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Abstract
Objectives Insomnia is highly prevalent among adolescents, with severe consequences for daily life, including mental disorders.
Cognitive behavioral therapy for insomnia (CBTI) can be effective in internet-delivered and face-to-face modalities. However, it
is yet unclear what the contribution is of mindfulness-based techniques to the effectiveness of traditional CBTI. The present study
investigated whether use of a body scan mindfulness meditation influenced the effectiveness of CBTI for adolescents.
Methods Adolescents who had received 6 weeks of internet CBTI were divided into a group who had practiced a body scan
meditation (N = 26, age M = 15.33 years, SD = 1.42, 77% girls) and a group who had not (N = 28, age M = 15.64 years, SD =
1.80, 82% girls). Differences between the groups were analyzed for subjective and objective sleep outcomes from baseline to
post-treatment and to 2-month follow-up.
Results Moderate to large effect size improvements appeared for sleep parameters from 7-day actigraphy and sleep logs, and
large effect size decreases of self-reported symptoms of insomnia and chronic sleep reduction, at post-treatment for both groups.
Improvements were maintained at follow-up. However, where the non-body scan group showed no significant change of wake
after sleep onset from actigraphy, and self-reported shortness of sleep and irritation, there were medium effect size improvements
of these outcomes in the body scan group.
Conclusions These results indicate that the use of a body scan mindfulness meditation in CBTI may have an additional positive
effect on sleep, above and beyond traditional CBTI techniques.
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Insomnia is one of the most common sleep disorders among
adolescents, with point-prevalence rates ranging from 7.8 up
to 23.8% (Dohnt et al. 2012; Hysing et al. 2013). Moreover,
meta-analyses of mental disorders worldwide indicate that in-
somnia could well be one of the most prevalent mental health
problems in adolescence (Polanczyk et al. 2015; Wittchen
et al. 2011). Chronic sleep problems such as insomnia can
cause or exacerbate other mental problems and disorders in a

bidirectional fashion (e.g., Gregory and Sadeh 2012; Kahn
et al. 2013; Sivertsen et al. 2012). Relations have been shown
between insomnia and depression (Roberts and Duong 2013),
anxiety (Johnson et al. 2006), substance abuse (Bootzin and
Stevens 2005), inattention (Chervin et al. 1997; Dahl and
Lewin 2002), attention deficit hyperactivity disorder
(ADHD; Owens et al. 2013), conduct problems (Meijer
et al. 2010), and somatic health problems (Dahl and Lewin,
2002; Zhang et al. 2011).

For adults, treatment with cognitive behavioral therapy for
insomnia (CBTI) has been shown to be effective in many
modalities over the past two decades, including face-to-face
individual CBTI, group CBTI, and internet-delivered CBTI
(Espie et al. 2012; Lancee et al. 2012; Medalie and Cifu
2017; Morin et al. 2006; Van Straten et al. 2018). In a recent
study into the efficacy of CBTI for adolescent insomnia, we
found comparable outcomes for face-to-face group therapy
and guided individual internet therapy (De Bruin et al.
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2015). Generally, CBTI consists of stimulus control therapy,
cognitive therapy, relaxation training, and sleep restriction,
combined with sleep hygiene and psycho-education. With
the emergence of mindfulness-based interventions (MBI) ad-
ditional or combined mindfulness-based and cognitive behav-
ioral techniques have been developed to treat insomnia (e.g.,
Ong et al. 2014; Wong et al. 2017). A recent study by Blake
et al. (2016) of MBIs targeted at adolescents with elevated
levels of sleep problems and anxiety symptoms showed im-
provements of objective and subjective sleep outcomes.

However, although the literature on adolescent CBTI is
slowly increasing, it lags behind when compared with adult
CBTI regarding both theoretical underpinnings and working
mechanisms that can further the development of insomnia
treatment for adolescents specifically. The multifaceted nature
of insomnia is represented in several models on the causation
and perpetuation of insomnia, such as the 3-P model, with
predisposing, precipitating, and perpetuating factors
(Spielman et al. 1987); the neurocognitive model on attenua-
tion of mesograde amnesia of wakefulness (Perlis et al. 1997);
and the psychobiological inhibition model on the failure to
inhibit wakefulness, and selective attending to life stressors
and insomnia symptoms (Espie et al. 2006). In these models
the interaction between thoughts and physiological state (e.g.,
psychophysiological hyperarousal) plays an important role,
with subtle differences between cause and effect. For instance,
according to the psychobiological model, cognitive processes
such as worry and attending to not sleeping are regarded as
perpetuating factors of insomnia, whereas in the
neurocognitive model these cognitive processes are not cen-
tral to insomnia, but secondary (i.e., one is awake because of
worry, versus one is worrying because one is awake) (Perlis
et al. 2010). Research on mechanisms and mediators of adult
CBTI has provided support for most of the theoretical factors
of insomnia (Schwartz and Carney 2012). Regarding hyper-
arousal, the evidence suggests that adult primary insomnia is
associated with inappropriate psychophysiological arousal as
shown by increased high-frequency EEG activation, abnormal
hormone secretion such as increased evening and early night
cortisol secretion as an indicator of the activity of the HPA
(hypothalamic–pituitary–adrenal) axis, increased metabolic
activation, elevated heart rate, and increased sympathetic ner-
vous system activation during sleep (Bonnet and Arand 2010;
Riemann et al., 2010). Findings in the adolescent population
indicate that the above mentioned cognitive processes are im-
portant in the perpetuation or amelioration of adolescent in-
somnia as well (De Bruin et al. 2014b; Fernandez-Mendoza
et al., 2016), but little is known about which facets of insom-
nia can be affected by interventions that target these processes
in adolescents.

In the cognitive behavioral framework for treating insom-
nia, the techniques that aim at affecting psychophysiological
arousal are cognitive therapy and relaxation training

(Morgenthaler et al. 2006; Schwartz and Carney 2012).
People with insomnia can develop apprehension about bed-
time and the inability to fall asleep. In adolescents, this appre-
hension can result in dysfunctional beliefs such as “I have to
sleep now otherwise I won’t be able to do well at my exam
tomorrow” or “I need at least 9 hours of sleep”, which in turn
can lead to psychophysiological hyperarousal (Palagini et al.
2017). Hyperarousal that results from worry or rumination
before or during the sleep period can result in chronic,
somatized tension and positive conditioning of maladaptive
behaviors such as delaying bedtimes and associating the bed
and bedroom with being awake (Hauri and Fischer, 1986;
Perlis et al. 2010; Riemann et al., 2010). By systematically
challenging the dysfunctional cognitions, and where appropri-
ate replacing them by more functional thoughts, cognitive
therapy for insomnia aims to decrease psychophysiological
hyperarousal. Relaxation exercises such as progressive mus-
cular relaxation in CBTI are used to deliberately promote re-
laxation by sequentially tensing and relaxing muscles in the
body (Morgenthaler et al. 2006). One exercise fromMBIs that
could be especially relevant for this psychophysiological
arousal facet of insomnia is the body scan. The aim of the
body scan is to emphasize awareness of current physical sen-
sations by directing non-judgmental attention to each part of
the body (Thompson and Gauntlett-Gilbert 2008), thus affect-
ing both the physical arousal that is caused by worry, and the
worry itself, by affecting the process that ties these two togeth-
er. The non-judgmental awareness to body parts and physical
sensations while lying down may benefit an adolescent with
insomnia in three ways. First, it may decrease physiological
arousal by prolonged awareness of a calm respiration. Second,
cognitive arousal may decrease by engaging the hyperactive
mind in focusing on the body. And third, it may have a para-
doxical effect, because the instruction is not to fall asleep but
to lie down without moving.

Moreover, the non-judgmental nature of the attention
seems especially salient in light of the attentional bias that
may arise in insomnia. Espie et al. (2006) proposed that sleep
effort—which may emerge when automaticity of sleep is
disrupted or inhibited by selectively attending to sleep—is a
key perpetuating factor of insomnia. Furthermore, considering
that most adolescents are not familiar with meditative prac-
tices, this lying down practice of mindfulness has the added
benefit that it may be more comfortable in the earlier stages of
meditation practice, and it could facilitate being still for longer
periods of time (Kabat-Zinn 2016), a notion that is
underscored by the finding that the body scan is among the
most popular meditation practices from Mindfulness-Based
Stress Reduction (MBSR) in novel practitioners (Ribeiro
et al., 2018).

Summarizing, insomnia is highly prevalent among adoles-
cents and can have severe consequences for daily life, includ-
ing mental problems and disorders. Recently, several studies
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have indicated that treatment for adolescent insomnia can be
effective in internet-delivered and face-to-face formats and
that mindfulness-based techniques could enhance effective-
ness and tailor treatment for adolescents specifically.
However, it is yet unclear what the contribution is of mindful-
ness exercises to the effectiveness of traditional CBTI. In the
present study, we therefore investigated whether practice of a
body scan mindfulness meditation influences effectiveness of
CBTI for adolescents.

Methods

Participants

We used the data from two subsamples with a total of 56
adolescents of which two were excluded because of lack of
registration of the body scan use. That brought the total to 54
adolescents with insomnia who received internet-delivered
CBTI in a larger study on effectiveness of CBTI for adoles-
cents, of which the main results have been published else-
where (De Bruin et al. 2014a; De Bruin et al. 2015a; De
Bruin 2015b; De Bruin et al. 2018). Recruitment was conduct-
ed with (electronic) newsletters and websites for mental health
care professionals, schools, and general physicians, and
through the national news media. Inclusion criteria were (1)
age 12–19 years and (2) insomnia disorder according to the
Diagnostic and Statistical Manual of Mental Disorders-Fifth
Edition (DSM-5; American Psychiatric Association, 2013).
Exclusion criteria were (1) suicidal intentions and drug abuse,
screened by clinical scores and item screening on the Youth
Self Report (YSR; Achenbach 1991) and from a 1-h intake
interview; (2) other sleep disorders than insomnia (e.g., apnea,
delayed sleep wake phase disorder); (3) a diagnosis of other
mental disorders (e.g., depression, ADHD), or presently being
treated for psychological or sleep problems; and (4) use of
drugs or medication that interfere with sleep.

Procedures

This study was part of a larger study of effectiveness of CBTI
for adolescents, which was approved by the medical ethical
committee of the Academic Medical Center in Amsterdam
and registered at the International Standard Randomized
Controlled Trial Number Register (ISRCTN33922163). All
participants were screened for inclusion and exclusion criteria,
and when meeting the criteria, they were diagnosed in a 1-h
diagnostic interview by a psychologist specialized in sleep
medicine. After informed consent was obtained, participants
in the present study were randomly assigned to internet-
delivered CBTI.

Participants received six weekly sessions of internet-
delivered CBTI. The protocol contained psychoeducation,

sleep hygiene, restriction of time in bed, stimulus control,
cognitive therapy, and a body scan meditation. Sessions were
conducted by experienced and certified sleep psychothera-
pists. For each session, participants logged onto a website
where at a fixed time of day, once every week, a session was
made available with written exercises, movies, sound files,
interactive questionnaires, automated feedback, and written
feedback from a sleep therapist that included a personalized
bedtime advise. After the second internet session, participants
had a 15-min chat session with their personal therapist.
Participants could post questions on their personal login page
or in the daily sleep logs, which were responded to by the
sleep therapist in the weekly, personalized feedback, or in
the chat session. All sessions started with a review of the sleep
variables from the sleep logs. Bedtime advice based on these
sleep variables was explained, after which exercises of CBTI
were introduced or continued from the previous sessions. The
body scan meditation consisted of a 20-min auditory body
scan instruction from a licensed MBSR/MBCT therapist and
was introduced in session two. Participants could download
the auditory file for use on electronic devises, or use it online.
In sessions three to six, the body scan meditation was
reviewed and further explained in terms of its possible effects
on stress, arousal, and relaxation, and how these relate to sleep
problems. In the automated and personalized feedback, the
practice of the body scan meditation, and the other CBTI
techniques, was encouraged, but participants could decide
themselves whether or not to continue practicing the CBTI
exercises. To clarify practice, CBTI exercises were modeled
by an actor/actress, playing an adolescent with insomnia.

Measures

Measurements were obtained at baseline, directly after treat-
ment (about 7 weeks after baseline), and at 2-month follow-
up. Sleep parameters were obtained with sleep logs and
actigraphy for seven consecutive days at each measurement
occasion. Questionnaires on symptoms of insomnia and
chronic sleep reduction were obtained once eachmeasurement
occasion.

Sleep logs are considered to be a reliable source for mea-
suring subjective self-reported sleep times (Carney et al.
2012). Sleep logs consisted of eight questions measuring bed-
time, lights-out time, wake up and get up times, estimations of
sleep onset latency (the time between lights-out and sleep
onset), and wake after sleep onset (time awake at night after
the first sleep onset and before the final sleep offset). From
these measurements, we calculated total sleep time and sleep
efficiency (total sleep time divided by time between lights-out
and get-up time, in percentages).

Objective sleep parameters were measured with wrist
actigraphy, which consists of a wrist watch–like device that
is carried on the non-dominant wrist during the sleep period
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and registers movements. Validation of actigraphy in adoles-
cents with polysomnography showed a sensitivity of 0.95 and
a specificity of 0.75 (Meltzer et al. 2012). Participants used the
event marker button of the actigraphy to indicate “lights out”
and “get-up” times. The actiwatch registered total sleep time,
wake after sleep onset, sleep onset latency, and sleep
efficiency.

Symptoms of insomnia were measured with the insomnia
scale of the Holland Sleep Disorder Questionnaire (HSDQ;
Kerkhof et al. 2012). This scale from the HSDQ consists of
eight items rated on a five-point Likert scale (1 to 5), with
higher scores indicating more severe insomnia symptoms
(e.g., “I have difficulty falling asleep” and “I feel sleepy dur-
ing the day”). Cronbach’s alpha was 0.88 in a sample of 951
adolescents from the general population and 210 adolescents
from clinical samples (Van Maanen et al. 2014).

Symptoms of chronic sleep reduction were measured with
the Chronic Sleep Reduction Questionnaire (CSRQ; Meijer
2008), which consists of 20 items of 3 ordinal response catego-
ries (1–3) that measure symptoms of chronic sleep reduction
(i.e., shortage of sleep, irritation, loss of energy, and sleepiness)
in the previous 2 weeks (e.g., “I am a person who does not get
enough sleep,” “Others think that I am easily irritated,” “I am
active during the day,” “Do you feel sleepy during the day?”).
Higher scores indicate more chronic sleep reduction.
Cronbach’s alpha ranged between 0.85 and 0.87 in a Dutch
and Australian adolescent population (Dewald et al. 2012).

The body scan meditation was introduced in session two of
the six treatment sessions. Use of the body scan meditation was
measured with a question that was included in the online sleep
log the day before each session (in total four scores for sessions
three to six). The question “On average, how often did you
practice the body scan exercise in the past week?”was answered
with a 3-point ordinal scale on a pull-down menu of the
webpage that included the sleep log. Scores ranged from 0
(not al all), 1 (once or a few days), to 2 (every day).
Participants were considered to have engaged in the body scan
exercise if they scored at least 2 or higher in total, which is at
least every day for 1 week, or several days for two or more
weeks (i.e., four scores over weeks three to six, range 0–8). In
addition, we constructed an average score of application of
CBTI techniques that were introduced in all six sessions on a
3-point ordinal scale of 0 (not al all), 1 (once or a few days), to 2
(every day), based on the questions that participants received in
their sleep logs on the day before each session (i.e., five scores
over weeks two to six, range 0–10).

Data Analyses

To compare demographic variables between the groups, an
independent samples t test and a χ2 test were used. For the
outcome variables (actigraphy, sleep logs, and question-
naires), within-group effect sizes were calculated to indicate

the degree of change in response to treatment for each group
separately. For the main analyses, we used multilevel regres-
sion analyses in which repeated measures were nested within
participants. All predictor and outcome variables were stan-
dardized, so beta coefficients could be interpreted as Cohen’s
d effect sizes with 0.20, 0.50, and 0.80 indicating small, me-
dium, and large effect sizes, respectively.

Results

In total 54 adolescents (ageM = 15.50 years, SD = 1.62, 80%
girls) were included in the present study. Based on the scores
for practice of the body scan meditation during the treatment,
this group was divided in a body scan group (BS) of 26 ado-
lescents (age M = 15.33 years, SD = 1.42, 77% girls, average
body scan score = 3.04, SD = 1.22) and a non-body scan
group (NBS) of 28 adolescents (age M = 15.64 years, SD =
1.80, 82% girls, average body scan score = 0.68, SD = 0.48).
There were no significant differences between the body scan
group and the non-body scan group in age (t(52) = 0.71,
p > 0.05) or gender (χ2(1) = 0.23, p > 0.05). Furthermore, to
check whether there was a difference in application of exer-
cises from CBTI between the participants in the two groups,
the scores of overall application of CBTI techniques were
compared between the BS and the NBS groups, and there
appeared no significant difference (mean application of
CBTI: BS = 6.33, SD = 1.15, NBS = 6.00, SD = 1.25,
t(52) = 1.01, p > 0.05).

Table 1 shows all outcomes at each measurement occasion
for actigraphy, sleep logs, and questionnaires for both groups.

Results of Treatment for Both Groups

Results from the multilevel regression analyses (see Table 2)
showed significant differences at baseline in subjective sleep
onset latency, total sleep time, and sleep efficiency from sleep
logs, with better scores for these parameters in the BS group
(ß = − 0.45, p < .001, ß = 0.43, p < .001, and ß = 0.34, p < .05
respectively). None of the other 11 outcome measures
showed a significant difference at baseline. After treat-
ment, sleep onset latency and sleep efficiency from
actigraphy improved significantly in both groups (ß = −
0.58, p < .001, and ß = 0.62, p < .001 respectively). All pa-
rameters from sleep logs improved for both groups after
treatment (ß’s = − 0.56, − 0.38, 0.31, 0.70, and 0.26, all p’s
< .001, for sleep onset latency, wake after sleep onset, total
sleep time, sleep efficiency, and subjective sleep quality
respectively). Furthermore, insomnia symptoms measured
with the HSDQ decreased significantly for both groups
(ß = − 0.63, p < .001), and the symptoms of Loss of energy,
Sleepiness, and the total score from the CSRQ decreased
significantly for both groups after treatment (ß = − 0.35,
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p < .05, ß = −0.36, and ß = − 0.32, p < .05 respectively).
From post-treatment to follow-up, there were no signifi-
cant changes in any of the outcomes, indicating that all
improvements from baseline to post-treatment were main-
tained, except for symptoms of insomnia, which showed a
further decrease for both groups (ß = − 0.34, p < .05).

Differences between the Groups

The treatment period by group interactions in the multilevel
analyses (see Table 2) indicates different effects of treatment
for the two groups during the periods from baseline to post-
treatment or from post-treatment to follow-up (Fig. 1). There

Table 1 Means, standard deviations, and within-group effect sizes (Cohen’s d) of sleep variables from actigraphy, sleep logs, and questionnaires

Sleepparameter Baseline mean (SD) Post-treatment mean (SD) Cohen’s d Follow-up mean (SD) Cohen’s d

Actigraphy

Body scan group

Sleep onset latency 38.47 (24.76) 21.27 (19.20) − 0.72 15.11 (12.93) − 1.10
Wake after sleep onset 81.55 (37.23) 71.29 (28.02) − 0.29 65.92 (23.35) − 0.47
Total sleep time 423.77 (76.66) 444.62 (60.64) 0.28 428.62 (67.50) 0.06

Sleep efficiency 76.09 (7.68) 82.86 (5.58) 0.94 84.24 (5.29) 1.15

Non-body scan group

Sleep onset latency 33.80 (24.05) 20.49 (17.78) − 0.59 18.33 (15.87) − 0.71
Wake after sleep onset 73.32 (23.67) 72.60 (27.68) − 0.03 74.13 (24.40) 0.03

Total sleep time 405.67 (75.02) 412.43 (78.82) 0.08 410.38 (61.56) 0.06

Sleep efficiency 77.41 (6.63) 81.50 (5.00) 0.65 81.69 (4.73) 0.70

Sleep logs

Body scan group

Sleep onset latency 40.80 (35.42) 25.94 (19.91) − 0.48 19.57 (14.59) − 0.73
Wake after sleep onset 12.23 (26.44) 4.06 (14.85) − 0.35 4.83 (11.31) − 0.34
Total sleep time 478.79 (91.96) 491.32 (73.14) 0.14 494.81 (64.93) 0.19

Sleep efficiency 85.95 (10.11) 91.99 (5.63) 0.69 93.60 (4.56) 0.91

Subjective sleep quality 2.96 (0.98) 3.34 (0.86) 0.38 3.51 (0.92) 0.55

Non-body scan group

Sleep onset latency 56.01 (45.79) 36.40 (29.40) − 0.48 40.19 (26.79) − 0.39
Wake after sleep onset 15.88 (29.20) 6.99 (14.43) − 0.36 5.68 (13.91) − 0.42
Total sleep time 440.92 (102.02) 464.84 (79.37) 0.24 473.71 (78.72) 0.34

Sleep efficiency 82.61 (10.20) 88.98 (7.78) 0.66 88.29 (7.08) 0.60

Subjective sleep quality 2.87 (1.01) 3.03 (1.14) 0.14 3.01 (1.04) 0.13

Questionnaires1

Body scan group

Insomnia symptoms 3.49 (0.53) 2.85 (0.76) − 0.91 2.53 (0.66) − 1.49
Shortness of sleep 13.59 (2.09) 11.72 (2.21) − 0.81 11.69 (1.95) − 0.88
Irritation 9.18 (2.67) 7.79 (2.37) − 0.51 7.70 (1.90) − 0.59
Loss of energy 10.36 (2.46) 8.74 (2.67) − 0.59 9.24 (2.17) − 0.45
Sleepiness 8.77 (2.49) 7.75 (2.51) − 0.38 7.75 (1.89) − 0.43
Total CSRQ 41.91 (6.86) 36.01 (7.36) − 0.77 36.39 (5.62) − 0.82

Non-body scan group

Insomnia symptoms 3.55 (0.59) 3.06 (0.72) − 0.70 2.80 (0.86) − 0.96
Shortness of sleep 13.67 (2.14) 12.97 (2.60) − 0.27 12.75 (2.50) − 0.37
Irritation 8.92 (2.98) 8.87 (2.54) − 0.02 8.34 (2.34) − 0.20
Loss of energy 10.92 (2.57) 10.06 (2.31) − 0.33 9.71 (1.89) − 0.50
Sleepiness 8.83 (1.86) 8.10 (1.55) − 0.40 7.70 (1.69) − 0.60
Total CSRQ 42.33 (7.48) 40.00 (7.22) − 0.30 38.49 (6.78) − 0.50

1 Insomnia symptoms from the insomnia scale of the Holland Sleep Disorder Questionnaire (Kerkhof et al. 2012); other outcomes from the Chronic
Sleep Disorder Questionnaire (CSRQ; Meijer 2008)
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were significant interactions from baseline to post-treatment
and from post-treatment to follow-up for wake after sleep
onset and sleep efficiency from actigraphy (ß = − 0.38,
p < .01, ß = − 0.33, p < .05 for wake after sleep onset, and
ß = 0.37, p < .01, ß = 0.31, p < .05 for sleep efficiency, respec-
tively). Furthermore, there were significant interactions from
baseline to post treatment for the subscales shortness of sleep
and irritation, and for the total score from the CSRQ (ß = −
0.50, p < .05, ß = − 0.53, p < .001, ß = − 0.49, p < .05, respec-
tively). All these interactions indicated greater improvement
after treatment for the BS group compared with the NBS
group. None of the sleep parameters from sleep logs showed
significant interactions, nor were there interactions for sleep
onset latency and total sleep time from actigraphy, and for
insomnia symptoms, loss of energy and sleepiness.

Discussion

In the present study, we investigated the relation between use
of body scan meditation and effectiveness of insomnia treat-
ment for adolescents. Based on self-reported use of a body
scan meditation, a group of 54 participants who received
internet-delivered CBTI was divided in a body scan group
and a non-body scan group, and compared with subjective
and objective sleep outcomes from baseline to post-
treatment and to 2-month follow-up. Results showed that both
groups improved with small to large effect sizes at post

treatment for most of the subjective and objective outcome
measures for sleep and symptoms of insomnia and chronic
sleep reduction and that improvements were maintained at
follow-up. However, where the non-body scan group showed
no significant change of wake after sleep onset from
actigraphy, and shortness of sleep and irritation from the
CSRQ, there were medium effect size improvements of these
outcomes in the body scan group. These results indicate that
the use of a body scan meditation in CBTI may have an addi-
tional positive effect on sleep, above and beyond the effect of
the traditional CBTI techniques.

Most of the results from this study confirm the preliminary
efficacy of CBTI in adolescents that has been found in other
studies, with improvements of sleep variables from both ob-
jective and subjective measurements. However, where up un-
til now no studies with adolescents have indicated large effects
of CBTI on objective wake after sleep onset, this study indi-
cated a differential effect of treatment on this measure between
adolescents that did or did not engage in a body scan medita-
tion. This is especially striking since previous research has
been unable to fully explain the substantially larger amounts
of wake after sleep onset measured with actigraphy compared
with the subjectively reported small amounts of wake after

Table 2 Parameter estimates from the multilevel regression analyses, for all measurements from actigraphy, sleep logs, and questionnaires

Actigraphy Sleep onset latency Wake after sleep onset Total sleep time Sleep efficiency

ß (s.e.) p ß (s.e.) p ß (s.e.) p ß (s.e.) p
BS vs NBS

1
0.24 (0.17) .16 0.28 (0.23) .22 0.27 (0.15) .07 -0.19 (0.19) .33

Post treatment -0.58 (0.11) <.001 -0.05 (0.10) .61 0.12 (0.12) .34 0.62 (0.10) <.001

Follow-up -0.11 (0.12) .36 0.17 (0.11) .13 0.01 (0.13) .93 -0.01 (0.11) .90

Group * post treatment -0.18 (0.15) .23 -0.38 (0.14) <.01 0.09 (0.17) .61 0.37 (0.14) <.01

Group * follow-up -0.23 (0.18) .20 -0.33 (0.17) <.05 -0.06 (0.20) .78 0.31 (0.16) <.05

Sleep logs Sleep onset latency Wake after sleep onset Total sleep time Sleep efficiency Subjective sleep quality

ß (s.e.) p ß (s.e.) p ß (s.e.) p ß (s.e.) p ß (s.e.) p
BS vs NBS -0.45 (0.15) <.001 -0.11 (0.17) .51 0.43 (0.14) <.001 0.34 (0.15) <.05 0.07 (0.18) .68

Post treatment -0.56 (0.09) <.001 -0.38 (0.10) <.001 0.31 (0.10) <.001 0.70 (0.09) <.001 0.26 (0.09) <.001

Follow-up 0.04 (0.11) .70 -0.04 (0.12) .75 0.12 (0.12) .32 -0.03 (0.11) .81 -0.06 (0.10) .55

Group * post treatment 0.14 (0.13) .30 0.01 (0.14) .95 -0.17 (0.15) .26 -0.03 (0.13) .81 0.13 (0.13) .29

Group * follow-up -0.18 (0.16) .26 0.14 (0.17) .40 -0.08 (0.18) .65 0.14 (0.16) .39 0.18 (0.15) .24

Questionnaires Insomnia symptoms Shortness of sleep Irritation Loss of energy Sleepiness Total CSRQ

ß (s.e.) p ß (s.e.) p ß (s.e.) p ß (s.e.) p ß (s.e.) p ß (s.e.) p
BS vs NBS -0.08 (0.26) .76 -0.03 (0.28) .91 0.11 (0.29) .71 -0.23 (0.28) .42 -0.03 (0.29) .92 -0.06 (0.28) .83

Post treatment -0.63 (0.14) <.001 -0.30 (0.16) .07 -0.02 (0.12) .87 -0.35 (0.14) <.05 -0.36 (0.15) <.05 -0.32 (0.12) <.05

Follow-up -0.34 (0.14) <.05 -0.09 (0.16) .56 -0.21 (0.12) .08 -0.15 (0.14) .31 -0.20 (0.15) .20 -0.21 (0.12) .10

Group * post treatment -0.19 (0.20) .34 -0.50 (0.23) <.05 -0.53 (0.17) <.001 -0.32 (0.21) .13 -0.14 (0.22) .52 -0.49 (0.18) <.01

Group * follow-up -0.08 (0.20) .71 0.08 (0.23) .73 0.18 (0.17) .31 0.35 (0.21) .09 0.19 (0.22) .37 0.26 (0.18) 0.15

BS, body scan group; NBS, non-body scan group; CSRQ, Chronic Sleep Reduction Questionnaire

All outcome variables have been standardized so β coefficients can be interpreted as effect sizes with .20, .50, and .80 indicating small, medium, and
large effect sizes. Group* post treatment is the interaction of the treatment effect at post treatment for BS compared with NBS group. Group* follow-up is
the interaction effect for the (additional) treatment effect from post-treatment to 2 month follow-up of BS compared with NBS. If there is no significant
effect at follow-up, the effect at follow-up is similar to the effect at post-treatment

Fig. 1 Change from baseline to post-treatment and 2-month follow-up of
z scores for wake after sleep onset from actigraphy and shortness of sleep
and irritation from the chronic sleep reduction questionnaire, for adoles-
cents who did or did not use the body scan meditation exercise during
insomnia treatment

b
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sleep onset in sleep logs. Authors have suggested that this
difference is due to naturally occurring high levels of sleep
motor activity in adolescents compared with adults, which is
coded as wake by actigraphy (Short et al. 2012). In other
words, adolescents simply move more while asleep. The sub-
jective reporting of short wake after sleep onset in sleep logs
by adolescents would confirm these suggestions, but the pres-
ent study shows that in adolescents with insomnia, objective
wake after sleep onset can decrease after treatment that in-
cludes a body scan meditation. This points to an insomnia
factor that goes mostly undetected by adolescents themselves
and is not fully addressed by traditional CBTI techniques. A
similar pattern of improvements for the body scan group but
not for the non-body scan group was found for the scales
shortness of sleep and irritation, and the total score, from
the chronic sleep reduction questionnaire. The subscale short-
ness of sleepmeasures a concept in which the amount of sleep
is limited by either restriction of sleep or a diminished sleep
quality or increased fragmentation. The subscale irritation
measures feelings of irritability that can result from inadequate
sleep over a longer period of time. The concurrent differential
improvements for shortness of sleep, irritation, and objective
wake after sleep onset in adolescents who did or did not en-
gage in the body scan meditation could be caused by a shared
underlying factor, such as increased levels of psychophysio-
logical arousal because of excessive thoughts, worry, or rumi-
nation, which is specifically affected by the body scan medi-
tation and the non-judgmental awareness it promotes.
However, the absence of subjective reports of excessive wake
after sleep onset and the lack of its decrease after treatment
could indicate that this is not a clinically meaningful aspect of
sleep for adolescents, but the concurrent decrease of shortness
of sleep and irritation does indicate that it has an effect on
adolescents’ daily life and well-being. As optimal cutoff for
the total CSRQ score, 39.5 was calculated (Dewald-
Kaufmann, et al., 2018), and in both groups the mean scores
decreased to below that cutoff, with the largest decrease in the
body scan group. This could indicate a clinically significant
improvement for many adolescents in our study. Further re-
search with suitable methods to unravel these issues is needed.

At baseline, the body scan group had a subjectively shorter
sleep onset latency, with concurrent higher total sleep time and
sleep efficiency, compared with the non-body scan group, but
both groups reported a similar medium effect size decrease of
SOL after treatment. This effect of CBTI on sleep onset laten-
cy was in line with the outcomes from actigraphy, and there
were no differential effects for the two groups. Regarding the
question whether the body scan group, due to a possibly
higher severity of insomnia symptoms, simply practiced any
or all techniques of CBTI more, compared with the non-body
scan group, our results indicated that this was not the case.
There was no difference between the groups in overall use of
CBTI techniques.

In general, adolescents with insomnia experience problems
predominantly with initiating sleep, as indicated by measures of
long sleep onset latency, whereas adults with insomnia have
more problems with maintaining sleep, as seen in higher levels
of wake after sleep onset (Gradisar et al. 2011). This indicates
that the effect of the body scan meditation was specific to wake
after sleep onset, shortness of sleep and irritation only, but not to
sleep onset latency. This is in line with research from Bartel et al.
(2018) who found no decrease in sleep onset latency after a
school-based intervention for adolescents that included a mind-
fulness body scan exercise to use around bedtime aimed at re-
ducing sleep onset latency. Only in adolescents with prolonged
sleep onset latency, an effect of the intervention was observed,
compared with constructive worry or a control condition. The
authors did not include wake after sleep onset in their measure-
ments. These findings imply that the body scan meditation spe-
cifically affects sleep problems that occur during the sleep period,
such as fragmentation or sleep quality. The mechanism by which
the body scan meditation specifically affects wake after sleep
onset in adolescents is unclear. Both biological and cognitive-
behavioral perspectives could offer plausible factors that are in-
fluenced by the body scan meditation, such as the polyvagal
theory in which specific breathing and meditative practices trig-
ger physiological states that can improve sleep quality (Porges
2017; Tsai et al. 2015) and the psychobiological inhibitionmodel
of insomnia in which selective attending to life stressors and
insomnia symptoms results in sleep effort and perpetuates insom-
nia (Espie et al. 2006). However, further studies are needed to
investigate these assumptions.

The efficacy of CBTI in adolescents has only recently been
studied in a randomized controlled design, which showed that
it is effective in both internet- and group-therapy modalities
and that effects are comparable to adult CBTI (De Bruin et al.,
2015, De Bruin et al., 2018). However, CBTI techniques are
derived frommodels of insomnia that are based on adults. It is
yet unclear whether these models, and the corresponding tech-
niques of CBTI, fully cover the factors that cause or perpetuate
behavioral sleep problems such as insomnia in adolescents.
Furthermore, since cognitive therapy as part of CBTI is aimed
at changing dysfunctional thoughts, whereas mindfulness-
based techniques such as the body scan focus on acceptance,
it would be interesting to see the differential effects of these
techniques in a direct comparison. These issues were beyond
the scope of the present study, andmore research in these areas
of adolescent sleep problems is needed.

Limitations and Future Research

Although this study included a relatively novel technique for
the treatment of insomnia in adolescents, namely the body
scan, in combination with traditional CBTI techniques, and
the study was conducted in a longitudinal design with both
objective and subjective outcome measurements, there are
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also some limitations. First of all, participants in the BS and
NBS groups were not randomly assigned to these conditions.
This implies that the differential treatment effects that we
found might be caused by an underlying confounding factor,
such as motivation to engage in all the treatment techniques.
However, from the measures of engagement in the traditional
CBTI techniques, there appeared no difference between the
groups, which would imply that both groups engaged similar-
ly in the treatment. Furthermore, we found the differential
effects between the groups in an objective measurement of
WASO, which subjectively goes mostly undetected. If a con-
founding factor were in play, it would still point to a previous-
ly unaddressed aspect of insomnia that in our application of
CBTI was affected. Additional to motivation, the results could
also be influenced by the willingness of adolescents to engage
in a mindfulness intervention or other modules in the treat-
ment. Although this limits the generalizability of our results, it
could also point to a factor on which individual tailoring of
CBTI could be based. If effects of CBTI are increased for
adolescents who are willing to use mindfulness medita-
tion, then tailoring to include this technique in their spe-
cific individual treatment would be appropriate. Whether
and how this willingness to engage in mindfulness medi-
tations has a differential influence on effectiveness of
CBTI in adolescents needs further research. Also, more
studies are needed to investigate which aspects of sleep
and insomnia are affected by meditation practices, prefer-
ably in an experimental setting, using additional objective
measurements such as polysomnography. Another limita-
tion is that we studied the effects of CBTI in an internet
setting only. The use of a mindfulness body scan medita-
tion could be different in a group setting where during the
group sessions, every participant could practice that exer-
cise several times in the six sessions. If in internet therapy,
benefits from the body scan meditation are not immediate-
ly noticeable; participants could be reluctant to practice the
exercise after its initial introduction. However, this is not
different from the application of other therapeutic tech-
niques in internet therapy, and the results from this study
do indicate that the online application of a mindfulness
exercise for the treatment of insomnia in adolescents is
feasible. Further studies in a randomized controlled design
are warranted.
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