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Social motivation a relative strength in DYRK1A syndrome on a
background of significant speech and language impairments
Lottie D. Morison 1,7, Ruth O. Braden1,7, David J. Amor1,2,3, Amanda Brignell1,4,5, Bregje W. M. van Bon6,8 and
Angela T. Morgan 1,2,3,8✉
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Speech and language impairments are commonly reported in DYRK1A syndrome. Yet, speech and language abilities have not been
systematically examined in a prospective cohort study. Speech, language, social behaviour, feeding, and non-verbal communication
skills were assessed using standardised tools. The broader health and medical phenotype was documented using caregiver
questionnaires, interviews and confirmation with medical records. 38 individuals with DYRK1A syndrome (23 male, median age 8
years 3 months, range 1 year 7 months to 25 years) were recruited. Moderate to severe intellectual disability (ID), autism spectrum
disorder (ASD), vision, motor and feeding impairments were common, alongside epilepsy in a third of cases. Speech and language
was disordered in all participants. Many acquired some degree of verbal communication, yet few (8/38) developed sufficient oral
language skills to rely solely on verbal communication. Speech was characterised by severe apraxia and dysarthria in verbal
participants, resulting in markedly poor intelligibility. Those with limited verbal language (30/38) used a combination of sign and
graphic augmentative and alternative communication (AAC) systems. Language skills were low across expressive, receptive, and
written domains. Most had impaired social behaviours (25/29). Restricted and repetitive interests were most impaired, whilst social
motivation was a relative strength. Few individuals with DYRK1A syndrome use verbal speech as their sole means of
communication, and hence, all individuals need early access to tailored, graphic AAC systems to support their communication. For
those who develop verbal speech, targeted therapy for apraxia and dysarthria should be considered to improve intelligibility and,
consequently, communication autonomy.

European Journal of Human Genetics (2022) 30:800–811; https://doi.org/10.1038/s41431-022-01079-w

INTRODUCTION
Dual specificity tyrosine phosphorylation regulated kinase 1 A,
DYRK1A, plays a significant role in brain development and regulating
cell proliferation, including shaping the brain and monitoring the
structure of neuronal components [1, 2]. DYRK1A is a protein kinase
found in the ‘Down syndrome region’ of chromosome 21, that is
critical for nervous system development [3–5].
Haploinsufficiency of DYRK1A causes DYRK1A syndrome (OMIM

614104); a rare condition with a recognisable but heterogeneous
phenotype, including a spectrum from mild to severe intellectual
disability (ID), speech and language delays, epilepsy, microcephaly,
delayed growth, autism, feeding difficulties, facial gestalt, and vision
defects [4, 6–12]. DYRK1A syndrome constitutes 0.1–0.5% of
individuals with ID and/or autism spectrum disorder (ASD) [6].
Speech and language disorders are acknowledged as a core

component of DYRK1A syndrome: in a review of 51 previously
published and 10 novel DYRK1A cases, Earl et al. (2017) identified
that 100% of participants had a language and/or speech impairment
[7]. Across the literature, communication issues have been reported
as speech and language ‘delays’ or minimally verbal presentations
[4, 6–8]; however, these reports have been descriptive in nature,

without use of standardised clinical protocols or prospective
assessments. Hence, despite communication impairment apparently
being universal in individuals with DYRK1A variants, there is no deep
phenotyping delineating the specific clinical speech and language
diagnoses implicated in the condition.
A comprehensive characterization of the speech and language

phenotype of DYRK1A syndrome is required to guide clinical
intervention and support our understanding of DYRK1A’s role in
communication development. Here we provide the first detailed
characterisation of speech and language abilities in children with
DYRK1A syndrome in the context of the broader health and
neurodevelopmental phenotype.

METHODS
Participants
Inclusion criteria were a pathogenic loss-of-function variant in DYRK1A and
age over 6 months. Genetic reports were provided by families to confirm
the molecular diagnosis (Table 1). All but two participants were diagnosed
by a range of next generation sequencing assays, including whole genome
sequencing, exome sequencing and gene panel testing, undertaken in
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either a clinical or research setting. The exceptions were participant 19,
who was diagnosed by karyotype and participant 20 who was diagnosed
by SNP microarray. Exclusion criteria were the presence of other
pathogenic variants in addition to DYRK1A. Participants were recruited
from advertisements through DYRK1A support groups and through
contacting clinical genetic colleagues to highlight the study. Ethics
approval was obtained from the Royal Children’s Hospital, Melbourne,
Human Research Ethics Committee (HREC 37353 A). Participants’ caregivers
provided informed electronic consent to participate in the study.
Participants genotype and phenotype information was added to the
Decipher database (https://decipher.sanger.ac.uk/).

Health and development
We utilised our previously validated approach of online standardised parent
report questionnaires and telehealth assessment. An extensive, 23-page
established questionnaire collated health and medical information including
developmental history, performance in activities of daily living and
psychomotor skills [13, 14]. This questionnaire has been translated across
languages including English, Dutch, French, German, Portuguese, Spanish
and Italian. Questionnaire responses were confirmed by relevant health and
medical reports uploaded to a secure portal by families, e.g., magnetic
resonance imaging, electroencephalogram, or cognitive assessment reports.
Telehealth appointments were only conducted with participants with

English-speaking caregivers whose caregivers spoke English (31/38) (Table 2).
When telehealth appointments were not possible, families provided videos of
their children communicating to help verify the health and medical survey
results. In addition, English-speaking families of children who were minimally
verbal also provided further video example evidence, beyond the brief
telehealth assessment session, of the child’s communication abilities, e.g.,
more examples of their child using Augmentative and Alternative Commu-
nication (AAC) systems in real world settings.

Feeding
The Child Oral and Motor Proficiency Scale (ChOMPS) is a validated
caregiver questionnaire for children aged 6 months to 7 years [15]. This
measure assesses the coordinated movements of oral structures that are
required for eating and drinking.

Adaptive behaviour and language
Caregivers completed the Vineland Adaptive Behaviour Scales (VABS-III) as
a questionnaire [16, 17]. This tool provides standardised scores for the
domains of communication, socialisation, self-care and activities of daily
living and motor skills. These standard scores combined to give an overall
score of adaptive behaviour. The mean difference between participant’s
scores on communication subdomains, expressive and receptive language,
was tested using a paired t test.

Non-verbal and social communication
We divided participants into three groups based on verbal language skills,
with participants grouped as minimally verbal (defined here as <30 spoken
words) [5], using single words and short phrases (SWSP, > 30 spoken
words, combining words in short phrases), or using conversational speech
(engaging in conversation using speech).
The Inventory of Potential Communicative Acts (IPCA) [18] was

completed by caregivers of participants who were minimally verbal. This
assessment investigates informal and idiosyncratic forms of communica-
tion, such as facial expression, body movement, vocalisations, and gesture.
A range of communication functions are also assessed, including social
conventions such as saying hello and goodbye, protesting and requesting.
The Social Responsiveness Scale-2 (SRS-2) [19] is a standardised 65-item

caregiver questionnaire with three forms: preschool (3–4.5 years), school
age (4.5–18 years) and adult (19 years+). The SRS-2 measures autism
characteristics, including social awareness, social cognition, social com-
munication, social motivation and restricted interests and repetitive
behaviour. These areas are compatible with the DSM-5 diagnostic criteria
for ASD [20]. A paired t test was also used to highlight any significant
differences between these areas.

Speech
Perceptual speech assessment was used to diagnose motor speech
disorders of dysarthria and childhood apraxia of speech (CAS), with verbal
participants via telehealth assessment. Stimuli of conversational speech,Ta
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the Phonology subtest of the Diagnostic Evaluation of Articulation and
Phonology (DEAP) [21], a sustained vowel and a diadochokinetic speech
task (e.g., say ‘pataka’) were elicited to enable speech ratings. Dysarthria is
a neuromuscular execution disorder that affects one or more of the speech
subsystems including respiration, phonation, articulation, resonance, or
prosody [22]. Dysarthria was rated using the Mayo Clinic dysarthria
classification system rating scale [13, 23]. CAS was diagnosed based on the
presence of three core features: (i) inconsistency of speech across
productions; (ii) disrupted and prolonged co-articulatory transitions and
(iii) prosodic errors as defined by ASHA [24]. To rate CAS, we used a
previously published protocol [13], validated across several populations to
date [14, 25, 26]. Articulation and phonological disorders were identified
using the DEAP Phonology subtest [21]. An oral motor systematic protocol
[27] was utilised to investigate oral structure and function, using speech
and non-speech motor tasks. The Intelligibility in Context Scale [28] was
administered as a survey to provide a standardised rating of how easily the
child can be understood by familiar listeners to complete strangers. A
paired t test was used to assess the mean difference in participants’
intelligibility between familiar and unfamiliar listeners.

RESULTS
Participants
We recruited 38 participants with confirmed pathogenic DYRK1A
variants (n= 38, M= 23 F= 15), with a median age of 8 years
3 months (range: 1 year 7 months to 25 years). Of the 38
participants, 36 were novel and 2 were previously published (ID
19; participant 1 in the first study to delineate the clinical features
of DYRK1A syndrome Møller et al., 2008 [29]; ID 12, participant 2 in
Luco et al., 2016 [30]). Five participants (ID 1, 2, 10, 11, 31) had
participated in autism research studies [31, 32] (not yet published).
Participants were from the United States [16], the United Kingdom
[5], Australia [4], Germany [2], Netherlands [2], Italy [2], Canada [2],
Brasil [1], Mexico [1], France [1], Denmark [1], Portugal [1].
The average age at diagnosis was 7 years 6 months old. Both

sets of parental DNA samples were not available for two
participants (ID 4 and 30). However, in all other participants
inheritance of the DYRK1A variant was heterozygous, de novo
(Table 1). Participants had frameshift 32%, nonsense 42%, splice
site 13%, and missense variants 8%. One participant had a
balanced translocation (ID 19) and another participant had a 2 Mb
deletion (ID 20). Three participants with missense variants, as in
previous studies, appeared to have similar phenotypes to
individuals with truncating variants, translocations, and deletions

[33]. Participant 4 had a missense variant of unknown significance.
This individual was included as missense variants in the catalytic
domain of DYRK1A have been described as pathogenic previously
in the literature [33].

Health and development
All participants had broad ranging developmental features across
speech and language, feeding and drinking, self-care and daily
living, and motor skills (Figs. 1, 2). Most had received support from
occupational therapists (33/38) and physiotherapists (33/38) for
fine and gross motor skill development (Table 1). In comparison to
other domains, motor skills appeared to be a relative strength
(Fig. 1). Yet all caregivers noted that all participants still found
gross motor tasks (such as riding a bike), more challenging than
same-aged peers. Likewise, participants who were walking also
had gait impairments (25/37).
A history of ear infections was common (20/38) and only one

individual had moderate hearing loss (due to a homozygous
pathogenic variant of GJB2, ID 29). Vision problems were prevalent
(31/38) including myopia (15/31), strabismus (15/31), hyperme-
tropia (9/31), astigmatism (6/31), optic nerve hypoplasia (5/31),
photophobia (2/31) and nystagmus (2/31). Over half the group
wore glasses (21/38).
Dysmorphic facial features were seen in all participants

including microcephaly (33/38) and retro/micrognathia (15/38).
Other shared facial features were ear anomalies (12/38), narrow
mouth/thin lips (12/38), broad nasal bridge (8/38), deep-set eyes
(6/38) high arched palate (5/38), and short philtrum (4/38). One
individual had a diagnosis of submucous cleft palate (ID 22).
Other physical features were long fingers and toes (5/38) and
pectus excavatum (3/38). Most participants who were old enough
to have most of their teeth had dental anomalies (13/31),
including frequent dental caries (5/13), complex orthodontics (5/
13), excess teeth (3/13) and overcrowding (2/13). Gastrointestinal
issues, such as constipation (16/38), reflux (3/38) and gastropar-
esis (2/38) were noted. Most participants had undergone some
type of surgery (26/38). These surgeries were largely for vision
impairments (9/38), gastrointestinal tract (e.g., biopsies, tube
placement, 9/38), ears (e.g., grommets, 7/38), urogenital condi-
tions (undescended testes, hypospadias, testicular torsion,
phimosis) (5/38), hernias (7/38), adenoidectomies (7/38) and
tonsillectomies (3/38), and musculoskeletal abnormalities [foot

Table 2. Assessment tools.

Assessment Reference Assessing Participants

Caregiver questionnaires

SRS-2 [16] Social communication skills Only participants 2 years 6 months and older
completed.a

IPCA [15] Non-verbal communication acts Only participants who were minimally verbal
completed.a

VABS 2nd and 3rd edition [13, 14] Communication, self-care, leisure, and
motor skills

English and Spanish speakers completed the VABS
3rd Edition. French speakers completed the VABS
2nd Edition.

ChOMPS [12] Oral motor and motor skills for eating
and drinking

Only participants 6 months to 7 years old
completed.a

Telehealth assessmentsa

DEAP – Phonology subtest [18] Speech Only verbal participants completed.

Mayo Clinic dysarthria
classification system

[19] Dysarthria Only verbal participants completed.

ASHA CAS Technical Report [21] Speech apraxia Only verbal participants completed.

Oral motor assessment protocol [24] Oral structure and function Only participants who could follow 1–2 step
instructions completed.

Assessment battery utilised in this study.
aOnly completed by English-speaking participants.
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surgeries, scoliosis (5/38)]. 12/30 participants were reported to
have poor thermoregulation, such as being unable to sweat or
easily becoming too hot or cold. 11/38 participants had current or
previous dermatitis, and 11/38 participants had allergies (4/11
had dairy allergies). A few participants had endocrine and
metabolic problems (3/38), such as high levels of triglycerides,
hypothyroidism, and hypoglycaemia. 9/38 participants had
cardiac defects, including atrial and ventricular septal defects
(3/9), cardiovascular malformation (2/9), sub-aortic stenosis (2/9),
postural orthostatic tachycardia syndrome (1/9), aberrant sub-
clavian artery (1/9), aortic insufficiency (1/9) and hypertrabecu-
lated left ventricle (1/9).
Mild to severe ID was present in all participants who had

completed cognitive testing (28/38) (Table 1). For the ten who had
not yet completed testing, this was due to a lack of parent or
clinician referral/feeling that formal testing to receive a diagnosis
was not warranted. ASD was diagnosed in 20/38 of participants.
Attention deficit hyperactive disorder (10/38) and behavioural
problems were observed (12/38). Behavioural problems were
generally described as: aggressiveness (5/12), anxiousness (4/12),
restricted interests (5/12), repetitive behaviour (4/12), obsessions
(4/12), self-harm (4/12), poor attention (3/12), and hyperactivity (2/

12). Seventeen participants had seizures and 16/17 were
confirmed to have epilepsy. All 17 participants with seizures were
receiving pharmaceutical treatment. A further 8 participants had a
history of febrile seizures. For those that had undergone magnetic
resonance imaging (MRI) or computerised tomography (CT scan)
(n= 36), 27/36 had abnormalities present, including cerebellar
atrophy, enlarged ventricles, general reduced volume, and incom-
plete myelination (Supplementary Table 2). Over half the cohort
had had sleep disturbances (23/38), including difficulty falling
asleep (13/38) or staying asleep (15/38), waking early (5/38) and
central sleep apnoea (2/38).

Feeding
Almost all participants had a history of feeding or swallowing
impairment (35/38). Participants frequently struggled with sucking
and swallowing in infancy and had a nasogastric (NGT) or
gastrostomy tube (PEG/G-tubes) in situ as an infant (16/38). For
four participants, feeding support with a G-tube continued into
childhood (ID 6, 14, 21, 30). Almost all had notable feeding
difficulties, i.e., for overall motor abilities for feeding skills,
measured by the ChOMPS, 12 participants were in the bottom
5th, and two individuals were at the 5th to 10th percentile, for
their age. Other examples of feeding difficulties included over
stuffing their mouth (n= 3), pocketing food in mouth (n= 3),
difficulty moving bolus around the mouth (n= 5), likely con-
tributed to by oral praxis difficulties and rotary chewing
impairment. Basic movement patterns, such as sitting upright,
were strengths relative to other skills, such as complex movement
pattern skills (e.g., using a fork or licking food off the upper lip)
(Fig. 2). More than half of the participants 8 years and older (10/19)
still had feeding or swallowing problems. Drooling was less
common than feeding difficulties, though many participants had a
history of drooling (15/38), which remained persistent in most (8/
15). Many participants also had feeding difficulties due to oral
aversion (10/38) and 15/38 took nutritional supplements due to a
limited diet.

Adaptive behaviour and language
All individuals had seen a speech therapist, and 30 individuals
were currently accessing speech therapy services. Caregivers
reported that speech therapy goals focussed on receptive
language skills (e.g., following instructions), social communication
skills (e.g., communicating and playing with others), verbal speech

Fig. 1 Vineland Adaptive Behaviour Scales, Second and Third
Edition [16, 17] domains (n= 32). COM= communication, DLS=
daily living skills, SOC= socialisation, MOTOR=motor skills, ABC=
adaptive behaviour composite (overall score). Scores <70 are low,
71–85 moderately low and 86–114 adequate.

Fig. 2 Performance on Child Oral and Motor Proficiency Scale. Graph showing the number of participants (n= 15, aged 6 months to 7
years) who scored beneath the 5th percentile, between the 5th and 10th percentile and above the 10th percentile on the Child Oral and
Motor Proficiency Scale’s subscales. Percentiles are from normative data of same aged peers [12].

L.D. Morison et al.

804

European Journal of Human Genetics (2022) 30:800 – 811



production (e.g., speech sound production), and expressive
language skills (e.g., extending utterance length). 18/38 partici-
pants were minimally verbal (<30 words), 12/38 used SWSP (>30
words, combining words), and 8/38 had conversational speech
(Table 3). All participants with conversational speech were older
than the cohort’s median age, bar one (ID 18). The oral language
skills amongst participants with conversational speech was varied.
Some participants required support to engage in conversation
(e.g., prompting to answer questions; ID 1, 15) whilst others did so
independently (ID 2, 16, 18, 25, 34). Of the 13 participants who
were combining words, this usually occurred after 4 years of age
(11/13). Minimally verbal and SWSP participants used AAC
methods to support their communication, in the form of graphic
AAC (e.g., communication devices, speech generating devices)
and sign language. All individuals that were reported to use sign
had less than 15 signs that they used consistently and
independently. In the first 2 years of life, gesture and sign was
used by 89% of participants, and only one individual used graphic
AAC. However, as participants grew up and their communication
needs augmented, the prevalence of sign decreased. Sign was
used by 75% of participants between 3–5 years old (n= 36), 72%
between 6–10 years old (n= 22), 50% between 11–15 years old
(n= 14), and 43% 16 years old and over (n= 7). Conversely, the
use of graphic AAC mostly increased to supplement verbal
communication. AAC was used by 39% of participants between
3–5 years old (n= 36), 45% between 6–10 years old (n= 22), 50%
between 11–15 years old (n= 14), and 43% 16 years old and over
(n= 7).
Language skills, as measured by the VABS-III, were low (scaled

score <9) across receptive, expressive, and written subdomains
(Table 3). There was no significant difference between expressive
and receptive language (n= 33, p > 0.05, p= 0.42) (Table 3). The
cohort averages across all VABS-III domains were low (<70,
mean= 100, SD= 15) (Fig. 1), across communication skills (mean
standard score= 49.1), daily-living skills (mean= 51.0), social skills
(mean= 50.6) and motor skills (mean= 59.0), as measured by the
VABS-III (Fig. 1). The average overall score, the adaptive behaviour
composite (ABC), was also low (mean= 51.5). VABS-III scores were
unavailable for 6 participants, 5 because the assessment was
unavailable in their language, and 1 because the assessment was
not completed.
In terms of genotype-phenotype associations statistical com-

parisons across groups were not possible given the small
sample size across genotypes (i.e., 3 missense, 5 splice site
variants). Yet, boxplot descriptive comparisons revealed that each
genotypic subgroup was represented by individuals with a
range of language abilities. No group appeared to be better or
worse than others in terms of the standardised scores on the
VABS-III.

Non-verbal and social communication
Of the 20 participants assessed with the IPCA, 50% used a sign for
‘more’; however, for all other communicative functions sign was
used by <20% of participants (Table 4). IPCA results highlighted
that most participants (n= 20) exhibited communicative functions
that were socially motivated, such as greeting (100%), farewelling
(85%), and seeking comfort (85%) (Table 4). Challenging
behaviours (such as damaging items, tantrum, or self-injury) and
stereotypic behaviours (such as arm flapping and head rocking)
were often used as a response when a participant did not like
something (Table 4). The IPCA illustrated that communicating
specific messages was difficult across the cohort. For example,
70% of the 20 participants could not ask to go to the toilet, 65%
could not ask for clarification and 55% could not ask for
information (Table 4).
Almost all participants assessed by the SRS-2 (25/29) had

problems with social behaviours across all subscales associated
with ASD (Fig. 3). More than half (15/29) of assessed participants

fell within the severe range for autistic behaviours and only 4
participants were within normal limits for total score, as assessed
by the SRS-2 (Table 3). For these participants social cognition (e.g.,
the ability to interpret social cues) was a strength for some (ID 8 &
34), whilst social motivation (e.g., motivation to engage with
others) (ID 2) and social communication (e.g., expressive commu-
nication aspect of social behaviour) were strengths for others (ID
23). Across the cohort, social motivation was a strength relative to
restrictive and repetitive behaviours (Fig. 3, mean= 60, SD= 10).
This contrast between social motivation (mean= 67.4) and
restricted and repetitive behaviours (mean= 75.8) was significant
across the cohort (p < 0.05).

Speech
Of those verbal children assessed for speech, motor speech
disorders were common with CAS in 17/18 and dysarthria in 16/18
(14/18 had both dysarthria and CAS). For individuals with CAS, the
most common speech features were: groping during speech, 11/
17; compromised syllable integrity, 13/17; frequent sound
omissions, 10/17; vowel errors, 10/17; syllable segregation, 9/17;
impaired achievement of initial articulatory placements, 9/17; and
increased errors with word length and complexity, 9/17. Only one
participant was receiving a specific speech therapy programme
targeted for CAS. Dysarthria was typically characterised by
impairments affecting pitch, resonance, and respiration (volume
and voice quality), prosody and articulation (Fig. 4). All participants
also had phonological and articulation disorders, ranging from
mild to severe. During oral motor assessment 8/18 participants
were noted to have limited upper lip movement and could not
perform oral motor tasks that involved rounding their lips. Poor
coordination of the tongue and limited range of tongue move-
ment was evident for many participants (12/18).
Across the cohort, intelligibility to familiar listeners (mean= 3.7)

was significantly better than intelligibility to unfamiliar listeners
(mean= 2.2. On a scale of 1, never understood, to 5, always
understood, n= 38, p < 0.05). To familiar listeners, such as
caregivers, 10% of participants were never understood, 3% rarely,
10% sometimes, 61% usually, and 16% always understood. To
unfamiliar listeners, 29% were never understood, 34% rarely, 29%
sometimes, 8% usually, and no participants were always under-
stood by unfamiliar listeners.

DISCUSSION
Here, we described the first systematic characterisation of speech
and language in DYRK1A syndrome. To date, communication
abilities in DYRK1A syndrome have been non-specifically cate-
gorised as a speech and/or language delay. The term speech or
language delay is a misnomer because presumably most children
do not ‘catch up’ as the term delay implies, but rather have
persistent speech and language impairments. Whilst speech and
language abilities were varied amongst the cohort, all had
significant communication deficits.
Speech and language disorders were ubiquitous, regardless of

the type or frequency of other conditions, such as ID, ASD or
epilepsy. Most had acquired some verbal communication;
however, few developed oral language skills strong enough to
rely solely on this method. Language skills were low across
expressive, receptive, and written abilities. Contrary to previous
clinical observation reports, there was no marked difference
between average receptive and expressive language skills [8].
Expressive language skills can appear poorer than receptive
language skills in the presence of significant speech sound
disorders, as previously noted in relation to SETBP1 haploinsuffi-
ciency disorder [14] and FOXP1-related disorders [25]. Only
standardised testing can definitively test for perceived discrepan-
cies. Some participants also had stronger oral language skills than
previously reported [12]. Most of these participants (7/8) were
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older than the median age of our cohort and had protracted
communication milestones. This may suggest that speech and
language skills may continue to improve in some individuals into
adolescence. The motor speech disorders of CAS and dysarthria
are identified as a common feature of DYRK1A syndrome and if
not systematically assessed may impact phenotyping of commu-
nication skills. Assessment can also pave the way for application of
better targeted speech therapies.
Sign and graphic AAC were used by most participants who were

minimally verbal or used single words or short phrases. Motor
skills, although a relative strength, were impaired across the
cohort. Impaired motor skills and notable vision deficits can
greatly impact the ability of an individual to learn sign [34]. Sign
was frequently taught between birth and 2 years, however
participants usually adopted graphic AAC systems to meet their
communication needs as they grew older, possibly due to visual
and motor deficits. The small number of participants who acquired
verbal conversational skills still reached communication mile-
stones much later than their peers. In these instances, use of
graphic AAC may be helpful in the early years to provide a robust
method of communication while verbal skills are still developing
or as a backup in times of communication breakdown.
CAS features and dysarthria greatly impacted the intelligibility

of verbal participants. These speech features indicated impaired
motor speech programming, causing disordered organisation,
planning and execution of speech. Across the cohort, dysarthria
affected all speech sub-systems; respiration and phonation
(volume and voice quality), resonance, prosody, and articulation
(Fig. 4). Yet, no participants had received specific therapy for
dysarthria. Whilst research of developmental dysarthria treatments
is limited, there is evidence for approaches that target specific
speech sub-systems to improve overall intelligibility [35]. There is
more robust RCT evidence for motor programming approaches to
treat CAS [36], although only one individual was receiving
treatment using a specific motor speech approach. Speech and
language features should not be disregarded as merely symptoms
of co-morbid neurodevelopmental conditions, and targeted
therapies should still be provided despite level of cognitive
ability. Similarly, feeding difficulties were also common in infancy
and chronic for many individuals. Further work is required to
better delineate the core contributing factors to the ongoing
feeding issues and to lead to better targeted therapies to improve
feeding outcomes [37]. It is essential that specialised speech,
language and feeding support is provided to improve outcomes
for participants and their families.
All participants either had a diagnosis of an ID or, if they had not

undergone cognitive assessment, had global developmental
delay. A limitation of this study, and many other reverse
phenotyping studies, was that many participants had not received
a cognitive assessment, despite being old enough (>2 years old).
Additionally, those who were assessed, were not examined with
the same assessment battery, though this was unavoidable due to
diverse cultural and linguistic backgrounds of the participants.
Comprehensive cognitive assessment of all participants would
allow for personalised intervention tailored to an individual’s
cognitive profile and further support our understanding of the
cognitive implications of DYRK1A syndrome.
The SRS-2 and IPCA showed that most participants were socially

motivated, having an average social motivation close to within
normal limits and frequently engaging in social conventions,
respectively. A more nuanced assessment of ASD behaviours and
related strengths would aid tailored intervention that could utilise
social communication strengths, such as social motivation, to
support deficits in other social domains. The SRS-2 identified that
10 participants who did not have an ASD diagnosis had significant
autistic behaviours and 7/10 fell in the moderate-severe range of
autistic behaviours. Only 4 participants fell within normal limits for
their social communication skills, and these individuals hadTa
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varying oral language skills, but had receptive and expressive
language skills higher than the group average. Without a formal
diagnosis, individuals with DYRK1A syndrome may miss out on
receiving therapy that supports autistic behaviours and learning
skills, when this could be of benefit. It can often be difficult to
assess ASD in the presence of moderate-severe ID [38], so a
detailed assessment of behaviours and comorbidities is important.
Cognitive and ASD assessment could improve the quality of
intervention provided by therapists and clinicians and enhance
our clinical understanding of DYRK1A syndrome.

CONCLUSION
This study provides further information on the clinical phenotype
of DYRK1A syndrome. Speech and language disorders, alongside
cognitive impairment, and ASD, are the predominant features of
DYRK1A syndrome. Speech and language impairments were
heterogenous across the cohort. Few individuals with DYRK1A
syndrome use verbal speech as their sole means of communica-
tion, and hence, all individuals need early access to tailored,
graphic AAC systems to support their communication abilities. ForTa
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Fig. 3 Average T scores on the Social Responsiveness Scale,
Second Edition [19]. Higher scores indicate more autism character-
istics, (mean= 60, standard deviation= 10). A T score ≤59 indicates
social behaviour within normal limits, 60–65 mild difficulty,
66–75 moderate difficulty, ≥76 severe difficulty. Social awareness
(mean= 73.3), social cognition (mean= 70.9), social communication
(mean= 72.4), social motivation (mean= 62.4), restricted interests
and repetitive behaviour (mean= 75.8).

Fig. 4 Dysarthric speech features. Number of participants (16/18)
who exhibited specific dysarthric features rated on the Mayo Clinic
dysarthria classification system [22].
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those who develop verbal speech, targeted therapy for apraxia
and dysarthria should be considered to improve intelligibility and
communication autonomy.
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