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Background: Sotos syndrome (SoS) is a rare overgrowth genetic disease caused by intragenic mutations or microdeletions of the NSD1 gene located on chromosome 5q35. SoS population might present cognitive impairment and a spectrum of behavioral characteristics, with a worse profile in patients with microdeletion. Although patients with SoS are known to have impaired sleep habits, very little data are available. The present study aimed to assess the prevalence of sleep disorders (SDs) in a pediatric cohort of patients with SoS and their correlation with neuropsychiatric profiles.

Methods: We included patients with a SoS diagnosis and age < 18 years; all patients underwent a comprehensive neuropsychological assessment, including evaluation of cognition, adaptive functions through the Adaptive Behavior Assessment System-Second Edition (ABAS-II), and behavioral problems using the Achenbach Child Behavior Checklist (CBCL) and Conners’ Parent Rating Scale-Revised (CPRS-R:L) questionnaire. To investigate the presence of SD parents, the Sleep Disturbance Scale for Children (SDSC) was completed.

Results: Thirty-eight patients (M 61%, F 39%, mean age 11.1 ± 4.65 years) were included in the study. Although only two had a prior SD diagnosis, 71.1% (N = 27) exhibited pathological scores on SDSC. No statistically significant associations were found between positive SDSC results and genetic microdeletion, intellectual disability (ID), or other medical conditions/treatments. However, a positive correlation emerged between SDSC scores and Conners’ Global Index (p = 0.048) and Restless/Impulsive (p = 0.01) scores, CBCL externalizing (p = 0.02), internalizing (p = 0.01), and total scores (p = 0.05). Conversely, a negative linear relationship was observed between the SDSC score and the ABAS GAC and ABAS CAD scores (p = 0.025).

Conclusion: We detected an SD in 71.1% of our sample, with a positive relation between SD and internalizing and externalizing symptom levels, especially hyperactivity and impulsivity. Our study demonstrated a high prevalence of SD in pediatric patients with SoS, highlighting that all patients should be screened for this problem, which has a great impact on the quality of life of patients and their families.
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1 Introduction

Sotos syndrome (SoS) is a rare overgrowth autosomal dominant syndrome with an incidence of approximately 1:14,000 live births (1). It is determined by intragenic mutations or microdeletions of the NSD1 gene (nuclear receptor set domain-containing protein 1) located on chromosome 5q35 (2); in 95% of cases, it is caused by a de novo mutation (3). Recent studies have demonstrated that NSD1 is involved in the MAPK/ERK pathway, an important regulator of cellular proliferation, differentiation, and apoptosis (4). The NSD1 gene product is expressed in several organs, including the brain, skeletal muscle, white blood cells, lung, spleen, kidney, and thymus, and it has a role in the regulation of gene transcription.

The syndrome was described for the first time in 1964 by Juan Sotos (5), but diagnostic criteria (facial features, overgrowth, and developmental delay/learning disability) were defined only later in 1994 by Cole and Hughes (6). Considering the features observed in 266 patients with mutations in the NSD1 gene, major characteristics, cardinals, and associated features were identified (Table 1).



TABLE 1 Clinical features of SoS.
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SoS population presents a heterogeneous neuropsychological profile, with possible cognitive impairment of various degrees and a spectrum of different neuropsychiatric manifestations, including autism spectrum disorder (ASD), hyperactivity (12–19), oppositive symptoms (20), separation anxiety (21), and self- and heteroaggressiveness (22). A recent study conducted by our research team on 64 patients with SoS suggested that 5q35 microdeletion is associated with a higher severity of neuropsychiatric symptoms (including cognitive skills and behavioral issues) compared to mutation (23).

Patients with SoS also present impaired sleep habits. The first information about sleep disorders was reported in 1991 by Rutter (20), but only 30 years later this problem was further investigated (24), probably due to the rarity of the syndrome and the limited number of samples to be studied.

The present study aimed to assess the prevalence of sleep disorders in a cohort of children and adolescents with SoS and evaluate a possible relationship with the behavioral symptoms.



2 Materials and methods

The study involved patients who have been enrolled in the Child Neuropsychiatry Unit of Tor Vergata University Hospital of Rome. The population of this observational study is composed of SoS individuals included in a previous project conducted by our research team (23). The inclusion criteria of the present study were: a genetic diagnosis of SoS; age up to 18 years; and the availability to complete our questionnaires. In the context of our previous study (23), SoS patients underwent a complete neuropsychological standardized assessment, including cognitive intelligent quotient (IQ) evaluation through the non-verbal Leiter-R (Leiter international performance scale-revised), adaptive functioning (ABAS-II – Adaptive Behavior Assessment System-Second Edition), and parent-report behavioral questionnaire (CBCL, child behavior checklist; CPRS-R:L; Conners’ Parents Rating Scale-long form).

The Leiter-R is a standardized scale administered to children with communicational difficulties aged 2 to 20 years to evaluate their non-verbal cognitive abilities. The Leiter – R consists of 10 subtests: figure ground (FG), design analogies (DAs), form completion (FC), matching (M), sequential order (SO), repetitive pattern (RP), picture context (PC), classification (C), paper folding (PF), and figure rotation (FR), which make it possible to obtain a standardized non-verbal IQ score. In patients with more difficulties, it is possible to evaluate a brief IQ score through the FG, FC, So, and RP subtests (25).

The ABAS-II is a parent-report questionnaire available in two forms depending on the participant’s age: “0–5” and “5–21.” It provides information about the child’s adaptive functioning through the 241 parents’ answers for the “0–5″ form and 232 answers for the “5–21″ form, with scores ranging from 0 (“not able to”) to 3 (“able to do it and always performs it when needed”). The answers provide a way to define four skill domains: social (SAD), conceptual (CAD), practical (PAD), and General Adaptive Composite (GAC) scores deriving from the sum of other skill domains (26).

The typical score in the Leiter-R and ABAS-II is 100 ± 15 standard deviation, while the significant score is lower than 85.

The Achenbach Child Behavior Checklist (CBCL) is a parent-report questionnaire administrable in two forms depending on the child’s age: “18 months–5 years” and “6–18 years.” The answers provided by the parents allow us to obtain scores regarding behavioral problems and emotional symptoms using scores from 0 (not true) to 2 (often true). Considering the “18 months–5 years” form, the following areas are possible to detect: anxious/depressed, aggressive behavior, sleep problems, withdrawal, attention problems, emotional reactions, and somatic complaints. In the “6–18 years” form: withdrawn/depressed, social problems, somatic complaints, thought problems, aggressive behavior, rule-breaking behavior, anxious/depressed, and attention problems. Both forms have internalizing, externalizing, and total scores that can be considered unique scores for the statistical analysis. Considering the T-score, a behavior is considered borderline between 65 and 69, or significantly atypical, equal to or greater than 70 (27).

The Conners’ Parent Rating Scale-Revised (CPRS-R:L) is a parent-report questionnaire able to detect externalizing behavior constituted by 80 items organized in seven subscales (oppositional, social problems, anxious-shy, hyperactivity-impulsivity, perfectionism, and psychosomatic cognitive problems) (28). Total Conners’ Global Index (CGI), CGI Emotional Lability, CGI Restless-Impulsiveness, Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV Total, DSM-IV Inattention, DSM-IV Hyperactive–Impulsive, and attention deficit hyperactivity disorder (ADHD) index scores are further detectable subscales (29). The T-score ranging from 61 to 69 is considered borderline, while it is significant if it is equal to or greater than 70 (28).

Parents were also asked to fill out an online survey that investigated medical comorbidities, with a focus on epilepsy and allergies, pharmacological treatment (including all neurological drugs and antihistaminics), rehabilitation therapy, instrumental examinations, and previous diagnoses of sleep disturbances.

Sleep quality was investigated through a thorough clinical history and the Sleep Disturbance Scale for Children (SDSC).

SDSC is a questionnaire validated by Bruni et al. in 1996 as a screening tool for pediatric sleep disorders. The answers to the 26 questions are converted into scores ranging from 1 to 5 depending on the frequency of the disturbance: 1 for never, 2 for occasionally, 3 for sometimes, 4 for often, and 5 for always (30).

The six most frequent types of disorder in adolescence and childhood are investigated: disorders in the initiation and maintenance of sleep (DIMS), sleep breathing disorders (SBDs), disorders of arousal (DA), sleep–wake transition disorders (SWTDs), disorders of excessive sleepiness (DOES), and night-time sweating (hyperhidrosis, SHY). The questionnaire is suggestive of sleep disturbances if the total score is equal to or greater than 39 and equal to or greater than 17 in the DIMS subscale, 7 in the SBD and SHY areas, 6 in DA, 14 in SWTD, and 13 in DOES.

Data from the clinical assessment and online survey were matched and included in a unique database for statistical analysis.

Demographical features considered for the purpose of the study were sex, age, intellectual disability (ID), genetic microdeletion, history and active epilepsy, other non-neurological comorbidities, antiseizure medication (ASM), other pharmacological treatments, and SD diagnosis.

An intellectual disability diagnosis was postulated considering the Leiter-R IQ score and the GAC score in the ABAS-II questionnaire.

The study protocol has been approved by the Ethical Committee of Tor Vergata University Hospital of Rome, Italy (#6022). All parents signed the informed consent form.



3 Results

The SDSC questionnaire was proposed to the parents of 64 SoS patients enrolled in our previous project (23), with a 60% response rate and therefore a total of 38 valid questionnaires. The mean age at completion was 11.1 ± 4.65 years. Male individuals were 60.5% (n = 23). The demographic and clinical characteristics of our sample are summarized in Table 2.



TABLE 2 Demographic and clinical characteristics of 38 participants.
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Microdeletion of the NSD1 gene was detected in 31.6% (n = 12) of patients, while 63.2% (n = 24) presented an intragenic mutation. Genetic data were not available in 5.3% (n = 2).

Intellectual disability was diagnosed in 17 patients (44.7%). Ten patients had a history of epilepsy, of whom one had active epilepsy at the time of our evaluation (considering at least one seizure in the last year) and four were still on antiseizure medications. Among 12 individuals (31.6%), other non-neurologic medical conditions were present, with allergies (n = 7, 58.3%) being the most frequent one. Only two patients (5.3%) reported a previous diagnosis of sleep disorder.


3.1 Sleep disturbance scale for children

A score above the cutoff was found in 71.1% (n = 27), and the overall mean total score was 45.2 ± 12.3 (range 28–80).

As for the subscales, 6 (15.8%) patients in the DIMS scale, 10 (26.3%) in SBD, 4 (10.5%) in DA, 10 (26.3%) in SWTD, 2 (5.2%) in DOES, and 7 (18.4%) in SHY obtained a score above the cutoff (Supplementary Figure 1).

The mean reported sleep onset latency was 15 min, while the mean total sleep time was 8–9 h.

The chi-square test did not reveal a statistically significant association between a positive score in SDSC and genetic microdeletion (p = 0.63), sex (p = 1), ID (p = 1), epilepsy history (p = 0.7), active epilepsy (p = 0.3), ASM (p = 1), other drug intakes (p = 1), rehabilitation (p = 0.4), and other non-neurological comorbidities (p = 0.4).



3.2 Correlation of SDSC scores and behavioral symptoms

Twenty-nine patients (83%) achieved values above the cutoff in ABAS (mean score 68.6), 27 (84%) in CBCL (mean score 58.7), and 9 (26%) in Conners (mean score 61.6). The scores for all the subscales are reported in Table 3.



TABLE 3 Conners’, CBCL, and ABAS scores.
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The application of a two-tailed Student’s t-test for independent samples revealed no significant differences in mean scores of Conners, CBCL, and ABAS between subjects with and without an SD (Table 4).



TABLE 4 Two-tailed Student’s t-test for independent samples.
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Linear regression reveals a positive relationship between the SDSC scores and Conners’ and CBCL subscales regarding externalizing and internalizing symptoms (Conners’ CGI Total and Conners’ restless/impulsive, CBCL externalizing, internalizing, and total score). This indicates that an increase in these values is associated with an increased SDSC score. Furthermore, there is a negative linear relationship between the SDSC score and ABAS subscales.

In the logistic regression model including IQ, Conners’, CBCL’s, and ABAS’s subscale independent variables, none of them appeared to be a significant risk factor for positive SDSC. All the statistical linear regression test scores and logistic regression model scores are reported in Table 5.



TABLE 5 Linear regression analysis and logistic regression model.
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4 Discussion

In our sample, we were able to detect sleep disorders in 71.1% of patients through a comprehensive collection of detailed clinical histories and the administration of the SDSC. This finding demonstrates that these disorders are much more prevalent in children and adolescents with SoS than in the general pediatric population, where the prevalence is 20–30% (31–33).

The most commonly identified sleep problems were SBD and SWTD, both occurring in 26.3%, possibly linked to the high incidence of congenital malformations of the neck and head in this population, such as general hypotonia, including weakness in the muscles of swallowing, macroglossia, high arched palates, alveolar cleft and cleft lip, and palate, which could contribute to respiratory and feeding difficulties (34). Regarding the other subscales, we observed a score above the cutoff for SHY at 18.4% and for DIMS at 15.8%.

In our sample, SD is not significantly associated with genetic microdeletion, ID, or other medical conditions and treatments.

However, the SDSC score is related to the level of internalizing and externalizing symptoms, particularly in the hyperactivity and impulsivity domains. According to our findings, better adaptive functioning is correlated with lower SDSC scores. This is noteworthy despite all the adaptive functioning scores identified with ABAS-II being significantly pathological, indicating an adaptive functioning level below the normal range.

Behavioral problems within the SoS spectrum are among the major characteristics, with a prevalence ranging from 15 to 90%, depending on the examined study group. It is important to note that, being a rare syndrome, literature data often refer to case reports or small studies.

In 1991, Rutter first described sleep problems related to early awakenings in a small sample of 11 SoS subjects (20). In a recent study, 40 patients with a mean age of 11 years (1.3–30 years) and genetic, possible, and probable diagnoses of SoS were compared with data from healthy subjects in the literature. The study showed increased resistance at bedtime, anxiety surrounding sleep, nocturnal awakenings, parasomnias, daytime sleepiness, and evidence of sleep-disordered breathing (SDB). The authors compared their population with one presenting intellectual and developmental disabilities, and they found that patients with SoS more frequently presented SBDs and parasomnias (24). These studies have certain limitations. Rutter (20) employed a non-standardized parent report. In the study conducted by Stafford et al. (24), participants with probable, possible, and genetically diagnosed SoS were included. They completed the Children’s Sleep Habits Questionnaire (CHSQ), validated for children aged 4 to 10 years, to establish a standardized parameter for all included patients, regardless of age (1.3 to 30 years old).

Sleep issues are prevalent across all stages of childhood, encompassing infants, toddlers, preschoolers, school-age children, and adolescents. During children’s brain development, sleep plays a key role, necessary for typical synaptic development and maturation of brain areas (35). Poor sleep can have significant repercussions on the cognitive side, and, due to the involvement of the prefrontal cortex, it can also lead to alterations in executive functions (36–38). It is also associated with behavioral disturbances, particularly a tendency toward externalizing disorders (39), irritability, and difficulty modulating emotions and impulses (39–41). Several studies have demonstrated the correlation between good sleep and a positive impact on future behavioral and socioemotional aspects lasting into adulthood (39, 42, 43). Chronic poor sleep habits, particularly short sleep durations, can also increase the risk of obesity and metabolic diseases (44–46). Sleep-related breathing disorders, ranging from habitual snoring to obstructive sleep apnea syndrome, can significantly affect emotional intelligence, cardiovascular functions, orofacial thrive, and the neuroendocrine and central nervous systems (47).

Furthermore, studies have shown that caregivers of patients with sleep disturbances experience high levels of distress (48–50), and stress levels improve when the child’s sleep habits improve (51, 52).

Therefore, early identification of an SD is crucial to prevent repercussions on the cognitive, emotional, and behavioral spheres, especially in a population that is genetically predisposed. It is essential to support families in managing this condition. Clinicians should specifically evaluate this aspect, as in our population, only two patients have already had a diagnosis of SD.

Our study does have some limitations. Not all patients responded to our questionnaires, and it is likely that parents of those with sleep disturbances were more likely to respond, potentially influencing the final rate of SD detected in our population. Moreover, a comprehensive physical examination of all study participants to correlate with the high prevalence of sleep disorders in SBD and SWTD areas was not feasible. Nonetheless, it is well established that the SoS phenotype encompasses head and neck malformations.



5 Conclusion

To the best of our knowledge, this is the first study attempting to correlate the presence of sleep disorders with behavioral symptoms in the pediatric SoS population. Internalizing and externalizing symptoms, especially in the hyperactivity and impulsivity domains, are directly related to more severe sleep symptoms, whereas typical adaptive behaviors are associated with milder sleep problems. Early detection of sleep disorders is crucial for enabling prompt treatment, reducing the onset of internalizing and externalizing problems, and preventing adverse impacts on the quality of life for caregivers.

Additionally, addressing behavioral symptoms may positively impact sleep, given the bidirectional connection between the two.

The high prevalence of SD in our population underscores the need to include an investigation of sleep habits and quality in the clinical evaluations of these patients to identify and manage them correctly.
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Checklist; ABAS, Adaptive Behavior Assessment System; GAC, General Adaptive Composite; CAD, conceptual domain; SAD, social domain; PAD, practical domain.

For the linear regression analysis, the satistically significant scores are highlighted in bold font: Conn_Restless/Impulsive p=0.016; Conn_Global Index p=0.048; CBCL Externalizing_1_18
.02 CBCL Internalizing_1_18 p=0.01; CBCL Total_I_18 p=0.05; ABAS_GAC_PC p=0.025; ABAS_CAD_PC p=0.025.

The logistic regression model shows no statistical probability of having SD considering IQ, Conners, CBCL, and ABAS subscales.
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Composite; CAD, conceptual domain; SAD, social domain; PAD, practical domain.
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