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ABSTRACT
BACKGROUND: This study evaluated the effect of the school-based intervention Charge Your Brainzzz on adolescents’
social-cognitive determinants, sleep hygiene and sleep duration and quality.

METHODS: A cluster-randomized controlled trial was conducted with 972 students from 10 Dutch high schools. Schools were
randomly allocated to the intervention (N = 5) or control condition (N = 5). Outcomes were measured with the digital
Consensus Sleep Diary and via a digital questionnaire, based on valid measures. Data were collected at baseline (T0),
±1.5 weeks post-intervention (T1) and ±3 months post-intervention (T2). Mixed model analyses were performed to estimate the
effects on social-cognitive determinants, sleep hygiene, and sleep outcomes.

RESULTS: The intervention increased sleep knowledge post-intervention (b = 1.91; 95%CI: 1.22-2.60) and at follow up
(b = 1.40; 95%CI: 0.70-2.10). The intervention was also effective in changing adolescents’ attitudes (b = 0.10; 95%CI: 0.01-0.19)
and perceived behavioral control (b = 0.11; 95%CI: 0.01-0.22) post-intervention. No positive changes were found regarding
subjective norms, behavioral intentions, sleep hygiene, or sleep outcomes.

CONCLUSIONS: The intervention improved adolescents’ sleep knowledge, attitude, and perceived behavioral control. To
significantly impact sleep health, theoretically sound and systematically developed interventions are needed which take into
account the interplay between sleep, sleep-related behaviors, and adolescents’ social and physical environment.
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Healthy sleep is defined as sleeping sufficiently,
having a good sleep quality and the absence of

daytime sleepiness.1 In addition, it comprises sleep
efficiency (ie, the ease of falling asleep and returning
to sleep) and appropriate sleep timing (ie, regularity of
bed times). Good sleep health is vital for adolescents’
learning abilities and school performance,2 their
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mental and physical health, and a lack thereof
increases their chances to develop depression and
obesity.3 Thus, healthy sleep habits play a crucial role
in adolescent development, with lifelong impact on
various health and social outcomes.1,4 Unfortunately,
many studies report a decrease in adolescents’ sleep
duration and quality, with many adolescents not
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obtaining their recommended 8-10 hours (ie, for 14-
17 year olds) or 9-11 hours of sleep per night (ie,
for 6-13 year olds).5-7 In the Netherlands, more than
half of adolescents sleep almost an hour less than
recommended.5,8 Also, 44% of adolescents report not
waking up fully rested and experience more sleepiness
compared to any other age group.5,8 Given these
developments and the detrimental consequences of
unhealthy sleep, promoting sleep health is increasingly
seen as a serious public health priority.7,9

The decline in sleep quantity and quality during
adolescence is a complex, multifactorial process that
can partly be explained by biological changes10,11 as
a shift in circadian rhythm results in a preference
for late morning and late day activities and later
bedtimes.11 Further adding to their sleep deprivation
are psychosocial factors such as academic pressure,
and decreased parental supervision regarding bedtime
and screen time.4,11,12 Factors which aid upholding
healthy sleep habits, yet which undergo changes
during adolescence, are called sleep hygiene practices
(eg, having a regular sleep schedule, a supporting
environment, sufficient daylight during the day and
limited use of electronic screens before bedtime).9,10

Given the importance of many such changeable
determinants, taking preventive action to stimulate
adolescents’ healthy sleep habits seems promising.
Schools might be an appropriate setting for such
actions, since school-based interventions have been
shown to be beneficial in aiding to promote other
health-related behaviors, such as physical activity and
dietary behaviors.13 Despite the potential outreach
to youth to positively contribute to adolescents’
sleep habits, current school health curricula in the
Netherlands devote no structural attention to the
subject of sleep.5 Existing school-based programs on
sleep vary widely in their quality, aims, design, and
implementation success.14-16 They demonstrate mixed
effects in terms of outcomes on sleep health, sleep
knowledge, and sleep-related outcomes.14,15 Several
programs effectively improved sleep knowledge, but
improvement of sleep outcomes is limited.17,18 As
indications of the limited effects, reviews identified
methodological shortcomings such as small sample
sizes, lack of follow-up measures, and a lack of
theoretical underpinnings of the intervention.16,17

Using theory when developing and evaluating
sleep interventions is not yet self-evident, despite
its importance.17,19-21 Theoretical development of
sleep interventions is often lacking which complicates
adequate intervention evaluation and identification of
working mechanisms. Also, evaluation studies often
only report on the sleep outcome(s) of interest whereas
analyzing effects on social-cognitive determinants
will provide an understanding of what works for a
specific behavior and population.17 A theory that is
widely used in other health behavior interventions for

evaluating social-cognitive determinants is the Theory
of Planned Behavior (TPB).22 It presumes that health
behavior is predicted by the intention to perform
a certain behavior and consecutively determined by
the social-cognitive determinants including attitude,
subjective norm, perceived behavioral control.22 To
alter most of these determinants, knowledge is
an essential, although not sufficient, prerequisite.19

Consequently, these social-cognitive determinants
should be targeted in interventions and the evaluation
of interventions aiming at behavioral change.

In the Netherlands no school-based intervention
currently exists that focuses on adolescent sleep
health.5 Given the potential of school-based inter-
ventions in general and the lack of evidence-based
programs regarding the topic of sleep, the Dutch
Brain Foundation Netherlands and Chrono@Work
developed the educational intervention ‘‘Charge Your
Brainzzz’’ (CYB) to stimulate adolescents’ healthy
sleep habits. The current study aims to evaluate the
intervention which includes effects of CYB on ado-
lescents’ social-cognitive determinants, sleep hygiene
and sleep duration, and quality.

METHODS

A cluster-randomized controlled trial was con-
ducted to evaluate the effects of the Charge Your
Brainzzz intervention (Box 1).

Box 1. Description of the Intervention

Charge Your Brainzzz
Charge Your Brainzzz (CYB) (www
.chargeyourbrainzzz.nl) is comprised of three
45-minute classroom-based education sessions
with interactive assignments and a supporting
educational website. Accompanying homework
includes a serious game and an assignment for
students and their parents. CYB is delivered by
high school teachers and fits the Dutch high school
biology curriculum (year 2/3, age 13-15). The
program contains exercises of varying difficulty
levels as it was tailored to fit different educational
levels. The content and the learning objectives
were similar for both versions of the intervention.
CYB informs students on the importance of
good sleep health, the biological clock, and
sleep-wake rhythms. It also teaches students
how to evaluate their own sleep habits and—if
needed—improve upon their sleep hygiene. CYB
targets students’ knowledge, awareness, attitudes,
subjective norms, and perceived behavioral control
to stimulate healthy sleep, of which most are
determinants of the Theory of Planned Behavior.
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The theoretical foundation of the intervention,
including determinants and theoretical methods,
is based on the taxonomy of behavior change
methods, following the Intervention Mapping
Framework.19,33 This framework is a protocol
for developing theory-based and evidence-based
health promotion programs. The applied theoreti-
cal methods and practical strategies can be found
in Appendix 1.

Recruitment and Participants
Given the content of CYB, second- and third-grade

students from all regular Dutch educational levels were
eligible to participate. High schools were recruited
by using several recruitment strategies. First, schools
were asked to participate when they subscribed to
the intervention on the online portal of CYB. Second,
Municipal Health Services (N = 4) actively promoted
the study among their network of schools, in part via
their Healthy School Advisors. Furthermore, the study
was promoted among biology teachers via an online
platform and a magazine for professionals. Schools that
agreed on participation invited their second- and third-
grade students (generally between 13 and 15 years old)
for the study, by providing students and their parents
or caretakers an information letter about the study.
Active written consent from students and their parents
or caretakers was requested prior to their enrollment in
the study. The CONSORT flow diagram including the
procedure of the study, the enrollment and follow-up
of schools and students, is shown in Figure 1.

Allocation
Eligible schools were allocated at random to the

intervention or control group based on educational
level and the number of participating classes within
a school to increase the similarity of the intervention
and control group. The randomization was performed
by an independent statistician at the Vrije Universiteit
Amsterdam. Twelve schools were randomized into
the intervention or control group. After allocation
2 schools withdrew from the study, resulting in
10 participating schools. The intervention group (5
schools; 32 classes) implemented CYB during the
school year 2018-2019, and the control group (5
schools; 27 classes) could implement it after the
research period (ie, wait-list control).

Procedure
CYB was implemented at the intervention schools

from September to November 2018. Teachers who
participated with their class were either biology
teachers or mentors of that class. Well before the
start of the study teachers in the intervention group

received the CYB package, which consisted of the
program, materials, and a teacher manual. By design,
no formal teacher training was required. However,
teachers could contact the principal researcher (MI) to
offer clarification of the CYB program if they wished.
Both intervention and control schools conducted 3
surveys in the period September 2018 to January
2019: baseline, post-intervention (±1.5 week post-
intervention; direct effect) and follow-up (±3 months
post-intervention; sustained effect). The moment of
implementing the intervention and conducting the 3
surveys varied between the intervention schools due
to scheduling differences. For all 3 measurements,
students received a web link via their school.
They completed a questionnaire and recorded the
first day of a 7-day sleep diary on an electronic
device. The 6 remaining days of the online sleep
diary were recorded at school where possible or
at home. One lesson (approximately 45 min) was
used to complete each measurement. Classes could
win an excursion by participating in the study. In
addition to measurement of intervention outcomes,
the implementation of the intervention was measured
by interviewing the participating teachers and by a
short questionnaire for the intervention group based
on theoretical frameworks on implementation. The
results of the implementation study will be described
elsewhere.

Sample Size
A power analysis determined a sample size of 750

was needed based on an effect size of 0.25 in order to
determine a minimal improvement of 10 minutes of
sleep per night as an intervention effect, a SD of 0.66,
an intra-cluster correlation coefficient (ICC) of 0.10
and a significance level (α) of 0.05. Taking into account
a potential drop-out rate of 50%, 1500 students should
participate at baseline to have a sufficiently large study
population.

Instruments
Demographics. The questionnaire contained ques-

tions on age, gender, perceived cultural group, educa-
tional level, and grade. To indicate their perceived cul-
tural group, participants could give multiple answers.
Based on the definition of Statistics Netherlands,23

perceived cultural group was divided into 3 groups
for the analyses: Native Dutch, Non-native/Western,
and Non-native/Non-Western. In the case of multiple
answers, participants were categorized into the group
‘‘mixed’’ (eg, Dutch and Moroccan was categorized
as mixed) and Native Dutch was used as the refer-
ence group in the analyses. As the intervention offers
1 version for Lower General Secondary Education
(VMBO) and 1 version for Higher General Secondary
and pre-university education (HAVO/VWO), these
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Figure 1. CONSORT Flow Diagram of the Study

Excluded (n=620 students) 
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Response post-intervention – compared to 

baseline 

Schools (n=5), students (n=461) 

Response – compared to allocation 
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Intervention: schools (n=5); students (n=658) 

� Received allocated intervention (5 schools) 

Response – compared to allocation 

Schools (n=5), students (n=367) 

Control: schools (n=7); students (n=682) 

� Received no intervention (5 schools) 
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Assessed for eligibility (n=12 schools; 

1960 students)

Follow-up

Post-intervention

Baseline
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2 categories were used for educational level in the
analyses.

Social-cognitive determinants.
Knowledge. Adolescents’ knowledge of sleep was

measured with 10 statements based on the content of
the CYB intervention. The statements covered topics
such as the importance and function of sleep and
sleep hygiene practices, eg, ‘‘Due to sleep deprivation
you have more risk of becoming overweight’’ and
‘‘People of your age need an average of 6-7 hours
of sleep per night.’’ A total knowledge score was
created by summing up all correct answers (range

0-10). Psychometric properties of this questionnaire
were not assessed.

Attitude, subjective norm, perceived behavior control,
and intention. Social-cognitive determinants were
assessed based on Fishbein and Ajzen’s theories and
standard formulations for measuring constructs of the
Theory of Planned Behavior.24 Measurement of each
social-cognitive determinant consisted of 4 items,
with 1 item regarding each sleep health domain (ie,
duration, timing, efficiency and quality). For example:
attitudes toward having a regular bedtime (eg, ‘‘For
me, going to bed around the same time every night
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is . . . ’’), subjective norms regarding regular bedtimes
(eg, ‘‘My parents want me to go to bed around the
same time every night’’), perceived behavioral control
towards regular bed timing (eg, ‘‘I intend going to
bed around the same time every night’’). Items could
be answered on a 5-point Likert scale ranging from
−2 to +2 on importance, agreement, and difficulty.
For each determinant (ie, attitude, subjective norm,
perceived behavioral control, intention) a mean score
was created from the 4 items related to the sleep
health dimensions (ie, sleep duration, sleep timing,
sleep efficiency and sleep quality). A higher score
indicated a better score. Internal consistency for each
determinant on each time point as checked with
Cronbach alpha was sufficient.25

Sleep hygiene. Adolescents’ sleep hygiene questions
were based on the validated Adolescent Sleep Hygiene
Scale (ASHS).26 The original instrument assesses sleep
hygiene practices in adolescents on 28 items along 9
different sleep domains (eg, daytime sleepiness and
bedtime routines).26 Based on the pre-test study (see
below), small adaptations to the ASHS were made. The
item ‘‘I go to bed with a stomach-ache’’ was changed
into ‘‘I go to bed with cold feet and/or hands’’ and
the item ‘‘I check my clock several times during the
night’’ was changed into ‘‘I check my phone several
times during the night.’’ Furthermore, the item ‘‘I
take my phone to my bedroom’’ was added and as
the pre-test study indicated that the 4 items of the
domain ‘‘sleep stability’’ were difficult to understand,
those items were excluded from the questionnaire.
Participants reported sleep hygiene on 24 items along
a 5-point Likert scale ranging from never = 0 to
always = 4, whereas the original instrument used a
7-point scale ranging from never = 0 to always = 6.
Internal consistency of sleep hygiene as checked with
Cronbach alpha was α = 0.76 at baseline, α = 0.81 at
post-intervention and α = 0.80 at follow-up. A mean
score was created of the 24 items in which a higher
score indicated better sleep hygiene.

Sleep outcomes. Sleep duration and sleep quality
were measured via the validated 7-day Consensus
Sleep Diary (CSD).27 Sleep duration was determined
as the difference between the time participants tried
to go to sleep and their wake time. Sleep quality was
measured with the question ‘‘How would you rate the
quality of your sleep last night?’’ which is part of the
CSD, and the additional question ‘‘How do you feel
when getting up this morning?’’ Both questions were
scored on a 5-point Likert scale ranging from ‘‘very
bad’’ (−2 points) to ‘‘very good’’ (+2 points) and from
‘‘not rested at all’’ (−2 points) to ‘‘totally rested’’ (+2
points). A mean score per night was calculated from
both items, in which a higher score indicated a better
sleep quality. All participants with data on either sleep
duration or sleep quality were included in the analyses.

Pre-test of measures. The comprehensibility, rele-
vance, and completeness of the questionnaire and the
feasibility of the study procedures were tested via a
pre-test study. In a focus group with students (N = 4),
the questionnaire and the sleep diary were tested
on comprehensibility, relevance, and completeness by
addressing relevant themes from the literature. The
instruments were adjusted accordingly and then tested
again by interviewing other students (N = 3) until no
further changes were needed. Via telephone interviews
with teachers from participating schools (N = 11) study
procedures were discussed and adjusted based on their
feedback.

Data Analysis
After reporting descriptive statistics on the

baseline study sample (ie, age, gender, perceived
cultural group, educational level, grade), a series
of linear mixed model analyses were performed
to estimate the intervention effect on adolescents’
sleep duration, sleep quality, sleep hygiene, and
social-cognitive determinants of sleep health. The (1)
overall effects (post-intervention and follow-up); (2)
post-intervention effects; and (3) follow-up effects of
the intervention were assessed. Mixed models were
used to best handle missing data in a flexible and
robust manner, and account for the dependency of the
repeated observations within the participants.28 Par-
ticipants that provided baseline data were included in
the analyses. The data was tested for possible clustering
on adolescent and school level, but only correcting for
clustering on adolescent-level was required.

All analyses were adjusted for the baseline value
of a particular outcome (longitudinal analysis of
covariance).29 The research condition (intervention
or control group) was the independent variable
in all analyses. To assess the effect per follow-up
moment, time was added to the model, as well as a
time-by-research condition interaction. Crude models
were constructed first. Next, adjusted models were
constructed, correcting for the potential confounders
age, gender, perceived cultural group, educational
level, and grade. For all analyses, a 2-tailed significance
level of 0.05 was used. Mixed model analyses were
performed using StataSE 14.

RESULTS

Study Population and Mean Scores of Sleep Outcomes,
Sleep Hygiene, and Social-Cognitive Determinants (T0,
T1, T2)

A total of 972 seconds and third-grade adolescents
from 10 schools participated in the study, whereas
a target population of 750 students was determined
by the sample size calculation. As shown in Table 1
the intervention group consisted of 605 adolescents
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Table 1. Characteristics of the Study Population, Based on Filled in Questionnaires (N = 972)

Intervention (n = 605) Control (n = 367)

N % Mean SD N % Mean SD

Age 13.4 0.76 13.2 0.64
Gender

Boys 247 40.8 194 52.9
Girls 358 59.2 173 47.1

Perceived cultural group
Native Dutch 501 82.8 315 85.8
Non-native/non-Western 17 2.8 6 1.6
Non-native/Western 3 0.5 4 1.1
Mixed 82 13.6 42 11.4

Educational level
Lower general secondary education 187 30.9 80 21.8
Higher general secondary education/pre-university education 418 69.1 287 78.2

Grade
Grade 2 327 54.0 309 84.2
Grade 3 278 46.0 58 15.8

∗Statistically significant difference between groups.

and the control group of 367 adolescents. There
were some imbalances in participant characteristics
between study arms at baseline. When compared to
the control group, participants in the intervention
group were generally older (13.4 years vs 13.2 years),
more likely to be female (59.2% vs 47.1%) and lower
educated (69.1% vs 78.2% higher educational level).
The intervention and control group mostly consisted
of students in second grade (intervention: 54.0% and
control 84.2%). The distribution of perceived cultural
group was comparable in both groups.

Table 2 shows descriptive information for the
2 groups on social-cognitive determinants, sleep
hygiene, and sleep outcomes at baseline (T0), post-
intervention (T1), and at follow-up (T2). Sleep
knowledge at T0 was comparable between the
intervention and control group (5.82 vs 5.66) but
increased for the intervention group at T1 (7.80 vs
5.81) and at T2 (7.34 vs 5.90). Also for attitude
both groups were comparable at T0 (intervention:
0.71 and control: 0.68) whereas this increased in
the intervention group at T1 (0.76 vs 0.65) and
decreased for both groups at T2 (intervention:
0.67 and control: 0.59). On average, the control
group had somewhat longer sleep duration than the
intervention group (540.71 vs 528.43 minutes) and in
both groups this reduced after baseline (intervention
T1: 527.03 minutes, T2: 510.37 minutes; control T1:
534.73 minutes, T2: 539.33 minutes).

Effectiveness of the Charge Your Brainzzz Intervention
on Social-Cognitive Determinants, Sleep Hygiene,
and Sleep Outcomes

As shown in Table 3 the intervention group’s scores
on sleep knowledge improved from T0 to T2, compared
to the controls (b = 1.69; 95%CI: 0.99-2.39). This

difference was larger post-intervention (T1 vs T0;
b = 1.91, 95%CI: 1.22-2.60) than at longer term
(T2 vs T0; b = 1.40, 95%CI: 0.70-2.10), yet overall
changes in sleep knowledge were still significant. This
was different regarding changes in attitude, which
showed significant changes post-intervention (T1 vs
T0; b = 0.10; 95%CI: 0.01-0.19) yet not overall (T0 to
T2). Overall, perceived behavioral control did change
positively in comparison to the controls (T0 to T2;
b = 0.10, 95%CI: 0.01-0.18) yet this effect was not
sustained at follow-up (T2 vs T0). The intervention
did not result in significant changes in sleep hygiene,
subjective norm and intention between intervention
group participants and controls. Overall, the sleep
duration of the intervention group did not positively
change compared to the controls. Moreover, the
intervention group even reported a somewhat shorter
sleep duration at follow-up (T2 vs T0; b = −21.16;
95%CI: −31.89 to −10.44). No significant effects
were found regarding sleep quality as a result of the
intervention.

DISCUSSION

This study evaluated the effects of the school-
based intervention Charge Your Brainzzz (CYB) on
social-cognitive determinants, sleep hygiene and sleep
duration and sleep quality. Overall, CYB increased
adolescents’ sleep knowledge and their perceived
behavioral control regarding healthy sleep post-
intervention and at later follow-up. CYB also impacted
adolescents’ positive attitudes towards healthy sleep
practices post-intervention. CYB did not positively
affect sleep quality and a somewhat shorter sleep
duration in the intervention group compared to
the controls was found. Adolescents’ sleep hygiene,
subjective norm, and behavioral intentions to obtain
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Table 2. Means of Social-Cognitive Determinants, Sleep Hygiene, and Sleep Outcomes at Baseline, Post-Intervention, and
Follow-Up

T0 (Baseline) T1 (Post-Intervention) T2 (Follow-Up)

Mean SD Mean SD Mean SD

Knowledge (0-10)
Intervention 5.82 1.92 7.80 1.86 7.34 2.05
Control 5.66 1.85 5.81 2.20 5.90 2.09

Attitude
Intervention 0.71 0.62 0.76 0.60 0.67 0.64
Control 0.68 0.61 0.65 0.67 0.59 0.70

Subjective norm
Intervention 0.94 0.66 0.91 0.66 0.94 0.66
Control 0.88 0.68 0.90 0.69 0.85 0.77

Perceived behavioral control
Intervention 0.27 0.79 0.48 0.80 0.35 0.73
Control 0.26 0.78 0.42 0.76 0.27 0.81

Intention
Intervention 0.90 0.67 0.83 0.66 0.79 0.74
Control 0.81 0.74 0.75 0.69 0.64 0.84

Sleep hygiene (1-5)
Intervention 3.77 0.41 3.71 0.48 3.76 0.41
Control 3.81 0.42 3.81 0.45 3.73 0.54

Sleep duration (min.)
Intervention 528.43 44.77 527.03 59.96 510.37 65.76
Control 540.71 43.76 534.74 64.49 539.33 74.22

Sleep quality
Intervention 0.53 0.75 0.59 0.79 0.43 0.77
Control 0.57 0.54 0.63 0.75 0.66 0.76

Range for sleep quality scores and social-cognitive determinants (−2 to +2).
∗Statistically significant difference between intervention and control group.

Table 3. Results of Linear Mixed Model Analysis Adjusted for Baseline Scores (T0) of the Effect of Charge Your Brainzzz

B (Overall) 95% CI B (T1) 95% CI B (T2) 95% CI

Knowledge (0-10)
Crude 1.44 0.79 to 2.10 1.64 0.96 to 2.33 1.15 0.45 to 1.86
Adjusted 1.69 0.99 to 2.39 1.91 1.22 to 2.60 1.40 0.70 to 2.10

Attitude
Crude 0.06 −0.02 to 0.13 0.07 −0.04 to 0.17 0.03 −0.08 to 0.14
Adjusted 0.08 −0.00 to 0.15 0.10 0.01 to 0.19 0.06 −0.04 to 0.15

Subjective norm
Crude −0.03 −0.19 to 0.14 −0.06 −0.23 to 0.11 0.03 −0.15 to 0.20
Adjusted 0.02 −0.07 to 0.11 −0.02 −0.12 to 0.09 0.07 −0.05 to 0.18

Perceived behavioral control
Crude 0.04 −0.04 to 0.13 0.05 −0.05 to 0.15 0.05 −0.06 to 0.17
Adjusted 0.10 0.01 to 0.18 0.11 0.01 to 0.22 0.11 −0.00 to 0.22

Intention
Crude 0.01 −0.12 to 0.14 0.02 −0.16 to 0.12 0.05 −0.10 to 0.20
Adjusted 0.03 −0.10 to 0.15 0.01 −0.13 to 0.15 0.07 −0.08 to 0.22

Sleep hygiene (1-5)
Crude −0.02 −0.12 to 0.08 −0.07 −0.17 to 0.03 0.06 −0.05 to 0.16
Adjusted 0.01 −0.08 to 0.09 −0.04 −0.14 to 0.05 0.08 −0.01 to 0.18

Sleep duration (min.)
Crude −8.09 −15.47 to 0.70 0.90 −7.59 to 9.40 −22.29 −32.81 to−11.76
Adjusted −7.45 −15.26 to 0.34 2.49 −6.52 to 11.50 −21.16 −31.89 to−10.44

Sleep quality
Crude −0.11 −0.21 to−0.02 −0.06 −0.17 to 0.03 −0.17 −0.30 to−0.04
Adjusted −0.08 −0.18 to 0.01 −0.01 −0.13 to 0.09 −0.14 −0.27 to−0.01

∗p < 0.05; adjusted models are corrected for age, gender, perceived cultural group and educational level (6 categories).
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a healthy sleep pattern were unaffected by the CYB
intervention.

Like other school-based interventions, CYB was able
to positively impact adolescents’ knowledge on healthy
sleep.16-18 Moreover, it was one of the first in which
these changes were sustained up to 3 months after the
program.14 Yet, improving only knowledge showed to
be insufficient in order to achieve (sustained) changes
in sleep, which is in line with previous literature on
adolescent sleep health30 as well as with studies on
different health behaviors such as dietary and physical
activity behavior.19,31 Intervention efforts that aim for
(structural) behavioral changes should therefore move
beyond improving just knowledge alone as a central
determinant.

CYB also significantly affected adolescents’ attitudes
towards the importance of healthy sleep practices
post-intervention and on adolescents’ beliefs in their
own ability to adopt healthy sleep habits (ie, per-
ceived behavioral control). This is vital as attitude
and perceived behavioral control are important pre-
requisites for behavioral change, and CYB is, to our
knowledge, the first preventative sleep intervention
to date to significantly impact these determinants.14

The improvement in attitude is promising, as adoles-
cents’ attitudes and priorities with regards to sleep
are often low16,32 and consequently more imme-
diately rewarding behaviors like social media use
could get prioritized over a healthy night’s sleep. Per-
ceived behavioral control was previously found to
be the strongest predictor for sleep intentions and
sleep outcomes compared to the other TPB deter-
minants.30 However, since in the current study no
effects were found on the actual sleep hygiene prac-
tices, a discrepancy still remains between students’
perceived capability to apply healthy sleep practices
and their actual sleep hygiene. Interventions appar-
ently require more persisting methods to impact per-
ceived behavioral control on the longer term and
impact other relevant factors that influence sleep
health.

The observed improvements in social-cognitive
determinants might be attributed to the fact that
CYB incorporated effective methods to target these
determinants. By using methods like discussion,
elaboration and active learning, and by relying on the
power of serious gaming for education, CYB was able to
impact knowledge, attitudes, and perceived behavioral
control.33,34 However, as CYB used a combination of
methods the effects cannot be attributed to 1 specific
method.

Despite the positive effects on several social-
cognitive determinants, sleep duration and quality
were unaffected. Even more unexpected, given the
positive outcomes on social-cognitive determinants,
some shorter sleep duration was noted in the interven-
tion group compared to the controls. Strangely, shorter

sleep duration was only found at longer follow-up
and not directly after the intervention. Such find-
ings might point to methodological issues. A possible
explanation might be that the response on the sleep
diary was low (ie, on average 3.2 out of 14 days
completed, range 0-14 days), which increases the like-
lihood of chance findings.35 Completion of the sleep
diary was affected by experienced time restraints at
school through which participants had to complete
the dairy at home. However, adolescents indicated
that they forgot to complete the sleep diary on a
daily basis despite our efforts (eg, providing reminders
and incentives). Despite their validity, using diaries
for sleep measures in adolescent populations still have
methodological and practical challenges. Perhaps an
objective method such as actigraphy might be a viable
addition better suited to measure sleep outcomes in
this population and setting.

Generally, sleep education programs in the field
of public health often lack effectiveness and might
benefit from applying behavioral change theories15,21

and theory-driven, evidence-based systematic inter-
vention design methodologies such as the Behavioral
Change Wheel or the Intervention Mapping Frame-
work to increase effectiveness.17,19,21,36 Moreover,
existing research recognizes the difficulty of chang-
ing sleep health solely via school-based programs.15,16

This may have only limited impact on sleep out-
comes, because they often only aim at changing
cognitive determinants,14,15,19 while adolescent sleep
health is a result of a complex interplay of deter-
minants from different social-ecological levels such
as the home- and school environment, the com-
munity, potentially up to regulatory, socio-political
and cultural (belief) systems.37 To incorporate the
home environment, CYB offered a homework assign-
ment with parents in which the method of social
comparison was used.33 It was suggested this would
affect social influences on adolescents as they often
need support from their social environment like their
parents or friends to successfully adapt health behav-
iors.12,22,38,39 However, no effects on subjective norms
were found which suggests that adolescents’ home
environment should probably be more thoroughly
engaged. Changing the complex health problem of
sleep in adolescents therefore requires an approach
that inherently respects and deals with the mul-
tilevel nature of sleep health. As such, a whole-
systems approach is more promising in achieving
sustained behavioral change by acknowledging this
multilevel nature and by integrating the system and
actions across a broad range of disciplines and lev-
els.37,40,41 Typically, these approaches are delivered
at the individual, environmental, and societal level,
which positively impacts their capacity to change sleep
health.42
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Effectiveness of sleep health interventions for
adolescents may be further increased by tailoring
them to their developmental stage. Adolescence is
a crucial period in life in terms of psychological,
cognitive, and social development, and this should
also be acknowledged in interventions. This period
is characterized by a greater need for autonomy
and consequently more freedom from parents, as
well as increased responsibility at home and at
school.11 These characteristics also influence sleep
health in terms of fewer bedtime rules enforced by
parents, problems with planning homework and the
resulting stress that may impact sleep duration or
sleep quality. Interventions should provide adolescents
with tools and strategies to overcome these potential
barriers. Including the interplay of sleep-related
determinants and developmental science perspectives
is currently lacking in much intervention design, yet
may significantly benefit effectiveness.43

Strengths and Limitations
A strong aspect of the current study is its

cluster-randomized controlled trial design and sample
size. Also, the research team was not involved in
the development of the intervention. In addition,
measuring all outcomes directly after the intervention
as well as 3 months post-intervention provided
valuable insights into the potentially sustained effects
of the intervention. Furthermore, including social-
cognitive and behavioral determinants instead of only
assessing sleep outcomes helped to gain a better
understanding of what future intervention methods
and strategies might be most effective and necessary
to achieve actual changes in sleep health.

However, our study also has limitations to consider.
The first of which was the total dropout rate. At
baseline, 972 students filled in the questionnaire,
whereas this number dropped to 627 (64%) post-
intervention and was eventually reduced to 538
students (55%) at follow-up. Although the dropout
rate was somewhat lower than expected in the a
priori power calculation (50%), the size of the sample
at follow-up was lower than the pre-defined 750
students, which could have affected the power of
the analyses. A second limitation is the validity of
the measures of sleep knowledge and sleep hygiene.
As currently no validated measures are available for
measuring sleep knowledge the questions used in this
study were based on the content of the intervention.
Albeit modest in size, these questions were subject
to a pre-test study. Regarding sleep hygiene, pre-
tests’ adjustments to the ASHS aided suitability for
the target population, whereas this might have also
led to implications for the validity. A last limitation
was the measure of sleep duration which actually
measured sleep opportunity as it did not account for

sleep onset latency or night awakening. Consequently,
by measuring sleep opportunity, sleep duration could
have been overestimated.

Conclusions
This study demonstrated that the school-based

intervention Charge Your Brainzzz was effective
in improving young adolescents’ sleep knowledge
and showed positive effects on adolescents’ attitude
and perceived behavioral control. The intervention
was not effective in improving adolescents’ actual
sleep, their sleep hygiene, subjective norm, and
behavioral intention to obtain healthy sleep. These
findings indicate that this school-based intervention
is not sufficient to affect sleep health, but still
a promising way of targeting young adolescents’
sleep-related social-cognitive determinants. Effectively
changing sleep health requires interventions that are
theoretically and systematically developed. Lastly, yet
crucially, the focus of interventions should move from
an individual approach toward an approach in which
the individual is viewed as part of a complex, multilevel
system of interacting social-cognitive, behavioral, and
environmental determinants.

IMPLICATIONS FOR SCHOOL HEALTH

The results of this study demonstrated that the
school-based intervention Charge Your Brainzzz pos-
itively influenced several social-cognitive determi-
nants, such as knowledge and attitude, that play an
important role in stimulating healthy adolescent sleep.
The intervention can be delivered without implemen-
tation costs and the content is freely available. Also,
a clear and practical implementation manual is avail-
able for schools. However, to have meaningful impact
on adolescent sleep health educational interventions
targeting social-cognitive determinants do not suffice.
For such impact, an integrated systems approach is
needed in which sleep education would be supported
by a healthy school environment, healthy school poli-
cies, and parental involvement. Hence, Charge Your
Brainzzz can serve as a starting point for a sys-
tems approach to positively influence adolescent sleep
health and as a consequence adolescent learning and
general health.
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online in the Supporting Information section at the
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