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Abstract 

Background: Children with ADHD are reported to have sleep problems and neuropsychological 

deficits, but studies examining a potential association between the two are scarce and the use of 

varying methodology can complicate conclusions.  

Participants: A clinical sample of 59 medication-naïve children with ADHD between the ages of  

6 and14 years (71% male).  

Methods: Children underwent polysomnography and multiple sleep latency test, and parent rated 

sleep habits on the Children’s Sleep Habits Questionnaire. Children also completed an extensive 

neuropsychological battery of executive function and delay aversion tasks, and parents and teachers 

rated executive function behavior on the Behavior Rating Inventory of Executive Function. Linear 

regression analyses were conducted with each of the neuropsychological outcomes included as the 

outcome variable and the sleep parameters as the predictor variables.  

Results: The correlations between sleep and neuropsychological outcomes were generally modest, 

but some sleep parameters (primarily sleep stages and sleep latencies) were associated with 

objectively and subjectively measured executive function and delay aversion.  

Conclusions: Using objective and subjective gold standard assessment procedures this study 

supports a (modest) association between sleep and neuropsychological function in children with 

ADHD.  

 

Keywords ADHD, sleep, polysomnography, multiple sleep latency test, neuropsychology, 

executive function, delay aversion 
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Introduction 

According to parent reports, as many as 70% of children with attention-deficit/hyperactivity 

disorder (ADHD) have sleep problems (Langberg et al., 2020; Sung et al., 2008), although 

contrasting findings on macrostructural measures, such as the polysomnography (PSG) (Scarpelli et 

al., 2019), suggest that the nature of sleep problems in ADHD is poorly understood (Kirov & 

Brand, 2014). Generally, sleep is considered to subserve a range of neuropsychological functions 

(Kirov & Brand, 2014), and altered sleep appears to be associated with deficits in 

neuropsychological domains, such as executive functions, in normative development (Astill et al., 

2012). As neuropsychological deficits are also found in ADHD (Coghill et al., 2018) with estimated 

prevalence rates of 30% to 90% (Biederman et al., 2004; Bünger et al., 2019; Koefler et al., 2019), 

an association between sleep problems and neuropsychological deficits has been proposed. 

Speculating on the direction of this effect, sleep has been suggested to contribute to or exacerbate 

neuropsychological deficits in ADHD (Cortese et al., 2009; Kirov & Brand, 2014). However, 

studies examining sleep as well as neuropsychological function in children with ADHD are 

relatively few and have obtained somewhat varying results. For instance, some studies have found a 

significant association between subjectively measured sleep and neuropsychological function, 

including working memory (Scriberras et al., 2015), and attentional processes (Vélez-Galarraga et 

al., 2016), whereas others have not (Knight & Dimitriou, 2019; Moreau et al., 2013; Schneider et 

al., 2016). Within a sample of children with ADHD, children above the clinical cut-off for a sleep 

disturbance on a sleep questionnaire were found to have significantly higher scores on a 

questionnaire of executive function behaviors, than children below this cut-off (Bar et al., 2016). A 

significant association has also been found between objective PSG sleep parameters (e.g., non-REM 

and REM sleep) and inhibition (Um et al., 2016), and between actigraphy-derived sleep measures 

(such as total sleep time) and attention as well as (parent rated) executive function behaviors 
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(Moreau et al., 2013; see also Waldon et al., 2018). Experimental sleep restriction has been found to 

worsen attention in children with ADHD (Gruber et al., 2011), but not always (Becker et al., 2019). 

Finally, studies suggest that children with ADHD (in contrast to controls) do not improve inhibitory 

control after overnight sleep (Cremone et al., 2017), or consolidate previously rewarded behavior 

better during sleep than during time awake (Wiesner et al., 2017).  

While, studies provide some support for an association between sleep and 

neuropsychological function in children with ADHD, variation in methodology can complicate 

conclusions. For instance, subjective and objective sleep measures may measure different 

dimensions of sleep (Aili et al., 2017); just as subjective and objective measures of a 

neuropsychological domain such as executive function may measure different levels of cognition 

(Toplak et al., 2013). Furthermore, a relatively limited number of neuropsychological domains have 

generally been examined, and mainly executive (or attentional) processes. Given that current 

models of ADHD suggest that the disorder is characterized by considerable neuropsychological 

heterogeneity (Coghill et al., 2018), the study of more and different domains may add to the 

literature. Here, delay aversion, a potential hallmark of ADHD (Marx et al., 2018), may be a 

candidate. Delay aversion is considered a motivational style rooted in altered brain reward circuits 

and characterized by a desire to reduce or escape the experience of delay (Sonuga-Barke et al. 1992; 

Marco et al. 2009). This motivational style is expressed behaviorally in a tendency to make 

impulsive choices (i.e., choose small immediate over larger delayed rewards) (Marx et al., 2018; 

Sonuga-Barke, 2002). Possibly, altered sleep can influence reward processing and choice 

impulsivity. No previous study has (to our knowledge) examined sleep in relation to delay aversion. 

Finally, few studies have examined medication-naïve children. As medication prescribed for ADHD 

may influence sleep (Kidwell et al., 2015) and neuropsychological function (Coghill et al., 2014), 

more studies that include medication-naïve individuals are warranted.   
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Here, we build on two previous studies on sleep (Virring et al., 2016) and 

neuropsychological function (Lambek et al., 2018). In the study by Virring et al., medication-naïve 

children with ADHD were found to have significantly more sleep problems than children in a 

control group, including more overall disturbed sleep behavior as rated by parents, and less total 

sleep time, more sleep cycles, less non-REM stage 1 (N1) and 3 (N3) sleep, and more REM sleep 

during the night as measured by the PSG. Children with ADHD also had longer PSG-measured 

sleep latency during the night and shorter mean latency on naps measured on the multiple sleep 

latency test (MSLT) during the day than controls, although these comparisons fell short of 

significance. In the study by Lambek et al., children with ADHD were characterized by 

significantly more executive dysfunction and delay aversion than children in a control group. As a 

subsample of the children with ADHD (n = 59) were included in both studies, we now examine the 

relationship between these sleep problems and neuropsychological deficits. Thus, the aim of the 

present study was to examine the association between subjectively and objectively measured 

aspects of sleep and neuropsychological function (i.e., executive function and delay aversion) in 

medication-naïve children with ADHD. Based on previous research with typically developing 

children and children with ADHD, we expected sleep and executive function to be associated, 

whereas the study of the association between sleep and delay aversion was exploratory. Our 

expectations were for subjective as well as objective measures, although these may not be fully 

overlapping.  

Methods  

Participants, procedures, and measures are described in detail in Virring et al. (2016) and Lambek et 

al. (2018), a brief summary is provided below. Studies were approved by the Danish regional ethics 

committee (numbers M-2010231 and M-20100253), and by the Danish Data Protection Agency.  

Participants and procedures 
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Participants were referred through standard pathways to a specialist ADHD clinic for school age 

children in the public Danish Child and Mental Health System (CAMHS). Children in the present 

study (n = 59) had an ADHD diagnosis based on the Development and Well-Being Assessment 

(DAWBA; Goodman et al. 2000), an IQ > 70, a mean age of 9.68 (SD 1.82), and a male to female 

ratio of 2.47:1. The majority of children had ADHD combined presentation (71%), and one or more 

comorbid psychiatric disorders (51%). As the children were included in the study after referral but 

prior to treatment initiation, they were medication-naïve at the time of the study. Exclusion criteria 

included pervasive developmental disorders and previous treatment with psychotropic medication 

or melatonin. The mean age, gender distribution, ADHD presentation distribution, and percentage 

of participants with comorbidity in the present sample were similar to that of the full samples 

included in Virring et al. (2016) and Lambek et al. (2018). Overnight PSG recordings took place in 

the child’s home, and all MSLT recordings were carried out in the same sleep laboratory the day 

after the PSG. The same personnel mounted the ambulatory equipment and gave the information 

(written and verbal) to all participants. The PSG-recording started immediately after montage, so 

the child and the family only had to put on the oximeter before sleep. All children arrived at the 

sleep laboratory at 7.45 AM for the MSLT. The neuropsychological assessment was carried out at 

the CAMHS clinic in two 1.5-hour sessions. Mean time between sleep and neuropsychological 

assessment was 22 days (SD 26.26). The children received small prizes as part of some of the 

neuropsychological tasks and a small present at the end of the neuropsychological and the sleep 

assessments (at a value of approximately 13 Euro each). Informed consent was obtained from the 

participants. 

Measures 

Sleep measures 
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Sleep during the night and the day was examined using objective and subjective gold standard 

assessment procedures (Colten & Altevogt, 2006).  

Objective measures. The PSG is an overnight measure of sleep and was performed with 

TrackITTM (TrackIT fulfills the American Academy of Sleep Medicine [AASM] requirements; for 

more information, please visit www.cephalon.dk). The multiple sleep latency test (MSLT) measures 

daytime sleepiness and was performed with the Nicolet EEG Neurodiagnostic System. The PSG 

and the MSLT were performed and scored manually in accordance with the AASM criteria for 

children (Grigg-Damberger et al., 2007; Iber et al., 2007; Littner et al., 2005), and by the same 

experienced sleep technologist, who was blinded for diagnostic and neuropsychological status. 

Subjective measures. The CSHQ (Owens et al., 2000) is a 1-week recall parent questionnaire 

about the frequency of child sleep habits and problems. It contains 45 items, 33 of which can be 

combined into a total sleep disturbance score, with a high total score indicative of more parent-

perceived disturbed sleep behavior in the child. A cut-off of 41 is traditionally applied to determine 

sleep disturbances with a sensitivity of .80 and a specificity of .72 (Owens et al., 2000). Internal 

consistency for the total sleep disturbance score has previously been found to be acceptable 

(Cronbach’s alpha [α] ranging from .68 to .78; Owens et al., 2000). In the present study, internal 

consistency for this score was also acceptable (α = .85).  

Neuropsychological measures  
 
Neuropsychological domains (i.e., executive function, and delay aversion) associated with 

childhood ADHD theoretically (Barkley, 1997/2014; Sonuga-Barke, 2002) and empirically (Marx 

et al., 2018; Snyder et al., 2015) were examined with developmentally appropriate performance-

based tasks and a questionnaire. For a detailed description of the individual tasks, see Lambek et al. 

(2018).  
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Objective measures. Six tasks measured EF-related processes and two measured aspects of 

delay aversion. Executive function. The Tic tac toe task (TTT; Huizinga et al., 2006), the Mental 

counters task (Cou; Huizinga et al., 2006), and the Finger windows backwards task (FWB, Bedard 

et al., 2004; Sheslow & Adams, 2003) measured working memory. Outcomes were the mean 

number of correct for the TTT and the Cou respectively, and total number of correct for the FWB. 

The Flanker task (Huyser et al. 2011), the Stop-signal task (SST; Logan, 1994; Logan et al. 1997; 

Williams et al. 1999), and the Walk don’t walk task (WDW) from the Test of Everyday Attention of 

Children (Manly et al., 1999) measured inhibition. Outcomes were total number correct on 

incongruent trials for the Flanker task, stop-signal RT for the SST, and total number correct for the 

WDW task. Adequate test-retest reliability has been found for scores on the SST (ICC = .72, Soreni 

et al., 2009) and the WDW (r = .73; Manly et al., 2001), and scores on the TTT, the COU, the 

FWB, the FLAN, the SST, and the WDW have been found to load together on a common executive 

function factor, suggesting construct validity (Lambek et al., 2018).   

Delay aversion. The Choice-delay task (C-DT; Sonuga-Barke et al. 1992; Solanto et al. 

2001) and the Maudsley’s Index of Childhood Delay Aversion (MIDA; Kuntsi et al. 2001) 

measured delay tolerance/aversion. Outcomes were percent short small rewards for the C-DT and 

the MIDA respectively. Adequate test-retest reliability has been found for scores on the MIDA 

(ICC = .74; Kuntsi et al., 2001), and scores on the C-DT and the MIDA have been found to load 

together on a common delay aversion factor, suggesting construct validity (Lambek et al., 2018).   

Subjective measures. The Behavior Rating Inventory of Executive Function (BRIEF; Gioia 

et al. 2000) was included to assess everyday behavioral manifestations of executive functioning in 

the child, as perceived by parents and by teachers. The BRIEF has 86 items; the majority (72 in the 

parent form and 73 in the teacher form) can be combined into a summary score, the 

Global Executive Composite (GEC), reflecting the child’s overall executive function. 
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Mean raw scores were included in the present study with higher scores indicating a higher level of 

perceived executive function difficulties in the child. Internal consistency for the GEC (parent and 

teacher forms) has previously been found to be high (α ranging from .97 to .98) and temporal 

stability to be strong (r ranging from .81 to .91; Gioia et al., 2000). In the present study, internal 

consistency for the GEC was also high (α = .95 for both forms).  

No questionnaire for delay aversion was included due to lack of availability at the time of 

the study design. 

Statistical analyses 

Theoretically, executive function and delay aversion are considered separable constructs (Sonuga-

Barke, 2002), and scores on the executive function and the delay aversion tasks (described above) 

have previously been found to load on two separate factors in a confirmatory factor analysis 

(Lambek et al., 2018). Consequently, scores on the executive function tasks were combined into one 

executive function domain score and scores on the delay aversion tasks into a delay aversion 

domain score. This was done by first reversing raw scores from certain neuropsychological tasks so 

that higher scores always indicated poorer performance. Then raw scores on neuropsychological 

tasks were converted to z-scores and averaged to yield the two domain scores (i.e., executive 

function and delay aversion). Values 2.5 SDs above or below the mean for each outcome were 

identified at group level and replaced with values at 2.5 SD (< 2%). Partial correlation analysis 

(Pearson’s r) was applied to examine the potential association between sleep and 

neuropsychological function, controlling for age and gender. Finally, four separate multiple linear 

regression analyses were conducted, one with each of the neuropsychological outcomes included as 

the outcome variable, and the sleep parameters as the predictor variables while controlling for age 

and gender. To account for four models being tested a Bonferroni corrected alpha of .0125 (.05/4) 

was used to determine the significance of each model. No multicollinarity was evident (all variance 
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inflation factor values < 3). Analyses were carried out using IBM SPSS Statistics V26.0 (IBM 

Corp, 2019). 

Results 

Partial correlations between sleep and neuropsychological function  

The partial correlations between sleep (as measured by the PSG, the MSLT, and the CSHQ) and 

neuropsychological function (as measured by executive function and delay aversion tasks and the 

BRIEF) are presented in Table 1 (zero-order correlations are included in supplementary Table 1).  

Several sleep parameters (primarily sleep stages and sleep latencies) were significantly (albeit 

modestly) associated with executive function and delay aversion.  

>Insert Table 1 around here< 

Sleep and executive function 

Results from the regression analysis with objectively measured executive function are presented in 

Table 2. The overall prediction model (with eight sleep parameters as well as age and gender) was 

statistically significant, F (10, 47) = 5.85, p < .001, R2 = .55 (adjusted R2 = .46). Three sleep 

parameters, PSG N1 sleep (β = .34, p = .008), PSG sleep latency (β = .27, p = .02), and PSG N3 

sleep (β = -.24, p = .03), accounted for a significant proportion of executive function variance once 

age was controlled (β = -.71, p < .001).    

>Insert Table 2 around here< 

Results from the regression analysis with subjectively measured executive function are presented in 

Tables 3 and 4. Results involving the BRIEF parent form will be described first. The model was 

statistically significant, F (10, 47) = 2.71, p = .01, R2 = .37 (adjusted R2 = .23). Two sleep 

parameters made a significant unique  contribution, total sleep disturbance reported by parents on 

the CSHQ (β = .32, p = .02) and PSG N3 sleep (β = -.30, p = .03).    

Insert Table 3 around here< 
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When the BRIEF teacher form was examined, the predictor model was not statistically significant, 

F (10, 44) = .49, p = .89, R2 = .10 (adjusted R2 = -.10). 

>Insert Table 4 around here< 

Sleep and delay aversion  

Results from the regression analysis with objectively measured delay aversion are presented in 

Table 5. The predictor model was statistically significant, F (10, 47) = 2.89, p = .007, R2 = .38 

(adjusted R2 = .25). Five independent variables accounted for a significant proportion of variance, 

MSLT daytime sleepiness (β = -.51, p < .001), PSG N1 sleep (β = .41, p = .006), age (β = -.39, p = 

.007), PSG REM sleep (β = .36, p = .03), and CSHQ total sleep disturbance (β = -.34, p = .01).  

 

>Insert Table 5 around here< 

Discussion 

We examined the relation between sleep and neuropsychological function in medication-naïve 

children with ADHD. Significant correlations were found between some subjective and objective 

measures of sleep and neuropsychological function. In the regression models, sleep latencies and 

N1 sleep significantly predicted executive function and delay aversion, N3 sleep predicted 

subjectively and objectively measured executive function, and REM sleep predicted delay aversion. 

These results are discussed below.   

In the present study, an association was found between sleep onset latency and objectively 

measured neuropsychological function in children with ADHD. Specifically, longer nighttime sleep 

latencies (on the PSG) were associated with poorer executive function, whereas shorter daytime 

mean sleep latency (on the MSLT) was associated with more delay aversion. Longer sleep latency 

during the night has been suggested to interfere with sleep quantity and quality and thereby 

compromise executive functioning (Holanda et al., 2016), albeit it is also possible that executive 
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dysfunction results in longer latencies, e.g., mediated by poorer sleep hygiene (Cortese et al., 2009). 

In the case of delay aversion, it is possible that shorter sleep latencies indicate daytime sleepiness 

and that sleepiness influences choice impulsivity (e.g., exacerbates the tendency to choose 

immediate over delayed rewards). Overall, we speculate whether a dysregulated sleep-wake 

regulation interferes with neuropsychological function. 

Nighttime sleep is characterized by cycles of non-REM sleep and REM sleep (Kirov & 

Brand, 2014). Non-REM sleep represents a continuum of depth extending from lighter sleep in the 

initial N1 to deeper sleep in the later N3 (Rošťáková & Rosipal, 2019). In the present study, a lower 

percentage of N3 (i.e., deep and restorative) sleep was associated with poorer executive function in 

children with ADHD across objective and subjective measures. Just as, a higher percentage of N1 

(i.e., light) sleep was associated with poorer performance on executive function and delay aversion 

tasks. More REM sleep also predicted more delay aversion. Um et al. (2016) previously found 

percentage of N2 sleep to correlate negatively with verbal IQ and to predict response latency on the 

Matching Familiar Figures test (a proposed index of inhibitory processes). Although, speculative, it 

is possible that the distribution of the sleep stages is suboptimal in childhood ADHD thereby 

compromising neuropsychological function (or vice versa).  

While an association between sleep and executive function has previously been examined 

(and sometimes supported) in typically developing children (Astill et al., 2012) and in children with 

ADHD (e.g., see Scriberras et al., 2015). This is (to the best of our knowledge) the first time, delay 

aversion, has been examined in relation to sleep in ADHD. Delay aversion has been proposed to be 

rooted in altered reward mechanisms in the brain, and to be (at least partially) dissociable from 

cognitive impairment such as executive dysfunction (Sonuga-Barke, 2002). Studies suggest that 

aversion to delay is associated with amygdala hyperactivation (Van Dessel et al., 2019; Wilbertz et 

al., 2013) and behavioral impulsivity in individuals with ADHD (Blume et al., 2019). As a 
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prediction model with eight sleep parameters (as well as age and gender) accounted for 38% of the 

variance in delay aversion in the present study (with several predictor variables making a unique 

contribution and equal sized β coefficients), this offers support for further investigation of reward 

processing and delay aversion in relation to sleep in ADHD. 

As expected, an association between sleep and neuropsychological function was found 

based on subjective as well as objective measures, but apart from PSG N3 sleep (see above) there 

was little overlap. Parent-rated executive function was associated with parent-rated sleep (which 

may be due to a common methods effect). In addition, teacher-rated executive function was not 

associated with any of the sleep parameters, despite of the fact that teacher and parent ratings of 

executive function correlated significantly (r = .31, p = .02), and to a degree that is generally 

reported in the BRIEF literature (see Gioia et al., 2000). Overall, these results do suggest that 

subjective and objective measures of sleep and neuropsychological function may index at least 

somewhat different constructs.  

Recent findings suggest that sleep is much more dynamic than previously assumed (e.g., in 

the sleep stages) (Christensen et al., 2019). We suggest that future studies of the association 

between sleep and neuropsychological function in ADHD focus on sleep microstructure including 

detailed sleep spindle analysis, sleep cluster analysis, and temporal segmentation as well as 

estimates of more basic processes such as arousal (Baandrup et al., 2018; Christensen et al., 2019). 

The role of sleep restriction or extension in relation to the current findings is also a potential 

direction for future study.   

The present study had strengths and limitations. Strengths included the assessment of sleep 

and neuropsychological function using objective and subjective measures as well as golden standard 

techniques such as the PSG and the MSLT. In addition, day and nighttime sleep was measured and 

multiple informants included to report on everyday executive function behaviors in the child, 
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thereby allowing us to examine sleep around the clock and executive function in several contexts. 

Delay aversion was examined in the context of sleep for the first time, and neuropsychological 

domains were examined based on several tasks as recommended in the literature. Finally, the 

children were medication-naïve, and consequently sleep and neuropsychological function were not 

influenced by medication prescribed for ADHD. Limitations included the lack of a control group, 

whereby we could not determine whether the results were specific to ADHD or a general finding. 

Single night PSG was carried out, and a first-night effect cannot be ruled out. The mean time 

between sleep and neuropsychological assessment was 22 days and the association between 

outcomes from objective sleep and neuropsychological measures may have been greater if 

assessments had been closer together in time. Children between the ages of 6 and 14 years were 

included in the present study. While this age range is comparable to several studies in the field and 

similar results emerged when excluding the youngest and/or the oldest children, future studies 

should examine even narrower age spans and track potential developmental changes over time. 

Several analyses were carried out in a relatively small sample and the study may have been 

underpowered to detect associations between sleep and neuropsychological function. However, a 

post-hoc power analysis indicated that the primary analysis was adequately powereda. Finally, we 

examined associations and can only speculate on the direction of any effect. Future studies are 

needed to replicate findings and to examine whether sleep problems over time cause 

neuropsychological deficits or vice versa. 

Conclusion 

Sleep and neuropsychological function appear to be (at least modestly) associated in children with 

ADHD. The association might be one where reduced sleep quality compromises 

neuropsychological function, albeit it is also possible that neuropsychological deficits result in poor 

sleep hygiene, altered sleep, or daytime sleepiness. Practitioners should routinely screen for sleep 
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problems when assessing children with ADHD. Further research is needed into the links between 

ADHD, sleep, and neuropsychology, specifically (i) how sleep problems and motivation are 

associated, (ii) whether neuropsychological improvements might underpin the beneficial effects of 

sleep management interventions for people with ADHD, and (iii) if simple sleep hygiene 

intervention can help alleviate at least some cognitive or motivational deficits.  

 

Footnote 

aA post-hoc power analysis for a multiple regression model (deviation from zero) with parameters 

derived from the overall prediction model (with eight sleep parameters and age and gender) was 

conducted. The effect size was f²=1.78 (equivalent to R2 = .64), alpha was .05, sample size was 59, 

with 10 predictors. Based on these parameters GPOWER (Erdfelder, Faul, & Buchner, 1996) 

estimated the power at 1.00. This would indicate that the primary analysis was adequately powered. 
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Table 1. Partial correlations between measures of sleep and of neuropsychological function with 

age and gender as covariates 

 Neuropsychological function 

 Objective measures Subjective measures 

 

 

 

Sleep  

 

Executive 

function 

(mean)  

 

Delay 

aversion 

(mean) 

BRIEF 

Parent form 

GEC 

(mean) 

BRIEF 

Teacher form 

GEC 

(mean)b 

Objective measures     

    PSG     

        Sleep latency (min) .25 

 

.00 

 

-.27* 

 

.04 

 

        Sleep cycles (no.) -.24 

 

-.24 

 

-.03 

 

.03 

 

        Total sleep time (min) -.11 

 

-.22 

 

-.01 

 

-.09 

 

        N1 (%)  .32* 

 

.27* 

 

-.12 

 

.06 

 

        N3 (%) -.18 

 

-.08 

 

-.30* 

 

-.17 

 

        REM (%) -.21 

 

-.08 

 

.01 

 

-.16 

 

    MSLT 

        Sleep latency (mean)  

 

.00 

 

-.31* 

 

-.41** 

 

-.10 



 2 

    

Subjective measures 

    CSHQ 

        Sleep disturbance (total)a     

 

 

-.10 

 

 

-.14 

 

 

.34** 

 

 

.04 

Note. BRIEF = Behavior Rating Inventory of Executive Function; CSHQ = Children's Sleep Habits 

Questionnaire; CI = GEC = Global Executive Composite; Min = minutes; MSLT = multiple sleep 

latency test; No = Number; N1 = Non-rapid eye movement sleep stage 1; N3 = Non-rapid eye 

movement sleep stage 3; PSG = polysomnography; REM = rapid eye movement.  

an = 58. 

bn = 56. 

*p < .05; **p < .01.  
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Table 2. Multiple linear regression model for objectively measured executive function with sleep, 

age, and gender as predictor variables 

 Objectively measured executive function 

 

 

Unstand. Stand.  

 

Predictor variables B SE β t 

PSG     

    Sleep latency (min)  

 

.01 

 

.00 

 

.27 

 

2.36* 

    Sleep cycles (no.)  -.07 .04 -.22 -1.90 

    Total sleep time (min) .00 .00 .11 .84 

    N1 (%) .10 .04 .34 2.76** 

    N3 (%) -.04 .02 -.24 -2.24* 

    REM (%) .01 .01 .19 1.35 

MSLT 

    Sleep latency (mean) 

 

-.02 

 

.02 

 

-.13 

 

-1.08 

CSHQ 

    Bedtime disturbance (total)a 

 

-.01 

 

.01 

 

-.10 

 

-.94 

Age -.28 .05 -.71 -5.96*** 

Gender -.01 .17 -.01 -.06 

Note. CSHQ = Children's Sleep Habits Questionnaire; Min = minutes; MSLT = multiple sleep 

latency test; No = Number; N1 = Non-rapid eye movement sleep stage 1; N3 = Non-rapid eye 

movement sleep stage 3; PSG = polysomnography; REM = rapid eye movement. 

an = 58. 

*p < .05; **p < .01; ***p < .001. 
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Table 3. Multiple linear regression model for subjectively measured executive function with sleep, 

age, and gender as predictor variables 

 Parent-reported executive function  

(BRIEF parent form) 

 

 

Unstand.  Stand.  

Predictor variables B SE β t 

PSG     

    Sleep latency (min)  

 

.00 

 

.00 

 

-.20 

 

-1.51 

    Sleep cycles (no.)  -.01 .02 -.05 -.34 

    Total sleep time (min) .00 .00 .04 .29 

    N1 (%) .00 .02 -.03 -.22 

    N3 (%) -.02 .01 -.30 -2.30* 

    REM (%) .00 .01 -.01 -.07 

MSLT 

    Sleep latency (mean) 

 

-.02 

 

.01 

 

-.26 

 

-1.77 

CSHQ 

    Bedtime disturbance (total)a 

 

.01 

 

.01 

 

.32 

 

2.47* 

Age -.04 .02 -21 -1.45 

Gender .08 .08 .11 .93 

Note. CSHQ = Children's Sleep Habits Questionnaire; Min = minutes; MSLT = multiple sleep 

latency test; No = Number; N1 = Non-rapid eye movement sleep stage 1; N3 = Non-rapid eye 

movement sleep stage 3; PSG = polysomnography; REM = rapid eye movement. 

an = 58. 
*p < .05. 



 5 

Table 4. Multiple linear regression model for subjectively measured executive function with sleep, 

age, and gender as predictor variables 

 Teacher-reported executive function 

(BRIEF teacher form)b 

 

 

Unstand. Stand.  

Predictor variables B SE β t 

PSG     

    Sleep latency (min)  

 

.00 

 

.00 

 

.00 

 

-.01 

    Sleep cycles (no.)  .02 .02 .13 .78 

    Total sleep time (min) .00 .00 -.13 -.71 

    N1 (%) .00 .02 .00 -.02 

    N3 (%) -.01 .01 -.12 -.76 

    REM (%) -.01 .01 -.21 -1.01 

MSLT 

    Sleep latency (mean) 

 

-.01 

 

.01 

 

-.07 

 

-.39 

CSHQ 

    Bedtime disturbance (total)a 

 

.00 

 

.01 

 

.04 

 

.26 

Age -.04 .03 -.22 -1.25 

Gender .04 .10 .07 .46 

Note. CSHQ = Children's Sleep Habits Questionnaire; Min = minutes; MSLT = multiple sleep 

latency test; No = Number; N1 = Non-rapid eye movement sleep stage 1; N3 = Non-rapid eye 

movement sleep stage 3; PSG = polysomnography; REM = rapid eye movement. 

an = 58. 
bn = 56. 
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Table 5. Multiple linear regression model for objectively measured delay aversion with sleep, age, 

and gender as predictor variables 

 Objectively measured delay aversion 

 

 

Unstand. Stand.  

Predictor variables B SE β t 

PSG     

    Sleep latency (min)  

 

.00 

 

.00 

 

.13 

 

.95 

    Sleep cycles (no.)  -.10 .05 -.26 -1.91 

    Total sleep time (min) .00 .00 -.08 -.57 

    N1 (%) .15 .05 .41 2.88** 

    N3 (%) -.03 .02 -.16 -1.28 

    REM (%) .03 .01 .36 2.21* 

MSLT 

    Sleep latency (mean) 

 

-.11 

 

.03 

 

-.51 

 

-3.53*** 

CSHQ  

    Bedtime disturbance (total)a 

 

-.04 

 

.02 

 

-.34 

 

-2.61* 

Age -.19 .07 -.39 -2.80** 

Gender .07 .23 .04 .30 

Note. CSHQ = Children's Sleep Habits Questionnaire; Min = minutes; MSLT = multiple sleep 

latency test; No = Number; N1 = Non-rapid eye movement sleep stage 1; N3 = Non-rapid eye 

movement sleep stage 3; PSG = polysomnography; REM = rapid eye movement. 

an = 58. 

*p < .05; **p < .01; ***p < .001. 



 

Supplementary Materials 
 

Supplementary Table 1. Correlations between measures of sleep and of neuropsychological 
function  
 
 Neuropsychological function 

 
 Objective measures Subjective measures 
 
 
 
 
 
Sleep  

 
 
 

Executive 
function 
(mean)  

 
 
 

Delay 
aversion 
(mean) 

 
 

BRIEF 
Parent form 

GEC 
(mean) 

 

 
BRIEF 
Teacher 

form 
GEC 

(mean)b 

Objective measures     
    PSG     
        Sleep latency (min) .14 

 
-.01 

 
-.28* 

 
.02 

 
        Sleep cycles (no.) -.19 

 
-.22 

 
-.01 

 
.04 

 
        Total sleep time (min) .13 

 
-.17 

 
.02 

 
-.04 

 
        N1 (%)  .24 

 
.27* 

 
-.12 

 
.06 

 
        N3 (%) -.05 

 
-.08 

 
-.29* 

 
-.16 

 
        REM (%) -.19 

 
-.07 

 
.01 

 
-.16 

 
    MSLT 
        Sleep latency (mean)  

 
.26* 

 

 
-.23 

 

 
-.33* 

 

 
-.03 

 
Subjective measures 
    CSHQ 
        Sleep disturbance (total)a     

 
 

-.09 
 

 
 

-.15 
 

 
 

.32* 
 

 
 

.02 
 

Note. BRIEF = Behavior Rating Inventory of Executive Function; CSHQ = Children's Sleep Habits 
Questionnaire; CI = GEC = Global Executive Composite; Min = minutes; MSLT = multiple sleep 
latency test; No = Number; N1 = Non-rapid eye movement sleep stage 1; N3 = Non-rapid eye 
movement sleep stage 3; PSG = polysomnography; REM = rapid eye movement.  
an = 58. 
bn = 56. 
*p < .05.  
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