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Abstract

Background Ultrarare Marshall-Smith and Malan
syndromes, caused by changes of the gene nuclear
factor I X (NFIX), are characterised by intellectual
disability (ID) and behavioural problems, although
questions remain. Here, development and behaviour
are studied and compared in a cross-sectional study,
and results are presented with genetic findings.
Methods
eight individuals with Marshall-Smith syndrome

Behavioural phenotypes are compared of

(three male individuals) and seven with Malan
syndrome (four male individuals). Long-term
follow-up assessment of cognition and adaptive
behaviour was possible in three individuals with
Marshall-Smith syndrome.

Results
more severe ID, less adaptive behaviour, more

Marshall-Smith syndrome individuals have

impaired speech and less reciprocal interaction
compared with individuals with Malan syndrome.
Sensory processing difficulties occur in both
syndromes. Follow-up measurement of cognition and
adaptive behaviour in Marshall-Smith syndrome
shows different individual learning curves over time.

Department of Occupational Therapy Education, School of Health Professions, University of Missourt, Columbia, MO, USA

Conclusions Results show significant between and
within syndrome variability. Different NFILX variants
underlie distinct clinical phenotypes leading to
separate entities. Cognitive, adaptive and sensory
impairments are common in both syndromes and
increase the risk of challenging behaviour. This study
highlights the value of considering behaviour within
developmental and environmental context. To
improve quality of life, adaptations to environment
and treatment are suggested to create a better
person-environment fit.

Keywords adaptive behaviour, cognition, Malan
syndrome, Marshall-Smith syndrome, NFIX
variants, sensory processing

Introduction

Marshall-Smith syndrome (MIM# 164005) and
Malan syndrome (MIM# 614753) are ultrarare
disorders (Prevalence < 1/1 000 000; respectively
about 57 patients with Marshall-Smith syndrome and
80 patients with Malan syndrome in literature to date)
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caused by changes of the gene nuclear factor I X
(NFILX) (Orphanet 2020a; Orphanet 2020b; Priolo
et al. 2018). Intellectual disability (ID), autistic
features (e.g. communication difficulties and
stereotypic behaviour), sensory processing difficulties
(e.g. sensitivity to noise) and sensory impairments
(vision and hearing) occur in both syndromes (Van
Balkom ez al. 2011; Priolo et al. 2018) and pose major
demands on families and carers. Marshall-Smith
syndrome is characterised by abnormal bone
maturation (57/57 cases), prominent forehead (55/57
cases), proptosis (55/56 cases), airway obstructions
(45/55 cases), growth problems (height in 38/39
cases < third centile), moderate to severe ID (57/57
cases) and communication difficulties (6/6 cases)
(Marshall ez al. 1971; Shaw er al. 2010; Van Balkom
et al. 2011).

The hallmarks of Malan syndrome are ID (80/80
cases), autistic features (24/74 cases), anxieties (39/72
cases), hypotonia (56/74 cases) and overgrowth (45/78
cases) defined as ‘global or regional excess growth
compared either to an equivalent body part or to the
age-related peer group’ (Malan et al. 2010;
Tatton-Brown and Weksberg 2013; Priolo
et al. 2018). Phenotypical characteristics described
above affect individual abilities, impede adequate
interaction between individual and environment
(person-environment fit), impair daily functioning
and can lead to challenging behaviour
(Lundgqvist 2013; Huisman et al. 2017).

Most known data on development and behaviour in
both syndromes originate from single case descriptions
or small series. However, the dearth of validated
instruments to assess cognitive functioning in
individuals with severe ID (Carnaby 2009) and the fact
that previous publications lack exact description of used
instruments hampers interpretation and comparison.

In both syndromes, cognition has rarely been
studied through direct in-person assessments (Van
Balkom ez al. 2011; Priolo er al. 2018). Although
behavioural indicators of sensory difficulties are
obvious in daily practice (e.g. getting anxious in loud
or crowded places), sensory processing has never
been studied in these syndromes.

We aim to investigate cognition, adaptive behaviour
and sensory processing by (1) describing and
comparing Marshall-Smith syndrome and Malan
syndrome and (2) describing long-term follow-up of
cognition and adaptive functioning in Marshall—

Smith syndrome. We also list recommendations for
clinical practice and future research.

Methods

Participants

This study followed approximately the methodology
by Van Balkom et al. (2011); Priolo ez al. (2018).
Detailed genetic findings for Malan syndrome were
described by Priolo ez al. (2018).

All participants (z = 8) with Marshall-Smith
syndrome were invited at international Marshall—
Smith syndrome Family Events in the Netherlands
(2015, 2017), participants from outside the
Netherlands were also assessed during these events.
Individuals with Malan syndrome known in the
Netherlands (z = 8) were invited through their
physicians.

Measures

Cognition, adaptive behaviour and sensory processing
were assessed through direct in-person assessments,
semi-structured interviews and additional
questionnaires in individuals at different ages and
developmental stages. Assessments took place within
the context of participants’ daily environment and/or
in presence of parent(s) or carer(s).

Test-battery included (1) Bayley-III — Special Needs
Addition (Bayley-III — SNA; Ruiter ez al. 2014) or
Wechsler Preschool and Primary Intelligence Scale
(WPPSI-III; Hendriksen and Hurks 2009), both were
indicated as most suitable for these syndromes to assess
level of development and/or cognition, based on a priori
clinical impression (based on available literature
indicating developmental delay and difficulties on
several domains); (2) Vineland-2 Expanded Interview
Form (Sparrow ez al. 2008) to assess adaptive behaviour
abilities and (3) Short Sensory Profile (SSP;

Rietman 2013) to assess sensory processing. Please note
that the use of differing cognitive measures impacts
direct comparability and interpretation of results. In an
effort to judge optimal individual capacity, adaptations
of procedures and environment have included assessing
within a familiar environment, allowing more time,
closing curtains/dimming lights, using preferred toys
and supporting instructions with gestures and pointing
to objects.
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Direct observations were performed by two
experienced clinicians with extended expertise in
diagnoses and management of individuals with (rare)
genetic syndromes. The structured form used for
direct observations and the psychometric properties
of the instruments used are described in the
supporting information.

Data

Descriptive statistics illustrate development, adaptive
behaviour and sensory processing. To compare
outcomes on cognition and adaptive behaviour in the
most appropriate way, comparison is based on age
equivalents. For participants aged above 3 to 6 years
who were assessed with the Bayley-III, only age
equivalents could be derived. Age equivalents are also
presented for participants who were assessed with the
WPPS-III and from whom raw scores were computed
to IQ-scores =55. To be able to differentiate between
subtests, age equivalents were used. Differences
between syndromes were explored through Mann—
Whitney U tests, because of small sample sizes.
Long-term follow-up data on cognition and adaptive
behaviour in Marshall-Smith syndrome were
compared with previous findings (Van Balkom

et al. 2011). Parents received a report with results of
assessments.

Ethics statement

The Marshall-Smith syndrome World Federation
and parents supported this study. The medical ethics
committee of Great Metropolitan Hospital Bianchi-
Melacrino-Morelli in Reggio Calabria approved the
study (approval N° 200). Written informed consent
was obtained prior to inclusion, and the study was
conducted in accordance with ethical standards
(Declaration of Helsinki and subsequent
amendments).

Results

Eight individuals with Marshall-Smith syndrome and
seven individuals with Malan syndrome were
included (Table 1).

The Marshall-Smith syndrome-group was
significantly younger than the Malan
syndrome-group (P < 0.05, Table 1). Male to

Table | Participant characteristics

Marshall-Smith
syndrome (n = 8)

Characteristic

Malan syndrome
(n=7)

Sex, Male (%) 3 (37%)

Age (years)
Mean (SD) 8.4 (5.8)**
Range 2.3-20.0
Median 7.6
IQR (first to third) 8.3 (3.6—12.0)

Hearing
()"
Vision impairments (%)*4 (50%)

impairments3 (37%)

Epilepsy (%) 0 (0%)
Speech
Absent (%) 6 (75%)
Few words (%) 2 (25%)
Sentences (%) 0 (0%)

Cognitive age equivalent

(months)
Mean (SD) 15.9 (5.6)
Range 9-26

4 (57%)

14.6 (6.7)=
5.8-25.1

138

12.3 (8.8-21.1)
2 (50%)

4 (100%)
I (14%)

0 (0%)
3 (43%)
4 (57%)

39.5 (5.0)
2466

Hearing and vision were assessed during parental interviews. Speech

abilities were based on Vineland-2 and direct assessments.

"Available for four participants with Malan.

“Significant difference; P < 0.05, based on Mann—Whitney U tests

female ratio was 3:5 in Marshall-Smith and 4:3 in

Malan. Sensory impairments (vision and hearing)

were present in both groups. Individuals with

Marshall-Smith syndrome developed less expressive

speech (few single words, # = 2) compared with

individuals with Malan syndrome (words and

sentences, # = 7).

Cognition was assessed with the Bayley-III-SNA
(Marshall-Smith syndrome) and with the WPPSI-III
(Malan syndrome). Outcomes on the cognitive
assessments (Bayley-III-SNA and WPSSI-III-NL)
were converted to age-equivalents in months,

according to the manual (Hendriksen and

Hurks 2009) to indicate the developmental age

(Tables S1 and S2). Age equivalents of cognitive

assessments are visualised in Figs 1 (Marshall-Smith)

and 2 (Malan). Mean developmental age was
15.9 months (SD 5.6; range 9—26 months) and
39.5 months (SD 5.0; range 24—66 months) in
Marshall-Smith syndrome and Malan syndrome,

respectively.

Adaptive functioning was assessed in three

individuals with Marshall-Smith syndrome. Age
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Figure 1. Age equivalents of cognitive development in Marshall-Smith syndrome. Age equivalents of cognition in Marshall-Smith syndrome
(Bayley-III-SNA). Previous findings in the same individuals are depicted with crossed circles in same colours as current findings. Instruments
used are indicated between brackets after the participant-codes. [Colour figure can be viewed at wileyonlinelibrary.com]
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Figure 2. Age equivalents of cognitive development in Malan syndrome. Age equivalents of cognitive development in Malan syndrome
assessed with the WPPSI-III. Asterisks (*) denote that both subtests have a minimum score of 31 months according the manual. All participants
with a score of 31 months have an age-equivalent < 31. [Colour figure can be viewed at wileyonlinelibrary.com]

equivalents ranged from § to 62 months, with mean and Socialisation, respectively. Percentile ranks on all
age-equivalent scores of 21.7, 25.7 and 16.7 months domains were below <o.1 for all participants with
on the domains Communication, Daily Living Skills Marshall-Smith syndrome (z = 3).
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In Malan syndrome (n# = 7) age-equivalent on
adaptive functioning ranged from 7 to 63 months,
with mean age-equivalent scores of 29.3, 32.0 and
23.3 months on Communication, Daily Living Skills
and Socialisation. Percentile ranks were 0.4, 3.0 and
2.0 on the domains Communication, Daily Living
Skills and Socialisation for Malanoo6. All other
participants with Malan syndrome (z = 6) had
percentile ranks of <o0.1 on all domains.

The lowest mean age-equivalent for both groups
(10 and 17 months in Marshall-Smith and Malan
syndrome, respectively) was observed on the
subdomain ‘Play and Leisure’. Adaptive behaviour
scores for both syndromes are shown in Fig. 3a—c.

Previous scores on level of development and
adaptive behaviour in three individuals with
Marshall-Smith syndrome (MSSoo1, MSSoo02 and
MSSo003) are also shown in Figs 1 and 3a—c and
Table 2.

Comparison on adaptive behaviour scores over
time (in MSSoo1, MSSoo02 and MSSo03) showed a
decrease in developmental level on all domains,
except for some subdomains of Daily Living Skills.

Data on sensory processing were assessed in six
participants with Marshall-Smith syndrome and
seven participants with Malan syndrome. Participant
MSSoo04 was excluded for comparison, because the
SSP only goes down to 3 years. All participants
showed sensory processing difficulties on several
domains of the SSP. Most difficulties were reported
on the domains Visual/Auditory Sensitivity, Low
energy/weak, Underresponsive/seeking sensations
and Tactile sensitivity. The latter sensitivity was more
common in Malan syndrome, though grooming
activities are more reported as stressful for Marshall-
Smith syndrome. Table 3 shows scores on sections of
the SSP for each syndrome. Supporting Information
contains specific scores on all domains for each
participant.

For Marshall-Smith syndrome, items reported by
parents as frequently/always present were ‘Expresses
distress during Grooming’ (z = 5), ‘Enjoys strange
noises/seeks to make noises for noise’s sake’ (z = 4),
‘Is distracted or has trouble functioning if there is a lot
of noise around’ (n = 5), ‘Seems to have weak
muscles’ (z = 5) and ‘Is bothered by bright lights after
others have adapted to the light’ (z = 4).

For Malan syndrome, items reported by parents as
frequently/always present were ‘Expresses distress

during Grooming’ (n = 5), ‘Fears of falling or heights’
(n = 5), “Touches people and objects’ (n = 4), ‘Is
distracted or has trouble functioning if there is a lot of
noise around’ (z = 7) and ‘Responds negatively to
unexpected or loud noises’ (n = 6).

Structured behavioural observations during direct
assessments showed that participants with Marshall—-
Smith syndrome had a friendly demeanour, few
reciprocal responses and no eye-to-eye gaze. All
focused on physical contact (touching the researcher
with their hands, seeking physical proximity without
clear reciprocal intention). Speech and language
were limited, and some used a few single words.
Body movement (restlessness) intensified with
increasing tension and effort. There was a clear focus
on some favourite objects and persistent behaviour
to obtain it. Participants with Marshall-Smith
syndrome quickly built up routines of behaviour,
which inhibited ability to shift between tasks.
Sensory issues were evident with manual tactile
exploration of materials. Environmental stimuli
(visual and auditory) were easily distracting, and
attention span was commonly shorter in
Marshall-Smith syndrome than in Malan syndrome.
Participants with Marshall-Smith showed a positive
mood and no overt anxiety.

Individuals with Malan syndrome needed some
time to adjust to the researcher, evident in initial
reserve in interaction. Reciprocity was commonly
present and social interaction pleasant, although
demanding attention and energy (e.g. ‘freeze’ during
social interaction and turning head away). Expressive
language difficulties, especially pronunciation, were
common. Stereotypic finger mannerisms were seen
with increased tension (e.g. hyperextending of
fingers) and most presented repetitive verbalisations
(repeating subjects of high interest). All individuals
with Malan syndrome showed difficulties with
information retrieval and often used or needed
supportive associations or gestures for successful
retrieval. All individuals needed longer processing
time, but shifting between tasks was not problematic.
Most were easily distracted by environmental stimuli
(visual and auditory) and had a high frustration
tolerance (the ability to persevere through
difficulties). All participants had a positive mood with
no signs of anxiety.

Details of assessments of all participants are
presented in Tables St and S2.
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mutations in exon 6 (n = 3), exon 7 (n = 2) and exon 9

(n = 1), and those with Malan syndrome had

mutations in exons I and 2 (n = §), exon 7 (n = 2),
exon 8 (n = 1) and a microdeletion of NFIX (n = 1)
(Fig. 4). Table 4 presents a summary of phenotypic

differences between syndromes.

Discussion

Figure 3. (a) Vineland-2 scores for participants
with Marshall-Smith syndrome and Malan
syndrome on the Communication subdomains.
Age-equivalents in months on the Y-axis.
Participants who scored ‘zero’ on subdomain
Whritten are all reported with an age-equivalent
of <30 months, indicating no skills reported in
this subdomain. Previous findings in the same
individuals are depicted with circles in the same
colours as current findings, connected by a
striped trend line. Previous findings contain
total domain scores only. (b) Vineland-2 scores
for participants with Marshall-Smith syndrome
and Malan syndrome on the Daily Living Skills
subdomains. Previous findings in the same
individuals are depicted with circles in the same
colours as current findings, connected by a
striped trend line. Previous findings contain
total domain scores only. (c) Vineland-2 scores
for participants with Marshall-Smith syndrome
and Malan syndrome on the Socialisation
subdomains. Previous findings in the same
individuals are depicted with circles in the same
colours as current findings, connected by a
striped trend line. Previous findings contain
total domain scores only. [Colour figure can be
viewed at wileyonlinelibrary.com]

We compared developmental and behavioural
phenotypes of Marshall-Smith syndrome and Malan
syndrome, both caused by changes of NFLX, but with
clear differences in consequences of variants causing
one syndrome or the other (Priolo ez al. 2018). We
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Table 2 Previous and current age equivalents (years;months) on cognition and adaptive behaviour in three individuals with Marshall-Smith

syndrome

IndividualCalendar age Previous outcomes*

Current outcomes™

Cognition (BSID-1l)  Adaptive behaviour Cognition Adaptive behaviour (Vineland-
(Vineland-1) 2)
Com DLS Soc Calendar age Com DLS Soc
MSS001 66 152 157 153 [HE 12;8 152 (Bayley-llI-SNA) 0;,0-0;9 0,0-1;9 06;-1;7
MSS002 13;10 3;2 43 43 43 200 2;2 (WPPSI-IIT) 2;4-4;7 3;,0-52 1;4-3;2
MSS003 3;5 0;7 0;l1l 08 NA 9,7 0;10 (Bayley-Ill-SNA)0;0-0;7 0;7—1;10 0;6—1;11

* . .
Used instruments are mentioned between brackets.

Com, Communication; DLS, Daily Living Skills; NA, not available; Soc, Socialisation.

Table 3 Scores on sections of the Short Sensory Profile for each syndrome

Section

Marshall-Smith syndrome (n = 5)

Malan syndrome (n = 7)

Probable difference® (n) Definite difference™* (n) Probable difference® (n) Definite difference™* (n)

Tactile sensitivity - 2 | 5
Taste/Smell sensitivity - | I -
Movement sensitivity - | 2 5
Underresponsive/Seeks sensation | 2 4 2
Auditory filtering 2 | 4 2
Low energy/Weak - 3 2 4
Visual/Auditory sensitivity - 4 2 3
"Probable difference: —1SD to —2 SD.

“Definite difference: > —2SD.

studied (long-term) cognition, adaptive behaviour Cognition

and sensory processing, finding significant differences
between syndromes. Participants with Marshall-
Smith syndrome show more severe ID, less adaptive
behaviour skills, more impaired speech and language,
and less reciprocal social interaction when compared
with participants with Malan syndrome. Follow-up
measurements on cognition and adaptive functioning
in Marshall-Smith syndrome (n# = 3) revealed
considerable variance in learning curves over time.
Here, we discuss five areas of interest: cognition
(Bayley-III-SNA and WPSSI-III), adaptive behaviour
(Vineland-2), sensory processing (SSP-NL),
behavioural observations and genetic findings.

Results on cognition confirm previous studies on level
of ID (Van Balkom er al. 2011; Klaassens ez al. 2015)
and provide additional insight into cognitive
development in Marshall-Smith syndrome and
cognitive strengths and weaknesses within Malan
syndrome. Earlier reports described a
moderate-profound level of ID in Marshall-Smith
syndrome (Shaw et al. 2010) and cognitive
developmental ages between 7 and 31 months (Van
Balkom ez al. 2011). Current findings (Fig. 1) display
cognitive developmental progression over time in one
participant (MSSo003), one (MSSoo1) with same level
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Figure 4. NFIX variants of Marshall-Smith and Malan syndrome. NFIX figure adapted from Priolo et al. (2018) with variants in Marshall-
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Table 4 Key phenotypic characteristics in Marshall-Smith syndrome and Malan syndrome in current study population

Characteristic Marshall-Smith syndrome

Malan syndrome

Mean (SD): 14.6 (6.7) years

Mean age-equivalent: 39.5 months
|0—Range age-equivalents: |7—-36 months

energy/weak
Present in 7/7 participants
physicalReciprocal interaction

Sample age Mean (SD): 8.4 (5.8) years
Cognition Mean age-equivalent: 15.8 months
Adaptive behaviour skills Range age-equivalents:
32 months
Sensory processing (>50% of sample with DefiniteLow energy/Weak; Visual/AuditoryTactile sensitivity; movement sensitivity; Low
Difference) sensitivity
Speech/language Present in 2/8 participants
Social Self-absorbed,  seeking
contact

Other characteristics

Rigidity, stereotypic behaviour

Retrieval problems

of cognitive functioning despite increased age and one
(MSSo002) with a decrease in cognitive developmental
age. The decrease in developmental age of participant
MSSo02 is possibly due to measuring with the
WPSSI-III vs. the Bayley Scales of Infant
Development-II (BSID-II) during previous
measurement. The BSID-II uses attractive, playful
materials and preschool tasks, in contrast to the more
school-task oriented WPPSI-III. Earlier studies (Van
Balkom et al. 2011) reported the preference for toys
and/or materials, which stimulate several senses at the
same time. It is likely that attractive materials improve
motivation, leading to better results. Furthermore,
the BSID-II makes less use of spoken language than
the WPPSI-III, possibly relevant when taking severe
speech and language difficulties in Marshall-Smith
syndrome into account.

Current results on cognitive functioning in Malan
syndrome concur with previously reported levels of
mild to severe ID (Klaassens ez al. 2015; Priolo
et al. 2018). Our findings (Fig. 2) show considerable
differences between subtests of the WPPSI-III.
Results on subtest Receptive Vocabulary are lower
compared with the subtest Picture Naming. It is
possible that results on Receptive Vocabulary (e.g.
auditory memory, auditory and visual discrimination)
are lowered by the high demand placed on
simultaneous processing (discrimination and
integration) of verbal and visual input and working
memory in contrast to less complex tasks on Picture
Naming (e.g. expressive language skills, the ability to
connect visual stimuli with language) (Hendriksen
and Hurks 2009). Both subtests include concepts of
perceptual learning (such as visual and auditory
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discrimination). Perceptual learning enables us to
make sense of what we see, hear, feel, taste or smell
(Gold and Watanabe 2010). Difficulties in perceptual
learning affect complex cognitive processes such as
language acquisition (Gervain and Mehler 2010),
which may explain reported language difficulties
(Malan et al. 2010). Individuals with Malan syndrome
need an environment, which provides clear
(augmentative) communication to support
understanding and enhance daily functioning. Other
marked differences are the lower results on the subtest
Block design compared with Object assembly. Block
design measures visuospatial perception and
visuomotor coordination of abstract and meaningless
visual information, while Object assembly measures
visual-perceptual organisation of meaningful stimuli
(Hendriksen and Hurks 2009). Visual motor
integration is the ability to well-coordinate visual
perception and finger-hand movements (Beery and
Beery 2010). Visual perception, defined as the total
process for reception and cognition of visual stimuli,
facilitates extracting, structuring and interpreting
visual stimuli, giving meaning to what is seen.
Individuals with Malan syndrome may benefit from
the use of occupational therapy directed to use all
senses, adaptation and presentation of materials in an
organised way and linking them to what they already
know (zone of proximal development;

Vygotsky 1978). This would reduce activity
limitations and enhance participation in everyday
activities (Schneck 2001).

Adaptive behaviour

Results on adaptive behaviour show an overall lower
level of functioning in Marshal-Smith syndrome

(n = 8) than in Malan syndrome (z = 7),
corresponding with expectations based on cognitive
development. The Communication domain was the
most affected for both syndromes. Daily Living Skills
are relatively well-developed in both syndromes, in
contrast to an earlier study in which Daily Living
Skills was reported as the weakest domain in
Marshall-Smith syndrome (Van Balkom ez al. 2011).
Slight improvement in several subdomains of Daily
Living Skills over time (z = 3) suggests development
follows an individual learning curve. This may also be
the case in Malan syndrome and could be explored
with follow-up assessments.

The apparent decrease in communication abilities
in Marshall-Smith syndrome (7 = 3) over time is
notable. Van Balkom ez al. (2011) reported
improvement at follow-up measurement after
24 months, whereas in this study, 78 months later, a
decline in communicative functioning seems present.
Impaired results on the Communication domain
might be explained by higher (social) demands from
the environment during aging and increased change
and unpredictability in life during adolescence (as was
the case in MSSoo1 and MSSo002). It might be
possible that these changes during aging influence
development, daily functioning and communicative
abilities. Future follow-up may further delineate and
elucidate possible age-dependent vulnerability in
development as reported in studies on age-related
adaptive and executive functioning in Cornelia de
Lange syndrome (Srivastava et al. 2014; Reid
et al. 2017).

Participants with Malan syndrome showed
expressive language difficulties during direct
in-person assessment. They sometimes seemed to
know the answer but appeared unable to retrieve the
right information from their long-term (verbal)
memory based on verbal cues only and also had
difficulties pronouncing words. Supportive gestures
or showing pictures resulted in increased correct
answers, suggesting that augmentative and alternative
communication might be helpful. Receptive language
skills in Malan syndrome may depend on the way
verbal information is offered, understanding may
increase by combining verbal and visual stimuli. We
think assessing level of sense-making in
communication (Maljaars et al. 2012) in both
syndromes is helpful, for example with the ComFor-2
(Noens et al. 2006), to be able to adequately meet
individual needs for augmentative and alternative
communication to support perceptual learning
(Mulder ez al. 2016).

Social adaptive behaviour skills are less well
developed compared with communication and daily
living skills. This contrasts with earlier findings in
Marshall-Smith syndrome (z = 3) (Van Balkom
et al. 2011) and could possibly indicate that the
learning curve of socialisation flattens and reaches its
peak, while the curve of Daily Living Skills gradually
progresses over a longer time-period. Continuous
investment in social interaction and social play seems
of great importance for overall development in both
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syndromes. Play stimulates cognitive, social,
communicative and emotional development of
children (Vygotsky 1978; Jordan 2003;

Pellegrini 2009). During direct in-person
assessments, we noted that attractive, playful
materials supported joint attention and (re)directed
attention towards the tasks.

Follow-up measurement in Marshall-Smith
syndrome revealed some preliminary notable trends
in adaptive development. Several hypotheses might
explain these findings. First, we used an updated,
more extensive version (Vineland-2) of the Vineland
Adaptive Behaviour Scales compared with earlier
assessment (Van Balkom ez al. 2011). Adaptive skills
are divided into smaller developmental steps, and the
scoring system is more precise (current five-points
Likert-scale compared to a three-points Likert scale
used previously), which may lead to lower results,
although probably also indicating more precisely the
zone of proximal development. The more precise
indication of level of development enhances the
possibility to adapt (expectations from) the
environment and set more feasible goals for further
development. Second, biological changes (especially
during puberty/adolescence) may impede
development due to concomitant physical and/or
psychological problems. Changes in cognitive
functioning, mood and increased anxiety possibly
related to biological changes with aging were
previously discussed in Cornelia de Lange syndrome
(Nelson ez al. 2014; Reid et al. 2017), which might also
be the case in Marshall-Smith syndrome. Third, the
lack of development and difficulties in acquiring and
using daily skills may have become more apparent
through the years, possibly influencing the parents’
perspective on the development of their child, leading
to the current lower scores on the Vineland-2.

Sensory processing

Sensory processing difficulties (e.g. sensitivity in
visual and auditory stimuli and tactile sensitivity) are
present in both syndromes. Behavioural responses to
sensory stimuli were previously reported (Shaw

et al. 2010; Priolo er al. 2018). Here, a difference
between syndromes was tactile sensitivity.
Participants with Marshall-Smith syndrome showed
for example more tactile exploration of materials (e.g.
putting object against mouth). Environmental stimuli

(such as noises and movement) often disrupted
task-performance; recapturing attention was easier in
individuals with Malan syndrome. Sensory difficulties
hamper adequate adaptive responses to environment
and participation in daily activities, applying
environmental adaptations might prevent sensory
overstimulation or understimulation (Baker

et al. 2008; Schaaf er al. 2011). We applied some
adaptations in direct in-person assessments to meet
sensory needs of participants in an effort to assess
their best abilities (e.g. assessment in familiar
environment, close curtains and use of preferred
toys). Studying sensory processing as part of the
individual’s developmental profile following a
dedicated assessment battery is important (Mulder
et al. 2016, 2019). Addressing individual sensory
needs (e.g. activation by use of colourful materials or
reducing environmental stimuli) prevents
overstimulation or understimulation, thereby
enhancing participation, learning and daily
functioning (Engel-Yeger et al. 2011).

Behavioural observations

Behavioural observations showed marked different
behavioural features in social interaction in Marshall—
Smith syndrome compared with Malan syndrome. In
contrast, earlier reports described socialisation as a
relative strength in Marshall-Smith syndrome when
compared with other adaptive abilities, although also
noting prominent deficits in communication and
social interaction during direct in-person assessments
(Van Balkom er al. 2011). No participants showed
overt anxiety, although anxiety was previously
observed in Malan syndrome (Priolo ez al. 2018).
Nevertheless, parents and carers did report
restlessness and excitement in participants before
assessments, possibly due to anticipation stress. Once
assessments started, participants became more at
ease. Allowing some time to get used to the situation,
proximity of a familiar person, and quick clarity on
proceedings proved helpful.

Strengths and limitations

The present study has several strengths and
limitations. A major strength is the direct in-person
assessment of cognition in each participant. Second,
by applying some adaptations in test procedures to
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increase the individual’s task-oriented behaviour, we
improved the possibility of measuring the optimal
abilities of the participant. Third, we compared
development and behaviour of both syndromes on
group level and provided individual descriptions.
These case descriptions revealed different needs and
preferences within syndromes, requiring tailored
assessment, care and support. Fourth, parents
received a report of the assessments to discuss with
their own healthcare professionals. Detailed
description of the individual developmental profile
also enables adjustment of parental expectations when
necessary, improves understanding of environmental
influences and essential adjustments to fit abilities
and needs. Fifth, the description of development and
behaviour presented with genetic findings increases
understanding of developmental and behavioural
similarities and differences of individuals with NFIX
variants on group level (Table 4), with specific
information provided on individual level (Figs 1—4).
Results support previous proposition to consider
Marshall-Smith syndrome and Malan syndrome as
two separate entities (Malan ez al. 2010; Priolo

et al. 2018); however, future studies of new variants of
NFIX might reveal overlapping phenotypic features
resembling both entities (Priolo ez al. 2018).

First limitation is the small sample in absolute
terms, although it is relatively large given the rarity of
these syndromes. Second is the lack of appropriate
instruments to directly measure cognition in severe
ID. We considered Bayley-III-SNA and WPPSI-III
to be the most suitable instruments based on a priori
clinical impression (based on available literature
indicating developmental delay and difficulties on
several domains) and applied some adaptations
appropriate to individual needs. Included adaptations
are allowing more time for a task, using materials of
interest instead of prescribed materials (e.g.
shimmering vs. non-shimmering ball) to increase
motivation and attention, perform assessments in a
for the participant familiar environment (e.g. at home
or day-care centre) and use extra non-verbal
communication (e.g. gestures) to support
instructions. We are aware that deviation from
standard procedures has consequences for
interpretation of results and follow-up measurements,
though they yielded important additional information
necessary for motivation, task oriented behaviour and
interaction. Third, comparisons of Vineland results

were problematic. No reports of adaptive behaviour in
Malan syndrome exist. Because of the use of the
updated version of the instrument, we could only
compare current findings on domain-level in
Marshall-Smith syndrome as subdomain scores are
not available in previous results (Van Balkom

et al. 2011). Future follow-up measures with the same
instrument may clarify learning curves and possible
age-dependent vulnerability in development as
previously seen in adaptive behaviour and executive
functioning in Cornelia de Lange syndrome
(Srivastava et al. 2014; Reid ez al. 2017). Finally, while
not designed to study sensory processing in severe 1D,
we found the SSP useful to measure and describe
sensory difficulties. Continued use of this instrument
in future studies of individuals with (severe) ID will
improve comparability and understanding of the
development of sensory processing and inform
necessary (environmental) adaptations during the
lifespan.

Recommendations

The results of our study indicate the following five
recommendations:

1 Usual measures to assess cognitive and develop-
mental functioning have clear limitations when
used in syndromes with (severe) multiple disabil-
ities. However, adapting environment and proce-
dure to enhance motivation and
task-orientedness can likely lead to more realistic
outcomes of individual capacities.

2 Adaptive functioning may progress very slowly
and continued investment in development of
adaptive skills by using a predictable, step-by-
step method with attractive materials and playful
activities is important.

3 Future studies should reassess adaptive behaviour
skills over time in order to understand develop-
mental trajectories within syndromes and identify
what might be necessary and beneficial to encour-
age development and daily functioning.

4 Understanding issues in sensory processing is key
to inform parents/carers to address sensory needs
and adapt the environment to optimise daily
functioning.

5§ Future research should consider publishing de-
tailed case descriptions of performed assessments.
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This increases awareness of developmental and
behavioural variability within syndromes and
demonstrates the need for tailored approaches.
Offering parents/carers separate individual re-
ports with results of the assessments can highlight
helpful approaches for care and support, so that
participants and their families may also benefit di-
rectly from participating in scientific studies.

Conclusion

Comparison of developmental and behavioural
phenotypes and presenting results with genetic
findings in Marshall-Smith and Malan syndrome,
both caused by NFIX changes, shows significant
between and within syndrome variability. This
supports the hypothesis that different NFLX variants
underlie distinct clinical phenotypes leading to
separate entities. Cognitive, adaptive and sensory
impairments are common in both syndromes and
these hamper development, social participation, and
increase the risk for emergence of challenging
behaviour. This study highlights the importance of
direct in-person assessments and the need to consider
behaviour within one’s own developmental and
environmental context. Use of a dedicated standard
of instruments improves comparability over time. The
methodology used in this study can be applied cross-
syndromic, and results are indicative of essential
information to be found in other syndromes. We
suggest adaptations to environment, support and
treatment to create a better person-environment fit
and improve quality of life.
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