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ABSTRACT 
 
Background: Sleep difficulties are pervasive in autism spectrum disorder (ASD). Despite 
an increase in research exploring the impact of disrupted sleep on cognition and 
behavior in this population, there is a current lack of consistent characterization of sleep 
issues. Recent studies report profound sleep problems in children with ASD-associated 
likely gene disrupting mutations, such as CHD8, DYRK1A, and ADNP. Further 
exploration of sleep problems in individuals with disruptive, ASD-associated gene 
mutations can inform etiological contributions to ASD and sleep by expanding symptom 
profiles associated with gene disruptions.  
 
Methods: Analyses were conducted for 2372 families who completed a medical history 
interview as part of the Simons Simple Collection for their child with ASD between the 
ages of 4 and 18 (M=108.36 months, SD=42.89). Ten items from the medical history 
related to sleep issues were submitted to a series of confirmatory factor analyses (CFA) 
to compare underlying latent factor structures related to sleep issues in ASD. Reports of 
sleep issues were compared between two groups: those with ASD and a likely-gene 
disrupting mutation (MUT) and those with idiopathic ASD (no known genetic event, 
NON). Additional measures of cognitive functioning and behavioral issues were used as 
predictors in CFA analysis. 
 
Results: CFAs suggested that a model with three separate latent factors related to 
subsets of sleep issues was superior to a one-factor model: sleep onset, nighttime 
awakenings, and daytime tiredness. This model fit best for both MUT and NON groups. 
Sleep onset was the strongest latent sleep factor for both groups. The addition of subject 
predictors for age, behavior issues, and IQ showed good fit with the three-factor model 
and differentially impacts sleep issues in MUT and NON groups. Patterns of sleep issues 
for previously reported genetic subgroups of ASD (ADNP, CHD8, and DYRK1A) are also 
described.  
 
Conclusions: Overall, these results suggest that subdomains of sleep issues should be 
considered for children with ASD. Specifically, the models highlight issues related to 
sleep onset and nighttime awakenings. Implications a genetics-first approach to sleep 
issues for specific groups of children with ASD are discussed.  
 
Keywords: autism spectrum disorders, sleep, factor analysis, genetic subgroups, likely 
gene disrupting mutations 
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INTRODUCTION 

Autism spectrum disorder (ASD) is a neurodevelopmental condition affecting 1 in 

68 children (CDC, 2014) and is characterized by deficits in social communication and the 

presence of repetitive, restricted patterns of behavior and interests (APA, 2013). Despite 

these shared core features, ASD is a genetically and phenotypically heterogeneous 

disorder, which often presents with additional medical and behavioral comorbidities. 

Chronic difficulties with sleep are prevalent amongst children and adolescents with ASD, 

and are seen at greater frequency and severity than in typically developing children and 

children with other developmental disabilities (Couturier et al., 2005; Gregory & Sadeh, 

2012; Park et al., 2012).  

Comorbid sleep issues in individuals with ASD 

 50-80% of parents of individuals with autism report comorbid sleep issues 

(Krakowiak, Goodlin-Jones, Hertz-Picciotto, Croen, & Hansen, 2008; Owens, Spirito, 

McGuinn, & Nobile, 2000; Souders et al., 2009). Objective measures of sleep duration 

and quality, such as actigraphy and polysomnography, have also indicated significantly 

different sleep patterns between typically developing and autism populations (Buckley et 

al., 2010; Wiggs & Stores, 2004). Current literature indicates that certain types of sleep 

issues are reported with high prevalence in individuals with ASD. Difficulties with 

bedtime and sleep onset, such as difficulty falling asleep, are frequently reported sleep 

complaints by parents of children with ASD (Liu, Hubbard, Fabes, & Adam, 2006; Wiggs 

& Stores, 2004). These sleep issues have been confirmed by studies using actigraphy 

and polysomnography as well (Malow et al., 2006; Souders et al., 2009). Other reported 

problems with sleep onset include bedtime resistance and the need for parents to lay 

down with their child in order for them to fall asleep (Liu et al., 2006). Another frequently 

reported sleep issue in ASD is recurrent nighttime awakenings (Krakowiak et al., 2008; 

Liu et al., 2006). Parasomnias, such as sleepwalking and night terrors, can contribute to 
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increased awakenings during the night and are reported more often in individuals with 

autism than typically developing individuals (Couturier et al., 2005; Goldman, Richdale, 

Clemons, & Malow, 2012).  

Increased difficulty waking in the morning, excessive daytime tiredness, and 

more frequent napping, has also been reported for those with ASD (Liu et al., 2006). 

Daytime tiredness in children with ASD has been significantly related to parent-reported 

sleep problems during the night and challenges in behavior during the day, but not to 

actigraphic and polysomnographic measures of sleep disruption (Anders, Iosif, 

Schwichtenberg, Tang, & Goodlin-Jones, 2012; Goodlin-Jones, Tang, Liu, & Anders, 

2009; Liu et al., 2006). Research has been inconclusive whether daytime tiredness in 

ASD is the result of disruption to biological mechanisms responsible for wakefulness or 

whether it remains a by-product of difficulties with sleep onset, night awakenings, and 

less night sleep overall (Goodlin-Jones et al., 2009; Humphreys et al., 2014). 

Additionally, sleep-disordered breathing has been reported, but it remains unclear 

whether in individuals with ASD are at increased risk for sleep apnea and breathing 

difficulties at night. Studies have shown little difference between prevalence rates of 

sleep-disordered breathing in typically developing and ASD populations (Limoges, 

Mottron, Bolduc, Berthiaume, & Godbout, 2005; Malow et al., 2006), yet more research 

is needed to determine how sleep-disordered breathing relates to autism symptomology.  

Amidst these broad patterns of elevated sleep issues for individuals with autism, 

tremendous variability in sleep problem presentation and severity persists, suggesting 

that additional factors, such as development, cognition, and behavior, may differentially 

impact sleep presentation in ASD (Malow et al., 2006; Veatch, Maxwell-Horn, & Malow, 

2015). Goldman, Richdale, Clemons, & Malow (2012) found that while the presence of 

sleep issues did not change as children with ASD grew older, the types of sleep 

problems did. Younger children with ASD showed high instances of bedtime resistance, 
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night awakenings, and nightmares, whereas older children and adolescents had greater 

difficulty with sleep onset, sleep duration, and daytime tiredness. Sleep issues have 

been repeatedly correlated with reports of increased internalizing and externalizing 

behaviors in children with ASD, such as inattention, hyperactivity, and anxiety (Goldman 

et al., 2009; Mazurek & Petroski, 2015; Sikora, Johnson, Clemons, & Katz, 2012; Wiggs 

& Stores, 2004).  

The relationship between cognitive ability, or IQ, and sleep issues in those with 

ASD remains inconclusive. While individuals with intellectual disability are reported to 

have greater frequency of sleep issues than typically developing individuals (Elrod & 

Hood, 2015; Piazza, Fisher, & Kahng, 1996; Taylor, Schreck, & Mulick, 2012), it has also 

been suggested that psychopathology may be the more likely driving force for sleep 

issues than IQ alone (Richdale, 1999). These developmental and behavioral influences, 

however, do not fully explain the variability we see amongst sleep issues in ASD. High 

rates of comorbidity between cognitive impairment, behavioral disorders (e.g. anxiety, 

inattention/hyperactivity) and ASD symptoms indicate shared neurological circuitry that 

must be further addressed to understand the predictive impact these factors have on 

sleep disruption. 

Biological mechanisms of sleep disruption 

Sleep processes are facilitated by a series of neurobiological mechanisms, many 

of which have been found to be impaired in those with ASD who have poor sleep. 

Dysregulation of circadian rhythms and low melatonin levels, both of which tell the body 

when to sleep and for how long, have been found in those with ASD and sleep issues 

(Glickman, 2010; Richdale & Schrek, 2009). Studies have indicated that individuals with 

ASD spend less time in rapid eye movement sleep compared to controls (Buckley et al., 

2010), but findings remain inconsistent (Limoges et al., 2005). At a chemical level, 

fundamental neurotransmitters, such as dopamine, serotonin, and GABA, are disrupted 
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in ASD and have been found to be important in sleep regulation (Buhr et al., 2002; 

Crocker & Sehgal, 2010; Holst et al., 2014; Veenstra-VanderWeele et al., 2012). 

However, the extent to which these neurological mechanisms are impaired and sleep is 

disrupted varies between individuals with ASD.  

Despite a recent increase in research exploring the etiology of sleep issues in 

children with ASD and their impact on daytime functioning (Adams et al., 2014; Taylor, 

Schreck, and Mulick, 2012), there is a current lack of consistent characterization of sleep 

issues. As the study of the etiology of ASD shifts towards a genetics-first approach 

(Stessman, Bernier, & Eichler, 2014), deeper understanding of genetic mechanisms 

involved in ASD-related sleep disruptions is also needed. Recent advances in genetic 

sequencing have identified severe likely gene-disrupting (LGD) mutations that are 

associated with ASD symptoms (O’Roak et al, 2012; Iossifov et al, 2014). These genes 

are believed to have important, seemingly varied impacts on neurological processes 

indicated in ASD (Bernier et al., 2014; Helsmoortel et al., 2014; Traylor et al., 2012; van 

Bon et al., 2015), explaining a portion of the phenotypic variability seen amongst 

affected individuals. This genetic variability may also help explain the differences we see 

in sleep presentation amongst those with ASD.  

Recently, de novo LGD mutations CHD8, ADNP, and DYRK1A have been 

identified as candidate genes for ASD and appear to have unique phenotypic profiles 

(Bernier et al., 2014; Iossifov et al., 2014; O'Roak et al., 2012; van Bon et al., 2015; 

Vandeweyer et al., 2014). Studies of each gene event have described recurrent reports 

of sleep issues in individuals with these mutations (Bernier et al., 2014; van Bon et al., 

2015; Vandeweyer et al., 2014). Chromodomain helicase binding protein (CHD8) is a 

gene known to be involved in chromatin remodeling and understood to be important for 

neuronal cell proliferation and regulation(Bernier et al., 2014; O'Roak et al., 2012). 

Bernier and colleagues (2014) found that individuals with ASD and mutations to CHD8 
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were reported to have significant difficulty falling asleep, sometimes staying up for days 

at a time. DYRK1A, or Dual-specificity tyrosine-(Y)-phosphorylation-regulated kinase 1 

A, has been linked to cellular signaling and brain development (Iossifov et al, 2014; 

O’Roak et al, 2012), and frequent nighttime awakenings have been reported for those 

with DYRK1A mutations (van Bon et al., 2015). Activity-dependent neuroprotective 

protein (ADNP) gene is involved in cellular differentiation and maturation (Helsmoortel et 

al., 2014; Vandeweyer et al., 2014). General sleep issues have been recurrently 

endorsed for children with ADNP mutations, although specific types of sleep issues have 

yet to be reported (Vandeweyer et al., 2014). Exploring the differences in sleep problem 

presentation by LGD mutation subgroups of ASD may shed light on the phenotypic 

variability we see in comorbid sleep conditions and illuminate the specific neurobiological 

mechanisms that are disrupting sleep in those with ASD.   

In light of the need for clarification of sleep difficulties and ASD and greater 

understanding of genetic impact on sleep, we present two primary objectives. First, we 

evaluated sleep issues in a large sample of children with ASD using confirmatory factor 

analysis (CFA). Considering recent work implicating sleep issues as part of genetic-first 

phenotypes, we compared reports of sleep issues for those with ASD and an LGD 

mutation (MUT) and those with idiopathic ASD (no known genetic event; NON). We 

predicted that certain sleep issues (e.g., bedtime problems) might be more prevalent and 

symptomatic in ASD, regardless of genetic group. We also anticipated that individual 

subject features, such as developmental stage, cognition and behavioral symptoms, 

might also predict increased sleep issues and vary with the presence of an LGD 

mutation. Second, in efforts to better understand the variable impact of specific LGD 

mutations, we examined the sleep profiles for three genetically defined subtypes: CHD8, 

ADNP, and DYRK1A.  
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METHODS AND MATERIALS 

Participants 

Participant data was obtained from two sources and characteristics are reported in Table 

1. Families were included from the Simons Simplex Collection (SSC, Fischbach & Lord, 

2010), a genetic consortium study of families with one child diagnosed with ASD. LGD 

mutation data from participants in the SSC cohort were obtained via published exome 

sequencing studies (Iossifov et al, 2014). Iossifov et al (2014) defined LGD events as de 

novo nonsense, frameshift, or splice-site gene mutations, which disrupt intended protein 

functions. Phenotypic data was gathered from version 15 of the SSC and merged with 

genomic data for our dataset. Of this SSC cohort, 2353 families completed the portion of 

the medical history interview related to sleep symptoms without missing data and are 

included in this sample. In addition, medical history and genomic data from 19 non-SSC 

families were included in the final dataset, which was collected in our lab’s ongoing 

genetics-first phenotyping study of children with identified LGD mutations. All 

participants met criteria for ASD based upon the Autism Diagnostic Interview-Revised 

(ADI-R; Lord, Rutter, & Le Couteur, 1994), Autism Diagnostic Observation Schedule, 

(ADOS; Lord et al, 2000), and clinician evaluation. Ethical review board approval was 

obtained and written informed consent was given by each participant’s legal guardian/s.   

------------------------------------ 

Insert Table 1 

------------------------------------ 
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Measures 

Sleep issues were measured by parent report on a clinician-administered 10-item 

medical history questionnaire yielding yes (“1”) or no (“0”) responses. All Sleep variables 

were treated as binary variables. Responses of “not sure” were coded as missing data.  

IQ scores were derived from the Differential Ability Scales, 2nd Edition (DAS-II; 

Elliot, 1990), the Wechsler Scale of Intelligence, 4th Edition (WISC-IV; Wechsler, 2003), 

or the Mullen Scales of Early Learning (Mullen, 1995). Internalizing and externalizing 

behavior t scores were calculated from parent report on the Child Behavior Checklist 

(CBCL; Achenbach, 1991). 

 

------------------------------------ 

Insert Table 2 

------------------------------------ 

 

Confirmatory factor analysis (CFA)  

Our primary objective was to examine latent variables associated with sleep issue for 

children with idiopathic ASD (NON) and children with ASD and an LGD mutation (MUT). 

A series of CFAs were conducted with the lavaan() package (Rosseel, 2012; Wirth & 

Edwards, 2007) in R (version 2.15.1) using maximum likelihood. Factor loadings 

represent standardized regression coefficients between each sleep interview item and 

latent variables. According to proposed guidelines (Browne & Cudeck, 1993; Kline, 

2011; Hu & Bentler, 1999), goodness-of-fit was assessed by examining: root mean 

squared error of approximation (RMSEA; good fit = below 0.05; acceptable fit = 0.05-

0.08; unacceptable fit > 0.1), comparative fit index (CFI; good fit > .9), and the 
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standardized root mean squared residual (SRMR, good fit= below 0.10). Standardized 

loadings (SL) are reported.  

 

LGD mutation profiles of sleep issues  

Our secondary objective was to describe the sleep profiles (in reference to idiopathic 

ASD) for children with ASD and an LGD mutation previously associated with sleep 

issues. To accomplish this, we calculated the proportion of positive endorsements of 

individual sleep issues for three LGD mutation subgroups: CHD8 (n=12), DYRK1A 

(n=3), and ADNP (n=4). Subgroup proportions were compared to that of the idiopathic 

ASD group. Individual sleep issues were chosen for analysis instead of clustered sleep 

domains in an effort to better detect minor variations in sleep profile accompanying 

different LGD mutations. 

 

RESULTS 

Latent factor structure associated with sleep issues 

We conducted a CFA to investigate model fit of three proposed competitive factor 

structures for both NON and MUT groups. In Model 1, all items loaded onto a single 

latent Sleep Issues variable. Model 2 consisted of a four-factor structure, including Sleep 

Onset, Breathing Issues, Nighttime Awakenings, and Daytime Tiredness. The sleep 

interview items that loaded onto these latent variables are reported in Table 2. Model 3 

examined a hierarchical factor structure in which there was a general factor related to 

sleep issues (similar to Model 1) and specific factors related to the four latent variables 

(similar to Model 2). We predicted that all models would robustly characterize the sleep 

interview items, but anticipated that Model 2 would best fit the data. 
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------------------------------------ 

Insert Table 3 

------------------------------------ 

See Table 3 for model fit indices. For the idiopathic ASD group (N=2136), Model 

2 was the best fitting model compared to Model 1, χ2(2)=656.27, p<.0001, and Model 3, 

χ2(6)=22.51, p<.0001. For the MUT group (N=236), only Model 1 converged normally. R2 

values indicated that the latent variable corresponding to Breathing Issues only 

accounted for a small amount of the variance for both groups (<4%for NON; 0.8-2.0% for 

MUT). This is likely due to the small frequency of reported issues related to breathing at 

night (5.1% of entire sample) or a specific diagnosis of sleep apnea (2.2% of entire 

sample). Thus, we generated Models 1b, 2b, and 3b without the Breathing Issues latent 

variable and items. Subsequent tests indicated that Model 2b fit better than Model 1b for 

both groups (NON, χ2(3)=221.01, p<.0001; MUT, χ2(3)=20.91, p<.0001). Model 3b did 

not converge for the MUT group, thus the latent factor structure for Model 2b was 

chosen for continued analysis (see Figure 1). For both groups, this three-factor solution 

indicated that items related to sleep onset had the highest factor loadings (SL > .63), 

suggesting that these items may be the most impactful sleep-related problem.  

 

------------------------------------ 

Insert Figure 1 

------------------------------------ 

 

Individual subject predictors 

After establishing that Model 2b had the best fit, we examined a series of models to 

determine how individual subject predictors are related to sleep issues. We 
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systematically tested development (Age), behavioral problems (Internalizing, 

Externalizing), and cognition (Verbal IQ, Nonverbal IQ). Fit indices indicated all three 

individual subject predictor models had good fit for both groups (see Table 3). To better 

clarify the relationship between the predictors on sleep issue for each group, we will 

describe the three separate predictor models (see Figure 2).  

------------------------------------ 

Insert Figure 2 

------------------------------------ 

Development: For both groups, the Age predictor does not load significantly onto 

the latent factors (SL < +/- .1). Although this predictor does not change the item loadings 

for the idiopathic ASD group, it does indirectly affect the Nighttime Awakenings latent 

variable for the MUT group. Older children with an LGD mutation are less likely to have 

problems related to frequent nighttime awakenings (NAF) (SL = -0.41) or sleepwalking 

and frequent nightmares (NAS) (SL = -0.25). In addition, children with an LGD mutation 

with sleep issues related to Nighttime Awakenings are less likely to have Sleep Onset 

(SL = -0.90) or Daytime Tiredness (SL = -0.69). This suggests that, for children with ASD 

and an LGD mutation, nighttime awakenings are reported to be more of a concern for 

younger ages and are distinct from other sleep issues.  

Behavioral problems: Externalizing and internalizing behavioral problem 

variables mildly (SL > +/- .2) impact latent variables for both groups. For the NON group, 

an increase in externalizing problems is related to fewer Nighttime Awakening problems 

(SL = -0.23), while an increase in internalizing problems is related to more Daytime 

Tiredness problems (SL = 0.21). For the MUT group, increase in externalizing problems 

is related to more Daytime Tiredness problems (SL = 0.20), while an increase in 

internalizing problems is related to more Nighttime Awakening (SL = 0.39) and Daytime 
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Tiredness (SL = 0.26) problems. This suggests that behavior does indeed relate to sleep 

issues for individuals with ASD, and may differentially impact those with LGD mutations.  

Cognition: Neither VIQ or NVIQ are related to sleep issues in the NON group 

(e.g., SL > +/- .2), suggesting that sleep issues are equally common regardless of 

cognition. However, an interesting pattern emerges for the MUT group, in which 

cognition correlates with Nighttime Awakening problems inversely for VIQ and NVIQ. 

Specifically, children with an LGD mutation have higher verbal cognition have fewer 

Nighttime Awakening problems (SL = -0.22). This suggests a relationship between 

cognitive functioning and nighttime awakenings in particular, potentially indicating unique 

biological mechanisms that are disrupted by LGD mutations. Surprisingly, despite high 

covariation between VIQ and NVIQ (SL = .84), the opposite effect is present for 

nonverbal cognition, with children with an LGD mutation and higher nonverbal 

intelligence having more Nighttime Awakening problems (SL = 0.22).   

 

LGD mutation profiles of sleep issues 

Figure 3 shows individual item endorsements for specific MUT subgroups compared to 

endorsements for the NON group. Closer inspection of sleep issues in individuals with 

LGD mutations to ADNP, CHD8, and DYRK1A preliminarily suggest the emergence of 

unique sleep issue profiles. The ADNP profile indicates elevated reports of parents 

laying down with the child (75%), frequent nighttime awakenings (75%), and increased 

daytime naps (50%). Both the DYRK1A and CHD8 profile indicate that the majority of 

parents reported difficulties falling asleep (100% and 67%, respectively). However, the 

CHD8 profile also indicates elevated problems for most other items, including frequent 

nighttime awakenings (50%), daytime naps (16%), and daytime tiredness (33%), while 

the DYRK1A profile indicates sleep issues exclusive to sleep onset and night-time 

awakenings. 
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------------------------------------ 

Insert Figure 3 

------------------------------------ 

DISCUSSION 

 We aimed to clarify the kinds of sleep difficulties present in ASD and better 

understand the genetic impact on sleep. Findings from CFA on sleep issues in a large 

sample of individuals with ASD, with and without an LGD mutation, indicate that 

clustering sleep issues into three symptom categories is a statistically appropriate way to 

characterize sleep issues for those with ASD. Inclusion of a general sleep issue variable 

as a hierarchical factor model did not yield as good a fit compared to a three-factor 

model, even for the idiopathic ASD group (n=2136) . The superior fit of the three-

component model for both groups (NON and MUT) indicates that the following three 

factors of sleep issues represent distinct areas of sleep difficulty for those with ASD: 

sleep onset, nighttime awakenings, and daytime tiredness. This model clarifies previous 

research findings by identifying primary factors of sleep disturbance that are in need of 

targeted intervention to better support the sleep quality of individuals with ASD and their 

families. Within this three-component model, difficulties with sleep onset contributed 

most strongly to the model (i.e., reliably the largest standardized loading), suggesting 

that trouble with sleep onset may be the most predominant sleep issue facing those with 

ASD and a priority for intervention. This three-factor model also suggests that challenges 

with sleep onset and recurrent nighttime awakenings are separate issues. In previous 

research, these symptoms have been combined under the term “insomnia” when 

assessing for sleep issues in ASD, which may miss distinct features of sleep in this 

population. CFA analyses suggest that these two variables be assessed separately, as 

this study has done. While sleep-disordered breathing was initially included, it accounted 
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for very little of variance seen in sleep issues, which supports previous findings of 

negligible relationship between breathing difficulties and ASD (Limoges et al., 2005; 

Malow et al., 2006). 

 Addition of developmental, behavioral, and cognitive predictors to the three-factor 

model by group revealed differential impact of predictors on sleep presentation for NON 

and MUT groups. When controlling for age, for those with ASD and LGD mutations, we 

see a negative relationship between nighttime awakenings and sleep onset and 

nighttime awakenings and daytime tiredness. This effect is not seen in those with 

idiopathic ASD. This suggests that biological mechanisms disrupted by LGD mutations 

may be impacting sleep in ways that uniquely impact nighttime awakenings in those with 

ASD. Further research is needed on the specific gene-protein interactions disrupting 

sleep duration and quality and how these mechanisms may be impacted by age. 

 Behavioral challenges, both externalizing and internalizing, impacted the latent 

variables in the three-factor model for both NON and MUT groups, indicating that 

behavior should indeed be a consideration when studying sleep issues in ASD. For 

those with idiopathic ASD, increased internalizing problems were associated with 

increased daytime tiredness. The same relationship was observed in the MUT group, 

with an additional effect on nighttime awakenings. Internalizing symptoms, such as 

anxious or depressive behaviors have been previously associated with difficulty sleeping 

and reduced energy (Alfano, Ginsburg, & Kingery, 2007; Weiner, Meredith Elkins, 

Pincus, & Comer, 2015); presence of these features in those with ASD are likely 

contributors to sleep issues. Those with idiopathic ASD and increased externalizing 

problems showed increased nighttime awakenings, while those with an LGD mutation 

and ASD had increased daytime tiredness. These findings indicate that externalizing 

symptoms may be differentially related to sleep difficulties in those with LGD mutations. 

Perhaps unique comorbidities and related medication use for individuals with LGD 
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mutations may be impacting incidence of daytime fatigue in this group (Helsmoortel et 

al., 2014; van Bon et al., 2015). While not looked at in present analyses, further 

understanding of the effects of medical and pharmacological factors may be important to 

understanding this difference between MUT and NON groups. 

 When cognition is added as a subject predictor to the three-factor model, a 

relationship between cognition and nighttime awakenings emerges that appears unique 

to the MUT group. Higher verbal IQ is related to decreased nighttime awakenings for the 

MUT group; however, the opposite is true for nonverbal cognition, such that higher 

nonverbal cognition indicated more nighttime awakenings. It is not immediately clear 

why there is a contrary effect, particularly considering the strong covariation between 

these predictors (SL = 0.84).  This observed difference in nighttime awakenings for 

varying levels of cognitive functioning is intriguing, particularly given mixed findings in 

previous research. One possible explanation is that opposing verbal and nonverbal 

effects may relate to different aspects of the MUT group being able to sleep soundly. 

Perhaps caregivers report that their children with lower nonverbal IQ wake up less 

frequently at night due to underlying biological processes related to the specific 

mutation, (e.g., disrupted protein networks). Further research is needed in this area, 

particularly in regards to shared genetic impact on cognitive functioning and sleep 

maintenance.  

Due to the diversity of genes disrupted in the heterogeneous MUT group, 

phenotypic characterization of distinct genetically defined subgroups is warranted to 

identify potential interactions between subject predictors and sleep. In our preliminary 

examination of 3 previously reported genetically defined subgroups of ASD, unique 

sleep problem profiles emerged. Each of these LGD mutation subgroups show elevated 

sleep problems compared to those with idiopathic ASD. In particular, reports of difficulty 

falling asleep are increased for DYRK1A and CHD8 mutations, while reports of nighttime 
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awakenings are uniquely elevated for ADNP. While preliminary, the observed variations 

in sleep phenotypes for these three mutation-defined subgroups suggest different 

biological mechanisms at play. The regulation of chromatin remodeling, a known 

function of the CHD8 gene, is suggested to be important in the maintenance of circadian 

rhythms, which are essential to creating typical cycles of sleep (Aguilar-Arnal & 

Sassone-Corsi, 2013); mutations to CHD8 may be involved in circadian disruption and 

thereby contribute to elevated difficulties falling asleep in this subgroup of ASD. 

Similarly, 100% of DYRK1A participants had difficulty falling asleep and DYRK1A has 

been identified as a potential player in transcriptional/translational regulation of circadian 

rhythm proteins. For example, Kurabayashi and colleagues (2010) found that the 

knockout of DYRK1A in mice models disrupted the phosphorylation of circadian rhythm-

associated gene, CRY2, which resulted in shortened circadian cycles and arrhythmic 

sleep behaviors. ADNP has also been linked to gene mechanisms that are implicated in 

sleep maintenance. It has been categorized as a fragile x mental retardation protein 

(FMRP) associated gene (Iossifov et al, 2014); FMRP targets, when disrupted, have 

been implicated in disturbed light-dark circadian rhythms and sleep (Xu, Poidevin, Han, 

Bi, & Jin, 2012; Zhang et al., 2008). Interestingly, disruptions to ADNP are also found in 

individuals with Alzheimer’s disease, who commonly suffer from frequent nighttime 

awakenings (Malishkevich et al., 2015; Sethi et al., 2015). While more exploration of this 

relationship is needed, perhaps the sleep-wake cycle mechanisms responsible for sleep 

maintenance are disrupted by variations in ADNP. Our findings suggest that genetically 

defined subgroups may prove informative in understanding sleep in ASD and relevant to 

consider when individualizing sleep interventions for affected individuals and their 

families. 

This work has tremendous real-world implications for families of children with 

ASD with both idiopathic and identified genetic origins. Our results highlight specific 
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aspects of sleep that may greatly benefit from targeted research and subsequent 

strategies for intervention. For instance, our models indicated that sleep onset should be 

a focus area for generating recommendations and resources for parents of a child with 

ASD. Further investigation of our predictors (i.e., age, behavior, and cognition) and other 

predictors of sleep issues (e.g., metabolism, nutrition) will improve our ability to provide 

individualized recommendations for families. By building more elaborate clinical profiles 

for recurrent LGD mutations, similar to the preliminary profiles for CHD8, DYRK1A and 

ADNP, we aim to connect physical manifestation of sleep issues to possible biological 

mechanisms. This is an area of further study that shows great promise in explaining the 

phenotypic variability we see in sleep issues comorbid with ASD symptoms. 
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FIGURE LEGENDS 

Figure 1. Confirmatory factor analysis for children with idiopathic (NON) and 
genetic (MUT) etiologies of ASD. Standardized loadings (SL) are presented for both 
groups for the three-factor model. Strength of the standardized loadings are depicted as 
the thickness and brightness of each line for positive (blue) and negative (red) 
standardized loadings.  
 
Figure 2. Confirmatory factor analysis with subject predictors for children with 
idiopathic (NON) and genetic (MUT) etiologies of ASD. Standardized loadings (SL) 
are presented for both groups for the three-factor model. Strength of the standardized 
loadings are depicted as the thickness and brightness of each line for positive (blue) and 
negative (red) standardized loadings. 
 
Figure 3. Average endorsement for target MUT and comparison groups. Average 
endorsement for children with MUT targets ADNP (n=4, red circle), CHD8 (n=12, green 
triangle), and DYRK1A (n=3, blue square) compared to children with Other MUT (grey 
line) and NON (black crossed-square).  
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FIGURES 

 

Figure 1.  
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Figure 2. 
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Figure 3.  
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TABLES 

 

Table 1. Sample characteristics     
 NON MUT  

  n % n %  
Male 1877 87.87% 190 80.51%  
Female 259 12.13% 46 19.49%  

      
  Mean SD Mean SD Group differences 

Age (years) 108.26 42.51 112.26 42.94 F(1,2370)=1.88, p=.17 
VIQ 78.59 30.75 74.78 30.47 F(1,2370)=3.27, p=.071 
NVIQ 85.43 25.66 78.88 26.43 F(1,2370)=13.7, p=.0002 

Internalization 60.11 9.75 60.49 8.50 F(1,2370)=0.33, p=.57 
Externalization 56.32 10.58 56.95 11.01 F(1,2370)=0.76, p=.38 
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Table 2. Sleep domains and sleep interview item 

frequencies       
  All subjects NON MUT 
Sleep domain Sleep Interview Item Count Percentage Count Percentage Count Percentage 

Sleep onset Total (average) 946 39.9% 853 40.0% 92 39.1% 

  Difficulty going to bed (SBP) 747 31.5% 672 28.3% 75 3.2% 
  Difficulty falling asleep (SBS) 1097 46.2% 993 41.9% 104 4.4% 
  Parent lays down (SBD) 993 41.9% 895 37.7% 98 4.1% 
Breathing issues Total (average) 87 3.7% 79 3.7% 8 3.4% 

  Difficulty breathing at night (BPM) 121 5.1% 109 4.6% 12 0.5% 
  Sleep apnea dx (BAP) 53 2.2% 49 2.1% 4 0.2% 
Nighttime 

awakenings Total (average) 560 23.6% 509 23.8% 51 21.6% 

  Frequent night awakenings (NAF) 787 33.2% 711 30.0% 76 3.2% 
  Sleepwalking (NAS) 332 14.0% 306 12.9% 26 1.1% 
Daytime tiredness Total (average) 304 12.8% 274 12.8% 30 12.9% 

  Difficulty waking in morning (DDW) 325 13.7% 291 12.3% 34 1.4% 
  Daytime tiredness (DDS) 389 16.4% 354 14.9% 35 1.5% 
  Long/Frequent napping (DDN) 199 8.4% 177 7.5% 22 0.9% 
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Table 3. Model fit indices 

       

      NON MUT 

Model Latent Variables Subject Predictors 

(Variables) 

RMSEA CFI SRMR RMSEA CFI SRMR 

Model 1 Sleep (general) None 0.101 0.735 0.070 0.032 0.979 0.043 
Model 2 Onset, Breathing, Awake, 

Tiredness 
None 0.044 0.959 0.030 n/a n/a n/a 

Model 3 Sleep (general), Onset, 
Breathing, Awake, 
Tiredness 

None 0.046 0.952 0.033 n/a n/a n/a 

                  
Model 1b Sleep (general) None 0.084 0.874 0.053 0.057 0.945 0.054 
Model 2b Onset, Awake, Tiredness None 0.048 0.965 0.031 <.000 1.000 0.034 
Model 3b Sleep (general), Onset, 

Awake, Tiredness 
None 0.048 0.965 0.031 n/a n/a n/a 

                  
Model 2b Onset, Awake, Tiredness Development (AGE) 0.047 0.957 0.030 0.052 0.952 0.046 
Model 2b Onset, Awake, Tiredness Behavioral problems (EXT, 

INT) 
0.042 0.961 0.028 <.000 1.000 0.032 

Model 2b Onset, Awake, Tiredness Cognition (VIQ, NVIQ) 0.064 0.907 0.048 0.024 0.987 0.039 
Model 2b Onset, Awake, Tiredness All (AGE, EXT, INT, VIQ, 

NVIQ) 
0.045 0.905 0.033 0.048 0.902 0.048 

         

Notes: Models that did not converge are indicated by "n/a". Italicization indicates value-specified poor model fit. 
 

Abbreviations: EXT, Externalizing problems; INT, Internalizing problems; VIQ, Verbal IQ; NVIQ, Nonverbal IQ 
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