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Sleep parameters and problems in adolescents with and
without ADHD: A systematic review and meta-analysis
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Conclusions: Adolescents with ADHD report significantly worsened subjectively
sleep parameters and more sleep problems compared to controls. These findings are
still preliminary as a limited number of studies was identified. Nevertheless, it is
advised to routinely include sleep assessment in the ADHD diagnostic process.
More research is needed with a focus on objective measurement and sleep hygiene
in ADHD.
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INTRODUCTION

In the last centuries, the definition of adolescence has changed and
adolescence is now considered to last until mid 1920s (Sawyer
et al,, 2018), as the brain continues to develop higher-level capacities
up to mid/late 1920s (Wood et al., 2018). This developmental phase
is characterized by major changes in sleep, including a slower buildup
of sleep pressure and a delayed sleep-wake timing (Carskadon &
Tarokh, 2013). Furthermore, various behaviors that are more com-
mon in adolescence significantly affect sleep (alcohol, caffeine, social
media use). These biological and environmental changes in adoles-
cence result in a wide array of sleep problems, which in turn nega-
tively influence daily life.

The study of sleep encompasses a diversity of factors including
sleep parameters, sleep problems, and sleep hygiene. Sleep parame-
ters are the basic structure of sleeping patterns, such as total sleep
time (TST). Sleep problems are “nonspecific sleep-related complaints”
(Cortese et al., 2013), often associated with mutually exacerbating
conditions, such as psychiatric comorbidities. Sleep hygiene refers to
the sleep environment, sleep practices, and physiological factors such
as caffeine (Martin et al., 2020). Research suggests that insufficient
sleep leads to a range of negative outcomes, including behavioral
problems (Meijer et al., 2010) and lower grades in school (Curcio
et al., 2006). These sleep problems and related behaviors might be
even more pronounced in adolescents with Attention-Deficit/Hy-
peractivity Disorder (ADHD; Becker, Langberg et al., 2019; Lunsford-
Avery et al,, 2016). ADHD, characterized by inattention, hyperac-
tivity and/or impulsivity, causes significant impairments throughout
the lifespan (American Psychiatric Association, 2013), and it has been
estimated that up to 72% of adolescents with ADHD present with
sleep problems (Langberg et al., 2017). Factors underlying these sleep
problems in adolescents with ADHD are still not fully understood.
However, there is some research suggesting factors such as inap-
propriate sleep hygiene, academic pressure, comorbid mental health
problems, and medication use (Becker, 2019). Based on two sleep
restriction studies, shortened sleep has in turn been found to be
causally related to increased attention problems, increased opposi-
tional symptomatology (Becker, Epstein et al., 2019) and more
depressive symptoms (Becker et al., 2020). Thus, sleep problems and
ADHD symptomatology seem to be bi-directionally related, resulting
in a vicious circle of sleep problems and impairment.

So far, one systematic review has examined sleep problems in
adolescents with ADHD. They concluded that sleep problems are
prevalent in adolescents with ADHD and are related to worsened
clinical, neurocognitive and functional outcomes (Lunsford-Avery
et al., 2016). However, as they included studies solely including ad-
olescents with ADHD, comparison of sleep with typically developing
(TD) controls is difficult. Additionally, a number of studies were
published since then, comparing sleep in adolescents with and
without ADHD (e.g., Becker et al., 2021; Becker et al., 2019; Cadman
et al., 2016; Frick et al., 2022; Gregory et al., 2017; Liu et al., 2020;
Ng et al., 2017; Takahashi et al., 2016; Zerén-Rugerio et al., 2021). To
provide a detailed assessment of sleep in adolescents with and
without ADHD, sleep should be measured both subjectively (sleep
diaries, questionnaires) and objectively (polysomnography (PSG),
actigraphy), as findings have been non-overlapping (Becker, Langberg
et al., 2019). Therefore, there is a clear need for a recent systematic

Key points

e This meta-analytic review is the first to compare the
sleep of adolescents with and without ADHD, thereby
distinguishing between sleep parameters, measured both
subjectively and objectively, sleep problems, and sleep
hygiene.

e Results suggest that adolescents with ADHD report
significantly worsened subjective sleep parameters and
significantly more sleep problems compared to their
typically developing peers.

e These findings highlight the importance of routinely
assessing sleep in the ADHD diagnostic process.

e More research in adolescents with ADHD is needed with
a focus on objective measurement to get the full picture
and on sleep hygiene as this might be one of the main
modifiable variables to improve their sleep.

meta-analysis comparing multiple aspects of sleep in adolescents
with and without ADHD.

Therefore, the current meta-analytic review aimed at examining
the sleep of adolescents with and without ADHD. A comparison was
made in relation to (i) sleep parameters, thereby making a distinction
between subjective and objective measurements, (ii) sleep problems,

and (iii) sleep hygiene.

METHODS
Search strategy

The protocol of this meta-analytic review was registered at PROS-
PERO (registration number CDR42020181689, available from:
https://www.crd.york.ac.uk/PROSPERO/display_record.php?Record-
ID=181689) and PRISMA guidelines (Page et al., 2020) were fol-
lowed. The search was conducted using Medline, CINAHL, Psy-
cINFO, EMBASE, ERIC, Web of Science, and PubMed databases for
articles added between first of January 1980 and 21st of March
2022. The search term was developed using Medical Subject
Headings (MeSH) and Boolean operators: ADHD OR attention
deficit hyperactivity disorder AND adolescence OR teen OR youth
OR young adult OR child OR adult OR student OR high school AND
sleep OR insomnia OR circadian rhythm. Additionally, references of
included studies and the one previous review (Lunsford-Avery
et al,, 2016) were screened for other eligible studies. Peer-reviewed

publications in English, Dutch, and German were included.

Inclusion and exclusion criteria

Inclusion criteria were (a) case-control designs, (b) fulfilled ADHD
criteria in the ADHD group, confirmed by the researchers based on
DSM criteria (from DSM IIl onwards) or ICD criteria (from ICD-10

onwards), and (c) one of two age criteria had to be met. Either, (i)
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SLEEP PARAMETERS AND PROBLEMS IN ADOLESCENTS WITH AND WITHOUT ADHD

all participants of the study had to be in the age range of 12-
25 years, or (ii) the standard deviation both added to and subtracted
from the study's mean age, had to be in the range between 12 and
25 years. Exclusion criteria were (a) studies aimed at specific samples
with comorbid ADHD (e.g., ADHD and comorbid depression) and (b)
single case designs.

Study selection and data extraction

Titles and abstracts, followed by full papers, were screened inde-
pendently by the first two authors (FM/LK). In case of disagreement,
research group members were consulted (DB/BB/MD/SVDO). Data
was independently extracted from the papers (FM/LK), and if
necessary requested from the corresponding authors. Retrieved data
included study information (authors, publication year, location,
country), participant details (study size, age, gender, subtype/pre-

sentation of ADHD, medication), and sleep measures (mean and SD).

Outcomes

The following sleep domains were assessed; (a) subjective and
objective sleep parameters, (b) sleep problems and (c) sleep hygiene.
Sleep parameters were defined as any subjective sleep parameter
from sleep diaries or questionnaires and any objective sleep param-
eter as assessed by actigraphy or PSG. Sleep problems included any
subjective problem with timing, amount, and quality of sleep, based
on questionnaires. For sleep hygiene, the current meta-analytic re-
view required that the effect of the sleep hygiene variable on sleep
was described. As suggested by Valentine et al. (2010), outcome
domains being reported by at least two studies were considered in
the meta-analytic review (Table 1).

Statistical analyses

Analyses were performed using Review Manager 5.4 (The Cochrane
Collaboration, 2019). First, study quality was independently evalu-
ated (FM/LK), using the Newcastle-Ottawa Scale for assessing the
quality of nonrandomized studies (NOS). A total score of less than
five was considered poor, of at least five fair, and of seven or higher
good (Wells et al., n.d.). Disagreements were resolved through dis-
cussion and if necessary, by consultation of the research group.
Sensitivity analyses examined the impact of poor studies. Second,
outcomes were categorized into one of the outcome domains, based
on descriptions of (sub)scales measuring the specific concept or if not
available on a comparison of the individual items of questionnaires.
We calculated the weighted average of mean and standard deviation
for the ADHD group when separate ADHD subtype/presentation
scores were reported (Bauermann, 2010). Additionally, when out-
comes were reported separately for week and weekend (Becker
et al., 2021; Becker, Langberg et al., 2019; Hysing et al., 2016; Voi-
necscu et al., 2012), each outcome was examined separately and

weighted averages of mean and standard deviation were calculated

JCPP Advances @ | Befun

TABLE 1 Sleep outcomes included in the meta-analysis.
Outcomes Description
Subjective sleep parameters

Total sleep time Duration of total sleep at night.

Sleep efficiency Ratio of total sleep time to nocturnal time in bed.

Sleep onset The time from lights off to sleep onset.
latency
Wake after The time of being awake during the night.
sleep onset
Bedtime The time of going to bed or turning off the lights.
Wake time The time of waking up in the morning.
Number of The number of awakenings during the night.
awakenings

Objective sleep parameters
Total sleep time Duration of total sleep at night.

Sleep efficiency Ratio of total sleep time to nocturnal time in bed.

Wake after The time of being awake during the night.
sleep onset

Sleep onset Point at which adolescent falls asleep.
time

Sleep offset
time

Point at which adolescent wakes up.

Sleep problems

Insomnia Difficulties falling asleep, staying asleep and
waking up too early in the morning without
being able to fall asleep again.

Daytime A persistent tiredness and lack of energy during

sleepiness the day.

Sleep All sleep disorders/problems, without distinction of

disturbances type.

Sleep Satisfaction with daily sleep.

satisfaction

combining week and weekend. When multiple informant ratings of
one concept were available, the informant of which most ratings
were already reported was chosen to reduce variability within out-
comes (Becker, Langberg et al., 2019).

Standardized mean differences (SMD) were calculated for sleep
parameters and sleep problems. For sleep hygiene, correlation co-
efficients of the sleep hygiene variable and sleep outcome from both
groups were compared. Based on the expectation that effects vary
across studies and that there is sampling variability (Riley et al.,
2011), a random-effects model was chosen. Effect sizes up to 0.5
were considered to be small, up to 0.8 were medium, and above 0.8
large. The heterogeneity of effect sizes was calculated a posteriori by
the 12 index and a 95% confidence interval, providing a more reliable
estimation of heterogeneity in case of limited studies (von Hip-
pel, 2015). Funnel plots and Egger tests for funnel plot asymmetry,
evaluating publication bias, were assessed when there were at least
10 studies per outcome (Sterne et al., 2011). Meta-regression, testing
the effect of other moderators including ADHD subtype/presenta-

tion, medication use, age, and gender, was executed in case of more
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than 10 studies (Higgins et al., 2019). In case of less than 10 studies
sensitivity analyses were done for medication use, as ADHD medi-
cation may impact sleep (Becker, 2019), and age thereby solely
including studies of late adolescence (minimum inclusion age of
18 years; de Wit & van Aken, 2019).

RESULTS
Study selection and characteristics

Overall, 7974 titles and abstracts and 209 full texts were screened,
resulting in 15 eligible studies of which three studies reported on the
same sample (Figure 1). Data was extracted from the most relevant
report (Becker, Langberg et al., 2019). A sensitivity analysis was
conducted without the study by Ng et al. (2017) as they had a sample
of 50 participants with a previous ADHD diagnosis in the ADHD

group, but only 45 scoring high enough on the questionnaire

measuring current ADHD symptoms. Thirteen reports were included
in the meta-analysis, with data being extracted from the papers
(n = 6) or by contacting authors (n = 7).

A minority of studies looked at daily fluctuations of sleep; two
combined actigraphy and sleep diaries, and one only used actigraphy.
Despite one study, all studies used subjective measurements. The
study designs included case-control studies, cohort studies and cross-
sectional studies. The sample sizes of the studies included ranged from
35 to 9846 with a total of 2465 adolescents with ADHD and 18,417
controls (Table 2). Approximately half of the participants was male
(49.63%) and the average age was 17.30 years (SD = 1.45 years).
Subjects were recruited through multiple resources.

Risk of bias and publication bias

Regarding study quality, six studies had a good qualification, five a

fair score and two were poor (Table S1; interrater reliability;

Identification of studies via databases and registers ]
)
Records identified from:
Databases (n = 14019)
= CINAHL (n = 940) Records removed before screening:
S : -
= EMBASE (n = 4855) Duplicate records removed (n = 6585)
é ERIC (n = 173) ———»| Records marked as ineligible by automation
= Medline (n = 1529) tools (n = 0)
5 PsycINFO (n = 1325) Records removed for other reasons (n = 0)
= PubMed (n = 2503)
Web of Science (n = 2694)
Registers (n = 0)
—
— l
Records screened »| Records excluded
(n=7434) (n="7218)
A4
Reports sought for retrieval »| Reports not retrieved
gl | =9 (n="7)
=
)
5]
5
2 v
Report: 1 ‘(n=1
Reports assessed for eligibility Eports exe uded: (n = 196) _
=109 - > Participants too young (n = 72)
(n=209) Poster abstract, no full text (n = 48)
Participants too old (n = 40)
No verification of ADHD (n = 8)
ADHD as continuous construct (n = 7)
Article in other language (n = 4)
No/inappropriate comparison group (n = 4)
Same sample (n = 5)
No mean and SD (n = 3)
Confounding variables (n = 2)
-] L . X Wrong/no association ADHD and sleep (n = 3)
= Studies included in review
2l | m=13
)
=
(5=

FIGURE 1 Flowchart of selection process. Flowchart of the search results (performed July 2020, updated March 2022). See Table S2 for

specific reasons for exclusion.
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k = 0.85). The most common subdomain on which study quality was
low, was the exposure (i.e., assessment of outcomes). Sensitivity an-
alyses without the two studies with poor quality showed that
excluding the study of Frick et al. (2022) resulted in similar effects.
However, when excluding the study of Takahashi et al. (2016), ado-
lescents with ADHD experienced significantly more insomnia than
TD adolescents. Publication bias was not assessed as a limited

number of studies were included.

Subjective sleep parameters

Nine studies examined subjective sleep variables, some reported
multiple variables (Table 3, Figure 2). TST was significantly shorter in
the ADHD group, but when distinguishing between week and weekend
nights, only weekend nights were significant, and all had significant
heterogeneity. SOL was significantly longer in adolescents with
ADHD, without heterogeneity impacting the results. Moreover, SE
ratings in the ADHD group were significantly lower, without a signif-
icant impact of heterogeneity. Bedtime showed a trend towards sig-
nificance with being later in the ADHD group, during the weekend, and
this was significantly impacted by heterogeneity. TST during the week,
wake after sleep onset, bedtime and bedtime during the week, wake
time (week and weekend), and number of awakenings did not signifi-
cantly differ between the two groups. Sensitivity analyses suggested
that both age and medication might impact the results (Table S3).

Objective sleep parameters

Only three studies examined objective sleep parameters (Table 4,
Figure 3). No differences between groups on objectively measured
sleep parameters were significant. Due to a limited number of studies
sensitivity analyses were not conducted.

Sleep problems

Four studies reported sleep problems, all based on adolescent report
(Table 5, Figure 4). Adolescents with ADHD reported significantly
more daytime sleepiness and more sleep disturbances. Insomnia was
not significantly different between the groups, however, when
excluding the study with poor quality, it was. Subjective satisfaction
was not significant. Sensitivity analyses suggested that age does not
impact the results, but medication might (Table S3).

Sleep hygiene

Only two studies reported a link between the sleep hygiene behavior
and sleep, assessing different sleep hygiene related behaviors (i.e.
caffeine (Cusick et al., 2020)/technology use (Bourchtein et al., 2019))
making a meta-analysis impossible, therefore this outcome is not

further included in this study.

DISCUSSION

The present study is the first meta-analytic review comparing sleep
parameters and problems in adolescents with ADHD to their TD
peers. It suggests that some subjective sleep parameters are more
disturbed in adolescents with ADHD and that they seem to experi-
ence more sleep problems, but do not differ on objective sleep pa-
rameters. These findings however, are rather preliminary, as a limited
number of studies could be included. No conclusions can be made
regarding their sleep hygiene, due to a lack of studies.

This meta-analytic review suggests that subjectively measured
sleep might be more disturbed in adolescents with ADHD. This is in
line with both a meta-analysis about sleep in children (Cortese
et al,, 2009) and in adults (Diaz-Roman et al., 2018). Both found the

TABLE 3 Results of the meta-analysis related to subjective sleep parameters.

Heterogeneity
Subjective sleep parameters (k) ADHD (n) Control (n) SMD (95% Cl) z p Effect size I? (%) p
TST (7) 1882 1753 0.47 (0.31 to 0.64) 5.59 <.001 Small 83 <.001
TST week (3) 1243 9027 0.34 (-0.07 to 0.76) 1.62 1 92 <.001
TST weekend (3) 1243 9027 0.29 (0.3 to 0.55) 2.2 <.001 Small 79 <01
SOL (6) 1335 10,988 0.44 (0.3 to 0.58) 6.22 <.001 Small 43 12
WASO (3) 1199 8984 0.29 (-0.5 to 0.59) 1.64 1 81 <01
SE (3) 1091 10,527 0.65 (0.59 to 0.71) 20.15 <.001 Medium 0 4
Bedtime (4) 1273 9298 0.12 (-0.23 to 0.46) 0.66 51 89 <.001
Bedtime week (4) 1273 9298 0.1 (-0.25 to 0.46) 0.57 .57 90 <.001
Bedtime weekend (4) 1273 9298 0.27 (0.00 to 0.54) 1.99 .05 Small 82 .001
Waketime (2) 192 411 0.09 (-0.24 to 0.43) 0.54 .59 59 12
Waketime week (2) 192 411 0.13 (—0.35 to 0.6) 0.53 6 79 .03
Waketime weekend (2) 192 411 0.06 (—0.14 to 0.25) 0.59 .56 0 44
Number of awakenings (2) 176 161 0.05 (—0.18 to 0.28) 0.49 67 3 31
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FIGURE 2 Forest plot showing the meta-analysis of subjective
sleep parameters.

sleep of individuals with ADHD to be subjectively more disturbed
compared to TD controls, suggesting that this may be a lifelong
problem. Current results suggest that this might be influenced by
age, as older adolescents show more disturbed sleep. Regarding the
effect of heterogeneity, most subjective results were impacted by
this. Consequently, they have to be interpreted with caution. The

only two variables without significant heterogeneity were SOL and

TABLE 4 Results of the meta-analysis related to objective sleep parameters.

Heterogeneity

12 (%)

Control (n) SMD (95% ClI)

ADHD (n)

Objective sleep parameters (k)

46 34

0.74

0.13 (-0.21 to 0.47)

179

194

TST (3)

.16

1.42

0.34 (-0.13 to 0.82)

39

32

SOL (2)

0.13

0.01 (-0.19 to 0.22)

179

194

WASO (3)

.23

1.20

0.12 (-0.08 to 0.33)

179

194

SE (3)

.56

0.59

0.06 (-0.14 to 0.26)

179

194

Sleep onset (3)

.86 30

0.18

0.3 (-0.29 to 0.35)

179

194

Sleep offset (3)

7 of 11

.97 62 A1

0.04

0.1 (-0.53 to 0.55)

158

180

TiB (2)
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SE, suggesting that these are worse in adolescents with ADHD across
studies. Regarding objective measurements, we found no significant
differences. This is in contrast with the subjective findings, but again
partially in line with the two previous meta-analyses examining sleep
in children (Cortese et al., 2009) and adults with and without ADHD
(Diaz-Roman et al., 2018).

Several factors may account for the subjectively more disturbed
sleep in adolescents with ADHD. First, although there is a lack of
studies the few existing studies indicate that adolescents with ADHD
may portray more inappropriate sleep hygiene behaviors than TD
adolescents, which has been shown to correlate with a shorter TiB
(Bourchtein et al., 2019) and more sleep problems (Martin et al., 2020).
Second, adolescents with ADHD may have a more variable sleep/wake
pattern (Langberg et al., 2019). This could result in more ill-timed sleep
and consequently, a lack of sleep. Third, adolescents experience
enhanced academic pressure, especially during the school week,
delaying their sleep schedule (Carskadon, 2011). This might be even

more influential in adolescents with ADHD due to their underlying

Effect Size
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FIGURE 3 Forest plot showing the meta-analysis of objective
sleep parameters.

TABLE 5 Results of the meta-analysis related to sleep problems.

difficulties with planning, organization, and time management (Boyer
et al, 2018). Fourth, adolescents with ADHD often take stimulant
medication. Previous studies have shown that ADHD medication im-
pacts sleep parameters including shorter sleep duration and later sleep
onset times (Santisteban et al., 2014). Most studies in this meta-
analysis did not report whether participants used medication, how-
ever, based on sensitivity analyses with three studies, this meta-
analysis suggests that medication might decrease differences in sub-
jective sleep parameters between adolescents with and without
ADHD, but does not seem to have an effect on sleep problems. These
findings are rather ambiguous and based on few studies, and conse-
quently, no conclusions can be made.

Considering sleep problems, adolescents with ADHD showed
higher rates of daytime sleepiness and sleep disturbances than TD
peers. Daytime sleepiness was also supported by teachers rating ad-
olescents with ADHD to experience more sleepiness during the day
than controls (Becker, Langberg et al., 2019). This is especially con-
cerning, due to the associations of daytime sleepiness with increased
ADHD symptoms (Sivertsen et al., 2015). Findings on insomnia were
only significant when doing sensitivity analyses without the study with
poor quality (without Takahashi et al., 2016). This raises the question,
whether studies with poor quality should be excluded in meta-ana-
lyses, as these may distort the results. However, this is not supported
by the exclusion of the second study with poor quality (Frick et al.,

2022), which did not affect the results. Consequently, we suggest that

SMD 95% CI

-2 -1 0 1 2
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Bauerman 2010 —e—i
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FIGURE 4 Forest plot showing the meta-analysis of sleep
problems.

Heterogeneity

Sleep problems (k) ADHD (n) Control (n) SMD (95% ClI) z p Effect size 12 (%) p
Insomnia (3) 278 763 0.38 (-0.03-0.78) 1.82 .07 86 <.001
Daytime sleepiness (4) 1417 9406 0.54 (0.13-0.96) 2.56 .01 Medium 96 <.001
Sleep disturbances (5) 499 2165 0.65 (0.44-0.86) 6.12 <.001 Medium 61 .04
Subjective satisfaction (3) 230 1864 0.2 (-0.31-0.7) 0.76 45 86 <.001
Sensitivity analysis without Takahashi

Insomnia (2)? 177 493 0.53 (0.11-0.94) 249 .01 Medium 73 .05

aSensitivity analysis without Takahashi et al. (2016)
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analyses should be conducted with and without the studies with poor
quality, to examine whether these might impact the findings.

Some limitations can be mentioned. First, albeit the importance
of sleep hygiene for sleep (Martin et al., 2020), this outcome could
not be included in the current meta-analytic review and no conclu-
sions can be made regarding its role in the sleep of adolescents with
ADHD. Second, only a limited number of studies were identified and
included. Especially studies using objective measurements were
lacking. Consequently, funnel plots and meta-regression could not be
conducted. Third, the studies included differed considerably in sam-
ple sizes and inclusion criteria. Nevertheless, we still found significant
differences between the two groups, suggesting that the more
disturbed sleep might also be a problem in adolescents that merely
portray ADHD symptoms or are not (fully) diagnosed. Fourth,
included studies used different operationalizations for most subjec-
tive sleep variables. Notwithstanding the clear distinction in our
meta-analytic review between different sleep domains, we did find
significant heterogeneity for most of our outcomes, which might be
partially due to the different measurements/questionnaires.

To conclude, adolescents with ADHD seem to experience more
disturbed subjective sleep parameters and sleep problems
compared to their TD peers. This is particularly concerning, because
disrupted sleep worsens ADHD symptom impairment (Becker,
Epstein et al, 2019). Consequently, sleep should be assessed
routinely in the diagnostic process of ADHD. The current meta-
analytic review also shows that there is a lack of research on
sleep in adolescents with and without ADHD and hopefully spurs
much needed research in this area. First, a major focus should be on
the inclusion of objective measurements, such as actigraphy and
polysomnography or other technologies such as commercial wear-
ables or portable EEG applications to measure sleep in the home
setting. Second, other factors possibly influencing sleep, such as
medication or comorbidities, should be assessed and controlled for.
Lastly, variables related to sleep hygiene need further attention. It
has been shown that sleep hygiene does significantly impact the
sleep of adolescents with ADHD (Martin et al., 2020) and it might
be one of the main modifiable variables to improve sleep.
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