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1 | INTRODUCTION

Abstract

Introduction and Methods: We report two series of individuals with DDX3X
variations, one (48 individuals) from physicians and one (44 individuals) from
caregivers.

Results: These two series include several symptoms in common, with fairly simi-
lar distribution, which suggests that caregivers’ data are close to physicians’ data.
For example, both series identified early childhood symptoms that were not pre-
viously described: feeding difficulties, mean walking age, and age at first words.
Discussion: Each of the two datasets provides complementary knowledge. We
confirmed that symptoms are similar to those in the literature and provides more
details on feeding difficulties. Caregivers considered that the symptom attention-
deficit/hyperactivity disorder were most worrisome. Both series also reported
sleep disturbance. Recently, anxiety has been reported in individuals with DDX3X
variants. We strongly suggest that attention-deficit/hyperactivity disorder, anxi-
ety, and sleep disorders need to be treated.

KEYWORDS
ADHD, caregivers, DDX3X, developmental milestones

describe parents' and caregivers' self-reported character-

De novo pathogenic or likely pathogenic variants (PV
and LPV) in dead-box helicase 3 X-linked (DDX3X, MIM
*300160; #300958) have been reported in 1% to 3% of fe-
males with intellectual disability (ID) (Snijders Blok
et al., 2015; Wang et al., 2018) and occasionally males with
ID. DDX3X maps to Xpl1l.4 and escapes X-inactivation
(Garieri et al., 2018). DDX3X plays an important role in
RNA metabolism such as export, translation, or pre-RNA
splicing (Kukhanova et al., 2020).

Clinical manifestations of DDX3X-related disorders
(DDX3X-RD) include ID, hypotonia, and behavioral prob-
lems such as autism spectrum disorder (ASD), attention-
deficit/hyperactivity disorder (ADHD), and hyperactivity,
self-injurious behavior, poor impulse control or aggression
in females (Chanes et al., 2019; Dikow et al., 2017; Lennox
et al., 2020; Scala et al., 2019; Snijders Blok et al., 2015;
Wang et al., 2018) and males (Kellaris et al., 2018; Nicola
et al., 2019). ID ranges from mild to severe (Snijders Blok
et al., 2015). Individuals with DDX3X PV or LPV can also
have vision problems, congenital heart anomalies or epi-
lepsy. Language delay is common: 51% of females are non-
verbal at age 5 (Lennox et al., 2020).

This study aimed to better delineate the clinical pre-
sentation of individuals with DDX3X-RD by describing
the clinical phenotype of 48 previously unpublished indi-
viduals with DDX3X PV or LPV from a physician's point
of view (“series 1”). The second part of this study was to

istics and life quality data via the GENIDA questionnaire
for a series of 44 individuals (“series 2,” some individuals
in common with the first series), with the help of patient
associations. We searched for similarities and discrepan-
cies but also additional data between physician-reported
and caregiver self-reported data.

2 | MATERIALS AND METHODS
2.1 | Data collection

Two different series were recruited. In the first series (“series
17), physicians collected clinical data for 48 females enrolled
mainly via the Xtraordinaire association and by contacting
medical geneticists directly from genetics centers in Europe
(Group DI France, AnDDI-Rares [http://anddi-rares.org/],
ERNITHACA [https://ern-ithaca.eu/] networks). Individuals
with DDX3X PV or LPV were identified by exome sequencing.
Clinical data were systematically collected by use of a stand-
ardized form sent to collaborators.

The second series includes 44 individuals (“series 27,
Supplementary Figure S1) on whose behalf a caregiver par-
ticipated in the GenIDA study (https://genida.unistra.fr/).
GenIDA is an international participatory research project
that aims to better characterize the clinical manifestations
and natural histories of rare genetic forms of ID and/or
ASD (Burger et al., 2023). Families answer to a structured
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questionnaire that investigates cognitive as well as behav-
ioral aspects, neurological manifestations of the disease,
and core physiological functions of the affected individual.
We describe the results of GenIDA for DDX3X. Because the
GenIDA questionnaire is anonymized, one cannot know
how many individuals are common to both series.

2.2 | Statistical analyses
For calculating the frequency of features, we excluded in-
dividuals for whom that feature was coded as “unknown”
in the clinical form. Data are reported with numbers or
median (interquartile range and range) and mean.

We use Fisher's exact test to compare the features in
common between the two series.

3 | RESULTS

3.1 | Phenotype (“series1”)

Series 1 clinical data were collected for 43 individuals with
a DDX3X LPV/PV, with ages ranging from 4 to 65years.
ID was the most common feature (28/31 individuals). The
mean walking age was 27.5months and the age at first word
was 26.5months (Figure 1a, Table 1 and Supplementary
Table S1). Physicians noted feeding difficulties (18/39, 46%),
such as gastroesophageal reflux disease and especially hy-
perphagia, which are lifelong issues for DDX3X-RD individ-
uals and need to be medically evaluated. ADHD was also

(a) 70
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(b)

FIGURE 1 Box plots of (a) physician- €0
reported developmental milestones
and (b) parent and caregiver-reported
developmental milestones. Data are 30
median (horizontal bars), 1st and fg %
3rd quartiles (box edges), and range 12

(whiskers). (Figure generated from 0

GENIDA).

Months

Sitting
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common (14/32, 44%). Hearing issues were not reported in
this series. Other neurological findings included hypotonia
for 28/38 individuals (74%), coordination troubles for 23/36
(64%), and movement disorders for 6/34 (18%). Epilepsy
was reported in 9/41 (22%) individuals, which agrees with
the literature. ASD was reported in only 9/39 (23%) indi-
viduals, fewer than previously described. Neuroblastoma
was described in 3 individuals in the literature (Lennox
et al., 2020), and we found 1 individual with neuroblastoma
diagnosed at 6 months.

3.2 | Caregivers self-reported series
(“series 2”)

Clinical and daily life data were available for 44. Data
collected for these patient via GenIDA project are sum-
marized in Supplementary Table S2. From parents’ and
caregivers' point of view, the main problem of quality of
life is ADHD, which concerned 26/42 (62%) individuals.
ID was reported in 23/35 (66%) individuals; some indi-
viduals are under 6 years old, so ID might not have been
diagnosed yet. Self-reported developmental milestones
agreed with series 1 data: mean sitting age 12.9 months,
standing 19.9 months, walking 26.3 months, first word
27.2months, also with a large range (Figure 1b, Table 1).

Hyperopia and strabismus are frequent symptoms in
DDX3X-RD (both 18/44 individuals; 41%). Myopia is re-
ported in 3 individuals and cataracts in 1. Seromucous oti-
tis is reported in a few individuals (8/44; 18%); symptoms
disappeared with grommets insertion. As for series 1,

X
~
€1
—_—
Walking 1st Words
Standing Walking 15t words
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TABLE 1 Physician- and parent and caregiver-reported clinical features of individuals in this study and 2 large series from the literature.

This study GENIDA cohort
“series 1” “series 2”
Truncating variants 32/47 n.a.
Non-truncating variants 15/47 n.a.
Intellectual disability 28/31 23/35
Hypotonia 28/38 5/43
Spasticity 8/36 n.a.
Movement disorder 6/34 31/44
Coordination troubles 23/36 n.a.
Ataxia 15/35 n.a.
First words (mean month) 26.5 27.2
Walking age (mean 27.5 26.3
month)
Feeding difficulties 18/39 13/43
Gastroesophageal reflux 12/38 n.a.
Hyperphagia 14/37 n.a.
Oral aversion 2/35 n.a.
Sleep disturbance 10/35 14/44
Refractory problems 20/39 21/44
Deafness 0/38 0/44
Autism spectrum disorders ~ 9/39 6/35
Behavioral anomalies 22/35 27/42
ADHD 14/32 26/42
Seizures and/or epilepsy 9/41 11/44
Pharmacoresistance? 0 n.a.
Scoliosis 5/37 n.a.
Vertebral malformations 1/28 n.a.
Hyperlaxity 17/34 n.a.
Congenital heart defects 2/33 n.a.
Neonatal respiratory 2/33 n.a.
distress

Laryngeal anomalies 1/29 n.a.
Anal abnormalities 2/33 n.a.
Sacral dimple 3/31 n.a.
Enuresis 5/28 n.a.
Precocious puberty 6/27 n.a.
Neuroblastoma 1/41 1/43

Abbreviation: ADHD, attention-deficit/hyperactivity disorder.

sleeping disorders are reported in series 2, in 14/44 (32%)
individuals; some required treatment. Constipation is fre-
quent, in 18/44 (41%) individuals.

4 | DISCUSSION

DDX3X-RD is a rare monogenic disorder, with nearly 200
individuals reported in the literature.

Fisher's exact test Snijders Blok Lennox
between series 1 and 2 et al. 2015 et al. 2020
- 20/38 53/104
- 18/38 51/104
0.020 35/38 106/106
0.00000001 29/38 54/93
- 17/38 5/93
0.000003 n.a.

- n.a. n.a.

- n.a. n.a.
0.21 n.a. n.a.
0.13 n.a. n.a.
0.17 n.a. n.a.

- n.a. n.a

- n.a. n.a

- n.a. n.a
0.80 n.a. n.a.
0.83 13/38 n.a.

1 3/38 n.a.
0.57 20/38 n.a.

1 n.a
0.16 n.a.
0.80 6/38 17/93
- n.a. n.a

- 4/38 15/94
- n.a. n.a.

- 14/38 n.a.

- n.a. n.a.

- n.a. n.a

- n.a. n.a.

- n.a. n.a.

- n.a. n.a.

- n.a. n.a.

= 5/38 11/94
1 n.a. 3/107

In this study, we reported two different series of individ-
uals expressing DDX3X-RD. We expanded the phenotype
by describing 48 new individuals (5 without clinical data),
thus providing novel clinical features to aid the clinical
management of newly diagnosed individuals. We analyzed
44 caregivers’ self-reported characteristics and quality of
life data, providing crucial “everyday life” information.

For most clinical features in this series, the distribution
was similar to that in the literature. A statistical difference
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is only observed for hypotonia (28/38 vs. 5/43), movement
disorder (6/34 vs. 31/44), and ID (28/31 vs. 23/35). We be-
lieve that these differences could be due to a difference
in vocabulary between physicians and caregivers: hypoto-
nia might be considered by caregivers only during the in-
fancy and not considered when this symptom disappears,
unlike doctors who describe this symptom even if tran-
sient. Regarding ID, we can speculate that the difference
between the two series may be due to an age difference
between the individuals in the two series (estimating the
ID is more difficult for young people). We can also assume
that parents are less inclined to use the term ID for their
children. The difference in “Movement disorder” is more
questionable, it might not have been observed by physi-
cians, who only see his patient for a short time, or might
be understood by caregivers as a behavioral disorder such
as significant agitation as seen in attention disorders.
Additional studies should be carried out to better describe
and understand these discrepancies in description be-
tween physicians and caregivers.

One of the major symptoms is ADHD (14/32 individ-
uals, 44%). This finding was confirmed by caregivers in
series 2, who largely considered ADHD to be the major
problem affecting their relatives' everyday life. Lifelong
assessment of ADHD seems crucial for all individu-
als with DDX3X-RD and could lead to treatment, with
medication (methylphenidate) or cognitive behavioral
therapies (Weiss et al., 2012), meta-cognitive therapies,
dialectical behavioral therapies, mindfulness-based
interventions, and cognitive remediation (Diamond &
Ling, 2019; Nimmo-Smith et al., 2020), which are ef-
ficacious for ADHD symptoms. It would be useful to
evaluate if ADHD is more on the attentional or hyper-
activity side.

Sleep disturbance was observed in 10/35 individuals
from series 1 and 14/44 from series 2 (30%), also reported
recently in 10/15 and 13/23 individuals with DDX3X-RD
(60%) (Ng-Cordell et al., 2022; Tang et al., 2021). Sleep
disturbance needs to be evaluated before assessment for
ADHD, and might interfere with ADHD evaluation. Here
again, lifelong assessment of sleep disturbance is crucial
for all DDX3X-RD individuals and might lead to mela-
tonin treatment for instance.

Even if not reported in this manuscript, we know anxi-
ety is frequent in individuals with DDX3X-RD (Ng-Cordell
et al., 2022) and could interfere with ADHD and sleep dis-
turbance. We strongly suggest searching for and treating
ADHD, anxiety, and sleep disturbance in individuals with
DDX3X-RD because the caregivers’ main complaint was
ADHD.

For the first time, we report data on developmental
milestones: the mean walking age was 27.5months and
the first word appeared at 26.5 months.

Open Access,

In conclusion, our study emphasizes the similarities
between the data reported by physicians and that reported
by caregivers.
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