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Key Points
Question: What is the prevalence rate of sleep problems in Rett syndrome?

Findings: A PRISMA guided meta-analysis was conducted on 19 studies. More than
half of the individuals with RTT exhibit sleep problems. The three most commonly
reported sleep problems were being sleepy during the day, nightly unrest, and trouble
initiating and maintaining sleep. Prevalence rates remain roughly unaltered across the
lifespan, and sleep problems are about two times more prevalent than in the general
population.

Meaning: Our findings indicate predominantly disorders in the maintenance of sleep
and wake state, and may promote investigations of altered sleep-wake pathogenic
mechanisms.



ABSTRACT

Importance:

Prognosis and understanding of sleep disorders in rare genetic syndromes is limited,
despite being a common complaint of caregivers. Rett Syndrome (RTT) is a rare,
progressive neurodevelopmental disorder with problematic sleeping being a clinical
feature yet inconsistencies exist in the literature.

Objective:

To examine the strength of evidence of a sleep disorder in RTT. To investigate the
complaints reported based on a sleep disorders classification approach and to
determine differences in rates per the RTT main clinical features.

Data sources:

PubMed, Web of Science, PsycINFO, Ebsco, Scopus, and Cochrane Library up to
November 4™ 2021 with no time or language limitation (CRD 42020198099) were
searched.

Study selection:
Original research published in peer-reviewed journals, with RTT clinical or genetic
diagnosis reported and stating a sleep complaint with prevalence rate, were selected.

Data Extraction and Synthesis:

We followed the PRISMA guideline for abstracting data and assessed risk of bias
with the NIH quality assessment tools. The prevalence rates were meta-analyzed
applying the mixed-effects model with measures of consistency.

Main Outcome(s) and Measure(s):

The International Classification of Sleep Disorders was used to summarize sleep
complaints reported in the literature. Those that did not specify the precise sleep
complaint were categorized as a not otherwise specified sleep problem. We further
analyzed data per available RTT characteristics.

Results:

We included 19 studies (n=4298, 0.3 to 57.2 years old) across five countries involving
predominantly observational study designs. Overall, 54.1% (95%CI: 43.8% to 64.5%)
of individuals with RTT exhibit problematic sleeping, in particular, excessive
somnolence (67.5%; 95%CIl. 47.5% to 82.7%) and difficulties initiating and
maintaining sleep (61%; 95%CI: 49.6% to 71.4%). Disturbed sleep not otherwise
specified was reported in 57.1% (95%CI: 34.5% to 81.3%). Although studies could
improve details reported, females with MECP2-RTT showed a higher prevalence rate
of excessive somnolence and sleep-wake transition disorders than those diagnosed by
CDKL5-RTT.

Prevalence rates remain roughly unaltered across the lifespan. Sleep disorders are
about two times more prevalent than in typically developing children.



Conclusions and Relevance:

Findings indicate predominantly disorders regarding maintenance of sleep and wake
state, which persist throughout their lifespan. Improved reporting of clinical features
in cases with RTT phenotypes and of sleep behavior frequency and severity may lead
to explicit prevalence rates. This is fundamental to progress in the pathophysiological
investigation of altered sleep-wake mechanisms and to implement tailored sleep
interventions for individuals with RTT, and families.



INTRODUCTION

Rett Syndrome (RTT, OMIM #312750) is a severe, rare neurodevelopmental
disorder! and the second common cause of genetic multi-disabilities> with an
approximate incidence of 1/10,000 female births®*. Six to eighteen months after birth,
a regression of acquired spoken language and purposeful hand skills, with emergence
of hand stereotypies and gait abnormalities>® characterizes typical RTT. Some
individuals present clinical characteristics that vary subtly, and hence are identified as
suffering an atypical variant of RTT’®. Mutations in gene encoding
Methyl-CpG-binding protein 2 (MECP2) located in the Xq28 region’ are involved in
the majority of RTT cases (96%)'°. Several atypical variants might be explained by
cyclin dependent kinase like 5 (CDKLS) and forkhead box G 1 (FOXGI) ''2. These
genetic causes may share a common molecular pathway involved in gene
transcription modulation'®!4, affecting brain growth and maturation'.

Sleep is tightly associated to the overall development of a child,'® and has an
important function of synaptic homeostasis in brain plasticity processes!’. Sleep
problems are moreover reported to be highly prevalent in RTT samples!®?!, e.g., over
80%%*2°, but discrepancies exist in the literature (for example reports of nightwaking
range from 33% to 93%). In the absence of any systematic review on this syndrome, a
meta-analysis was conducted to advance our understanding of differences in reported
prevalence rates with respect to clinical characteristics. Alternatively, such
phenotyping may facilitate new venues for clinical interventions and

pathophysiological research in RTT.



METHODS
This meta-review applied the PRISMA 2009 reporting guidelines?® and was
registered in PROSPERO (CRD 42020198099).

Search Strategy and Selection Criteria

KS and XYZ screened and selected sleep studies on RTT individuals form
PubMed, Web of Science, PsycINFO, Ebsco, Scopus, and Cochrane Library to
November 24™ 2021 (Figure 1) with the search terms: “Sleep AND Rett Syndrome”
(see eTable 1).
Studies were eligible upon fulfilling the following criteria: 1) original research
published in peer-reviewed journals; 2) RTT clinical or genetic diagnosis reported; 3)
a sleep complaint with prevalence rate (PR) stated.
No time limitations or study design restrictions were applied. Studies are excluded if
participants were RTT individuals with other central nervous system complications
(e.g., neurofibroma). Animal studies are reported elsewhere?’.

Insert Figure 1 here

Data Collection and Analysis

Study information, sample characteristics, and sleep-related data were extracted.
Sleep complaints were sorted into subscales fitting the International Classification of
Sleep Disorder (ICSD)*2° into problems related to: disorders of initiating and
maintaining sleep (DIMS), sleep—wake transition disorders (SWTD), daytime
excessive somnolence (DES), and disorders of arousal during sleep (DA).

For the studies that did not specify the precise sleep complaint, it was labelled as
“disturbed sleep”. This approach was similarly applied to studies reporting the
number of individuals at or above “a sleep problem cutoff score”, given the sleep
questionnaire used, in the absence of more detailed information. Both were
categorized into a subscale “not otherwise specified (NOS) sleep problems”.

Next, we pursued a meta-review per available RTT characteristics: age (i.e., per
the age category of PubMed), gender (i.e., female and male), gene (i.e., MECP2,
CDKLS5 and FOXG1I) and clinical classification® (i.e., typical and atypical).

Statistical Analysis

Statistical analysis were conducted with Statistica TIBCO Software Inc (TIBCO,
2017) version 13 and Meta-analysis with Comprehensive Meta-Analysis version
3.3.070 (Biostat, Englewood, NJ). The heterogeneity between studies is described by
P (.e., P=0: no, 0 < P < 25%: low, 25% < P < 75%: moderate, I’ > 75%: high
heterogeneity). Tau-squared is the variance of the effect size parameters across the
population of studies. The mixed effects model was chosen to estimate the pooled
(prevalence rate, PR) and illustrated by forest plots with the 95% confidence intervals
(95%CI). The z-value and p-value indicate whether the effect size is significantly



different from zero. That is, in meta-analysis the null hypothesis is that all of the
separate null hypotheses are true. To test the robustness of our findings an Egger’s
test was applied for assessing risk of bias.

Quality Assessment of Studies

Each study was scored per the Study Quality Assessment Tools of the National
Institutes of Health®® applicable to several study designs. We followed the same
approach as previously published.’! Study quality is reported as: “study population,
definition and selection”, “soundness of information”, “analysis, comparability and
outcomes” and “interpretation and reporting” and evaluated as poor, fair and good.

Disagreement in selection, extraction and quality scoring was resolved by discussion.

RESULTS
Study characteristics

Table 1 contains the 23 papers selected for this meta-review (Figure 1), and
marked (asterisks) are the 19 papers usable for analyses.
Their publication date ranged from 1988 to 2020, and data reflect samples from 1985
to 2019, yet for ten papers, this information was not available. Data from five research
groups are included: 26.3% Italy, 21.1% for both United Kingdom and Australia, and
15.8% for both USA and Netherlands.

For two studies, we presumed female gender?*>?

, while 13 studies reported only
female data. In four studies separate data for males and females were reported (n=2)
or not (n=2). The number of studies reporting data per age-groups are: 0-7 years= 10
studies, 8-12 years= 8 studies, 13-17 years= 9 studies and 18+ years= 9 studies.
Information about the genotype was not always provided, resulting in 11 on MECP2,
five studies on CDKLS5, and three studies on FOXGI. Mutation types were reported in
11 studies but further analysis could not be pursued. Nine studies reported the type of
clinical diagnosis. Most studies used diagnostic criteria by Neul (n=4), but also
Hagberg either or not combined (n=4) and per Andreas Rett personally (n=2), others
were Ariani & Guerrini criteria and RTT clinical workgroup.

This meta-review represents a total sample size of 4298 (min. 2 to max. 926) with
an age-range from 0.3 to 57.2 years old, and including 18 males. Data sources were
from clinic (n=6), Australian Rett Syndrome Database (ARSD, n=3), InterRett (n=2),
others were: International CDKL5 Disorder Database (ICDD), Rett Networked
Database (RND), Rett Aid or Elternhilfe fur Kinder mit Rett-Syndrom in Deutschland
e.V, British Isle Rett Syndrome Survey, Italian Association for Rett Syndrome,
British Rett Survey, and support groups (n=5).

Studies were mostly observational designs (n=16) with one study applying a
before-after design without controls* and two studies being case series’*%. Data



collection was retrospective in nine studies and seven studies applied a prospective
data collection method. Two studies involved repeated assessments yet only one time
point (i.e., 2009%2, 2004**) was chosen for analysis. Thirteen of the 19 studies showed
poor quality. That is, quality assessment (Table 1 and eFigure 1) indicated that
“study population, definition and selection” and “interpretation, reporting” were
somewhat better reported, but “soundness of information” and “analysis,
comparability and outcomes” should be improved. Egger regression coefficient (for
more than two datasets, see Figures) was predominantly non-significant, indicating
nearly no publication bias.

Insert Table 1 here

General information on the sleep problems

We will report findings grouped per ICSD subscales and its sleep item when
available. A total of 20 sleep complaints were reported. Because several studies
measured sleep items in terms of occurrence or severity, we harmonized them into

2 3

“no” when absent and “yes” when present. “Yes”: reported as “sometimes”, “often”,

29 9

“less than once a month”, “monthly”, “twice a month”, “once or more a week”,
“nightly”, “more than once a night”, “bad”, “milder”, “moderate” and “severe”. “No”:
reported as ‘“did not occur”, “never”, ‘“has stopped”, “very good”, ‘“good”,
“satisfying”, “not present” and “none”. Sleep behaviors mostly queried are belonging
to DA and SWTD.

The largest analyzed sample size was for DA (n=1412) next was, NOS (n=875),

DIMS (n=842), SWTD (n=676), DES (n=491), and SBD (n=2) (see Figures).

RTT samples

Figure 2 shows the pooled PR per ICSD subscales in all females diagnosed with
RTT. Per subscale, high heterogeneity and non-significant results demonstrate
inconsistency in study findings. Significant sleep problems across the subscales are
daytime somnolence (85%), nightly unrest (77%), terminal insomnia (74.8%),
repetitive movements (27.1%), sleep talking (17.8%) and night terrors (17.8%) and,
for those able to walk, sleep walking (4.4%). In 55.6% “a” sleep complaint (or NOS)
was reported, yet with high heterogeneity.
Including the mixed gender samples, comparable subscale heterogeneity and
non-significance was found. Separate sleep issues that are in addition significantly
prevalent (Figure 2) when including both genders were: difficulty falling asleep
(60.3%), night screaming (34.6%), difficulty waking (31.1%) and only daytime sleep
problems (15.2%).

Insert Figure 2 here



Stratifying analyses per age-groups, for the subscales, in the 13-17 years old

females a significant pooled PR for DIMS (74.8%, no heterogeneity) (eFigure 2) and
in the 18+ years old females for DES (85.1%, no heterogeneity) were found. In each
of the age-groups, night laughing (>60%) and when applicable also sleep walking was
prevalent. Terminal insomnia is prevalent in all except 18+. Sleep complaints that
were individually significant in each of the 8-18+ age-groups were night terror and
sleep talking. While teeth grinding was only prevalent in the 0-7 years old. The age
group 18+ had the largest number of significant sleep complaints.
Including the mixed gender samples per age-groups (eFigure 3), the DIMS subscale
was significant in the 0-7 years old (73.3%, low heterogeneity) and in the 8-12 years
old (74.7%, high heterogeneity). For 18+ years old the DES (similar to RTT females)
and DA (27.7%, high heterogeneity) were characteristic. Night laughing and terminal
insomnia were prevalent in all except 18+, and when applicable also sleep walking
was prevalent in all. Night terror, night waking were prevalent in all except the 0-7
years old but in this age group difficulty falling asleep was significantly prevalent.

MECP2 samples

Including only female data with confirmed MECP2 demonstrated a significant
pooled PR for DES (79.6%, moderate heterogeneity), involving sleepy during
daytime (85%) and napping (77.2%) (eFigure 4). Several other sleep complaints are
significant (eFigure 4): night waking (81.9%), nightly unrest (77%), night laughing
(66.3%), night screaming (40.1%), night terror and sleep talking (each 17.8%) and
sleep walking (4.3%). In 61.7% of individuals with MECP2, problematic sleeping
was reported (NOS).

Again, by including also male data some differences were noted (eFigure 4). No
subscale was significant. Furthermore, night laughing, napping and sleepy during the
day are no longer significant in the mixed gender groups. Alternatively, difficulty
falling asleep (60.3%) and difficulty waking (31.3%) were significant.

Per age-groups in only female MECP2 samples (eFigure S), only for the 18+
age-group the DA (21.9%, high heterogeneity) and DES (same samples as RTT
females) subscales showed significant results. Sleep walking, when applicable, and
night waking are significantly prevalent in all age-groups. Night laughing is present in
all except the 18+, whereas night screaming is prevalent in the 13-18+ group. Night
terror and sleep talking are significant in 8-18+. Teeth grinding is significant in only
the 0-7 years old, and nightly unrest in the 18+.

Including the mixed gender samples (eFigure 6) but categorizing by age showed that
in 0-12 years old DIMS (76.2%, low and 74.4%, high heterogeneity) and in the 18+
years old DA (22.2%, high heterogeneity) were significant. The PR’s of DES and
SWTD findings are alike in females only. Sleep walking was again significant, and so
was night waking in all. Night terror and talking was in 8-18+ whereas night
screaming in 13-18+ significant. Significant in only one age-group are teeth grinding



(0-7 years old), night laughing (0-13 years old) and nightly unrest (18+ years old).
Difficulty falling asleep is present in the 0-7 and the 18+ years old.

CDKL5 samples

Females with the diagnosis of CDKL5 (eFigure 4) showed DIMS (59.9%, no
heterogeneity), SWTD (33.4%, moderate heterogeneity) being primarily teeth
grinding (38%) and repetitive movements (27.1%) and DA (24.3%, no heterogeneity)
being mostly night laughing (25.7%) and screaming (22.9%). Insufficient data was
available to categorize by age, hence results reflect a broad age-range.

When further including male data (eFigure 4) the finding on DIMS became
non-significant, but SWTD and DA remained significantly prevalent, also in terms of
sleep complaints.

NOS ranged from 58.9-59.2% across the gender samples of CDKLS5. Only one study
investigated SDB in females.

FOXGI1 samples
No consistent result (eFigure 4) was found amongst the datasets reporting on this
gene in only female samples.

Clinical profile samples

Only the clinical classification per MECP2 in females showed a homogenous
result; i.e. 31.2% (eFigure 7). However, other clinical groups are not significantly
different in PR’s.

Aggregated result per the ICSD

The aggregated combination of all relevant studies per the ICSD classification
(Figure 3) showed that 54.1% of individuals with RTT exhibit sleep problems. The
most prevalent disorders were DES and DIMS, and based on only two subjects SDB.
Less than half of the individuals with RTT may also suffer SWTD and DA. Prediction
intervals ranges from 27.8% to 86.7%. Disturbed sleep not otherwise specified was
reported in 57.1% (95%CI: 34.5% to 81.3%).
Difference tests across the genotypes in female samples (eFigure 4), showed that
individuals with MECP2 have significantly more DES (p<0.00001) and SWTD
problems (p=0.002) than those diagnosed with CDKLD5.

Insert Figure 3 here

Compared to prevalence rates reported in the literature in typically developing
children



In Spruyt et al’®*® the prevalence of DIMS was 30.54% hence in RTT it is two
times more prevalent. DA (18.33%) and SWTD (18.46%) are 2.3 times more
prevalent, and DES (36.88%) is 1.8 times more prevalent in RTT. Difference test
showed that each was significantly higher than typically developing children
(p<0.00001).

DISCUSSION

Based on 19 studies of RTT sleep complaints, a generic prevalence rate of 54.1%
was found. This suggests that more than half of the individuals diagnosed with RTT
show problematic sleeping, which persisted throughout their lifespan. In particular,
complaints related to disorders of excessive somnolence, and of initiating and
maintaining sleep are found as most prevalent. Separately, being sleepy during the
day, their nightly unrest as well as sleep behaviors showing difficulties in onset and
continuing sleep were most prevalent in RTT. When subcategorized by RTT
characteristics, particularly in those with MECP2 diagnosis primarily night laughing
and waking are highly prevalent before the age of 18 years. Older individuals exhibit
mostly daytime somnolence. Lastly, in individuals with MECP2 genotype compared
to those affected by CDKLS, disorders of excessive somnolence and of sleep wake
transition were more prevalent. Few studies reported sleep problems in FOXGI. We
could conclude that sleep problems were indeed prevalent but also persistent.
Findings overall suggest disorders regarding maintenance of the sleep and/or wake
state.

The general prevalence of problematic sleeping in our meta-review is lower than
previously reported by individual RTT studies?>?**’. Yet the highest PR found in our
review was for sleepy during the day, which has a prevalence comparable to what is
generally reported in the literature. Potential discrepancy in PR’s, as supported by our
high heterogeneity and non-significant pooled results, might be ascribed to the
differences in study design and methodology. For instance, at times it could be the
recall bias in family questionnaires during retrospective data collection or the generic
sleep screening approach applied. Likewise, and as supported by the quality
assessment, studies could improve their reporting of RTT sample characteristics
allowing the generation of more precise prevalence rates of aggregated data regarding
genetic or other clinical characteristics of RTT. Lastly, given a rare disorder sampling
bias from cases collected by potentially overlapping databases, in terms of timeframe
or through convenience sampling, might further blur results. The need for a clear
sleep research objective is even more demonstrated by the “problematic sleeping”
item or “NOS” prevalence rates. That is, our PR remains within the same high range
across analyses, whereas the PR’s reported in the literature display a very large spread,
that is from 10% to 90%3>3438-40,



The majority of studies reviewed focused on sleep behaviors assessing DA and
SWTD. DA are mental and motor behaviors arising from non-rapid eye movement
(NREM) sleep, and commonly associated to stage 1 and stage 2 NREM sleep (or their
stage shifts). Whilst the “arousal” is often a partial arousal usually from “deep” sleep
also called “slow wave sleep (SWS)” of NREM. Yet shifting between sleep stages, or
from wakefulness to sleep may equally provoke parasomnias defined as SWTD. As
such state shifts may commonly lead to a confusional state or a “confusional arousal”.
During such an episode, individuals may present features suggestive of being
simultaneously awake and asleep. Although a potential bias as a result of
over-investigation of these sleep behaviors may exist, our findings demonstrate that
various behaviors may occur during sleep stage shifts ranging from simple to complex
activities. A peculiar case is sleep laughing.

Alternatively, another characteristic feature of RTT, namely the presentation of
nocturnal seizure with abnormal behavior during sleep might be considered as well.
Yet epilepsy is rarely queried and/or reported in those studies reporting on sleep
problems in spite of night waking complaints in over 80% of RTT individuals®’.
Difficulties in maintaining sleep of appropriate duration, or frequent short sleep bouts,
was furthermore the main finding in the studies that applied animal models*'. Next,
excessive SWS (stage 3 of NREM) fragmentation appears to represent a typical
polysomnographic pattern of DA, and therefore suggestive that the restorative aspect
of sleep will be severely disrupted. By the same token, SDB is often co-occurring
with or triggering other sleep disorders. Respiratory disturbances in RTT are
commonly described (i.e., 13/17 patients had the apnea hypopnea index >1.5

events/hour*?)*, yet only one study queried this sleep behavior; that is in a sample of
females with CDKL5 genotype®®. These sleep behaviors altogether suggest sleep

maintenance problems, or the lack of maturity of the sleep-wake cycle.

Compared to typically developing children, individuals with RTT demonstrated a
higher prevalence rate. Age, or even the feature of RTT stage, has been inconsistently

reported hampering precise meta-analytic approaches. Although, previous studies*” #*

223745 suggest higher prevalence rates in younger and older RTT subjects, we could
not fully confirm this. But given that over half of the RTT individuals likely surviving
into middle age**, the persistence of higher than normal rates should not be ignored.
That is, caregivers may adjust to the circumstances of nightly poor sleep of the family,
yet an outspoken call for therapeutic management of sleep disorders is voiced*S.
Regarding gender, and in the realm of a neurodevelopmental disorder affecting
principally girls, such that boys with MECP2 mutations usually die prenatally*’, our
meta-review could not pursue analysis in boys separately. Moreover, too often data
reported mixed gender sample percentages, hence our current approach shows but a
handful datasets differing between gender samples. Our approach is far from ideal but

obviously advocates for more detailed reporting of RTT genetic and clinical



characteristics. Next, albeit those three genes share common pathogenic processes
thus causing similar phenotypes, CDKL5 and FOXGI only play a partial role in the
pathway mediating MECP?2 functions. Our findings suggest that the MECP2 genotype
has higher PR’s, especially concerning DES and SWTD. Also the clinical diagnostic
features remained often vaguely reported. This despite the fact of being a
neurodevelopmental disorder that is commonly diagnosed based on fulfilling clinical
criteria® and the stipulation of guidelines towards RTT scientific reporting. This lack
may likely ensue our non-significant difference between typical and atypical cases.
More clear-cut reporting would allow hypothesis driven basic research from a sleep
perspective appropriately addressing the neural maturation and synaptogenesis aspect
of MECP2 '**_1In light of the recent dispute on the RTT variant related to CDKLS5
(i.e., early seizure onset) to be separately diagnosed as CDKL5 Deficiency Disorder
(CDD)*#4%3° our findings and analytic approach underline the need for more
transparency and completeness in reporting sleep behaviors in RTT, and potentially
rare disorders in general.

Several biases towards accurate “numbering” need to be addressed. The studies
included noticeably have a selection bias. That is, only seven studies???43%37:3940.51
had an unambiguous sleep aim. As a possible result, the poor quality mainly
represented issues with “soundness of information” and “analysis, comparability and
outcomes”. Unfortunately, this applied to the sleep assessment, but equally to the
RTT features. The information along the Kerr guidelines® was truly insufficient, in
particular regarding the classification of the clinical stage, variant types, and age at
onset (i.e., early developmental progress) given that some applied retrospective data
collection. Information per the Kerr guidelines? is essential for comparison purposes.

37,39 53 emphasize that epilepsy was

33,54

As an example, studies and parents experience
more associated with poor sleep and that medication might impact sleep behaviors
We extracted some information alike but could not pursue phenotyping due to
scattered data. Subsequently, also a confirmation bias might be present. That is, the
incomplete or inconsistent reporting of genes, clinical characteristics or associated
features, has certainly complicated the clinical picture displayed in this meta-review.
The process of sampling over time, or the unsystematic collection and sharing of
sleep data potentially further introduced a sampling bias as well. A potential
measurement bias, might be exemplified by the mixed reporting of samples with
(un)confirmed genotypes. Similarly, specific sleep questionnaires in the included
studies here were rarely used or only applied in the small sample size studies**33-!;
for example, such as the Sleep Disturbance Scale for Children (SDSC) (i.e., frequency
of problems) and Sleeping Questionnaire for Children with Neurological and other
Complex Diseases (SNAKE) (i.e., severity of problems), or a binary generic item
have been used. In addition questions might not be tailored to the disease, leading to
erroneous PR’s. For instance, RTT is characterized by high prevalence of physical

disability such that more than half cannot walk independently’’*” or suffer



scoliosis/kyphosis**3. Nonetheless, sleep walking was reported, similarly for “sleep
talking” acknowledging that most girls with RTT lose spoken abilities in their onset
stage, and such disabilities are more outspoken in atypical cases*’***. The CDKLS5
genotype dispute, lastly, portrays a chronology bias in data. In general, biases could
be avoided when studies and epidemiological reports would implement consensus
criteria for reporting sleep behaviors and clinical features in realm of the
neurodevelopmental disorder, particularly given that the burden of poor sleep is
omnipresent.

A strength of our review is the reporting per the ICSD, and the attempt to homogenize
samples to the maximum possible, as well as being the first in RTT. Findings may
foster basic research approaches from a sleep perspective, enhancing our
understanding of clinical features reported in RTT. This meta-review has also some
limitations to address. Few studies had sleep assessment as a primary objective.
Regardless of study aims, most of our limitations are related to the lack of consensus
in reporting RTT data, e.g., genotypes, clinical characteristics and associated features.
As a result, based on the current available data, our PR’s remain pooled effect sizes
on crude groupings. We moreover cannot ignore the localness of the studies, and
potential overlap of datasets, approaches or samples; hence multisite well-designed
studies are needed.

We conclude that in individuals with RTT poor sleep is prevalent. That is, they appear
to have a disrupted maintenance of sleep (or wakefulness) state. As a result, a wide
variety of simple to complex sleep behaviors might be displayed. These may interrupt
the nightly rest of the family or relevant others.
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Figure 1: Flowchart of article selection (November 4 2021)
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Table 1: The selected articles

Age (yrs) Clinical RTT Time of NIH
Author Country Gender (n) meantSD diagnosis (n) Dlagnose Dlagno.stlc Sleep ICSD Data Source data Type of Study quality
(Year) Specifics (n) criteria assessment tool scale . assessme
[range] collection nt
Typical (47) MECP2 (43):
Atypical (4) ESV (3), PSV
Female (54) Tgrfeltciildia noszlg;m (la)t’ho enic " NOS Multidisciplinary Rett clinic, i/aisstitmedlcal gf(fsesr-vsitclggile’ll
Peron et al. Ttaly [19-49] & & P . & Neul® Clinical profile ’ San Paolo University . ’ Poor
2000) variant (2); DIMS Hospital, Ttaly, since 2006 01/2018-12 | retrospective
( FOXGI (2); ’ ’ /2019 study
CDKLS5 (2); no
testing (1)
Genetic etiology (n): MECP2 (47); CDKL5 (2): NM_001323289.2 [c.1648C>T; p.(Arg550Ter AND ¢.607G>C; p.(Glu203GlIn)]; FOXGI (2): NM_005249.3 [c.256delC;p.(GIn86ArgfsX106) AND 2 Mb 14q12deletion (28 780
663-30 780 833; hg19), de novo]
TYPICAL (287) Sleeping
0-6: 55 Questionnaire for
United Female (286) 7_1'2_ 54 Children with Rett Aid or Elternhilfe fir 09/2017-12 observational,
Leven et al. Kingdo Male (1) ) Neurological and | NOS Kinder mit Rett-Syndrom in cross-sectional, Poor
105 13-18: 51 /2017 .
(2020)** m $18:127 other Complex Deutschland e.V prospective study
’ Diseases
(SNAKE)
Genetic etiology (n): No information
TYPICAL (806) MECP2 (949):
ATYPICAL (201) classic  (804),
CV ( 24), ESV
©), .PSV (54), Rett Networked Database .
atypical (62) (RND), a registry of 13 observational,
Unknown:1007 CDKL5 (32): | Ariani®, . . § E1stry cross-sectional,
. Italy .. >5 . 56 Clinical profile NOS European countries 03/2017 . Poor
Frullanti et al. (twins included) ESV (31), | Guerrini retrospective
» . https://www.rettdatabasenetw .
(2019)* atypical (1) ork.or study
FOXGI  (26): ore
CcvV (22),
classic 2),
atypical (2)
Genetic etiology (n) : MECP2 (949): C-Term (101), Early truncation (93), Large deletion (72), p.R106W (31), p.R133C (62), p.T158M (102), p.R168X (80), p.R255X (106), p.R270X (62), p.R294X (63), p.R306C (67), other

(110); CDKLS5 (32): Early trun

cation (7), Late truncation (9), Missense mutat:

ion (10), Large deletion (6); FOXGI (26)

Merbler et al United 04242 TYPICAL (7), MECP2 (8) Child’s Sleep Local parent support network observational,
51 : States of | Female (9) o ATYPICAL (2) MECP2-related Habits NOS in the Midwest of United cross-sectional, Good
(2018)'* . [1.7-17.1] . . . . .
America disorder (1) Questionnaire States of America prospective study




[ (CSHQ)

Genetic etiology (n) : MECP2 (9): p.P152R (1), p.R168X (2), p.R255X (1),

.R106W (1), p.A131fs (1), Exon 4 deletion (1), Deletion between exon 3 and 4 (1), p.K144X (1)

Trevathan
unknown and Moser”’ .
In 2002: 132 21[555129()1.40)’ (applicable g:;ta\]ifuyrndrome Australian Rett Syndrome iggé gclj}slzrr\t/atlonal,
Mori et al. Australia | In 2006: 140 All T for age . . NOS Database (ARSD), registry S Good
»s ) no pathogenic . Questionnaire . 2009 retrospective
(2018) In 2009: 168 variant (39) 2-5yrs) + since 1993 2011 stud
In 2011: 160 Hagberg and Y
Skjeldal®
Genetic etiology (n) : MECP2 (140): C-Term (20), Early truncation (11), Large deletion (12), p.T158M (18), p.R168X (13), p.R294X (12), p.R270X (11), p.R255X (10), p.R133C (17), p.R306C (9), p.R106W (7)
RTT (184) a frequency of
night
waking over the Australian Rett Syndrome ARSD:
ARSD: Female previous 2 years, Database (ARSD), registry ’ observational,
(184) ARSD: a customized since 1993 2011 cohort
Mori et al. Australia [2.6-35.7] CDKLS5 (164) . DIMS . ICDD: T Good
2017)% ICDD: Female 1CDD: [0 -34.7] question from International CDKL5 11/2012-04 retrospective
( (143);Male (25) ’ : Sleep Disorder Database (ICDD), study
. . /2016
Disturbances since 2012
Scale for
Children (SDSC)
Genetic etiology (n) : No information
[2.1-57.2] Sleep DIMS .
0-7: 56 Disturbance : InterRett, since 2002; survey observational
. Female (362) ) MECP2 (321) 6 SWT of UK, USA, Canada and .
Boban et al. Australia 8-12: 106 Neul Scale for . . . cross-sectional, Good
17 Male (2) . Other (43) . D, Australia English speaking ) -
(2016)"* 13-17: 92 Children DES families prospective study
>18: >
18: 110 (SDSC) DA
Genetic etiology (n) : MECP2 (321): C-Term (40), Early truncation (23), Large deletion (25), p.T158M (36), p.R168X (39), p.R294X (27), p.R270X (23), p.R255X (40), p.R133C (27), p.R306C (25), p.R106W (16)
DIMS | ICDD %EOSP 5(:)02
MECP2: female | MECP2: ) (http://cdkl15.childhealthresea ? ’ | observational,
MECP2 2004, 2006,
Australia | (320 [2-35.5] CDKLS5 (151) SDSC SWT | reh.org.au). 2006 cohort, Poor
Mangatt et al. CDKLS5: CDKLS5: D, ARSD, 201 1’1 retrospective
(2016)** Female (143); [0.3-29.1] DES, InterRett to complete missing study
Male (24) DA data CDKL>:
06/2015
Genetic etiology (n) : MECP2 (321); CDKLS (164): No functional protein(51), Missense/in-frame mutation within catalytic domain (45), Truncation between aal72 and aa781 (38), Truncation after aa781 (17), Mutation not
grouped (13)
Pini et al. Ital Female (149) 12 il,féi?éif ?5) 3 gISIiICPZ a 1(?)9) Neul® Clinical severity NOS Tuscany Rett Center, Versilia | 01/2006-04 2?;:?;12821"1 Poor
(2016)*%* y Male (2) [1-49] score Hospital /2014 i

[MECP2+ (18)

retrospective




& MECP2- study
(D], ESV (13)
[CDKL5 (12)
& | CDKL5-e
MECP2- (1)],
Cv (€))]
[FOXGI (1)] ;
ARTT-NOS

(19) [MECP2+
MALE ),
MECP2+ (18),
MECP2- (13),
MEF2C (1))

Genetic etiology (n) : No information

Ammanuel et al.
(2015)¥*

observational,

United 6.2+0.7 Clinical severit: cross-sectional
States of | Female (10) o MECP2 (10) Y | NOS convenience sample R ’ Good
[2-9] score retrospective

America
study

Genetic etiology (n) : MECP2 (10): p.T158M (1), p.R168X(P) (1), p.R294X (1), p.R270X (1), p.R133C (3), p.R106C (1), p.D134C (1), 1085del_1197del (1)

Non-communicat

United Classic (69), atypical | MECP2 (71) 61 ing children's T observational,
Cianfaglione et al. Kingdo Female (91) [24?'27] (19), MECP2-related | No  mutation EZﬁEerg pain checklist | NOS SB::/Zh IS;BIRRSC; Ssyilrllile-:oigz 5 cross-sectional, Poor
(2015)%0 m disorder (3) (20) including Y ’ prospective study
Sleeping
Genetic etiology (n) : MECP2 (71): C-Term (13), Early truncating (26), Late truncating (7), Large deletion (2), PTANMissense (23)
Females (320) Mixture of 2000
In 2000: 159 .. . .
clinical severity 2002 observational,
In 2002: 189 items and  Rett NOS, 2004 hort
Australia | In 2004: 203 [2-35.8] MECP2 XX Neul® coms ald B piMs | ARSD conort, Poor
Syndrome 2006 retrospective
In 2006: 208 . , DA
Behavior 2009 study
In 2009: 221 Questionnaire 2011
Wong et al. In 2011: 220
(2015)%* Genetic etiology (n) : In 2000: MECP2 (118): C-Term (12), Early truncation (7), Large deletion (5), p.T158M (14), p.R168X (15), p.R294X (10), p.R270X (12), p.R255X (8), p.R133C (8), p.R306C (7), p.R106W (3), Other

(17), No mutation (33); In 2002: MECP2 (137): C-Term (12), Early truncation (10), Large deletion (8), p.T158M (16), p.R168X (16), p.R294X (12), p.R270X (14), p.R255X (8), p.R133C (10), p.R306C (9), p.R106W (2),
Other (20), No mutation (44); In 2004: MECP2 (154): C-Term (15), Early truncation (8), Large deletion (10), p.T158M (16), p.R168X (19), p.R294X (15), p.R270X (14), p.R255X (11), p.R133C (11), p.R306C (10), p.R106W
(4), Other (21), No mutation (41); In 2006: MECP2 (157): C-Term (17), Early truncation (7), Large deletion (11), p.T158M (17), p.R168X (15), p.R294X (15), p.R270X (13), p.R255X (11), p.R133C (11), p.R306C (11),
p-R106W (7), Other (22), No mutation (43); In 2009: MECP2 (171): C-Term (20), Early truncation (10), Large deletion (12), p.T158M (18), p.R168X (14), p.R294X (15), p.R270X (15), p.R255X (15), p.R133C (18), p.R306C
9), p.R106W (7), Other (18), No mutation (39); In 2011: MECP2 (170): C-Term (18), Early truncation (10), Large deletion (12), p.T158M (20), p.R168X (17), p.R294X (13), p.R270X (14), p.R255X (12), p.R133C (18),
p-R306C (10), p.R106W (9), Other (17), No mutation (36)

Anderson et al.
(2014)%

Females (391) [18-54] MEPC2 (171) Neul®, Items from | NOS, ARSD, 01/2014 observational,

ARSD: 142, Other (62) Hagberg®!, clinical severity DA InterRett, since 2002 cohort, Poor

Australia




InterRett: 249

The Rett
Syndrome
Diagnostic
Criteria
Work
Group®

retrospective
study

Genetic etiology (n) : ARSD MECP2 (111): C-Term (11), Early truncation (7), Large deletion (6), p.T158M (12), p.R168X (12), p.R294X (9), p.R270X (9), p.R255X (9), p.R13

3C (10), p.R306C (6), p.R106W (4), Other (16)

Interrett MECP2 (122): C-Term (8), Early truncation (6), Large deletion (5), p.T158M (4), p.R168X (9), p.R294X (7), p.R270X (8), p.R255X (10), p.R133C (7), p.R306C (6), p.R106W (6), Other (46)
CDKLS: MECP2: 10.5
females  (69), | [1.3-54.2] .
males (8) CDKLS: ESV  (19), observational
Fehr et al. Australia | MECP2: Females: 6.1 CDKLS (56) clinical severity NOS InterRett, since 2002 cross—sect;onal, Good
(2012)® females (920) | [0.5-22.4] retrg’Spethe
Males: 5.2 stucy
[1.-14.9]
Genetic etiology (n) : MECP2 (920); CDKLS5 (86): Missense (26), Nonsense (16), Splice site (12), Insertion/deletion (21), Large deletion/duplication (10), Unknown (1)
Atypical (4) NOS/
DIMS
The 6.5+5.8 CDKLS (4) :
Hagebeuk et al.(a) | Netherla | Females (4) [2—1_5]. SDSC SWT Convenience sample Case series Good
(2012)%* nds D,
DES,
SDB
Genetic etiology (n) : CDKLS (4): ¢.656A>C (1), c.660_664dup (1), c.283-3_290del (1), c2635_2636del (1)
The 08481 MECP2  (6);
Hagebeuk et al.(b) | Netherla | Females (8) e 11 (6), IV (1) UNKNOWN Hagberg® SDSC NOS Convenience sample Case series Good
9 [3-33]
(2012)*** nds 2)
Genetic etiology (n) : MECP2 (8)
MECP2 (59); clinical severity: Italian Association for Rett observational
Italy Females (84) 2426.7 CDKL5 (1); modified Ker; NOS, Syndrome (AIR) who have cross—section'cil Poor
Vignoli et al. [14-42] No  mutation s DIMS | children A
01 1)54 " (16) score aged >14 years prospective study
Genetic etiology (n): CDKL5 (1); MECP2 (59): C-Term (8); p.R270X, p.R255X, 750insC (13); p.R294X (6). p. R168X, p.Y141X (5); p.R306C (5); p.T158M (4); Del exons 3 and 4 (3); p.R133C (3); p.P152R (2); p.P322A
(1); p.R106W (1); p.P225R (1); p.T158A (1); p.A2V (1); Unknown, not specified (5)
MECP2 (31), Observational DIMS
The MECP2 Questionnaire s observational
Halbach et al. Netherla | Females (53) 26.9+£7.85 negative  (4), Elderly Residents | SWT Dutch RTT parent cross—section'cil Poor
(2008)>* d [16-53] UNKNOWN with D, association ] L ’d
nds (2). NO TEST Tntellectual DES, prospective study
(12), Disabilities DA




UNKNOWN
GENOTYPE
)
Genetic etiology (n) : No information
unclear (216) IS\I\E\)],SF’ 2000 observational,
. 65
Australia E 5882 }gz [2-29] ;/[(};:CTII?ST((?;)) Iﬁzorll;;rrd“, clinical severity D, ARSD, registry since 1993 2002 :;}rlszt,ective Good
Young et al In 2004: 202 e DA, 2004 studyp
(2007)%+* . . DES

Genetic etiology (n) : In 2000: MECP2 (112): C-terminal deletion (14), Early truncating (8), Large deletion (5), p.R106W (3), p.R133C (6), p.R168X (15), p.R255X (8), p.R270X (12), p.R294X (9), p.R306C (7), p.T158M
(14), Other (11), No mutation (34); In 2002: MECP2 (131): C-terminal deletion (15), Early truncating (11), Large deletion (8), p.R106W (2), p.R133C (9), p.R168X (16), p.R255X (7), p.R270X (14), p.R294X (12), p.R306C
(9), p.T158M (15), Other (13), No mutation (45): In 2004: MECP2 (141): C-terminal deletion (17), Early truncating (10), Large deletion (8), p.R106W (4), p.R133C (10), p.R168X (18), p.R255X (10), p.R270X (13), p.R294X
(15), p.R306C (9), p.T158M (14), Other (13), No mutation (42)

CLASSIC (125) The Rett
. Syndrome observational,
United Females (125) Diagnostic NOS cross-sectional
Cooper et al. Kingdo [2-60] . & . .. . ’ British Rett Survey 1987-1996 . ’ Poor
6 Criteria clinical severity DES retrospective
(1998)°°* m
Work study
Group®
Genetic etiology (n) : No information
10.6+5.4 confirmed
. [2.2-28] by servati
U.nlted <5:20 Professor .. . NOsS, National RTT Association of 0bservat19nal,
Sansom et al. Kingdo Females (107) . clinical severity DIMS . . cross-sectional, Poor
(199357 m 6-1:43 Andreas Rett DA United Kingdom prospective study
11-15:25 and/or Dr. ’
>16:19 Alison Kerr
Genetic etiology (n) : No information
" - ; -
Zappella et al. Italy Females (13) 834 Classic (12), ~forme Hagberg® parental report DIMS | Convenience sample before-after  with Poor
(1990)%* [3-14] fruste (1) no control study
Genetic etiology (n) : No information
.. International RTT .
United Physician Association in United States observational,
7.3£3.8 criteria after .. . NOS, . 01/1985-07 | cross-sectional,
Coleman et al States of | Females (63) .. clinical severity of America and Canada, . Poor
Py . [2-20] visit Dr. A. DIMS . /1985 retrospective
(1988)>* America Reit parent group, since 1985 study

Genetic etiology (n) : No information

*Selected for meta-analysis. AIR: Italian Association for RTT; ARTT-NOS: Atypical RTT-not otherwise specified; BIRSS: British Isle RTT Survey; C: Clinical
diagnosis; CDD: CDKLS5 Deficiency Disorder; CDKL5: Cyclin dependent kinase-like 5; C, G: Clinical diagnosis and genetic test; C/G: Clinical diagnosis or genetic test;

CSHQ: Children’s Sleep Habit Questionnaire; CV: Congenital variant; DA: disorder of arousal; DES: disorder of excessive somnolence; DIMS: disorder of initiating and




maintaining sleep; ESV: Early seizure onset variant; F: female; FOXGI: Forkhead box G1; G: Genetic test; ICDD: International CDKLS5 Disorder Database; ICSD:
International Classification of Sleep Disorder scale; M: male; MECP2: Methyl CpG binding protein 2; MEF2C: Mads box transcription enhancer factor 2; NOS:
non-specified otherwise; PSV: Preserved speech variant; RND: Rett Networked Database ; RTT: Rett Syndrome; SDB: sleep-disordered breathing; SDSC: Sleep
Disturbance Scale for Children; SNAKE: Sleeping Questionnaire for Children with Neurological and other Complex Diseases; SWTD: sleep—wake transition disorder.



Figure 2: Forest plot of RTT samples
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Egger: Egger regression coefficient; I?: I-squared; k: number of studies, n/N: sample size; prevalence

rate: effect size in percentage (%); t°: Tau-squared



Figure 3: Forest plot of sleep problems per ICSD subscale
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eFigure 2: Forest plot of RTT female samples per age-groups

Prevalence Rate Egger
Group _ Study References k__ /N (95% 1) P ZValue pValue  (95%c) p-Value ©
NOS 22,34,39,66 4 32/57 * 533(17.8,85.7) 822% 015 088 5.8(-258,37.3) 05 230
Arousal problems
Night crying 66 1 14/20 4 70(47.3,85.9) 0% 174 0.08 0.00
Night laughing 22,66 2 36/43 — 83.4(69.1,919) 0%  3.89 0.0 0.00
Night screaming 22,66 2 22/23 — 51.1(36.3,65.7) 13.4% 0.5 0.8 003
Night terror 2 1 14/35 — 40(253,567) 0%  -12 024 0.00
Sleep walking 24 1 1/35 > 29(04,177) 0% 35 000 0.00
OVERALL 7 87/176 —_———— 49(24.1,744)  811% -0.07 094 -0.3(-9.3,87) 0.9 1.05
Initiating and Maintaining Sleep
Night waking 22,33 2 23/30 * 70.1(21.6,95.2) 79.8% 078 0.44 191
Terminal insomnia 66 1 15/20 g 75(14.3,982) 0% 213 003 0.00
Total score 35 1033 > 87.5(112,99.7) 0% 129 020 0.00
OVERALL 4 41/53 —_— 74.9(38.1,936) 43.2% 136 017 0(109,108) 1 0.40
Excessive Somnolence
Sleep Wake Transition
Sleep Talking 24 1 12/35 —— 343(206,512) 0%  -1.83 007 0.00
Teeth grinding 2 1 26/35 —_— 743(57.5,86) 0% 274 001 0.00
Total score 35 123 *> 66.7(15.4,957) 0% 057 057 0.00
OVERALL 3 40/73 e B S 57.3(24.3,84.9) 815% 040 069 1.1(-58.4,60.5) 0.9 1.07
NOS 22,39,50,66 4 57/94 * 59.96(16.8,91.7) 88.9% 039 069 1.9(-13.7,17.5) 06 3.44
Arousal problems
Night crying 66 1 25/43 —_— 581(297,82) 0% 106 029 0.00
Night laughing 22,66 2 66/83 —_— 79.7(60.7,90.9) 83.7% 2.88 0.0 1.00
Night screaming 22,66 2 37/82 —_— 452(26.1,65.7) 0%  -045 065 0.00
Night terror 2 1 9/47 ———— 19.1(63,454) 0% -39  0.00 0.00
Sleep walking 2 1 3/47 —— 6.4(14,244) 0%  -45  0.00 0.00
OVERALL 7 140/302 —_——— 39.04(14.64,70.5)90.1% 0.7 051 -2.1(-17.4,13.3) 07 1.23
Initiating and Maintaining Sleep
Night waking 22,33 2 35/41 * 74.7(159,97.9) 84.8% 077 044 334
Terminal insomnia 66 1 36/43 * 83.7(115,99.5) 0% 400 0.0 0.00
OVERALL 3 71/84 + 78.3(28.5,97)  69.7% 114 025 085
Excessive Somnolence
Sleep Wake Transition
Sleep talking 2 1 s/47 —— 106(45,23.1) 0%  -45  0.00 0.00
Teeth grinding 2 1 22/47 — 46.81(33.16,60.9) 0%  -0.44 066 0.00
OVERALL 2 27/94 -+ 25.1(4.5,70.4)  92.3% -1.09 027 185
NOS 22,34,50,66 4 46/72 * 57.2(18.8,88.5) 83.8% 033 074 -05(-13.6,125) 0.9 226
Arousal problems
Night crying 66 1 14/25 —_— 56(28.2,80.5) 0%  0.60 0.5 0.00
Night laughing 22,66 2 s1/68 —_— 76(57.4,88.1)  39.4% 265 001 013
Night screaming 22,66 2 24/68 —_—— 36.7(20.7,56.4) 635% -1.33 0.8 024
Night terror 24 1 6/47 — 128(41,332) 0%  -44 000 0.00
Sleep walking 24 1 3/47 —— 6.4(1.6,22.6) 0% 4.5 0.00 0.00
OVERALL 7 98/255 —_—— 335(11.6,658) 90% -1 032 -4.0(20.9,12.9) 06 156
Initiating and Maintaining Sleep
Night waking 22,33 2 30/39 —_—— 76.7(60.8,87.5) 0% 310 0.00 0.00
Terminal insomnia 66 1 18/25 —_—— 72(51.8, 86) 0% 212 003 0.00
OVERALL 3 a8/64 — 74.8(62.6,84) 0% 374 0.00 0.00
Excessive Somnolence
Sleep Wake Transition
Sleep talking 2 1747 — 149(7.3,281) 0%  -425 0.0 0.00
Teeth grinding 24 1 21/47 — 44.7(312,589) 0%  -073 047 0.00
OVERALL 2 28/9a —_————— 27.9(7.9,63.3) 89.1% -125 021 1.04
22,44,66 5 114/179 * 453(14.4,804) 905% -023 082 -2.0(-104,6.5) 05 249
Arousal problems
Night crying 66 1 10719 —_— 526(31.1,73.2) 0% 0.2 0.00
Night laughing 22,66 2 757121 — 61.8(528,70)  22% 0.01 0.04
Night screaming 22,54,66 5 74/175 —— 42.1(35,49.6) 0% 0.04 0.00
Night terror 24 1 7/73 —— 96(46,188) 0% 0.00 0.00
Sleep walking 2 1 Y73 *— 1.4(0.2,9.1) 0% 0.00 0.00
OVERALL 10 167/461 —_— 28(12.4,516)  84.9% 007 -2.4(-6.4,1.6) 02 077
Initiating and Maintaining Sleep
Difficulty falling asleep 63 1 19/84 —_— 22.6(7.9,49.8) 0% -1.97  0.05 0.00
Night waking 22,63 2 123/181 ‘\—% 68.1(47.7,83.3) 0.08 0.49
Prolonged wakefulness 54 3 27/53 — 49.3(29.3,69.6) 095 0.00
Terminal insomnia 63,66 2 40/103 —_— 43.9(23.7,66.2) 0.60 033
OVERALL 8 209/421 —_— 47(27.9,67) 077 0(83,83) 1 073
Excessive Somnolence
Napping 2 1 6273 — 84.9(74.8,915) 0% 529 0.00 0.00
Sleepy during the day 54 2 36/42 — 853(71,932) 0% 399 0.00 0.00
OVERALL 3 98/115 —— 85.1(77.3,90.5) 0% 662 000 05(-10.2,11.1) 07 0.00
Sleep Wake Transition
Nightly unrest 54 3 41/53 — 76.6(63.1,86.3) 0%  3.58  0.00 0.00
Sleep talking 2 1 1/73 —— 16.4(9.6,268) 0% 515 0.00 0.00
Teeth grinding 24 1 42/73 — 57.5(46,683) 0% 128 020 0.00
OVERALL 5 95/199 48.9(17.3,81.4) 90.6% -0.06 095 3.1(9.7,16) 05 1.55

25% 50% 75% 100%




Egger: Egger regression coefficient; I2: I-squared; k: number of studies, n/N: sample size; prevalence

rate: effect size in percentage (%), 1°: Tau-squared



eFigure 3: Forest plot of RTT female and male samples per age-groups



Prevalence Rate Egger
Group _ Study References k /N (95%C1) X Z-Value p-Value (95%C1) p-Value ©
0-7 year olds
NOS 22,34,39,40,66 5  246/617 —_—— 426(15.1,756) 85.6% -0.41 0.68 5.6(-4.0,15.3) 02 222
Arousal problems
Night crying 66 1 14/20 —_———— 70(45.8,86.6) 0% 163 0.0 0.00
Night laughing 22,37,66 3 76/99 — 76.6(65.9,84.8) 11.9% 4.41 0.0 0.03
Night screaming 22,66 2 22/43 —— 512(353,66.9) 13.4% 015 0.8 0.00
Night terror 24 1 14/35 ——— 40(238,587) 0%  -1.05 0.9 0.00
Sleep walking 24 1135 >~ 29(0.4,181) 0%  -3.43  0.00 0.00
OVERALL 8  127/232 E— 47.9(24.4,72.3) 80.4% -0.16 0.87 -15(-8.2,5.2) 06 084
Initiating and Maintaining Sleep
Difficulty falling asleep 37 1 4155 —_————— 745(407,926) 0% 347  0.00 0.00
Night waking 22,33,37 3 6185 ———— 70.4(47.3,86.4) 60.9% 174 0.08 045
Terminal insomnia 66 1 15/20 —_— 75(36.3,941) 0% 213 003 0.00
Total score 35 1033 * 87.5(215,99.4) 0% 129 020 0.00
OVERALL 6 120/163 —_— 73.3(57.4,84.9) 14.9% 279 001 03(-2.7,3.4) 08 0.04
Excessive Somnolence
Sleep Wake Transition
Sleep Talking 24 1 12/35 —_— 343(206,51.2) 0%  -1.83 0.07 0.00
Teeth grinding 24 1 26/35 —_—— 743(57.5,86) 0% 274 001 0.00
Total score 35 1023 * 66.7(15.4,957) 0% 057 057 0.00
OVERALL 3 40/73 ———————— 57.3(24.3,84.9) 815% 040 069 1.1(-58.4,60.5) 09 1.07
NOS 22,39,40,50,66 5  120/296 * 426(10,831)  913% 031 076 1(-11.8,13.8) 08 401
Arousal problems
Night crying 66 1 25/43 ————— 58.1(30.6,81.4) 0% 106 029 0.00
Night laughing 22,37,66 3 132/189 — 73(57.7,84.3)  80%  2.84 0.0 0.44
Night screaming 22,66 2 37/82 —_— 452(26.7,651) 0% 047 064 0.00
Night terror 2 1 9/47 ———— 19.1(6.6,44.4) 0%  -3.89 0.0 0.00
Sleep walking 24 1 3/47 —— 6.4(15,238) 0% 45 0.00 0.00
OVERALL 8 206/408 —_— 37.8(15.3,67.1) 89.4% -0.81 042 3.0(-12.0,6) 04 092
Initiating and Maintaining Sleep
Difficulty falling asleep 37 1 60/104 *> 57.7(19.6,88.4) 0% 156 0.12 0.00
Night waking 22,33,37 3 115/145 —_—— 77.3(515,91.6) 71.3% 206 0.4 073
Terminal insomnia 66 1 36/43 ———————&——— | 83.7(444,97.1) 0% 396 0.0 0.00
OVERALL 5 211/292 —_— 74.7(54.4,87.9) 817% 234 0.02 1.7(-5.9,9.4) 05 052
Excessive Somnolence
Sleep Wake Transition
Sleep talking 24 1 5/47 —— 10.6(4.5,23.1) 0%  -45 0.0 0.00
Teeth grinding 2 1 22/47 — 46.81(33.16,60.9) 0%  -0.44 066 0.00
OVERALL 2 27/94 + 25.1(4.5,70.4) 92.3% -109 027 1.85
NOS 22,34,40,50,66 5  48/123 * 38(8.1,81) 90.1% -0.49 062 1.8(12.6,9.1) 06 3.97
Arousal problems
Night crying 66 1 14/25 ———— 56(26.3,82) 0% 060 055 0.00
Night laughing 22,37,66 3 103/160 — 68.6(52,81.5)  70.4% 219 0.3 027
Night screaming 22,66 2 24/68 —_———— 36.8(19.6,582) 635% -121 023 024
Night terror 24 1 6/47 —_—— 12.8(3.8,353) 0% 0.00 0.00
Sleep walking 2 1 3/47 —— 6.4(1.4,24) 0% 0.00 0.00
OVERALL 8 150/347 —_——— 324(11.9,63)  89.1% 0.25 3.2(-11.6,5.2) 04 111
Initiating and Maintaining Sleep
Difficulty falling asleep 37 1 48/92 — 52.2(42,622) 0% 042 068 0.00
Night waking 22,33,37 3 97/130 —— 74.5(66.3,81.3) 0% 530 0.0 0.00
Terminal insomnia 66 1 18/25 —_——— 72(51.8,86) 0% 212 003 0.00
Total score 35 112 * 50(59,941) 0% 000 100 0.00
OVERALL 6  164/249 —_—— 65.4(47.7,79.7) 62% 171 0.09 0.4(-35,4.3) 08 023
Excessive Somnolence
Sleep Wake Transition
Sleep talking 2 1 7/47 —— 149(7.3,281) 0% 425 0.0 0.00
Teeth grinding 2 1 21/47 —_— 447(31.2,589) 0%  -0.73 047 0.00
OVERALL 2 28/% —_— 27.9(7.9,63.3) 89.1% -1.25 0.21 1.04
NOS 22,40, 44,66 6 130/306 * 36.6(10.4,74.1) 95%  -0.67 0.50 0.8(-11.2,9.7) 09 331
Arousal problems
Night crying 66 1 10719 > 52.6(30.4,73.8) 0% 023 082 0.00
Night laughing 22,37,66 3 127/229 - 55.7(48,63.1)  63.7% 150 0.10 011
Night screaming 22,54,66 5 74175 —— 42(341,503) 0%  -188 0.6 0.00
Night terror 2 1773 —— 9.6(45193) 0%  -564 0.00 0.00
Sleep walking 2 13 >— 14(0.2,9.2) 0% -425 0.0 0.00
OVERALL 11 219/569 —_——— 27.7(13.1,49.2) 833% -203 0.04 23(5.8,1.2) 02 055
Initiating and Maintaining Sleep
Difficulty falling asleep 63,37 2 86/191 —_——— 41.6(19,68.4)  965% -0.60 055 147
Night waking 22,37,63 3 208/289 —— 72(509,86.4)  86.2% 204 0.04 034
Prolonged wakefulness 54 3 27/53 —_——————— 489(253,729) 0%  -008 093 0.00
Terminal insomnia 63,66 2 40/103 —— 44.6(20,72.2) 70.8% -0.36 0.72 033
OVERALL 10 361/636 - 53.2(34.9,70.7) 89.9% 034 074 1.4(-89,6) 07 0.70
Excessive Somnolence, idem females
Sleep Wake Transition
Nightly unrest 54 3 41/53 — 76.6(63.1,86.3) 0% 0.00 0.00
Sleep talking 24 1 12/73 —— 16.4(9.6,26.8) 0% 0.00 0.00
Teeth grinding 2 1 473 —— 57.5(46,68.3) 0% 0.20 0.00
OVERALL 5 95/199 * 48.9(17.3,81.4) 90.6% -0.06 0.5 3.1(:9.7,16) 05 155
0% 25% 50% 75% 100%



Egger: Egger regression coefficient; I2: I-squared; k: number of studies, n/N: sample size; prevalence

rate: effect size in percentage (%), 1°: Tau-squared



eFigure 4: Forest plot of MECP2, CDKLS5 and FOXG1 samples

Prevalence Rate Egger

Group _ Study References  k __ n/N (95% C1) P ZValue pValue  (95%cl) p-Value ks
MECP2 Females

NOS 22,32,34 3 622/1149 + 61.7(19,917)  97.9% 0.49 063  4.6(-905,99.7) 07 197
Arousal problems

Night laughing 2 1 138/208 —— 66.3(59.7,72.4) 0% 463 0.00 0.00

Night screaming 22,54 2 105/261 — 40.1(34.3,46.2) 0% 318 0.00 0.00

Night terror 2 1 36/202 —— 17.8(13.1,23.7) 0% 831 0.00 0.00

Sleep walking 24 1 6138 - 43(2,9.3) 0% 741 0.00 0.00

OVERALL 5 285/809 . 262(9.9,535) 97% -172 008 -9.6(-313,121) 03 123
Initiating and Maintaining Sleep

Night waking 2 1 158/193 - 81.9(1,999) 0% 807 0.00 0.00

Prolonged wakefulness 54 1 27/53 *- 51(0.2,99.8) 0% 015 088 0.00

OVERALL 2 185/246 *- 68.5(2.9,99.4) 94.9% 035 0.72 1.02
Excessive Somnolence

Napping 2 1 156/202 — 77.2(709,82.5) 0% 7.28 0.00 0.00

Sleepy during the day 54 1 45/53 — 85(72.7,923) 0% 451 0.00 0.00

OVERALL 2 201/255 —_—— 79.6(71.4,85.9) 33.2% 5.95 0.00 0.04
Sleep Wake Transition

Nightly unrest 54 1 41/53 —_—— 77(59.4,88.5) 0% 3.70 0.00 0.00

Sleep talking 24 1 36/202 — 17.8(10.3,29.1) 0% 469 000 0.00

Teeth grinding 2 1111202 —_—— 55(40.2, 68) 0% 065 051 0.00

OVERALL 3 188/457 * 48.6(17,81.4)  97.4% -0.07  0.94 356(206.4,2136) 0.9 153
MECP2 Females & Males

NOS 22,32,34,58 4 634/1169 g 61.7(13,859)  96.8% 071 048 33(-158,224) 05 1.66
Arousal problems

Night laughing 22,37 2 348/570 —_—— 621(50.1,72.8) 74% 197 0.05 0.05

Night screaming 22,37,54 3 198/621 — 34.1(253,44.2) 85.8% -3.02  0.00 0.16

Night terror 24 1 36/202 —_—— 17.8(94,313) 0% 831 0.00 0.00

Sleep walking 2 1 6/138 - 43(16,114) 0% 741 000 0.00

OVERALL 10 588/1531 —_———— 245(86,527) 97.1% -179 010  -7.7(23,7.5) 02 084
Initiating and Maintaining Sleep

Difficulty falling asleep 37 1 216/358 —— 60.3(48.4,71.2) 0%  3.88 0.00 0.00

Night waking 22,37 2 428/551 —— 78.4(71.4,84.1) 66.5% 6.73 0.00 0.05

Prolonged wakefulness 54 1 27/53 —_— 51(34.2,67.6) 0% 015 091 0.00

OVERALL 4 671/962 —. 65(45.9,802) 927% 155 012  06(-299,312) 09 030
Excessive Somnolence

Difficulty waking 37 1 111/355 + 313(34,855) 0% 688  0.00 0.00

Napping 24,37 2 281/562 +- 57.2(17.9,89.1) 98.8% 031 075 170

Sleepy during the day 24 1 45/53 85(28.4,98.8) 0% 128 0.20 0.00

OVERALL 4 437/970 59.2(23.2,87.4) 97.8% 046 064 12.4(-185432) 02 1.02
Sleep Wake Transition

Nightly unrest 54 1 453 —_—— 77(61.7,87.4) 0% 3.70 0.00 0.00

Sleep talking 2 1 36/202 — 17.8(11.6,26.4) 0% 831 0.00 0.00

Teeth grinding 24 2 281/562 — 50.7(43.2,58.2) 67.6% 0.19 0385 003

OVERALL 4 358/817 _— 47.1(19.1,77)  96.2% 017 086  1(-37.6,39.7) 09 0.67
CDKLS females

NOS 32,35,44,48,58  30/175 —_————— 58.9(30.1,82.7) 84.70% 059 056 -25(-9.2,42) 03 135
Arousal problems

Night laughing a8 1 25/109 —— 25.7(18.4,34.7) 0% 485 0.00 0.00

Night screaming a8 1 28/109 — 229(16,317) 0% 532 0.00 0.00

OVERALL 2 53/218 —— 24.3(19.1,30.5) 0% 718 0.00 0.00
Initiating and Maintaining Sleep

Night waking 48 1 63/106 — 59.4(49.9,68.3) 0% 193 005 0.00

Total score 35 1 34 +- 75(23.8,96.6) 0% 095 034 0.00

OVERALL 2 66/110 — 59.9(50.5,68.7) 0% 206  0.04 0.00
Excessive Somnolence

Napping a8 1 51/108 —— 47.2(34.7,60.1) 0% 042 068 0.00

Total score 35 113 + 333(4.2,85) 0% 057 057 0.00

OVERALL 2 52111 —_—— 46.6(34.3,59.2) 0% 053 060 0.00
Sleep Wake Transition

Repetitive movements 48 1 29/107 — 27.1(19.5,36.3) 0% 455 000 0.00

Teeth grinding 48 1 41/108 —— 38(29.3,47.4) 0% 248 001 0.00

Total score 35 1 <+ 50(12.3,87.7) 0% 0.0 1.00 0.00

OVERALL 3 72/219 — 33.4(233,453) 40.7% 269 001  07(27.5289) 08 0.06
CDKLS Females & Males

NOS 32,35,44,48,58  164/192 R e 59.2(29.2,83.6) 86.30% 0.58 056  2.7(:9.6,42) 03
Arousal problems

Night laughing 48 1 34127 — 26.8(19.8,35.1) 0% 502 000 0.00

Night screaming 28 1 29/127 —— 22.8(16.4,30.4) 0% 576 000 0.00

OVERALL 2 63/254 —— 24.9(19.9,30.5) 0% 761 0.00 0.00
Initiating and Maintaining Sleep

Night waking 48 1 72/123 58.5(6.5,966) 0% 022 082 0.00

Total score 35 134 +- 75(6.6,99.2) 0% 095 034 0.00

OVERALL 2 75/127 + 65.5(15.3,95.2) 0% 0.53 0.59 0.00
Excessive Somnolence

Napping a8 1 59/126 — 46.8(38.3,55.6) 0% 071 048 0.00

Total score 35 113 + 333(4.3,84.7) 0% 057 057 0.00

OVERALL 2 60/129 —— 46.5(38.1,55.2) 0% 078 043 0.00
Sleep Wake Transition

Repetitive movements 48 133125 — 26.4(19.4,34.8) 0% 505 000 0.00

Teeth grinding 48 1 50/126 —— 39.7(315,48.5) 0% 23 0.02 0.00

Total score 35 12 + 50(12.3,87.7) 0% 0.0 1.00 0.00

OVERALL 3 85/255 —_—— 34.1(224,481) 63.1% -222 003  06(354,36.6) 09 012
FOXG1females

NOS 32,44,58 3 w2 —_——— 62.3(41.1,79.6) 0% 114 025  03(-106,113) 08 0.00

0% 25% 50% 75% 100%

Egger: Egger regression coefficient; I?: I-squared; k: number of studies, n/N: sample size; prevalence

rate: effect size in percentage (%), t%: Tau-squared



eFigure 5: Forest plot of MECP2 female samples per age-groups

Prevalence Rate

Egger
pValue  (95%Cl)

Group  Study References k /N (95%C1) " ZValue p-Value ©
NOs 22,34,39,50 4 28/39 * 58.1(21.6,87.5) 69.7% 040  0.69 -3.4(-187,119) 04 1.82
Arousal problems
Night laughing 2 1 20/23 ———— | 87(665958 0% 307 0.00 0.00
Night screaming 22 1 10/23 —— 435(25.2,63.7) 0% 062 053 0.00
Night terror 22 1 14/35 —— 40(253,567) 0% 118 024 0.00
Sleep walking 2 11/35 > 29(0.4,17.7) 0% 348 000 0.00
OVERALL 4 a5/116 —_— 40.2(13.3,74.7) 86.7% -0.53 060 -15(-218189) 08 172
ing and Maintaining Sleep
Night waking 2 1 20/23 ———— | 870665958 0% 307 000 0.00
Excessive Somnolence
Sleep Wake Transition
Sleep talking 2 1 12/35 — 343(206,512) 0% 183 007 0.00
Teeth grinding 2 1 26/35 —_— 74.3(57.5,86) 0% 274 001 0.00
OVERALL 2 38/70 *> 54.9(18.6,86.7) 90.6% 023  0.82 133
NOS 22,39,50 3 28/39 * 58.1(216,87.5) 735% 040 069 -4.6(-17.7,85) 01 224
Arousal problems
Night laughing 2 1 27/40 —— 67.5(51.7,80.1) 0% 217 003 0.00
Night screaming 22 1 18/39 —_— 46.2(31.4,617) 0% 047 064 0.00
Night terror 2 1 9/47 — 19.1(10.3,329) 0% 389 0.00 0.00
Sleep walking 2 1 3/47 —— 6.4(2.1,18) 0% 45 0.00 0.00
OVERALL 4 57/173 ———————— 304(105,62) 91.2% -123 022 -10.8(37.6,16) 02 153
Initiating and Maintaining Sleep
Night waking 22 1 33/36 ——— | 917(77.2,97.3) 0% 398 000 0.00
Excessive Somnolence
Sleep Wake Transition
Sleep talking 2 1 5/47 ——— 106(4.5,23.1) 0% 45 0.00 0.00
Teeth grinding 2 1 22/47 ——— 46.8(33.2,60.9) 0% 044 066 0.00
OVERALL 2 27/% * 25.1(4.5,70.4) 923% -109 030 1.85
NOS 22,34,50 3 38/47 * 71(285,938)  514% 097 033 -14(-207,17.8) 05 1.40
Arousal problems
Night laughing 2 1 30/43 — 69.8(54.7,816) 0% 252 0.01 0.00
Night screaming 2 1 12/43 —— 27.9(166,43) 0% 279 001 0.00
Night terror 24 1 6/47 —— 12.8(5.8,25.6) 0% -4.4 0.00 0.00
Sleep walking 2 1 3/47 —— 6.4(2.1,18) 0% 45 0.00 0.00
OVERALL 4 51/180 R S 24.3(6.6,59.2) 927% -148 014 -118(39.8163) 02 207
Initiating and Maintaining Sleep
Night waking 2 1 29/37 —— 78.4(62.4,88.8) 0% 323 000 0.00
Excessive Somnolence
Sleep Wake Transition
Sleep talking 2 1 7/47 —— 14.9(73,28.1) 0% 425 000 0.00
Teeth grinding 2 1 21/47 —_— 44.7(312,589) 0% 073 047 0.00
OVERALL 2 28/% —_—————— 27.9(7.9,633) 89.1% -125  0.21 1.04
NOS 22,34,44 3 111/158 * 55.6(15.7,89.4) 93.8% 023 082 -21(-86.,823) 08 228
Arousal problems
Night laughing 2 1 61/102 —— 59.8(50,68.8) 0% 197 005 0.00
Night screaming 22,54 1 65/156 —— 41.5(34,49.4) 0% 211 004 0.00
Night terror 24 1773 —— 96(4.6,188) 0% 564 0.00 0.00
Sleep walking 2 1173 *~— 14(0.2,9.1) 0% 425 000 0.00
OVERALL 7 134/404 —_—— 21.9(7.8,48.1) 88.6% -208  0.04 -4.1(89,08) 0.1 093
Initiating and Maintaining Sleep
Night waking 2 1 76/97 —— 78.4(69.1,855) 0% 522 0.00 0.00
Prolonged wakefulness 54 3 27/53 —— 50.8(37.5,64.1) 0% 0.12 0.90 0.00
OVERALL 4 103/150 —————— 66.1(36.3,87)  76.6% 106 029 -52(-6.9,-3.6) 0 054
Excessive Somnolence
Napping 2 1 62/73 —— 84.9(74.8,915) 0% 529 000 0.00
Sleepy during the day 54 2 36/42 — 853(71,932) 0% 399 000 0.00
OVERALL 3 98/115 —— 85.1(77.3,90.5) 0% 662 000 05(102,111) 07 0.00
Sleep Wake Transition
Nightly unrest 54 3 41/53 —— 76.6(63.1,86.3) 0% 358 000 0.00
Sleep talking 2 11713 —— 16.4(9.6,26.8) 0% 515 0.00 0.00
Teeth grinding 2 1 a7 — 57.5(46,68.3) 0% 128 020 0.00
OVERALL 5 95/199 + 48.9(17.3,81.4) 90.6% -0.06 095 3.1(9.7,16) 05 155
0% 25% 50% 75% 100%

Egger: Egger regression coefficient; I2: I-squared; k: number of studies, n/N:

rate: effect size in percentage (%), t*: Tau-squared

sample size; prevalence



eFigure 6: Forest plot of MECP2 female and male samples per age-groups

Prevalence Rate Egger
Group _ Study References _ k __ n/N (95%C1) P ZValue p-Value (©5%C1) p-Value «
NOS 22,34,39,50 4 28/39 58.1(216,87.5) 69.7% 0.40 0.69 3.4(18.7,11.9) 04 182
Arousal problems
Night laughing 22,37 2 60/79 _—— 77.9(58.4,89.8) 513 27 001 025
Night screaming 2 1 10/23 —_— 435(176,73.4) 0%  -0.62 053 0.00
Night terror 2 1 14735 —_—— 40(169,686) 0%  -1.18 0.24 0.00
Sleep walking 24 1135 -— 29(03,212) 0% 348 0.00 0.00
OVERALL 5 85/172 37.3(103,756) 87.1% -0.62 054 29(-145,8.7) 05 131
Initlating and Maintalning Sleep
Difficulty falling asleep 37 1 a1/55 -_ 74.5(43.6,91.7) 0% 347 000 0.00
Night waking 22,37 2 58/78 —_— 77.1(54.4,905) 60.9% 229 0.02 037
OVERALL 3 99133 _ 76.2(58.5,87.9) 22.8% 278 0.01 3.1(-10,163) 0.2 0.04
Excessive Somnolence
Sleep Wake Transition
Sleep talking 2 1 12/3 —_—— 343(206,512) 0% 183 007 0.00
Teeth grinding 2 1 26/35 —_—— 743(575,86) 0% 274 001 0.00
OVERALL 2 38/70 54.9(18.6,86.7) 90.6% 023 082 133
NOS 22,39, 50 3 28/39 58.1(21.6,87.5) 73.5% 040 069 -4.6(-17.7,8.5) 01 224
Arousal problems
Night laughing 22,37 2 93/1d6 — 63.7(556,71.1) 0% 325 0.0 0.00
Night screaming 2 1 18/3 —_— 462(31.4,617) 0% 047 064 0.00
Night terror 2 1 g7 —— 19.1(103,329) 0%  -389 0.00 0.00
Sleep walking 2 1 347 —— 6.4(2.1,18) 0% -450 0.00 0.00
OVERALL 5 123/279 —_—— 30(10.7,605)  91.4% -1.31 019 -7.4(17.6,2.8) 01 113
Initiating and Maintaining Sleep
Difficulty falling asleep 37 1 60/104 —_——— 57.7(24.2,85.3) 0% 156 012
Night waking 22,37 2 113140 _— 84.2(62.9,94.4) 70.8% 2.86 0.00
OVERALL 3 173/244 —_—— 74.4(43.5,915) 87.6% 158 0.2 0.4
Excessive Somnolence
Sleep Wake Transition
Sleep talking 2 1 5/47 —— 106(45231) 0% 45 000 0.00
Teeth grinding 2 1 22/a7 —_—— 46.8(33.2,60.9) 0%  -044 0.66 0.00
OVERALL 2 27/9 -+ 25.1(4.5,70.4) 923% -1.09 030 185
NOS 22,3450 3 38/a7 > 71(285,938)  514% 097 033 -1.4(20.7,17.8) 05 1.40
Arousal problems
Night laughing 22,37 2 82/135 —_— 62.1{485,74)  533% 175 0.08 0.09
Night screaming 2 1 12/43 —_—— 27.9{13.8,484) 0% 279 001 0.00
Night terror 2 1 6/47 — 128(4.9,202) 0% 44 0.00 0.00
Sleep walking 24 1 387 —— 6.4(18,201) 0%  -45 000 0.00
OVERALL a4 103/272 —_— 231(6.4,57.2) 923% -158 011 -7.6(-18.8,3.5) 01 142
Initiating and Maintaining Sleep
Difficulty falling asleep 37 1 ag/92 —_— 522(42,622) 0% 042 068 0.00
Night waking 22,37 2 96/128 — 74.9(66.7,81.7) 0% 536 0.00 0.00
OVERALL 3 148220 —_—— 64.4(40.2,82.9) 83.6% 117 024 5.8(-68.9,80.4) 05 036
Excessive Somnolence
Sleep Wake Transition
Sleep talking 2 1 /a7 —_—— 149(7.3,281) 0%  -425 0.00 0.00
Teeth grinding 2 1 21/a7 —_—— 447(312,589) 0%  -0.73 047 0.00
OVERALL 2 28/% _— 27.9(7.9,633) 89.1% -1.25 021 104
NOS 22,34,44 3 111/158 +- 55.6(15.7,89.4) 93.8% 023 0.82 2.1(-86.6,82.3) 08 228
Arousal problems
Night laughing 22,37 2 113210 — 53.8(46.9,60.4) 64.9% 108 028 0.07
Night screaming 22,54 4 65/156 — 415(34,49.4) 0% 211 0.04 0.00
Night terror 24 1 L] —— 9.6(4.6,18.8) 0% 5.64 0.00 0.00
Sleep walking 24 1 1/73 *>~— 1.4(0.2,9.1) 0% 425 000 0.00
OVERALL 8 186/512 —_—— 222(9.2,44.4) 87% 239 0.02 4.0(-8.0,0.1) 0.1 062
Inltiating and Malntalning Sleep
Difficulty falling asleep 37 1 am — 626(53.1,71.2) 0% 258 001 0.00
Night waking 22,37 2 161/205 — 786(72.4,836) 0%  7.63  0.00 0.00
Prolonged wakefulness 54 3 21/53 —_—— 50.8(375,64.1) 0% 012 090 0.00
OVERALL 6 255/365 -—— 65.4(47.4,79.9) 74.5% 169 0.9 3.0(-86,25) 02 027
Excessive Somnolence
Sleep Wake Transition
Nightly unrest 54 3 a153 —_—— 76.6(63.1,863) 0% 0.00 0.00
Sleep talking 24 1 12/73 — 16.4(9.6,268) 0% -5.15  0.00 0.00
Teeth grinding 2 1 ayn —_— 57.5(46,683) 0% 128 020 0.00
OVERALL 5 95/199 48.9(17.3,81.4) 90.6% -0.06 0.95 3.1(:9.7,16) 05 155
0% 25% 50% 75% 100%

Egger: Egger regression coefficient; I?: I-squared; k: number of studies, n/N: sample size; prevalence

rate: effect size in percentage (%), t%: Tau-squared



eFigure 7: Forest plot of clinical profile samples

Prevalence Rate Egger
Group  Study References k n/N (95%C1) P ZValue p-Value (95%Cl) p-Value 2
RTT
classic 40,44,50,58,65 7 265/815 — 39.1(20.7,61.1) 96.3% -0.97 033 3(-14.7,20.7) 0.7 1.44
atypical 35,44,50,58 7 17/83 —_— 41(21.1,643)  232% 074 045 03(2531) 08 028
OVERALL 14 282/858 —_—————— 39.98(24.42,57.9)92.4% -1.10 0.27 133
MECP2 Females
classic 44,50,58 4 68222 —_— 335(19.7,50.8) 755% -188 006 07(126,14) 08 037
atypical 58 1 4/19 —_— 21.1(5,57.5) 0% -1.59 011 0.00
OVERALL 5 68/222 —_— 312(19,466) 0% 236 0.02 000
MECP2 Females & Males
classic 44,50,58 4 64203 —— 33.8(187,53.1) 755% -165 010 07(126,14) 08 037
atypical 58 2 16/39 —_— 403(17,68.9)  824% -065 0.52 122
OVERALL 6 80/242 —_— 35.8(22.3,51.9) 74.0% -1.73 0.08 0.41

0% 25% 50% 75% 100%

Egger: Egger regression coefficient; I?: I-squared; k: number of studies, n/N: sample size; prevalence

rate: effect size in percentage (%), t%: Tau-squared





