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ABSTRACT 

Introduction: Individuals diagnosed with Fragile X Syndrome (FXS) are predisposed to sleep disorders 

including obstructive sleep apnea (OSA). The aim of this study is to assess the prevalence of sleep 

disorders and comorbid associated problems in this population. 

Methods: Literature review was conducted to assess prevalence of sleep disorders. A sub-analysis 

focusing on OSA prevalence was further conducted in individuals with fragile X syndrome. In addition, 

effectiveness of different therapeutic options for treatment of OSA were assessed.  

Results: A strong correlation is evident between FXS and sleep difficulties including difficulty falling 

asleep and night awakening. A consequent direct negative impact on daytime function, academic 

performance and increased self-injurious behaviors are evident. Melatonin has shown to increase sleep 

duration and offer benefit in FXS population. Similarly, OSA prevalence was higher than expected in this 

population. While adenotonsillectomy is usually effective in non-genetically affected individuals, residual 

OSA is common in FXS people and thus repeating PSG is highly recommended. The use of continuous 

positive airway pressure (CPAP) to treat residual OSA is thus common in this population.  

Discussion: Sleep disorders appears to occur frequently in children and adults with FXS. Untreated, sleep 

problems may contribute to various health problems, highlighting the potential importance of identifying 

OSA among individuals with FXS and starting the appropriate treatment.  
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INTRODUCTION 

 Fragile X Syndrome (FXS), was first described in 1943 as a form of intellectual disability (ID).1 

A meta-analysis of fifteen studies that included 7,475 individuals showed that FXS is the second cause of 

ID after Down Syndrome (DS).2 The disorder is linked to an unstable expansion of CGG repeat (>200) 

within the fragile X mental retardation 1 gene (FMR1) causing a loss of function in the gene.3 While the 

normal number of repeats within the FMR1 gene ranges from 5 to 44, a repeat number of 55–200 is called 

pre-mutation (PM). This latter is characterized by premature ovarian failure (POI) in females, and/or 

fragile X-associated tremor/ataxia syndrome (FXTAS).4,5 The clinical spectrum of FXS is wide including 

intellectual disability and other multi-system symptoms.6 Therefore, confirmed diagnosis is made based 

upon the detection of alterations to FMR1 gene.  

 FXS although low in prevalence occurring in 1 in 2000 born children, it is the most common 

inheritable cause of mental retardation. While males tend to present with intellectual disability, females 

tend to present with learning disability and less sever intellectual limitations. In a study on children aged 3 

to 19 years with FXS,7 parents completed the Developmental Behavior Checklist (DBC). This is a 96-

item questionnaire completed over a six-month period to assess behavioral and emotional problems in 

children with developmental and intellectual disabilities where each behavioral description is scored on a 

0,1,2 rating where 0 = 'not true as far as you know', 1 = 'somewhat or sometimes true' and 2 = 'very true or 

often true. In addition, the Parenting Daily Hassles Scale was also completed, where the caregiver is 

asked to score each of a 20 potential Hassles in two different ways for frequency (rarely, sometimes, a lot, 

and constantly) and intensity (1-5). The results of the study illustrated that some form of sleep difficulty is 

common and is causing significant behavioral difficulties and parental burden and stress. In another study, 

the parents of 90 children with fragile X syndrome completed the Children’s Sleep Habits Questionnaire 

(CSHQ) which indicated 47% of participants had sleep problems at a level that mandated a referral to 

sleep specialist for further evaluation. While 19% percent received medication to improve sleep, there 

was no significant difference from those who were not receiving medications highlighting the need to 

investigate further management and treatment options.8 The aim of this analysis is to detect the 
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prevalence of sleep disorders, with special focus on OSA prevalence in FXS, and the outcomes of 

different management options. 

 

METHODS  

A literature search was conducted using the following search engines: google scholar, PubMed, 

Ovid, Cochrane library, and PLOS. All English language published articles were identified by searching 

for “Fragile X Syndrome” crossed by “obstructive sleep apnea” and “sleep problems”. Literature review 

was done on selected studies to assess a possible increased risk of OSA in individuals with fragile X 

syndrome or lack thereof and best options for management. Crossing OSA, sleep problems, FXS, and 

management was used to identify articles with patient management options in different populations and 

their outcomes.  

 

RESULTS 

Epidemiology and diagnosis of FXS  

 In the literature review, a meta-analysis used multiple models including the random effects model 

to provide an accurate prevalence estimate for this FXS using primary publications in the research 

database. Analysis was separately in both male and females and found to be 1.4 per 10,000 males and 0.9 

per 10,000 females in the total population 2. While these findings are lower than what was previously 

reported for FXS patients, there is a wide heterogeneity.  

Sleep Disorders in FXS Population   

 Multiple studies used self-reporting by caregivers of FXS children with the objective of analyzing 

the sleep difficulties that children with FXS face every night. However, an overall discrepancy in the 

prevalence among several studies that examined the relationship between FXS and sleep problems has 

been found.9 (change order of reference). An analysis of 90 children with FXS using parents reported 

CSHQ found that 47% of children with FXS had clinically significant sleep problem.8 In yet another 

study involving children with FXS, parents reported a number of  sleep problems including: difficulty 
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falling asleep, frequent awakening, and restless sleep.10 A strong association was found between children 

with full mutation of FXS (n=413) and sleep difficulties with falling asleep (58% Males, 64% females) 

and night awakening (63% Males, 59% females) being most common. This later study suggests a 

significant difference in sleep problems in FXS children compared to the typically developing children 

and adolescent who had a prevalence of 25%.11 However, the Fragile X Clinical and Research 

Consortium (FXCRC) Database reported only 27% of parents of people with FXS reported sleep 

problems, with little difference between male and female individuals.  

 While the discrepancy across the literature can be attributed to the various differences among the 

studies including: study designs, inclusion and exclusion criteria, sample size, and population being 

studied, it appears that sleep problems are prevalent and more common in FXS patients than in the 

general population of same age 

Obstructive Sleep Apnea in FXS Population   

 Conventionally, polysomnography (PSG) has been used as the reference standard for the 

diagnosis of OSA, especially in children. However, other diagnostic methods were utilized in multiple 

studies including: pulse oximetry or parental reports (e.g., studies using OSA-18 questionnaire). 

However, these later modalities while cheaper and easier to implement, is not as accurate as the in-

laboratory PSG. In a study using PSG to analyze sleep phenotypes in FXS and DS patients with 

intellectual disability12, FXS patients showed a reduced time in bed compared to DS patients. 

Furthermore, DS and FXS patients, compared to normal controls, showed a higher percentage of stage 1 

non-rapid eye movement (NREM) and a lower percentage of rapid eye movement (REM) sleep. This 

latter study suggests generally lighter sleep in FXS individuals compared to non-genetically affected 

children. Since REM sleep has been attributed to consolidation of memory, it is not clear if the lower 

REM percentage in this population might at least partly contribute to the learning difficulty. 

 A study from 430 patients investigated the prevalence of OSA in patients with the FMR1 

premutation with (n=118) and without fragile X-associated tremor/ataxia syndrome (FXTAS) (n=174) 

compared to normal controls (n=123).13 While the study found no association between the presence of 
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sleep apnea and number of CGG repeat or FMR1 mRNA expression level, the data analysis support a two 

to three fold higher prevalence of OSA in patients with FXTAS (31.4% [37/118]). 

Common Causes of OSA in FXS and non-FXS Patients and Long-Term Complications  

 In genetically normal children, other causes of OSA often include enlarged tonsils and/or 

adenoids.14 A higher prevalence of OSA is sought to occur in obese children (we need to find better idea 

of how to implement this – obesity is not a major factor in children to OSA but very important in adults); 

in a study involving 248 obese children, the prevalence of OSA ranged from 21.5% to 39.5%.15 Obesity is 

a common medical comorbidity among children with FXS with reported large weight at birth among male 

patients. 9 A recent national survey using body mass index (BMI) data from 718 children 16, found that 

male children with FXS had a higher prevalence rate of obesity (31%) when compared to age matched 

control children (18%). This higher prevalence of obesity in FXS individuals might be one of the major 

contributors to OSA in this population. 

Comorbid Self-Injurious Behavior in FXS Patients with Sleep Difficulties  

 Since untreated OSA could increase the risk for cardiovascular and neurological complications, 

early diagnosis and treatment of OSA can significantly improve quality of life. In a study that used 

surveys from 67 families of young boys with fragile X syndrome 17, it was found that Self-injurious 

behavior (SIB) was reported for 58% of the participants with age of onset around 3 years old. The 

primary form of frequent (daily) self-biting or chewing directed toward the hand or arm. A matched-pair 

analyses of co-occurring conditions sleep difficulties to be correlated with SIB in FXS patients compared 

to FXS with no SIB (38.5 to 25.6). The SIB adds additional challenge and burden to the caregivers of 

patients with FXS which is prevalent in underserved populations with no access to proper intervention 

programs.   

Interventions in FXS Patient with Sleep Problems   

 Managing sleep problems is of particular importance in children and particularly in FXS because 

of its relationship to decrements in daytime performance and increased behavioral problems.17 The initial 

approach to help alleviate sleep problems in FXS children should be using several behavioral strategies 
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such as regular sleep schedules and consistent bedtime routines, however, many FXS children might not 

show adequate response to the above strategies and will benefit from a pharmacological intervention.   

Medications and Insomnia 

A randomized double blind placebo controlled study on 18 patients with FXS (11 males with mean age 

5.47)18 found that night sleep duration was longer by 21 minutes (p = .02) on melatonin 3 mg compared to 

placebo. Furthermore, mean sleep-onset latency was shorter by 28 minutes (p = .0001). The results 

support the efficacy of melatonin interventional treatment for sleep problems in children with FXS and 

the potential use in alleviating the sleep difficulties and associated comorbidities. If melatonin is 

unsuccessful, alpha‐2 agonists such as clonidine can help with induction and maintenance of sleep. In 

some FXS children, sleep problems are a consequence an underlying anxiety, which requires adequate 

additional pharmacological and/or behavioral treatment. 

OSA and Cognitive and Behavioral Problems  

 In a prospective study on 297 first-grade non-FXS children19, a remarkable increase in the 

prevalence of OSA was strongly correlated with low school performance. Furthermore, the children who 

were treated for OSA showed a significant improvement in academic performance compared to the 

untreated children. A study was conducted using survey of families with FXS children who have sleep 

problems in the United States, especially ones with full FXS mutation.10 Treatment options along with 

behavioral modifications were reported with success in reducing the daytime behavioral symptoms. 

OSA and Adenotonsillectomy  

OSA and CPAP   

An article describes a case of 4 boys (age 6-16) who were diagnosed with OSA along with 

neurodevelopment disorders and the effect of CPAP treatment on their sleep apnea.20 One child with mild 

retardation due to FXS was tried on various treatments including adenotonsillectotmy, amitriptyline, and 

methyphenidate but were unsuccessful. He was followed up after the start of CPAP for a period of 12-48 

months and the analysis showed a significant clinical improvement in sleep quality and day arousal. This 

suggest the efficacy of CPAP in treating Fragile X patient who has OSA. While CPAP is proven to be 
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efficacious therapeutic intervention in children with neurodevelopment deficits including FXS, it is 

reported that patients have a low compliance to this therapy21. A case of 17-year-old Caucasian male with 

FXS and sever OSA confirmed the efficacy of CPAP in this population 22. The patient initially refused to 

use CPAP citing discomfort with the full-face mask. However, the initial improvement in sleep 

parameters and parental report of cessation of snoring encouraged compliance and the patient’s mother 

initiating the CPAP after the patient fell asleep.  

OSA and Other Surgeries   

In yet another case of a 15-year-old nonverbal, developmentally delayed boy with history of FXS and 

ongoing sever OSA who benefited from  aggressive surgical intervention23. This patient was not a 

candidate for noninvasive CPAP therapy due to severe OSA and history of self-decannulation. Therefore, 

mandibular maxillary advancement (MMA) with stronger hardware was performed with PSG 

improvement at 4 months postoperatively (AHI 5.6 and oxygen saturation nadir of 92% compared to AHI 

of 22/h and oxygen nadir of 76% before the procedure. 

 

DISCUSSION 

 The overall discrepancy in the prevalence of sleep disorder in children with FXS between the 

studies in the literature can probably be attributed to differences in study design, sample size, and data 

collection protocols. However, it appears that both sleep disorders as well as OSA is more common in 

FXS than in the general population (35-50% in FXS vs 1-10% in normal children). Thus, in this 

population, screening for sleep disorders as well as OSA is required. While using questionnaires (such as 

OSA-18) might be helpful in the non-FXS population, evidence of the accuracy of questionnaires in 

individuals with FXS is lacking necessitating the use of PSG.  

 While melatonin has shown some efficacy in prolonging sleep, more research is needed to 

explore other hypnotic options in FXS population. Similarly, behavioral interventions might offer 

therapeutic options especially through forming structure and bed time routines for this population. 

However, it is sometimes difficulty to implement in this population.  
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 OSA has diverse treatment options ranging from adenotonsillectomy to CPAP to other invasive 

surgeries. While mild OSA is effectively treated in 85% of population using adenotonsillectomy, the 

higher severity of OSA and less responsiveness of their OSA to adenotonsillectomy render the need for 

PSG after this surgery important to assess for residual OSA. In this later population, CPAP have shown to 

improve the OSA; however, patient compliance remains an obstacle to this modality. More invasive 

surgeries such as MMA were reserved for patients who were not eligible for non-surgical interventions or 

severe OSA. These new results used limited sample size which suggest the need of further research to 

compare and contrast the efficacy of each intervention along with continuity data on CPAP compliance or 

any other treatment methods. 

 There are several limitations to the current review. First, many of studies likely included children 

treated at an earlier age with adenotonsillectomy or other OSA treatment modalities, lowering the lifetime 

prevalence of OSA among individuals with FXS. Another limitation is the use of surveys which conforms 

a lot of bias as the data is self-reported by caregivers. In addition to that, multiple studies analyze the 

prevalence of sleep problems with FXS but not specifically sleep apnea. Most of the studies focused on 

individuals who were referred based on suspected sleep problems. Thus, selection bias leading to an 

elevated prevalence of OSA and/ or other sleep problems. This has possibly also contributed to the wide 

range of OSA prevalence among some studies. Many of the studies presented in the review include 

limited of data on nonwhite patients and female FXS patients and that contributes to disparity among 

certain patient groups and underserved populations which warrant further investigation in communities 

that are not well represented in the literature.   

 More epidemiological research is needed on individuals diagnosed with FXS, including a focus 

on identifying the possible role that factors such as gender, age, BMI, and other comorbid medical 

problems which may be risk factors for OSA. In addition, larger samples are needed to replicate any 

positive correlation findings. Untreated, OSA may contribute to various health problems and premature 

death, highlighting the potential importance of early identifying OSA among individuals with FXR and 

initiating the proper management. It is essential for healthcare providers to be familiar with the various 
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medical problems and complications related to FXS so that patients may receive a timely diagnosis and 

treatment which will improve the quality of life for FXS patients and their families. 
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