation. Subjects with PTLS have a decreased amount of REM sleep when compared
to previously published normative control data (p=0.002), with subjects with PTLS having
7% less REM sleep on average.
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The obstructive apnea hypopnea index (oAHI) is a measure of sleep apnea. It is calculated
by adding the number of obstructive events and dividing by the total amount of sleep time.
In pediatrics normal oAHI ranges from 0–1 events per hour. Mild obstructive sleep apnea
ranges from >1–5 events per hour, moderate obstructive sleep apnea is >5–10 events per
hour, and severe obstructive sleep apnea is greater than 10 events per hour. Central or
obstructive events can be scored if they are preceded by either an arousal, a change in the
EEG, or by a 3% or greater desaturation [22]. Subjects with PTLS have a higher obstructive
apnea hypopnea index when compared to normative control data, having an elevated oAHI
(p=0.034). Based on these data, subjects with PTLS were found to have a significantly
higher incidence of obstructive sleep apnea.
In comparison to previously published normative control data subjects with PTLS have a 4%
lower oxygen nadir (p=0.001). This finding is likely due to both the hypotonia associated
with subjects with PTLS as well as the increased obstructive sleep apnea, as seen by the
increased oAHI.
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During a polysomnogram EMG leads are typically placed on one or both of the anterior
tibialis muscles. For this study electrodes were placed on both limbs. These electrodes are
able to detect and record muscle movements occurring during sleep. Subjects with PTLS
have a significantly higher amount of limb movements when compared to previously
published normative control data (p=0.007). In fact, subjects with PTLS had more than a
ten-fold increase in the number of limb movements when compared to normative data.
However, subjects with PTLS did not have a significantly higher amount of limb movements
that were associated with arousals when compared to previously published normative control
data (p=0.122).
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DISCUSSION
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Our findings indicate that younger subjects (<10 years) with PTLS have statistically
significant sleep disordered breathing (n=10/16). Parents may not be able to identify the
presence of sleep disorders in their children with PTLS as only 36% (4/11) of respondents
identified a sleep disturbance prior to the sleep study using the CSHQ. Of the sleep
disturbances reported using the CSHQ: bedtime resistance, sleep onset delay, and daytime
sleepiness were the most frequently observed (Table 1). These objective abnormal findings
include differences from previously published normative control data in sleep efficiency
(lower), percentage of REM sleep (lower), oxygen nadir (lower), apnea hypopnea index
(higher), and periodic limb movement index (higher) [21]. Most of the significant
differences between the groups could be attributed to the finding of, on average, mild
obstructive sleep apnea in subjects with PTLS (n=13/19; 68.4%). Obstructive sleep apnea is
associated with lower sleep efficiency, a lower percentage of REM sleep, and a lower
oxygen nadir. If the obstructive sleep apnea is treated in these subjects, these other
significant differences could potentially also be corrected.
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Although increased periodic limb movements can also be associated with obstructive sleep
apnea, the degree of elevation in numbers of limb movements is unlikely to be solely caused
by the underlying sleep disordered breathing. It has been shown that limb movements can be
evident in the setting of periodic limb movement disorder (PLMD) or in restless leg
syndrome (RLS). In contrast to PLMD, RLS is diagnosis based solely on clinical history of
four criteria obtained by the patient: uncomfortable feelings in the legs, occurring while at
rest, typically worse at night, and relieved by walking or movement [23]. Clinical diagnosis
of RLS can be impeded in persons with cognitive impairment or communication disorders
which are often features of PTLS. The underlying cause of this disorder is attributed to
dysfunction in the dopamine pathway. Frequently there is evidence of low iron storage as
reflected by a low serum ferritin plasma level. Iron is a cofactor in the dopamine pathway.
Further studies are needed to characterize abnormalities in dopamine/iron storage in this
disorder. These differences, when compared to normative data, became non-significant in the
post pubertal subject group. This finding could be due to the small sample size of our older
subject population (n=3). Iron studies were not performed as a part of this research protocol.
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Our findings indicate that persons with PTLS should be evaluated for sleep disordered
breathing and PLMD. Further research is needed to better evaluate the sleep characteristics
of patients with PTLS and in regards to possible causes of the increased PLMs. Limitations
to our study include a limited number of older subjects with PTLS. Further research is
needed to better evaluate the sleep characteristics of people with PTLS across the lifespan.
Such investigations should include serum iron studies, including ferritin levels, and
nocturnal attended polysomnograms. Further research might also delineate the role of the
dosage-sensitive RAI1 gene in specific aspects of circadian disturbance in SMS and sleep
disordered breathing and periodic limb movements in PTLS. Interestingly, RAI1 was
recently identified as a promising candidate gene for obstructive sleep apnea in a genome
wide multiethnic meta-analysis of the quantitative measure of apnea- hypopnea index [24].
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Results from the CSHQ
Subscale

Problem Reported by Parent (Parental responses identifying a problem in their child’s sleep)

bedtime resistance

13.6%

sleep onset delay

27%

sleep duration

6%

sleep anxiety

9%

night awakenings

0%

parasomnias

9%

sleep disordered breathing

3%

daytime sleepiness

17%
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Sleep Characteristics of Pre-Pubertal and Post-Pubertal Subjects with PTLS Compared to Normalized Data
Sleep Characteristic

Author Manuscript

Pre Pubertal
Median n=16
(IQR)

Pre Pubertal
p-value

Post Pubertal
Median n=3
(IQR)

Post
Pubertal pvalue

Normative
data

Sleep Efficacy (% of time asleep)

82 (16)

0.029*

88 (20.65)

0.07

90

% REM sleep (% of total sleep time in rapid
eye movement sleep)

13 (8.9)

0.002*

19 (20.1)

0.36

20

86 (8)

0.001*

90 (12.5)

0.15

90

oAHI (Obstructive apnea hypopnea index:
events per hour of sleep)

7.99 (6.9)

0.034*

2.7 (23.41)

0.1

1

Limb Movements (periodic limb movements
observed per hour of sleep)

44 (202)

0.007*

7 (36)

0.48

5

Limb Movements Associated with Arousal
(periodic limb movements observed per hour of
sleep associated with a change in brain wave
activity)

3.8 (20.3)

0.1228

4 (17.63)

0.57

5

O2 Nadir (lowest oxygen level)

P-values for comparing six sleep characteristics of 16 pre-pubertal and 3 post-pubertal subjects with PTLS to previously published normalized data
are reported above. Prepubertal subjects showed significant differences from normalized data in five of six characteristics. Asterisk indicates
statistical significant.
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