Universiteit

4 Leiden
The Netherlands

Effectiveness of a cognitive-behavioral sleep hygiene intervention for

adolescents with ADHD: a randomized controlled trial
Keuppens, L.; Marten, F.; Baeyens, D.; Boyer, B.E.; Roose, A.; Becker, S.; ... ; Oord, S. van
der

Citation

Keuppens, L., Marten, F., Baeyens, D., Boyer, B. E., Roose, A., Becker, S., ... Oord, S. van
der. (2025). Effectiveness of a cognitive-behavioral sleep hygiene intervention for
adolescents with ADHD: a randomized controlled trial. European Child And Adolescent
Psychiatry, 34, 3415-3426. doi:10.1007/s00787-025-02755-0

Version: Publisher's Version
License: Licensed under Article 25fa Copyright Act/Law (Amendment Taverne)
Downloaded from: https://hdl.handle.net/1887/4287179

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:4
https://hdl.handle.net/1887/4287179

European Child & Adolescent Psychiatry
https://doi.org/10.1007/500787-025-02755-0

RESEARCH

®

Check for
updates

Effectiveness of a cognitive-behavioral sleep hygiene intervention for
adolescents with ADHD: a randomized controlled trial

Lena Keuppens'? - Finja Marten' - Dieter Baeyens'? - Bianca Boyer® - Annelore Roose' - Stephen Becker*” -
Marina Danckaerts' - Saskia Van der Oord'*

Received: 30 October 2024 / Accepted: 14 May 2025
© Springer-Verlag GmbH Germany, part of Springer Nature 2025, corrected publication 2025

Abstract

Objective: Sleep problems are frequent and impairing in adolescents with ADHD. This randomized controlled trial inves-
tigates the effectiveness of a newly developed CBT sleep hygiene intervention for adolescents with ADHD — SIESTA.
Method: Adolescents with ADHD and sleep problems (N = 92, M, = 14.36, SD = 1.43, 47% males) were randomized to
receive SIESTA next to treatment as usual targeting ADHD (SIESTA+TAU) or TAU only. Adolescent and parent ratings,
actigraphy and sleep diaries, were collected at pre-, post-, and at 4 month follow-up test. A linear mixed effects model
was used with an intent-to-treat approach.Results: Results indicated significant improvement in SIESTA+TAU compared
to TAU from pre- to post-test on sleep hygiene (7, =.21), chronic sleep reduction (7 ; =.15), and sleep-wake problem
behaviors (7, =.05). Actigraphy and sleep diaries showed no significant differences, with both groups improving on sleep
diaries. The improvements in sleep hygiene were maintained at follow-up (7 ; =.09). Of secondary outcomes, depressive
symptoms reduced significantly more from pre- to post-test in SIESTA+TAU than in TAU only (7 ; =.09).Conclusions:
This study indicates that SIESTA is effective at improving sleep hygiene, perceived sleep problems, and depressive symp-
toms in adolescents with ADHD. However, to maintain long-term effects, booster sessions may be beneficial.

Keywords ADHD - Sleep - Adolescence - RCT - CBT

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a com-
mon neurodevelopmental disorder [1] associated with dif-
ficulties across different domains of functioning, such
as educational underachievement, interpersonal-, and
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internalizing problems, externalizing behaviors, and sleep
problems [2]. Sleep problems in particular are often over-
looked in ADHD even though they significantly impair
daily life and are likely to increase into adulthood [3]. Ado-
lescence is an especially important developmental period,
as then, sleep problems often emerge or worsen [4]. Sleep
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undergoes significant changes during adolescence, affect-
ing both sleep pressure and circadian rhythms, due to the
natural maturation of sleep regulatory systems and changing
environmental and social demands [5]. Reviews show ado-
lescents with ADHD consistently report more subjectively
experienced sleep problems than their neurotypical peers,
such as lower sleep satisfaction and daytime sleepiness.
When assessing sleep with daily diaries, the most consis-
tently impaired aspects of sleep include a longer sleep onset
latency and lower sleep efficiency. Studies using objective
measures, show more inconsistent results [4, 6, 7]. How-
ever, only few studies are available. Moreover in adoles-
cents with ADHD, sleep problems may causally contribute
to ADHD and co-occurring psychiatric symptoms, such as
depression and anxiety [8]. Therefore, sleep is an important
intervention target for adolescents with ADHD [9].

Although no ADHD-adapted sleep intervention is cur-
rently available for adolescents, there is evidence of effec-
tiveness in reducing sleep problems (i.e., symptoms of
insomnia, sleep onset delay, and nighttime awakenings)
in children and adults with ADHD [10, 11]. In adolescents
with ADHD, only one non-randomized pilot trial examined
the effectiveness of a transdiagnostic sleep intervention in
14 adolescents (TranS-C-Youth; [12]). Results showed that
sleep (i.e., sleep quality, sleep habits, and sleep-wake behav-
ior), ADHD symptoms, and daily life functioning improved
[13]. However, due to lack of a control group it remains
inconclusive whether positive effects were related to the
intervention. Therefore, in this study we tested the effec-
tiveness of SIESTA — Sleep IntervEntion as Symptom Treat-
ment for ADHD — an ADHD-adapted Cognitive Behavioral
Therapy (CBT) sleep hygiene intervention for adolescents,
using a randomized controlled design (RCT). SIESTA
builds on the promising qualitative feedback of adolescents
with ADHD in our pilot study [14], which indicated that
both adolescents and parents reported positive effects such
as improved sleep hygiene, feeling more awake, and falling
asleep faster.

SIESTA targets individually determined sleep problems
by changing sleep hygiene practices, targeting difficulty
with planning and organization, and circadian rhythm prob-
lems [4]. Adolescents with ADHD often have inadequate
sleep hygiene [4]. Sleep hygiene includes various factors
such as sleep practices (e.g., winding down in the evening),
sleep environment (e.g., a cluttered bedroom), and physi-
ological influences (e.g., caffeine use), which are associated
with sleep problems [15, 16]. Therefore, improving sleep
hygiene is a core goal of SIESTA. Second, adolescents with
ADHD often have difficulties with planning and organiza-
tion [17]. These difficulties might lead to later bedtimes,
e.g., by finishing homework later, resulting in a shorter total
sleep time [17, 18]. Consequently, SIESTA includes a focus

@ Springer

on improving planning. Third, ADHD is associated with
a shift in circadian rhythm, contributing to later bedtimes,
which can lead to insufficient sleep due to early school start
times [19]. Hence SIESTA incorporates the importance of
sufficient daylight to evoke earlier sleep onset times. How-
ever, SIESTA does not target sleep problems that require
more intensive interventions (e.g., chronic insomnia or
narcolepsy).

The context, structure, and mode of SIESTA are also
adapted to the needs of adolescents with ADHD and have
been further refined following qualitative feedback from
adolescents and parents in our pilot study (e.g., more struc-
ture, examples, reduction of cognitive load). First, they are
more likely to drop out of treatment or have difficulties
with compliance, due to ADHD symptoms as well as dif-
ficulties with (intrinsic) motivation [20]. Hence, to support
autonomy SIESTA is individually tailored and adolescents
choose their own sleep goals and motivational interviewing
is used throughout SIESTA. Second, executive function-
ing (EF) deficits (e.g., difficulties with inhibition, working
memory) are common [21], which can contribute to chal-
lenges during treatment. Therefore, SIESTA is highly struc-
tured, focuses on one major goal at a time, utilizes multiple
small steps, and includes visual aids. Lastly, during adoles-
cence the need for autonomy increases, indicating a primary
focus on the adolescents themselves [22]. However, some
caregiver involvement is desirable as especially adolescents
with ADHD may still require some support transitioning to
autonomous sleep self-regulation [18].

This study examines the effectiveness of SIESTA next
to treatment as usual for ADHD (SIESTA+TAU), com-
pared to TAU only in the short- and middle-long term (+-4
months follow-up). We hypothesize that SIESTA+TAU
will improve sleep hygiene, sleep problems, and objective
and subjective sleep parameters more than TAU only. More-
over, we hypothesize that it will have a positive effect on
secondary outcomes (e.g., ADHD/depressive symptoms).

Methods
Participants

Inclusion criteria were (1) age 13 to 17 years, (2) attending
secondary education, (3) having an 1Q>80, verified by the
subtests Vocabulary and Matrix reasoning from the Wechsler
Intelligence Scale for Children (WISC; [23]) or the Wechsler
Adult Intelligence Scale (WAIS; [24]), (4) having a prior
diagnosis of ADHD, (5) fulfilling ADHD criteria at time
of screening, verified by the Kiddie Schedule for Affective
Disorders and Schizophrenia — Present & Lifetime Version
DSM-5 (K-SADS-PL DSM-5; [25]), (6) experiencing sleep
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problems assessed in a sleep interview with adolescents and
caregiver(s) based on the criteria outlined in the DSM-5
[1] and the ICSD-3 [26]. Specifically, sleep problems were
defined as: occurring on at least three days per week and
persisting for a minimum of three months; characterized by
either sleep onset latency>20 min, time awake after sleep
onset>30 min, or a total sleep duration<7 h, in conjunction
with at least one inadequate sleep hygiene practice (e.g.,
caffeine or media use before bedtime) and distress reported
by either the adolescent or their caregiver(s). Many ado-
lescents use ADHD medication and although this has been
suggested to impact sleep, it likely is not the primary con-
tributor to their sleep problems [27]. Nevertheless to rule
out medication change effects, if applicable, participants
had to maintain (8) a stable use of ADHD medication for
at least four weeks prior to participation. From pre- to post-
test participants were further instructed to maintain a stable
use of ADHD medication, which was thoroughly evaluated
through interviews with adolescents and parents.

Exclusion criteria included (1) specific self- or caregiver-
reported sleep disorders, i.c., restless legs syndrome, sleep
breathing disorders, and narcolepsy, (2) caregiver-reported
comorbid disorders including autism, conduct disorder, and
depressive disorder but only in case of current suicide risk
or active suicidality, as for these disorders more intense or
other interventions may be indicated; the latter two were
verified by the K-SADS-PL DSM-5 [25], (3) substance
abuse (excluding nicotine) as indicated by the Substance
use disorders and addictive disorders subscale of the Mea-
surements in the Addictions for Triage and Evaluations-
Youth [28], (4) experiencing an acute crisis situation at
home, because a more intense intervention would be neces-
sary, (5) presenting with physical or medical conditions or
medication use directly influencing sleep patterns, (6) par-
ticipation in cognitive behavioral sleep interventions within
the preceding six months, (7) using melatonin (unless with
a washout period of at least two weeks prior to pre-test).
From pre- to post-test participants were further instructed
not to start using melatonin, which was thoroughly evalu-
ated through interviews with adolescents and parents. Of the
106 screened adolescents, 15 were excluded (Fig. 1).

Study design

This study was approved by the Ethical Committee
Research of UZ/KU Leuven (S64197), registered at Clini-
calTrials.gov (NCT04723719), followed JARS and CON-
SORT guidelines (Supplement 1) [30, 31], and a published
protocol paper describes methods in more detail [32]. DB,
BB, AR, SB, MD, and SVDO were blinded throughout the
study, participants and clinicians were not blinded given the
nature of the intervention. SIESTA+TAU was compared

to TAU only. An independent researcher was responsible
for randomization, using a computerized random schedule.
Allocation was stratified for ADHD medication use (yes/
no) and for five locations across Flanders, with a 1:1 ratio
SIESTA+TAU versus TAU using permuted block sizes of
two; 47 adolescents were allocated to the SIESTA+TAU and
45 to the TAU group (Fig. 1). Sample size was determined
based on power analysis; a CBT sleep study in adolescents
without ADHD showed a large effect on sleep and medium
effect on ADHD symptoms [33]; therefore a moderate to
large effect size was anticipated [32]. Using G*power, at
least 40 participants per condition were necessary (power
0.8/alpha 0.05); to account for potential drop-outs an addi-
tional 15% was recruited, resulting in 92 participants [32].

Procedure

Recruitment took place across Flanders (Belgium). Partici-
pants in the SIESTA study were recruited through clinics,
ADHD organizations, social media, and a network of clini-
cians. To improve accessibility, clinicians traveled to five
different locations to provide the intervention, minimiz-
ing the need for adolescents to travel long distances. After
signing informed assent and consent forms, screening for
inclusion took place. This included the sleep interview with
the adolescent and caregiver(s), the WISC/WAIS with the
adolescent, and the K-SADS with the caregiver(s), and both
filling out questionnaires [32]. If participants met inclusion
criteria, the study protocol started (Fig. 1). Pre-, post-, and
follow-up test measurement included actigraphy, sleep dia-
ries, and questionnaires for adolescents, caregiver(s), and
teachers. Participants of TAU were offered SIESTA after
completion of follow-up measurements. Screening was in
five waves (2021-2023) with recruitment in January-March
or September-October. These time periods were chosen
to conduct the measurements and provide SIESTA during
regular school weeks, as sleep during holidays and exam-
periods may not be representative.

Intervention

Participants in the SIESTA+TAU group received SIESTA,
an ADHD-adapted CBT sleep intervention for adolescents,
consisting of seven individual weekly one-hour sessions
with the adolescent and two separate one-hour sessions
with the caregiver(s) (Supplement 2: content of the ses-
sions), next to their TAU for ADHD. SIESTA focuses on
sleep hygiene while addressing the unique challenges faced
by adolescents with ADHD. They often experience motiva-
tional difficulties [20], thus an important part of SIESTA is
motivational interviewing. To support adolescents’ increas-
ing autonomy, adolescents formulate their own goals to
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[ Enrollment ]

Assessed for eligibility (n=106)

Excluded (n=14)
- No distress (n=7)
- Not meeting ADHD criteria (n=3)

- Estimated IQ < 80 (n=1)

- Comorbid autism (n=1)

- ADHD medication dose unstable (n=1)
- Restless legs syndrome (n=1)

Pre-test measurement (n=92)

Randomized (n=92)

[

Allocation ]

Allocated to SIESTA+TAU group (n=47)
- SIESTA (n=46)

- Dropped out after session 3 (n=1)

- Dropped out after session 6 (n=1)
- Did not start SIESTA

- Other problems (n=1)

J
Allocated to TAU group (n=45)

i [ Post-test (after +- 7 weeks) ]

SIESTA+TAU group (n=44)
3Changed ADHD medication type/dose (n=7)
sStarted melatonin use (n=6)

J
TAU group (n=44)
3Changed ADHD medication type/dose (n=10)
aStarted melatonin use (n=9)

y

[ Follow-up (after +- 4 months) ]

SIESTA+TAU group (n=44)
Changed ADHD medication type/dose (n=15)
Started melatonin use (n=15)

TAU group (n=43)
Changed ADHD medication type/dose (n=13)
Started melatonin use (n=17)

Fig. 1 RCT CONSORT flow diagram. Note. *Although explicitly instructed not to
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work on. The sleep problems addressed in the intervention
are quite heterogeneous and thus vary depending on the
primary goal chosen by each adolescent. About 50% of the
participants in SIESTA selected a goal related to improving
sleep onset latency, suggesting that difficulty falling asleep
is a commonly targeted problem in SIESTA. Special atten-
tion is given to working with adolescents with ADHD, e.g.,
goals are made feasible, the sessions vary in methods used
(quiz, infographic), adjusted in pace and speech, and chal-
lenges with memory and follow-through are anticipated.
SIESTA includes a workbook that records all experiments
and steps, utilizing infographics and concise text to main-
tain engagement and help them remember the techniques
they learned. For clinicians, there is a trainer manual outlin-
ing session goals and additional information on sleep and
techniques used [34].

Treatment integrity and fidelity

SIESTA was administered by nine licensed clinical psychol-
ogists. The number of participants they provided the inter-
vention to ranged from one to 17 participants (Mdn=2).
All psychologists received a one-day training and initially
provided SIESTA to pilot study or TAU group participants
(if they wanted the intervention after follow-up test, which
37 did). Weekly supervision was provided by two supervi-
sors, BB (co-developer of SIESTA and registered supervi-
sor for the Dutch Cognitive Behavior Therapy Association)
and AR (registered behavior therapist and CBT for insomnia
(CBT-I) specialist at Leuven’s University Hospital). Ses-
sions were recorded and 10% were randomly selected for
integrity coding by two trained clinical psychology master
students. The coding used a 3-point scale (1=not addressed,
2=somewhat addressed, and 3=fully addressed) to assess
the coverage of each session’s components. The average
agreement between scorers and clinicians was 96.2%, the
average protocol adherence was 91.2%.

Serious adverse events of SIESTA

Serious adverse events (SAE) were monitored during
SIESTA, SAE were spontaneously reported in sessions
1-2 and explicitly asked from session 3 onwards (from
then on an established working relationship). Documented
events were reported immediately to the Ethical Committee
Research at UZ/KU Leuven. For each event, the descrip-
tion, timing, severity, relationship to the study, and outcome
were recorded.

Treatment as usual for ADHD

Treatment as usual for ADHD was assessed in both groups
at post-test and follow-up by caregiver- and adolescent-
reported questions (i.e., whether they had sessions with any
health care providers and what these sessions were about).
Furthermore, they were asked whether their ADHD medica-
tion type and/or dose changed, and whether any melatonin
was used, although they were instructed not to, from pre- to
post-test.

Primary outcome measures

As sleep is a multifaceted domain, a mixed methods
approach was chosen to comprehensively assess sleep (Sup-
plement 3: more information on all outcomes).

Self-reported sleep hygiene was assessed with the revised
Adolescent Sleep Hygiene Scale (ASHSr) [35]. Moreover,
adolescents filled out the Chronic Sleep Reduction Ques-
tionnaire (CSRQ), measuring chronic sleep deprivation
[36], and two subscales of the School Sleep Habits Survey
(SSHS), assessing daytime sleepiness and sleep/wake prob-
lem behaviors. Caregivers completed the Children Sleep
Habits Questionnaire (CSHQ) [37].

Sleep parameters were measured using wrist actigraphy
(using the Motionwatch 8 (CamNtech) and accompanying
MotionWare software; [38]) and sleep diaries (using an eco-
logical assessment app (mPath); [39]) for one week. They
included total sleep time (TST; time asleep between sleep
onset and sleep offset), sleep onset latency (SOL; time from
lights out to sleep onset), sleep efficiency (SE; percentage of
time asleep while in bed), and number of awakenings (NoA;
number of times awake after sleep onset and before sleep
offset).

Secondary outcome measures

The Disruptive Behavior Disorder Rating Scale (DBDRS)
was filled out by caregivers to assess inattentive and hyper-
active/impulsive, and ODD symptoms [40]. Anxiety symp-
toms were evaluated using the self-reported SCARED-R
[41], depressive symptoms with the self-reported Child
Depression Inventory 2 (CDI-2) [42]. Regarding functional
outcomes, caregiver-adolescent conflict was evaluated with
the Conflict Behavior Questionnaire (CBQ) [43]. To assess
adolescents’ academic functioning, caregivers completed
the Homework Problems Checklist (HPC) [44] and teachers
the Classroom Performance Scale (CPS) [45].
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Satisfaction for SIESTA

Adolescents and caregivers of the SIESTA+TAU group
reported their satisfaction with SIESTA using Likert-scale
and open-ended questions (see Supplement 4 for more info).

Statistical analysis

Differences in treatment as usual between groups were com-
pared using Chi-Square tests. Statistical analyses were con-
ducted using R Statistical Software (v4.3.1; [46]), using an
intent-to-treat approach. Imputation for missing items was
performed using predictive mean matching using the mice
package [47] with five donor pools that were pooled using
Rubin’s Rules [48, 49]. In case of missingness larger than
30%, completer analyses were conducted [48]. To assess the
possible influence of the five waves of assessment, intra-
class correlations (ICC) were computed [50].

To test for significant differences between the groups, a
linear mixed effects model was used, using the Ime func-
tion of the nlme package [51]. In contrast to the planned
model (fixed effect: interaction between time and condition;
random intercept per participant/wave) [31], baseline differ-
ences on pre-test outcomes were controlled for in the final
model, with pre-test being included as a fixed effect. Taking
baseline differences into account is advised to reduce the
chance of biased estimates of the intervention effect [52].
However, no testing for baseline differences was done as

Table 1 Demographic characteristics of participants

“perfect” randomization could result in any differences
being due to chance and instead focus should be on adjust-
ing for potential confounding variables (such as pre-test
measures), irrespective of their statistical significance at
baseline, to ensure more internally valid and precise effect
estimates [53]. Effect sizes were computed using partial
eta squared (0.01: small effect, 0.06: medium effect, 0.14:
large effect). Multiple testing was accounted for by the Ben-
jamini, Krieger, and Yekutieli (BKY) correction [54]. For
exploratory within-group effects, post-hoc paired samples
t-tests and repeated measures ANOVAs were conducted.
Covariate analyses were conducted by including changes
in ADHD medication or melatonin use as covariates in the
statistical models.

Results

Participants included 92 adolescents (53% female), most
used ADHD medication (80%). (demographics see Table 1;
Supplement 5: caregiver demographics).

Differences between groups

There were no significant differences between groups
in amount of sessions of treatment as usual for ADHD
(pre-post: x 2 (1, N=33)=0.14, p=.71; post-follow-up:
x 2 (1, N=46)=0.06, p=.80), (although instructed not to

Characteristic SIESTA+TAU (n=47) TAU (n=45)
M (SD) M (SD)
Age in years 14.45 (1.54) 14.27 (1.30)
Pubertal development (PDS) 2.89 (0.91) 2.88 (0.92)
(0] 99.64 (12.66) 106.44 (14.52)
% (n) % (n)
Gender Female 48.9 (23) 57.7 (26)
Male 51.0 (24) 42.2 (19)
ADHD presentation® Inattentive 53.2 (25) 44.4 (20)
Hyperactive-Impulsive 2.1(1) 8.8 (4)
Combined 44.7 (21) 46.6 (21)
School type General education 63.8 (30) 71.1 (32)
Vocational education 12.8 (6) 4.4 (2)
Artistic education 6.4 (3) 8.8 (4)
Technical education 17.0 (8) 15.5(7)
ADHD medication Total 78.7 (37) 80.0 (36)
Methylphenidate 70.2 (33) 77.8 (35)
Dextroamphetamine 6.4(3) 2.2(1)
Atomoxetine 2.1(1) 0(0)
Family composition Biological / legal parents 74.5 (35) 66.7 (30)
Single biological / legal parent 17.0 (8) 20.0 (9)
Newly composed / co-parenting 6.4 (3) 13.3 (6)
Foster family 2.1(1) 0.0 (0)

Note. *ADHD presentation based on K-SADS-PL DSM-5; PDS=Pubertal Developmental Scale [29]
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from pre- to post-test) ADHD medication change (pre-
post: x 2 (1, N=17)=0.82, p=.37; post-follow-up: x 2 (1,
N=28)=0.10, p=.75), nor melatonin use (pre-post: x 2 (1,
N=15)=0.88, p=.35; post-follow-up: x 2 (1, N=32)=0.35,
p=.56) (Supplement 6).

Data attrition

Missingness in primary (pre: 0-14.1%, post: 3.3-17.4%,
follow-up test 6.5-18.5%) and secondary outcomes (pre:
0-1.1%, post: 3.3%, follow-up test: 7.6-9.8%) was limited,
based on both adolescent- and caregiver report (Supplement
7). Missing items for actigraphy measures ranged from 2.2
to 3.3% at pre-test, 10.9-13% at post-test, and 15.2—18.5%
at follow-up. Missingness of teacher-report was 30.4% at
pre-, 51.1% at post-, and 65.2% at follow-up test, therefore
completer analysis was used.

Intraclass correlation

Wave did not explain a significant amount of variance in
primary and secondary outcome analyses (ranging from 0
—2%), thus was not included as a level.

Primary outcomes

Means, standard deviations, and results from the analy-
ses are reported in Table 2. The following interaction
effects were significant from pre- to post intervention: The
SIESTA+TAU group improved on the ASHSr (large effect),
CSRQ (large effect), and sleep-wake problem behaviors of
the SSHS (small effect), significantly more than the TAU
group. At follow-up one interaction remained significant
(ASHSr, medium effect). There were no significant interac-
tion effects on self-reported daytime sleepiness, the CSHQ,
actigraphy, and sleep diary outcomes; exploratory within
group analysis showed that both groups improved on the
sleep diary, there was no change over time on actigraphy
(Supplement 8).

Secondary outcomes

There was a significant interaction for depressive symp-
toms (B(SE) = -3.09 (1.11); p=.007; n; = 0.09; medium
effect), the SIESTA+TAU group showed a significantly
stronger decrease of depressive symptoms from pre- to
post-test compared to TAU, there were no other signifi-
cant interactions (Supplement 9). Exploratory within group
analyses showed that on most outcomes either both groups
significantly improved (DBDRS-ADHD, CDI-2, HPC) or
there was no effect over time (DBDRS-ODD, CBQ, CPS).

On the SCARED only the within group analysis of the
SIESTA+TAU group was significant (Supplement 10).

Covariate analyses

Covariate analyses, including ADHD medication change
and melatonin use, showed the same interaction effects from
pre- to post-test and follow-up test, except for sleep-wake
problem behaviors (SSHS) which was no longer significant
(Supplements 11-12).

Satisfaction for SIESTA

Satisfaction scores of both adolescents and caregivers were
generally positive (Means of 3.68-4.57 / 5; Supplement 5).
Adolescents mostly reported improvement on falling asleep
faster (n=23) and caregivers mostly reported improvement
of their adolescent’s awareness of sleep processes and sleep
hygiene (n=25). Regarding persisting challenges, adoles-
cents mostly reported no challenges because everything
they worked on improved (n=14) and caregivers mostly
reported that their adolescent was still going to bed too late
(n=7) (Supplement 13).

Serious adverse events of SIESTA

One SAE was reported during SIESTA which the Ethical
Committee Research of UZ/KU Leuven considered unre-
lated to SIESTA.

Discussion

This RCT is the first to investigate the effect of a CBT
intervention targeting sleep hygiene, SIESTA+TAU, as
compared to TAU only for adolescents with ADHD and co-
occurring sleep problems. SIESTA+TAU improved on sleep
hygiene and perceived sleep problems (chronic sleep depri-
vation) more than TAU only in the short term (large effects),
and more than TAU on sleep-wake problems although this
effect was only small, and not significant after covarying
for ADHD medication change and melatonin use. The ben-
eficial effect of SIESTA+TAU over TAU on sleep hygiene
remained at four months follow-up (medium effect). On
secondary outcomes, depressive symptoms improved more
in SIESTA+TAU than in TAU only (medium effect).

Large effects were found for improvement in sleep
hygiene for SIESTA+TAU as compared to TAU only. This
is particularly relevant as targeting this is the main focus
of SIESTA and sleep hygiene is an important contributor
to sleep problems in adolescents [15]. Furthermore, the
SIESTA+TAU group improved significantly more on
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subjectively perceived sleep problems. However, despite
positive subjective findings, no significant differences were
found on sleep parameters (i.e., total sleep time or sleep effi-
ciency) assessed with actigraphy and sleep diaries.

Noteworthy, within-group analyses on sleep diaries
showed an improvement of sleep parameters in both groups.
This might indicate a self-monitoring effect (i.e., due to mon-
itoring of sleep perceiving less time to fall asleep and longer
sleep times) [55]. Interestingly, only in the SIESTA+TAU
group, this rating was corroborated with a subjective expe-
rience of less sleep problems. This highlights the impor-
tance of subjective perception in sleep research, i.e., sleep
diary and actigraphy changes might not accurately represent
changes of perceived sleep problems [26, 56, 57], e.g., fall-
ing asleep faster in under two hours might already be fast for
some individuals, while for others 20 min is already long.
Previous CBT-I research in adolescents without ADHD also
found more pronounced effects on sleep questionnaires, in
contrast to sleep parameters [58].

Of interest, significant interaction effects were found for
depressive symptoms, with SIESTA+TAU reporting a sig-
nificantly larger decrease in depressive symptoms than TAU
only. Depressive symptoms often emerge in adolescence,
are highly impairing [59] and relate to sleep problems [60].
Targeting sleep as in SIESTA may break this vicious cycle
between sleep and depression in ADHD [61]. Surprisingly,
we did not find an effect on ADHD symptoms or other sec-
ondary outcomes. Studies in childhood did find changes in
ADHD symptoms and other outcomes after intervention
[11], and a sleep extension/restriction study found that sleep
extension reduced ADHD, ODD symptoms, and improved
functional outcomes in adolescents with ADHD. Although
speculative, it may be for effects on more distal outcomes
beyond sleep and depression, a marked change of objec-
tive sleep duration and efficiency (e.g. by including bedtime
restriction or chronotherapy) is necessary [8]. Thus, while
subjective improvements were associated with reductions in
depressive symptoms, future interventions should explore
whether improvements in objective sleep parameters can
further enhance benefits for both ADHD symptoms and
overall functioning.

Limitations

Despite the strengths of this study, i.e., including a large
percentage of females (53%), a relatively melatonin-free
sample (often not in sleep research), intensive supervised
clinicians, limited drop-out, and general satisfaction among
participants, certain limitations should be considered. First,
even though we recruited in three languages (Dutch, Eng-
lish, and French; in Belgium the majority of global minor-
ity members are French speaking immigrants from, e.g.,

Morocco [62]) and provided SIESTA in diverse rural and
urban locations across Flanders, the sample primarily con-
sisted of highly educated families. Second, although we
specifically instructed adolescents not to change medica-
tion from pre- to post test, 18% changed their dose and 16%
started melatonin from pre-to post and respectively 30%
and 34% from pre to follow-up. However, covariate analy-
ses showed largely similar results.

Future directions

Although we found small to large effects on subjective
perception of sleep, future research should identify which
subgroups (e.g., age, puberty, gender, comorbidity) benefit
most from SIESTA and explore the reasons why. Second,
after our study started, the non-controlled pilot study on a
transdiagnostic intervention for adolescents with ADHD
was published, with promising results on different sleep
variables [13]. Future research could compare the ADHD
specific SIESTA to non-ADHD-adapted CBT-1 such as
TranS-C to determine whether ADHD adaptations are
indeed beneficial. Moreover, given the potential interplay of
homeostatic sleep drive and circadian rhythms in ADHD-
related sleep problems [7], integrating biological targets
into future iterations of SIESTA - potentially by adapting
ADHD-specific elements from SIESTA into a CBT-I or
Trans-C framework - may be a crucial next step in optimiz-
ing sleep outcomes for adolescents with ADHD. Lastly, the
relatively short duration of our follow-up limits the possi-
bility to draw conclusions regarding sustainability of the
intervention effects. The reduced findings at follow-up and
approximately one-third of adolescents (re-)starting mela-
tonin use, indicate that adolescents might find it difficult to
maintain their sleep plan and that booster sessions or, e.g.,
booster text-messages might be useful [63].

Clinical implications

ADHD can be a lifelong condition, with sleep problems
occurring across the life-span. Sustained management strat-
egies of sleep may need to be integrated into a comprehen-
sive ADHD treatment plan. SIESTA could be part of such
a plan, with clinicians playing a key role in reminding and
reinforcing the learned tools in SIESTA throughout differ-
ent life stages, fostering holistic care for individuals with
ADHD [64].

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s00787-0
25-02755-0.
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