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Abstract: Syndromic epidermal differentiation disorder associated with steroid sulfatase deficiency (STS-sEDD) is a hereditary
disorder of keratinization caused by mutations or deletions in the STS gene. Although historically classified as a dermatological
condition, accumulating evidence indicates that STS-sEDD represents a multisystem disorder with significant neuropsychological,
endocrine, and cardiological involvement. Psychosocial consequences substantially increase disease burden, highlighting the need for
integrated and multidisciplinary care. The aim of this paper is to summarize current knowledge on the biological, clinical,
neuropsychological, and psychosocial aspects of STS-sEDD and to identify gaps and challenges in contemporary clinical practice.
A purposive, non-systematic review of Polish- and English-language literature published between 1960 and 2025 was conducted. The
analysis included articles retrieved from PubMed, Scopus, and Google Scholar databases, as well as materials produced by patient
advocacy organizations. Literature selection was carried out in two stages (abstract and full-text review) by two independent reviewers,
using keyword sets related to genetic, clinical, neurodevelopmental, and psychosocial domains. Available data indicate that approxi-
mately 85-90% of STS-sEDD cases result from complete deletion of the STS gene. Larger deletions within the Xp22.3 region lead to
contiguous gene syndromes and are associated with additional manifestations, including attention-deficit/hyperactivity disorder, autism
spectrum disorder, endocrine abnormalities, and cardiac arrhythmias. Clinically, STS-sEDD is characterized by typical cutaneous
findings accompanied by subtle cognitive and neurodevelopmental deficits, which may also be observed in female carriers. Beyond its
medical features, STS-sEDD is associated with stigmatization, reduced quality of life, and significant emotional distress affecting both
patients and their families. Evidence suggests that therapeutic education and structured psychological support improve daily
functioning and coping. STS-sEDD should therefore be recognized as a multisystem condition requiring early diagnosis and
coordinated, interdisciplinary management. The implementation of comprehensive care models has the potential to substantially
improve outcomes and quality of life for affected individuals.
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Introduction

Syndromic epidermal differentiation disorder (STS-sEDD) is a hereditary keratinization disorder caused by mutations or
deletions in the STS gene. This gene encodes the enzyme steroid sulfatase responsible for the hydrolysis of steroid
sulfates, including cholesterol sulfate. Proper activity of this enzyme is essential for maintaining epidermal barrier
homeostasis. Its deficiency results in cholesterol sulfate accumulation in the stratum corneum, which leads to hyperker-
atosis and the development of clinical lesions. The S7S gene is located on the short arm of the X chromosome, in the
Xp22.3 region, which is prone to deletions that may also involve adjacent genes. This phenomenon accounts for the
occurrence of so-called contiguous gene syndromes. In these syndromes, cutaneous symptoms are accompanied by
neurodevelopmental, endocrine, or cardiac abnormalities.' ™
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STS-sEDD primarily affects males due to its X-linked inheritance pattern. The estimated prevalence ranges from 1 in
1500 to 1 in 6000 live male births, placing it among the most significant genetically determined dermatoses. In females,
disease manifestation is exceptionally rare. The literature describes only isolated cases of homozygous patients born to
carrier mothers and fathers affected by STS-sEDD. In such cases, the clinical presentation has been comparable to the
typical male phenotype. This provides strong evidence supporting the central role of the STS gene in the pathogenesis of
the disorder.'>°

Given the complex nature of STS-sEDD, encompassing dermatological, neuropsychological, and psychosocial
aspects, we compiled a literature review that provides a comprehensive overview of the condition.

Material and Methods

The study was based on a purposive, non-systematic review of Polish- and English-language literature published between
1960 and 2025. The analysis included publications indexed in the PubMed, Scopus, and Google Scholar databases, as
well as materials available on the websites of Polish patient organizations and other reliable information sources related
to ichthyoses. The literature search was conducted using combinations of keywords combined with the Boolean operators
AND and OR, covering terms related to X-linked ichthyosis, STS-sEDD, deletions and mutations of the S7S gene,
Xp22.3 contiguous gene syndromes, clinical presentation, extracutaneous manifestations, neurodevelopmental disorders,
cognitive functions, quality of life, mental health, stigmatization, therapeutic education, and psychological support.

Of the 1770 publications initially identified, 68 papers meeting the inclusion criteria were selected for further
analysis. The remaining 1702 publications were excluded, partly due to duplicate records identified across the databases.
The selection process was conducted in two stages. In the first stage, titles and abstracts were screened for relevance to
the scope of the review. In the second stage, full-text articles that met the initial eligibility criteria were subjected to
detailed assessment. All evaluations were performed independently by two reviewers, and any discrepancies were
resolved through discussion until consensus was reached.

The inclusion criteria comprised publications addressing syndromic epidermal differentiation disorder associated with
steroid sulfatase deficiency (STS-sEDD) or X-linked ichthyosis, focusing on genetic, pathogenetic, clinical, neurodeve-
lopmental, and psychosocial aspects of the disease. Eligible studies included original research articles, narrative and
systematic reviews, case reports and case series, as well as clinical guidelines and recommendations. Only publications
available in Polish or English and published between 1960 and 2025 were considered.

Exclusion criteria included publications not directly related to STS-sEDD, studies failing to meet basic methodolo-
gical standards, articles limited to general overviews without data relevant to the objectives of the study, papers
addressing other forms of ichthyosis without explicit reference to STS-sEDD, conference abstracts without access to
full texts, and duplicate records. In addition, to enhance the reliability and credibility of the review, legal acts,
recommendations, and standards published on the websites of governmental institutions, healthcare providers, non-
governmental organizations, and international expert networks were also analyzed.

Epidemiology and Prevalence

The first epidemiological reports on STS-sEDD appeared in the 1960s, when Wells and Kerr demonstrated that it was one
of the most common hereditary metabolic disorders, with a prevalence of 1 in 20006000 males (Table 1). In the
following decades, these data were confirmed in both Asian and European studies.”’*

In Austria, an analysis was conducted involving nearly 200 patients with various forms of ichthyosis. In that study,
molecular diagnostics confirmed over 40 cases of STS-sEDD, as well as other forms of the disease, highlighting the
significant value of genetic testing. A clear correlation between genotype and clinical presentation was also demon-
strated, particularly in the case of STS-sEDD and KPI. Throughout the entire thirteen-year observation period, STS-
sEDD accounted for nearly one quarter of all ichthyosis cases.’

Equally interesting findings have been reported in Italy. In a group of over 75,000 men conscripted into the navy, 15
cases of STS-sEDD were identified, corresponding to a prevalence of about 1:5000. More than one quarter of the patients
presented with corneal opacities, demonstrating that extracutaneous manifestations are also significant in the course of

11,12

the disease.'” A similar prevalence of STS-sEDD has been reported in Spain and Pakistan, while the most recent
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Table | Selected Epidemiological Studies on STS-sEDD Prevalence

Authors/ Study Population Studied No. of STS- Prevalence Comments
Country Period sEDD Cases
Wells and 1960s Epidemiological data, general - 1:2000-1: First report on high STS-sEDD prevalence
Kerr” populations 6000 males
Austria’ 2000-2013 | 198 patients with various forms 43 21.7% of all Confirmed genotype-phenotype correlation;
of ichthyosis cases of importance of molecular diagnostics
ichthyosis
Italy'® 1998-2002 75,653 men conscripted into 15 1: 5043 Over 25% of patients with corneal opacities
the navy (1.98 / 10,000)
Spain, No Population-based studies - 1: 2000-1: 6000 Results consistent with European
Pakistan'""'2 detailed males observations
data
China® Most Population-based studies - I: 2000-1: Second most common form of ichthyosis
recent 6000 males
studies
Great No Population with STS-sEDD, 54 males, 83 14.5% males, Psychological aspects were also analyzed
Britain'? detailed ichthyosis vulgaris, and psoriasis female 22.4% females
data carriers

Notes: Author’s own elaboration based on literature.'™"?

studies from China indicate that STS-sEDD is the second most common form of ichthyosis, regardless of race or place of
residence.’

Another study worth mentioning is that by Wren et al who, in addition to epidemiological data, also assessed selected
psychological traits of the patients. In the population studied, as many as 14.5% were men with STS-sEDD and over 22%
were female carriers, which clearly illustrates the substantial share of this condition among genodermatoses.'?

Available data clearly indicate that STS-sEDD is one of the most common and best-characterized forms of ichthyosis.
Its prevalence, ranging from 1 in 2000 to 1 in 6000 males, is consistently observed across different populations,

confirming the global epidemiological significance of this disorder.” "

Pathogenesis and Clinical Spectrum of STS-s EED (XLI)

An analysis of literature provides a better understanding of the biological basis of STS-sEDD and the mechanisms
responsible for its heterogeneous clinical presentation. The ST'S gene, which encodes the enzyme steroid sulfatase, plays
a central role in this context. Its dysfunction leads to the accumulation of cholesterol sulfate in the stratum corneum,
resulting in impairment of the epidermal barrier and excessive keratinization.'*'® In most cases (85-90%), the cause is
a complete deletion of the STS gene, while in the remaining cases, point mutations or partial deletions are observed.'” It
is worth emphasizing the importance of not only the presence of the deletion, but also its extent. When genetic alterations
additionally involve adjacent genes located in the Xp22.3 region, such as NLGN4X, PNPLA4, or VCX, a contiguous gene
syndrome may develop. In such cases, the disease manifests with a broader phenotype involving not only the skin but
also other systems (Table 2). These patients present with neurodevelopmental disorders (attention-deficit/hyperactivity
disorder (ADHD), autism spectrum disorders (ASD), corneal opacities, cryptorchidism, hypogonadism, and cardiac
rthythm disturbances, including arrhythmias.'®2?

The clinical presentation of STS-sEDD is often characteristic but not always easy to recognize, particularly in infants,
in whom the initial manifestations are subtle and limited to mild, light-gray scaling of the stratum corneum. Over time,
these evolve into the typical dark-brown, polygonal scales adherent to the skin, located primarily on the extremities,

trunk, and neck, with sparing of the palms, soles, and flexural areas.”*%® In milder cases, the condition may remain
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Table 2 Clinical Manifestations of STS-sEDD: Cutaneous and Extracutaneous

Symptom Clinical Manifestations Comments

Category

Cutaneous * In infants: subtle, lightgray desquamation of the stratum The clinical presentation may be difficult to recognize in the
corneum neonatal period; in mild cases, genetic testing (CMA, NGS) is

* Over time: darkbrown, polygonal scales firmly adherent necessary
to the skin
* Location: limbs, trunk, and neck

* Sparing: palms, soles, and flexural areas

Extracutaneous | * Corneal: preDescemet corneal dystrophy (PDCD), Extracutaneous manifestations are more frequently observed
corneal opacities (10-50% of affected males, ~25% of in cases of deletions involving neighboring genes (NLGN4X,
female carriers) PNPLA4, VCX)

* Neuropsychological: ADHD (~40%), ASD (~25%),
cognitive impulsivity, attention deficits, difficulties in
emotional regulation

* Developmental and endocrine: cryptorchidism,
hypogonadism

* Cardiac: rhythm disturbances, arrhythmias

* Other: anosmia, epilepsy, cognitive deficits

Notes: Author’s own elaboration based on literature.'**°

unrecognized until genetic testing is performed, such as chromosomal microarray analysis (CMA) or next-generation
sequencing (NGS).?** Although STS-sEDD is traditionally classified as a skin disorder, extensive deletions involving
genes adjacent to STS (NLGN4X, PUDP, PNPLA4) can result in a multisystem syndrome that also includes neurological,

endocrine, and cardiac manifestations such as anosmia, epilepsy, cognitive deficits, and heart defects (Table 2).'% 2>

Prenatal Markers and Placental Steroid Sulfatase Deficiency

What is also important is that steroid sulfatase deficiency may be signaled as early as the prenatal period. This
phenomenon, known as placental sulfatase deficiency, occurs with a frequency of approximately 1 in 2000-5000
males and is closely associated with STS-sEDD. A characteristic biochemical marker is an extremely low or undetectable
level of unconjugated estriol (uE3) with normal alpha-fetoprotein (AFP) and human chorionic gonadotropin (hCG)
values in the triple prenatal screening test. Case reports confirm that such a result serves as an indication for further
diagnostic evaluation, with biochemical analysis and family studies subsequently revealing absent sulfatase activity and
deletion of the STS gene.?” Subsequent studies employing fluorescence in situ hybridization (FISH) and amniotic fluid
analysis confirmed the association between extremely low uE3 levels and the presence of STS gene deletions, both

complete and partial. >

The latest population studies have shown that in over 90% of pregnant women whose fetuses had
a microdeletion of the Xp22.31 region, markedly reduced uE3 levels were observed, and in male infants, skin lesions

appeared within the first months of life.*’

Corneal Manifestations and Their Diagnostic Significance

One of the more common extracutaneous manifestations of STS-sEDD involves corneal abnormalities, particularly pre-
Descemet corneal dystrophy (PDCD). These opacities, located deep within the posterior layer of the cornea, are observed
in approximately 10-50% of males with STS-sEDD and in nearly one-quarter of female carriers of the mutation. They
are believed to result from localized accumulation of cholesterol sulfate. Importantly, in heterozygous females, corneal
changes may represent the first, and in some cases the only, manifestation of the condition, making PDCD a useful
diagnostic indicator of carrier status. Although these changes were previously associated exclusively with complete
deletions of the ST gene, recent observations suggest that partial deletions may also lead to a similar clinical

presentation, likely due to a total loss of the enzyme’s activity.>'>*>
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Slit-lamp biomicroscopy remains the traditional method for assessing corneal lesions. This examination is rapid,
readily accessible, and relatively simple to perform, thereby remaining a fundamental component of ophthalmic
diagnostic practice. However, the limitations of this technique include its subjective nature and reduced usefulness in
evaluating lesions located in the deeper corneal layers, particularly in the presence of edema. Consequently, it is
increasingly complemented with optical coherence tomography (OCT), which provides high-resolution imaging, facil-
itating not only precise assessment of the location and extent of corneal opacities, but also monitoring their dynamics
over time. Research has shown that OCT offers substantial diagnostic benefit. In cases where slit-lamp observations were
inconclusive, it allowed for the identification of lesions in over one-third of patients. Importantly, the images obtained
with this method are largely consistent with slit-lamp biomicroscopy findings, yet they offer greater objectivity and are
less dependent on the examiner’s experience. In clinical practice, both techniques should be regarded as complementary:
the slit-lamp serves as a first-line tool, while OCT provides a detailed and reproducible assessment of the corneal

phenotype.*3*

Neurodevelopmental Disorders Associated with STS Deletions

As previously mentioned, STS-sEDD not only presents with dermatological symptoms but also has a significant impact
on neuropsychological development. Deletions involving the STS gene are strongly associated with an increased risk of
neurodevelopmental disorders, particularly ADHD and ASD. These disorders affect not only cognitive functioning but
also the emotional and social development of the individual.*>~°

From a neurobiological perspective, the STS gene plays a crucial role in brain development both during the prenatal
and postnatal periods. Studies have shown that a deficiency in steroid sulfatase may affect the development of the
prefrontal cortex and interhemispheric connections - structures that are critical for social information integration and
cognitive control. STS-regulated neurosteroids are involved in modulating synaptic plasticity and neuronal inhibition,
which may explain the presence of symptoms such as hyperactivity, emotional lability, and attention deficits.'*>**!

The neurobiological basis of these difficulties also includes reduced volume of the basal ganglia - structures
responsible for impulse control, emotion regulation, and action planning.** Reduced STS activity in regions such as
the prefrontal cortex, hippocampus, and basal ganglia, confirmed by neuroimaging studies, correlates with impaired
ability to concentrate, regulate emotions, and inhibit responses.'®--%4!

Clinical observations confirm that individuals with STS-sEDD, both males and female carriers, often experience
subtle yet significant cognitive deficits. Difficulties with working memory, planning, impulse control, and word recall
occur independently of general intelligence level and can significantly impact daily functioning.****** In some
individuals, reduced volume of structures such as the globus pallidus and disruptions in their functional connectivity
are also observed, which may further contribute to difficulties in emotional regulation and behavior.?>~**¢

In light of clinical studies, the prevalence of ADHD and ASD in patients with STS-sEDD is significantly higher than
in the general population. It is estimated that approximately 40% and 25% of individuals with STS-sEDD meet the
diagnostic criteria for these disorders, respectively.'®>7=*® Importantly, neurodevelopmental symptoms are also observed
in female carriers, despite the absence of typical skin manifestations. What is more commonly noted in this group is
cognitive impulsivity, behavioral rigidity, difficulties in social functioning, and attention deficits.'®?* This indicates that
even partial loss of STS function may lead to alterations in the scope of cognitive and emotional functioning.*'®

Both ADHD and ASD are common features of the clinical phenotype associated with deletions in the Xp22.31
region. In the case of ADHD, symptoms of inattention prevail over impulsivity, which indicates dysfunction of the
fronto-parietal attention network and weakened executive functions. Patients often struggle with difficulties in
concentration, information processing, and planning, which translates into reduced quality of life and adaptive
challenges.?>¥% 44

The ADHD phenotype in the course of STS-sEDD is usually characterized by a predominance of inattention
symptoms with relatively preserved motor impulsivity. These difficulties affect the ability to concentrate, self-regulate,
and adapt to environmental demands.?**> In turn, autistic traits, such as cognitive rigidity or communication difficulties,
promote social isolation and increase the risk of secondary mood disorders, such as depression.'*2%***” Both ADHD and

autism can lead to secondary emotional problems: mood disorders, anxiety, and lowered self-esteem. Difficulties with
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emotional regulation, impulsivity, and deficits in theory of mind exacerbate challenges in establishing and maintaining
interpersonal relationships.'*-2%-22-2%-38:47

These neuropsychological challenges are also reflected in social functioning. Individuals with STS-sEDD often
struggle with low self-esteem, difficulties in forming relationships, and chronic stress stemming from both personality
traits and the social perception of the disorder. Female carriers additionally experience emotional burdens, such as
feelings of guilt and anxiety related to the risk of passing the mutation on to their offspring. They also report a lack of

understanding from those around them, as well as difficulties in intimate and family relationships,'?-222%48:49

Social Functioning and Quality of Life in Patients
The cumulative difficulties in attention, emotional regulation, and interpersonal relationships have a direct impact on the
quality of life of individuals with STS-sEDD. Studies using psychometric scales (including the Dermatology Life Quality
Index (DLQI) and the Feelings of Stigmatization Questionnaire (FSQ)) have shown that both males with STS-sEDD and
female carriers experience a significantly lower quality of life compared to the general population, particularly in the
emotional, social, and functional domains. The reduced quality of life is influenced not only by the chronic physical
discomfort associated with skin changes, but primarily by neuropsychological difficulties: impulsivity, concentration
problems, emotional disturbances, and social deficits. Individuals with STS-sEDD often avoid social interactions due to
shame, fear of judgment, and stigmatization,'3+19:22-2%-38:42.46.48-53

In this context, the issue of mental health becomes especially significant. Individuals with STS-sEDD demonstrate
increased susceptibility to depression and anxiety disorders, regardless of the severity of skin symptoms. This group is
characterized by atypical forms of depression, with predominant symptoms such as chronic fatigue, irritability, concen-
tration difficulties, and low motivation.*>?>**%5!1 At the same time, many individuals exhibit heightened generalized
anxiety, social anxiety, and existential distress, which contribute to chronic emotional tension. Such a psychological state
promotes withdrawal from social activities, reduction of contact with others, and an increased sense of loneliness and
emotional burnout.’®' An additional burden is stigmatization, both social and internal, leading to self-deprecation and
shame. Individuals affected by STS-sEDD often struggle with feelings of guilt, anxiety, and a sense of being different,
which significantly impacts the quality of intimate and family relationships. In the case of female carriers, there is also
intense emotional stress related to the fear of passing the mutation to offspring and a sense of lack of understanding from

their closest social circle (Table 3).2%-3844.46:48.50.54

Table 3 Main Psychosocial Challenges and Potential Support Strategies

Psychosocial Description Potential Support Strategies

Challenges

Stigmatization Feelings of shame, low selfesteem, avoidance of social Patient and public education; awareness campaigns

interactions counteracting prejudice

Social isolation

Withdrawal from relationships, sense of otherness, fear of

judgment

Support groups for patients and families; creating safe

spaces for experience exchange

Depression and
anxiety disorders

Chronic fatigue, irritability, concentration difficulties,

generalized anxiety, emotional tension

Integrated psychological and psychiatric care;
psychotherapy (eg, cognitive-behavioral);

pharmacotherapy in accordance with existing indications

Family stress and
burden on

carriers

Feelings of guilt and anxiety related to the possibility of
passing on the mutation; lack of understanding from close

relatives

Genetic and family counseling; targeted psychological

support for carriers; stress reduction programs

Notes: Author’s own elaboration based on literature.

19-54
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Mental Health and Susceptibility to Emotional Disorders

Mechanistically, it is hypothesized that mood and anxiety disorders may be a direct consequence of STS deficiency. This
enzyme plays a key role in the metabolism of neurosteroids, such as dehydroepiandrosterone (DHEA), estrone, and
allopregnanolone, which modulate the functioning of the serotonergic, dopaminergic, and GABAergic systems.
A deficiency of these neurosteroids may lead to dysregulation of the mechanisms responsible for emotional stability.
Findings reported in the literature also suggest that these disorders may be associated with dysfunction of the
hypothalamic—pituitary—adrenal (HPA) axis, which could lead to increased emotional reactivity and reduced adaptive

capacity.25’41 ,55-58

Psychosocial and Educational Needs

Although knowledge about the neurobiological determinants of psychological burden in patients with STS-sEDD is
steadily increasing, too little attention is still given to psychosocial and systemic factors, which equally affect the quality
of their daily lives. Clinical practice reveals evident gaps in therapeutic education, limited access to psychological
support, and insufficient institutional assistance for families coping with this disease.

Only a few studies, such as the work by Dufresne et al, comprehensively demonstrate that therapeutic patient
education can significantly improve quality of life, for both affected individuals and their caregivers. Patient education
is viewed not merely as a part of treatment, but as an indispensable component of daily functioning with a chronic illness
such as ichthyosis. Despite growing awareness of the need for education, its availability remains highly variable and
depends on local systemic arrangements and the competencies of medical personnel. France serves as a good example of
best practice, where accredited educational programs are in place. Nevertheless, as shown in Dufresne’s research,
children with ichthyoses still struggle with a lack of knowledge: 71% could not indicate the purpose of their treatment,
16.1% believed that there were no ways to alleviate itching, and more than half did not feel entitled to speak about
treatment-related fatigue. Parents also lacked sufficient information regarding medication storage and symptom relief
strategies.’

In response to these challenges, the “123 Tem’peau” program was developed, offering practical, engaging
education delivered outside the hospital setting. Studies confirm that such an approach enhances participants’
knowledge, social and emotional competencies, and also supports the development of a sense of agency. These
programs also facilitate collaboration among interdisciplinary therapeutic teams, thereby enabling a comprehensive
approach to both health and psychosocial issues. Analyses from Belgium, the Netherlands, and Italy also confirm the
benefits of education, indicating eg, shorter hospital stays, reduced anxiety levels, and increased treatment
effectiveness.”® 4

Although the French example and other European experiences demonstrate the potential of therapeutic education,
only the study by Severino-Freire et al provide a detailed account of the psychological aspects of care for patients with
congenital forms of ichthyosis (CI). The authors propose an integrated care model in which the central role is played by
a coordinating dermatologist - working in a reference center and managing a team of specialists from various fields,
ranging from physicians to psychologists. In this approach, patient education and psychosocial support are not supple-
mentary, but a mandatory and permanent component of the care pathway, initiated at the diagnostic stage and continuing
throughout the patient’s lifetime.®

Despite positive examples, Central and Eastern Europe continues to show significant disparities compared with the
discussed model. The absence of unified systemic solutions, combined with the persistence of a paternalistic approach to
the doctor—patient relationship, reduces the effectiveness of therapeutic education and psychological support, while
patient participation in the decision-making process remains limited.*’

In this context, particularly concerning are the findings from our original research based on interviews with parents of
children affected by STS-sEDD. All respondents consistently emphasized the complete lack of psychological support -
both at the stage of diagnosis and during subsequent treatment. Education, social counseling, and emotional support were
entirely absent. Families had to seek out information on their own and cope with everyday challenges, which for many
proved to be a frustrating and exhausting experience. Parents reported feelings of isolation, helplessness, and chronic
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stress, as well as a lack of emotional preparation for facing their child’s illness. As one mother said: We had absolutely no
idea that a skin condition, or any other illness, might require psychological support that would help us come to terms and
live more easily with the disease. Another problem was the lack of contact with other families and the absence of patient
organizations that could offer support, knowledge, and a sense of community. Many caregivers experienced emotional
burnout, tensions in family relationships, and even mutual blame for the child’s illness.

Practical Clinical Recommendations
Key Practical Recommendations for STS-sEDD

e Early diagnostics: use of prenatal markers (low uE3) and genetic testing (CMA, NGS) to confirm the diagnosis and
assess the extent of the deletion.

e Integrated care: coordination of treatment within interdisciplinary teams (dermatologist, geneticist, ophthalmologist,
cardiologist, psychologist).

e Psychological support: access to psychological and neuropsychological assistance from the moment of diagnosis;
screening for ADHD, ASD, depression, and anxiety disorders.

e Therapeutic education: development of educational programs for patients and their families aimed at enhancing
self-care skills and shared decision-making in treatment.

e Social support: establishment and strengthening of patient organizations to counteract isolation and stigmatization.

e Research and health policy: further studies on the neuropsychological STS-sEDD phenotype and the inclusion of
rare diseases in health policy programs, including funding for psychological support and therapeutic education.

Future Perspectives

Further research on STS-sEDD should focus on deepening the understanding of the relationships between STS gene
deletions and the neuropsychological phenotype, as well as the mechanisms underlying mood and anxiety disorders. The
development of biomarkers enabling the early identification of patients at risk of extracutaneous symptoms appears to be
of particular importance.

In the clinical field, future development lies in the implementation of integrated care models that encompass
interdisciplinary teams and therapeutic education programs for patients and their families. It is worth emphasizing the
potential of modern technologies, such as telemedicine and mobile applications, which can support self-care, facilitate
symptom monitoring, and improve access to specialists.

From a social perspective, a key priority is the development and professionalization of patient organizations, which can
serve as a bridge between patients, their families, and the healthcare system. Incorporating the voice of patients into the
health policy planning process can contribute to the development of more appropriate and effective systemic solutions.

In the longer term, particular importance will rest on the development of new therapeutic strategies based on
molecular biology and the regulation of neurosteroid metabolism. The advancement of these research directions offers
hope for a more effective and personalized approach to the treatment of patients with STS-sEDD.

Conclusions
The conducted analyses and the results of our own research indicate that STS-sEDD should be regarded not merely as
a dermatological disease, but as a complex multisystem disorder that also encompasses neuropsychological and
psychosocial aspects. The lack of systemic psychological and educational support significantly exacerbates the emotional
burden on patients and their families, leading to feelings of isolation, chronic stress, and a reduced quality of life.
From a clinical perspective, it is essential to identify extracutancous symptoms at an early stage, conduct regular
screening for neurodevelopmental disorders, and ensure access to interdisciplinary care. Equally crucial are therapeutic
education initiatives and the establishment of support structures for patients and their families, including patient
organizations, which play a vital role in mitigating isolation and reducing stigmatization.
Implementation of integrated care models that combine medical, psychological, and social approaches is
a fundamental prerequisite for improving the quality of life of individuals affected by STS-sEDD. Comprehensive
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support, encompassing both patients and their relatives, should be an integral component of clinical practice in the
management of rare diseases.
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