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ABSTRACT

OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

Typical behavioral traits play a crucial role in the recognition of neurodevelopmental features in rare 
disorders, such as DDX3X syndrome. DDX3X syndrome is an X-linked genetic neurodevelopmental 
disorder and often presents with complex symptoms in the neurological, psychiatric, cardiological, 
ophthalmologic, and gastrointestinal domains, as well as structural brain abnormalities and preco-
cious puberty. This overview study aims to review the psychopathological traits that are concurrent 
with DDX3X mutations. Although there are nearly 300 studies recorded in academic databases related 
to psychiatric comorbidities in this syndrome, it has been observed that most of these reports are at 
the case-report level, the number of cohort studies is quite low and there is only one review. A wide 
range of psychopathological manifestations is presented in patients with DDX3X syndrome, which 
may consist of but not limited to cognitive impairments, developmental delay, intellectual disability, 
language difficulties/delays, autistic traits, attention deficit-hyperactivity disorder, and conduct disor-
ders. The complexity of neurodevelopmental issues in DDX3X syndrome highlights the 
requirement for a broader-based psychiatric screening, particularly for autism spectrum disorders.

Keywords: Autism spectrum disorders, behavioral problems, DDX3X syndrome, developmental delay, 
intellectual disability, psychiatric comorbidity, neurodevelopmental issues

Although rare diseases (RD) are recognized primarily due to their low prevalence levels
(1), defining their clinical phenomenology based on their genetic basis is important 

for early diagnosis, treatment, and prognosis. DDX3X syndrome, the second most common 
genetic cause of developmental delays in the pediatric population (2), is also a rare X-linked 
neurodevelopmental disease. DDX3X is part of the DEAD-box helicase family, located on 
p11.3–11.23 on the X chromosome. The demonstrated variants are located throughout the 
DDX3X gene; however, they tend to cluster in the helicase ATP coding domain and C-ter-
minal coding domain (3). It has widespread expression across human tissues and, based on 
its function in RNA metabolism, plays a pivotal role in the regulation of gene expression, 
cell cycle control, viral replication, and innate immunity (4-7). Several types of sequence 
variants in DDX3X are reported in the literature, including missense, nonsense, frameshift, 
splice site, stop-loss, and in-frame deletions (8). The majority of genetic defects in DDX3X 
syndrome are de novo variants in the DDX3X gene, particularly in females (8,9). Only a few 
de novo DDX3X gene mutations have been detected in males (10). Unlike many X-linked 
genes, DDX3X escapes X-inactivation in females. In this regard, variance in the clinical pre-
sentation of different cases is thought to vary according to X-inactivation patterns, even in 
twins and siblings (11). DDX3X syndrome is the consequence of a de novo mutation within 
a DDX3X gene at conception, which can be inherited but not frequently (6,9-12). According 
to recent findings from multiple cohorts, the DDX3X gene has the highest proportion of 
missense variants identified among other autosomal dominant de novo monogenic rare 
neurodevelopmental disorders (2).

The most common psychopathological expression of DDX3X de novo variants is develop-
mental delay in both genders (6,9,10,13). To date, a total of 848 reported cases (809 females 
and 39 males) exist worldwide (14). However, there is no exact epidemiological data on 
the real prevalence of DDX3X syndrome. The gene-based prevalence of de novo mutations 
was estimated in a 2022 paper by extracting data from the number of neurodevelop-
mental disorders cohort cases, and the prevalence of DDX3X-related neurodevelopmental 
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disorders with intellectual disability was estimated at 0.0036% (2). 
According to another research, DDX3X gene mutations were one of 
the common genetic etiologies of intellectual disability, consider-
ing the 1-3% prevalence of unexplained intellectual disability in 
females (9). Not only intellectual disability but also neurological 
manifestations, motor retardation, behavioral issues, cardiac dys-
functions, ophthalmic, and gastrointestinal problems may be pre-
sented in DDX3X syndrome (9,11,13,15,16). DDX3X variants were 
also associated with macro-anatomical abnormalities (gross MRI 
findings and brain tumor) in the central nervous system (4,17). Due 
to the complexity of phenomenology and findings in imaging tech-
niques, DDX3X mutations are frequently misdiagnosed as cerebral 
palsy or autism spectrum disorders (18,19). Therefore, compared 
to other diagnostic methods, careful screening of cases combined 
with Whole Exome Sequencing prior to a final DDX3X syndrome 
diagnosis is crucial.

Identifying the indicative behavioral, cognitive, affective, or 
physiological manifestations is helpful for clinicians to provide 
early diagnosis and multidisciplinary management of rare dis-
orders (20). Knowledge of the DDX3X-related psychopathologi-
cal symptom range enables early diagnosis, multidisciplinary 
screening, and treatment, which improves the prognosis and 
quality of life (3). Although nearly 300 studies are recorded in 
academic databases related to behavioral manifestations in this 
syndrome, it has been observed that most of these reports are at 
the case-report level, the number of cohort studies is quite low, 
and there is only one review (3,9,17,21). In this regard, an up-to-
date review of the prevalence distribution of psychopathologi-
cal features in patients with DDX3X syndrome may be useful in 

determining the themes for further research on the subject. The 
questions are:

“What are the indicative psychopathological features presented in 
DDX3X syndrome?”

“How is the prevalence of psychopathological features distributed 
among patients with DDX3X syndrome?”

Psychopathological Frame in DDX3X Syndrome

The most common behavioral issues have been reported as intel-
lectual disability or developmental delay, speech-communication 
dysfunctions, autism spectrum disorders or autistic-like traits, 
attention deficit-hyperactivity disorder, general anxiety disorder, 
self-injurious behaviors, sensorial hypersensitivities, and sleep 
disturbances (3,8,9,11-13,19,21,22). Among these psychiatric con-
ditions associated with DDX3X mutations, intellectual disability/
developmental delay and speech/communication problems were 
the most commonly reported ones. The recent cohort of Tang et al. 
(8), the first cohort of pediatric DDX3X syndrome (n=15, 3-16 years 
old) in a prospective study design, provides a comprehensive char-
acterization of neurobehavioral symptoms in contrast to previous 
research: high rates of intellectual disability (80%), autism spec-
trum disorder (60%), and attention deficit-hyperactivity disorder 
(53%), as well as generalized anxiety disorder (7%), were demon-
strated (8). A detailed description of each psychopathological fea-
ture is presented in Table 1 and subsections as follows:

Cognitive Impairment: Intellectual Disability & Developmental Delay
Intellectual disability/developmental delay is increasingly identi-
fied and appears to be a universal characteristic among patients 

Table 1. Summary of the data regarding psychopathological features of DDX3X syn.

Frequently reported psychopathological features Approximate Ratios from Studies*

Cognitive impairments:
Intellectual disability/ Developmental delay

98%

Speech problems:
Communication/Speech delay Developmental apraxia of speech

70%

Autism spectrum disorders 26%

Sensory symptoms:
Sensorial hypo/hypersensitivity
Sensory seeking

65%

Attention deficit-hyperactivity disorder 20%

Anxiety disorders:
General anxiety disorders
Specific phobias

40%

Self-injurious behaviors:
Hair pulling
Skin picking biting hands or knees
Hitting their heads
Throwing themselves onto the floor

56%

Sleep disturbances:
Hypo/hypersomnia
Early waking
Long sleep latency
Difficulty maintaining sleep
Midnight awakenings

70%

*References: (3,8,9,11-14,19,21,22)



83

Acad J Health 2023;1(3):81-86Efe. Psychopathological Manifestations in DDX3X Syndrome

with DDX3X syndrome, both in pediatric and adult samples. The 
average prevalence of intellectual disability (Table 1), reported in 
most current cohorts, was nearly 98% (3,8,9,11-13,21,22), and the 
majority of reported patients met the criteria for intellectual dis-
ability ranging from mild to severe (9,12,13). Additionally, up to 3% 
of females with unexplained intellectual disability/developmental 
delay were associated with DDX3X mutations (9). However, intel-
lectual disability was not reported in some case studies or cohorts 
with small sample sizes (11,19). Although the case (7 years old) 
reported by Stefaniak et al. (19) did not exhibit intellectual disabil-
ity, severe difficulties were identified in social intelligence. In the 
cohort of Snijders et al. (9) of 38 females with DDX3X mutations 
(1-33 years old), de novo mutations in DDX3X were demonstrated 
as the most common genetic cause of intellectual disability in 
females. In the cohorts of Wang et al. (13) (1-47 years old; n=28) and 
Dai et al. (22) (1-6 years old; n=23), the ratio of patients with devel-
opmental delay or intellectual disability was 100%. Comparatively, 
the vast majority of participants with DDX3X mutations exhibited 
intellectual disability in the studies of Lennox et al. (12) (106:107, 
1-24 years old), Tang et al. (8) (13:15, 3-16 years old), and Ng-Cord-
ell et al. (21) (13:21, 3-22 years old). In the cohort of Levy et al. (3), 
intelligence levels ranged from average to severe, with the vast 
majority of cases demonstrating a global delay across all domains 
of adaptive functioning (according to Vineland III: communication, 
socialization, and daily living skills), with -3 standard deviations 
below the population mean (3). A subset of missense variants, likely 
with a dominant-negative functional consequence, are associated 
with more severe clinical manifestations, such as polymicrogyria 
and more severe intellectual disability (8,12). Furthermore, patients 
with protein-truncating variants, such as nonsense, frameshift, or 
splice site variants, tended to have a less severe phenotype than 
those with missense variants (8).

Speech / Communication Problems
A global delay in developmental milestones appears to be the 
most common neurodevelopmental issue in DDX3X syndrome, 
and language difficulties were almost universal across all avail-
able cohorts, with a report of approximately a 70% ratio (Table 1) 
(3,8,11,19,21,22). However, Snijders et al. (9) and Wang et al. (13) did 
not report communication or speech delay as a feature of DDX3X 
syndrome. Almost half of females with DDX3X syndrome were 
nonverbal after 5 years of age in the cohort of Lennox et al. (12), 
whereas 1/3 of those were reported as nonverbal in the cohort of 
Tang et al. (8). Furthermore, the verbal participants in the cohort 
of Tang et al. (8) also presented with delays in both receptive and 
expressive language skills. Patients with autism spectrum disor-
der scored higher on all language assessments compared to those 
without ASD (8). Beal et al. (11) described speech or motor delays in 
4 out of 6 patients, one of whom exhibited severe speech and lan-
guage deficits despite having a mild to moderate intellectual dis-
ability diagnosis. Almost 91% (21,23) of the patients in the cohort of 
Ng-Cordell et al. (21) exhibited speech/communication abnormal-
ity, with 17% of participants presenting with severe (non-verbal), 
20% with moderate (expressing only with single words), and 48% 
with mild symptoms (expressing with both words and phrases). In 
the case report of Stefaniak et al. (19), the 7-year-old female case 
was non-verbal and had a strong desire for social interaction. In the 
Chinese cohort of Dai et al. (22), almost all of the participants with 
DDX3X syndrome were described as minimally verbal (expressing 

no more than four words). In the cohort of Levy et al. (3), language 
milestones were achieved with significant delays, such as express-
ing the first word at the 31st month and phrase speech at the 48th 
month. The use of augmentative and alternative communication 
was an auspicious form of support for some patients with DDX3X 
syndrome, though the statistic was not given in the cohort of Levy 
et al. (3). Given the example of monozygotic female twins with 
discordant phenotypes (one with autism, aggression, and non-ver-
bal, the other with only minimal language problems) in the same 
cohort, specific variants may not predict the clinical presentation 
of DDX3X syndrome in contrast to the known paradigm in other 
genetic disorders (3).

Autism Spectrum Disorders (ASD)
DDX3X syndrome has recently emerged as the most prevalent 
genetic cause of ASD in females (9). According to recent reports from 
‘ddx3x.org’ covering 50 countries, up to 769 DDX3X cases (38 males 
and 731 females) have also presented with ASD traits (14). Most 
available data on DDX3X syndrome reported ASD characteristics in 
patients with a ratio of approximately 26% (Table 1) (3,8,12,19,21,22), 
whereas few data did not describe ASD characteristics as separate 
traits but included them along with aggression and hyperactivity 
in the category of conduct problems (9,11,13). The heterogeneity in 
reports of ASD traits in patients with DDX3X syndrome may depend 
on the variety of assessment techniques used in previous studies. 
The highest prevalence of ASD traits (63%) was reported in the study 
of Levy et al. (3), which used gold standard assessment techniques, 
including The Autism Diagnostic Observation Schedule-Second Edi-
tion (ADOS-2) and the Autism Diagnostic Interview-Revised (ADI-
R). However, previous research using parent-proxy clinical tools for 
assessment of autistic traits demonstrated different prevalence of 
ASD-resembling characteristics, although they also reported moder-
ately higher levels of autism traits compared to general population 
norms (19,21,22). A novel non-canonical splice-site variant of the 
DDX3X gene was recognized in recent research, which exhibited 
autistic-like symptoms such as stereotypic behaviors that improved 
with inclusive education and behavioral interventions, as well as 
some characteristics that did not meet the diagnostic criteria of 
ASD, such as spontaneous behaviors, curiosity, and good socializa-
tion ability despite being nonverbal (19). ASD-resembling symptoms 
appear to be prevalent psychopathological features of DDX3X syn-
drome that can manifest as a wide range of symptoms with varying 
severity (3,23,24).

Sensorial Hypo / Hypersensitivity
Sensorial hypersensitivity/hyposensitivity was considered a new 
criterion in the Diagnostic and Statistical Manual of Mental Dis-
orders (DSM-5) for the diagnosis of ASD but is also reported in 
other neurodevelopmental disorders (25,26). Sensorial symptoms, 
defined as behavioral reactions (hyporeactivity, hyperreactivity, or 
sensory seeking) associated with atypical responses or unusual 
interest in sensory stimuli (25), were particularly mentioned as 
important characteristics in DDX3X syndrome in the previous two 
cohorts and one case report (8,19,21). In the prospective study of 
Tang et al. (8), using the Short Sensory Profile and Sensory Assess-
ment for Neurodevelopmental Disorders for assessment of sensory 
symptoms, definite sensorial changes were reported in all partici-
pants with DDX3X syndrome. As part of the research of Tang et al. 
(8), the participants with DDX3X syndrome were matched with typ-
ically developing controls (n=29), and the Z-score was calculated. 
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Sensory symptoms in all symptom domains and sensory modal-
ities were more frequent in the DDX3X group (100%) compared 
to the control group. Findings indicated that sensory processing 
disorders such as sensory seeking and hyporeactivity were more 
frequent than hyperreactivity (8). Moreover, tactile hyporeactivity 
was more common than visual or auditory hyporeactivity, while 
visual hyperreactivity was more frequent than tactile and auditory 
hyperreactivity (8). In the cohort of Levy et al. (3), high levels of 
sensory hyporeactivity (80%) and high sensory seeking behaviors 
(87%) were demonstrated in the DDX3X patients.

Attention Deficit-Hyperactivity Disorder (ADHD)
ADHD was particularly mentioned in the cohorts of Lennox et al. 
(12) and Tang et al. (8). The ADHD ratio was identified as 15% in 
the cohort of Lennox et al. (12), while it was 40% in the cohort of 
Tang et al. (8). The disruptive and maladaptive behaviors exhibited 
by participants in other studies may be considered as belonging 
to other psychiatric or behavioral concerns (3,9,11,13,19,21,22). 
On the other hand, behavioral and psychotropic interventions for 
disruptive and maladaptive behaviors, and further assessment of 
these behavioral traits as ADHD diagnosis were recommended (3).

Internalizing Traits and Other Psychopathological Issues
General anxiety disorder was particularly mentioned in the two 
most recent cohorts (3,21), but it had not been addressed in papers 
before 2022 (8,9,11-13,19,22). The presentation ratio is approxi-
mately 40% for anxiety disorders in available studies (Table 1). 
Anxiety symptoms, including specific phobias related to sounds, 
animals, or objects, shyness, social withdrawal, and concerns about 
routines, were presented in 69% of DDX3X participants in the 
cohort of Ng-Cordell et al. (21). One case in the paper by Levy et 
al. (3) presented with separation anxiety and behavioral aggres-
sion triggered by fear of frustration. Anxiety and affective disorders 
require further investigation in DDX3X patients as newly described 
conditions in the literature.

Self-injurious behavior was mentioned only in the paper by 
Ng-Cordell et al. (21), where this behavioral pattern was first iden-
tified as a significant feature of DDX3X syndrome. In the cohort 
of Ng-Cordell et al. (21), almost 56% (13,23) of participants with 
DDX3X syndrome presented with self-injurious behaviors, includ-
ing stress-triggered hair pulling, skin picking, biting hands or knees, 
hitting their heads, and throwing themselves onto the floor; the 
prevalence of self-injurious behaviors was higher than in the con-
trol group with autism (21). The authors of this study particularly 
highlighted the link between self-injurious behaviors and anxiety 
(21), suggesting that further research on the role of stress, anxi-
ety, and affective traits in other frequently reported maladaptive 
behaviors in DDX3X syndrome is warranted. There is a need for 
more research on self-injurious behaviors among patients with 
DDX3X syndrome, particularly in the affected pediatric population, 
to establish appropriate management strategies.

Sleep disturbances have been recognized in some previous stud-
ies, with a prevalence of nearly 70% (3,11,19,21) (Table 1). Nearly 
one-third of participants in the study by Beal et al. (11) presented 
with sleep disturbances, while almost 56% of DDX3X patients in the 
study by Ng-Cordell et al. (21) presented with sleep problems such 
as hypo/hypersomnia, early waking, long sleep latency, and difficulty 
maintaining sleep. In the review by Levy et al. (3), the prevalence of 
sleep disturbances was summarized as high as 80% (20,25).

DISCUSSION

Early diagnosis of manifestations in different domains is crucial 
for the accurate management of rare disorders. DDX3X syndrome 
is a rare, complex genetic disorder associated with varied psycho-
pathological phenotypes, particularly neurodevelopmental issues. 
However, the full spectrum of psychopathological issues in DDX3X 
syndrome is not well known or investigated. Therefore, more stud-
ies with diverse and larger samples are needed to broaden our 
understanding of this syndrome and its behavioral manifestations. 
Additionally, there is an important need for Whole Exome Sequenc-
ing screening in children with unexplained intellectual disability/
developmental delay, developmental speech delays, and childhood 
apraxia of speech, as various DDX3X gene mutations are a highly 
plausible genetic etiology for these disorders (9,27).

The findings from this manuscript, aiming to present a narrative 
review of the limited literature on the psychopathological framework 
of DDX3X syndrome, demonstrate varied psychiatric manifestations, 
predominantly including neurodevelopmental issues like intellectual 
disability/developmental delay, speech/communication problems, 
autism spectrum disorders, and ADHD, as well as internalizing and 
behavioral traits such as general anxiety disorder, specific phobia, 
self-injurious behaviors, sleep disturbances, and sensory symptoms 
(Table 1). The wide range of externalizing and internalizing traits in 
pediatric patients with DDX3X syndrome also raises concerns about 
the high possibility of misdiagnosing early neurodevelopmental 
issues. Therefore, the clinical utility of exome sequencing in prevent-
ing misdiagnosis of ASD, cerebral palsy, Rett syndrome, Dandy-Walker 
syndrome, Toriello-Carey syndrome, or idiopathic intellectual disabil-
ity is important (19,28). It should be noted that patients with DDX3X 
syndrome often demonstrate a strong desire to be cooperative, 
caring, and friendly in social situations, according to parent-proxy 
reports of social functioning (21), in contrast to autistic-like behav-
iors, self-injurious behaviors, and anxiety disorders. However, the pos-
itive social abilities of patients with DDX3X syndrome have not yet 
been described or explored in the literature, other than brief men-
tions in medical interviews with caregivers (19,21).

On the other hand, the alertness of psychiatrists regarding the 
association of the aforementioned developmental and behavioral 
traits with discordant DDX3X mutations is important to prevent 
overlooking the physical manifestations that accompany psychi-
atric problems. These include neurological issues (hypotonia, epi-
lepsy, gait disturbance, and other movement disorders), cardiologi-
cal conditions (ventricular septal defect, atrial septal defect, patent 
ductus arteriosus, patent foramen ovale, and long QT syndrome), 
gastrointestinal problems (chronic constipation, gastroesophageal 
reflux, and feeding issues), ophthalmological concerns (ocular and 
visual abnormalities such as strabismus, nystagmus, colobomas, 
myopia, hypermetropia, astigmatism, etc.), endocrinological disor-
ders (precocious puberty, hypothyroidism), dermatological condi-
tions (café-au-lait spots, eczema, congenital dermal melanocytosis, 
cutaneous mastocytosis, and other types of nevus), recurrent infec-
tions (recurrent otitis media, urinary tract, and upper respiratory 
infections), auditory problems, and scoliosis (3). Accurate and early 
diagnosis of each symptom domain in DDX3X syndrome can enable 
patients to benefit from appropriate therapy, early educational and 
physical rehabilitation programs, and primary care. Due to insuffi-
cient clinical data, formal diagnostic criteria for DDX3X syndrome 
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have not been established, nor have formal practice parameters for 
managing the care of patients with DDX3X syndrome (3,29).

With the help of ‘Next Generation Sequencing’ or ‘Whole Exome 
Sequencing’, a broader group of genes related to intellectual dis-
ability can be detected, enabling the differential diagnosis of 
DDX3X syndrome from other intellectual disability-related genetic 
disorders (3,30-32). Patients with RSRC1 gene mutations present 
with global intellectual disability/developmental delay, behavioral 
problems, and hypotonia (30), whereas ADGRL1 haploinsufficiency 
can lead to consistent developmental, neurological, and behav-
ioral abnormalities (32), and variants in the RAC3 gene have been 
linked with structural brain abnormalities and facial dysmorphia 
(31). Therefore, ‘Next Generation Sequencing’ and ‘Whole Exome 
Sequencing’ are particularly crucial for patients who do not exhibit 
strictly marker features for well-known developmental disorders. 
Even if patients meet clinical features of such disorders as ASD, 
ADHD, intellectual disability, speech delay, articulation problems, 
general anxiety disorder, self-injurious behaviors, communication/
speech delay, or sensory symptoms, psychiatric consultation and a 
thorough clinical investigation before a final diagnosis are essen-
tial. For patients with each specific diagnosis, a specialized educa-
tional program based on standardized adaptive and academic test-
ing is necessary to support the individual’s unique learning profile.

A developmental assessment (e.g., determination of expressive 
and receptive language and communication abilities, evaluation 
of verbal and nonverbal cognitive function, and evaluation of the 
achievement of fine and gross motor milestones and skills) is rec-
ommended at the time of DDX3X syndrome diagnosis. This should 
be followed by referrals for early intervention and special educa-
tion, speech and language therapy, occupational therapy, and ABA 
therapy as clinically indicated. Recommendations include the pos-
sible use of pharmacological approaches, as indicated by the treat-
ing physician, behavior therapy, and caregiver training and guid-
ance to support patient-based behavioral intervention strategies. 
Additionally, there is no reason to assume that individuals with 
DDX3X syndrome have any less risk for mood disorders; thus, mood 
and affect should be assessed, and developmentally appropriate 
engagement in pleasurable activities should be screened for and 
encouraged at routine pediatric visits, with referral for psychiatric 
assessments as indicated.

CONCLUSIONS

In this narrative review of the psychopathological features of 
DDX3X syndrome, the most up-to-date knowledge is presented, 
based on the recent increase in research on the issue over the 
last few years. Given the insufficiency of available data, especially 
regarding the small group of patients living in different locations 
around the world, more specific studies of these psychopathologi-
cal traits are required, particularly in a wider context. This includes 
studies on speech and internalizing problems, as well as the cor-
relation between anxiety and self-injurious behaviors, reflecting 
the increased demand for behavioral and psychotherapeutic sup-
port during childhood.

Peer-review: Externally peer-reviewed. 

Conflict of Interest: The author declare that they have no conflict of interest. 

Ethical Approval: This article does not contain any studies with human 
participants or animals performed by any of the authors.

Funding: The author declared that this study has received no financial 
support

REFERENCES

1. Nguengang WS, Lambert DM, Olry A, Rodwell C, Gueydan C, Lanneau 
V, et al. Estimating cumulative point prevalence of rare diseases: 
Analysis of the Orphanet database. Eur J Hum Genet 2020;28(2):165-
73. [CrossRef]

2. Gillentine MA, Wang T, Eichler EE. Estimating the prevalence of de novo 
monogenic neurodevelopmental disorders from large cohort studies. 
Biomedicines 2022;10(11):2865. [CrossRef]

3. Levy T, Siper PM, Lerman B, Halpern D, Zweifach J, Belani P, et al. DDX3X 
syndrome: Summary of findings and recommendations for evaluation 
and care. Pediatr Neurol 2023;138(2023):87-94. [CrossRef]

4. Mo J, Liang H, Su C, Li P, Chen J, Zhang B. DDX3X: Structure, physiologic 
functions and cancer. Mol Cancer 2021;20(1):38. [CrossRef]

5. Bol GM, Xie M, Raman V. DDX3, a potential target for cancer treatment. 
Mol Cancer 2015;14(1):188. [CrossRef]

6. Kellaris G, Khan K, Baig SM, Tsai IC, Zamora FM, Ruggieri P, et al. A 
hypomorphic inherited pathogenic variant in DDX3X causes male 
intellectual disability with additional neurodevelopmental and neuro-
degenerative features. Hum Genomics 2018;12(1):11. [CrossRef]

7. Schröder M. Viruses and the human DEAD-box helicase DDX3: Inhibition 
or exploitation? Biochem Soc Trans 2011;39(2):679-83. [CrossRef]

8. Tang L, Levy T, Guillory S, Halpern D, Zweifach J, Kiss IG, et al. Prospective 
and detailed behavioral phenotyping in DDX3X syndrome. MedRxiv 
2021:2021.01.26.21250125. [CrossRef]

9. Snijders Blok L, Madsen E, Juusola J, Gilissen C, Baralle D, Reijnders MRF, 
et al. Mutations in DDX3X are a common cause of unexplained intel-
lectual disability with gender-specific effects on Wnt signaling. Am J 
Hum Genet 2015;97(2):343-52. [CrossRef]

10. Nicola P, Blackburn PR, Rasmussen KJ, Bertsch NL, Klee EW, Hasadsri 
L, et al. De novo DDX3X missense variants in males appear viable and 
contribute to syndromic intellectual disability. Am J Med Genet Part A 
2019;179(4):570-8. [CrossRef]

11. Beal B, Hayes I, McGaughran J, Amor DJ, Miteff C, Jackson V, et al. 
Expansion of phenotype of DDX3X syndrome: Six new cases. Clin 
Dysmorphol 2019;28(4):169-74. [CrossRef]

12. Lennox AL, Hoye ML, Jiang R, Johnson-Kerner BL, Suit LA, Venkatara-
manan S, et al. Pathogenic DDX3X mutations impair RNA metabolism 
and neurogenesis during fetal cortical development. Neuron 
2020;106(3):404-20.e8. [CrossRef]

13. Wang X, Posey JE, Rosenfeld JA, Bacino CA, Scaglia F, Immken L, et al. 
Phenotypic expansion in DDX3X - a common cause of intellectual 
disability in females. Ann Clin Transl Neurol 2018;5(10):1277-85. [CrossRef]

14. DDX3X Foundation. Finding our tribe has made all the difference. 
Available at: https://ddx3x.org/. Accessed Nov 12, 2023.

15. Fitzgerald TW, Gerety SS, Jones WD, van Kogelenberg M, King DA, McRae 
J, et al. Large-scale discovery of novel genetic causes of developmental 
disorders. Nature 2015;519(7542):223-8. [CrossRef]

16. McRae JF, Clayton S, Fitzgerald TW, Kaplanis J, Prigmore E, Rajan D, et 
al. Prevalence and architecture of de novo mutations in developmental 
disorders. Nature 2017;542(7642):433-8. [CrossRef]

17. Scala M, Torella A, Severino M, Morana G, Castello R, Accogli A, et al. 
Three de novo DDX3X variants associated with distinctive brain devel-
opmental abnormalities and brain tumor in intellectually disabled 
females. Eur J Hum Genet 2019;27(8):1254-9. [CrossRef]

18. Hu L, Xin X, Lin S, Luo M, Chen J, Qiu H, et al. A child with a novel 
DDX3X variant mimicking cerebral palsy: A case report. Ital J Pediatr 
2020;46(1):88. [CrossRef]

19. Stefaniak U, Malak R, Mojs E, Samborski W. Autistic-like behaviors 
associated with a novel non-canonical splice-site DDX3X variant: 
A case report of a rare clinical syndrome. Brain Sci 2022;12(3):390. 
[CrossRef]

20. Schultze-Lutter F, Schmidt SJ, Theodoridou A. Psychopathology-a 
precision tool in need of re-sharpening. Front Psychiatry 2018;9(1):446. 
[CrossRef]

https://doi.org/10.1038/s41431-019-0508-0
https://doi.org/10.3390/biomedicines10112865
https://doi.org/10.1016/j.pediatrneurol.2022.10.009
https://doi.org/10.1186/s12943-021-01325-7
https://doi.org/10.1186/s12943-015-0461-7
https://doi.org/10.1186/s40246-018-0141-y
https://doi.org/10.1042/BST0390679
https://doi.org/10.1101/2021.01.26.21250125
https://doi.org/10.1016/j.ajhg.2015.07.004
https://doi.org/10.1002/ajmg.a.61061
https://doi.org/10.1097/MCD.0000000000000289
https://doi.org/10.1016/j.neuron.2020.01.042
https://doi.org/10.1002/acn3.622
https://doi.org/10.1038/nature14135
https://doi.org/10.1038/nature21062
https://doi.org/10.1038/s41431-019-0392-7
https://doi.org/10.1186/s13052-020-00850-3
https://doi.org/10.3390/brainsci12030390
https://doi.org/10.3389/fpsyt.2018.00446


86

Acad J Health 2023;1(3):81-86 Efe. Psychopathological Manifestations in DDX3X Syndrome

21. Ng-Cordell E, Kolesnik-Taylor A, O’Brien S, Astle D, Scerif G, Baker K. 
Social and emotional characteristics of girls and young women 
with DDX3X-associated intellectual disability: A descriptive and 
comparative study. J Autism Dev Disord 2023;53(8):3208-19. [CrossRef]

22. Dai Y, Yang Z, Guo J, Li H, Gong J, Xie Y, et al. Expansion of clinical 
and genetic spectrum of DDX3X neurodevelopmental disorder in 23 
Chinese patients. Front Mol Neurosci 2022;15(1):793001. [CrossRef]

23. Alharthi A, Alhazmi S, Alburae N, Bahieldin A. The human gut 
microbiome as a potential factor in autism spectrum disorder. Int J Mol 
Sci 2022;23(3):1363. [CrossRef]

24. Latrèche K, Kojovic N, Franchini M, Schaer M. Attention to face as a 
predictor of developmental change and treatment outcome in young 
children with autism spectrum disorder. Biomedicines 2021;9(8):942. 
[CrossRef]

25. Ausderau KK, Furlong M, Sideris J, Bulluck J, Little LM, Watson LR, et 
al. Sensory subtypes in children with autism spectrum disorder: latent 
profile transition analysis using a national survey of sensory features. J 
Child Psychol Psychiatry 2014;55(8):935-44. [CrossRef]

26. Levit-Binnun N, Davidovitch M, Golland Y. Sensory and motor secondary 
symptoms as indicators of brain vulnerability. J Neurodev Disord 
2013;5(1):26. [CrossRef]

27. Michael SH, Victoria EJ, Thomas SS, Olivia Van R, Matthew C, Ruth OB, et 
al. Severe childhood speech disorder. Neurology 2020;94(20):e2148.

28. Dikow N, Granzow M, Graul-Neumann LM, Karch S, Hinderhofer K, 
Paramasivam N, et al. DDX3X mutations in two girls with a phenotype 
overlapping Toriello-Carey syndrome. Am J Med Genet Part A 
2017;173(5):1369-73. [CrossRef]

29. Johnson-Kerner B, Snijders Blok L, Suit L. DDX3X-related neurodevel-
opmental disorder. In Adam MP MG, Pagon RA, editors. GeneReviews. 
Seattle WA: University of Washington; 2020.

30. Scala M, Mojarrad M, Riazuddin S, Brigatti KW, Ammous Z, Cohen JS, et 
al. RSRC1 loss-of-function variants cause mild to moderate autosomal 
recessive intellectual disability. Brain 2020;143(4):e31. [CrossRef]

31. Scala M, Nishikawa M, Ito H, Tabata H, Khan T, Accogli A, et al. 
Variant-specific changes in RAC3 function disrupt corticogenesis in 
neurodevelopmental phenotypes. Brain 2022;145(9):3308-27.

32. Vitobello A, Mazel B, Lelianova VG, Zangrandi A, Petitto E, Suckling J, et 
al. ADGRL1 haploinsufficiency causes a variable spectrum of neuro-
developmental disorders in humans and alters synaptic activity and 
behavior in a mouse model. Am J Hum Genet 2022;109(8):1436-57.

https://doi.org/10.1007/s10803-022-05527-w
https://doi.org/10.3389/fnmol.2022.793001
https://doi.org/10.3390/ijms23031363
https://doi.org/10.3390/biomedicines9080942
https://doi.org/10.1111/jcpp.12219
https://doi.org/10.1186/1866-1955-5-26
https://doi.org/10.1002/ajmg.a.38164
https://doi.org/10.1093/brain/awaa070



