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Introduction: Delayed sleep phase syndrome (DSPS) and insomnia disorders are prevalent in adolescents and are comorbid with
attention-deficit/hyperactivity disorder (ADHD), but only limited information is available regarding the prevalence of DSPS and
insomnia in adolescents with ADHD. Moreover, previous studies comparing objective sleep parameters averaged the findings across
all participants of each group (ADHD, control) regardless of each individual’s level of reported sleep disturbance. This might have
resulted in inconsistency between information obtained by objective and subjective sleep measures in adolescents with ADHD. The
objectives of the present study were 1) to compare the prevalence of risk for DSPS and insomnia in adolescents with ADHD and
control adolescents in our samples; 2) to compare objectively measured sleep characteristics of adolescents with ADHD and controls
while taking into consideration their levels of risk for DSPS or their level of insomnia; and 3) to compare the ADHD symptom levels
of adolescents with moderate/high and low risk for DSPS or insomnia.

Methods: Seventy-three adolescents (37 ADHD, 36 controls) aged 12—15 years participated in a cross-sectional study. Actigraphy
was used to characterize objective sleep parameters and parents’ or adolescents’ reports were used to characterize subjective sleep
parameters.

Results: Of the participants in the ADHD and control groups, 33.33% and 27%, respectively, had moderate/high levels of risk for
DSPS. Adolescents in the high-risk group for DSPS had an objectively measured delayed sleep schedule and more variable sleep
duration, time in bed, and sleep efficiency compared to adolescents in the low-risk group for DSPS, regardless of their ADHD
diagnosis. Adolescents with higher levels of insomnia spent more time in bed and had more variable sleep efficiency compared to
adolescents with no insomnia, regardless of their diagnosis.

Conclusion: The prevalence of moderate/high risk for DSPS was similarly high in adolescents with ADHD and controls. Participants’
subjective reports of sleep disturbances were consistent with their objective sleep parameters when the type and level of subjectively
defined sleep disturbance were considered. ADHD symptom levels were not different in adolescents with moderate/high or low risk for
DSPS or insomnia.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) affects approximately 3—5% of youth.'™ Biological and psychosocial
changes in adolescence have been shown to result in a significant rise in the prevalence of insomnia and the onset of
delayed sleep phase sleep syndrome®* (DSPS) in the general population of adolescents.”’ A diagnosis of ADHD has

8-12

been linked to a wide range of sleep problems, and it has been proposed that untreated sleep disturbances exacerbate

ADHD."? However, evidence regarding the prevalence or nature of sleep differences among adolescents with ADHD is
limited and inconsistent. Most existing studies examining sleep issues in individuals with ADHD have focused on

8,14,15

younger children or adults® and, of those conducted with adolescents, several did not include control samples."!

Findings from studies in adolescents that included ADHD and control groups are inconsistent, with between-group

. . . . . . . 16.1
differences observed in subjective sleep measures but not in objective sleep measures.'®!”
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Studies using subjective measures to examine differences in the circadian preferences of school-age children with
ADHD and control children revealed mixed findings. One study conducted in 52 children with ADHD and 52 controls
and another study conducted in 26 children with ADHD and 49 controls revealed increased “eveningness” preference in
children with ADHD.'®'? In contrast, a subsequent study failed to find any significant difference in the circadian

preferences of participants with ADHD (n = 44) or controls (n=243).%°

No such study has been conducted in adolescents
with ADHD. Moreover, no PSG study has been conducted in children or adolescents with ADHD and circadian rhythms
sleep disorders. Meanwhile, two studies conducted by the same investigator using objective measures of circadian
preferences in school-age children with ADHD found that melatonin secretion was delayed in children with ADHD
compared to controls.*'*?

This may reflect that the studies comparing objective sleep parameters averaged the findings across all participants of
each group (ADHD, control) regardless of each individual’s level of reported sleep disturbance. This might have masked
between-group differences existing between adolescents with and without subjectively defined sleep disturbances.

Clear characterization of the sleep problems of adolescents with ADHD is essential for effective management of
ADHD, as untreated sleep disturbances might cause suffering among adolescents and their parents and could exacerbate
the severity of symptoms of ADHD. Insufficient and poor-quality sleep are associated with cognitive impairment, poor
physical and mental health, increased accidents, and diminished quality of life*>2® Adolescents are particularly vulner-
able to such impacts, given the rapid and critical changes that occur in their physical, cognitive, and emotional regulation
during this developmental period.?’

The objectives of the present study were 1) to compare the prevalence of risk for DSPS and insomnia in adolescents
with ADHD and control adolescents in our samples; 2) to compare objectively measured sleep characteristics of
adolescents with ADHD and controls while taking into consideration their levels of risk for DSPS or their level of
insomnia; and 3) to compare the ADHD symptom levels of adolescents with moderate/high and low risk for DSPS or
insomnia.

We hypothesized that 1) The prevalence of adolescents with moderate/high risk for DSPS or insomnia will be higher
in the group of adolescents with ADHD compared to controls; 2) Objective sleep parameters of adolescents with ADHD
and controls with subjectively reported moderate/high risk for DSPS or insomnia will be poorer than those of adolescents
with ADHD and controls with low risk for DSPS or no insomnia; and, 3) The ADHD symptoms of adolescents with
a moderate/high risk for DSPS/insomnia will be higher than those of adolescents with little or no risk for sleep
disturbances.

Materials and Methods

Participants

A sample of 73 adolescents aged 12—15 years (total mean age = 13.19, SD = 1.3) participated in the study. Thirty-six of
the participants were typically developing adolescents (17 boys and 19 girls; mean age=13, SD=0.97), and 37 had ADHD
(17 boys, 20 girls; mean age=13.3, SD=0.98).

Of the adolescents with ADHD, 19 (51.4%) had inattentive subtype and 18 (48.6%) had combined subtype; and
56.8% had used medication for ADHD symptoms (5 participants were on dextroamphetamine + amphetamine; 16 were
on methylphenidate).

Sixteen percent of the TPD adolescents and 15% of the adolescents with ADHD were from families with an SES
below the national average, 26% of each group came from families with an SES at the national average, and 59% of the
TPD adolescents and 58% of the adolescents with ADHD were from families with an SES above the national average.

Inclusion criteria for the ADHD group comprised 1) a diagnosis of ADHD based on the Diagnostic and Statistical
Manual of Mental Disorders, fifth edition (DSM-5),> an ADHD Rating Scale score >90th percentile for age and gender,?®
and eligibility to be coded as “ADHD” by the Israeli Ministry of Education. For the control group, the inclusion criteria
comprised the absence of parental report of any medical, emotional, or academic issue and school confirmation that the
student had no academic or behavioral problem.
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Exclusion criteria for all participants comprised a major medical condition or impairment; or classification by the
Sleep Disorders Inventory for Students — Adolescents (SDIS-A) as having a high risk for obstructive sleep apnea
syndrome (OSAS) or periodic limb movement disorder/restless leg syndrome (PLMD/RLS).

Procedure

Recruitment of controls and ADHD participants was done via the school system. 45 Teachers from 29 schools
participated in the study. They each invited students and parents to participate in the study via letters. Interested parents
and adolescents provided written consent and assent, respectively. In addition, information about the study was
disseminated to clinicians attending presentations on ADHD. The study complied with the Declaration of Helsinki and
was approved by the Tel-Aviv University Institutional Review Board.

Each participant’s sleep pattern was assessed in the home environment using actigraphy and sleep log for 5
consecutive school nights. Eligible adolescent participants were ecach given a wristwatch-like actigraph device
(Actiwatch 64, Mini-Mitter, Bend, OR, USA) and instructed to wear it on their nondominant wrist at bedtime for 6
consecutive nights. During the same period, they were asked to fill out a daily sleep log in which they indicated their
bedtime and wake up time.

Parents were asked to provide demographic information and complete questionnaires regarding their child’s ADHD
symptoms, sleep, and daytime behavior.

Measures

Subjective Sleep Measures

The Delayed Sleep Phase Syndrome (DSPS) Subscale of the Sleep Disorders Inventory for Students — Adolescents
(SDIS-A)* ! was completed by the parents to subjectively assess the risk for DSPS. Parents rated the frequency of their
child’s sleep behaviors on a 7-point Likert scale. Based on these ratings, each child’s sleep was classified as “normal
sleep”, “caution range”, or “high risk” relative to DSPS. Classification into the high-risk group indicates that there is
a 90% chance that the teen has DSPS. The scale has a predictive validity of 96%, an internal consistency of 0.92, and
a test—retest reliability of 0.86.

The Insomnia Severity Index (ISD),**33

which is a 7-item self-report scale of insomnia symptoms over the previous 2
weeks, was completed by the adolescents to assess nighttime and daytime symptoms of insomnia. Responses are reported
on a Likert scale from 0 to 4, producing total scores of 0-28. Cutoff scores are as follows: 0-7 reflects no clinically
significant insomnia, 8—14 indicates subthreshold insomnia, 15-21 suggests moderate-severity insomnia, and 22-28
indicates severe insomnia.>* The scale has been validated for use in adolescents with high internal consistency (a = 0.90)

and acceptable test-retest reliability (0.76).%7 7

Objective Sleep Measure
Nighttime sleep was monitored by actigraphy, which uses a wristwatch-like device (AW-64 series, Mini-Mitter, Sunriver,
OR, USA http://www.actigraphy.respironics.com/solutions/actigraphy.aspx) to evaluate sleep by measuring movement.

Actigraphy has been shown to be a reliable method for evaluating sleep in the studied age group.’® The Actiware Sleep
6.1 software (Mini-Mitter) was used to score sleep and wakefulness. This software package applies a sleep-scoring
algorithm that was previously validated and found to display a high degree of correspondence with polysomnographic
data.***' The actigraphic data were analyzed in 1-min epochs. The total number of activity events was computed for
each epoch; if the threshold sensitivity value of the mean score during the active period was exceeded, the epoch was
scored as awake. Otherwise, the epoch was scored as sleep. The reported bedtime and wake time (provided by sleep logs)
were used as the start and end times for the analyses and were set by the researcher based on the sleep log and actigraphy
data. Sleep onset and wake up time were calculated by the software. The indices utilized in this study included means and
night-to-night variability (standard deviations) measures of 1) the sleep schedule, which was the times of sleep onset and
sleep offset (wake up time); 2) the sleep duration, which was the sum of the epochs between sleep onset and sleep end
that were scored as “sleep” according to the algorithm; 3) time in bed, which was the interval from the time the subject
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went to bed (bedtime) to the time the subject arose (wake up time); and 4) the sleep efficiency, which was the time in bed
spent sleeping divided by the total time in bed expressed as a percentage.

ADHD symptoms

The ADHD Rating Scale (ADHD-RS) 5°% is a parent-report inventory for children and adolescents. It includes two
symptom subscales, Inattention and Hyperactivity/Impulsivity, which are rated by parents on a 4-point Likert scale
(0 = “never/rarely” to 3 = “very often”). Ratings are summed per subscale, and the subscale ratings are combined to
obtain a total score. The scale has high internal consistency (a = 0.94) and test-retest reliability (» = 0.79 to 0.85).%8

Demographics and Control Variables
Psychopathology
The Youth Self Report (YSR) Total Problems scale* is a widely used self-report questionnaire composed of 112 items that assess
problem behaviors in adolescents (ages 11-17). Each item has three possible answers (0 = not true, 1 = sometimes true, 2 = often
true). Raw scores are converted to T scores: <59 is considered in the normal range, while scores of 60—64 are considered bat risk
and scores above 65 are considered clinical. It has high test—retest reliability (» = 0.79) and internal consistency (a = 0.83).
Demographic information regarding the caregivers’ education, marital status, and household income was collected
through a background questionnaire.
Health information was collected using a parental questionnaire asking about each of the child’s medical issues and
related treatment; this questionnaire was designed to allow parents to provide detailed and complete information about
any health issue encountered by their child.

Analysis
Tabulations for categorical variables and descriptive statistics for continuous variables were used to present demographic
and sleep data for the ADHD and control groups.

Risk Level for DSPS: Participants in the SDIS-A>' caution range and high-risk categories for DSPS were combined
into a “moderate/high risk” group, which was compared against the normal sleep group.

I>*3% were classified into three categories: no clinically significant insomnia (0-7),

Insomnia: Responses on the IS
subthreshold insomnia (8-14), and clinical insomnia (>15).

To test the prevalence of risk for DSPS and insomnia, categorical variables were expressed as percentages and
between-group comparisons were performed using the Chi-square test of independence.

Of the adolescents with ADHD, 56.8% (N=21) had used medication for ADHD symptoms (5 participants were
on dextroamphetamine + amphetamine and 16 were on methylphenidate). Before proceeding with the multivariate
analysis of covariance, we examined the potential confounding influence of medication use on the main study outcomes
(subjective and objective sleep measures) to determine whether medications should be retained as covariates in our
subsequent analyses. A Chi-square test was used to examine the proportion of adolescents on medication among those
with different levels of risk for DSPS or in different insomnia groups.

In addition, a parallel one-way analysis of variance (ANOVA) was conducted to compare actigraphically measured
sleep patterns of participants with ADHD on stimulant medication vs medication-naive participants with ADHD.

To compare objective sleep parameters of adolescents with ADHD and controls having different levels of sleep
disturbances, MANCOVAs were conducted on the means and night-to-night variability of actigraphic measures of sleep
duration (time in bed, sleep duration), sleep schedule (sleep onset, sleep end), and sleep efficiency, using the Diagnosis
(ADHD or control) and Sleep Disturbance Level (DSPS: moderate/high risk or normal sleep; Insomnia: Clinical
Insomnia, Subthreshold Insomnia, No Insomnia) as between-subject factors while adjusting for age, medication status,
and total YSR score. Post hoc pairwise comparisons were performed using the method of Scheffe.*?

To compare the ADHD symptom levels of adolescents with and without reported sleep disturbances, MANCOVAs
were conducted on ADHD-RS scores using the Sleep Disturbance Level as a between-subject factor while adjusting for
age, medication status, and total YSR score. Post hoc pairwise comparisons were performed using the method of Scheffe.

All statistical analyses were performed using SPSS Statistics for Windows.**
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Results
Tables 1 and 2 present the demographic and sleep characteristics of participants in the ADHD and control groups.

Comparison of Demographics for the ADHD and Control Groups

Socioeconomic Status (SES)

A Chi-square test was used to examine the proportions of adolescents with ADHD and control adolescents coming from
families of the different SES levels. The proportion of participants in the different SES groupings did not differ by
diagnosis (X* = 0.09, p > 0.05).

Parent’s Education Level

The average years of education was 17 (SD=2.87) for mothers and 15.8 (SD=2.29) for fathers of participants in the
ADHD group, and 17.43 (SD=2.72) for mothers and 16.27 (SD=2.5) for fathers of participants in the control group.
MANCOVA was conducted to compare the education levels of mothers and fathers of participants with ADHD and
controls. The results revealed that there was no significant difference (F(2, 64) = 0.34, p< 0.72).

Comparison of Actigraphy-Based Sleep Measures Obtained for Boys and Girls
MANOVAs conducted to examine gender differences in actigraphic sleep measures revealed that there was no significant
difference (F (5,65)=.47; p>0.47). Actigraphic recordings indicated that for girls, on average, the time in bed was 503.96 min

Table | Demographic of Adolescents with ADHD and Typically
Developing Adolescents

Demographic Variables ADHD Comparison
Group (N=39) Group (N=33)
Age M (SD) M (SD)
13.33 (0.98) 13 (0.97)
Gender % (n) % (n)
Boys 49 (19) 42 (14)
Girls 51 (20) 58 (19)
SES % (n) % (n)
Below average 15 (6) 16 (5)
Average 26 (10) 26 (8)
Above average 58 (18) 59 (23)

Abbreviations: M, mean; SD, standard dviation; % (n), percentage out of total number of
participants; ADHD, attention-deficit/hyperactivity disorder; SES, socioeconomic status.

Table 2 Objective Sleep Measures of Adolescents with ADHD and
Typically Developing Adolescents without Consideration of Different
Levels of Subjectively Reported Sleep Disturbances

M SD

Sleep Schedule Sleep Onset Time | Control | 22:40:14 124.31
ADHD 23:22:23 | 66.24
Sleep Offset Time | Control | 7:12:05 3151
ADHD 7:11:04 41.33
Sleep Duration Time in Bed Control | 511.35 4891
ADHD 493.05 57.40
Actual Sleep Time | Control | 426.43 34.20
ADHD 402.96 52.82
Sleep Efficiency Control | 83.7% 4.29
ADHD 81.92% 5.8l

Abbreviations: M, mean; SD, standard deviation; ADHD, attention-deficit/hyperactivity disorder.
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(SD=56.19) per night, actual sleep time was 511.35 min (SD = 48.91 min) per night, sleep onset time was 23:13 (SD=51.03),
sleep offset time was 7:12 (SD=44.44), and sleep efficiency was 83.04% (SD=5.33). For boys, on average, the time in bed
was 498.66 min (SD=52.02) per night, actual sleep time was 410.23 min (SD = 50.39 min) per night, sleep onset time was
22:50 (SD=147.06 min), sleep offset time was 7:10 (SD=25.31), and sleep efficiency was 82.35% (SD=5.08).

Comparison of Actigraphy-Based Sleep Measures for ADHD and Control Groups
Without Consideration of Different Levels of Subjectively Reported Sleep

Disturbances

MANOVAs conducted to compare the actigraphic measures of adolescents with ADHD and controls revealed no
significant difference (F (5,65)=1.43; p>0.23). Actigraphic recordings indicated that, on average, the time in bed was
511.35 min (SD = 48.91 min) per night for participants in the control group and 493.05 min (SD = 57.40) per night for
participants in the ADHD group. The actual sleep time was 426.43 min (SD=34.2) per night for the control group and
402.96 min (SD=52.82) per night for the ADHD group. The mean sleep onset time was 22:40 (SD = 124.31 min) in the
control group and 23:22:23 (SD=66.24 min) in the ADHD group. The mean sleep offset time was 7:12:05 (SD = 31:51
min) in the control group and 7:11:04 (41:33) in the ADHD group. Sleep efficiency was 83.7% (SD=4.3) in the control
group and 81.92 (SD=5.8) in the ADHD group.

Comparison of Sleep Measures for Stimulant-Treated and Stimulant-Naive Patients
The Chi-square test used to examine the proportion of adolescents on medication among those with different levels of
risk for DSPS or in different insomnia groups revealed that the proportion of participants on stimulant medication did not
differ by the risk level for DSPS or by insomnia group (X* (1, N = 36) = 0.99, p > 0.05; X* (1, N = 36) = 0.82, p > 0.05,
respectively).

ANOVA that was conducted to compare actigraphically measured sleep patterns of participants with ADHD on
stimulant medication vs medication-naive participants with ADHD revealed that there was a statistically significant
difference in actual sleep time between participants with ADHD on/not on stimulants medication (F(1,35)=4.33, p<0.05).
Actigraphic recordings indicated that for medication-naive participants with ADHD, on average, the time in bed was
509.35 min (SD = 67.01 min) per night, actual sleep time was 418.17 min (SD=56.51) per night, mean sleep onset time
was 23:10 (SD = 71.42 min), mean sleep offset time was 7:16:38 (SD = 39:06 min), and sleep efficiency was 82.33%
(SD 5.95). For participants with ADHD taking stimulant medications, on average, the time in bed was 479.93 min (SD =
45.7 min) per night, actual sleep time was 390.65 min (SD=47.44) min per night, mean sleep onset time was 23:31 (SD =
61.56 min), mean sleep offset time was 7:06:34 (SD = 43.51 min), and sleep efficiency was 81.58% (SD 5.82).
Medication status was therefore used as a covariate in the MANCOVAs performed to test the study’s research questions.

Prevalence of Subjectively Reported Sleep Disturbances in Participants with ADHD
and Controls

Moderate/high risk for DSPS was found in 33.33% of the ADHD group and 27% of the control group (p > 0.05).
Subthreshold insomnia was found in 46.2% of the ADHD group and 15.2% of the control group (x* = 8.57, p < 0.02).
Clinical insomnia was found in 10.3% of the ADHD group and 9.1% of the control group (p > 0.05).

Comorbidity Between DSPS and Insomnia
Four percent of the participants in the Low risk for DSPS and 26% of the Moderate/high risk for DSPS group had clinical
insomnia (x* = 9.55, p < 0.04).

Objective Sleep Parameters of Participants with ADHD and Controls with Different

Levels of Subjectively Reported Sleep Disturbances
Table 3 and Table 4 present descriptive statistics for demographics and actigraphic sleep measures of participants
grouped based on their diagnostic status (ADHD or control) and their level of risk for DSPS or insomnia.
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MANCOVAs were conducted to compare actigraphically measured sleep patterns of participants with ADHD and
controls in the moderate/high vs low risk for DSPS groups. The results revealed a significant Sleep Disturbance Level
main effect for the sleep schedule (F(2, 63) = 4.36, p < 0.01). Post hoc analyses revealed that participants with moderate/
high risk for DSPS ended their sleep significantly later in the morning (F(2, 63) = 7.27, p < 0.001) than those of the low
risk for DSPS group (sleep offset time: low risk for DSPS 7:04:10 (0:29:34) moderate/high risk for DSPS 7:31:44

Table 3 Objective Sleep Measures of Adolescents with ADHD and Typically Developing Adolescents

in Different Risk Levels for Delayed Sleep Phase Syndrome

DSPS Moderate/High

Sleep Schedule

Sleep Duration

Sleep Onset Time

Sleep Offset Time

Time in Bed

Actual Sleep Time

Sleep Efficiency

DSPS Low Risk,

M (SD) Risk, M (SD)
Control 22:29:26 (2:14:37) 23:28:50 (0:39:22)
ADHD 23:06:50 (0:49:49) 23:52:18 (1:24:36)
Total 22:47:25 (1:43:44) 23:44:53 (1:12:59)
Control 7:05:22 (0:22:45) 7:42:20 (0:49:36)
ADHD 7:02:52 (0:35:59) 7:26:50 (0:48:12)
Total 7:04:10 (0:29:34) 7:31:44 (0:47:49)
Control 509.03 (43.06) 521.80 (74.23)
ADHD 497.12 (52.36) 485.23 (67.64)
Total 503.31 (47.65) 496.78 (69.9)
Control 428.80 (32.42) 415.78 (43.04)
ADHD 410.72 (48.29) 388.02 (59.75)
Total 420.11 (41.43) 396.78 (55.41)
Control 84.39 (3.92) 80.38 (4.71)
ADHD 82.73 (5.54) 80.35 (6.23)
Total 83.59 (4.7) 80.36 (5.66)

Abbreviations: M, mean; SD, standard deviation; ADHD, attention-deficit/hyperactivity disorder; DSPS, delayed sleep phase syndrome.

Table 4 Objective Sleep Measures of Adolescents with ADHD and Typically Developing Adolescents with Different

Levels of Insomnia

No Insomnia,
M (SD)

Subthreshold
Insomnia, M (SD)

Clinical Insomnia,
M (SD)

Sleep Schedule

Sleep Duration

Sleep Efficiency

Sleep Onset Time

Sleep Offset Time

Time in Bed

Actual Sleep Time

Control
ADHD
Total
Control
ADHD
Total
Control
ADHD
Total
Control
ADHD
Total
Control
ADHD
Total

22:36:38 (2:22)
23:29:31 (1:02:24)
22:58:02 (1:58:41)
7:08:31 (0:29:33)
7:09:49 (0:33:27)
7:09:02 (0:30:47)
500.55 (42.37)
477.84 (65.3)
491.35 (53.2)
421.96 (33.27)
392.03 (50.42)
409.85 (43.14)
84.44 (3.87)
82.38 (5.99)
83.61 (4.89)

22:47:00 (0:42:29)
23:16:03 (1:12:25)
23:09:27 (1:07:03)
7:05:12 (0:19:12)
7:15:45 (0:51:26)
7:13:21 (0:45:54)
522.24 (54.96)
509.53 (49.29)
512.41 (49.56)
436.54 (37.17)
415.34 (52.05)
420.16 (49.09)
83.92 (3.71)

81.60 (4.97)

82.13 (4.74)

22:59:00 (0:14:00)
23:19:00 (1:11:25)
23:10:25 (2:04:31)
7:53:20 (0:46:45)
6:56:30 (0:28:06)
7:20:51 (0:45:14)
583.3 (34.26)
487.68 (45.46)
528.66 (63.53)
446.8 (39.2)
396.74 (69.3)
418.2 (60.25)
76.70 (2.47)
81.27 (9.5)

79.31 (7.3)

Abbreviations: M, mean;

(0:47:49), respectively.

DSPS risk level also had a main effect for night-to-night variability (F(5, 59) = 5.57, p < 0.001). The time in bed,
actual sleep, and sleep efficiency of participants in the moderate/high DSPS risk group were more variable than those of

SD, standard deviation; ADHD, attention-deficit/hyperactivity disorder.
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the low risk for DSPS group (Time in Bed: low risk for DSPS 50.99 minutes, SD=25.31 moderate/high risk for DSPS
80.11 SD=39.87)); (Actual sleep time: low risk for DSPS: 48.2 minutes SD=22.23; moderate/high DSPS risk 66.43
minutes SD=34.33) Sleep Efficiency: low risk for DSPS 3.3% SD=1.55 moderate/high risk for DSPS 4.95% SD=4) F{(5,
59) = 11.43, p<0.001 (F(5, 59) = 4.67, p < 0.03), and (F(5, 59) = 5.7, p < 0.02), respectively).

There was no main effect for Diagnosis nor was there any interaction between Diagnosis and Sleep Disturbance
Level.

MANCOVAs were conducted to compare actigraphically measured sleep patterns of participants with ADHD and
controls having different levels of insomnia symptoms (no insomnia, subthreshold insomnia, or clinical insomnia on the
ISI). The results revealed a significant Sleep Disturbance Level main effect on sleep duration (F(2, 61) = 4.43, p <0.01).
Post hoc analyses revealed that participants in the clinical insomnia group spent the most time in bed (528.66 minutes),
followed by participants in the subclinical insomnia group (512.41 minutes), and then participants in the no insomnia
group, who spent the least amount time in bed (491.35 minutes) (F(1,71) = 5.08, p < 0.007). The actual sleep duration
was not significantly different among the three groups. The results revealed also a significant Sleep Disturbance Level
main effect for night-to-night variability (F(5, 58) = 2.89, p < 0.02). Post hoc analyses revealed that participants in the
clinical insomnia and subthreshold insomnia groups had higher sleep efficiency variability (5% and 4.4%, respectively,
than participants in the no insomnia group (3.2%), (¥(2,29) = 5.38, p < 0.007).

There was no main effect for Diagnosis, nor was there any interaction between Diagnosis and Sleep Disturbance
Level.

ADHD Symptoms of Adolescents with and without Sleep Disturbances
Table 5 and Table 6 present descriptive statistics for the ADHD symptoms of adolescents with and without sleep
disturbances.

MANCOVAs conducted to compare the ADHD symptom severity levels of participants with different levels of risk
for DSPS (moderate/high vs low risk) or insomnia symptoms did not yield any significant findings.

Discussion

This study examined prevalence rates of DSPS and insomnia in adolescents with ADHD and controls, and compared the
objective sleep parameters of adolescents with ADHD and controls with high and low levels of parent-reported DSPS
and/or self-reported insomnia.

Table 5 ADHD Symptoms of Adolescents with ADHD in Different Risk Levels for
Delayed Sleep Phase Syndrome

DSPS Low Risk, DSPS Moderate/High

M (SD) Risk, M(SD)
ADHD-RS Total Score 14.55 (10.86) 22.7 (10.48)
ADHD-RS Inattention Scale 9.06 (7.06) 12.95 (6.42)
ADHD-RS Hyperactivity/lImpulsivity 5.49 (5.06) 9.79 (5.75)

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ADHD-RS, The ADHD Rating Scale; DSPS,
delayed sleep phase syndrome.

Table 6 ADHD Symptoms of Adolescents with ADHD with Different Levels of Insomnia

No Insomnia, | Subthreshold Clinical Insomnia,

M (SD) Insomnia, M (SD) | M (SD)
ADHD-RS Total Score 13.048 (9.49) 22.56 (11.98) 19.43 (11.48)
ADHD-RS Inattention Scale 7.67 (5.8) 14.09 (7.55) 11.43 (6.55)
ADHD-RS Hyperactivity/lmpulsivity | 5.38 (5.14) 8.48 (5.66) 8 (6.27)

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ADHD-RS, The ADHD Rating Scale.
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In contrast to the study’s hypothesis, there was no between-group difference in the prevalence of moderate/high risk
for DSPS; it was high in both groups. About a third of adolescents in the ADHD (33.33%) and control (27%) groups had
moderate/high levels of risk for DSPS. This finding is consistent with a study that found a 26% prevalence rate of DSPS
in patients with ADHD,* and with study showing that evening circadian preference is associated with sleep problems
and daytime sleepiness in adolescents with ADHD'' It is also consistent with a recent study showing that circadian
typology among typically developing adolescents is skewed towards eveningness.*® Together, the present findings are
consistent with the body of research showing that sleep disruptions related with changes in circadian preferences are
common in all adolescents beyond their ADHD status (e.g.).*”*®

About a tenth of the adolescents in the ADHD (10.3%) and control (9.1%) groups manifested clinical levels of
insomnia. This is slightly lower than the rate found by Chiang et al in their ADHD group, but consistent with the
prevalence rates of insomnia documented in the general population of adolescents.**° The rate of subthreshold insomnia
was three times higher in the ADHD group (46.2%) than in the control group (15.2%). Together, the results indicate that
86.2% of the participants with ADHD in the current study had clinical or subclinical levels of insomnia. This prevalence
rate is consistent with reports from studies conducted in younger participants with ADHD and with reported clinical
impressions.>*!*1°

This study is the first to consider the participants’ levels of sleep disturbances when comparing their objective sleep
parameters. Adolescents with subjectively determined moderate/high risk for DSPS in the ADHD and control groups
woke up later in the mornings and had higher night-to-night variability of their sleep duration, time in bed, and sleep
efficiency compared to adolescents with ADHD and controls at low risk for DSPS. Similarly, adolescents with higher
levels of subjectively determined insomnia symptoms in the ADHD and control groups spent more time in bed despite
their sleep being of the same duration as adolescents with no insomnia, and had more variable sleep efficiency compared
to those in the ADHD and control groups with no insomnia. These findings are consistent with recent reports that sleep
variability (ie, the night-to-night changes in sleep measures within an individual) is as an important feature of
insomnia.’'>? Together, these findings show that adolescents with high levels of subjective sleep disturbances had
poorer objectively measured sleep, indicating that there is consistency between objective and subjective measures of
sleep. Future research is needed to further characterize the daytime functioning of adolescents with high levels of
subjective sleep disturbances and poorer objectively measured sleep.

Consistent with study’s hypothesis and with previous studies, comparison of actigraphy-based sleep measures for
ADHD and control groups without consideration of different levels of subjectively reported sleep disturbances revealed
no significant difference.

The findings of this study showing that risk of later waking and higher variabilities in sleep duration, sleep efficiency,
and night-to-night variation in sleep patterns are associated with higher risk for DSPS or insomnia in adolescents in
general, beyond their diagnostic group, could support the hypothesis that sleep challenges are transdiagnostic — that is —
they extend beyond disorder boundaries. A recent meta-analysis revealed that variability and patterns of sleep quality are
associated with daytime behaviors in children with autistic spectrum disorder (ASD).> Future studies should include
objective and subjective sleep measures, as well as measures that examine behavioral problems and daytime functioning
in adolescents with ADHD, with the goal of examining the extent to which sleep variability contributes to their daytime
challenges.

The study’s findings do not support the idea that sleep disturbances exacerbate symptoms of inattention in adolescents
with DSPS** or insomnia.

Future studies should examine the extent to which the risk for DSPS and insomnia may be increased by modifiable
behaviors that are highly prevalent among adolescents in general, and in particular among adolescents with ADHD, such
as the increased use of electronic devices at night immediately prior to bedtime.

In addition, such research must further examine the negative bidirectional cycle between the pubertal shift in the
circadian system toward a delayed sleep phase and developmental changes in adolescence, including decreased parental
control and increased use of electronic devices or alcohol/substance use at night.
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The methodological strengths of the study include 1) the use of valid objective sleep measures; 2) the use of valid
standardized subjective sleep measures; 3) accounting for the use of medications and psychopathology in the analysis; 4)
the inclusion of a well-characterized ADHD sample; 5) the inclusion of an even numbers of boys and girls.

The clinical strengths of the study include 1) the integration of subjective sleep disturbance measures with actigraphy, which is

0,55

consistent with the American Academy of Sleep Medicine**>* practice parameters recommending the use of actigraphy to assist

in evaluating patients with DSPS or insomnia; 2) the exclusion of any participants with suspected PLMS or OSA.

Clinical Implications

The findings showing that the risk of DSPS is high in adolescents with and without ADHD suggest that assessment of
sleep processes and sleep disturbances, particularly the risk for insomnia or DSPS, should be incorporated into the
screening processes for all adolescents who present with daytime difficulties.

Given the negative impact of sleep disturbances on adolescents’ mental, cognitive, and physical health, it is essential
that clinicians in educational or health settings integrate sleep assessments and interventions into their screening,
diagnosis and ongoing care for adolescents, particularly emphasizing this when caring for adolescents with behavioral
and functional difficulties.

Limitations

The study’s limitations are as follows: 1) This was a narrowly focused study that did not use probability sampling or
a whole-population approach. Broad-focus studies that use probability sampling in representative populations of
adolescents should be conducted to obtain prevalence estimates for insomnia and DSPS in adolescents with and without
ADHD. 2) The sample size was small and might have limited the detectability of sleep parameter differences in
adolescents with ADHD vs controls when subgrouped by their different levels of subjectively determined sleep
disturbances. Future studies using larger samples of well-characterized adolescents are needed to identify potential
differences between these subgroups. 3) Participants were screened for PLMD or OSA using a parent-based screen rather
than polysomnography.

In sum, the current study examined the sleep of adolescents with ADHD and typically developing adolescents using
subjective and objective measures. The study found that the prevalence of moderate/high risk for DSPS was similarly
high in adolescents with ADHD and controls, and that night-to-night variations in sleep patterns are associated with high
risk for DSPS or insomnia in adolescents in general, beyond their diagnostic group. In addition, the results showed that
subjective reports of sleep disturbances were consistent with objectively measured sleep parameters when the type and
level of subjectively defined sleep disturbance were considered. Our findings highlight the prevalence of sleep and
circadian problems in adolescents with and without ADHD, and support the importance of screening for insomnia and
DSPS when assessing adolescents with daytime behavioral or attentional problems.
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