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Abstract 

The discrepancies in prior research about the actual sleep problems underlying attention-

deficit/hyperactivity disorder (ADHD) demand more studies of children with this disorder. 

This study aimed to compare the subjective and objective sleep characteristics of 20 children 

with ADHD (DSM-IV criteria) and 20 typically developing children (aged 7–11 years). We 

assessed the children using sleep questionnaires and polysomnography recordings and 

analysed differences between the two groups using two-tailed Mann–Whitney U exact tests 

and Rosenthal’s r as effect size measure. We also assessed associations between sleep 

measures and psychopathology using Spearman’s correlation coefficients. No significant 

difference was found between the groups in almost any objective sleep variable, except for 

shorter REM latency in the ADHD group. Children with ADHD also showed significantly 

higher levels of daytime sleepiness and greater general sleep problems than control children, 

as reported by their parents, after discarding the primary sleep problems commonly 

associated with ADHD. Significant correlations were found between psychopathology and 

sleep measures. Our findings might support the link between narcolepsy-like sleep phenotype 

and ADHD. However, longitudinal research combining objective and subjective assessments 

should further explore the involvement of other variables, such as ADHD subtypes, 

medication, and comorbid symptoms in this relationship. 

Keywords: attention-deficit/hyperactivity disorder, ADHD, sleep, daytime sleepiness, REM 

latency. 

  



 

1. Introduction 

Attention-deficit/hyperactivity disorder (ADHD) is a common neurodevelopmental 

disorder in childhood, affecting around 63 million children worldwide (Polanczyk et al., 

2015), and which leads to negative consequences in a significant number of fields (American 

Psychiatric Association, 2013). ADHD is also associated with diverse comorbid conditions, 

including autism spectrum disorders, bipolar disorder, conduct disorders, anxiety and 

depressive disorders, eating disorders, and sleep disturbances (Biederman et al., 2008; Jerrell 

et al., 2014; Melegari et al., 2018; Owens, 2008; Zablotsky et al., 2017; Ziobrowski et al., 

2018). The latter may be associated with poorer functional outcomes in children with this 

disorder (Sung et al., 2008). 

As sleep problems were found in around 55% of the children diagnosed with ADHD 

(Corkum et al., 1998), numerous studies have been conducted to gain a better understanding 

of these problems. However, two decades later, there is still little agreement about the actual 

sleep problems underlying ADHD, remaining unclear whether these are related to sleep 

efficiency or sleep architecture (e.g., Vigliano et al., 2016; Virring et al., 2016), or to other 

subjectively-reported sleep variables like daytime sleepiness (e.g., Bioulac et al., 2015; 

Hysing et al., 2016; Langberg et al., 2017; Schneider et al., 2016).  

Two factors could have led to this lack of convincing conclusions about the nature of 

sleep disturbances in children with ADHD. First, participants did not have a clinical 

diagnosis of ADHD in some studies, as pointed out in a recent meta-analysis (Díaz-Román et 

al., 2016), and their placement in the ADHD condition group was purely based on subjective 

ratings. Second, several studies revealed a greater amount of periodic limb movements 

(PLMS) or breathing-related sleeping problems in children with ADHD (see reviews of 

Cortese et al., 2006, 2009; Sadeh et al., 2006), but these features could also have been linked 

to primary sleep disorders and, hence, not directly caused by the ADHD itself.  



 

Definitely, further studies are needed so as to reach a conclusion on the sleep 

problems inherent in ADHD for them to be correctly managed. Therefore, this study aimed to 

compare the sleep characteristics of children with a clinical diagnosis of ADHD and a control 

group, using both subjective and objective sleep measures. On the basis of earlier studies, we 

expected to find more sleep problems in children with ADHD in comparison with their peers. 

2. Methods 

2.1. Participants 

Twenty children with ADHD and 20 control children aged between 7 and 11 years 

(mean age ± SD = 8.83 ± 1.43; 67.50% boys), recruited from schools, associations, and 

public institutions in Andalusia (Spain), were enrolled in this study. Children were matched 

for age, t = -0.77, p = .45, and sex, χ2(1) = 1.03, p = .50. 

A prior clinical diagnosis of ADHD, in accordance with standardized criteria, was 

required for children within the ADHD condition to take part in the study. This diagnosis was 

verified through their medical history report, an interview with their parents based on the 

DSM-IV, the Child Behavior Checklist (CBCL; Achenbach and Rescorla, 2001), and the 

Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997) completed by their parents. 

Scores higher than the 85th percentile in the ADHD scale of the CBCL and higher or equal 

than the 75th percentile in hyperactivity subscale of the SDQ were mandatory for children 

with ADHD to be included. Based on their medical history reports, two children had the 

inattentive subtype, two had the combined subtype, and 16 did not have any ADHD subtype 

specified. Five children also presented comorbid disorders to ADHD (three children were 

diagnosed with comorbid oppositional defiant disorder and two were diagnosed with 

comorbid conduct disorder). Furthermore, 17 children were taking medication for ADHD (14 

methylphenidate, two atomoxetine, and one methylphenidate in combination with 

atomoxetine). 



 

The children without ADHD had no history of psychiatric or psychological disorder 

and had no ADHD symptoms reported by their parents. These inclusion criteria were checked 

following the same procedure as with the children with ADHD and by using the same 

questionnaires. Their scores had to be lower than the 40th percentile in the ADHD scale of 

the CBCL and lower than the 50th percentile in the hyperactivity subscale of the SDQ.  

The ADHD scale of the CBCL was also used along with the other five DSM-oriented 

scales of this questionnaire (i.e., Affective Problems, Anxiety Problems, Somatic Problems, 

Oppositional Defiant Problems, and Conduct Problems; Achenbach and Rescorla, 2001) as a 

measure of symptom severity and comorbid psychopathology in children. 

2.2. Sleep measures 

2.2.1. Pediatric Daytime Sleepiness Scale (PDSS). The PDSS is a reliable and valid 

questionnaire to assess sleepiness in children (Perez-Chada et al., 2007). It is composed of 

eight items with a 5-point Likert scale ranging from 0 (never) to 4 (always). This scale is 

reversed for the last item of the instrument. The total score ranges from 0 to 32 points, and a 

higher score indicates a higher level of daytime sleepiness.  

2.2.2. Pediatric Sleep Questionnaire (PSQ). Part A of the PSQ (Tomás et al., 2007), which 

collects information about the behaviour displayed by the child during the night and while 

sleeping, was employed. This is a reliable tool to evaluate sleep disorders in children (Tomás 

et al., 2007), and consists of 43 items related to the behavior displayed by the child during the 

night and while sleeping. Six of the items present an open-response format, and the other 37 

items are answered using a yes/no/don’t know response format. The total score is computed 

by dividing the number of items answered positively by the total number of items answered 

(either positively or negatively). This total score can vary from 0 to 1, and a higher total score 

reflects a higher number of general sleep problems. 



 

2.2.3. Sleep diary. This instrument included eight questions on several children’s sleep habits 

(e.g., time to go to sleep, time spent before falling asleep, time to wake and get up in the 

morning, and the number of times the child woke up during the night). This ad hoc 

questionnaire was developed to obtain information about some subjective sleep parameters, 

such as sleep efficiency, total sleeping time, and time awake. The parents recorded data for an 

entire week. 

2.2.4. Polysomnography (PSG) recordings. Home PSG recordings (with a SomnoScreen 

PSG-Tele system from SomnoMedics, Germany) were performed to evaluate sleep. 

Electrodes for electroencephalogram (EEG), electro-oculogram (EOG), and electromyogram 

(EMG) recordings were placed in accordance with the International 10-20 System (Fz-A1, 

Cz-A1, Pz-A1, Oz-A1, EOG1-EOG2, EMG1, EMG2). Respiratory variables (oral and nasal 

airflow, pulse oximetry, and thoracic effort), anterior tibialis EMG, and body position during 

the night were also registered. Electrophysiological and PSG signals were analysed using the 

DOMINO software, and sleep stages were divided into 30-second epochs in accordance with 

the Rechtschaffen and Kales criteria (1968). These same scoring criteria were also applied to 

manually classify either sleep stages or other sleep parameters. The following objective sleep 

parameters were assessed: time in bed; sleep period time; total sleep time; sleep efficiency; 

sleep latency; wake time; sleep stages 1, 2, 3, and 4; slow wave sleep; REM sleep; REM 

latency; arousal index; and index of PLMS. A complete description of these parameters is 

shown in Table 1. Respiratory and electrophysiological PSG signals, along with sleep data 

provided by the parents through the PSQ, were used to rule out sleep apnoea/hypopnea 

syndrome in accordance with the diagnostic criteria proposed in the consensus endorsed by 

several National Institutes of Health (Alonso-Álvarez et al., 2011). A PLMS index higher 

than five was also considered an indicator of sleep disorder in children (American Academy 

of Sleep Medicine [AASM], 2014). 



 

2.3. Procedure 

Stimulants and non-stimulant ADHD medications were removed 48 hours before 

sleep evaluation by PSG in those children with ADHD who were using them, to preclude 

medication effects on sleep parameters. To avoid any potential impact on these children’s 

school performance as a result of this medication withdrawal, sleep recordings were 

performed on Sunday. Researchers also came to the family’s home and began with the 

electrode placement at least two hours before the children’s bedtimes to ensure that they 

became accustomed to the PSG equipment before sleeping. Prior to PSG recordings, parents 

were requested to complete the sleep diary—for one week—as well as the PDSS and the 

PSQ. 

The study was approved by the Human Research Ethics Committee of the University 

of Granada (Spain), and written informed consent was obtained from parents. The researchers 

provided parents with one report reflecting their children’s sleep results after their 

participation in the study was concluded. 

2.4. Statistical analysis 

Differences between the groups in psychopathology and sleep measures were 

analysed by two-tailed Mann–Whitney U exact tests because the data did not meet the 

assumptions for parametric statistical tests. Rosenthal’s r was computed as the effect size 

measure. Two sensitivity analyses were conducted to elucidate the effect of medication and 

diagnosed comorbidities on the results: 1) by removing children with ADHD who were using 

atomoxetine (n = 3), as this may have a longer effect than methylphenidate (i.e., > 48 hours), 

and 2) by removing children with comorbid oppositional defiant disorder (n = 3) or conduct 

disorder (n = 2). Spearman’s correlation coefficients (rs) were also calculated to examine 

associations between psychopathology and sleep measures. SPSS® Version 23.0 (IBM 



 

Corporation, Armonk, NY, USA) for Windows® was used to perform every data analysis, 

and statistical significance was set at p < .05. 

3. Results 

As expected, children with ADHD scored significantly higher (Mdn = 30.50) than 

controls (Mdn = 10.50) in the ADHD scale of the CBCL (U = 0.00, z = -5.47, p < .001, r = -

.87). Additionally, the scores of children with ADHD were also higher in Affective Problems 

(Mdn = 29.75 vs. 11.25), Anxiety Problems (Mdn = 30.43 vs. 10.58), Oppositional Defiant 

Problems (Mdn = 30.38 vs. 10.63), and Conduct Problems (Mdn = 30.08 vs. 10.93) (U 

ranging from 1.50 to 15.00, z ranging from -5.46 to -5.09, all p-values < .001, r ranging from 

-.81 to -.86). Both groups did not differ in terms of their scores in the scale of Somatic 

Problems (Mdn = 23.88 vs. 17.13; U = 132.50, z = -1.92, p = .054, r = -.30). 

Differences between the groups were not found in objective sleep measures, except 

for REM latency, which was shorter in children with ADHD (U = 100.00, z = -2.71, p = .006, 

r = -.43). Concerning subjective sleep measures, children with ADHD showed higher levels 

of daytime sleepiness (U = 106.00, z = -2.55, p = .01, r = -.40) and more sleep problems (U = 

60.50, z = -3.78, p < .001, r = -.60) than controls, but no differences were found between both 

in the sleep diary (Table 2). The sleep diary of one control child could not be collected, and 

the exact PLMS of two control children could not be computed. None of the participants 

showed signs of sleep apnoea/hypopnea syndrome or PLMS disorder. The sensitivity 

analyses conducted by removing children using atomoxetine or children with diagnosed 

comorbidities did not alter the results (i.e., differences between the groups in REM latency, 

daytime sleepiness, and general sleep problems remained significant in each case). 

Correlational analyses showed significant associations between several sleep 

measures and children’s symptom scores on the CBCL. Specifically, REM latency was 

negatively correlated with children’s scores on the scales of ADHD (rs = -.44, p = .005), 



 

Affective Problems (rs = -.45, p = .004), Anxiety Problems (rs = -.37, p = .019), and Conduct 

Problems (rs = -.46, p = .003). Subjective sleep efficiency was also negatively correlated with 

the scores on the scales of ADHD (rs = -.42, p = .011) and Anxiety Problems (rs = -.43, p = 

.007), as well as subjective total sleep time was correlated with the scores on the Somatic 

Problems scale (rs = -.43, p = .007). Daytime sleepiness and general sleep problems were 

positively correlated with scores on every CBCL scale (rs ranging from .32 to .50 for daytime 

sleepiness, and rs ranging from .38 to .66 for general sleep problems; all p-values between 

<.001 and .042). Other positive correlations were found between the subjective number of 

awakenings and the scores on the Affective Problems scale (rs = .35, p = .031), as well as 

between the PLMS index and the scores on the Conduct Problems scale (rs = .33, p = .045). 

4. Discussion 

This study aimed to compare the sleep characteristics of children with a clinical 

diagnosis of ADHD and those of control children. In this context, our results revealed no 

statistically significant difference between the two groups in almost any of the assessed 

objective and subjective sleep variables. Children with ADHD only showed shorter REM 

latency in PSG, higher levels of daytime sleepiness, and general sleep problems, as reported 

by their parents, when compared to controls. The same differences between both groups 

remained after excluding children with ADHD using atomoxetine or those diagnosed with 

comorbid oppositional defiant disorder or conduct disorder from the analyses.  

These results do not support our prior hypothesis, as we had expected to find a large 

number of differences between the two groups, and they are not sufficiently consistent with 

the results of earlier studies. 

In general, sleep disturbances are highly prevalent in children with ADHD. According 

to previous results based on subjective sleep data, children with ADHD show higher daytime 

sleepiness, sleep onset delay, sleep anxiety, night awakenings, and a lower sleep duration 



 

(e.g., Gruber et al., 2012; Knight and Dimitriou, 2019; Owens et al., 2000; Papadopoulos et 

al., 2018; Schneider et al., 2016). Differences between children with and without ADHD 

were also reported in objective sleep variables in several studies (see meta-analyses of 

Cortese et al., 2006, 2009; Díaz-Román et al., 2016; Sadeh et al., 2006). However, no 

difference was found between them in other studies in accordance with either PSG recordings 

(Příhodová et al., 2012; Wiebe et al., 2013) or actigraphic evaluations (Bergwerff et al., 2016; 

Mullin et al., 2011; Wiebe et al., 2013). 

The presence of primary sleep disorders among participants with ADHD in some 

subjective studies could be a plausible explanation for our contradictory findings in relation 

to some common sleep variables (i.e., night awakenings and sleep duration). This is 

especially valid in light of the fact that subjective sleep data were not always supported by 

additional objective sleep assessments (e.g., Chiraphadhanakul et al., 2016; Owens et al., 

2000; Schneider et al., 2016), which would allow verification of this question. In effect, when 

our findings are compared with those obtained through an objective sleep assessment, they 

match to a greater extent. Specifically, the unique objective difference that we found between 

groups in REM latency seems to support the negative findings of the aforementioned studies. 

However, the discrepancies still observed across objective studies suggest the involvement of 

variables other than ADHD itself, which may impact results. In this respect, beyond the sleep 

measure employed to collect data and possible primary sleep disorders among participants, 

ADHD subtypes and medication could also be potential confounding variables (e.g., 

Chiraphadhanakul et al., 2016; Kirov and Brand, 2014), but the evidence is not adequately 

consistent in this regard.  

Comorbid conditions may also play a moderate role in children’s sleep patterns 

leading to contradictory findings across studies. In this regard, the significant associations we 

found between sleep measures and children’s symptom scores on the CBCL scales are 



 

supported by the results of previous studies on sleep and ADHD in children. In the study of 

Vélez-Galarraga et al. (2016), higher scores in the ADHD Rating Scale were associated with 

more sleep disturbances. This is in line with the positive correlations we found between 

scores on the ADHD scale of the CBCL and sleep problems. In addition, Mayes et al. (2009) 

found more sleep problems among children with ADHD with versus without comorbid 

anxiety and depression, and Mulraney at al. (2016) reported a relationship between emotional 

problems and sleep disturbances. The correlations between sleep problems and the scores on 

the scales of Affective Problems and Anxiety Problems in our study are thus in agreement 

with those results. In sum, our results lend support to early findings, as well as to the 

association of severity of ADHD symptoms and internalizing behaviours with sleep 

difficulties. 

As for externalizing behaviours, Mayes et al. (2009) and Mulraney et al. (2016) found 

no association between oppositional defiant disorder or conduct problems, respectively, and 

higher sleep disturbances. However, Bergwerff et al. (2016) observed the moderating effects 

of externalizing behaviours (measured using the CBCL) on sleep problems, which are 

consistent with the positive correlations between sleep problems and the children’s scores on 

the scales of Conduct Problems and Oppositional Defiant Problems, on which we report. 

Therefore, though neither the inclusion nor exclusion of children with comorbid conditions 

affected our results, the potential involvement of psychopathology on the sleep characteristics 

of children with ADHD still deserves further attention in research. In this connection, it 

would also be important to recall the condition labelled as sluggish cognitive tempo (SCT). 

The SCT is a condition comprising symptoms including daydreaming, 

absentmindedness, trouble staying alert, underactivity, lost in thoughts, and lethargy (Becker, 

Leopold et al., 2016; Saxbe and Barkley, 2014). This condition is strongly associated with 

ADHD (especially with the inattentive subtype) and also seems linked to sleep problems and 



 

daytime sleepiness (Becker, Garner et al., 2016; Becker, Leopold et al., 2016). Indeed, the 

SCT was found to considerably overlap with daytime sleepiness in college students with 

ADHD, being a predictor for this sleep variable above and beyond symptoms of ADHD or 

other internalizing disorders (Langberg et al., 2014). Thereby, it would have been worthy to 

examine the extent to which the presence of SCT symptoms among the participants of our 

study would have affected results, especially the differences noted between the groups in 

daytime sleepiness. 

On the other hand, higher levels of daytime sleepiness and shorter REM latency are 

both potential signs of narcolepsy (AASM, 2014). Indeed, this sleep disorder is not usually 

linked to abnormalities in other PSG sleep parameters in children, with the exception of sleep 

onset latency and REM sleep (Rao et al., 2012). Therefore, although all the children 

displayed an REM latency that fell within the normal length range (> 15 min; AASM, 2014), 

the difference found between the two groups in this PSG parameter is remarkable, especially 

as this was also accompanied by significantly greater daytime sleepiness in the ADHD group, 

as reported by the parents. 

A narcolepsy-like sleep phenotype is hypothesized to be in relation to ADHD (Miano 

et al., 2012, 2016, 2018), but research is still lacking in this regard. Specifically, although 

ADHD symptoms have been reported both in children and adults with narcolepsy 

(Lecendreux et al., 2015; Oosterloo et al., 2006) and a relationship between the two 

conditions is well established (Morse and Sanjeev, 2018), no symptoms of narcolepsy have 

consistently been reported in children with ADHD. For instance, despite some multiple 

latency test (MSLT) findings in this direction (Golan et al., 20014; Lecendreux et al., 2000), 

objective studies have failed to report significant differences in REM latency between 

children with and without ADHD in PSG recordings supporting such a hypothesis (see 

Cortese et al., 2009, and Díaz-Román et al., 2016, for meta-analytic evidence). Therefore, the 



 

shorter REM latency and the higher levels of daytime sleepiness found in the ADHD group—

after ruling out other sleep problems typically associated with ADHD (i.e., sleep 

apnoea/hypopnea syndrome and PLMS disorder)—might indicate early signs of narcolepsy in 

these children. 

Interestingly, even when the exclusion criteria for our participants included the 

presence of primary sleep disorders, no child needed to be excluded for this. This might be 

also explained by the existing differences between sleep phenotypes. Of note, along with the 

narcolepsy-like sleep phenotype, the following four sleep phenotypes have also been 

suggested to be in relation to ADHD: 1) delayed sleep phase syndrome; 2) sleep-disordered 

breathing; 3) restless legs syndrome and/or PLMS disorder; and 4) sleep epilepsy and/or EEG 

interictal epileptic discharges. Each sleep phenotype is associated with arousal system 

dysfunctions during sleep, which are reflected in an increased or decreased level of arousal. 

Whereas the sleep phenotypes linked to breathing-related sleep disorders and PLMS are 

characterized by increased arousability, the sleep phenotype resembling narcolepsy is 

characterized by a hypoarousal state (see Miano et al., 2012, for a review). 

Nevertheless, a rebound effect of stimulant medication could certainly be another 

explanation for the shorter REM latency observed in children with ADHD in our study, 

beyond any sleep phenotypes-related hypothesis. In particular, stimulants may cause REM 

sleep suppression that results in an REM rebound—higher REM sleep time along with 

shorter REM latency—following stimulant withdrawal (Nishino and Mignot, 2017; Roehrs 

and Roth, 2017). However, this withdrawal symptom was not presented in our study, as our 

results did not reveal statistically significant differences between children with ADHD and 

controls in REM sleep. Moreover, stimulants are usually removed before sleep assessments in 

research, and no shorter REM latency has been found in children with ADHD compared to 

controls in previous polysomnographic studies. Consequently, even though the narcolepsy-



 

like sleep phenotype requires compliance with other conditions in addition to a significantly 

shorter REM latency level in these children, our findings suggest the need for future research 

on this topic. Longitudinal sleep assessments in children with ADHD provide data on their 

REM latency before and after stimulant intake may offer new insights in this regard. 

Our findings should be interpreted with caution, as this study failed to address the 

impact of possible confounding variables already highlighted in prior research—namely, 

ADHD subtypes, medication, and SCT symptoms. However, there are also some strengths to 

be noted: 1) the requirement of clinical diagnosis for children with ADHD rather than their 

participation being based only on cut-off scores on subjective questionnaires; 2) the 

collection of symptomatology data through parents’ reports, which permitted us to ensure the 

ADHD diagnoses of children with this condition and prevent the inclusion of children with 

subthreshold ADHD in the control group; and 3) the sleep assessment through both 

subjective and objective methods, which allowed us to prevent the inclusion of children with 

primary sleep disorders that could have hidden the real sleep characteristics linked to ADHD.  

In summary, our results suggest that children with ADHD suffer from more 

subjectively reported sleep problems and daytime sleepiness levels and show shorter REM 

latency in PSG than typically developing children. This is, to the best of our knowledge, the 

first study that provides polysomnographic evidence of shorter REM latency in children with 

ADHD when compared to controls, which might support the narcolepsy-like sleep phenotype 

in ADHD among this population. Future studies should further explore this question by 

considering the involvement of other variables in the sleep problems identified in such 

children in prior research. In particular, apart from different sleep phenotypes, primary sleep 

disorders among participants, medication, predominant ADHD symptoms or subtypes, and 

comorbid conditions might be also responsible for the discrepancies observed between prior 



 

studies. A longitudinal approach and the combination of subjective and objective sleep 

assessment methods could help clarify some of these questions in forthcoming studies. 
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Table 1. Objective Sleep Parameters Recorded by Polysomnography 

Sleep parameter Definition 

Time in bed (TIB; min) Time between lights off and lights on. 

Sleep period time (SPT; min) Time from sleep onset to final awakening. 

Total sleep time (TST; min) Actual sleep time in a sleep period (SPT less movement and 

awake time). 

Sleep latency (min) Time between lights off and the beginning of S1. 

Sleep efficiency (SE; %) (TST/TIB) x 100 

Wake time (min) Total time awake between sleep onset and final awakening. 

Stage 1 sleep (S1; %) (Time spent in S1/TST) x 100 

Stage 2 sleep (S2; %) (Time spent in S2/TST) x 100 

Stage 3 sleep (S3; %) (Time spent in S3/TST) x 100 

Stage 4 sleep (S4; %) (Time spent in S4/TST) x 100 

Slow wave sleep (%) (Time spent in S3 and S4/TST) x 100 

REM (%) (Time spent in REM/TST) x 100 

REM latency (min) Time between S2 and the beginning of the first REM epoch. 

Arousal index Number of rapid changes (per hour of sleep) in the 

electroencephalography (EEG) frequency of 3 seconds or 

greater in duration, and preceded by a minimum of 10 

continuous seconds of sleep. These EEG frequency shifts could 

also lead to a change from sleep to wakefulness, or from a 

deeper sleep stage to a lighter stage.  

Periodic limb movements (PLMS index) Number of PLMS per hour of sleep. Individual leg movements 

had to last between 0.5 and 5 seconds, and a minimum of four 

consecutive leg movements (spaced 5–90 seconds apart) was 

required to include them as part of a PLMS series. 

 

 

  



 

Table 2. Participants’ Sleep Measures 

Sleep measure ADHDa Controla U z score p Effect size r 

PSG recordings       

    Time in bed (min) 546.30 (88.22) 551.93 (57.30) 189.00 -0.30 .779 -.05 

    Sleep period time (min) 519.55 (83.06) 533.44 (54.08) 188.00 -0.33 .753 -.05 

    Total sleep time (min) 482.09 (81.32) 485.37 (45.50) 196.50 -0.10 .931 -.01 

    Sleep latency (min) 19.54 (16.42) 14.82 (10.22) 165.00 -0.93 .358 -.15 

    Sleep efficiency (%) 88.47 (6.90) 88.36 (7.94) 190.00 -0.27 .794 -.04 

    Wake time (min) 9.95 (9.11) 10.05 (5.06) 164.50 -0.96 .343 -.15 

    Stage 1 sleep (%) 6.09 (8.79) 4.01 (2.45) 196.50 -0.10 .931 -.01 

    Stage 2 sleep (%) 35.65 (7.51) 37.19 (10.95) 170.00 -0.81 .425 -.13 

    Stage 3 sleep (%) 13.76 (3.53) 13.13 (6.24) 165.00 -0.95 .351 -.15 

    Stage 4 sleep (%) 28.38 (7.63) 29.29 (9.04) 198.50 -0.04 .974 -.01 

    Slow wave sleep (%) 42.14 (7.25) 42.46 (11.36) 197.00 -0.08 .941 -.01 

    REM sleep (%) 17.99 (5.33) 16.37 (4.93) 168.00 -0.87 .394 -.14 

    REM latency (min) 144.19 (53.53) 195.70 (52.75) 100.00 -2.71 .006 -.43 

    Arousal index 0.15 (0.23) 0.09 (0.16) 164.00 -1.10 .270 -.17 

    PLMS index 0.67 (1.13) 0.61 (1.37) 146.50 -1.09 .282 -.18 

Daytime sleepiness 10.10 (5.98) 5.25 (2.95) 106.00 -2.55 .010 -.40 

General sleep problems 0.30 (0.17) 0.11 (0.13) 60.50 -3.78 < .001 -.60 

Sleep diary       

    Time in bed (min) 600.94 (31.85) 600.01 (26.47) 159.00 -0.37 .724 -.06 

    Total sleep time (min) 559.66 (32.11) 573.79 (22.86) 146.00 -1.24 .222 -.20 

    Sleep efficiency (%) 93.52 (3.44) 95.67 (2.04) 110.00 -1.85 .066 -.30 

    No. of awakenings 0.41 (0.58) 0.17 (0.24) 137.50 -1.33 .187 -.22 

aMean (SD). 

Abbreviations: ADHD = attention-deficit/hyperactivity disorder, PSG = polysomnography, PLMS = periodic limb 

movements. 

 


