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Abstract

Background Rett syndrome (RTT) is a rare neurodevelopmental condition associated with mutations in the gene
coding for the methyl-CpG-binding protein 2 (MECP2). It is primarily observed in girls and affects individuals globally.
The understanding of the neurobiology of RTT and patient management has been improved by studies that describe
the demographic and clinical presentation of individuals with RTT. However, in Ireland, there is a scarcity of data
regarding individuals with RTT, which impedes the ability to fully characterize the Irish RTT population. Together

with the Rett Syndrome Association of Ireland (RSAI), we prepared a questionnaire to determine the characteris-

tics of RTT individuals in Ireland. Twenty-five families have participated in the study to date, providing information
about demographics, genetics, familial history, clinical features, and regression.

Results The results show that Irish individuals with RTT have comparable presentation with respect to individu-

als in other countries; however, they had a better response to anti-epileptic drugs, and fewer skeletal deformities

were reported. Nonetheless, seizures, involuntary movements and regression were more frequently observed in Irish
individuals. One of the main findings of this study is the limited genetic information available to individuals to support
the clinical diagnosis of RTT.

Conclusions Despite the limited sample size, this study is the first to characterize the RTT population in Ireland
and highlights the importance of having a swift access to genetic testing to sharpen the characterization of the phe-
notype and increase the visibility of Irish individuals in the international RTT community.
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Background
Rett syndrome, originally described in the 1960’s by
Andreas Rett, is an X-linked rare neurodevelopmen-
tal condition with specific clinical features [1]. It affects
brain function and development, with global prevalence
ranging from 5-10 cases (95% CI) per 100,000 females
[2]. After an apparently typical developmental period
of approximately 6 months, individuals with classic
RTT present with regression of acquired developmen-
tal skills at 1-4 years of age [3]. There are four stages of
RTT defining the clinical course: (i) early onset: birth to
6-18 months, (ii) rapid developmental deterioration:
1-4 years, (iii) plateau/pseudo-stationary: 4-10 years,
and (iv) late motor deterioration: 10-30 years [3].
Symptoms of RTT can range in clinical severity and
include acquired hypotonia and abnormal decelera-
tion in rate of head growth observed at approximately
3-6 months of age. Loss of previously acquired linguis-
tic skills, poor muscle tone, slower cerebral and physi-
cal development, jerky limb movements, and behavioral
and emotional dysregulation, such as restricted sociabil-
ity, are observed at approximately 1-4 years of age. Ste-
reotypic hand movements are a defining feature of RTT.
Other symptoms include seizures, bruxism, apraxia, cold
hands and feet, gastrointestinal (GI) issues such as bloat-
ing, cardiac and breathing issues (mainly episodic hyper-
ventilation, breath-holding, and Valsalva manoeuvres),

forced saliva and air expulsion, sleep disturbances, and
musculoskeletal abnormalities (predominantly scoliosis
and lower limb deformities) [4, 5]. Autistic traits are pre-
sent, but only in stage 2 [6].

Most individuals with RTT are females and have muta-
tions in the gene coding for Methyl-CpG binding protein
2 (MECP2) located on the Xq28 chromosome. Males
with RTT survive for variable periods including those
who present with classic RTT due to somatic mosaicism
or Klinefelter syndrome [7, 8]. Hagberg and associates led
pioneering work to develop clinical diagnostic criteria
[1, 9-11]. Neul et al., revised the criteria in their paper
in 2010 [12]. Their recommendations aimed to minimize
clinical and genetic heterogeneity with regard to diag-
nosis and classification of RTT during clinical trials. The
authors suggested that individuals with clinically definite
typical RTT without a MECP2 mutation should not be
excluded from participation. Further, they suggested that
neither should individuals with MECP2 mutations and
a clinical condition distinct from RTT be excluded from
clinical trials. The authors recommended a consideration
of a diagnosis of RTT when there is a noted deceleration
of head growth. The main criteria apply to both typical
and atypical RTT and is defined as partial or complete
loss of acquired purposeful hand skills; partial or com-
plete loss of acquired spoken language; gait abnormalities
including dyspraxia or no ability to walk and stereotypic
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hand movements such as hand wringing/squeezing, clap-
ping/tapping, mouthing, and washing/rubbing automa-
tisms [12].

For a diagnosis of typical RTT, all the main and exclu-
sion criteria must be met along with an observed period
of regression, followed by recovery or stabilization.
The authors defined exclusion criteria for typical RTT
which is the absence of brain injury secondary to trauma
(peri- or postnatally), neurometabolic disease, or severe
infection that causes neurological problems and grossly
abnormal psychomotor development in first 6 months of
life. Supportive criteria are not required [12].

The diagnosis of atypical RTT is applicable when at
least 2 out of the four main criteria and 5 out of the 11
supportive criteria are met and the individual has under-
gone a period of regression followed by recovery or
stabilisation. Supportive criteria are identified as breath-
ing disturbances when awake, bruxism when awake,
impaired sleep pattern, abnormal muscle tone, periph-
eral vasomotor disturbances, scoliosis/kyphosis, growth
retardation, small cold hands and feet, inappropriate
laughing/screaming spells, diminished response to pain
and intense eye communication—“eye pointing” [12].
Among atypical RTT cases, there is the preserved speech
or "Zappella variant" (Z-RTT), which is defined by milder
symptoms and a degree of speech ability. The ‘Rett-like’
subtype refers to conditions where many but not all the
diagnostic criteria of RTT are fulfilled, and other causes
and genetic mutations other than MECP2 are associated
with the clinical presentation [13]. The classification of
RTT and its subtypes is continually evolving.

MeCP2 is a chromosome-binding protein that can act
as transcriptional activator or repressor and controls
miRNA function [14]. MECP2 is important for brain
development and function, but the protein is ubiqui-
tously expressed in the body [15, 16]. Although over 90%
of RTT individuals have mutations in the MECP2 gene,
there are individuals with a clinical diagnosis of RT'T who
do not have MECP2 mutations. Suter and colleagues have
also identified individuals with MECP2 mutations who
lack clinical features of Rett syndrome [17]. Recently,
additional factors have been suggested to play a role in
the development of the RTT phenotype [18]. In addition
to MECP2, other genetic variants have been identified as
contributing to RTT-like phenotypes, including CDKL5
and FOXGI1, MEF2C, TCF4 [19, 20], CTNNBI1, WDR45
[21], ATP6VOA1, USPS, MASTS, and NCOR2 [22].

Overall, there is significant clinical and phenotypic
variability associated with RTT. The variation in RTT
presentation is associated with several factors, including
the nature of the MECP2 mutation present [23-26], the
degree of X-chromosome inactivation [27-29], the indi-
vidual’s genetic background, and the site and location
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of MeCP2 expression in the individual’s brain [3]. Addi-
tional variability is reported in demographic analysis
from specific populations in several countries, such as the
USA and Canada [30-35]; Italy [4, 36]; Denmark [37-39];
Australia [7, 40-46]; UK [43, 47-49]; the Netherlands
and Belgium [50, 51]; Brazil [52]; Poland [53]; Swe-
den [54]; and an international analysis [55]. Due to this
degree of variability in presentation, RTT is commonly
misdiagnosed and often difficult to treat effectively, espe-
cially when considering differences in the genetic basis of
the condition. Barriers arising from the variability of RT'T
have led to the development of several RTT databases
to categorize and analyse different RTT cohorts. These
include- InterRett, the Australian Rett Syndrome Data-
base (ARSD), the Rett Syndrome Natural History Study
(USA), and the Rett Networked Database [56]. These
databases have led to great advancements in understand-
ing the biology of RTT and in recording the genotypic
and phenotypic variation of RTT. They also contribute to
recognizing the presence of different cohorts of patients.

Methods

Study design and data source

In collaboration with the RSAI, we prepared a ques-
tionnaire for caregivers outlining the demographic
characteristics of RTT individuals in Ireland. The ques-
tions included were a subset of the questionnaire estab-
lished by Grillo and colleagues, which were selected and
adapted in partnership with the families affiliated with
RSAI to create a user-friendly version that was compre-
hensible and easy to complete [56].

RSAI distributed questionnaires from May 2022,
along with consent forms and a patient information
leaflet [57]. Information on the purpose of the research
and benefits of participation were also provided. In
addition, the RSAI disseminated information through
a prerecorded video and distributed the questionnaire
to their additional members. After collecting the ques-
tionnaires, the RSAI removed personal information,
assigned codes, and sent the anonymous data to the
researchers for analysis, who were blinded to all per-
sonal information. The entire process complied with
General Data Protection Regulation policies and was
approved by the TCD Faculty of Health Science Ethical
Committee (210404). Only participants who provided
consent were included in the analysis. The question-
naire included 26 questions, which inquired about the
following details: current age, height, and weight of the
individual; age at diagnosis; place of diagnosis; clini-
cian/service that performed the diagnosis; type of RTT;
genetic test and mutation; regression (behavioural,
speech, motor, growth failure, and regression of hand
use); hand use of individual; presence of gastrointestinal
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(GI) problems; communication (verbal and/or non-
verbal, and ability to understand/interact with oth-
ers); motor skills of individual (ability to sit, walk,
stand, walk with support); epilepsy status (seizures,
age of seizure onset, current medications, resistance to
anti-epileptic medications, family history of seizures,
and details of the seizures); breathing abnormalities;
bloating; cold extremities; sphincter control; skeletal
abnormalities; involuntary movements; bruxism; age
of pubertal onset (if applicable); additional diagnostic
tests performed (EEG, cardiac activity, breathing activ-
ity, imaging); family history (consanguinity between
parents, history of RTT/other diseases in the family,
siblings and their age, sex); and mother’s pregnancy
details (regular/irregular pregnancy, medications taken
during the gestation period, regular/assisted deliv-
ery). For some questions, the participants were asked
to choose the most commonly observed presentation
from a list of options. For example, when asked about
behavior, the options included excitement, sadness,
self-injury, injury to others, anxiety, and difficulty fall-
ing asleep at night. A free-text space was left for partic-
ipants to enter any additional comments that they felt
were important to include in the questionnaire.

For comparisons with other populations, the data were
acquired by a literature search using the search terms
‘Rett syndrome, ‘RTT, ‘phenotype, ‘mutation, ‘popula-
tion, and ‘international data Articles published from
1985 to 2023 were then chosen from a PubMed search.
The nations in this comparison included the USA and
Canada [30-35]; Italy [4, 36]; Denmark [37-39]; Australia
[14, 40-46]; the UK [43, 47-49]; the Netherlands and
Belgium [50, 51]; Brazil [52]; Poland [53]; Sweden [54];
and an international analysis [55]. The countries were
represented using the ISO country codes: United States
of America-US, Italy-IT, Denmark-DK, Netherlands-NL,
Sweden-SE, Australia-AU, United Kingdom-UK, Bra-
zil-BR, Poland-PL, and Ireland-IE; for the international
cohort, we used the abbreviation ‘Intl’

Sample

The study sample included only the participants who
answered the questionnaire during the study period and
were recruited through RSAI. Analysis was conducted on
all the questionnaires that were returned to the research-
ers at the time of data analysis and submission (n=25).
For the analysis, only answered responses were con-
sidered, as some questions were left unanswered. Each
participant corresponds to one individual only. The com-
parison of RTT characteristics involves examining popu-
lations from various countries. The number of individuals
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Table 1 Comparison of number of Rett syndrome individuals
studied across countries

Country No. of individuals  Total References
with RTT included  population
in studies (million)
USA and Canada 919 3319 [30-35]
Italy 84 59.11 [4, 36]
Denmark 27 5.86 [37-39]
Australia 349 25.69 [14, 40-46]
UK 91 67.33 [43,47-49]
Netherlands & 137 29.12 [50,51]
Belgium
Brazil 27 2143 [52]
Poland 23 37.75 (53]
Sweden 125 1042 [54]
Ireland 25 503

The table illustrates the number of individuals with Rett syndrome in relation to
the overall population for diverse countries, with references included for data
sources. *The numbers of individuals with RTT included in the studies from the
specific population mentioned above might have increased, with progressing
research exploring a broader population

with RTT in each respective country is juxtaposed with
the overall population in Table 1.

Organization and analysis of the data provided by the Irish
cohort

Data collected from the Irish Cohort were cross-tabu-
lated, based on the questions asked in the questionnaire.
It was then transferred electronically into a database and
processed by Microsoft Excel. Numerical data was ana-
lysed by calculating the mean of all input provided (age,
weight, height, etc.). Non-numerical data was assessed
by calculating the percentage of participants who
answered ‘yes’ in response to the presence of the feature
in question.

Comparison between data from the Irish RTT population
and other cohorts from other countries
A binomial test was used to compare the categorical vari-
ables associated with the clinical signs and symptoms
displayed by our sample, to populations from other coun-
tries. A two-sample ¢-test was carried out to compare
the numerical variables associated with the clinical signs
and symptoms displayed by our sample, to populations
in other countries. This analysis was carried out to assess
any significant differences between the cohorts. For all
analyses, significance was defined as p<0.05 adjusted
with the Bonferroni correction method.

This is the first study to investigate the Irish RTT popu-
lation and analyse data from information provided by the
caregivers of individuals with RTT. In collaboration with
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the Rett Syndrome Association of Ireland (RSAI), we
prepared a set of questions to collect demographic infor-
mation and reported clinical presentation. The question-
naires were distributed, collected, and anonymized by the
RSAI The data was subsequently analysed by researchers
who were blinded to the participants’ identities. In this
study, the term “individual” refers to the person diag-
nosed with Rett syndrome while “participant” refers to
the individual’s caregiver. The participants completed the
questionnaire, on behalf of the individual in their care.
This study focuses on providing a characterization of the
RTT population in Ireland and compares it with popula-
tions in other countries, with the goal of increasing their
global recognition and facilitating collaborative research
efforts on an international scale.

Results

Analysis of the Rett syndrome demographic data in Ireland
In collaboration with the Rett Syndrome Association of
Ireland (RSAI), we prepared a questionnaire based on

Table 2 General information of individuals with RTT in Ireland

Demographics Mean+SD Range
Current age (years) 20.90+10.855 210 46 years
Current height (feet) 490+0.440 410 5.7 feet
Current weight (kg) 38.00+13455 10 to 65 kgs
Age of diagnosis (years) 525+6457 1.1 to 30 years

The tabular data show the participants’ demographics, including the mean and
standard deviation (SD) for their age, height, and weight at the time of the study
and age at diagnosis

Typical Rett

28.0%

Rett-like
Not known

Rett Syndrome Subtypes

Page 5 of 15

Grillo and colleagues’ research and distributed it to fami-
lies in the RSAI community [56]. Twenty-five question-
naires were received for analysis. They are indicative of
the trends in symptom presentation seen in the Irish RTT
population. To facilitate the analysis, the questionnaire
was organized into different sections: general informa-
tion, diagnosis, regression of acquired skills, presentation
of symptoms (gastrointestinal problems, communica-
tion, motor skills, epilepsy, breathing abnormalities, cold
extremities, skeletal abnormalities, involuntary move-
ments, bruxism), behavior, additional diagnostic testing,
family details of RTT individuals in Ireland and preg-
nancy details.

General information

In questions 1-4, general information was collected that
is summarized in Table 2. The participants reported that
the age at diagnosis was 5.25+6.457 years, and puber-
tal onset was observed at the age of 11.54+2.241 years.
Some participants reported using medication to delay
puberty, some reported irregular menstruation, and oth-
ers reported that the individuals had not yet started men-
struating despite experiencing the onset of puberty. Most
of the individuals in the study were young adult females.

Diagnosis

Questions 5-8 focused on the diagnostic information
reported as classic or atypical RTT diagnosis reported in
Fig. 1. The study sample consisted of a mix of individuals
with reported typical and atypical cases, and some cases
lacked a formal diagnosis.

-\NOtknown
57.0%

Atypical Rett

» Early seizure variant
Speech variant

Atypical Rett Subtypes

Fig. 1 Reported information on the various clinical forms of RTT diagnosed in individuals in Ireland. The left pie chart shows the percentage

of different clinical RTT forms- typical, atypical and Rett-like as reported in our study cohort: 48% (n=12) reported a diagnosis of typical RTT, 28%
(n=7) reported a diagnosis of atypical RTT, 4% (n=1) reported a 'Rett-like’ diagnosis, and 20% (n=5) did not know their diagnosis. The right pie
chart shows the different forms of atypical RTT reported by the participants: 14% (n=1) reported speech variant, 29% (n=2) reported ‘early seizure
variant, and 57% (n=4) did not know the atypical RTT variant they were diagnosed with
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For the information on the type of Rett, 48% (n=12)
reported having a diagnosis of typical RTT and 28%
(n=7) reported having a diagnosis of atypical RTT. 4%
(n=1) of participants reported their RTT subtype as
‘Rett-like, and 20% (n=5) did not answer this question.
Among the families that reported a diagnosis of atypical
RTT, 14% (n=1) were reported to have speech variant,
and 29% (n=2) were reported to have ‘the early seizure
variant. Genetic test was performed in 88% (n=22) of
individuals, and not performed in 8% (n=2); and 4%
(n=1) did not answer. Although most of the partici-
pants reported that a genetic test was performed, only
40% (n=10) detailed the mutation identified, and 20%
(n=5) reported general MECP2 mutations without pro-
viding details. 40% (n=10) did not report any informa-
tion regarding the mutation. The MECP2 gene mutations
described by the participants were: Point mutations
including p.Thr158Met, p.Arg306Cys, p.Prol52Arg,
p-Argl33Cys, p.Prol52Arg, GInl128Ter, Cys382Ter;
Insertions including C488A>6; and deletions includ-
ing C.1162_1172del, c.1164_1207del, other deletions in
exons 3 and 4.

Some participants also reported information related to
the residence of the individuals. All the individuals with
RTT were living in their family home, except one who
was reported to live in a residential care facility. Study
participants shared details about the hospitals where the
individuals were diagnosed. Most individuals were clini-
cally diagnosed in Ireland, although their genetic diagno-
sis test was carried out in the UK.

Regression of acquired skills

Regression (Question 9), a common feature of RTT
presentation, was reported based on the six parameters
reported in Table 3. For general regression of acquired
skills, 96% (n=24) participants reported ‘yes, and 4%

Table 3 Regression with their forms observed in individuals with

RTTin Ireland
Forms of regression Frequency Mean age+SD Responses
(years)

General regression 96% 1.66+0.732 N=24
Behaviour regression  68% 140+£0415 N=17
Speech regression 84% 1.60+0.678 N=21
Motor regression 84% 36114171 N=21
Growth failure 48% 4.50 £4.855 N=12
Regression hand use  88% 2.29+1426 N=22

The tabular data show the frequency of regression reported by the participants,
including general regression, regression in behaviour, speech, motor, growth
failure, and hand use. Age (mean and SD) at which specific forms of regression
were observed, and the number of responses received for each parameter are
mentioned
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(n=1) of participants reported ‘no. One of the partici-
pants reported no observed regression in the individual
who was the youngest in the cohort, and it is possible
that regression is yet to be observed. 84% (n=21) of par-
ticipants reported that regression started at the age of
1.66+0.732 years, while 16% (n=4) participants did
not answer this question. For behavioral regression,
68% (n=17) participants reported ‘yes; and 32% (n=38)
participants reported ‘no. 64% (n=16) participants
reported that behavioral regression started at the age of
1.40+0.415 years, and 36% (n=9) participants did not
answer this question. Regarding speech regression, only
12% (n=3) of individuals were reported to have the abil-
ity to speak using few words, and the remaining 88%
(n=22) of individuals had no ability to speak. In relation
to regression of hand use, 88% (n=22) reported ‘yes, 8%
(n=2) reported ‘no; and 4% (n=1) did not answer. Par-
ticipants provided information about the individuals’
current hand use: 88% (n=22) were reported to have loss
of normal hand use, 8% (n=2) had normal hand use, and
4% (n=1) did not answer. 36% (n=9) had poor grasp,
and in 12% (n=3) one hand was more functional than
the other. A substantial number of participants reported
regression in speech, motor skills, and hand use, and
there were fewer reports of regression in behavior and
growth.

Presentation of symptoms

Questions 10-22 inquire about specific symptoms: GI
problems, communication, motor skills, epilepsy and
other clinical presentations, and the results are indicated
in Table 4.

Gastrointestinal __problems Gastrointestinal  issues
(Question 11) were reported by 84% (n=21) of the partic-
ipants and 16% (n=4) did not report them. Regarding the
specific GI problems, constipation was reported in 72%
(n=18) and bloating in 52% (n=13) of the individuals.
36% (n=9) of the individuals could control their sphinc-
ter muscle, 44% (n=11) could not, and 20% (n=5) of the
participants did not answer. Reflux was reported in 40%
(n=10) of the individuals, chewing and swallowing dif-
ficulties in 40% (n=10), and 16% (n=4) of the individuals
were fed through a percutaneous endoscopic gastrostomy
(PEG) feeding tube (Table 4). Constipation and bloating
were the most common GI problems reported by the par-
ticipants; other issues such as reflux, chewing difficulties,
and swallowing problems were less common.

Communication In relation to communication (Ques-
tion 12), 80% (n=20) of participants reported that indi-
viduals predominantly engaged in nonverbal forms of
communication, while 16% (n=4) indicated that indi-
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Table 4 Details of symptomatic presentation of the individuals
with RTT in Ireland

Problems Frequency (%) Responses
Gastrointestinal issues

General gastrointestinal problems 84 N=21
Constipation 72 N=18
Reflux 40 N=10
Chewing and swallowing problems 40 N=10
PEG fed 16 N=04
Bloating 52 N=13
Sphincter control 36 N=09
Communication

Verbal communication 16 N=04
Nonverbal communication 80 N=20
Ability to understand & interact 68 N=17
Motor skills

Ability to sit 56 N=14
Ability to walk 20 N=05
Ability to stand 52 N=13
Walking with support 52 N=13
Epilepsy

Current medications 88 N=22
Seizures 76 N=19
Resistance to medications 12 N=03
Family history of seizures 12 N=03
Other clinical presentations

Breathing abnormalities 64 N=16
Cold extremities 84 N=21
Skeletal abnormalities 60 N=15
Involuntary movements 84 N=21
Bruxism 56 N=14

The tabular data show the frequency of issues such as gastrointestinal, motor,
additional clinical presentation, communication, and epilepsy; the number of
responses received for each parameter are mentioned

viduals utilized verbal communication, and 12% (n=3)
reported no form of communication (Table 4). Primar-
ily, individuals employed nonverbal methods to commu-
nicate, with eye contact comprising 68% (n=17) of the
reported behaviours. 28% (n="7) employed alternative
forms of communication, such as babble speech, mobi-
lization, attention-seeking through vocalizations, head
gestures to convey 'no, displaying agitated eye contact
during stress, vocalizing distress or pain, and modulating
responses depending on the context. Among this study
group, 4% (n=1) retained full speech, and 8% (n=2)
exhibited limited speech. The individual with full speech
had the preserved speech variant and those with limited
speech were associated with either the early seizure vari-
ant or the classical RTT. Notably, one participant did not
specify the RTT subtype for the individual with limited
speech. The results from this section indicate that a high
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percentage of the individuals in the study, 68% (n=17),
maintained the ability to understand and interact with
others, while it was unclear in 16% (n=4) of the individu-
als. In general, participants observed that individuals pri-
marily relied on nonverbal communication, particularly
through eye contact or gazing.

Motor skills The motor skills of individuals (Question
13) were categorized based on their abilities to sit, stand,
walk with support, and walk without support. The result-
ing data from these questions are represented in Table 4.
16% (n=4) of the participants reported the individual’s
ability to stand with support, and 5% (n=1) needed sup-
port with walking during periods of regression. In 4%
(n=1), the individual’s ability to walk/stand was lost at~5
years of age. Approximately half of the individuals could
stand, sit, and walk with assistance. Only 20% (n=5) were
able to walk independently.

Epilepsy The epileptic status (Question 14) of individu-
als was enquired in relation to the parameters exhibited
in Table 4. 76% (n=19) of the participants reported that
the individuals experienced epileptic seizures from the
average age of 6.72+3.735 years. Participants reported
diverse seizure frequencies and characteristics. Seizures
were described in detail by 48% (n=9) of participants who
experienced them and reported that 32% (n=6) of indi-
viduals exhibited tonic—clonic seizures, and 16% (n=23)
exhibited focal, absence, or partial seizures (Fig. 2). One
individual experienced solely facial seizures, and another
had seizures exclusively during sleep. Uncertainty arose
regarding the nature of epilepsy in the response of one
participant, which was described as "true epilepsy" or a
"Rett-event" by their medical consultant. Seizures were
reportedly controlled or had ceased in two individuals
when reported during the data collection of this study,
and for one individual, the onset of epilepsy coincided
with the start of menstruation.

The participants reported that 88% (n=22) of the indi-
viduals were taking medications for epilepsy and 12%
(n=3) had not responded to anti-epileptic drugs. A fam-
ily history of temporal lobe epilepsy was reported in 4%
(n=1), and an unspecified family history of epilepsy was
reported in 8% (n=2) of the individuals. In summary, a
notable subset of individuals was reported to have sei-
zures. Most of the individuals were prescribed anti-epi-
leptic medications, and only a small subset was reported
to exhibit limited responsiveness to the administered
pharmacological interventions.

Breathing abnormalities Participants reported breath-
ing abnormalities (Question 15) in 64% (n=16) of the
individuals, which ranged from irregular patterns of
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No 24.0%

Seizures Reported

Fig. 2 Reported information on the frequency and forms of seizures reported in individuals in Ireland. The larger pie chart shows the percentage
of seizures as reported in our study cohort: 76% (n=19) reported experiencing epileptic seizures, while 24% (n=6) did not. The smaller pie chart
shows the different forms of seizures reported by the participants: 32% (n=6) exhibited tonic clonic seizures, 16% (n=3) exhibited focal, absence
or partial seizures, and the remaining 52% (n=10) did not know the type of seizure they experienced

rapid breathing, breath holding, hyperventilation, shallow
breathing, and apnea.

Cold extremities One of the common symptoms of RTT
is cold extremities; this was reported by 84% (n=21) of
participants. In some individuals, only the feet were
affected.

Skeletal abnormalities 60% (n=15) of the individuals
were reported to exhibit skeletal abnormalities (Ques-
tion 19) including scoliosis. These abnormalities were
reported to cause pain and discomfort affecting the indi-
vidual’s ability to walk and move. There were no reported
skeletal abnormalities in 36% (n=9) of the individuals. 4%
(n=1) of the participants did not respond to this ques-
tion. Two individuals had undergone scoliosis surgery to
address their condition.

Involuntary movements Involuntary movements (Ques-
tion 20) were reported in 84% (n=21) of the individuals.
These included hand wringing, repetitive finger move-
ments, and irregular movements of the limbs and trunk.
There were no reports of involuntary movement in 12%
(n=3) of the individuals, and 4% (n=1) of the partici-
pants did not answer the question.

Bruxism Bruxism (Question 21), another common fea-
ture of RTT, was reported in 56% (n=14) of the individu-
als while 28% (n=7) did not present bruxism and 16%
(n=4) of the participants did not answer the question.

To summarize, stereotypic involuntary movements and
cold extremities were commonly reported by most par-
ticipants, while breathing issues, skeletal problems, and
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bruxism were found to be less prevalent, as summarized
in Table 4. Additional symptoms including eosinophilic
esophagitis, sinus congestion, gum disease, and gastric
problems were reported in some individuals.

Behaviour

The behaviours most frequently observed in our cohort
are represented in Fig. 3. The most reported behavior
(Question 23) was excitement in 92% (n=22), sadness
in 75% (n=18), anxiety in 71% (n=17), night-time sleep
disturbance in 63% (n=15), self-injury in 21% (n=5) and
injury to others in 8% (n=2).

Behaviours frequently reported by RTT individuals in Ireland
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Fig. 3 Details of behavioural presentation of the individuals with RTT
in Ireland. The bar chart shows the number of individuals displaying
behaviours, relating to excitement, sadness, anxiety, difficulty
sleeping during night, self-injury, and injury to others
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Additional diagnostic testing

Figure 4 illustrates the distribution of the individuals
who underwent additional diagnostic tests as reported
by the participants (Question 24) in our study. Electroen-
cephalogram (EEG) tests were conducted in 88% (n=22)
of the individuals, imaging tests were performed in 52%
(n=13), and evaluation of breathing and cardiac activ-
ity was performed in 44% (n=11) of the individuals. The
data pertaining to these tests was derived from responses
provided by caregivers of individuals with Rett syndrome
who indicated "yes" when asked about the tests, if con-
ducted. However, specific scan details necessary for
drawing more definitive results were not available. The
most frequently performed test was EEG, while assess-
ments related to breathing activity, cardiac activity, and
imaging were less frequently conducted.

Family details of individuals with RTT in Ireland

The participants were questioned about family data
(Question 25) such as the presence of consanguinity
(between parents), a family history of RT'T, other diseases
present in the family, and the number, age, and sex of sib-
lings. A family history of other diseases including heart
disease, thyroid disease, depression, anxiety, psoriasis,
psoriatic arthritis, multiple sclerosis, autism, and type II
diabetes was reported by 28% (n="7) of the participants.
88% (n=22) of participants reported that the individuals
had siblings, of whom 76% (n=19) shared information
about the sex of the individual’s siblings. The mean age
of the individual’s siblings was 20.82 years. There was no
family history of RTT reported. Consanguinity between

Additional Tests performed on RTT Individuals in Ireland
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Fig. 4 Details of diagnostic tests performed on the individuals
with RTT in Ireland. The bar chart shows the number of individuals
who underwent additional diagnostic tests including EEG, cardiac
activity, breathing activity and imaging
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parents of the individual was reported by 4% (n=1)
of participants. Approximately half of the participants
reported a family history of various other disorders but
not RTT.

Details of pregnancy

4% (n=1) of the participants reported multiple pregnan-
cies when describing the details of pregnancy (Question
26). 12% (n=3) of the mothers had taken medications,
including carbamazepine and heparin, during pregnancy.
Assisted delivery interventions were reported in 44%
(n=10) of the cases; caesarean deliveries accounted for
80% of these interventions. Other complications reported
were the use of forceps, face presentation, intrauter-
ine blood transfusion, postnatal blood transfusion, and
obstructed labour.

Analysis of the population data of individuals with RTT

in Ireland and comparison with other countries
Representation of parameters in populations with RTT

across several countries

The following section explores a comparison of a wide
range of parameters across several RTT populations.
Factors including individual’s age, weight, diagnosis age,
regression observational age, and seizure onset were
selected to compare Ireland and several other countries.
The frequency of RTT characteristics such as general
regression, behavioral regression, speech, motor skills,
hand use, stereotypies, gastrointestinal issues, communi-
cation including verbal and nonverbal, eye communica-
tion, the individual’s ability to sit, stand and walk (with
and without support), epilepsy (seizures), resistance to
anti-epileptic drugs, breathing abnormalities, bloating,
cold extremities, sphincter control, skeletal abnormali-
ties, involuntary movements, bruxism, behaviours such
as anxiety, self-injury, trouble night sleep, and sadness
are also included in this analysis. The findings are organ-
ized in Tables 5 and 6 for each population’s data. The
literature available to date does not include data for all
variables across all populations [4, 14, 30-55]. Notably, a
recent study by Neul et al., focused on determining the
longitudinal distribution of hand function skills in indi-
viduals with classic Rett syndrome in the USA [58].

Frequency of different RTT forms in different populations

The distribution of different RTT types in several popu-
lation datasets, including those from the international
cohort, United States, Italy, the Netherlands, Australia,
the United Kingdom, Brazil, and Ireland, is shown in
Table 7. The prevalence of RTT, which ranges between
65- 85% for classical RTT and 13-35% for atypical RTT,
is consistent in Ireland for the atypical forms, but not for
the classical RTT.
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Table 5 Frequency of RTT characteristics in the Irish population compared to populations in other countries
Characteristic Percentage of individuals with characteristic

us IT DK NL SE AU UK BR PL INTL IE
Regression 90 - - - - 76 95.6 - - 80 96 A
Behavioural regression - - - - - - 77 - - - 68V
Speech regression 87 50 - - 23 - - - - - 84
Motor regression 55 - - - - - - - - - 84 A
Regression of hand use - - 41 41 - - - - - - 88 A
Stereotypies 86 98* - 96 - 92 99** - 70 69 84
Gl problems 92 89 - - - 83 82 81 - 40 84
Verbal communication - 16 - 13 - 5 21 - - - 16
Non-verbal communication - 76 - 86 65 39 79 - - 70 80
Eye communication - - 85 - - 92 91 - - 89 85
Ability to sit - 37 85%* - - - - 59 - - 56
Ability to walk - 20 44% 33 80%* 56%% 66** 22 - 44% 20
Ability to stand - - - - - 46 28 - - - 52/
Walking with support - 41 41 - - 43 64 11 - - 52
Seizures 81 82 80 61 - 81 63 69 43 65 76
Resistance to anti-epileptics - 36% 46** 18 - 36*% - - - 25 12V
Breathing abnormalities - 70 75 81* 85% - 66 - 87% 51 64
Bloating - - - - - 53 - - - - 52
Cold extremities - 87 - 56 93 - - - - 50 84
Sphincter control - - - - - - 30 - - 89 36
Skeletal abnormalities 27 56 83* 70 74 66 67 59 13 50 60
Involuntary movements - - - 40 - - - - - - 84 A
Bruxism - - - - - - - - 22 61 56
Anxiety 14 - - - - 79 74 - - - 71
Self-injury - - - - - 62%* 57** - - - 21V
Trouble night sleep - 77 - 16 - 63 46 - - 47 63
Sadness - - - 12 - - - - - - 75 A

The tabular representation of RTT characteristics in the study cohort in Ireland and other international cohorts, from the USA, Italy, Denmark, the Netherlands,
Sweden, Australia, the UK, Brazil, Poland, and an international cohort. The numbers in the figure are accompanied by asterisks to indicate the level of significance

of the differences from Ireland (IE). A single asterisk (*) indicates a significant difference from Ireland for the indicated distinctive symptom. The double asterisks

(**) indicate a higher level of significance, determined following p-value adjustment for multiple testing. The numbers shown in bold indicate a higher and lower
frequency of occurrence reported in Ireland when compared to reported data from other countries. This table provides a visual representation of the differences in
the frequency of occurrence of distinctive symptoms between the cohort in Ireland and highlights the significant differences and extreme end frequencies. Instances
where the frequency of findings in Ireland is the highest among all other countries are denoted by the symbol "A", and when the frequency of findings in Ireland is the

lowest, it is denoted by the symbol “V”

Discussion

This is the first study in Ireland that has collated demo-
graphic data and clinical characteristics from individu-
als diagnosed with RTT. In collaboration with the RSAI,
we presented a questionnaire to the caregivers to gather
information about the clinical and behavioral presenta-
tion of Irish individuals with RTT. The results indicate
that RTT individuals in Ireland display an overall pres-
entation that is comparable with other countries. Certain
characteristics in the Irish cohort appear to be less severe
such as breathing problems, resistance to anti-epileptic
drugs (AEDs), and self-injury tendencies, however, an
accurate genetic diagnosis would sharpen their clinical

characterization. The study reveals the genetic diagnosis
in a significant number of individuals is unknown/absent,
due to limited access to genotyping facilities and diagnos-
tic services available publicly in Ireland. This may lead to
possible misdiagnosis of atypical RTT cases [59]. Numer-
ous individuals underwent genetic testing for diagnosis,
yet a significant number remain unaware of the specific
mutations affecting them. Genetic information is mostly
acquired outside of Ireland and relayed to the attending
clinician, who subsequently communicates it to the fam-
ily. Unfortunately, in many instances, the family does
not maintain records. Research studies, like the one
presented here, or natural history studies, play a crucial
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Table 6 Representation of the data in the RTT cohort of Ireland and other countries

Characteristic Mean value within RTT population

us IT DK NL SE AU UK BR PL INTL IE
Sample size 919 84 27 137 125 349 91 27 23 - 25
Age (years) 3** 20** 40.7%* 14.9* 19.6 13.7%* 20.5 12.2%* 7.22%% - 209
Current weight (kg) - - 42 - - - - - - 38
Age at diagnosis (years) 2.5%% - 2% 7.8 - 55 3 - 35 - 525
Age at regression (years) - - - 1% - 2.6 15 - - - 1.66
Age at seizure onset (years) - 5% - - 3.4%% - - - - 6.72 A

The tabular representation of data such as the current age and weight of the individuals, age of diagnosis, age of regression observed, and age of onset of seizures in
the study cohort in Ireland and other international cohorts, such as the USA, Italy, Denmark, Netherlands, Australia, UK, Brazil, and Poland. The ratio of individuals with
RTT included in studies from specific countries relative to their overall populations is reported in the methods. The numbers in the figure are accompanied by asterisks
to indicate the level of significance of the differences from Ireland (IE). A single asterisk (*) indicates a significant difference from Ireland for the indicated distinctive
parameter. The double asterisks (**) indicate a higher level of significance, determined following p-value adjustments for multiple testing. The numbers shown in bold
for Ireland indicate an extreme end parameter that has been reported in Ireland and differs greatly from other countries. Instances where the frequency of findings in

Ireland is the highest among all other countries are denoted by the symbol "A"

role in consolidating clinical, behavioral, and molecular
data to enhance the characterization of the population.
Notably, the healthcare system in Ireland is progressing
towards proactive record-keeping, promising immediate
benefits for patients and an overall improvement in the
situation.

According to the global prevalence of RTT (5-10 per
100,000 females), one would expect approximately 180
individuals with RTT in Ireland. However, the RSAI
reports involvement from 75 families. The sample size in
this study may be attributed to limited enrollment with
RSAI or the possibility of a misdiagnosis, especially for
older individuals. Nevertheless, the ratio of individuals in
this study compared to the total population in Ireland is
1 in 200,000, a figure closely aligned with ratios reported
in other populations [4, 14, 36—55]. The retained infor-
mation, including the personal data of individuals with
RSAI, can serve as a registry for individuals in Ireland.
This registry could then be integrated into or contribute
to other registries. This research includes both typical
and atypical cases of RTT, with 28% of the participants
reporting the atypical variant, however, this could be
affected by the limited genetic information. All partici-
pants reported shorter stature in relation to the individ-
ual’s weight and age, aligning with prior literature that
highlights the likelihood of short stature among females
with a MECP2 mutation [31]. This observation agrees
with the pattern of deficits in height-for-age and weight-
for-height ratios previously documented [31, 52, 60]. A
small percentage of participants reported that individuals
had excess weight for age and height, similar to children
with autism spectrum disorder [61]. The average age of
RTT diagnosis in Ireland is 5.25 years, which is higher
than that in the Poland [53], the UK [43, 47-49], the USA
and Canada [30-35], and Denmark [37-39], but lower

than that in Australia [7, 40-46], and the Netherlands
and Belgium. The present study confirms that clinical
severity worsens with age, and that there is a correlation
between delayed onset of RTT and preserved hand func-
tion. Despite limited access to RTT genetic diagnosis in
Ireland, the average age of diagnosis seems to be compa-
rable to that of other populations [7, 30]. Nonetheless,
these results are valuable, considering the proportion
of Rett individuals in studies from other countries rela-
tive to their populations aligns closely with the situation
observed in Ireland. They provide insight into the pheno-
typic presentation of individuals with RTT in Ireland and
prompt to action in providing a better characterization of
the population and a natural history study.

RTT affects growth and is associated with issues
such as feeding difficulties, motor function, digestion,
apraxia, hyperventilation, sleep, and scoliosis [62]. Our
findings indicate a progression of behavioral challenges
with advancing age, as older individuals tend to exhibit
increased agitation, while younger individuals exhibit
more positive moods, in line with previous literature
[63]. Constipation is a commonly reported gastroin-
testinal issue. Some individuals are PEG-fed or have
a gastrostomy to meet their nutritional needs, which
helps maintain their BMI [64]. Certain participants in
our study in the age range of 15-39 years reported the
absence of bruxism, in accordance with earlier investi-
gations indicating a diminishing prevalence of bruxism
with advancing age [65]. Differences in participant char-
acteristics, particularly their age, contribute to varia-
tions when comparing findings with reports from other
countries. For example, Denmark stands out with the
oldest average age of RTT individuals among the study
populations, reporting in a higher prevalence of skeletal
abnormalities, improved sitting ability, and increased
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Table 7 Distribution of RTT forms in Ireland compared to individuals in the other countries
RTT type RTT types and percentage distribution of affected individuals

us IT DK NL SE AU UK BR PL INTL IE
Typical RTT 85 65 - 80 - 68 76 68 - 80 48V
Atypical RTT 13 35 - 20 - 32 21 27 - 20 28

The tabular representation of RTT forms- classic/typical and atypical RTT in the study cohort in Ireland and other international cohorts, from the USA, Italy,
Denmark, the Netherlands, Sweden, Australia, the UK, Brazil, Poland, and an international cohort. The figures in Ireland could be affected by the lack of diagnosis
and genetic information. The numbers shown in bold for Ireland indicate an extreme end parameter that has been reported in Ireland and differs greatly from other
countries. Instances where the frequency of findings in Ireland is the lowest among all other countries, it is denoted by the symbol “V”

resistance to anti-epileptic drugs. In contrast, the USA
features the youngest average age of RTT individuals
among the studied populations, reporting higher inci-
dence of GI issues, more frequent seizures, a lower
occurrence of skeletal abnormalities, and a reduced fre-
quency of anxiety in comparison to other populations [4,
14, 36—55]. Although some of the parameters are compa-
rable to other cohorts, RTT individuals in Ireland display
late onset of seizures, marked regression and involuntary
movements. Most participants reported individuals tak-
ing medications for epilepsy, with a minority reported
to be resistant to anti-epileptics. These diverse findings
underscore the heterogeneity of seizure presentations in
Rett syndrome and emphasize the importance of indi-
vidualized approaches to diagnosis and management.
Nutritional interventions such as correcting vitamin D
deficiency can permit lower anti-epileptic drug dosages
and improve health [66, 67]. Low levels of Vitamin D
in RTT individuals have been previously reported to be
more prominent in summer than in winter and can be
related to less sun exposure due to restricted mobility and
the necessity for assistance, prompting prolonged indoor
stays. Vitamin D deficiency in Ireland impacts approxi-
mately one in four children, showing a higher prevalence
among females and those aged over 12 years [67, 68].
Skeletal abnormalities and bone density can depend on
vitamin D deficiencies. Preventive measures may involve
increasing sunlight exposure without sunscreen for natu-
ral synthesis and incorporating vitamin D fortified bever-
ages or multivitamin supplements, resulting in improved
vitamin D status in these individuals [69]. Considering
the number of individuals with RTT presenting with this
deficiency, monitoring of bone density would be recom-
mended. The literature confirms our finding that cold
extremities are more prevalent in Sweden than in Ireland
due to the country’s cooler climate [67]. None of the indi-
viduals in our study had a family history of RTT and con-
sanguinity between parents, was only reported for one
individual. Nearly half of the participants reported that
the individuals were delivered via C-sections, which has
been reported to increase the risk of neurodevelopmental
conditions [70].

Research indicates that Irish individuals with Rett
syndrome are not currently participating in worldwide
studies or clinical trials. To address this issue, a natural
history of Irish RTT population would benefit the char-
acterization of the individuals and their participation in
international studies. We plan to develop a database that
will consist of clinical details relating to RTT individuals
in Ireland, in compliance with GDPR regulations and eth-
ical standards. Our goal is to increase the visibility of the
Irish population with RTT on a global platform and to
encourage future research and foster collaboration. Mul-
tiple existing centralized RTT databases have contributed
to improving diagnosis, treatment, and future develop-
ments for RTT individuals. The inclusion of Irish indi-
viduals in these databases would be beneficial for RTT
individuals, researchers, healthcare professionals and the
Irish community.

Conclusion

We have provided an overview of the demographic and
clinical features of individuals with Rett syndrome (RTT)
in Ireland, marking this study as the first of its kind in
the country. Collaborating with the RSAI, we presented
a questionnaire to caregivers aimed at gathering the clini-
cal and behavioral presentation of individuals with Rett
in Ireland. The average age of RT'T diagnosis in Ireland, at
5.25 years, is comparable to that reported in other popu-
lations. Our findings suggest that individuals with RTT in
Ireland generally exhibit clinical presentations compara-
ble with those observed in other countries. Interestingly,
certain symptoms among the Irish cohort appear less
severe, including reduced incidence of breathing difficul-
ties, resistance to anti-epileptic drugs (AEDs), and self-
injurious tendencies. It's worth noting that a substantial
number of individuals in our study lack genetic diagno-
sis due to limited access to genotyping facilities available
in Ireland. However, the accuracy of genetic diagnosis
emerges as a crucial factor that could further refine their
clinical characterization. The present study highlights an
essential concern: Irish individuals with RTT are cur-
rently not actively participating in global studies or clini-
cal trials. Our study aims to elevate the visibility of the
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Irish RTT population on the global stage, fostering future
research and international collaboration.
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