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CHAPTER 1

Introduction

case illustration

Jorrit is a nine-year-old boy, in the fourth grade of elementary school. 
He is an active boy with lots of friends, who loves playing football 
and he does relatively well at school. However, he has never been a 
very good sleeper. He has always had difficulties falling asleep, and 
fell asleep at a progressively late time over the years. He is often still 
awake when his parents go to bed, but when he finally does fall asleep 
he sleeps quite well. He is usually still fast asleep when his father 
wakes him up in the morning to go to school, and has much difficulty 
getting out of bed. Jorrit feels very sleepy in the morning and is often 
tired during the day. In the weekends, he prefers to go to bed later and 
sleep until late in the morning, but on Sunday evenings he has much 
trouble falling asleep earlier. 
 Jorrit lately has difficulties concentrating and paying attention 
at school, and he shows some hyperactive behaviour. His teacher at 
school advised Jorrit’s parents to have him tested for ADHD, but his 
parents feel that his chronic sleep reduction might be the underlying 
problem. They have tried several things, such as making his room 
dark, not letting him watch TV or using the computer in the hours 
before he goes to bed, adhering to a bedtime routine and keeping 
regular bedtimes, but all without any result. They feel the situation 
has to change soon as his results at school are getting worse and he 
increasingly reacts irritated and gets into arguments with his parents 
and younger brother. However, they do not know what to do anymore. 
Why can’t he just fall asleep at a normal time?
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The present thesis aims to answer the questions of Jorrit and his 
parents. Why can’t he fall asleep at a normal time, and what can 
be done about his sleep problems? In this thesis the effects of two 

different treatments for chronic sleep onset insomnia in children are 
discussed. Chapters 2-4 focus on the effects of discontinuing short-term 
melatonin treatment. Chapter 5 gives a systematic overview of the effects 
of bright light therapy, an alternative to melatonin treatment, on sleep 
problems. Chapters 6 and 7 describe the results of a randomised controlled 
trial, in which the effects of melatonin treatment and light therapy on 
sleep and cognitive, health and psychosocial outcomes are compared. But 
first, the importance of sleep for children’s development will be discussed.

IMPORTANCE OF SLEEP FOR CHILDREN’S DEVELOPMENT

Sleep is essential for growing children. Not only literally, as growth hormone 
is released during (deep) sleep,1,2 but also because there is ample evidence 
that sleep is related to various aspects of daytime functioning. Reviews about 
research in children and adolescents yield strong evidence that sleep quantity 
and quality are associated with capacity to learn and school performance,3,4 and 
that insufficient sleep is related to worse achievement on tests measuring more 
complex cognitive functions.5,6 Changes in sleep are related to changes in cogni-
tive performance in children over time,7 and chronic sleep reduction is related to 
worse school performance.8 
 Moreover, time in bed and sleep quality are predictive of adolescent’s behav-
iour problems,9 and sleepiness, which can be considered a consequence of insuf-
ficient or low-quality sleep, is related to more behaviour problems and negative 
mood.10 In addition, early and persistent sleep problems in childhood are predic-
tive of later emotional and behavioural difficulties,11,12 and research in adoles-
cence shows that chronic insomnia has severe negative consequences for future 
health.13 

 The importance of sleep for physical health is also apparent from research 
showing the relation between short sleep duration and an increased risk for 
overweight and obesity in children.14-21 Moreover, short sleep duration in combina-
tion with irregular sleep times is associated with adverse metabolic outcomes.22 
Apart from the relation between sleep duration and (over)weight, studies in 
adults have given evidence that both short and long sleep duration forecast 
cardiovascular outcomes23 and increased mortality risk.24  
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SLEEP PROBLEMS IN CHILDREN

Sleep is of vital importance for children’s functioning, but good quality sleep is 
not self-evident. In fact, many children experience sleep problems at a certain 
period during childhood, although prevalence rates vary much between studies 
due to differences in definitions, research methods, and type of sleep problems 
studied. A study using medical records reports that only 3.7 % of children who 
visited a paediatric practice had a sleep disorder diagnosis, which, as the authors 
remark, is likely to be an underdiagnosis,25 as studies using parent- or child-re-
port data report prevalences of sleep problems between 20 and 30 %26-28 or even 
higher.29,30 Although many of these sleep problems are benign and transient, a 
substantial number of children experience more persistent problems as is clear 
from longitudinal research showing that approximately 60% of the children who 
had difficulties initiating sleep still experienced these difficulties one year later.29

 
Of the various types of sleep problems, sleep onset problems are one of the most 
frequently reported.28,29 Sleep onset problems in children can develop at an early 
age and have different causes, such as night-time fears or lack of limit-setting 
by parents.31 In addition, sleep onset problems can be caused and reinforced by 
inadequate sleep hygiene, such as keeping irregular bedtimes, being very active 
before going to bed, and watching TV or using the computer before bedtime.32 
For a subgroup of children the sleep onset problems are related to a delay in 
markers of the circadian rhythm, such as Dim Light Melatonin Onset (DLMO), 
which is indicative of a Delayed Sleep Wake-Phase Disorder (DSWPD).33 
 DSWPD is a sleep disorder in which the sleep-wake rhythm is delayed with 
respect to the day/night cycle. It is characterised by an inability to fall asleep at 
the desired time and extreme difficulty to wake up on time in the morning.33 Since 
the diagnosis of DSWPD is not clearly defined and recognised in children, we use 
the term ‘chronic sleep onset insomnia with late melatonin onset’ to describe our 
study population. These are children who have chronic sleep onset problems, 
as indicated by complaints of inability to fall asleep at the desired clock time 
and a latency between lights-off time and sleep onset (sleep onset latency) of 
more than 30 minutes. In addition, they experience these symptoms for at least 
4 nights a week, for at least 1 month during a regular school period, and their 
sleep problems result in problems with daytime functioning, such as sleepiness 
and tiredness during the day, concentration problems, and behavioural problems. 
The problems in daytime functioning are caused by the fact that, despite falling 
asleep late, these children do have to get up on time to go to school, resulting 
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in a sleep deficit. Although for some of these children behavioural factors may 
play a role in the development and maintenance of the sleep problems, for many 
of these children the sleep problems have developed from a very early age, and 
the impression is that they may have a genetic cause (e.g., they could be related 
to a Per3 polymorphism).34 
 As the diagnosis of DSWPD is not much applied in children, little is known about 
the prevalence. However, research in adolescence reports prevalences of 6-8%,35,36 
and research in adults with circadian rhythm sleep disorders show that more 
than 60% of the patients report that their sleep problems started in early child-
hood.37 Together with the negative consequences of sleep disorders in children, 
this emphasises the importance of early treatment of childhood sleep problems.

TREATMENT OF SLEEP PROBLEMS IN CHILDREN

There are many behavioural treatment strategies for sleep problems in children. 
Sleep hygiene and parent education are always important to consider when 
dealing with sleep problems in children. In addition, behavioural techniques such 
as various forms of extinction or fading can be used, dependent on the exact 
type of sleep problems present.38-40 However, in some cases these behavioural 
treatment strategies do not suffice, such as in children whose sleep problems are 
related to disturbances in the circadian rhythm.

CIRCADIAN RHYTHM

The circadian rhythm is one of the two processes regulating sleep as described in 
the two-process model (originally described by Borbély,41 but see also Borbély et 
al.42). According to this model, the circadian process and the homeostatic process 
regulate the timing of sleep and wakefulness. The circadian process determines 
periods during the 24-hour period during which the tendency to fall asleep is 
largest. The homeostatic process describes that sleep pressure increases the 
longer a person is awake. Circadian rhythms, among which the circadian rhythm of 
sleep, are orchestrated by the suprachiasmatic nucleus (SCN), located in the hypo-
thalamus.42 An important marker of the circadian rhythm is melatonin, a hormone 
that is induced in the pineal gland and increases sleep propensity. Melatonin 
secretion increases soon after the onset of darkness with a peak in the middle 
of the night, and then declines.43 However, when the circadian rhythm becomes 
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disturbed, e.g., when melatonin secretion is delayed, this can result in sleep prob-
lems such as DSWPD, or chronic sleep onset insomnia with late melatonin onset. 

MELATONIN TREATMENT

An effective treatment for sleep onset problems related to late melatonin onset 
is exogenous melatonin treatment. Several studies, among which different 
randomised controlled trials (RCT), reviews and meta-analyses, found that 
melatonin is effective in advancing melatonin onset and sleep in children with 
chronic sleep onset problems.44-49 Moreover, melatonin is also found to be effec-
tive for sleep problems in children from special populations, such as children with 
ADHD,50,51 autism spectrum disorders,52-55 epilepsy56 and (other) neurodevelop-
mental disorders.57-59 However, effects in some studies were small and for some 
subgroups more RCT’s and high-quality studies are recommended in order to be 
able to draw more firm conclusions.52-54 Apart from the effects on the melatonin 
rhythm and sleep, there are some indications of additional effects of melatonin 
treatment on health,47 daytime functioning,54 behaviour problems and parenting 
stress,53 although not all studies found such effects.51,58 
 
Despite the beneficial effects of melatonin summarised above, the use of mela-
tonin has also raised some criticism. To some extent, this criticism is directed 
towards the uncontrolled use of melatonin, due to its over-the-counter avail-
ability in some countries, including the Netherlands. Uncontrolled use of mela-
tonin, without determining the appropriate dose and timing for an individual, can 
lead to no or even negative effects.60 Another part of the criticism is directed 
towards the lack of rigorous studies investigating the safety of long-term mela-
tonin use.61,62 Based on results of animal research, melatonin could have an influ-
ence on puberty development and reproductive function.61-63 However, studies 
that investigated possible negative effects of long-term melatonin use in chil-
dren did not find any effects,64-66 although these studies have also been criti-
cised for not performing endocrine assessments and shortcomings related to the 
study samples and design.62

Although studies investigating long-term melatonin use did not find any harmful 
effects, short term treatment is still preferable over long term treatment, to 
prevent children from being dependent on taking melatonin tablets for a long 
time period. Whereas the beneficial effects of melatonin on sleep are clearly 
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established, the optimal treatment duration is still unknown, and it is not clear 
if melatonin effects are preserved after discontinuing short term treatment. In 
addition, not much is known about the effects of melatonin on health and behav-
iour, and possible effects of improvement of sleep on parenting. Research has 
shown that parenting is related to sleep problems in children,67 and that sleep 
problems in children might affect parental sleep and subsequently parental 
mood and parenting.68

 Therefore, we studied the consequences of gradual termination of short term 
melatonin treatment in children with delayed Dim Light Melatonin Onset on 
sleep, health, behaviour problems, and parenting stress (Chapter 2), and also 
when applying classical conditioning (Chapter 4). Chapter 3 discusses the addi-
tional effects of melatonin on health, child behaviour and parenting stress and 
underlying mechanisms, by examining whether these effects are dependent on 
the direct effects of melatonin on sleep.  

BRIGHT LIGHT THERAPY

As the first three chapters show that it is not possible to discontinue melatonin 
treatment after a short period without disappearance of the beneficial effects 
of melatonin, we investigated an alternative treatment for this type of sleep 
problems: bright light therapy. Light is an important ‘zeitgeber’ for the circadian 
rhythm, as it informs the SCN about day length through the eye and the retino-
hypothalamic tract. In addition, bright light suppresses the secretion of mela-
tonin, and thereby hampers sleep onset. Light also influences the sleep-wake 
rhythm through its alerting effects.69,70 
 Since researchers in the 1980s showed that the circadian rhythm could indeed 
be influenced by means of light71,72 and that light could be used to treat sleep 
problems,73 several studies have investigated the effects of bright light therapy 
on sleep. However, these studies have yielded inconsistent results, as some 
studies found positive effects whereas others found minor or even no effects.74-77 
An overview of the effects of light therapy on sleep problems is currently lacking. 
Therefore, we conducted a meta-analysis to provide a systematic overview of 
the effects of light therapy on sleep problems (Chapter 5). 

Apart from the use of light therapy in the treatment of sleep disorders, there is 
also evidence of effects of light therapy on other outcomes, such as mood and 
depressive disorders.78-80 However, these findings are based on studies conducted 
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in adult populations, as light therapy has not been investigated in children. In 
order to investigate whether bright light therapy could be an alternative to 
(long term) melatonin treatment for chronic sleep onset insomnia in children, 
we conducted an RCT in which we compared the effects of melatonin treatment 
and light therapy on sleep. The results are summarised in Chapter 6. Chapter 
7 describes the cognitive, health and psychosocial outcomes of the RCT. In the 
latter, we also examined whether melatonin and light therapy had direct effects 
on these outcomes, or whether effects were mediated by sleep. 

OUTLINE OF THIS THESIS

In sum, there is quite some evidence for positive effects of melatonin treatment 
on chronic sleep onset problems in children. However, especially in young chil-
dren, short term treatment is favourable over long term treatment. 
 In this thesis, we look for alternatives to long term melatonin use, by answering 
the following research questions: What are the effects of discontinuing short 
term melatonin treatment for chronic sleep onset insomnia in children? Does 
classical conditioning help to preserve effects? Is light therapy a good alterna-
tive to melatonin treatment? What are the effects of light therapy on sleep and 
cognitive, health and psychosocial outcomes, compared to the effects of mela-
tonin? And can effects of the treatments on cognitive, health and psychosocial 
outcomes primary be attributed to sleep  improvement, or to the treatments 
themselves?
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abstract

Objective: To investigate the effects of termination of short term mela-
tonin treatment on sleep, health, behaviour and parenting stress in 
children with chronic sleep onset insomnia.
 
Methods: 41 Children (24 boys, 17 girls; mean age = 9.43 years) entered 
melatonin treatment for three weeks and then discontinued treatment 
by first taking a half dose for one week and then stopping completely 
for another week. Sleep was measured with sleep diaries filled in 
by parents and with actometers worn by children. Analyses were 
conducted with linear mixed models.

Results: Sleep latency was longer during stop week compared to treat-
ment. Sleep start was later and actual sleep time was shorter during 
half dose and stop week compared to treatment. Sleep efficiency dete-
riorated in the stop week. Dim Light Melatonin Onset was earlier after 
treatment, but this effect disappeared after the stop week. In addi-
tion to the effects on sleep, results from questionnaires completed 
by parents showed that there were also positive effects of melatonin 
treatment on children’s health and behaviour problems and parenting 
stress. While health deteriorated after treatment discontinuation, the 
effects on behaviour problems and parenting stress remained. Behav-
iour problems at baseline did not influence the effect of melatonin 
treatment.

Conclusions: This study showed that complete termination of treat-
ment after four weeks of melatonin use was too early. However, clini-
cians may advise a lower dose after a successful treatment trial of 
several weeks.
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introduction 

Sleep onset problems are common among children. Different studies 
report prevalence rates varying from 111 to 302 or even 40%3 of 
school age children who have problems with falling asleep. Consid-

ering the negative consequences of sleep problems on health, interper-
sonal relations, psychological functioning, daily activities,4,5 and school 
functioning,6,7 it is important to treat these problems. 

The pineal hormone melatonin plays a central role in the synchronization of 
circadian rhythms, especially the sleep-wake rhythm. Its secretion is inhibited 
during the day, but increases at night.8 In some children endogenous melatonin 
secretion is delayed, which makes that they cannot fall asleep at an appropriate 
time. This delay in melatonin secretion might be associated with a Per3 polymor-
phism in rare cases.9 Exogenous melatonin, if well timed and administered in the 
right dose, can phase-shift the melatonin and sleep-wake rhythm.10 

Although many studies showed that melatonin treatment has direct positive 
effects on sleep onset and health,11-13 optimal treatment duration has not yet been 
established and is mostly patient dependent. Consequently, melatonin is often 
used for an indefinite time and patients are advised to stop every now and then 
to see whether sleep problems return.14,15 Although several studies presented 
results after a relatively short treatment time,11-13 information concerning discon-
tinuation of treatment is missing. Because more knowledge about effects of 
treatment discontinuation in different phases of treatment (short, medium, long) 
can help to find optimal times for treatment termination, we explored the effects 
of short term treatment. An additional reason for examining short term treat-
ment effects is that there is a (theoretical) risk that delayed puberty onset is 
related to long melatonin use.16 

There is only one study17 that examined the effects of termination of short 
term (3 weeks) melatonin treatment on sleep, health and behavioural varia-
bles. In this pilot study, the positive effects of melatonin disappeared almost 
completely after abrupt treatment discontinuation. As the abrupt discontinua-
tion of melatonin might have diminished the effects of melatonin on sleep, in the 
present study we examined the effects of half-dose treatment and thereafter 
complete discontinuation of melatonin. An additional advantage of half-dose 
treatment is that we can also investigate whether a lower dose is still effective. 
To our knowledge, this study is the first study investigating effects of half dose 
and discontinuation of short term melatonin treatment in children.
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In addition to the chronobiotic (phase-advance) and hypnotic (sleep promoting) 
effect, we also examined effects of termination of melatonin on health, behav-
iour problems, and parenting stress.  Sleep, health, behaviour problems, and 
parenting stress appear strongly related.4,5,18-20 Therefore, we hypothesised that 
melatonin treatment not only would have positive effects on sleep, but also on 
these other variables. We expected the positive effects on health, behaviour 
problems, and parenting stress to remain after melatonin discontinuation only 
in case the positive effects on sleep remained. The question whether behaviour 
problems influence the effects of melatonin treatment and melatonin termina-
tion was also examined in the present study. 

methods

Participants
The study was conducted in the Centre for Sleep-Wake Disorders and Chronobi-
ology in a hospital in the Netherlands. Children were referred to the hospital by 
their general practitioners because of their sleep onset problems. Inclusion criteria 
for participation were: (1) age  between 5 and 12 years old, (2) the child has 
chronic sleep onset problems defined as (a) complaints of sleep-onset problems 
expressed by parents and/or child, (b) occurrence on at least 4 days/week for 
longer than 1 year, (c) average sleep onset later than 20:15 hours for children at 
age 5 years and for older children 15 minutes later per year, and (d) average sleep 
latency exceeding 30 minutes, (3) Dim Light Melatonin Onset (DLMO) later than 
20:00 hours, (4) the child attends a regular school (IQ is in the normal range) and 
(5) parents of the child have sufficient command of the Dutch language in order 
to understand the treatment and complete the questionnaires. Children were not 
eligible for participation if (1) the child had a diagnosis of another sleep disorder 
(e.g., restless legs syndrome, narcolepsy, obstructive sleep apnoea syndrome), 
and/or (2) the sleep onset problems were caused by physical problems (e.g., pain).

In total, 43 children of the 98 children younger than 18 years that were 
referred for treatment met the inclusion criteria. Two families decided not to 
participate in the study, leaving a final sample of 41 children and their parents. 
Of these 41 children, 24 were boys (58.54%) and 17 were girls (41.46%). Mean age 
was 9.43 years (SD = 2.05, range 5.42 - 12.67). Eight children had a diagnosis of 
Attention Deficit Hyperactivity Disorder (ADHD), five children were diagnosed 
with an autism spectrum disorder and one child with both. Most parents were 
married (87.8 %) and 43.9 % completed higher education levels.
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Procedure
The study was approved by the ethical committee of our research institute. 
Parents gave active informed consent for publication of the results. Inclusion 
of participants took place from September to December 2009. Before their first 
appointment in the hospital, parents completed a sleep diary and some ques-
tionnaires regarding the sleep problem of their child. Dim Light Melatonin Onset, 
the clock time at which the endogenous melatonin secretion reaches a certain 
threshold, was measured in saliva. Parents were asked to instruct their chil-
dren to chew on cotton plugs according to a predetermined schedule for one 
evening.11,13 

In order to make sure all participants had similar knowledge about sleep 
hygiene practices, this topic was discussed during the first appointment in the 
hospital and written instructions for sleep hygiene were provided. Treatment 
started on the first Sunday after the appointment in the hospital. All children 
were instructed to start with a dose of 1 milligram. If parents did not see any 
effect of melatonin use after four days, they were allowed to increase the dose 
to 2 milligrams. If this still had no effect, the dose could be further increased 
to 3 milligrams up to maximally 5 milligrams. After three weeks of melatonin 
treatment parents filled in the questionnaires and children chewed on the 
cotton plugs. Then treatment was discontinued by first taking a half dose for 
one week (hereafter called “half dose week”) and then stopping completely 
for another week (hereafter called “stop week”). After this stop week the same 
measures were taken. Parents filled in sleep diaries and children wore actome-
ters during this whole period of five weeks. Families received reminders through 
text messages or e-mails on days that questionnaires had to be filled in, chil-
dren had to chew on cotton plugs, or melatonin dose had to be halved. In addi-
tion, all families were contacted by telephone twice during this study to discuss 
their experiences: once in the first week of treatment and once after the end of 
the stop week. Children were allowed to recommence with melatonin after the 
last day of the stop week. 
 The study (Fig. 1) consisted of three measurements: baseline (in the week 
before the start of treatment; T0), directly after three weeks treatment (T1), 
and at the end of the stop week (T2). At these measurement occasions DLMO 
was determined in saliva and questionnaires were filled in. Behaviour problems 
were measured twice (at baseline and at the end of the stop week), because of 
the length of the questionnaire. As we were primarily interested in the effects of 
half dose and termination of treatment on sleep, we used treatment data from 
the first three weeks as baseline for the sleep data. 



26

Figure 1. Study design 

DLMO = Dim Light Melatonin Onset; FSII = Functional Status II; CBCL = Child Behavior Checklist; NOSIK 

= Nijmegen Parental Stress Index short version.

Measures
Sleep 
Sleeping behaviour was measured with actometers and with sleep diaries filled 
in by parents. Parents filled in sleep diaries daily via internet. The sleep diary 
consisted of questions concerning bed time, lights off time, sleep onset time and 
whether the child woke up during the night. Sleep latency (time children spent 
in bed before falling asleep) and sleep start were used as sleep parameters in 
the analyses. 

Actometers, miniaturised computerised wristwatch-like devices to monitor 
and collect data generated by movements,21 can distinguish between sleep-
wake states by measuring movement. They were used to obtain objective infor-
mation about sleep latency, sleep start, actual sleep time (time children actu-
ally slept during the night) and sleep efficiency (actual sleep time/time in bed).

Dim Light Melatonin Onset
Dim Light Melatonin Onset, considered to best represent adjustment of the 
biological clock22  was measured in saliva, using Buhlmann RIA kits. Children 
chewed on cotton plugs hourly from 19:00 to 23:00 hours in the evening at dim 
light.11,13 Children were not allowed to use melatonin the evenings at which DLMO 
was measured.

T0

Melatonin Half dose Stop week 

0 543

       T1            T2

Sleep diaries & actometers

DLMO

FSII

CBCL

NOSIK

DLMO

FSII

CBCL

NOSIK

DLMO

FSII

NOSIK
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Health
Health status of children was measured with the first part of the Functional 
Status II (FSII).23,24 This first part has 14 items concerning activities and behav-
iours in the past two weeks. Parents had to indicate how often these behaviours 
or activities occurred on a three-point scale varying from (0) “never or rarely” to 
(1) “some of the time” and (2) “almost always”. A higher score indicates a better 
functional status and a better health. Cronbach’s alpha varied between 0.57 and 
0.82 for mothers and fathers at different measurement occasions.

Behaviour problems
Behaviour problems in children were measured with the Child Behavior Check-
list (CBCL).25,26 The CBCL is a comprehensive (112 items) questionnaire containing 
broad band scales and narrow band scales. In this study only the broad band 
scales measuring internalising and externalising behaviour problems were used. 
The response scale ranged from (0) “not true” to (2) “very true or often true”, 
with a higher score indicating more behaviour problems. Reliabilities took on 
values between .85 and .90 and .91 and .92 for internalising and externalising 
problems respectively. For total problems the reliability varied from .95 to .96.

Parenting stress
Parenting stress was measured with the Nijmegen Parental Stress Index short 
version (NOSIK).27 The NOSIK is a questionnaire with 17 items that measures to 
what extent parents experience stress in parenting their child. Parents answered 
the items on a 4-point scale, ranging from (1) “strongly disagree” to (4) “strongly 
agree”. A higher score indicated more parenting stress. Reliability varied from 
.93 to .95.

Statistical analysis
Data were analysed using linear mixed models in SPSS,28 treating the repeated 
observations as nested within children. In this way all available data were used 
to answer the research questions, including data from children with missing 
observations. For each outcome variable, it was first determined which longitu-
dinal structure described the variances and covariances best.29 For all sleep vari-
ables and for parenting stress a first-order autoregressive covariance structure 
was chosen. For health and behaviour problems diagonal covariance structures 
were used.30 In the second step, predictors were added to the model and fit of 
the models was compared. If addition of predictors significantly improved the fit, 
the regression coefficients were interpreted.
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For the main research question (about the effects of half dose treatment and 
termination of treatment on sleep, health, behaviour problems and parenting 
stress), outcome variables were DLMO, sum scores for the different question-
naires measured at T0 through T2, and sleep variables measured during the 
different phases of the treatment (treatment weeks, half dose week, stop week). 
Differences between treatment phases were tested by including binary indi-
cator variables for phases in treatment as explanatory variables in the regres-
sion analysis. Weekend was included separately to account for different sleeping 
behaviour in weekends. Changes in DLMO and questionnaire data were tested by 
including binary indicators for measurement occasions as explanatory variables. 

For the second research question (whether behaviour problems influenced 
the effect of melatonin treatment), the main effect of CBCL score at baseline 
and the interaction effects of CBCL with treatment phases were included in the 
models with the sleep variables mentioned above. If the fit of the model signifi-
cantly improved after adding these effects, we examined which of the main and 
interaction effects were significant. If the global test of the interaction effects 
was significant, we examined the effects of CBCL at the different treatment 
phases separately.

results

Sleep outcomes and Dim Light Melatonin Onset
Sleep latency and sleep start means obtained from diary data are reported in 
Table 1. The results showed that sleep latency was significantly longer during 
stop week compared to treatment. The difference between treatment and half 
dose treatment was not significant. The results for sleep start were somewhat 
different. During half dose and stop week, children fell asleep later than during 
treatment (Table 2). 

Results for the actometer data were in accordance with the results of the sleep 
diary. Sleep latency was longer in the stop week compared to treatment and 
the difference between treatment and half dose week was not significant. Sleep 
start was later during half dose and stop week compared to treatment. Actual 
sleep time was shorter during half dose and stop week than during treatment. 
For sleep efficiency, the difference between treatment and half dose was not 
significant. Only during stop week sleep efficiency was lower than during treat-
ment (Table 2). Compared to baseline, DLMO was significantly earlier after three 
weeks treatment but this effect disappeared at the end of the stop week.
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Table 1 Means for sleep, DLMO, health, behaviour problems and parenting  
   at the different measurement occasions and phases of treatment

HYPNOTIC SLEEP 
VARIABLES

TREATMENT M 
(SD)

HALF DOSE M 
(SD)

STOP WEEK M 
(SD)

Sleep latency 

(sleep diary; in minutes)

37.27 (28.47) 38.77 (34.36) 69.39 (46.77)

Sleep start 

(sleep diary; clock time)

21:00 (0:59) 21:11 (1:14) 21:43 (1:06)

Sleep latency 

(actometer; in minutes)

28.37 (26.90) 28.42 (27.28) 63.63 (43.63)

Sleep start 

(actometer; clock time)

21:07 (1:07) 21:29 (1:15) 22:08 (1:16)

Actual sleep time (actom-

eter; in hours)

8.60 (1.05) 8.48 (1.02) 8.13 (1.03)

Sleep efficiency (actometer) 75.72 (7.31) 75.57 (7.19) 72.34 (7.13)

OTHER VARIABLES T0 (BASELINE)  
M (SD)

T1 (END OF TREAT-
MENT) M (SD)

T2 (END OF STOP 
WEEK) M (SD)

DLMO (clock time) 20:58 (0:50) 19:31 (0:52) 20:55 (1:09)

Health 20.88 (3.44) 22.65 (4.07) 20.92 (4.41)

Internalising 

behaviour problems

10.35 (8.26) 6.52 (6.54)

Externalising 

behaviour problems

10.61 (8.44) 7.68 (7.30)

Total 

behaviour problems

40.28 (23.37) 28.91 (21.09)

Parenting stress 32.32 (12.20) 29.84 (10.93) 29.70 (10.53)

Health, behaviour problems, and parenting stress 
Health scores significantly improved after treatment. This effect disappeared 
after the stop week. Internalising, externalising and total behaviour problems all 
had significantly decreased after the stop week, compared to baseline. Parenting 
stress decreased after treatment and was still decreased after the stop week. 
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DEPENDENT VARIABLE FIXED EFFECTS       S S.E. P

Sleep diary

Sleep Latency  

 

Half dose week vs. treatment weeks 

Stop week vs. treatment weeks 

Weekend vs. week days 

(control variable)

 

2.893 

32.742 

-1.585

 

2.759 

3.001 

1.914

 

.295 

< .001 

.408

Sleep Start Half dose week vs. treatment weeks 

Stop week vs. treatment weeks 

Weekend vs. week days 

(control variable)

11.058 

49.691 

26.533

3.525 

3.808 

2.651

.002 

< .001 

< .001

Actometer

Sleep Latency  

 

Half dose week vs. treatment weeks 

Stop week vs. treatment weeks 

Weekend vs. week days 

(control variable)

 

.401 

36.625 

.263

 

2.384 

2.642 

2.031

 

.867 

< .001 

.897

Sleep Start Half dose week vs. treatment weeks 

Stop week vs. treatment weeks 

Weekend vs. week days 

(control variable)

25.877 

66.966 

28.542

4.186 

4.644 

3.585

< .001 

< .001 

< .001

Actual Sleep Time  Half dose week vs. treatment weeks 

Stop week vs. treatment weeks 

Weekend vs. week days

(control variable)

-8.475 

-28.242 

8.557

4.184 

4.639 

3.819

.044 

< .001 

.025

Sleep Efficiency Half dose week vs. treatment weeks 

Stop week vs. treatment weeks 

Weekend vs. week days 

(control variable)

-.221 

-3.736 

-1.383

.488 

.541 

.414

.652 

< .001 

.001

DLMO T1 (end of treatment weeks vs. baseline) 

T2 (end of stop week vs. baseline)

-87.901 

-5.237

11.632 

10.880

< .001 

.633

Health T1(end of treatment weeks vs. baseline) 

T2 (end of stop week vs. baseline)

1.818 

-.065

.578 

.610

.002 

.915

Internalising 

behaviour problems

T2

(end of stop week vs. baseline)

-3.661 .662 < .001

Externalising 

behaviour problems

T2

(end of stop week vs. baseline)

-2.891 .646 < .001

Total

behaviour problems

T2

(end of stop week vs. baseline)

-11.178 1.908 < .001

Parenting Stress T1(end of treatment weeks vs. baseline) 

T2(end of stop week vs. baseline)

-3.081 

-3.381

.833 

1.040

< .001 

.001
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Effect of behaviour problems on melatonin treatment
Only for the model with sleep latency measured with sleep diaries a significant 
effect was found. The effect of behaviour problems on sleep latency was nega-
tive (β = -.511, p = .030). This indicates that children with more behaviour prob-
lems have a shorter sleep latency in general. The interaction effect of behav-
iour problems with treatment phases was not significant (p = .083). Apparently, 
behaviour problems at baseline did not influence the effect of melatonin treat-
ment on sleep. 

discussion

The results showed that the positive effects of melatonin on sleep disappeared 
when treatment was completely discontinued. Sleep start and actual sleep time 
already deteriorated when children took a half dose. This can be explained by 
later bedtimes in the half dose week. 

Melatonin treatment did not only improve sleep, but it also improved health 
and decreased behaviour problems and parenting stress. The positive effect 
of melatonin on health was also found in a previous study.13 Although we are 
unaware of studies that found positive effects of melatonin treatment on behav-
iour problems and parenting stress, our findings support earlier research that 
found relations between sleep problems in children and behaviour problems and 
parenting stress.5,18-20 While the effect on health disappeared, effects on behav-
iour problems and parenting stress remained after termination of treatment, 
even though the effects on sleep had disappeared. A possible explanation for 
this result is that a week of sleep deprivation is too short for behaviour prob-
lems to return. The finding that parenting stress was still decreased after treat-
ment termination might be explained by the fact that behaviour problems were 
also still decreased. Additional analyses showed that there was indeed a signif-
icant positive correlation between parenting stress and behaviour problems at 
the end of the stop week. 

Only for sleep latency reported in sleep diaries, there was an effect of behav-
iour problems at baseline. It appeared that children with more behaviour prob-
lems had shorter sleep latency in general. There was no interaction of behaviour 
problems with treatment phases on sleep. No impact of behaviour problems at 

<< Table 2.  Effects of treatment phases and measurement occasions on sleep,  
    DLMO, health, behaviour problems and parenting stress in chil- 
    dren with chronic sleep onset insomnia 
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baseline was found for sleep start reported in sleep diaries, nor for sleep vari-
ables measured with actometers. Considering the fact that we only found an 
effect of behaviour problems on sleep latency reported by parents that was 
not confirmed by the actometer data, this result is difficult to interpret and 
requires further investigation. As for none of the sleep variables an interaction 
effect between behaviour problems and treatment phases was found, it can be 
concluded that behaviour problems at baseline do not affect the effect of mela-
tonin treatment. 

We should note that this study was not a placebo-controlled treatment. 
Therefore, expectations of parents and children might partly explain the effects 
of melatonin discontinuation. However, this did not happen for behaviour prob-
lems and parenting stress since these effects remained. In addition, our objec-
tive data (actometers, DLMO), also showed that the positive effect of mela-
tonin on sleep disappeared. As a review of clinical trials investigating placebo 
effects shows that placebo does not affect objective continuous outcomes,31 it 
is not likely that disappearance of the effects of melatonin should be ascribed 
to expectation effects. Nevertheless, we recommend to control for expectation 
effects in future studies.

Another weakness is that only short term effects have been investigated. In 
addition, we did not include a fourth measurement occasion at the end of the 
half dose week, because, firstly, we did not want to ask parents to complete the 
questionnaires three times in two weeks, and, secondly, we did not expect to 
find such short time effects. A final limitation of this study is that all children had 
to halve the dose in the half dose week, regardless of the dose they were using. 
For some children this decrease may have been too large.

In the present study, four children did not start again with melatonin treat-
ment because parents were satisfied with the sleep of their child in the stop 
week. It is unclear to us why these children could stop and others could not. 
It would be interesting for a future study to investigate possible predictors of 
treatment duration.

What we learned from this study is that discontinuation of short term mela-
tonin use generally leads to disappearance of the positive effects on sleep. From 
these findings it is difficult to understand why such a practice existed in the 
first place. However, a lower dose after melatonin use still seems effective for 
most children. Clinicians may advise their patients to try a lower dose after they 
successfully used melatonin for a few weeks. Based on the results of this study, 
we would advise against complete termination of melatonin use after four weeks 
of treatment.
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ABSTRACT

In children with chronic sleep onset insomnia and delayed Dim Light 
Melatonin Onset, melatonin treatment not only improves sleep but also 
health, behaviour and parenting stress. The aim of the present study 
was to see whether the latter effects are dependent on the direct 
effects on sleep. Data come from 41 children (24 boys, 17 girls; mean age 
= 9.43 years). They entered melatonin treatment (1 – maximum 5 mg 
per day) for three weeks, then discontinued treatment by first taking 
a half dose for one week, and then stopped completely for another 
week. Sleep was measured with sleep diaries filled in by parents and 
with actometers. We found a positive effect of actual sleep duration 
on health but this disappeared after discontinuing treatment. We 
also found that melatonin treatment decreased behaviour problems, 
which effect appeared to be stronger for children with an earlier Dim 
Light Melatonin Onset. These results show that the melatonin effects 
on health and behaviour problems may partly be dependent on sleep. 
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INTRODUCTION

Melatonin is an effective treatment for sleep onset problems asso-
ciated with delayed Dim Light Melatonin Onset (DLMO). Studies 
report positive effects on sleep in both adults1-4 and children.5-7 In 

addition to the effects on sleep, effects on health, behaviour and parenting 
stress are found.7,8 An important question concerning the effectiveness of 
melatonin is whether melatonin has a direct effect on these outcomes or 
whether the effect of melatonin is dependent on (improved) sleep.

Literature shows evidence for melatonin having an inhibiting effect on cancer 
growth9,10 and reducing side effects and increasing efficacy of different kinds of 
drugs11 and antioxidant effects, through which it could postpone the progression 
of certain diseases.12,13 In addition, melatonin is found to influence mood2 and to be 
negatively related to mood disorders.14,15 For example, Cavallo et al.14 found that 
melatonin secretion was lower in children with depression. However, it is not very 
clear what this lower melatonin level means. It could implicate that melatonin has 
a direct influence on (mental) health, but it could also be interpreted as a marker 
of a lower amplitude circadian output of the clock, thus making individuals more 
susceptible to phase shifting and instable rhythms, and psychopathology. 
 Some studies ascribe the beneficial effect of melatonin to improvement of 
sleep.7,16 Rahman et al.,17who conducted a randomised placebo-controlled trial 
to investigate the effects of melatonin on depression, suggest that the positive 
effect of melatonin on depression might be mediated by the phase advance of 
the circadian rhythm. We assume that relationships between sleep and children’s 
health and behaviour problems and parenting18-21 may be explained by a chain of 
causal effects, where changes in sleep, due to melatonin treatment, in turn cause 
changes in behaviour, health and parenting stress. In this respect, distinguishing 
between several aspects of sleep, such as sleep duration or sleep quality appears 
important in explaining differential effects of sleep on problem behavior.20 
 In a recent study investigating the effects of termination of short term mela-
tonin treatment in children with chronic sleep onset insomnia, we found posi-
tive effects of melatonin on health and behaviour of children and parenting 
stress in parents. In this study children took melatonin for three weeks and then 
discontinued treatment by first taking a half dose for one week and then stop-
ping completely for another week. While the effect on health disappeared after 
treatment discontinuation, the effects on behaviour problems and parenting 
stress remained.8 The research question we aim to answer in the present study 
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is whether the effect of melatonin on health, behaviour and parenting stress 
is dependent on sleep. Or, in line with the suggestion of Rahman et al.,17 is the 
effect of melatonin on these variables dependent on DLMO? 
 We consider changes in health, behaviour problems and parenting stress after 
improvement of sleep and we distinguish between different aspects of sleep. 
Data of 41 children with chronic sleep onset insomnia, who participated in our 
previous study8 investigating the effects of termination of short term melatonin 
treatment, were used. To our knowledge, there are no studies investigating to 
what extent effects on sleep moderate the melatonin effects on other outcomes.

METHODS

Participants
The study was conducted in the Centre for Sleep-Wake Disorders and Chrono-
biology in a hospital in the Netherlands. Children were referred to the hospital 
by their general practitioners because of their sleep onset problems. Inclusion 
criteria for participation were: (1) age between 5 and 12 years old, (2) the child 
has chronic sleep onset problems defined as (a) complaints of sleep-onset prob-
lems expressed by parents and/or child, (b) occurrence on at least 4 days/week 
for longer than 1 year, (c) average sleep onset later than 20:15 hours for chil-
dren at age 5 years and for older children 15 minutes later per year, and (d) 
average sleep latency exceeding 30 minutes, (3)  Dim Light Melatonin Onset 
(DLMO) later than 20:00 hours, (4) the child attends a regular school (IQ is in the 
normal range) and (5) parents of the child have sufficient command of the Dutch 
language in order to understand the treatment and complete the question-
naires. Children were not eligible for participation if (1) the child had a diagnosis 
of another sleep disorder (e.g., restless legs syndrome, narcolepsy, obstructive 
sleep apnoea syndrome), and/or (2) the sleep onset problems were caused by 
physical problems (e.g., pain).
 In total, 43 children of the 98 children younger than 18 years that were 
referred for treatment met the inclusion criteria. Two families decided not to 
participate in the study, leaving a final sample of 41 children and their parents. 
Of these 41 children, 24 were boys (58.54%) and 17 were girls (41.46%). Mean 
age was 9.43 years (SD = 2.05, range 5.42 - 12.67). Eight children had a diag-
nosis of Attention Deficit Hyperactivity Disorder (ADHD), five children were diag-
nosed with an autism spectrum disorder and one child with both disorders. Most 
parents were married (87.8 %) and 43.9 % completed higher education levels.
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Procedure
The study was approved by the ethical committee of our research institute. Parents 
gave active informed consent for publication of the results. Inclusion of partici-
pants took place from September to December 2009. Before their first appointment 
in the hospital, parents of the children completed some questionnaires regarding 
the sleep problem of their child. Dim Light Melatonin Onset, the clock time at which 
the endogenous melatonin secretion reaches a certain threshold, was measured 
in saliva. Parents were asked to instruct their children to chew on cotton plugs 
according to a predetermined schedule for one evening.5,7 
 In order to make sure all participants had similar knowledge about sleep 
hygiene practices, this topic was discussed during the first appointment in the 
hospital and written instructions for sleep hygiene were provided. Treatment 
started on the first Sunday after the appointment in the hospital. All children 
were instructed to start with a dose of 1 milligram per day. If parents did not see 
any effect of melatonin use after four days, they were allowed to increase the 
dose to 2 milligrams. If this still had no effect, the dose was further increased 
up to maximally 5 milligrams. After three weeks of melatonin treatment parents 
filled in the questionnaires and children chewed on the cotton plugs. Then treat-
ment was discontinued by first taking a half dose for one week (hereafter called 
“half dose week”) and then stopping completely for another week (hereafter 
called “stop week”). After this stop week the same measures were taken. Parents 
filled in sleep diaries and children wore actometers during this whole period of 
five weeks. 
 The study consisted of three measurements: baseline (in the week before the 
start of treatment; T0), directly after three weeks treatment (T1), and at the end 
of the stop week (T2). At these measurement occasions DLMO was determined 
in saliva and questionnaires were filled in. Behaviour problems were measured 
twice (at baseline and at the end of the stop week), because we expected it to 
be too great a burden for parents to complete this extensive questionnaire three 
times in such a short period.8 
 As the questionnaires and the DLMO measurements have only been adminis-
tered three times, one of which is before the start of treatment, it was important 
to also include some information about sleep before treatment. We therefore 
asked the parents to report the regular bed and sleep time of the child before 
the start of the study. We used these data only for analyses with the sleep diary 
data, because these are also parent-reported data.
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Measures
Sleep
Parents filled in sleep diaries daily via internet. The sleep diary consisted of 
questions concerning bed time, lights off time, sleep onset time and whether the 
child woke up during the night. Sleep latency and sleep start were used as sleep 
parameters in the analyses. Actometers were used to obtain objective informa-
tion about sleep latency, sleep start, actual sleep duration and sleep efficiency. 
We decided to use both objective and subjective measures of sleep as research 
has shown that these give different results.22-25 

Dim Light Melatonin Onset
Dim Light Melatonin Onset was measured in saliva, using Buhlmann RIA kits. Chil-
dren chewed on cotton plugs hourly from 19:00 to 23:00 hours in the evening 
at dim light. Children were not allowed to use melatonin the evenings at which 
DLMO was measured.

Health
Health status of children was measured with the first part of the Functional 
Status II (FSII).26,27 This first part has 14 items concerning activities and behav-
iours in the past two weeks. Parents had to indicate how often these behaviours 
or activities occurred on a three-point scale varying from (0) “never or rarely” 
to (2) “almost always”. A higher score indicates a better functional status and a 
better health. Cronbach’s alpha’s varied between 0.57 and 0.82 for mothers and 
fathers at different measurement occasions.

Behaviour problems
Behaviour problems in children were measured with the Child Behavior Checklist 
(CBCL).28,29 The CBCL is a comprehensive (112 items) questionnaire. The response 
scale ranged from (0) “not true” to (2) “very true or often true”, with a higher 
score indicating more behaviour problems. The reliability varied from .95 to .96.

Parenting stress
Parenting stress was measured with the Nijmegen Parental Stress Index short 
version (NOSIK).30 The NOSIK is a questionnaire with 17 items that measures to 
what extent parents experience stress in parenting their child. Parents answered 
the items on a 4-point scale, ranging from (1) “strongly disagree” to (4) “strongly 
agree”. A higher score indicated more parenting stress. Reliability varied from 
.93 to .95.
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Statistical analysis
Data were analysed using Linear Mixed Models in SPSS, treating the repeated 
observations as nested within children. For each outcome variable, it was first 
determined which longitudinal structure described the variances and covari-
ances best31 (diagonal for health and behaviour problems, and first-order autore-
gressive for parenting stress).
 Melatonin treatment effects were tested by comparing the fit of models 
with and without separate parameters for measurement occasions. If the fit 
improved, main effects of sleep or DLMO and interaction effects of treatment 
and sleep, or treatment and DLMO were added to the models to test modera-
tion. If model fit improved again, significant effects were interpreted. Significant 
interaction effects indicate that treatment effects on health, behaviour problems 
or parenting stress are dependent on the specific sleeping behaviour or DLMO 
(i.e., are moderated by sleep / DLMO). To facilitate interpretation, all variables 
have been standardised,32 so that the parameter estimates can be interpreted 
as effect sizes. In order to illustrate the interaction effects, we plotted expected 
scores on the dependent variable at the different measurement occasions for 
different cases, that is, in case a child has an average score on the specific 
sleeping behaviour or DLMO, in case a child has a high score (1 standard devi-
ation above the mean) on this sleeping behaviour or DLMO, and in case a child 
has a low score (1 standard deviation below the mean) on the specific sleeping 
behaviour or DLMO. 

RESULTS

Fig. 1 gives an overview of the changes in sleep throughout the study (only 
actometer data are shown). As can be seen in Fig. 1a, sleep latency does not 
change much during the first four weeks. However, in the stop week sleep 
latency increases. Fig. 1b shows that sleep start is somewhat later in the half 
dose week compared to the treatment weeks, and increases further in the stop 
week. Actual sleep duration already decreases somewhat in the half dose week 
whereas sleep efficiency is not very different in the half dose week before dete-
riorating in the stop week (Fig. 1c and 1d).8
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Figure 1.  Children’s sleep behaviour during and after melatonin treatment (actometer data) 

Day 21 data have been omitted because data collection required many children to stay up late 

(chewing cotton plugs); bars indicate standard errors above and below day averages.
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Table 1. Effects of discontinuing melatonin treatment on health as a  
  function of sleep duration

HEALTH S S.E. P

Discontinuation of treatment (T2 vs T1) -.404 .178 .026

Actual sleep duration .457 .174 .011

Treatment x Actual sleep duration -.547 .199 .007

Note: n = 41. β, regression coefficient; s.e., standard error. 

Figure 2. Expected scores on health for children with average, short, and long sleep 

   durations, immediately after melatonin treatment and at the end of the stop week. 

Health score means are plotted for a child with average sleep duration (8.21 h), short sleep duration 

(7.32 h, i.e. one standard deviation below average), and long sleep duration (9.10 h, i.e. one standard 

deviation above average) at t1 (immediately after treatment) and t2 (at the end of the stop week).
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Effects of melatonin treatment on health, behaviour problems and 
parenting stress as a function of sleep and DLMO
For health, the main effect of melatonin treatment was significant: health dete-
riorates from directly after treatment to the end of the stop week. In the next 
step of the analysis, we also found a significant interaction effect of treatment 
with actual sleep duration (see Table 1). Immediately after three weeks treat-
ment, health is better for children with longer actual sleep durations than for 
children with shorter actual sleep durations. However, at the end of the stop 
week, this effect has disappeared (Fig. 2). In general, longer actual sleep dura-
tion is related to better health.  
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Figure 3. Expected scores on behaviour problems for children with average, early, and late DLMO 

Scores before melatonin treatment and at the end of the stop week. Behaviour problems score means 

are plotted for a child with average DLMO (20.57 h), early DLMO (19.59 h, i.e. one standard deviation 

below average), and late DLMO (21.55 h, i.e. one standard deviation above average) at t0 (before treat-

ment) and t2 (at the end of the stop week).

Table 2. Effects of melatonin treatment on behaviour problems as a 
  function of DLMO

BEHAVIOUR PROBLEMS S S.E. P

Treatment effect (T2 vs T0) -.492 .086 < .001

DLMO -.110 .112 .331

Treatment x DLMO .253 .119 .036

Note: n = 41. β, regression coefficient; s.e., standard error.

For behaviour problems, a significant treatment effect was found. In the subse-
quent step, we found a main effect of treatment and an interaction effect of 
treatment with DLMO. Behaviour problems decreased from baseline to the end 
of the stop week for all children, and especially for the children with an earlier 
DLMO (see Table 2 and Fig. 3).

For parenting stress, treatment effects were found in the first step of the anal-
ysis for the models with sleep diary and DLMO data. The addition of main and 
interaction effects of sleep and DLMO did not improve model fit. Apparently, 
sleep variables do not affect the treatment effects on parenting stress.
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DISCUSSION

This study found that immediately after three weeks treatment, children with 
longer actual sleep durations had better health. For these children, there is a 
strong decrease in health from immediately after treatment to the end of the stop 
week, whereas this is not the case for children with shorter actual sleep durations. 
This suggests that the effect of melatonin on health is dependent on actual sleep 
duration. A possible explanation for this is that children with longer sleep dura-
tions had a higher score immediately after treatment. This effect disappeared after 
discontinuation of melatonin use. This could indicate that longer sleep duration is 
positively related to a better health, but when sleep duration decreases during 
the stop week, health also decreases again and is then comparable to the health 
of children with shorter sleep durations. In general, health scores decreased from 
directly after treatment to the end of the stop week. In addition, longer sleep 
duration is related to better health. These findings are supported by research 
showing the impact of adequate sleep duration on health.33

 Behaviour problems generally decrease from baseline to the end of the stop 
week. This effect is stronger for children with an earlier DLMO. A possible expla-
nation for this finding is that behaviour problems decrease during melatonin use 
for all children, but that for children with an earlier DLMO the negative effect 
of discontinuing melatonin is less strong. As a result, their behaviour problems 
are not that much affected by discontinuation of treatment in the stop week, 
whereas for children with later DLMO, behaviour problems increase again from 
immediately after treatment to the end of the stop week. 
 The effect of melatonin on parenting stress was not dependent on sleep 
or DLMO. However, we think that the melatonin treatment of children might 
affect parenting stress through an improvement of parents’ sleep, or through a 
decrease in children’s behaviour problems.   

We should note that, since the use of melatonin immediately affects sleep, it 
is difficult to disentangle the effects of melatonin and sleep. Although studies 
have shown that fast-release melatonin (used in the present study) affects only 
sleep latency while controlled-release affects sleep maintenance as well,34,35 it 
is expected that the decrease in sleep latency affects sleep duration. Conse-
quently, the separate effects of melatonin and sleep duration are also difficult 
to disentangle. We did not take into account the possible effect of diets on the 
measurement of melatonin. Studies have shown that for instance walnuts36 and 
other foods, mainly plants,37,38 contain melatonin. Intake of these foods could 
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raise the endogenous melatonin level, and thereby influence the measurement 
of melatonin. However, as we do not expect that diets of the children changed 
between the measurement occasions, we do not think our measurements are 
distorted. Nevertheless, it is advisable for future research to control for possible 
diet effects when measuring melatonin.

A limitation of the present study is that health, behaviour problems and parenting 
stress were only measured two or three times. Sleep scores had to be aggre-
gated for the different treatment periods to investigate the interaction effects. 
A suggestion for future research would be to include daily measurements of 
psychosocial variables in order to better see any fluctuations. In addition, our 
sample size was small and we had no real baseline data available for sleep. Daily 
measurements of psychosocial variables, also measured before beginning mela-
tonin treatment, would be better suited to investigate the fluctuations. 
 Still, this study yields some interesting insights into the differential effects 
of melatonin treatment and sleep on health and behaviour problems. Interac-
tion effects were found for objective data (actometers and DLMO). Based on our 
results, it can be concluded that the effect of melatonin on health and behav-
iour problems seems to be partly dependent on sleep and DLMO. Future studies 
should take different aspects of sleep into account when investigating the 
intriguing relations between sleep and health, behaviour and parenting stress.
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ABSTRACT

Melatonin treatment is effective in treating sleep onset problems in 
children with chronic sleep onset insomnia, but effects usually disap-
pear when treatment is discontinued. In this pilot study, we investi-
gated whether classical conditioning might help preserving treatment 
effects of melatonin in children with sleep onset problems, with and 
without comorbid ADHD or autism. 
After a baseline week, 16 children (mean age 9.78 years, 31% ADHD / 
autism) received melatonin treatment for three weeks, and then grad-
ually discontinued treatment. Classical conditioning was applied by 
having children drink biological lemonade while taking melatonin, 
and by using a lamp that was turned on when children went to bed. 
Results were compared with a group of 41 children (mean age 9.43 
years, 34% ADHD / autism) who received melatonin without classical 
conditioning.
Melatonin treatment was effective in advancing Dim Light Melatonin 
Onset and reducing sleep onset problems, and positive effects were 
found on health and behaviour problems. After stopping melatonin, 
sleep returned to baseline levels. We found that for children without 
comorbidity in the experimental group sleep latency and sleep start 
delayed less in the stop week, which suggests an effect of classical 
conditioning. However, classical conditioning seems counterproduc-
tive in children with ADHD or autism. Further research is needed to 
establish these results.
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INTRODUCTION

Sleep problems are common among children, with reported prevalence 
rates as high as 30-40%.1,2 Considering these high prevalence rates 
and the negative consequences of sleep problems on mood, behaviour 

and school performance,3,4 it is important to treat these problems. More-
over, sleep problems in childhood predict later behavioural and emotional 
problems,5,6 which stresses the importance of early intervention. 

Sleep problems can have different manifestations and causes requiring different 
types of treatment. In the present study, we focus on children with chronic sleep 
onset problems related to a delayed melatonin onset. Melatonin is a hormone 
produced by the pineal gland in the brain. Melatonin secretion starts to rise in 
the evening and increases sleep propensity.7 In some children, melatonin secre-
tion is delayed, which is associated with falling asleep late and difficulty awak-
ening in the morning. Exogenous melatonin, if well-timed and given in the appro-
priate dose, may advance sleep onset and offset.8 
 Several studies indeed found positive effects of melatonin treatment on 
sleep onset problems in children,9-11 and also on health,10 behaviour problems 
and parenting stress.12 This was also found for children with ADHD and autism,13,14 
disorders with a high comorbidity with sleep problems.15-18 However, previous 
research showed that the positive effects of melatonin disappeared after discon-
tinuing short-term treatment,12 indicating that treatment should be continued for 
a longer period of time. Yet unnecessary long-term treatment is not desirable 
considering that there is a (theoretical) risk of delayed puberty onset associ-
ated with long term melatonin use, although several longitudinal studies did not 
find any deviations when comparing children who used melatonin for a long time 
compared to the general population.19-21 
 The question then arises how the positive effects of melatonin treatment can 
be preserved when treatment is discontinued after a short period. A sugges-
tion comes from research on classical conditioning. Classical conditioning is a 
learning principle originally described by Pavlov.22 He showed that, after coupling 
a neutral stimulus (e.g., a tone) to a stimulus that naturally evokes a specific 
response (stimulus: food, response: salivation), the former neutral stimulus can in 
itself evoke that response (tone evokes salivation). In the classical conditioning 
theory, the stimulus that automatically evokes a certain response is called an 
Unconditioned Stimulus (US). The response that is evoked by the US is called the 
Unconditioned Response (UR). The former neutral stimulus that leads to the same 
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response after the learning process, is called the Conditioned Stimulus (CS). The 
response that is now evoked by the CS is called the Conditioned Response (CR). 
 This principle has been applied to patients with insomnia.23,24 Evans and Bond 
treated a 45-year old man with insomnia with methohexital sodium (US) while 
asking him to count (CS). The methohexital sodium made the man fall asleep 
(UR), and after some trials without using methohexital sodium but still counting 
(CS), the man reported that his sleep had improved, suggesting that the counting 
had become a conditioned stimulus resulting in better sleep (CR). A similar result 
was found by Poser et al.,24 who treated a man with insomnia with methohexi-
tone injections (US) while listening to the ticking of a metronome (CS). After a 
number of trials, the man reported clinical improvement when he kept using the 
metronome. In addition to the studies described above, a recent study25 discussed 
the literature on classical conditioning in relation to placebo response. It was 
found that conditioning, as a ‘learned placebo response’, can influence periph-
eral immune functions as well as disease symptoms and disease progress. In the 
aforementioned studies forward conditioning was used, i.e. the onset of the CS 
precedes the onset of the US to signal that the US will follow. Generally, the UR 
starts immediately or shortly after the US. 

The results described above suggest that classical conditioning might be 
successful in preserving the effects of short term melatonin treatment. To inves-
tigate this novel idea, we conducted a pilot study with a sample of children with 
chronic sleep onset insomnia, associated with a delayed melatonin onset. Their 
sleep behaviour was assessed on 41 consecutive days: before melatonin treat-
ment (1 week), during treatment and conditioning (3 weeks), during half dose 
treatment (1 week), and after stopping treatment (1 week) (see Figure 1). After 
baseline, classical conditioning was applied. As it takes some time to become 
sleepy after melatonin intake, we used two conditioning procedures. Children 
drank biological lemonade while taking melatonin, and a dim light red lamp was 
turned on when children went to bed. The daily assessments were compared to 
the daily assessments of children in a previous study who underwent the same 
procedure but without the conditioning of melatonin treatment.12 In both groups, 
a substantial proportion of children also had ADHD or autism (31% in the experi-
mental group and 34% in the comparison group). In this way we aimed to test the 
hypothesis that classical conditioning could help to preserve the effects of short-
term melatonin treatment in children with chronic sleep onset insomnia related 
to a delayed melatonin onset, and we tested whether effects were different for 
children with and without ADHD or autism. 



57

METHODS

Participants
The study was conducted in the Centre for Sleep–Wake Disorders and Chrono-
biology in the hospital. Children were referred to the hospital by their general 
practitioners because of their chronic sleep onset problems. Inclusion criteria 
for participation were (1) age between 5 and 12 years old; (2) the child has 
chronic sleep onset problems defined as (a) complaints of sleep-onset problems 
expressed by parents and/or child, (b) occurrence on at least 4 days/week for 
longer than 1 year, (c) average sleep onset later than 20:15 h for children at age 5 
years and for older children 15 min later per year, and (d) average sleep latency 
exceeding 30 min;9,10,14 (3) Dim Light Melatonin Onset (DLMO) later than 20:00 h; 
(4) the child attends a regular school (IQ is in the normal range); and (5) parents 
of the child have sufficient command of the Dutch language to understand the 
treatment and to complete the questionnaires. Children were not eligible for 
participation if (1) the child had a diagnosis of another sleep disorder (e.g., rest-
less legs syndrome, narcolepsy, obstructive sleep apnoea syndrome), and/or (2) 
the sleep onset problems were caused by physical problems (e.g., pain). See 
Table 1 for a description of the experimental and comparison group. 

Figure 1. Study design
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Table 1. Descriptive statistics of the experimental and comparison group

EXPERIMENTAL 
GROUP  
(N = 16)

COMPARISON GROUP  
(N = 41)

Mean (SD) Mean (SD)

Age (years) 9.78 (1.67) 9.43 (2.05)

Frequency (%) Frequency (%)

Boys 6 (37.50) 24 (58.54)

ADHD 4 (25.00) 8 (19.51)

Autism spectrum disorder (ASD) 0 (0.00) 5 (12.20)

ADHD and ASD 1 (6.25) 1 (2.44)

ADHD medication 4 (25.00) 4 (9.76)

Enuresis 2 (12.50) 0 (0.00)

Complaints of headache 3 (18.75) 0 (0.00)

Procedure
The study was approved by the Ethical Committee of the Research Institute 
of Child Development and Education of the University of Amsterdam. Parents 
gave active informed consent for participation. Before their first appointment 
in the hospital, Dim Light Melatonin Onset, the clock time at which the endog-
enous melatonin secretion reaches a certain threshold, was measured in saliva. 
Parents were asked to instruct their children to chew on cotton plugs according 
to a predetermined schedule for one evening.10,14 In order to make sure that all 
participants had similar knowledge about sleep hygiene practices, we discussed 
this topic during the first appointment in the hospital, and we provided written 
instructions for sleep hygiene. The researcher also explained the procedures of 
the study, and provided the stimuli for the classical conditioning (see Figure 2). 

Design
The study started on the first Sunday after the appointment in the hospital, 
with a baseline week in which parents completed questionnaires and daily sleep 
diaries, and children wore actometers. After a week, treatment started. All chil-
dren started with a dose of 1 mg, fast-release melatonin. If parents did not see 
any effect of melatonin use after four days, they were allowed to increase the 
dose to 2 mg. If this still had no effect, the dose could be further increased every 
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Figure 2. Classical conditioning procedure

Conditioned stimuli were a biological lemonade with peppermint taste and a dim light red-coloured 

lamp with curly cord. Children were instructed to drink the lemonade (CS) at the moment that they 

took the melatonin tablet (US) to couple the lemonade to the melatonin secretion (UR) and making 

the lemonade a CS for melatonin secretion (CR). The red light (CS) was turned on when the child went 

to bed and felt sleepy (US) to couple the red light to falling asleep (UR) and making it a CS for falling 

asleep (CR). Parents were instructed to switch the red light off when the child got up in the morning. 
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four days, until sleep onset advanced. Maximum dose was 5 mg. The proce-
dure to increase the dose gradually in case of no effect was in accordance with 
recent clinical recommendations for prescribing melatonin in children, although 
they advise to start with an even lower dose (0.2-0.5 mg).8 However, this was not 
possible in our study, as all children had to respond to treatment within three 
weeks.  Melatonin was administered three hours before DLMO, but not earlier 
than 19:00 h, according to Keijzer et al.26 
 After three weeks of melatonin treatment, parents filled in the question-
naires and children chewed on the cotton plugs. Then treatment was discon-
tinued by first taking a half dose for one week (hereafter called the ‘‘half dose 
week’’) and then stopping completely for another week (hereafter called the 
‘‘stop week’’). After this stop week we repeated the assessments. Parents filled 
in sleep diaries and children wore actometers during this whole period of six 
weeks. The stimuli were used during the three treatment weeks, the half dose 
week and the stop week. Families received reminders through text messages or 
e-mails on days that questionnaires had to be filled in, children had to chew on 
cotton plugs, melatonin dose had to be halved or treatment had to be discon-
tinued. In addition, all families were contacted by telephone twice during this 
study to discuss their experiences: once in the first week of treatment and once 
after the end of the stop week. Children were allowed to recommence with mela-
tonin after the last day of the stop week.
 The study consisted of three measurements (Figure 1): baseline (in the week 
before the start of treatment; T0), directly after 3 weeks treatment (T1), and at 
the end of the stop week (T2). At these measurement occasions DLMO was deter-
mined in saliva and questionnaires were filled in. 
 Participants in the previous study12 served as comparison group. They went 
through the same procedures, with the same measurements, except for the base-
line sleep measurements (sleep diaries and actigraphy) and the use of stimuli for 
classical conditioning. 

Measures
The same variables were measured in both groups, but different questionnaires 
were used to measure behaviour problems in the experimental and comparison 
groups. 

Sleep
Parents filled in sleep diaries daily via internet. The sleep diary consisted of 
questions concerning bed time, lights off time, sleep onset time, and questions on 
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whether the child woke up during the night. Sleep latency (time children spent 
in bed before falling asleep) and sleep start were used as sleep variables in the 
analyses.
 In addition to sleep diaries sleep was measured with AW4 acti-watches 
(Cambridge Neurotechnology Ltd, Cambridge, UK). Children were instructed to 
wear the actigraph on their non-dominant wrist when they went to bed and to 
remove it in the morning when they got out of bed. The actometers were used to 
obtain objective information about sleep latency, sleep start, actual sleep time 
(time children actually slept during the night), and sleep efficiency (actual sleep 
time/time in bed). Nocturnal activity data were logged at 1-min epochs and 
scored with the Actiwatch Sleep Analysis 7 (Cambridge Neurotechnology Ltd, 
Cambridge, UK) software.

Dim Light Melatonin Onset
Dim Light Melatonin Onset, which can be used as an indication of the timing of 
the biological clock, was measured in saliva using Bühlmann RIA kits (Bühlmann, 
Schönenbuch, Switzerland). Children chewed on cotton plugs hourly from 19:00 
to 23:00 h in the evening at dim light.10,14 Children were not allowed to use mela-
tonin in the evenings DLMO was measured.

Health
The health status of the children was measured with the first part of the Func-
tional Status II (FSII).27,28 This first part consists of 14 items concerning activities 
and behaviours in the past 2 weeks. An example of an item is: “Did your child 
seem to feel sick and tired?” Parents had to indicate how often these behaviours 
or activities occurred on a three-point scale varying from (0) ‘‘never or rarely’’ to 
(1) ‘‘some of the time’’ and (2) ‘‘almost always’’. A higher score indicates a better 
functional status and consequently a better health. Cronbach’s alpha varied 
between .80 and .93 at the different measurement occasions.

Parenting stress
Parenting stress was measured with the Nijmegen Parental Stress Index short 
version (NOSIK).29 The NOSIK is a questionnaire with 17 items that measures to 
what extent parents experience stress in parenting their child. An example of 
an item is: “My child often demands more attention than I can give”. Parents 
answered the items on a 4-point scale, ranging from (1) ‘‘strongly disagree’’ to 
(4) ‘‘strongly agree’’. A higher score indicated more parenting stress. Reliability 
varied from .93 to .96.
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Behaviour problems
Behaviour problems were operationalised differently in the experimental and 
comparison group, and could thus not be compared across groups.  
 In the experimental group, behaviour problems in children were measured 
with the Strength and Difficulties Questionnaire (SDQ).30,31 This questionnaire has 
25 items asking about various child behaviours, for example “Often loses temper”. 
Response options are (1) “not true”, (2) “somewhat true”, (3) “certainly true”. The 
following subscales are distinguished: emotional symptoms, conduct problems, 
hyperactivity/ inattention, peer relationship problems, and prosocial behaviour. 
The first four scales together yield a total problem behaviour score. Cronbach’s 
alpha varied between .88 and .91 at the different measurement occasions.
 In the comparison group, behaviour problems were measured with the Child 
Behavior Checklist (CBCL).32,33 The CBCL is a comprehensive (112 items) question-
naire. An example of an item is: “Temper tantrums or hot temper”. The response 
scale ranged from (0) “not true” to (2) “very true or often true”, with a higher 
score indicating more behaviour problems. The reliability varied from .95 to .96 
at the different measurement occasions.

Statistical analysis
Data were analysed using linear mixed models in SPSS, treating the repeated 
observations as nested within children. In this way all available data were used 
to answer the research questions, including data from children with missing 
observations. For the sleep variables, it was first determined which longitudinal 
structure best described the variances and covariances of the 41 daily assess-
ments.34 For all sleep variables a first-order autoregressive covariance structure 
was chosen. For the questionnaire data that were collected at three measure-
ment occasions, free covariance structures were used.
 Outcome variables were sleep variables measured during the different phases 
of the treatment (baseline week, treatment weeks, half dose week, stop week), 
and DLMO and sum scores for the different questionnaires measured at T0 through 
T2. In the sleep data analyses, treatment days for which parents reported that no 
melatonin was taken (forgotten or on purpose) were omitted from the analyses. 
In addition, in several cases children used melatonin before the end of the stop 
week. These days were also omitted as to prevent distortion of the effects.
 Changes in sleep were tested by including main effects of treatment phases 
as explanatory variables. To investigate whether treatment effects were 
different for the experimental versus comparison group, we tested interaction 
effects between treatment phases and group status. A significant interaction 
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effect of half dose or stop week with group, would indicate an effect of the clas-
sical conditioning. We also added binary indicators for group, ADHD / autism 
and weekend (as a control variable). We included interaction effects between 
treatment phases and ADHD / autism, group and ADHD / autism, and higher 
order interaction effects between ADHD / autism, group and treatment phases. 
A significant higher order interaction would mean that classical conditioning has 
differential effects for children with or without ADHD / autism.
 For DLMO and questionnaire data we included main effects of measurement 
occasions, group status, and ADHD / autism. We also included interaction effects 
between measurement occasions, group and ADHD / autism, and higher order 
interaction effects between ADHD / autism, group and measurement occasions. A 
significant interaction effect of stop week and group would indicate an effect of 
classical conditioning, and a significant higher order interaction would indicate 
that there are different effects of classical conditioning for children with ADHD 
and / or autism. 

RESULTS

Dose of melatonin and time of administration
All participants took melatonin at 19:00 h. The majority of children took 1 mg 
melatonin (66.7% in the experimental group and 61% in the comparison group). 
Mean (SD) dose in the experimental group was 1.6 (1.1) mg, and 1.5 (1.0) mg in 
the comparison group.

Sleep outcomes
Means and standard deviations of all variables for the different measurement 
occasions are reported in Table 2. Average sleep scores in different treatment 
phases by group and ADHD / autism diagnosis are shown in Figure 3. 

Sleep diary
Results of the linear mixed models analyses showed that sleep latency reduced 
during melatonin treatment, as latency was significantly longer during base-
line (β = .45, p < .01; see Table 3). In the half dose week, sleep latency increased 
compared to treatment (β = .13, p = .02), but not for children with ADHD / autism 
(β = -.24, p = .01). During the stop week sleep latency was longer compared 
to treatment (β = .58, p < .01), but the increase was less for children in the 
experimental group (β = -.25, p = .03). The latter result indicates an effect of 
classical conditioning. However, this was only true for children without ADHD/
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autism, as a significant higher order interaction indicated that for children with 
ADHD / autism in the experimental group sleep latency increased more in the 
stop week, so for them classical conditioning was counterproductive (β = .62, p 
< .01). In addition, we found a main effect of weekend (β = -.09, p < .01), indi-
cating that sleep latency was shorter during weekends. A significant interaction 
effect between group and ADHD / autism (β = .62, p = .01) indicated that children 
with ADHD / autism in the experimental group had longer sleep latencies during 
treatment. See Figure 3a for an illustration of the effects.
 Sleep start was significantly earlier during melatonin treatment compared 
to baseline. During the half dose week and stop week, sleep start was later 
than during melatonin treatment, although for children with ADHD / autism in 
the comparison group sleep start did not increase during half dose week and 
the increase in the stop week was less strong. There was an effect of classical 
conditioning, as the interaction effect of group and stop week showed that for 
the experimental group sleep start delayed less in the stop week. However, a 
higher order interaction indicated that for children with ADHD / autism in the 
experimental group sleep start increased in the stop week, which suggests that 
for these children classical conditioning was counterproductive (see Table 3 and 
Figure 3b). In addition, there was a main effect of weekend, indicating that sleep 
start was later during weekends. 

Actigraphy
Sleep latency was significantly reduced during melatonin treatment compared to 
baseline, and this was still true during the half dose week. During the stop week, 
sleep latency was significantly longer than during melatonin treatment. There 
were no significant interaction effects between group and treatment phases, indi-
cating that the treatment effects were not different for the two groups and there 
was no effect of classical conditioning. However, there was a significant higher 
order interaction effect, indicating that for children with ADHD / autism in the 
experimental group sleep latency increased more in the stop week (see Figure 3c).   
 Sleep start was significantly earlier during melatonin treatment compared to 
baseline. During the half dose week and the stop week, sleep start was signifi-
cantly later than during melatonin treatment. For the experimental group sleep 
start delayed less in the stop week (which shows an effect of classical condi-
tioning), but for children with ADHD / autism in the experimental group sleep 
start increased more in the stop week (see Figure 3d). There were main effects 
for ADHD / autism and weekend, indicating that in the comparison group children 
with ADHD / autism had an earlier sleep start during treatment, and that sleep 
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start was later during weekends. Also, children with ADHD / autism in the exper-
imental group fell asleep later during treatment.
 Actual sleep time was longer during melatonin treatment compared to base-
line. During the stop week actual sleep time was shorter than during melatonin 
treatment. For actual sleep time, no effect of classical conditioning was found 
(see Figure 3e). 
 Sleep efficiency was higher during melatonin treatment compared to base-
line. During the stop week, sleep efficiency was lower than during melatonin 
treatment, but for children with ADHD / autism in the comparison group the 
decrease in sleep efficiency in the stop week was less strong. No effect of clas-
sical conditioning was found, but the significant higher order interaction showed 
that for children with ADHD / autism in the experimental group sleep efficiency 
decreased more in the stop week (see Table 3 and Figure 3f). Sleep efficiency 
generally was lower during the weekends. 

Other variables
DLMO significantly advanced during melatonin treatment, but this was no longer 
the case after the stop week. There were no significant interaction effects of 
group with measurement occasions. Health improved after melatonin treatment, 
but this positive effect disappeared after the stop week. A significant interaction 
effect indicated that children with ADHD / autism in the experimental group had 
worse health scores. All participants scored higher on health after treatment, 
especially the experimental group. Parenting stress did not significantly change, 
but was higher for parents of a child with ADHD / autism. 
 Behaviour problems decreased after melatonin treatment in the experimental 
group, and this was still true after the stop week. Children with ADHD / autism 
scored higher on behaviour problems. As different questionnaires were used 
in the experimental and comparison group, the results could not be compared 
between the two groups, but in the comparison group the reduction in behaviour 
problems after treatment also remained after the stop week.12 See Table 4 for 
results.
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Table 2. Means for outcome variables at the different phases of treatment

EXPERIMENTAL GROUP
(WITH CLASSICAL CONDITIONING, N = 16)

COMPARISON GROUP 
(N = 41)

Sleep variables Baseline 
M (SD)

Treatment 
M (SD)

Half dose 
M (SD)

Stop week
M (SD)

Treatment
M (SD)

Half dose 
M (SD)

Stop week 
M (SD)

Sleep diary

Sleep latencya

(in minutes)

68.17 

(51.50)

41.98 

(37.47)

48.39

(41.14)

66.13 

(54.57)

37.27 

(28.47)

38.77 

(34.36)

69.39 

(46.77)

Sleep start 

(clock time)

22:21 

(1:05)

21:35 

(0:58)

21:49

(1:08)

22:18 

(1:02)

21:00 

(0:59)

21:11 

(1:14)

21:43 

(1:06)

Actometer

Sleep latencya 

(in minutes)

61.70 

(53.47)

28.69 

(26.44)

34.33

 (35.22)

67.65

(54.83)

28.37 

(26.91)

28.42 

(27.29)

63.65 

(43.65)

Sleep start 

(clock time)

22:13 

(1:11)

21:26 

(0:58)

21:44

(1:08)

22:20

(1:11)

21:07 

(1:07)

21:29 

(1:15)

22:08 

(1:16)

Actual sleep 

time (in hours)

8.11 

(0.88)

8.42 

(1.00)

8.42 

(1.01)

8.00

(0.93)

8.62 

(1.06)

8.49 

(1.02)

8.13 

(1.04)

Sleep efficiency 75.87 

(7.21)

78.28 

(7.27)

77.64

(7.50)

74.76

(7.37)

75.72 

(7.31)

75.57 

(7.19)

72.34 

(7.13)

Other
variables

T0 (baseline) 
M (SD)

T1 (end of treatment) 
M (SD)

T2 (end of stop week)
M (SD)

T0 (baseline) 
M (SD)

T1 (end of treatment) 
M (SD)

T2 (end of stop week)
M (SD)

Dim Light

Melatonin Onset 

(clock time)

20:39 

(1:09)

20:03 

(1:28)

20:43 

(1:20)

20:58 

(0:50)

19:31 

(0:52)

20:55 

(1:09)

Health 17.50 

(4.76)

23.29 

(4.27)

18.00 

(7.19)

20.89 

(3.14)

22.50 

(3.98)

20.64 

(3.98)

Parenting stress 35.00 

(14.40)

29.50 

(12.16)

29.92

(11.36)

31.99 

(11.14)

29.65 

(9.78)

29.58 

(9.61)

Behaviour 

problemsb

12.56 

(7.90)

9.14 

(6.97)

8.85 

(7.56)

40.28 

(23.37)

28.91 

(21.09)

a Sleep latency: difference between bed time and sleep start. b Behaviour problems were measured 

with different questionnaires in the experimental and comparison groups, and can therefore not be 

compared.
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Table 3. Differential effects of classical conditioning on sleep variables 
   during different treatment phases 

SLEEP DIARY ACTIGRAPHY

Sleep latency Sleep start Sleep latency Sleep start Actual sleep time Sleep efficiency

β           se p β   se       p β           se p β           se p β           se p β          se p

Treatment phases (within effects)

Baseline (vs. treatment) .45 .08 <.01 .79 .11 <.01 .53 .07 <.01 .83 .13 <.01 -.37 .12 <.01 -2.13 .86 .01

Half dose (vs. treatment) .13 .06 .02 .32 .07 <.01 .05 .05 .31 .37 .09 <.01 -.14 .09 .10 -.61 .60 .31

Stop week (vs. treatment) .58 .06 <.01 1.00 .08 <.01 .64 .06 <.01 1.13 .10 <.01 -.55 .10 <.01 -4.43 .67 <.01

Weekend (vs. week days) -.09 .03 <.01 .45 .04 <.01 -.02 .03 .57 .51 .05 <.01 .10 .05 .06 -.78 .35 .02

Group effects (between effects)

Group (conditioning vs. comparison) -.13 .13 .32 .23 .28 .41 -.09 .09 .33 .01 .28 .98 .02 .20 .93 2.56 1.66 .13

ADHD/autism -.11 .12 .36 -.51 .26 .06 .03 .09 .73 -.63 .26 .02 .32 .19 .09 -1.62 1.53 .29

Group × ADHD/autism .62 .24 .01 .92 .51 .07 .29 .16 .08 1.01 .50 .05 -.70 .35 .05 .28 2.90 .93

Differential effects of Conditioning and ADHD/autism during treatment phases

Half dose × Conditioning .08 .10 .42 .09 .13 .50 .08 .09 .41 -.03 .16 .87 .04 .15 .80 .10 1.08 .92

Stop week × Conditioning -.25 .11 .03 -.38 .15 .01 -.19 .11 .08 -.37 .18 .04 .13 .18 .47 1.71 1.23 .17

Baseline × ADHD/autism -.03 .15 .86 .05 .20 .79 .10 .14 .45 -.09 .23 .69 .16 .22 .48 -.83 1.56 .60

Half dose × ADHD/autism -.24 .09 .01 -.39 .12 <.01 -.12 .09 .16 .15 .14 .29 -.01 .14 .97 1.05 .98 .29

Stop week × ADHD/autism -.13 .10 .21 -.45 .13 <.01 -.10 .09 .30 -.03 .16 .86 .18 .15 .25 2.11 1.07 .05

Half dose × Conditioning ×  

ADHD/autism

-.09 .19 .65 .08 .25 .75 .02 .16 .88 -.27 .28 .32 .24 .27 .37 -1.45 1.87 .44

Stop week × Conditioning ×  

ADHD/autism

.62 .22 <.01 1.06 .29 <.01 .71 .20 <.01 .71 .33 .03 -.17 .33 .60 -6.09 2.27 <.01

Notes: N = 57; β = regression coefficient, se =  standard error, p = p-value. Significant effects are indi-

cated in bold.

Regression effects are additive. That is, treatment phase effects are valid for the comparison group 

without ADHD/autism. The effects of conditioning and ADHD/autism are valid for the treatment phase. 

In order to obtain the total effects of conditioning and ADHD/autism in the various treatment phases, 

the interaction effects of the other treatment phases (Baseline, Half dose, Stop week) with condi-

tioning and ADHD/autism have to be added to the aforementioned effects (cf. Figure 3).
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Table 4. Treatment effects on Dim Light Melatonin Onset (DLMO), sleep 
   quality, health, behaviour problems and parenting stress

DLMO HEALTH PARENTING STRESS BEHAVIOUR PROBLEMS*

β SE p β SE p β SE p β SE p

Measurement occasions (within effects)

Treatment vs. baseline (T1) -1.58 .23 <.01 1.80 .81 .03 -1.57 1.26 .22 -2.63 1.18 .04

Stop week vs. baseline (T2) -.19 .23 .42 .16 .98 .87 -1.76 1.29 .18 -2.98 .84 <.01

Group effects (between effects)

Group (conditioning vs. comparison) -.28 .32 .39 -1.94 1.23 .12 2.36 3.81 .54

ADHD / autism -.43 .29 .14 .38 1.13 .74 10.32 3.51 <.01 10.53 3.18 <.01

Group x ADHD / autism -.17 .59 .78 -4.60 2.17 .04 3.06 6.74 .65

Differential effects of conditioning and ADHD/autism 
during treatment phases

Treatment x Conditioning .60 .44 .18 3.64 1.51 .02 -1.20 2.36 .61

Stop week x Conditioning -.23 .49 .64 .27 1.80 .88 -1.54 2.40 .52

Treatment x ADHD / autism .32 .41 .44 -.58 1.35 .67 -2.18 2.12 .31 -.69 2.18 .76

Stop week x ADHD /autism .22 .41 .59 -1.41 1.62 .39 -2.74 2.16 .21 1.58 1.62 .34

Treatment x group x ADHD / autism .80 .83 .34 .84 2.72 .76 -.18 4.27 .97

Stop week x group x ADHD / autism 1.21 .92 .20 -.57 3.49 .87 5.52 4.52 .23

Note: β = regression coefficient, se =  standard error, p = p-value. Significant effects are indicated in 

bold. * For behaviour problems only results for the experimental group are reported. 
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Figure 3a-f. Average sleep scores in different treatment phases by group and ADHD /  

    autism diagnosis                        Page 72-74 >>

Es
ti

m
at

ed
 s

le
ep

 o
n

se
t 

la
te

n
cy

 (
sl

ee
p 

di
ar

y,
 in

 m
in

u
te

s)
120,0000

100,0000

80,0000

60,0000

40,0000

20,0000

B

Es
ti

m
at

ed
 s

le
ep

 s
ta

rt
 (

sl
ee

p 
di

ar
y,

 in
 h

ou
rs

)

23,5000

23,0000

22,5000

22,0000

21,5000

21,0000

20,5000

Treatment phase

Stop weekHalf doseTreatmentBaseline

A



73

Es
ti

m
at

ed
 s

le
ep

 o
n

se
t 

la
te

n
cy

 (
ac

ti
gr

ap
h

y,
 in

 m
in

u
te

s)
120,0000

100,0000

80,0000

60,0000

40,0000

20,0000

Treatment phase

Stop weekHalf doseTreatmentBaseline

Es
ti

m
at

ed
 s

le
ep

 s
ta

rt
 (

ac
ti

gr
ap

h
y,

 in
 h

ou
rs

)

23,5000

23,0000

22,5000

22,0000

21,5000

21,0000

20,5000

Experimental, 
ADHD/autism

Experimental, 
no ADHD/autism

Comparison, 
no ADHD/autism

Comparison, 
ADHD/autism

GROUP:

D

C



74

E

F

Es
ti

m
at

ed
 a

ct
u

al
 s

le
ep

 t
im

e 
(a

ct
ig

ra
ph

y,
 in

 h
ou

rs
)

9,0000

8,7500

8,5000

8,2500

8,0000

7,7500

Es
ti

m
at

ed
 s

le
ep

 e
	

ci
en

cy
 (

ac
ti

gr
ap

h
y,

 p
er

ce
n

ta
ge

)

80,0000

78,0000

76,0000

74,0000

72,0000

70,0000

Experimental, 
ADHD/autism

Experimental, 
no ADHD/autism

Comparison, 
no ADHD/autism

Comparison, 
ADHD/autism

GROUP:

Treatment phase

Stop weekHalf doseTreatmentBaseline



75

DISCUSSION

This pilot study shows that melatonin treatment advanced Dim Light Melatonin 
Onset (DLMO) and sleep onset, improved parent-reported health, and reduced 
behaviour problems in children with chronic sleep onset problems related to a 
delayed DLMO. However, most treatment effects disappeared after melatonin 
treatment was discontinued. Only for sleep latency (according to parent report) 
and sleep start (according to both parent report and actigraphy), we found that 
sleep deterioration in the stop week was less strong for the experimental group, 
which suggests an effect of classical conditioning. 
 When controlling for ADHD / autism, we found that sleep deterioration in the 
stop week in many cases was stronger for children with ADHD / autism in the 
experimental group. This suggests that classical conditioning is counterproduc-
tive in children with ADHD / autism. A possible explanation for the stronger dete-
rioration of children with ADHD/autism in the experimental group is that propor-
tionally more children with ADHD /autism (4 of 5) in the experimental group than 
in the comparison group (4 of 14) received methylphenidate, which is found to 
negatively impact sleep.35

 
In our analyses, we operationalised comorbidity with a control variable for ADHD 
and autism combined, as the small sample size did not permit to include two 
separate variables. However, we further investigated the idea that comorbidity 
in general, or medication use in children with ADHD specifically, might deterio-
rate the effect of classical conditioning by repeating our analyses in two ways. 
Firstly after excluding children diagnosed with autism, and secondly after also 
excluding children diagnosed with ADHD but not using medication, but this did 
not change our results. 
 Remarkably, children with ADHD / autism in the experimental group had a 
later sleep start and shorter actual sleep time than children with ADHD / autism 
in the comparison group, which is probably due to the two-year age differ-
ence between these two groups (10.6 versus 8.7 years respectively). However, 
it should also be noted that due to the small group sizes individual children had 
a large impact on the results. For example, one of the children with ADHD in the 
experimental group slept extremely bad without melatonin, which had a strong 
impact on the average scores of this small group.  
 Interestingly, we found that an improvement of children’s sleep coincides with 
an improvement in their health and behaviour. The effects on behaviour prob-
lems remained after the stop week. As the stop week was only one week, it is 
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possible that the positive effects will disappear when treatment is discontinued 
for a longer time. Although it would be interesting to investigate this hypothesis 
in future research, it might be difficult to gain the cooperation of parents and 
children, because they often want to continue melatonin treatment as soon as 
possible when the positive effects on sleep disappear. 

There are several possible explanations for the fact that we did not find larger 
effects of classical conditioning in children without comorbidity. One explanation 
could be that the period of conditioning in our study (four weeks) was too short. 
Another explanation is that the timing of the stimuli that we used was not suit-
able. The drink was taken at the same time the melatonin was taken, because 
we aimed to condition the drink to the physiological reaction that the intake 
of melatonin induces (i.e. rise in melatonin secretion), following the studies of 
Evans and Bond23 and Poser et al.24 However, in these studies methohexitone 
was used, which almost immediately induced sleep. Melatonin does not work 
that fast. At the time children took the melatonin, they were still feeling awake. 
It might be that herewith the drink was coupled to the feeling of being awake, 
instead of to the physiological response as we intended. The timing of the lamp 
was probably better as children felt sleepy when they went to bed, but as we 
do not know any studies that used a lamp as conditioned stimulus, we do not 
have any evidence for the effectiveness of this kind of stimulus. A lamp is very 
different from counting or listening to the ticking of a metronome as was used 
as stimulus in the previous studies,23,24 which demands a more attentive role of 
the person. Perhaps a stimulus requiring involvement of the person would have 
a better effect.   

This study has several strengths, such as daily assessments of sleep in a time-se-
ries design with multiple cases and a comparison group, the use of objective 
sleep measurements, and a naturalistic setting. However, there are also some 
important limitations inherent to the fact that this was a pilot study. First, we 
should note that the sample in the experimental study was small, and that some 
of the children resumed melatonin treatment during the stop week already. 
However, due to the large number of observations per child, the effective sample 
size was still sufficient to find significant effects. 
 We should also note that this study did not include a real control group, but 
used a comparison group that participated in a previous study. Moreover, the 
experimental group was studied in spring, and the comparison group in the fall. 
Although melatonin was found to be effective in both groups, we cannot ignore 
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the possibility that longer light exposure also had an adverse effect on sleep 
after discontinuation of treatment in the experimental group. We did not check 
the effect of the sleep hygiene instructions. However, sleep hygiene instructions 
provided were the same in the experimental and comparison group, so we do not 
have any indication to suspect that effect of sleep hygiene instructions would 
differ between the groups.

CONCLUSIONS

The present pilot study is the first study investigating the effects of classical 
conditioning in preserving effects of melatonin treatment. The results of this 
study indicate that there might be some effects of classical conditioning of mela-
tonin treatment in children with sleep onset problems related to delayed mela-
tonin onset, but only for children without comorbid ADHD or autism. We there-
fore believe it is important to further investigate the effectiveness of classical 
conditioning of melatonin use in children without comorbid ADHD or autism. 
For future research we would recommend to study larger, more homogeneous 
samples, to use other stimuli, preferably more specifically directed at the time 
of falling asleep, and to vary the duration of both melatonin treatment and the 
period of classical conditioning.   

ACKNOWLEDGEMENTS

The authors want to thank Jip Jansma and Linda van der Ven for their help in the 
data collection. 

Ethical standards
Ethical approval: All procedures performed in studies involving human partici-
pants were in accordance with the Declaration of Helsinki (1964). The study was 
approved by the Ethical Committee of the Research Institute of Child Develop-
ment and Education, University of Amsterdam.

Informed consent: Informed consent was obtained from all individual partici-
pants included in the study.

Conflict of interest: The authors declare that there is no conflict of interest 
regarding the publication of this paper.



78

REFERENCES 

1. Fricke-Oerkermann L, Plück J, Schredl M, 

et al. Prevalence and course of sleep prob-

lems in childhood. Sleep. 2007;30:1371-1377.

2.  Spruyt K, O’Brien LM, Cluydts R, Verleye 

GB, Ferri R. Odds, prevalence and predic-

tors of sleep problems in school‐age normal 

children. J Sleep Res. 2005;14:163-176.

3.  Dewald JF, Meijer AM, Oort FJ, Kerkhof GA, 

Bögels SM. The influence of sleep quality, 

sleep duration and sleepiness on school 

performance in children and adolescents: 

a meta-analytic review. Sleep Med Rev. 

2010;14:179-189.

4.  Fallone G, Owens JA, Deane J. Sleepiness in 

children and adolescents: clinical implica-

tions. Sleep Med Rev. 2002;6:287-306.

5.  Gregory AM, O’Connor TG. Sleep prob-

lems in childhood: a longitudinal study of 

developmental change and association 

with behavioral problems. J Am Acad Child 

Adolesc Psychiatry. 2002;41:964-971.

6.  Gregory AM, Caspi A, Eley TC, Moffitt TE, 

O’Connor TG, Poulton R. Prospective longi-

tudinal associations between persistent 

sleep problems in childhood and anxiety 

and depression disorders in adulthood. J 

Abnorm Child Psychol. 2005;33:157-163.

7.  Brzezinski A. Melatonin in humans. N Engl J 

Med. 1997;336:186-195.

8.  Bruni O, Alonso-Alconada D, Besag F, et 

al. Current role of melatonin in pediatric 

neurology: Clinical recommendations. Eur J 

Paediatr Neurol. 2015;19:122-133.

9.  Smits MG, Nagtegaal EE, van der Heijden 

J, Coenen AM, Kerkhof GA. Melatonin for 

chronic sleep onset insomnia in children: 

a randomized placebo-controlled trial. J 

Child Neurol. 2001;16:86-92.

10.  Smits MG, van Stel HF, van der Heijden KB, 

Meijer AM, Coenen AML, Kerkhof GA. Mela-

tonin improves health status and sleep in 

children with idiopathic chronic sleep-onset 

insomnia: A randomized placebo-controlled 

trial. J Am Acad Child Adolesc Psychiatry. 

2003;42:1286-1293.

11.  Van Geijlswijk IM, Korzilius HPLM, Smits MG. 

The use of exogenous melatonin in Delayed 

Sleep Phase Disorder: A meta-analysis. 

Sleep. 2010;33:1605-1614.

12.  Van Maanen A, Meijer AM, Smits MG, Oort 

FJ. Termination of short term melatonin 

treatment in children with delayed Dim 

Light Melatonin Onset: Effects on sleep, 

health, behavior problems, and parenting 

stress. Sleep Med. 2011;12:875-879.

13.  Rossignol DA, Frye RE. Melatonin in autism 

spectrum disorders: a systematic review 

and meta-analysis. Dev Med Child Neurol.  

2011;53:783-792.

14.  Van der Heijden KB, Smits MG, van Someren 

EJW, Ridderinkhof R, Gunning B. Effect of 

melatonin on sleep, behavior, and cogni-

tion in ADHD and chronic sleep-onset 

insomnia. J Am Acad Child Adolesc Psychi-

atry. 2007;46:233-241.

15.  Johnson KP, Giannotti F, Cortesi F. Sleep 

patterns in autism spectrum disorders. 

Child Adolesc Psychiatr Clin North Am. 

2009;18:917-928.

16.  Stein MA. Unravelling sleep problems 

in treated and untreated children with 

ADHD. J Child Adolesc Psychopharmacol. 



79

1999;9:157-168.

17.  Sung V, Hiscock H, Sciberras E, Efron D. Sleep 

problems in children with attention-deficit/

hyperactivity disorder: prevalence and the 

effect on the child and family. Arch Pediatr 

Adolesc Med. 2008;162:336-342.

18.  Williams PG, Sears LL, Allard A. Sleep prob-

lems in children with autism. J Sleep Res. 

2004;13:265-268.

19.  Carr R, Wasdell MB, Hamilton D, et al. Long-

term effectiveness outcome of melatonin 

therapy in children with treatment-re-

sistant circadian rhythm sleep disorders. J 

Pineal Res. 2007;43:351-359.

20.  Hoebert M, van der Heijden KB, van Geijls-

wijk IM, Smits MG. Long-term follow-up of 

melatonin treatment in children with ADHD 

and chronic sleep onset insomnia. J Pineal 

Res. 2009;47:1-7.

21.  Van Geijlswijk IM, Mol RH, Egberts TCG, 

Smits MG. Evaluation of sleep, puberty and 

mental health in children with long-term 

melatonin treatment for chronic idiopathic 

childhood sleep onset insomnia. Psychop-

harmacology. 2011;216:111-120.

22.  Pavlov IP. Conditioned reflexes. Oxford: 

Oxford University Press, 1927.

23.  Evans DR, Bond IK. Reciprocal inhibition 

therapy and classical conditioning in the 

treatment of insomnia. Behav Res Ther. 

1969;7:323-325.

24.  Poser EG, Fenton GW, Scotton L. The clas-

sical conditioning of sleep and wakeful-

ness. Behav Res Ther. 1965;3:259-264.

25.  Vits S, Cesko E, Enck P, Hillen U, Schadendorf 

D, Schedlowski M. Behavioral conditioning 

as the mediator of placebo responses in the 

immune system. Philos Trans R Soc B Biol 

Sci. 2011;366:1799-1807.

26.  Keijzer H, Smits MG, Duffy JF, Curfs LMG. 

Why the dim light melatonin onset (DLMO) 

should be measured before treatment of 

patients with circadian-rhythm sleep disor-

ders. Sleep Med Rev. 2014;18:333-339.

27.  Post MWM, Kuyvenhoven MM, Verheij TJM, 

de Melker RA, Hoes AW. De Nederlandse 

‘Functional Status II (R)’: een vragenlijst 

voor het meten van de functionele gezond-

heidstoestand van kinderen. Ned Tijdschr 

Geneeskd. 1998;142:2675-2679. 

28.  Stein REK, Jessop DJ. Functional status 

II(R): a measure of child health status. Med 

Care.  1990;28:1041–1055.

29.  De Brock AJLL, Vermulst AA, Gerris JRM, 

Abidin RR. Nijmeegse ouderlijke stress 

index: meetinstrument voor de vaststelling 

van stress bij opvoeders: een uitgebreide 

versie (NOSI) voor psychodiagnostische 

doeleinden en een verkorte versie (NOSIK) 

voor signaleringsdoeleinden. Lisse, The 

Netherlands: Swets & Zeitlinger, 1992.

30.  Goodman R. The Strengths and Difficul-

ties Questionnaire: A research note. J Child 

Psychol. Psychiatry. 1997;38:581-586.

31.  Van Widenfelt BM, Goedhart AW, Tref-

fers PDA, Goodman R. Dutch version of 

the Strengths and Difficulties Question-

naire (SDQ). Eur Child Adolesc Psychiatry. 

2003;12:281-289.

32.  Achenbach TM Manual for the Child 

Behavior Checklist and 1991 Profile. Burl-

ington: University Associates in Psychiatry, 

1991.

33.  Verhulst FC, van der Ende J, Koot HM. Handle-

iding voor de CBCL/ 4-18. Erasmus University 

Rotterdam, The Netherlands, 1996.



80

34.  Snijders TAB, Bosker RJ. Multilevel anal-

ysis: an introduction to basic and advanced 

multilevel modeling. London: Sage, 1999.

35. Galland BC, Tripp E, Taylor BJ. The sleep 

of children with attention deficit hyperac-

tivity disorder on and off methylphenidate: 

a matched case–control study. J Sleep Res. 

2010;19:366-373.



81



82



83

THIS CHAPTER IS BASED ON: 

Van Maanen, A., Meijer, A. M., van der Heijden, K. B., & Oort, F. J. (2016). The effects 
of light therapy on sleep problems: A systematic review and meta-analysis.

Sleep Medicine Reviews, 29, 52-62. 
doi: http://dx.doi.org/10.1016/j.smrv.2015.08. 009 © 2015. 

This manuscript version is made available under the CC-BY-NC-ND 4.0 license 
http://creativecommons.org/licenses/by-nc-nd/4.0/

CHAPTER 5

The effects 
of light therapy 

on sleep problems

 A systematic review 
and meta-analysis



84

ABSTRACT

Although bright light therapy seems a promising treatment for sleep 
problems, research shows inconclusive results. This meta-analysis is 
the first to systematically review the effect of light therapy on sleep 
problems in general and on specific types of sleep problems in particular 
(circadian rhythm sleep disorders, insomnia, sleep problems related to 
Alzheimer’s disease and dementia). Fifty-three studies with a total of 
1154 participants were included. Overall effects and effects on separate 
circadian and sleep outcomes were examined. We calculated Hedges’ 
g effect sizes and we investigated the effects of twelve moderators 
(design-related, treatment-related, participant-related). Light therapy 
was found effective in the treatment of sleep problems in general (g = 
0.39), and for circadian rhythm sleep disorders (g = 0.41), insomnia (g 
= 0.47), and sleep problems related to Alzheimer’s disease / dementia 
(g = 0.30) specifically. For circadian rhythm sleep disorders, effects 
were smaller for randomised controlled trials. For insomnia, we found 
larger effects for studies using a higher light intensity, and for sleep 
problems related to Alzheimer’s disease / dementia larger effects were 
found for studies with more female participants. There was indica-
tion of publication bias. To conclude, light therapy is effective for sleep 
problems in general, particularly for circadian outcomes and insomnia 
symptoms. However, most effect sizes are small to medium. 
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INTRODUCTION

Light has an important influence on sleep and wakefulness. First, 
light influences the suprachiasmatic nucleus (SCN), a region in the 
hypothalamus that controls circadian rhythms, through the eye 

and the retinohypothalamic tract. Second, light inhibits the secretion of 
melatonin. Third, light is found to have alerting effects through indirect 
projections on the ascending arousal system, which in turn facilitates 
thalamic and cortical connections.1,2

Because light is such an important factor in the regulation of sleep and wakeful-
ness,  light has been applied therapeutically as a treatment for sleep disorders. 
Bright light therapy is a natural, simple form of treatment that has relatively low 
costs. Moreover, light therapy does not lead to residual effects and tolerance, 
which are often associated with medication use,3,4 although light therapy also 
can have side effects such as headache, eye strain, autonomic hyper activation, 
and can possibly induce hypomania.5

 Research on light therapy effectiveness has shown inconclusive results, 
with some studies reporting positive effects whereas others found minor or no 
effects.6-9 The reasons for these inconsistencies are not yet clear. To some extent, 
they might be explained by the large variety in sleep problems targeted with 
light therapy, large variety in studied groups (regarding age, comorbidity), or 
differences in study design and treatment characteristics (e.g., treatment dura-
tion, light intensity etc.). 
 Considering the high potential of light therapy for sleep disorders, it is important 
to gain insight in the general and specific effects of light therapy on different sleep 
problems, and to identify factors that influence its effectiveness. Therefore, in this 
meta-analysis we will investigate the effect of light therapy on sleep problems in 
general and specific sleep problems in particular. Furthermore, we aim to identify 
possible influences (moderators) on the effects of light therapy.

Current state of knowledge
In the early 1980s, Czeisler et al.10 first showed that the phase of the circadian 
rhythm in humans could be influenced by modifying the light-dark cycle. Lewy 
and colleagues found that nocturnal melatonin secretion could be suppressed 
by bright light.11 Rosenthal et al.12 first applied this principle to patients with 
delayed sleep phase syndrome (DSPS), a circadian rhythm sleep disorder (CRSD) 
in which the endogenous circadian rhythm is delayed with regard to what is 



86

desired. They found that the circadian rhythm of core body temperature and 
the sleep-wake rhythm of DSPS patients could be shifted by two hours of bright 
light exposure in the morning and restriction of light in the evening. 
 After the first studies conducted in the 1980s, the research on light therapy 
has been extended to other sleep disorders, with different light characteristics 
and varying treatment durations. In 1995, several consensus reports of the Task 
Force on Light Treatment for Sleep Disorders have been published, summarising 
the research on light treatment for sleep disorders until then.13-19 In addition, 
several reviews appeared which mainly reported about the application of light 
for sleep problems in older, healthy adults20 or in elderly with Alzheimer’s disease 
or other types of dementia.21-23 A systematic review of different treatment 
options for various forms of sleep disturbance (e.g., increased sleep latency, low 
sleep efficiency, long daytime sleep duration) in people with Alzheimer’s disease 
/ dementia concluded that of the non-pharmacological treatments analysed in 
that study, bright light was the most effective.24 

Treatment guidelines for the use of light therapy in sleep disorders
To date, there are no clear guidelines available for light therapy in sleep disor-
ders related to Alzheimer’s disease / dementia,21 and the research on light treat-
ment for other sleep disorders has led to varying treatment recommendations.25-28 
Although there is no consensus about the ideal treatment characteristics, there is 
agreement about the timing of treatment according to the phase response curve 
of light. This implies that exposure to light in the morning - after the lowest point 
of body temperature at around 04:00 h - shifts the biological clock rhythm to 
an earlier point in time, whereas light in the evening (before the nightly nadir in 
temperature) shifts it to a later time. Immediately before or after the tempera-
ture nadir, light exposure has its greatest phase-advancing effect, with diminishing 
effects further away from the temperature nadir. This implies that light therapy in 
the morning should occur as early as possible, however, without forcing individuals 
waking up too early, preventing sleepiness during the day.25,29,30 

Important factors to consider in studies of light treatment effectiveness
Although light therapy is nowadays applied to different types of sleep disorders, it 
was originally applied to CRSD.12 The core problem of CRSD lies in the misalignment 
between the endogenous rhythm and the environment, or in the lack of an endog-
enous rhythm. As light therapy directly affects the circadian rhythm by its influ-
ence on the SCN,11 it might be expected that light therapy would have stronger 
effects on CRSD than on other types of sleep disorders. We therefore hypothe-



87

sised that the type of sleep problem targeted would be an important factor to 
consider when investigating light therapy effectiveness (Moderators 1-4). 
 Another factor that could be of influence is the quality of the study design. 
Studies without a control group might find larger effects than randomised 
controlled trials (RCT’s), as the latter control for placebo effects (Moderator 5).
 Also, effects could be different for subjective and objective outcome measures 
of sleep (Moderator 6). Both measures have their own disadvantages, as people 
often have difficulty assessing their sleep and actigraphs cannot always reliably 
distinguish between inactivity and sleep or between restlessness during sleep 
and night-time awakenings. The latter is even more problematic in people expe-
riencing sleep problems.31,32 
 As mentioned earlier, there are several treatment characteristics that could 
impact treatment effects. Number of treatment days (Moderator 7), daily treat-
ment duration (Moderator 8), and intensity and spectral characteristics of light 
(Moderator 9) seem important factors to take into account.25-28 Another factor to 
consider is whether additional instructions regarding sleep hygiene or bedtimes 
are provided (Moderator 10). Good sleep hygiene and regular bedtimes are 
important factors that can influence treatment effectiveness.26,27

 Sleep does not remain stable over the life course. The proportion of time 
spent in different sleep stages changes with age,33 and in general older people 
have less consolidated sleep and they wake up earlier.34 Moreover, age differ-
ences in effects of sleep treatment are found, e.g., melatonin treatment has 
larger effects in children than in adults,35 although prolonged-release melatonin 
has been found effective for older adults.36 Light treatment might have smaller 
effects in older people due to age-related changes in lens density.37 We there-
fore expect age to be a moderator of light therapy effectiveness (Moderator 11). 
 Although little is known about differential effects of light therapy for men 
and women, Cajochen38 recently showed that there are some gender differences 
in response to light. Women were found to prefer warmer light whereas this was 
not found for men. In addition, women more often have sleep complaints.39,40 
Therefore, it might be expected that treatment effects vary between men and 
women (Moderator 12). 

Present meta-analysis
The present meta-analysis is the first to systematically review the effect of light 
therapy on sleep problems in general and on specific types of sleep problems in 
particular. In the analyses we will not only examine the overall effect of light 
therapy on sleep, but also on the different circadian and sleep outcomes sepa-
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rately. In addition, we will take into account whether specific study character-
istics, treatment characteristics, and sample characteristics act as moderators. 

METHODS

Selection of studies
As a primary search method, we did an extensive literature search using the 
databases of PsycINFO, Medline, Cinahl, Embase, and the Cochrane Library. We 
used the following keywords in our search: phototherapy, phototherap*, heli-
otherapy, heliotherap*, light treatment, light exposure, bright light, sunlight, 
artificial light, combined with sleep disorders, sleep*, insomnia*, dyssomnia*, 
somnolence, circadian rhythm, jet lag syndrome, jet lag*, night shift*. We 
excluded animal studies. Furthermore, an RCT filter was applied to make a selec-
tion of papers reporting on randomised controlled trials, to ease the screening 
process. The search was carried out in two phases. The initial search was carried 
out in November 2012. An update was done in March 2015. For an example of the 
full electronic search strategy, see Appendix S1.
 In addition, we searched online thesis databases, we checked reference lists 
of relevant reviews and papers that we already included in our meta-analysis, 
and we searched proceedings of the last two editions of the most important 
sleep conferences (conferences of the World Sleep Federation, European Sleep 
Research Society, Associated Professional Sleep Societies, World Association of 
Sleep Medicine, Society of Light Treatment and Biological Rhythms). Finally, we 
contacted experts in the field to enquire about unpublished papers.  
 Studies were included in the present meta-analysis according to the following 
criteria: 1) participants were included in the study (amongst others) on the basis 
of a sleep disorder or sleep complaint (e.g., low sleep quality, disturbed sleep); 
2) the study reported on a light intervention intended to diminish the sleep 
complaints (at least one sleep outcome had to be reported); 3) the study reported 
on a minimum of five participants (case study reports were excluded); 4) the 
paper was written in English. Studies reporting on light therapy for (seasonal) 
depression or other complaints than sleep were excluded. Studies reporting on 
shift work were only included if participants had a shift work disorder or had 
expressed complaints about their sleep. Studies investigating effects of light 
therapy on elderly persons in a home for the elderly, regardless of whether 
the individual participants expressed sleep complaints, or on healthy subjects 
who did not experience sleep problems, were not included. No restrictions with 
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regard to publication date, publication status, type of sleep disorder, age of 
participants, or study design were imposed. 
 The first phase of the literature search in the electronic databases yielded 
3159 unique results. The studies that were found with the RCT filter were screened 
by at least two authors (AvM and AMM or KBvdH) independently. The studies that 
were not included with the RCT filter were screened by one author (AvM). After 
screening titles and abstracts, 3048 titles were excluded. The remaining 111 titles 
were evaluated in more detail. Disagreements about inclusion of studies were 
discussed until consensus was reached. Eventually, 41 studies obtained from the 
electronic database search were included. Nine studies were included with one 
of the other search strategies (one through searching reference lists, three from 
conference proceedings, five via contacting authors). In nine cases, we contacted 
authors because we could not obtain a copy of a dissertation or article. As in two 
cases two papers reported on the same sample but different outcome measures, 
we combined these papers and treated them as one study (41,42 and 43,44). 
 The update of the search resulted in 805 new titles. After screening titles 
and abstracts, 777 titles were excluded. The remaining 28 studies were evalu-
ated in more detail. Eventually, six new studies were added to the meta-anal-
ysis. However, one study was later excluded from further analyses, as it yielded 
an effect size that was considered an extreme outlier.45 As a consequence, 53 
unique studies were included in the present meta-analysis. See Figure 1 for a 
flow diagram of the study selection process, and Appendix S2 for the references 
of all included studies.

Coding
All studies were coded by two coders (AvM and AMM or KBvdH) for type of sleep 
problem, treatment characteristics (e.g., daily duration of treatment in hours 
per day, number of treatment days), participant characteristics (e.g., mean age, 
percentage of men in the sample), and characteristics of methods and results 
(e.g., type of design, subjective or objective outcomes). In case of discrepancies 
in the coding, the results were discussed until both coders agreed. See Table 1 
for an overview of the studies and their characteristics.

Table 1. Overview of the studies included in the present meta-analysis
                     page 90 - 95 >>
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AUTHOR(S)

TYPE OF 
SLEEP 
PROBLEM1

STUDY 
DESIGN

TYPE OF 
MEASURES2

NR. OF 
TREATMENT 
DAYS

DAILY TREAT-
MENT DURATION 
(h / day)

NR. OF
PARTICIPANTS 
(light condition)2

MEAN AGE 

(light condition)

% MEN TOTAL 

(light condition)

Akyar & Akdemir 2013 [1]3 insomnia within-subjects subjective 30 0.5 24 (24) 80.0 (80.0) 33.3 (33.3)

Ando et al. 1999 [2] CRSD4 RCT5 objective, subjective 12 3 10 (5) 33.5 (34.4) 70.0 (80.0)

Avery et al. 1993 [3] other RCT subjective 7 2 20 (11) 35.3 (35.0) 29.6 (28.6)

Avery et al. 1994 [4] other RCT subjective 7 1.5 19 (10) 37.6 (35.8) 10.5 (10.0)

Avery et al. 2002 [5] other RCT subjective 7 1.8 50 (28) 37.3 (36.3) 14.0 (17.9)

Barbero 2013 [6] CRSD within-subjects subjective 14 1.36 23 (23) 15.0 (15.0) 72.0 (72.0)

Bjorvatn et al. 2007 [7] CRSD randomised cross-over objective, subjective 47 0.5 17 (17) 42.0 (42.0) 94.1 (94.1)

Burkhalter et al. 2015 [8] other RCT objective 21 0.5 28 (14) 59.6 (60.7) 50.0 (53.3)

Burns et al. 2009 [9] Alzheimer / 

dementia

within-subjects8 objective, subjective 14 2 22 (22) 84.5 (84.5) 27.3 (27.3)

Campbell & Dawson 1991 [10] other within-subjects9 objective 8.510 2 6 (6) 68.4 (68.4) unknown

Campbell et al. 1993 [11] CRSD controlled trial objective 12 2 16 (8) 70.4 (unknown) 43.8 (50.0)

Cole et al. 2002 [12] CRSD RCT objective, subjective 26 4 54 (28) 25.0 (unknown) 54.2 (unknown)

Colenda et al. 1997 [13] Alzheimer / 

dementia

within-subjects objective 10 2 5 (5) 76.4 (76.4) unknown

Cooke et al. 1998 [14] insomnia within-subjects objective 14 0.5 10 (10) 79.4 (79.4) 0 (0)

Danielsson et al. 2012 [15] CRSD within-subjects11 subjective 14 unknown 30 (30) 22.0 (22.0) 50.0 (50.0)

Dowling et al. 2008 [16] Alzheimer / 

dementia

RCT objective 50 1 35 (18) 85.5 (89.0) 14.0 (unknown)

Fetveit et al. 2003 [17] Alzheimer / 

dementia

within-subjects objective, subjective 14 2 11 (11) 86.1 (86.1) 9.1 (9.1)

Figueiro et al. 2014 [18] Alzheimer / 

dementia

within-subjects objective, subjective 28 11 14 (14) 86.9 (86.9) 35.7 (35.7)

Fontana-Gasio et al. 2003 [19] Alzheimer / 

dementia

RCT objective 21 1 13 (9) 85.6 (86.8) 7.7 (0)

Friedman et al. 2009 [20] insomnia RCT objective, subjective 84 0.8 26 (19)

25 (18)12

63.6 (unknown) 29.4 (unknown)

Geerdink et al. 2012 [21] CRSD cross-over objective, subjective 3 113 13 (13) 25.0 (25.0)14 53.8 (53.8)

Geerdink et al. 2013 [22] CRSD RCT objective 9 0.5 42 (21) 21.4 (unknown) 45.2 (unknown)

Giménez et al. 2010 [23] CRSD randomised cross-over objective, subjective 14 0.5 23 (23) 30.0 (30.0) 45.7 (45.7)

Guilleminault et al. 1995 [24] insomnia RCT15 objective, subjective 28 0.8 20 (10) 44.0 (unknown) 43.8 (unknown)
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AUTHOR(S)

TYPE OF 
SLEEP 
PROBLEM1

STUDY 
DESIGN

TYPE OF 
MEASURES2

NR. OF 
TREATMENT 
DAYS

DAILY TREAT-
MENT DURATION 
(h / day)

NR. OF
PARTICIPANTS 
(light condition)2

MEAN AGE 

(light condition)

% MEN TOTAL 

(light condition)

Akyar & Akdemir 2013 [1]3 insomnia within-subjects subjective 30 0.5 24 (24) 80.0 (80.0) 33.3 (33.3)

Ando et al. 1999 [2] CRSD4 RCT5 objective, subjective 12 3 10 (5) 33.5 (34.4) 70.0 (80.0)

Avery et al. 1993 [3] other RCT subjective 7 2 20 (11) 35.3 (35.0) 29.6 (28.6)

Avery et al. 1994 [4] other RCT subjective 7 1.5 19 (10) 37.6 (35.8) 10.5 (10.0)

Avery et al. 2002 [5] other RCT subjective 7 1.8 50 (28) 37.3 (36.3) 14.0 (17.9)

Barbero 2013 [6] CRSD within-subjects subjective 14 1.36 23 (23) 15.0 (15.0) 72.0 (72.0)

Bjorvatn et al. 2007 [7] CRSD randomised cross-over objective, subjective 47 0.5 17 (17) 42.0 (42.0) 94.1 (94.1)

Burkhalter et al. 2015 [8] other RCT objective 21 0.5 28 (14) 59.6 (60.7) 50.0 (53.3)

Burns et al. 2009 [9] Alzheimer / 

dementia

within-subjects8 objective, subjective 14 2 22 (22) 84.5 (84.5) 27.3 (27.3)

Campbell & Dawson 1991 [10] other within-subjects9 objective 8.510 2 6 (6) 68.4 (68.4) unknown

Campbell et al. 1993 [11] CRSD controlled trial objective 12 2 16 (8) 70.4 (unknown) 43.8 (50.0)

Cole et al. 2002 [12] CRSD RCT objective, subjective 26 4 54 (28) 25.0 (unknown) 54.2 (unknown)

Colenda et al. 1997 [13] Alzheimer / 

dementia

within-subjects objective 10 2 5 (5) 76.4 (76.4) unknown

Cooke et al. 1998 [14] insomnia within-subjects objective 14 0.5 10 (10) 79.4 (79.4) 0 (0)

Danielsson et al. 2012 [15] CRSD within-subjects11 subjective 14 unknown 30 (30) 22.0 (22.0) 50.0 (50.0)

Dowling et al. 2008 [16] Alzheimer / 

dementia

RCT objective 50 1 35 (18) 85.5 (89.0) 14.0 (unknown)

Fetveit et al. 2003 [17] Alzheimer / 

dementia

within-subjects objective, subjective 14 2 11 (11) 86.1 (86.1) 9.1 (9.1)

Figueiro et al. 2014 [18] Alzheimer / 

dementia

within-subjects objective, subjective 28 11 14 (14) 86.9 (86.9) 35.7 (35.7)

Fontana-Gasio et al. 2003 [19] Alzheimer / 

dementia

RCT objective 21 1 13 (9) 85.6 (86.8) 7.7 (0)

Friedman et al. 2009 [20] insomnia RCT objective, subjective 84 0.8 26 (19)

25 (18)12

63.6 (unknown) 29.4 (unknown)

Geerdink et al. 2012 [21] CRSD cross-over objective, subjective 3 113 13 (13) 25.0 (25.0)14 53.8 (53.8)

Geerdink et al. 2013 [22] CRSD RCT objective 9 0.5 42 (21) 21.4 (unknown) 45.2 (unknown)

Giménez et al. 2010 [23] CRSD randomised cross-over objective, subjective 14 0.5 23 (23) 30.0 (30.0) 45.7 (45.7)

Guilleminault et al. 1995 [24] insomnia RCT15 objective, subjective 28 0.8 20 (10) 44.0 (unknown) 43.8 (unknown)
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AUTHOR(S)

TYPE OF 
SLEEP 
PROBLEM1

STUDY 
DESIGN

TYPE OF 
MEASURES2

NR. OF 
TREATMENT 
DAYS

DAILY TREAT-
MENT DURATION 
(h / day)

NR. OF
PARTICIPANTS 
(light condition)2

MEAN AGE 

(light condition)

% MEN TOTAL 

(light condition)

Hajek et al. 1989 [25] other within-subjects objective, subjective 10 4 7 (7) 55.0 (55.0) 85.7 (85.7)

Hansen et al. 1987 [26] & Ling-

jaerde et al. 1985 [36]

other within-subjects16 objective, subjective 5 0.5 9 (9) 40.7 (40.7) 77.8 (77.8)

Ho 2001 [27] insomnia within-subjects objective, subjective 2 3 38 (38) 79.8 (79.8) 0 (0)

Kirisoglu & Guilleminault 2004 

[28]

insomnia within-subjects objective, subjective 60 0.817 15 (15) 65.3 (65.3) 26.7 (26.7)

Kobayashi et al. 2001 [29] Alzheimer / 

dementia

within-subjects subjective 21 1 10 (10) 81.2 (81.2) 40.0 (40.0)

Lack & Wright 1993 [31] insomnia within-subjects18 objective 2 4 9 (9) 53.4 (53.4) 55.6 (55.6)

Lack et al. 1994 [34] insomnia within-subjects19 objective 2 4 22 (11) unknown unknown

Lack et al. 2005 [32] insomnia controlled trial objective, subjective 2 4 24 (13) 51.2 (unknown) 48.0 (unknown)

Lack et al. 2007a [30] CRSD RCT objective, subjective 7 2 18 (12) 28.2 (unknown) 5.6 (unknown)

Lack et al. 2007b [33] insomnia RCT objective, subjective 7 1 16 (8) 29.0 (unknown) 31.3 (25.0)

Lederle et al. 2010 [35] insomnia randomised cross-over objective, subjective 21 4 33 (33) 66.5 (66.5) 30.3 (30.3)

McCurry et al. 2011 [37] Alzheimer / 

dementia

RCT objective 49 1 67 (34) 80.9 (80.6) 46.5 (44.0)

Mishima et al. 1994 [38] Alzheimer / 

dementia

within-subjects16 objective, subjective 28 2 14 (14) 75.0 (75.0) unknown

Münch et al. 2011 [39] insomnia within-subjects20 objective,

subjective

4 2 10 (10) 63.3 (63.3) 40.0 (40.0)

Murphy & Campbell 1996 [40] insomnia within-subjects objective 12 2 16 (16) 73.1 (73.1) 50.0 (50.0)

Pallesen et al. 2005 [41] insomnia RCT objective, subjective 21 0.5 31 (17) 63.1 (unknown) 41.9 (23.5)

Palmer et al. 2003 [42] CRSD RCT objective, subjective 28 2.5 47 (2421) 70.0 (unknown) 44.7 (unknown)

Rosenthal et al. 1990 [43] CRSD randomised cross-over objective, subjective 14 2 20 (20) unknown unknown

Satlin et al. 1992 [44] Alzheimer / 

dementia

within-subjects subjective 7 2 10 (10) 70.1 (70.1) 90.0 (90.0)

Saxvig et al. 2014 [45] & Wilhelm-

sen-Langeland et al. 2013 [54]

CRSD RCT objective, subjective 14 0.622 20 (10) 20.8 (20.7) 25.0 (20.0)

Sciolla et al. 1997 [46] other RCT subjective 14 1 6 (4) 36.8 (unknown) 100 (100)

Sharkey et al. 2011 [47] CRSD RCT objective, subjective 6 1 25 (12) 21.8 (22.7) 48.0 (50.0)

Sinclair et al. 2014 [48] other RCT subjective 28 0.8 20 (10)23 44.9 (47.2) 75.0 (80.0)
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AUTHOR(S)

TYPE OF 
SLEEP 
PROBLEM1

STUDY 
DESIGN

TYPE OF 
MEASURES2

NR. OF 
TREATMENT 
DAYS

DAILY TREAT-
MENT DURATION 
(h / day)

NR. OF
PARTICIPANTS 
(light condition)2

MEAN AGE 

(light condition)

% MEN TOTAL 

(light condition)

Hajek et al. 1989 [25] other within-subjects objective, subjective 10 4 7 (7) 55.0 (55.0) 85.7 (85.7)

Hansen et al. 1987 [26] & Ling-

jaerde et al. 1985 [36]

other within-subjects16 objective, subjective 5 0.5 9 (9) 40.7 (40.7) 77.8 (77.8)

Ho 2001 [27] insomnia within-subjects objective, subjective 2 3 38 (38) 79.8 (79.8) 0 (0)

Kirisoglu & Guilleminault 2004 

[28]

insomnia within-subjects objective, subjective 60 0.817 15 (15) 65.3 (65.3) 26.7 (26.7)

Kobayashi et al. 2001 [29] Alzheimer / 

dementia

within-subjects subjective 21 1 10 (10) 81.2 (81.2) 40.0 (40.0)

Lack & Wright 1993 [31] insomnia within-subjects18 objective 2 4 9 (9) 53.4 (53.4) 55.6 (55.6)

Lack et al. 1994 [34] insomnia within-subjects19 objective 2 4 22 (11) unknown unknown

Lack et al. 2005 [32] insomnia controlled trial objective, subjective 2 4 24 (13) 51.2 (unknown) 48.0 (unknown)

Lack et al. 2007a [30] CRSD RCT objective, subjective 7 2 18 (12) 28.2 (unknown) 5.6 (unknown)

Lack et al. 2007b [33] insomnia RCT objective, subjective 7 1 16 (8) 29.0 (unknown) 31.3 (25.0)

Lederle et al. 2010 [35] insomnia randomised cross-over objective, subjective 21 4 33 (33) 66.5 (66.5) 30.3 (30.3)

McCurry et al. 2011 [37] Alzheimer / 

dementia

RCT objective 49 1 67 (34) 80.9 (80.6) 46.5 (44.0)

Mishima et al. 1994 [38] Alzheimer / 

dementia

within-subjects16 objective, subjective 28 2 14 (14) 75.0 (75.0) unknown

Münch et al. 2011 [39] insomnia within-subjects20 objective,

subjective

4 2 10 (10) 63.3 (63.3) 40.0 (40.0)

Murphy & Campbell 1996 [40] insomnia within-subjects objective 12 2 16 (16) 73.1 (73.1) 50.0 (50.0)

Pallesen et al. 2005 [41] insomnia RCT objective, subjective 21 0.5 31 (17) 63.1 (unknown) 41.9 (23.5)

Palmer et al. 2003 [42] CRSD RCT objective, subjective 28 2.5 47 (2421) 70.0 (unknown) 44.7 (unknown)

Rosenthal et al. 1990 [43] CRSD randomised cross-over objective, subjective 14 2 20 (20) unknown unknown

Satlin et al. 1992 [44] Alzheimer / 

dementia

within-subjects subjective 7 2 10 (10) 70.1 (70.1) 90.0 (90.0)

Saxvig et al. 2014 [45] & Wilhelm-

sen-Langeland et al. 2013 [54]

CRSD RCT objective, subjective 14 0.622 20 (10) 20.8 (20.7) 25.0 (20.0)

Sciolla et al. 1997 [46] other RCT subjective 14 1 6 (4) 36.8 (unknown) 100 (100)

Sharkey et al. 2011 [47] CRSD RCT objective, subjective 6 1 25 (12) 21.8 (22.7) 48.0 (50.0)

Sinclair et al. 2014 [48] other RCT subjective 28 0.8 20 (10)23 44.9 (47.2) 75.0 (80.0)
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AUTHOR(S)

TYPE OF 
SLEEP 
PROBLEM1

STUDY 
DESIGN

TYPE OF 
MEASURES2

NR. OF 
TREATMENT 
DAYS

DAILY TREAT-
MENT DURATION 
(h / day)

NR. OF
PARTICIPANTS 
(light condition)2

MEAN AGE 

(light condition)

% MEN TOTAL 

(light condition)

Skjerve et al. 2004 [49] Alzheimer / 

dementia

within-subjects objective, subjective 28 0.8 10 (10) 79.4 (79.4) 70.0 (70.0)

Suhner et al. 2002 [50] insomnia within-subjects objective 1024 2 15 (15) 71.5 (71.5) 53.3 (53.3)

Van de Werken et al. 2010 [51] CRSD randomised cross-over objective, subjective 1 0.5 16 (16) 22.8 (22.8) 50.0 (50.0)

Videnovic et al. 2014 [52] other within-subjects25 subjective 14 2 15 (15) 63.1 (unknown) 43.3 (unknown)

Weber et al. 2013 [53] other RCT objective, subjective 42 0.5 25 (13)26 24.3 (unknown) 50.0 (unknown)

Williams et al. 2002 [55] other within-subjects27 objective, subjective 84 1 30 (30) 44.5 (44.5) 43.3 (43.3)

1. According to our classification in four categories.

2. For the outcomes analysed in this meta-analysis. 

3. The reference numbers correspond with the references in Appendix S2.

4. Circadian rhythm sleep disorder.

5. Randomised controlled trial.

6. 30-120 minutes, but we took the average for the moderator analysis.

7. Participants received light treatment during four days of day shift and four days of night shift. We 

averaged the effect sizes.

8. This study was a RCT, but we did not use the control group data in our analyses.

9. This study had a control group, but we did not use the control group data in our analyses.

10. 7-10 days, but we took the average for the moderator analysis.

11. This study consisted of two groups of which the second group received cognitive behaviour therapy 

after receiving light therapy. However, we only included the light treatment data in our analyses.

12. This study reports effect sizes for both morning light therapy and evening light therapy. They were 

both included in the analyses. 

13. There was also a condition with 30 minutes of light exposure, but we did not use this in our anal-

yses.

14. 23-27, but we took the average for the moderator analysis.

15. This study had three groups. We calculated the effect size for the comparison between the struc-

tured sleep hygiene with early morning light therapy group and the structured sleep hygiene 

group.

16. This study also included a healthy control group, but we did not use these data in our analyses. 

17. There was also a condition with 20 minutes of light exposure, but we did not use this in our anal-

yses.

18. Two participants of this study also participated in a control condition, but we did not use this in 

our analyses.
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19. This study is a RCT, but we did not use the control group in most of our analyses.

20. This study is a RCT with two light conditions, but we combined these data in our analyses.

21. The sample size of the light group was not reported, but we estimated this at 24.

22. 30-45 minutes, but we took the average for the moderator analysis.

23. There was also a third group included in this study, but we did not use these data for our analyses.

24. 9-11 days, but we took the average for the moderator analysis.

25. This study is a RCT, but we did not use the control group in our analyses.

26. There were 18 participants described in the abstract we used, but for two outcome measures we 

obtained additional information from one of the authors based on 25 participants. 

27. This study used a cross-over design but we did not use these data in our analyses. 

AUTHOR(S)

TYPE OF 
SLEEP 
PROBLEM1

STUDY 
DESIGN

TYPE OF 
MEASURES2

NR. OF 
TREATMENT 
DAYS

DAILY TREAT-
MENT DURATION 
(h / day)

NR. OF
PARTICIPANTS 
(light condition)2

MEAN AGE 

(light condition)

% MEN TOTAL 

(light condition)

Skjerve et al. 2004 [49] Alzheimer / 

dementia

within-subjects objective, subjective 28 0.8 10 (10) 79.4 (79.4) 70.0 (70.0)

Suhner et al. 2002 [50] insomnia within-subjects objective 1024 2 15 (15) 71.5 (71.5) 53.3 (53.3)

Van de Werken et al. 2010 [51] CRSD randomised cross-over objective, subjective 1 0.5 16 (16) 22.8 (22.8) 50.0 (50.0)

Videnovic et al. 2014 [52] other within-subjects25 subjective 14 2 15 (15) 63.1 (unknown) 43.3 (unknown)

Weber et al. 2013 [53] other RCT objective, subjective 42 0.5 25 (13)26 24.3 (unknown) 50.0 (unknown)

Williams et al. 2002 [55] other within-subjects27 objective, subjective 84 1 30 (30) 44.5 (44.5) 43.3 (43.3)
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Figure 1.  Flow chart of study selection process
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 In order to conduct analyses for specific sleep problems separately, we 
divided all studies in categories according to the primary sleep problem targeted 
in the study. In this way we found four categories: circadian rhythm sleep disor-
ders, insomnia, sleep problems related to Alzheimer’s disease / dementia, and 
other sleep problems. Papers reporting on participants with CRSD on basis of 
International Classification of Sleep Disorders (ICSD) criteria, sleep logs, or a 
clinical interview or screening questionnaire were assigned to the CRSD cate-
gory. The insomnia category consists of papers reporting insomnia problems on 
ICSD criteria, self-reported insomnia complaints, a sleep diary, Pittsburgh Sleep 
Quality Index46 > 5, or a clinical interview. Studies reporting on sleep problems 
in patients with Alzheimer or dementia were assigned to the category Alzheimer 
/ dementia irrespective of the kind of sleep problem because of the institution-
alised treatment of these patients. After categorising the first three types of 
sleep problems, a number of studies remained reporting on more diffuse sleep 
complaints, or sleep problems related to somatic complaints (e.g., traumatic brain 
injury, HIV, chronic fatigue syndrome) or mental disorders (e.g., winter depres-
sion). These studies were assigned to the category ‘Other’. 

Calculation of effect sizes
We calculated Hedges’ g effect sizes and associated standard errors using the 
formula’s given by Lipsey and Wilson.47 Hedges’ g effect sizes are similar to 
Cohen’s d, but are corrected for the bias inherent to Cohen’s d that tends to 
overestimate effect sizes in small samples.48 
 We distinguished the following outcome measures: circadian outcome (e.g., Dim 
Light Melatonin Onset, core body temperature rhythm), bedtime (or sleep onset 
time), get up time (or wake-up time), sleep onset latency, total sleep time, time in 
bed, wake after sleep onset (or number of awakenings), early morning awakening, 
sleep efficiency, sleepiness (or alertness), sleep quality, insomnia symptoms, and 
fatigue. Sleep quality is self-reported sleep quality (or satisfaction) or the score 
on a sleep quality questionnaire (e.g., Pittsburgh Sleep Quality Index).46 The 
outcome variable insomnia symptoms was formed by scores on insomnia symp-
toms questionnaires (e.g., Insomnia Severity Index,49 Bergen Insomnia Scale).50 
 Effect sizes and standard errors were calculated on the basis of reported 
means, standard deviations, and p-values or correlations between pre- and 
post-measurements. For studies that did not report the exact p-value or the 
exact pre-post correlation, we estimated the effect sizes under the assumption 
of a 0.5 correlation. When means and standard deviations were not reported, as 
was the case in some of the within-subject designs, effect sizes were calculated 



98

by using the p-value, sample size and correlation. If no exact p-value was given, 
we assumed a p-value of 0.5 for non-significant results and 0.05 for significant 
results, yielding a conservative estimate of the effect size and associated stan-
dard error. For some cases with missing statistics we were able to obtain addi-
tional information from the authors of the original publications.
 Some studies also reported follow-up effects, but those studies differed in 
whether the light treatment continued until the follow-up. Therefore, we decided 
to calculate effect sizes for the change from pre- to post-treatment only. For 
studies with a control group, we only calculated effect sizes for comparisons with 
non-effective treatments such as placebo (dim light); we did not make compari-
sons with alternative treatments such as melatonin treatment. For studies with 
more than two active light conditions, we included the a-priori determined stron-
gest light therapy condition (i.e. the condition with the highest light intensity,51,52 
or the condition with the longest treatment duration).53,54

 For each study, at least one effect size was calculated by two independent 
coders (AvM and AMM or KBvdH). In case of a discrepancy, this was discussed 
until agreement was reached. For studies in which the same outcome variables 
were measured in multiple ways (e.g., by sleep diary and actigraphy), separate 
effect sizes for subjective and objective measures were calculated and included 
in the analyses. 
 To enable the possibility to conduct an overall analysis, effect sizes had to 
be coded in the same direction. Otherwise, for instance, phase advances in DSPS 
and phase delays in advanced sleep phase syndrome (ASPS) would level each 
other out. Therefore, effect sizes were given a positive sign if the effect was in 
the hypothesised direction (e.g., sleep latency decreased with light therapy), 
and a negative sign if the effect was not in the hypothesised direction. This was 
discussed for each individual study by at least two coders (AvM and AMM or 
KBvdH). Time in bed was always given a positive sign when it was extended and a 
negative sign when it was shortened, as it was often not clear whether the goal 
of the study was to increase or decrease time in bed. Time in bed was not included 
in the overall analysis. As sleepiness and alertness are opposite outcomes, we 
coded the effect sizes so that a positive effect indicates an improvement (i.e. a 
decrease in sleepiness or an increase in alertness).
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Data analyses
The analyses were conducted with Metafor, a package in the computer program 
R that includes many different functions for conducting meta-analyses.55 We 
carried out a multivariate meta-analysis of all outcome variables combined 
(except time in bed) and multiple univariate meta-analyses of each outcome vari-
able separately. We checked whether there was variance in effect sizes between 
studies by conducting Q-tests for heterogeneity. We also tested moderator 
effects. All analyses were conducted once for all sleep problems and once for 
each sleep problem category. We took a multilevel approach to take the depen-
dency between multiple outcomes within studies into account.
 We applied random effects models. The random effects model assumes that 
the studies included in the meta-analysis yield a random sample of effect sizes, 
and allows for the true effect size to vary between studies.48 As we consider the 
studies in this meta-analysis as heterogeneous, the random effects model was 
deemed applicable. 
 To investigate whether the studies included in our meta-analysis are a repre-
sentative sample of all published and unpublished studies that are conducted in 
the field, we checked for publication bias, by adding the standard errors of the 
effect sizes as a moderator in the analyses (Egger’s test).56 Significant effects 
indicate publication bias. 

RESULTS

Overall analyses 
Average effect sizes are reported in Table 2. For the multivariate analyses of all 
outcome measures, we found significant effects of light therapy for all sleep 
problems combined, as well as for CRSD, insomnia, sleep problems related to 
Alzheimer’s disease / dementia, and other types of sleep problems. The effects 
were in the expected directions, indicating that light therapy was effective in 
diminishing sleep problems.  
 In the analyses of separate outcome measures for all sleep problems 
combined, we also found significant effect sizes in the expected directions. Only 
for early morning awakening no significant effect was found. Effect sizes for the 
sleep time variables were generally smaller than for sleep complaints, such as 
sleepiness, fatigue or insomnia symptoms. The largest effect sizes were found for 
circadian outcomes and insomnia symptoms. See the forest plot in Figure 2 for an 
illustration of the effect sizes for circadian outcomes for the separate studies.
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Table 2.  Light therapy effect size estimates for all sleep problems combined 
   and by category of sleep problems 

ALL SLEEP PROBLEMS CRSD INSOMNIA ALZHEIMER / DEMENTIA OTHER SLEEP PROBLEMS

Outcome k n g Q k n g Q k n g Q k n g Q k n g Q

Multivariate an.

All outcomes 53 1154 0.39** 648.84** 15 374 0.41** 193.59** 15 334 0.47** 321.46** 11 211 0.30** 48.99† 12 235 0.39** 79.96**

Univariate an.

Circadian 22 436 0.63** 62.40** 10 237 0.62** 33.70** 7 112 0.95** 6.68 1 14 - - 4 73 0.21 4.23

Bedtime /

sleep onset time

20 489 0.27* 61.15** 10 263 0.32† 28.38** 7 166 0.09 19.78* 1 13 - - 2 47 0.49 1.94

Get-up time / 

wake-up time

18 440 0.26** 33.67* 10 285 0.33* 18.31* 5 95 0.29† 11.27† 1 13 - - 2 47 0.07 0.29

Sleep onset  

latency

20 387 0.42** 72.09** 5 123 0.22 9.42 9 179 0.45† 52.99** 4 48 0.58* 5.78 2 37 0.41* 0.62

Total sleep  

time

32 689 0. 25** 111.66** 7 166 -0.01 20.16* 13 285 0.44* 62.68** 8 181 0.26** 6.72 4 57 0.13 13.12**

Time in bed 10 251 -0.25** 11.32 3 46 -0.37 1.01 4 114 -0.28 5.29 3 91 -0.37** 2.09 - - - -

Wake after  

sleep onset

17 421 0.35** 51.46** 3 83 0.30 11.44* 8 204 0.47† 16.62 5 128 0.20 10.37† 1 6 - -

Early morning  

awakening

4 72 0.21 13.80* 1 20 -0.19 5.18* 1 31 0.24 3.43† 2 21 0.54 2.04 - - - -

Sleep  

efficiency

20 451 0.35** 56.85** 4 100 0.26 13.97* 8 195 0.38† 22.72* 5 115 0.38** 6.09 3 41 0.90 8.60*

Sleepiness /  

alertness

20 437 0. 41** 37.00* 8 179 0.37** 14.61 4 108 0.44** 3.72 1 10 - - 7 140 0.48* 18.12*

Sleep quality 18 396 0. 49** 42.85** 4 102 0.29 2.01 4 144 0.77† 28.31** 4 45 0.66* 7.10† 6 105 0.41** 3.13

Insomnia  

symptoms

5 140 0.73** 13.56* 3 73 0.66† 7.81* 2 67 0.80** 5.74† - - - - - - - -

Fatigue 7 123 0.47* 21.57** 1 20 - - 2 31 1.13** 0.78 - - - - 4 72 0.16 7.41†

Note: k = number of studies included in the analysis; n = number of participants in the analysis (the 

total numbers of outcomes and observations included in the analyses are larger as most studies 

report on multiple outcomes. For example, for the multivariate analysis of all sleep problems the total 

number of outcomes is 251 (from 53 studies) and the total number of observations is 5546 (from 1154 

participants).); g = average effect size (Hedges’ g); Q = Q-statistic for the heterogeneity test.
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A significant Q-statistic indicates that there is substantial variability in effect sizes between studies.  

CRSD = circadian rhythm sleep disorder. † = p < .10, * = p <  .05, ** = p < .01. 

Table 2.  Light therapy effect size estimates for all sleep problems combined 
   and by category of sleep problems 

ALL SLEEP PROBLEMS CRSD INSOMNIA ALZHEIMER / DEMENTIA OTHER SLEEP PROBLEMS

Outcome k n g Q k n g Q k n g Q k n g Q k n g Q

Multivariate an.

All outcomes 53 1154 0.39** 648.84** 15 374 0.41** 193.59** 15 334 0.47** 321.46** 11 211 0.30** 48.99† 12 235 0.39** 79.96**

Univariate an.

Circadian 22 436 0.63** 62.40** 10 237 0.62** 33.70** 7 112 0.95** 6.68 1 14 - - 4 73 0.21 4.23

Bedtime /

sleep onset time

20 489 0.27* 61.15** 10 263 0.32† 28.38** 7 166 0.09 19.78* 1 13 - - 2 47 0.49 1.94

Get-up time / 

wake-up time

18 440 0.26** 33.67* 10 285 0.33* 18.31* 5 95 0.29† 11.27† 1 13 - - 2 47 0.07 0.29

Sleep onset  

latency

20 387 0.42** 72.09** 5 123 0.22 9.42 9 179 0.45† 52.99** 4 48 0.58* 5.78 2 37 0.41* 0.62

Total sleep  

time

32 689 0. 25** 111.66** 7 166 -0.01 20.16* 13 285 0.44* 62.68** 8 181 0.26** 6.72 4 57 0.13 13.12**

Time in bed 10 251 -0.25** 11.32 3 46 -0.37 1.01 4 114 -0.28 5.29 3 91 -0.37** 2.09 - - - -

Wake after  

sleep onset

17 421 0.35** 51.46** 3 83 0.30 11.44* 8 204 0.47† 16.62 5 128 0.20 10.37† 1 6 - -

Early morning  

awakening

4 72 0.21 13.80* 1 20 -0.19 5.18* 1 31 0.24 3.43† 2 21 0.54 2.04 - - - -

Sleep  

efficiency

20 451 0.35** 56.85** 4 100 0.26 13.97* 8 195 0.38† 22.72* 5 115 0.38** 6.09 3 41 0.90 8.60*

Sleepiness /  

alertness

20 437 0. 41** 37.00* 8 179 0.37** 14.61 4 108 0.44** 3.72 1 10 - - 7 140 0.48* 18.12*

Sleep quality 18 396 0. 49** 42.85** 4 102 0.29 2.01 4 144 0.77† 28.31** 4 45 0.66* 7.10† 6 105 0.41** 3.13

Insomnia  

symptoms

5 140 0.73** 13.56* 3 73 0.66† 7.81* 2 67 0.80** 5.74† - - - - - - - -

Fatigue 7 123 0.47* 21.57** 1 20 - - 2 31 1.13** 0.78 - - - - 4 72 0.16 7.41†

Note: k = number of studies included in the analysis; n = number of participants in the analysis (the 

total numbers of outcomes and observations included in the analyses are larger as most studies 

report on multiple outcomes. For example, for the multivariate analysis of all sleep problems the total 

number of outcomes is 251 (from 53 studies) and the total number of observations is 5546 (from 1154 

participants).); g = average effect size (Hedges’ g); Q = Q-statistic for the heterogeneity test.
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Figure 2. Forest plot of studies included in the overall analysis with circadian outcome 
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 When we evaluated the average effect sizes per outcome variable for the 
four categories of sleep problems separately, we found that for CRSD 3 out of 12 
outcomes were significant, and for insomnia 5 out of 13 outcomes were signifi-
cant. Five out of 7 outcomes were significant for sleep problems related to Alzhei-
mer’s disease / dementia, and for other sleep problems 3 out of 9 outcomes were 
significant. Effect sizes for the sleep outcomes in the different sleep problem 
categories showed an inconsistent pattern. Apart from non-significant outcomes 
for bedtime (or sleep onset time), wake after sleep onset, and early morning 
awakening, for each outcome a significant effect size was found in at least one 
sleep problem category. Although the overall effect sizes were positive, negative 
results (i.e. negative or opposite effects) for at least one outcome were found in 
25% (other category) to 53% (CRSD category) of the studies. 
 In several cases, the Q-test for heterogeneity showed a significant result. 
This indicated that there was substantial variability in effect sizes between 
studies. In subsequent analyses, we investigated whether this variability could 
be explained by moderator variables. 

Moderator analyses
We first examined moderators for all sleep problems combined, but none of the 
moderators was found significant (see Table 3 for an overview). When we exam-
ined moderators within the separate categories of sleep problems we found a 
moderating effect of study design for CRSD, which indicates that smaller effects 
were found for RCT’s than for other types of study design. A subsequent analysis 
showed that the overall effect of light therapy in CRSD (g = 0.41, p < 0.01) became 
smaller if we only considered the 12 RCT’s (g = 0.27, p = 0.02). A significant posi-
tive effect of light intensity was found for insomnia, indicating that effect sizes 
were larger in studies using a stronger light intensity. For studies in the insomnia 
category, the mean reported light intensity was 4800 lux, and the effect size 
for light therapy was g = 0.47. The moderator effect of light intensity (b = 0.08) 
indicates that the expected effect size in an insomnia study using, for example, 
6800 lux would be estimated at 0.63. We also found an effect of the number 
of men in the sample for studies investigating light therapy in sleep problems 
related to Alzheimer’s disease / dementia. Studies with a higher percentage of 
men reported a smaller effect size. 
 In most analyses there was still significant residual heterogeneity left. 
However, this was not true for some analyses in the category sleep problems 
related to Alzheimer’s disease / dementia, where heterogeneity was sufficiently 
explained. 
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Table 3.  Moderator analyses for all sleep problems combined and by  
   category of sleep problems

ALL SLEEP 
PROBLEMS CRSD INSOMNIA

ALZHEIMER 
/

DEMENTIA

OTHER 
SLEEP 

PROBLEMS

Moderator k est. k est. k est. k k est.

1. CRSD 53 0.01

2. Insomnia 53 0.09

3. Alzheimer / dementia 53 -0.11

4. Other sleep problems 53 -0.03

5. Study designi. 53 -0.14 15 -0.68** 15 -0.08 11 0.13 12 -0.07

6. Type of measuresii. 53 -0.03 15 0.00 15 -0.04 11 -0.10† 12 0.07

7. Nr. of treatment days 53 0.00 15 -0.01 15 0.01 11 0.00 12 -0.00

8. Daily treatment 

duration (h / day)

52 -0.02 14 0.02 15 -0.13† 11 0.01 12 -0.01

9. Lux (in thousands) 48 0.02 12 -0.01 14 0.08* 11 -0.01 11 -0.02

10. Instructions 53 -0.02 15 -0.09 15 0.22 11 0.03 12 -0.43†

11. Mean age (years) 51 -0.00 14 -0.00 14 -0.00 11 0.02 12 0.00

12. % men 48 0.00 14 0.00 14 0.00 9 -0.01* 11 0.01

Note: only one moderator was included in each analysis. CRSD = circadian rhythm sleep disorder; k = 

number of studies (the total number of outcomes included in the analyses is larger as most studies 

report on multiple outcomes); RCT = randomised controlled trial. † = p < 0.10, * = p < 0.05, ** = p < 0.01.

i.  Coded as: 0) other than RCT and 1) RCT. Two studies7,66 that assigned participants alternately to the 

two conditions and randomised cross-over designs were also coded as RCTs.

ii.  Coded as subjective vs. objective.
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Publication bias
To check for publication bias, we conducted Egger’s tests. We found significant 
effects for the following outcomes: circadian (t (20) = 3.34, p < 0.01), bedtime (or 
sleep onset time) (t (22) = 3.04, p < 0.01), wake after sleep onset (t (23) = 2.18, 
p = 0.04), sleepiness (t (22) = 2.36, p = 0.03), and sleep quality (t (17) = 2.79, p = 
0.01). These findings imply that for 5 out of 13 outcomes there was an indication 
of publication bias. 

DISCUSSION

The results of this meta-analysis showed that in general, light therapy is effec-
tive in treating sleep problems. For the overall analysis in which different sleep 
problems were combined, significant effects were found on all outcome variables, 
except early morning awakening, and all effects were in the expected directions. 
Most effect sizes indicated small to medium effects. The largest effects were 
found on circadian outcomes and insomnia symptoms.
 In the analyses for the separate categories of sleep problems, we found 
significant effect sizes for CRSD, insomnia, sleep problems related to Alzheimer’s 
disease / dementia, and other types of sleep problems. Effect sizes for sleep 
complaints, such as sleepiness, fatigue or insomnia symptoms were generally 
larger than for sleep time variables. Within the insomnia category large effects 
were found on circadian outcomes, insomnia symptoms, and fatigue.
 Although light therapy leads to a shift in the circadian rhythm in CRSD and 
has an effect on get-up time, only a small effect on bedtime was found. This is 
contrary to results of a meta-analysis investigating effects of melatonin treat-
ment on DSPS, in which an effect on sleep onset time but not on wake-up time 
was found.35 A possible explanation for the effect on get-up time could be that 
light therapy often requires participants to get up early. 
 The finding that light therapy had larger effects on circadian outcomes than 
on sleep times is in accordance with results often found for melatonin treat-
ment in DSPS.35 This may not be surprising, as light is considered to exert a direct 
effect on the circadian rhythm, and may apart from its direct effect on alert-
ness, more indirectly influence other aspects of sleep.2 The absence of an effect 
on total sleep time corresponds with the fact that short sleep duration is not 
a primary characteristic of CRSD.57 However, an effect on sleep onset latency 
would be expected, but was not significant.
 Surprisingly, for studies investigating light therapy effects on participants 
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with insomnia, the effect on circadian outcomes was also larger than on the 
other sleep outcomes, and this effect was even larger than in CRSD. However, 
it must be noted that the majority of studies investigating circadian outcomes 
in insomnia used within-subjects designs, whereas none of the 10 studies for 
CRSD was a within-subjects design. So the effect for insomnia was not place-
bo-controlled. Similar to the results for CRSD, no significant effect was found on 
bedtime, but a borderline significant effect was found on get-up time.
 A moderating design effect was found within the CRSD category, which indi-
cated that effect sizes were smaller for RCT’s. This result was according to our 
expectations, as we expected that studies with a control group (i.e. a higher 
quality of study design) would show smaller effects because of controlling for a 
placebo effect. It is surprising that only for CRSD an effect of RCT was found, as we 
had expected to find moderating effects of RCT for all sleep problem categories. 
 For insomnia we found a significant moderating effect of light intensity, indi-
cating that studies using a higher light intensity found larger effects. This effect 
was according to our expectation, and we had hypothesised to find this effect 
for all sleep problem categories. The fact that we did not find significant effects 
of light intensity in the other categories of sleep problems might be explained 
by the fact that light intensity in itself is not always informative, as also wave-
length and colour temperature should be taken into account.58,59 Possibly, studies 
with higher light intensity had less optimal other light characteristics. However, 
it must also be noted that most studies used 2000 to 10000 lux, which may not 
differ that much in effectiveness. Unfortunately we could not include other light 
characteristics in our analyses, as this information was not reported for the 
majority of studies. To gain better insight into the effects of light treatment, we 
recommend reporting full information on light characteristics in future studies.
 For studies investigating light therapy for sleep problems related to Alzhei-
mer’s disease / dementia, we found that larger effect sizes were reported in 
studies with more female participants. A possible explanation may be that 
women generally report more sleep complaints than men,39,40 leaving more room 
for improvement after therapy. 

The present meta-analysis has several limitations. First, as not all studies diag-
nosed participants according to the ICSD57 or Diagnostic and Statistical Manual of 
Mental Disorders (DSM)60 criteria, there might be a discrepancy in diagnoses among 
studies. However, because the applied criteria are generally used in clinical prac-
tice, we believe that most studies are well categorised. For future studies, diag-
noses according to official criteria would contribute to the validity of the results.



107

 Second, as we could not find any studies on light therapy in children that 
met our inclusion criteria and only one study that investigated light therapy in 
adolescents, we could not thoroughly examine whether light therapy has similar 
effects across the entire lifespan. As most studies focussed on (older) adults, 
more research should be conducted on light therapy effectiveness in children 
and adolescents.
 Third, there remained significant residual heterogeneity for the majority 
of outcomes, which could not be explained by the moderators included in our 
study. This can partly be explained by the fact that we investigated each moder-
ator separately as the number of studies in the analyses was not large enough 
to include multiple moderators in one analysis. In addition, for each moder-
ator there are many other aspects of the treatment that are co-varying (e.g., 
number of treatment days, daily treatment duration, light intensity etc.). In our 
meta-analysis, many studies with a relatively short daily treatment duration used 
a stronger light intensity, so that we could not differentiate between different 
moderator effects. This may explain that no significant moderating effects were 
found of treatment characteristics such as number of treatment days and daily 
treatment duration. In order to isolate the effect of a treatment characteristic, a 
controlled study would be needed, such as the study of Dewan et al.29 that found 
that increasing light duration from 1 to 3 hours increased the effect of light 
therapy, whereas increasing light intensity did not. Another limitation is that 
we were not able to investigate additional moderators such as wavelength and 
colour temperature of light, socio-economic status, and psychiatric comorbidity 
because the number of studies reporting these aspects was too small. Also, the 
majority of studies did not take into account, or did not report that they did, 
the recommendations provided by Van der Ploeg and O’Connor,61 e.g., measuring 
baseline light levels and ensuring treatment adherence. For optimal treatment, 
Eastman suggests to use a large light box, to try to cover the largest possible 
part of the visual field and to give light treatment during the optimal timing of 
the phase response curve.62 In future research, to optimally inform clinicians 
and researchers, it is desirable to include information about all these treatment 
aspects in research papers. 
 Finally, we found evidence of publication bias for 5 out of 13 sleep outcomes. 
This indicates that despite our effort to include non-published studies by checking 
conference proceedings, thesis databases and contacting authors, the studies that 
were included in our meta-analysis seem to systematically differ from studies that 
have been conducted but have not been reported. Typically, studies with larger 
significant effects are more easily published and therefore overrepresented.48 
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The results of this meta-analysis show that overall light therapy has a small 
to medium effect. When examining the effect of light therapy on the different 
outcome measures and within the different sleep problem categories, light 
therapy showed significant effects on varying outcomes over the sleep problem 
categories, but most were small to medium. Considering the relatively small 
effects, light therapy does not seem a good alternative for, for example, cogni-
tive behavioural treatment (CBT) for insomnia, for which large effects have been 
found.63,64 However, light therapy might be combined with CBT, to see whether 
there is an additive treatment effect. Gradisar et al. found positive effects when 
combining light therapy and adjusted CBT in DSPS.65 
 The present meta-analysis is the first comprehensive review of the effec-
tiveness of light therapy on different types of sleep problems. The results show 
generally small to medium treatment effects on sleep problems in general and 
on specific sleep problems in particular. However, we did find positive effect sizes 
for a large number of outcome measures. Interestingly and as expected, we 
found significant treatment effects for circadian outcomes. Furthermore, self-re-
port measures such as insomnia symptoms showed medium to large effect sizes, 
indicating treatment improvement according to participants. We recommend 
therefore investigating in more detail the optimal use and technical aspects of 
light therapy.61,62

PRACTICE POINTS

1. Generally, light therapy is effective for the treatment of sleep problems such as 

circadian rhythm sleep disorders, insomnia, and sleep problems related to Alzhei-

mer’s disease and dementia. However, most effect sizes indicate only small to 

medium effects.

2. Light therapy has largest effects on circadian outcomes and insomnia symptoms.

3. In the treatment of circadian rhythm sleep disorders, smaller effects of light 

therapy are found for randomised controlled trials. 

4. In the treatment of insomnia, higher effect sizes were found for studies using a 

stronger light intensity.

5. In the treatment of sleep problems related to Alzheimer’s disease / dementia, 

stronger effects were found for studies with more female participants.
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RESEARCH AGENDA

1. Papers reporting on light therapy effectiveness should include full information on light 

(intensity, colour temperature, wavelength), treatment (duration, timing), and sample 

characteristics.

2. Studies should take baseline light levels into account.

3. Studies should report information on treatment adherence.

4. Studies should apply RCT designs.

5. More research should be conducted on the effectiveness of light therapy in children and 

adolescents. 

6. As mostly small effects were found, it may be recommended to further investigate the 

use of light therapy in combination with other treatments that have been proven effec-

tive, such as cognitive behavioural treatment.
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ABSTRACT

Study objectives: Chronic sleep onset insomnia with late melatonin 
onset is prevalent in childhood, and has negative daytime conse-
quences. Melatonin treatment is known to be effective in treating 
these sleep problems. Bright light therapy might be an alternative 
treatment, with potential advantages over melatonin treatment. In 
this study, we compare the effects of melatonin and bright light treat-
ment with a placebo condition in children with chronic sleep onset 
insomnia and late melatonin onset.

Methods: 84 children (mean age 10.0 years, 61% boys) first entered 
a baseline week, after which they received melatonin (N=26), light 
(N=30), or placebo pills (N=28) for three to four weeks. Sleep was meas-
ured daily with sleep diaries and actigraphy. Before and after treat-
ment children completed a questionnaire on chronic sleep reduction, 
and Dim Light Melatonin Onset (DLMO) was measured. Results were 
analysed with linear mixed model analyses. 

Results: Melatonin treatment and light therapy decreased sleep 
latency (sleep diary) and advanced sleep onset (sleep diary and 
actigraphy), although for sleep onset the effects of melatonin were 
stronger. In addition, melatonin treatment advanced DLMO and had 
positive effects on sleep latency and sleep efficiency (actigraphy data), 
and sleep time (sleep diary and actigraphy data). However, wake 
after sleep onset (actigraphy) increased with melatonin treatment. No 
effects on chronic sleep reduction were found.

Conclusions: We found positive effects of both melatonin and light 
treatment on various sleep outcomes, but more and stronger effects 
were found for melatonin treatment. 
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INTRODUCTION

Chronic sleep onset insomnia (SOI) is a sleep disorder characterised 
by complaints of inability to fall asleep at the desired clock time, 
accompanied with problems in daytime functioning. A subset of chil-

dren with chronic SOI shows a delay in markers of the circadian pace-
maker (e.g. dim light melatonin onset (DLMO)), which is indicative of a 
Delayed Sleep Wake-Phase Disorder (DSWPD).1 However, since the diag-
nosis of DSWPD is not clearly defined and recognised in children, we use 
the term ‘chronic sleep onset insomnia with late melatonin onset’. 

The prevalence of DSWPD is high in adolescence, with reported rates of 6-8%.2,3 
However, its onset may occur already during childhood,4 particularly in chil-
dren with psychiatric disorders such as ADHD5 or autism spectrum disorders.6 
Research showed that 64% of the adult patients with circadian rhythm sleep 
disorders retrospectively reported early childhood as the age of onset, while 
25% reported onset during beginning of puberty and 10% during adulthood.7 
 As children with SOI still need to get up on time in the morning to go to 
school, many of these children do not get enough sleep. This can have important 
negative consequences on mood, behaviour, cognitive functioning, and school 
performance.8-10 Moreover, sleep problems in childhood predict later behavioural 
and emotional problems,11,12 which stresses the importance of early intervention.
 Well-timed and well-dosed exogenous melatonin treatment has proven to be 
effective in treating chronic sleep onset insomnia with late melatonin onset in 
children.13 Several randomised controlled trials have found effects of melatonin 
treatment on DLMO and sleep onset14-16 and total sleep time,14,16 and a meta-anal-
ysis concluded that melatonin is effective in advancing the melatonin and sleep-
wake rhythm.17 Moreover, previous research showed positive effects on health,15 
behaviour problems and parenting stress.18 However, as long as the safety of 
long-term melatonin use has not been established with certainty,19 despite 
strong indications for its safety,20 it is recommendable to investigate potential 
alternatives for melatonin use in the treatment of SOI with late melatonin onset 
in children, such as bright light therapy.
 Light therapy can be considered as an alternative treatment for SOI related 
to delayed melatonin onset, as it has the capacity to advance the circadian 
rhythm and has alerting effects.21-23 The effects of bright light on the biolog-
ical clock rhythm have been reported as similar to, or even stronger than those 
of melatonin in healthy adults.24 Light has additional positive effects on cogni-
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tive function and mood, and these effects are sustained throughout the entire 
waking day.25 Furthermore, the effects of light are likely more durable (less 
relapse after cessation than with melatonin treatment). Studies in adults with 
sleep onset problems showed that positive effects of bright morning light on 
sleep, daytime sleepiness and -functioning were maintained after three weeks 
to six months post-treatment,26,27 whereas effects of melatonin in children with 
SOI and late melatonin onset immediately disappeared after discontinuing short 
term use.18

A recent meta-analysis of the effects of light therapy on different types of 
sleep disturbances23 showed positive effects of light therapy on sleep problems 
in general and on specific types of sleep disturbances, among which circadian 
rhythm sleep disorders and insomnia. Most effect sizes were small to medium, 
with largest effect sizes on circadian and insomnia outcome measures. The 
results were based on studies in adolescents and adults, as the effects of light 
therapy on sleep problems in children have not been investigated yet. Light 
therapy effects may be different in children, as they may require a lower dose 
than adults due to age-related changes in lens density and retinal photorecep-
tors.28,29 Indeed, research has shown that pre- to mid-pubertal children are more 
sensitive to evening light than late- to post-pubertal adolescents.30

 As light therapy might be a potential effective treatment of sleep onset 
insomnia in children and a suitable substitute for melatonin until safety of long-
term melatonin use has been established, it is important to investigate its effi-
cacy and feasibility in this age group. In order to gain more insight into the 
effectiveness of bright light therapy in children’s SOI compared to melatonin, 
we conducted a randomised controlled trial in which we investigated the effects 
of light therapy and melatonin. In order to make sure that improvements would 
not be caused by expectations of beneficial effects, we also included a placebo 
condition for melatonin. We hypothesised that both light and melatonin treat-
ment would be more effective than placebo in advancing DLMO and sleep in 
children with chronic SOI. Considering the well-established effects of melatonin 
found in previous research in children,14-18 we expected that melatonin would have 
stronger effects than light therapy. As there are age-related sleep changes in 
childhood and sleep may differ between school days and weekends and between 
boys and girls31, which might also affect treatment effectiveness, we added age, 
weekend and gender as control variables in our analyses. 
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METHODS

Participants
The study was conducted during the period October 2013 to November 2015 at 
the Centre for Sleep–Wake Disorders and Chronobiology in a general hospital in 
the Netherlands. Children were referred to the centre by their general practi-
tioner or specialist (e.g., child psychiatrist) because of their sleep onset prob-
lems. Inclusion criteria for participation were (1) age between 7 and 12 years 
old; (2) chronic sleep onset problems, as indicated by (a) complaints of inability 
to fall asleep at the desired clock time (sleep onset later than 20:45 h in chil-
dren aged 7 years and for older children 15 minutes later per year) and a latency 
between lights-off time and sleep onset (sleep onset latency) of more than 30 
minutes, and (b) the symptoms were present for at least 4 nights a week, for at 
least 1 month during a regular school period; (c) the sleep problems resulted in 
problems with daytime functioning.5,14 Exclusion criteria were (1) a diagnosis of a 
childhood psychiatric disorder other than ADHD or autism spectrum disorder; (2) 
chronic pain; (3) known disturbed hepatic or renal function; (4) Roter or Dubin-
Johnson syndrome; (5) epilepsy; (6) use of neuroleptics, benzodiazepines, cloni-
dine, antidepressants, hypnotics, or β-blockers within 4 weeks before enrolment; 
(7) intellectual disability. We excluded other psychiatric disorders than ADHD or 
autism, e.g. bipolar disorders, because these are often associated with a broader 
range of sleep problems, for example also with early morning awakening, wake 
after sleep onset and hypersomnia,32-34 which may be less successfully targeted 
with melatonin treatment or light therapy. The inclusion and exclusion criteria 
were assessed in an interview with the neurologist. 84 Children (mean age = 
10.0 years, SD = 1.5, 61% boys) were selected for participation in the study 
and randomly assigned to the three treatment groups. For an overview of the 
screening of participants, see Fig. 1.

Design
The study used an experimental design (randomised placebo-controlled trial) 
with three groups: melatonin, placebo pills, and light therapy, and was double-
blind for melatonin/placebo. Randomisation took place using a pre-set list spec-
ifying whether a participant should receive medication (melatonin or placebo) or 
light on a 2:1 ratio. Children who were randomised to medication received either 
melatonin or placebo, dependent on a coding determined by the manufacturer, 
blind for the researcher and treatment provider (neurologist). Only at post-treat-
ment, when they returned to the centre, the code was broken by the neurologist.
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Figure 1. Participant flow diagram

After a baseline period of one week, children received melatonin, placebo, or 
light therapy for three to four weeks, dependent on when the appointment in 
the hospital could take place. Daily sleep measures (sleep logs and actigraphs) 
were obtained during the whole study period. In addition, DLMO was measured 
at baseline and at the end of the treatment period, and children completed a 
questionnaire on chronic sleep reduction (see description of measures below). 

Melatonin group
26 Children received melatonin treatment, of which 17 boys and 9 girls, with a 
mean age of 10.01 years (SD = 1.47). Mean DLMO was 21:15 h (SD = 1:02). Five 
children had a diagnosis of AD(H)D and two children were diagnosed with an 
autism spectrum disorder. One child dropped out of the study as he experienced 
various complaints (joint pains, headache, emotional moods) since he started 
using melatonin. 

Screened 
n = 346

SOI 
n = 296

No SOI / no indication 
of late melatonin onset 

n = 50

Excluded:
n = 212 

Prior melatonin use (n = 103);
Did not want to participate (n = 67); 

Psychiatric comorbidity (n = 16);
Intellectual disability (n = 10);

Withdrew prior to start study (n = 1);
Other (n = 15)

84 participants randomly 
assigned to:

 
melatonin (n = 26), 
placebo (n = 28) or 

light therapy (n = 30)
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Placebo group
28 Children received placebo treatment, of which 16 boys and 12 girls, with a 
mean age of 10.04 years (SD = 1.63) and mean DLMO of 21:00 h (SD = 1:24). Six 
children had a diagnosis of ADHD, one child was diagnosed with an autism spec-
trum disorder, and two children with both. One child stopped using placebo and 
received melatonin before the end of the study period as the parents did not 
want to wait longer for treatment effects. Of this child, only the data before he 
switched to melatonin treatment were included in the analysis.

Light group
The light group consisted of 30 children, 18 boys and 12 girls, with a mean age of 
10.08 years (SD = 1.49). Mean DLMO was 21:03 h (SD = 1:07). Eight children had a 
diagnosis of AD(H)D, one child was diagnosed with an autism spectrum disorder, 
and two children with both. One child dropped out of the study as participa-
tion was experienced too burdensome for this family, and one child switched to 
using melatonin as he experienced headache using the light cap. Of this child, we 
included only the data before he switched to melatonin treatment.

Procedure
The study was approved by the Medical Ethics Committee of the Academic 
Medical Centre of the University of Amsterdam, and by the executive board of 
the hospital. The study was registered in the Dutch Trial Register (NTR4045). 
 Before the first appointment in the hospital, parents and children received 
a letter with information about the study. During the first appointment in the 
hospital, a neurologist/somnologist checked whether children met the inclusion 
and exclusion criteria. If considered eligible to participate, they were asked to 
participate in the study. If both parent and child agreed, they subsequently had 
an appointment with the researcher in which the study procedures were explained 
in more detail. They received the study materials (e.g., melatonin/placebo tablets, 
light caps, actiwatches) and written sleep hygiene instructions with information 
about effects of light and noise, exercise, caffeine, temperature, watching TV and 
using the bed for activities other than sleep, and about the importance of keeping 
regular bedtimes and bedtime routines. Parents gave active written informed 
consent for participation. They were contacted by telephone in the first treatment 
week to discuss their experiences, and they received e-mails or text messages 
during the study to remind them of the start of treatment, completion of sleep 
diaries, etc. In the sleep diaries a question about if the tablet was taken or the 
light cap was used was included, to measure treatment adherence.  
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Treatment
Children were instructed to take the melatonin tablets (3 mg. fast release, 
Pharma Nord) at 19:00 h. Children in the melatonin condition received melatonin 
for three-four weeks. In the placebo condition, children received placebo tablets, 
which looked identical to the melatonin tablets. Sleep diary reports indicated 
that children took melatonin tablets on 96% and placebo tablets on 91% of the 
treatment days. On average, melatonin tablets were taken at 19:25 h (SD = 0:43 
h) and placebo tablets at 19:16 h (SD = 0:35 h), which was 1 hour and 50 minutes 
and 1 hour and 44 minutes before mean DLMO respectively. After the treatment 
period, when parents and children returned to the hospital, the code was broken 
and children were able to continue or start melatonin treatment in consultation 
with the neurologist.
 Light therapy consisted of daily bright blue-green light exposure (500 nm 
peak, 8000 lux; Feel Bright Light, Physician Engineered Products Inc.) during 30 
minutes between 6:00-8:00 h, following a protocol developed by Van der Heijden 
(Leiden University). This time window was chosen as we wanted children to use 
the light as early as possible, without forcing them to wake up too early in order 
to prevent sleepiness during the day. Lights were fixed to a cap, so children did 
not have to sit still in front of a lamp. Sleep diary reports indicated that children 
used the light caps on 89% of the treatment days, and put on the light cap on 
average at 7:33 h (SD = 0:32 h), which was 10.5 hours after mean DLMO. After the 
three-four-weeks trial, children could continue using light therapy or start with 
melatonin treatment. 

Measures 
Sleep diaries
Parents filled in sleep diaries daily via internet. The sleep diary consisted of 
questions concerning bedtime, lights off time, sleep onset time, awakenings 
during the night, wake-up time, get-up time, whether the child was rested in the 
morning, and questions about use of the light cap and tablets. Sleep latency 
(time children spent in bed before falling asleep), sleep onset time and assumed 
sleep time (time between sleep onset and wake-up time) were used as sleep 
variables in the analyses. Parents were allowed to complete sleep diaries to 
a maximum of two nights, as retrospective data with a larger time span were 
considered unreliable.
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Actigraphy
In addition to the sleep diaries, sleep was measured with AW4 actiwatches 
(Cambridge Neurotechnology Ltd, Cambridge, UK). The actiwatches were used to 
obtain objective information about sleep latency, sleep onset, wake after sleep 
onset, total sleep time (time in bed minus sleep onset latency, wake after sleep 
onset and early morning awakening), and sleep efficiency (total sleep time/time 
in bed). Children were instructed to wear the actiwatch on their non-dominant 
wrist when they went to bed and to remove it in the morning when they got out 
of bed. Nocturnal activity data were logged at 1-min epochs and converted into 
sleep parameters by Actiwatch Sleep Analysis 7 software with a medium sensi-
tivity algorithm (Cambridge Neurotechnology Ltd, Cambridge, UK), using sleep 
log derived bed times and get up times to manually verify actigraphy parame-
ters with sleep diary data.

DLMO
A few weeks before the first appointment in the hospital, DLMO was measured 
in saliva, as part of the regular intake procedure of the hospital. Parents were 
asked to instruct their children to chew on cotton plugs hourly from 19:00 to 
23:00 h.  To prevent suppression of melatonin secretion by bright light, parents 
were instructed that curtains needed to be closed, and only one dim light was 
allowed during the entire measurement period.15,16 The DLMO measurement was 
repeated at the end of the treatment period, to get an indication of a change in 
melatonin onset. Children in the melatonin/placebo groups were not allowed to 
take the tablets on the evening DLMO was measured.
 DLMO was operationalised as the clock time at which the endogenous mela-
tonin secretion reached the threshold of 4 pg/ml,35,36 which in most cases was 
somewhere between 19:00 and 23:00 h. In case the threshold was already reached 
before the first measurement or was not yet reached after the last measure-
ment, we imputed DLMO data at one hour before or one hour after the last 
measurement, respectively. DLMO was imputed for nine children in the melatonin 
group, six children in the placebo group, and four children in the light therapy 
group, for baseline or post-treatment measurements. Radioimmunoassay was 
used to analyse saliva samples.37

Chronic sleep reduction
At baseline and at the end of the treatment period, children completed the 
Chronic Sleep Reduction Questionnaire (CSRQ).38,39 The CSRQ contains of 20 items 
measuring different symptoms of chronic sleep reduction (i.e. shortness of sleep, 
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sleepiness, loss of energy, irritation) with three response categories. Total scores 
could vary from 20 to 60. A higher total score on the CSRQ indicates more symp-
toms of chronic sleep reduction. Reliability (Cronbach’s alpha) was .86 at base-
line and .84 post-treatment.

Analyses
Data were analysed using linear mixed models in SPSS, treating the repeated 
observations as nested within children. In this way all available data were used 
to answer the research questions, including data from children with missing 
observations. As a result, the number of observations per child in the analysis 
varied, up to 35 observations in five weeks.
 Outcome variables were sleep variables measured daily during baseline and 
treatment, and DLMO and self-reported chronic sleep reduction measured once 
at baseline and once at the end of the treatment period. Changes in sleep were 
tested by including main effects of treatment phase (treatment weeks versus 
baseline) and group (melatonin or light versus placebo) as explanatory variables. 
 To investigate whether treatment effects were different for the melatonin 
and light therapy groups compared to placebo, we tested interaction effects 
of treatment phase with group. We added main effects of weekend, age and 
gender as control variables, to take into account that sleep may vary between 
weekdays and weekends, and with age and gender. We also checked whether 
treatment effects vary with the control variables, by including all interactions 
of the control variables with groups (melatonin, light) and treatment period, 
and comparing the difference in fit of models with and without these interac-
tion effects. These global tests were conducted separately for each of the three 
control variables, for each sleep outcome measure. 
 For DLMO and chronic sleep reduction that were only measured two times, 
we included main effects of measurement occasion (post-treatment versus base-
line) and group (melatonin or light versus placebo), and interaction effects of 
measurement occasion with group. We added age and gender as control vari-
ables, and checked whether they affected treatment outcomes by also exam-
ining interaction effects.
 In order to be able to directly compare effects of light therapy and melatonin, 
we executed additional analyses with melatonin as a reference group if analyses 
showed effects of both treatments. Data were analysed on an intention to treat 
basis.
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RESULTS

Table 1 gives means and standard deviations of all variables for the baseline 
and treatment period by group, and effect sizes for the changes from baseline 
to treatment. 

Overall, the largest effect sizes were found for melatonin treatment. For a graph-
ical display of some of the effects, see Figures 2A-D. Differences between groups 
and changes during treatment were tested for significance through linear mixed 
models analyses described below. 

Sleep diaries 
Table 2 shows no significant differences between groups at baseline on any of 
the sleep diary variables. Sleep latency reduced significantly during melatonin 
treatment and light therapy (β = -.34, p < .01 and β = -.23, p < .01, compared to 
the change in the placebo group). Additional analysis showed that the effects of 
melatonin and light therapy did not significantly differ from each other (β = .11, 
p = .15, see Table 3). 

Sleep onset advanced during melatonin treatment and light therapy (β = -.69, 
p < .01 and β = -.31, p < .01, compared to the change in the placebo group). The 
advance in the melatonin group was larger than the advance in the light group 
(β = .38, p < .01, see Table 3).
 Assumed sleep time (time between sleep onset and wake-up time) increased 
for children receiving melatonin treatment (β = .49, p < .01, compared to the 
change in the placebo group). No effect of light therapy was found. 
 We also found significant effects of weekend, indicating that sleep latency 
was shorter and sleep onset time was later during weekends. In addition, older 
children had later sleep onset time, and shorter assumed sleep time. For assumed 
sleep time, adding interaction effects with weekend improved model fit. The 
results indicated that the effect of melatonin treatment on assumed sleep time 
was especially strong on weekdays; in the weekends all groups slept somewhat 
longer during the treatment phase. 
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Table 1. Means, standard deviations and within group effect sizes for 
   sleep outcomes, dim light melatonin onset, and chronic sleep 
   reduction 
 

MELATONIN GROUP (N = 26) PLACEBO GROUP (N = 28) LIGHT GROUP (N = 30)

Baseline period
M (SD)

Treatment period
M (SD)

Effect size 
(Cohen’s d)

Baseline 
period M (SD)

Treatment 
period M (SD)

Effect size 
(Cohen’s d)

Baseline 
period M (SD)

Treatment 
period M (SD)

Effect size 
(Cohen’s d)

Sleep diary

Sleep latency (minutes) 49.36 (30.86) 33.78  (26.53) -0.55 49.06 (27.44) 56.62  (21.77) 0.27 50.01 (27.86) 42.62  (22.86) -0.26

Sleep onset (clock time) 22:14 (0:48) 21:35  (0:42) -0.79 22:08 (0.44) 22:13  (0:47) 0.10 22:13 (0:51) 22:00 (0:41) -0.28

Assumed sleep time (hours) 9.42 (0.64) 9.81  (0.54) 0.63 9.49  (0.56) 9.40 (0.62) -0.14 9.33  (0.68) 9.36  (0.63) 0.05

Actigraphy

Sleep latency (minutes) 51.97 (20.12) 36.35  (19.30) -0.60 58.75 (30.14) 63.39  (22.04) 0.18 55.89 (26.20) 55.01  (25.20) -0.03

Sleep onset (clock time) 22:05 (0:48) 21:36  (0:30) -0.63 21:56 (0:45) 22:08  (0:44) 0.26 22:04 (0:46) 22:00  (0:36) -0.07

Wake after sleep onset  (minutes) 94.51 (24.03) 101.66  (27.46) 0.32 87.53 (20.25) 83.17  (18.68) -0.20 96.30 (22.47) 93.50  (20.60) -0.13

Total sleep time  (hours) 8.06 (0.48) 8.14  (0.45) 0.15 8.25  (0.49) 8.10  (0.53) -0.27 7.86  (0.58) 7.87  (0.53) 0.01

Sleep efficiency  (%) 75.46 (4.01) 76.62  (4.95) 0.27 75.76 (4.34) 75.43  (3.29) -0.07 74.29 (4.67) 74.77  (5.24) 0.11

Baseline
M (SD)

After treatment 
M (SD)

Effect size
(Cohen’s d)

Baseline
M (SD)

After treatment 
M (SD)

Effect size
(Cohen’s d)

Baseline
M (SD)

After treatment 
M (SD)

Effect size
(Cohen’s d)

Dim light melatonin onset (clock time) 21:15 (1:02) 19:44  (1:26) -1.26 21:00 (1:24) 20:51 (1:14) -0.12 21:03 (1:07) 20:50  (1:15) -0.19

Chronic sleep reduction 35.00 (5.56) 31.95 (7.34) -0.42 40.32 (6.98) 35.70 (5.72) -0.64 37.07 (7.90) 34.15  (5.53) -0.41

Note: Effect sizes reflect the change from baseline to (after) treatment within each group, using the 

following formula: (Mtreatment – Mbaseline) / SDbaseline. The standard deviation is the standard deviation at 

baseline for all participants, over all groups, the means are the means for the specific group. 
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baseline for all participants, over all groups, the means are the means for the specific group. 
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Figure 2. Change in sleep latency, sleep onset, total sleep time (actigraphy) and DLMO per group 

Error bars indicate +/- 1 standard error. Linear mixed models analyses were applied to test for signif-

icant differences between groups. * Change in the melatonin group is significantly different from the 

change in the placebo group (β = -.33, p <.01 for sleep onset latency; β = -.65, p < .01 for sleep onset; β 

= .23, p = .01 for total sleep time; β = -.99, p = .01 for DLMO). # Change in the light group is significantly 

different from the change in the placebo group (β = -.23, p =.02 for sleep onset). ‡ Change in the light 

group is significantly different from the change in the melatonin group (β = .42, p < .01 for sleep onset).  
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Table 2. Effects of treatment on sleep variables (sleep diary data)

SLEEP LATENCY SLEEP ONSET ASSUMED
SLEEP TIME

β se p β se p β se p

Group effects (at baseline)

Intercept 

(mean placebo group at baseline)

1.01 .29 <.01 19.00 .46 <.01 11.54 .34 <.01

Melatonin group (difference with 

placebo group at baseline)

-.01 .11 .90 .12 .18 .51 -.15 .14 .29

Light group (difference with 

placebo group at baseline)

-.01 .11 .94 .11 .17 .53 -.22 .14 .11

Treatment effects

Change in placebo group .06 .05 .29 .10 .07 .17 -.07 .08 .35

Change in melatonin group (addi-

tional to change in placebo group)

-.34 .08 <.01 -.69 .10 <.01 .49 .12 <.01

Change in light group (additional 

to change in placebo group)

-.23 .08 <.01 -.31 .10 <.01 .16 .11 .15

Control variables

Weekend -.23 .04 <.01 .57 .05 <.01 .09 .07 .18

Age -.01 .03 .72 .29 .04 <.01 -.20 .03 <.01

Gender .03 .08 .75 .13 .13 .32 -.04 .10 .66

Note: β = regression coefficient, se =  standard error, p = p-value. The treatment effects of melatonin 

and light therapy are additive to the treatment effect in the placebo group. So the change in the mela-

tonin group for sleep latency should be interpreted as -.28 (.06 - .34).
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Table 3. Direct comparison effects of light and melatonin treatment on 
   sleep latency and sleep onset 

SLEEP LATENCY 
(sleep diary)

SLEEP ONSET 
(sleep diary)

SLEEP ONSET
(actigraphy)

β           se p β           se p β           se p

Group effects (at baseline)

Intercept 

(mean melatonin group at baseline)

1.00 .29 <.01 19.12 .46 <.01 19.28 .42 <.01

Placebo group (difference with 

melatonin group at baseline)

.01 .11 .90 -.12 .18 .51 -.10 .17 .56

Light group (difference with mela-

tonin group at baseline)

.01 .11 .96 -.01 .17 .96 .04 .16 .81

Treatment effects

Change in melatonin group -.28 .06 <.01 -.60 .07 <.01 -.48 .07 <.01

Change in placebo group (compared 

to change in melatonin group)

.34 .08 <.01 .69 .10 <.01 .65 .10 <.01

Change in light group (compared to 

change in melatonin group)

.11 .08 .15 .38 .10 <.01 .42 .10 <.01

Control variables

Weekend -.23 .04 <.01 .57 .05 <.01 .80 .06 <.01

Age -.01 .03 .72 .29 .04 <.01 .25 .04 <.01

Gender .03 .08 .75 .13 .13 .32 .11 .12 .39

Note: in these analyses we used an alternative parametrisation in order to directly compare effects 

of melatonin and light therapy, only for those sleep variables on which both melatonin and light had 

significant effects.
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Actigraphy
Table 4 summarises the results of the effects of treatment on actigraphy 
outcomes. Only for total sleep time a significant baseline difference between 
the groups was found, which indicated that the light therapy group slept shorter 
during the baseline period than the placebo group. 
 Sleep latency significantly reduced during melatonin treatment (β = -.33, p < 
.01, compared to the change in the placebo group). No effect of light therapy was 
found. In the placebo group, sleep onset was significantly later during the treat-
ment period compared to baseline (β = .17, p = .01). On the contrary, sleep onset 
time advanced during melatonin treatment and light therapy (β = -.65, p < .01 
and  β = -.23, p = .02, compared to the change with placebo). Additional analysis 
showed that the advance in the melatonin group was larger than the advance in 
the light group (β = .42, p < .01, see Table 3).
 Wake after sleep onset increased during treatment in the melatonin group (β 
= .17, p < .01, compared to the change in the placebo group). Total sleep time was 
shorter during placebo treatment compared to baseline (β = -.15, p = .02), and 
longer during melatonin treatment (β = .23, p = .01, compared to the reduction 
in total sleep time in the placebo group). No effect of light therapy was found. 
Sleep efficiency increased during treatment in the melatonin group (β = 1.51, p = 
.03, compared to the change in the placebo group). 
 We also found significant effects of weekend, indicating that sleep latency 
was shorter during weekends but sleep onset time was later. Total sleep time was 
shorter during weekends and sleep efficiency was higher. In addition, older chil-
dren had a later sleep onset and shorter total sleep time. For wake after sleep 
onset, interaction effects with age indicated that the increase in wake after 
sleep onset in the melatonin group was especially true for younger children. We 
also found interaction effects with weekend, indicating that in the weekends, the 
placebo group also experienced some increase in wake after sleep onset.

DLMO and chronic sleep reduction
Table 5 shows the effects of treatment on DLMO and self-reported chronic sleep 
reduction. There were no significant differences in DLMO between the three 
groups at baseline. DLMO significantly advanced during melatonin treatment (β 
= -.99, p = .01, compared to the change in the placebo group), but not during 
light therapy. For chronic sleep reduction, we found that the melatonin group 
reported lower scores on chronic sleep reduction symptoms at baseline than 
the placebo group (β = -5.25, p < .01). No significant changes were found during 
treatment for any of the groups.
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Table 4. Effects of treatment on sleep variables (actigraphy data) 

SLEEP LATENCY SLEEP ONSET WAKE AFTER SLEEP ONSET TOTAL SLEEP TIME SLEEP EFFICIENCY

β           se p β           se p β           se p β           se p β           se p

Group effects (at baseline)

Intercept (mean placebo group at baseline) 1.16 .29 <.01 19.19 .42 <.01 1.54 .27 <.01 9.54 .33 <.01 77.70 3.36 <.01

Melatonin group (difference with 

placebo group at baseline)

-.09 .12 .44 .10 .17 .56 .14 .10 .19 -.18 .13 .19 -.20 1.29 .88

Light group (difference with 

placebo group at baseline)

-.04 .11 .72 .14 .16 .39 .16 .10 .10 -.34 .13 <.01 -1.48 1.22 .23

Treatment effects

Change in placebo group .06 .05 .27 .17 .07 .01 -.06 .04 .17 -.15 .06 .02 -.29 .48 .54

Change in melatonin group 

(additional to change in placebo group)

-.33 .07 <.01 -.65 .10 <.01 .17 .06 <.01 .23 .09 .01 1.51 .71 .03

Change in light group 

(additional to change in placebo group)

-.10 .07 .15 -.23 .09 .02 .01 .06 .91 .17 .09 .05 .98 .67 .14

Control variables

Weekend -.20 .04 <.01 .80 .06 <.01 -.04 .03 .14 -.12 .05 .04 1.04 .35 <.01

Age -.01 .03 .65 .25 .04 <.01 -.01 .03 .82 -.13 .03 <.01 -.23 .31 .46

Gender .01 .08 .93 .11 .12 .39 -.09 .08 .27 .06 .09 .52 .19 .97 .85

Note: β = regression coefficient, se =  standard error, p = p-value. The treatment effects of melatonin 

and light therapy are additive to the treatment effect in the placebo group. So the change in the mela-

tonin group for sleep latency should be interpreted as -.27 (.06 - .33).
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Table 4. Effects of treatment on sleep variables (actigraphy data) 
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Table 5. Effects of treatment on dim light melatonin onset and chronic 
   sleep reduction 

DIM LIGHT MELATONIN 
ONSET

CHRONIC SLEEP
REDUCTION

β           se p β           se p

Group effects (at baseline)

Intercept (mean placebo group 

at baseline)

21.25 .80 <.01 34.98 4.42 <.01

Melatonin group (difference with 

placebo group at baseline)

.04 .30 .90 -5.25 1.61 <.01

Light group (difference with 

placebo group at baseline)

.05 .29 .87 -3.05 1.53 .05

Treatment effects

Change in placebo group .05 .25 .83 -.1.13 .95 .24

Change in melatonin group (addi-

tional to change in placebo group)

-.99 .36 .01 .70 1.38 .62

Change in light group (additional 

to change in placebo group)

.03 .36 .94 .70 1.30 .59

Control variables

Age -.04 .07 .56 .36 .41 .38

Gender -.03 .23 .91 -2.00 1.27 .12

Note: β = regression coefficient, se =  standard error, p = p-value. The treatment effects of melatonin 

and light therapy are additive to the treatment effect in the placebo group. So the change in the mela-

tonin group for dim light melatonin onset should be interpreted as -.94 (.05 - .99).
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DISCUSSION

The present study showed that melatonin treatment was more effective in 
advancing the sleep-wake rhythm than light therapy. Although also effects of 
light therapy on sleep latency (only for sleep diary data) and sleep onset time 
were found, the effects on sleep onset were stronger with melatonin treat-
ment. Moreover, melatonin treatment exerted additional effects on parent-re-
ported assumed sleep time and on actigraphy outcomes sleep latency, total 
sleep time, and sleep efficiency, for which no light therapy effects were found. 
On the contrary, wake after sleep onset increased significantly (with approx-
imately seven minutes) during treatment in the melatonin group, but has not 
affected total sleep time negatively since it was compensated by the positive 
effects of melatonin treatment on sleep latency (15-minute reduction). A further 
finding was that DLMO advanced after melatonin treatment. However, no treat-
ment effects on chronic sleep reduction were found.
 The positive effects of melatonin treatment with medium to large effect sizes 
(following the criteria of Cohen40) for sleep diary data and small to medium effect 
sizes for actigraphy data are in line with earlier research that showed beneficial 
effects of melatonin use in children.15,16,18 However, it must be noted that despite 
these relatively large effect sizes, sleep latency in the melatonin group decreased 
with only approximately 15 minutes and was still longer than 30 minutes, and 
total sleep time increased with only 5 minutes, contrary to earlier studies that 
found larger changes in sleep times.15,16 However, although sleep duration was 
only 5 minutes longer after treatment, sleep onset advanced with half an hour. 
Taking into account the 7-minute increase in wake after sleep onset implies that 
wake-up time in the melatonin group also advanced with more than 15 minutes, 
suggesting that there was a phase-advance after melatonin treatment.
 In order to increase the effects of melatonin treatment, adherence should 
be emphasised. Post-hoc analyses with adherence and its interactions with the 
various treatments as covariates, showed interactions with melatonin treatment 
(with regression coefficients varying from β = -.31, p = .02 to β = -.91, p < .01 for 
sleep latency and sleep onset as measured with sleep diaries). Although overall 
adherence in the melatonin group was 96%, there were some children who took 
their tablets only on 75-85% of treatment days. As melatonin has an immediate 
effect on sleep, this impacts the treatment results and stresses the importance 
of adherence for melatonin treatment.
 Children were instructed to take melatonin tablets at 19:00 h, as this time had 
been proven to advance sleep onset in earlier trials with melatonin in children 
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with sleep onset insomnia and late DLMO.14-16,41 In our patient group 19:00 h was 
about two hours before DLMO, suggesting that advancement of sleep onset can 
be attributed to the chronobiological effects of melatonin. This does however 
not exclude a role for its soporific effects.42 Possibly the chronobiological effect 
could have been stronger if melatonin was administered 3-5 hours before DLMO, 
as recommended by recent guidelines.13

 There might be various explanations for the fact that we did not find substan-
tial effects of light therapy. First, in order to make light therapy feasible for 
application in children, we did not ask the children to advance the timing of the 
light therapy throughout the study period, which is recommended to enlarge 
potential effects.43,44 In fact, we noticed that applying light therapy at the dedi-
cated time, in this study during 30 minutes between 6:00-8:00 h, was already 
problematic for some families, as in approximately 12% of the mornings light 
therapy was applied later than the prescribed time window. In addition, it could 
be that the daily treatment duration of 30 minutes was too short. Research 
has shown that increasing the duration of light therapy may be more beneficial 
than increasing light intensity.45 In order to examine optimal light treatment for 
this group of children, future research should investigate the use of other light 
therapy protocols (e.g., with shifts in timing of bright light use, limiting light 
exposure in the evening by having children wear dark goggles). Moreover, chil-
dren in the melatonin and placebo groups also experienced outdoor light in the 
morning when they went to school, which could have strengthened the effect 
of melatonin. However, as treatment was randomised all groups will have expe-
rienced about equal amounts of morning outdoor light exposure, so we do not 
think that this has influenced our results. Nevertheless, for future research it 
would be interesting to measure light exposure levels so that this can be taken 
into account.
 Surprisingly, although melatonin treatment had positive effects on all other 
sleep outcomes, wake after sleep onset increased during melatonin treatment. 
Previous studies either did not report about such effects or did not find any 
effects on wake after sleep onset.46,47 However, these studies did not involve 
treatment of children with melatonin. Current clinical experience at the Dutch 
Centre of Sleep-Wake Disorders and Chronobiology suggests that increased wake 
after sleep may disappear when melatonin dose is lowered (M.G. Smits, personal 
communication, April 26, 2016). When the dose is too high, response to mela-
tonin treatment may be lost, due to slow melatonin metabolism, which might be 
associated with CYP1A2 polymorphisms.48,49 Consequently, recent recommenda-
tions for melatonin treatment in children13 are to start melatonin at a lower dose 
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(i.e. 1 mg) than the dose we used in the present study. Future studies are needed 
to investigate the possible relation between the dose of melatonin treatment 
and wake after sleep onset.
 Mean DLMO was considerably later at baseline for the children in our study 
(mean DLMO = 21:06 h, SD = 1:11; mean age = 10.0 years, SD = 1.5) than mean 
DLMO of nine healthy children reported in an earlier study (mean = 19:45 h, SD 
= 1:00; mean age = 8.5 years, SD = 2.1.15 This suggests that children with chronic 
SOI have a great chance to suffer from DSWPD. As DLMO strongly advanced in 
the melatonin group after treatment (effect size -1.26) to 19:44 h (SD = 1:26), this 
suggests that DSWPD can be effectively treated in these children with melatonin 
treatment. However, it is of note that reliable sets of normative data on DLMO in 
healthy children are currently lacking and that the intra-individual stability of 
DLMO values in children is not well established. 
 We did not find a treatment effect on chronic sleep reduction as reported by 
the children. A possible explanation for the lack of an effect could be that the 
treatment period was too short to establish a change on this outcome. Mela-
tonin and light therapy are expected to have a direct effect on DLMO and sleep, 
but it may require a longer period before symptoms of chronic sleep reduction 
diminish. Besides, it should be kept in mind that total sleep time increased with 
only 5 minutes. Moreover, the placebo group reported more symptoms of chronic 
sleep reduction at baseline and also showed the strongest decrease. As the 
effects for the other groups were compared to the placebo condition, it may not 
be surprising that no significant effect was found. 

This study has several strengths, including its design (randomised controlled 
trial which was double blind for melatonin/placebo), daily assessments of sleep 
and the use of objective sleep and DLMO measurements, in a naturalistic setting. 
However, also some limitations should be mentioned. First, as already mentioned 
above, we did not advance the timing of light therapy as recommended by some 
studies.43,44 In addition, we had no placebo condition for light therapy. We also 
did not control for light exposure in the evening, although information about the 
importance of restricting light in the evening was included in the sleep hygiene 
instructions that were handed out to all participants. We did not check the 
effect of the sleep hygiene instructions. However, as treatment was randomised, 
we do not have any indication to suspect that children in the light group would 
have had more exposure to evening light than children in the other two groups, 
or that one group would have benefited more from sleep hygiene instructions. 
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CONCLUSION

We found positive effects of both melatonin and light treatment on various sleep 
outcomes, but more and stronger effects were found for melatonin treatment. 
As this study showed that melatonin treatment was more effective than light 
therapy for SOI related to delayed melatonin onset in children, melatonin would 
be the preferred treatment for use in clinical practice. 
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ABSTRACT

Objectives: To examine effects of melatonin and light therapy on cogni-
tive, health and psychosocial outcomes in children with chronic sleep 
onset insomnia; and to disentangle direct effects from indirect effects 
through sleep improvement.

Method: A randomised, double-blind placebo-controlled trial was 
conducted in which 84 children received melatonin treatment, placebo 
pills, or light therapy for three to four weeks, after a baseline period 
of one week. Daily sleep measures were obtained through actigraphy, 
and children completed cognitive tasks (simple reaction time, visuo-
motor control, working memory and selective attention) and parents 
and children completed questionnaires concerning health, mood, 
school functioning, behavioural and attention problems, at baseline 
and post-treatment. Regression analyses with bootstrapping were 
carried out to disentangle direct and indirect (i.e. through sleep) 
effects.

Results: Melatonin treatment improved health and light therapy 
decreased behaviour problems. Although both treatments improved 
sleep, the treatment effects on health and behaviour problems were 
not mediated by sleep.

Conclusions: Melatonin and light therapy improved chronic sleep 
onset problems in children, but fewer effects were found on cognitive, 
health and psychosocial functioning, and these effects were not medi-
ated by sleep improvement. 
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INTRODUCTION

Children with chronic sleep onset insomnia have difficulties falling 
asleep at the desired clock time. For a subgroup of children this is 
related to a delay in their biological clock, as indicated by a late Dim 

Light Melatonin Onset. Due to early school start times, these children do 
not get sufficient sleep. This may lead to impaired daytime functioning, as 
there is ample evidence that sleep is related to psychosocial, cognitive and 
behavioural outcomes in children.1-3 More specifically, chronic insomnia in 
adolescents has negative consequences for future health4 and sleep prob-
lems in early childhood are associated with an increased risk of depres-
sion/anxiety, attention problems and aggression in adolescence.3 Further-
more, chronic sleep reduction is associated with worse school functioning 
and school performance,5 and impaired performance on cognitive tests.6 

These negative consequences on different areas of children’s functioning call 
for early treatment of sleep problems. Melatonin is an effective treatment 
that advances the sleep-wake rhythm and improves various sleep outcomes.7-12 
However, its effects on cognitive, health and psychosocial outcomes are not well 
understood. There is some evidence that melatonin has positive effects on behav-
iour problems.12 Furthermore positive effects of melatonin on health9 are found. 
The latter could be related to the influence of melatonin on the immune system 
and its antioxidant properties.13 However, melatonin could also indirectly affect 
these outcomes through improvement in sleep, as sleep is related to health.4 
 Although melatonin is effective in treating chronic sleep onset insomnia in 
children, optimal treatment duration is not yet known and long-term treatment 
is sometimes indicated. As there are some concerns about long-term melatonin 
treatment,14,15 even though longitudinal studies did not find any harmful effects,16-18 
it is recommendable to investigate potential alternatives for melatonin use in the 
treatment of chronic sleep onset insomnia with late melatonin onset in children.
 Light therapy is an alternative treatment that can improve sleep and possibly 
cognitive, health and psychosocial outcomes.19 A recent meta-analysis showed 
positive effects of light therapy on sleep problems, although most effect sizes 
were small to medium.20 Aside from sleep improvement, light therapy has posi-
tive effects on mood disorders.21 The exact working mechanism of bright light 
therapy in depression remains unclear.22 Possibly its effects are due to its phase-
shifting effect advancing the delayed circadian rhythm occurring in seasonal 
depression. Another hypothesis is that the direct alerting effect of light plays a 
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role.23 However, as light therapy also affects sleep,20 and sleep disturbances are 
related to mood and depression,24 the effect of light therapy on mood might also 
(partially) be mediated by sleep. 
 In this study, the effects of melatonin and light therapy on cognitive, health 
and psychosocial functioning and its underlying mechanisms were investigated by 
disentangling direct effects of treatment (melatonin or light) from indirect effects 
through sleep improvement. Earlier we established that both treatments indeed 
improved sleep, but melatonin effects were stronger.25 As we hypothesised that 
effects on cognitive, health and psychosocial outcomes would (partially) be medi-
ated through sleep, we expected that melatonin would have stronger effects on 
these outcomes. 

METHOD

Participants, design, procedure, and treatments have been described earlier.25 
Recapitulating, 84 children (mean age = 10.0 years, SD = 1.5, 61% boys) with chronic 
sleep onset insomnia and problems with daytime functioning, were randomly 
assigned to receive melatonin, placebo, or light therapy for three to four weeks, 
after a baseline period of one week. The study was double-blind for melatonin/
placebo. Daily sleep measures were obtained during the whole study period. In 
addition, children completed cognitive tasks and children and parents completed 
several questionnaires at baseline and at the end of the treatment period, to 
measure a range of cognitive, health and psychosocial outcomes. The study was 
approved by the Medical Ethics Committee of the Academic Medical Centre of the 
University of Amsterdam, and by the executive board of the hospital.

Melatonin treatment
26 Children (17 boys and 9 girls, mean age = 10.01 years, SD = 1.47, mean DLMO = 
21:15 h, SD = 1:02 h) received melatonin treatment. They were instructed to take 
melatonin tablets (3 mg. fast release, Pharma Nord) at 19:00 h. Five children 
were diagnosed with  AD(H)D and two children with autism spectrum disorder. 
One child dropped out of the study as he experienced various complaints (joint 
pains, headache, emotional moods) since using melatonin. 

Placebo treatment
28 Children (16 boys and 12 girls, mean age = 10.04 years, SD = 1.63, mean DLMO 
= 21:00 h, SD = 1:24 h) received placebo treatment. Children were instructed to 
take the tablets, which looked and tasted identical to the melatonin tablets, at 
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19:00 h. Six children were diagnosed with ADHD, one child with autism spectrum 
disorder, and two children with both disorders. One child dropped out as the 
parents did not want to wait longer for melatonin treatment.

Light therapy
30 Children (18 boys and 12 girls, mean age = 10.08 years, SD = 1.49, mean DLMO 
= 21:03 h, SD = 1:07 h) received daily light therapy with bright blue-green light 
(500 nm peak, 8000 lux; Feel Bright Light, Physician Engineered Products Inc.) 
during 30 minutes between 6:00-8:00 h. Lights were fixed to a cap. Eight children 
were diagnosed with AD(H)D, one child with autism spectrum disorder, and two 
children with both disorders. Two children dropped out of the study, one child as 
participation was experienced too burdensome by the parents, and another child 
as he experienced headache when using the light cap. 

Measures 
Sleep
Sleep was assessed with AW4 actiwatches (Cambridge Neurotechnology Ltd, 
Cambridge, UK).25  

Cognitive tests
Children completed three cognitive tests of the Amsterdam Neuropsychological 
Tasks program26 on a laptop, during the visits to the hospital. 
 The Baseline Speed task measures simple reaction time. Children saw a 
cross in the middle of the screen, and were asked to press the mouse button as 
soon as this cross changed into a square. After pressing the button the square 
disappeared and changed to a cross again, which changed back to a square at 
500-2500 milliseconds after pressing the mouse button. The task consists of 32 
trials for both index fingers. The mean reaction time over both hands was used 
as variable in the analysis. 
 The Pursuit task measures the quality of visuomotor control. The child had 
to follow a randomly moving target (asterisk) at a constant speed of 10 mm/s, 
first with the non-dominant hand and then with the dominant hand. The average 
distance (over both hands) with which the child followed the target with the 
mouse, was used as variable in the analysis. 
 The task Memory Search Letters measures working memory and selective 
attention. Children had to detect memorised target letters among four letters 
that were presented in the middle of the screen, and were asked to indicate with 
the mouse button whether the target letter was shown. The memory load was 
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increased across three parts, as in the second part there were two target letters 
and in the third part there were three target letters. Target letters in non-target 
trials act as distracters. The following outcome parameters were used in the anal-
ysis: working memory, operationalised as the change in performance (based on 
a combination of proportion correct responses and reaction time) from part 1 to 
part 3, and distractibility, which was operationalised as the difference in perfor-
mance between part 3 trials with no distracters and trials with 2 distracters. 
Lower scores indicate better working memory and less distractibility.

Child-report questionnaires
School functioning was measured with the following scales: self-efficacy (6 
items),27 school investment (7 items),28 relationships with classmates (5 items),29 
relationship with the teacher (5 items).29 Questions had to be answered on a 
5-point scale ranging from ‘(almost) never / not at all true’ to ‘(almost) always 
/ very true’. A higher score indicates more self-efficacy / school investment, or 
better relationships with classmates or the teacher. Cronbach’s alpha varied from 
.63 to .81 for the different scales at the two measurement occasions separately.  
 The Positive and Negative Affect Scale for Children30 was used to measure 
positive and negative affect. Children had to indicate on a five-point scale 
(ranging from ‘very slightly or not at all’ to ‘extremely’) to what extent they 
had experienced 30 feelings/emotions in the past few weeks. Two scores can 
be derived from this questionnaire: a total score for positive affect, and a total 
score for negative affect, with higher scores indicating more positive / negative 
affect respectively. For positive affect, Cronbach’s alpha was .67 at baseline and 
.79 after treatment, and for negative affect Cronbach’s alpha’s were .83 and .82.
 Children completed the attention problems scale from the Youth Self Report.31 
This scale consists of nine items, asking children about how they acted in the 
past month. Response categories varied from ‘not true’ to ‘very true or often 
true’, with a higher score indicating more attention problems. Cronbach’s alpha 
was .72 at baseline and .80 post-treatment.  

Parent-report questionnaires
Children’s health status was measured with the first part of the Functional Status 
II-R.32 consisting of 14 items measuring parent-reported health of their child 
during the past week. Parents have to indicate how often their child showed 
certain behaviours, on a three-point scale ranging from ‘never or rarely’ to 
‘almost always’. A higher score indicates a better health status. Cronbach’s alpha 
was .80 at baseline and .79 after treatment. 
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 Parents reported about their child’s behaviour problems with the Strength 
and Difficulties Questionnaire.33 This questionnaire consists of 25 items and five 
subscales, but we only used the total behaviour problems scale. Parents indicate 
how often their child showed certain behaviours on a three-point scale, ranging 
from ‘not true’ to ‘certainly true’. A higher score indicates more behaviour prob-
lems. Cronbach’s alpha was .80 at baseline and .85 after treatment.
 Inhibitory control was measured with the inhibitory control scale of the Early 
Adolescent Temperament Questionnaire-Revised.34 Parents completed five items 
about their child’s capacity to plan and to suppress inappropriate responses on 
a five-point scale. Response categories varied from ‘almost always untrue’ to 
‘almost always true’. A higher score represents better inhibitory control. Cron-
bach’s alpha was .74 at baseline and .72 post-treatment.

Analyses
After data screening, the expectation maximization imputation procedure35was 
used to substitute missing values for the cognitive, health, and psychosocial 
measures. We did not impute data when an entire measurement occasion (base-
line or post-treatment) was missing for the child- or parent-report data. For the 
sleep variables, we calculated averages for the baseline days and for the treat-
ment days using all available actigraphy data. We did not use an imputation 
procedure for the sleep data if some days were missing, as averages could still 
be calculated based on the available days for the individual child. All continuous 
variables were standardised, to enable the comparison of regression coefficients. 
 In order to investigate direct and indirect effects of melatonin treatment 
and light therapy on cognitive, health and psychosocial outcomes, we carried 
out regression analyses, using bootstrapping to estimate standard errors and 
confidence intervals.36 This method enables to examine both direct and indirect 
effects of the independent variable on the dependent variable, without neces-
sarily assuming that the independent variable must directly affect the depen-
dent variable when the mediating variable is excluded.37 We applied two-sided 
tests with an alpha of 10% to increase power. 
 We used change in sleep onset time and total sleep time (calculated as the 
mean of treatment days minus the mean of baseline days) as mediator variables, 
as principal components analysis showed that these two variables together best 
represented the variance in sleep outcomes. As dependent variables we used the 
change in cognitive, health and psychosocial outcomes (calculated as post-treat-
ment minus baseline score). Independent variables were indicator variables for 
melatonin treatment (versus placebo treatment) and light therapy (also versus 
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placebo treatment). 
 The analyses were carried out with the two mediators simultaneously, sepa-
rately for all outcome measures. In this way, we were able to examine two direct 
effects (of the two treatments on the specific outcome measure), four indirect 
effects (of the two treatments through both mediators), and the total effects 
(i.e. direct as well as indirect effects), as well as melatonin and light effects on 
the sleep variables and sleep effects on the outcome measures (see Figure 1 for 
a schematic overview of all effects). 
 We checked for outliers, but as results did not change after removing outliers, 
except for one outcome reported below, we report the results for all available 
data. 

Figure 1. Schematic overview direct and indirect effects

Melatonin

Light therapy

Sleep
onset

Total sleep 
time

Cognitive / health
/psychosocial
functioning

e

f

a

b

c

d

g

h



157

RESULTS

Total sleep time increased significantly after melatonin treatment and light 
therapy, and melatonin significantly advanced sleep onset time (Tables 1, 2, 3). The 
effects on the cognitive, health and psychosocial outcomes are described below.

Cognitive outcomes
No significant direct effects of treatment on cognitive outcomes were found 
(Table 1). There were no significant direct effects of advanced sleep onset time 
or total sleep time on cognitive outcomes either. However, we did find indirect 
effects of melatonin treatment and light therapy on working memory through 
total sleep time, indicating that working memory deteriorated after treatment. 
These indirect effects did not yield significant total effects. When we repeated 
the analyses after removal of outliers, the indirect effect of melatonin was no 
longer significant.

Child-report outcomes
There was a direct effect of light therapy on school investment, indicating that 
school investment decreased after light therapy (Table 2). In addition, there 
was a direct effect of total sleep time on school investment (a longer sleep 
duration was associated with an increase in school investment). Indeed, both 
light therapy and melatonin indirectly increased school investment through an 
increase in total sleep time. There was a direct effect of sleep onset time on 
attention problems (an earlier sleep onset time was associated with a decrease 
in attention problems), and melatonin indirectly decreased attention problems, 
and increased positive affect, through an advance in sleep onset time. Both 
melatonin and light therapy indirectly increased negative affect, through an 
increase in total sleep time. However, the effects mentioned above did not result 
in significant total effects of the treatments on any of the child-report outcomes.

Parent-report outcomes
There was a direct effect of light therapy on behaviour problems, indicating that 
behaviour problems decreased after light therapy (Table 3). However, melatonin 
and light therapy indirectly increased behaviour problems through total sleep 
time. These effects were smaller, and the total effect of light on behaviour prob-
lems was still significant and in the expected direction. There was also a direct 
effect of melatonin on health, resulting in a significant total effect, indicating 
that health improved after melatonin treatment. Melatonin and light therapy 
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indirectly increased inhibitory control through an advance in sleep onset time, 
but this did not result in significant total effects. 

Table 1. Direct and indirect effects of melatonin treatment and light 
   therapy on cognitive outcomes

SLEEP ONSET TIME TOTAL SLEEP TIME

TREATMENT EFFECTS ON SLEEP OUTCOMES β 90% CI β 90% CI

Effect melatonin (a) -1.17 [-1.60,-.74] Effect melatonin (b) .80 [.35,1.26]

Effect light therapy (c) -.31 [-.72,.09] Effect light therapy (d) .68 [.25,1.12]

Reaction time 
Baseline Speed task

Distance 
Pursuit Task

Working memory 
Memory Search Letters Task

Distractibility
Memory Search Letters Task

EFFECTS ON COGNITIVE OUTCOMES β 90% CI β 90% CI β 90% CI β 90% CI

Direct effects

Direct effect melatonin (e) -.15 [-.72,.41] -.12 [-.68,.45] -.25 [-.81,.30] .14 [-.42,.71]

Direct effect light (f) .11 [-.38,.60] -.06 [-.55,.44] -.40 [-.88,.08] .03 [-.46,.52]

Effect SOT (g) -.11 [-.34,.12] -.01 [-.24,.22] -.07 [-.30,.15] -.09 [-.32,.14]

Effect TST (h) .06 [-.16,.27] -.08 [-.30,.13] .17 [-.05,.38] .02 [-.20,.23]

Indirect effects

Indirect effect melatonin through SOT (a*g) .13 [-.10,.47] .01 [-.21,.23] .09 [-.21,.58] .10 [-.22,.66]

Indirect effect light through SOT (c*g) .04 [-.01,.18] .00 [-.06,.09] .02 [-.04,.22] .03 [-.04,.26]

Indirect effect melatonin through TST (b*h) .05 [-.09,.24] -.07 [-.28,.08] .13 [.02,.34] .01 [-.13,.22]

Indirect effect light through TST (d*h) .04 [-.08,.20] -.06 [-.24,.07] .11 [.02,.31] .01 [-.11,.19]

Total effects

Total effect melatonin (e + a*g + b*h) .03 [-.46,.51] -.17 [-.66,.32] -.03 [-.52,.45] .26 [-.23,.74]

Total effect light  (f + c*g + d*h) .19 [-.27,.65] -.11 [-.57,.35] -.26 [-.72,.20] .07 [-.39,.54]

Note: β = standardised regression coefficient; 90% CI = 90% confidence interval; SOT = sleep onset time; 

TST = total sleep time. The letters between brackets in the first column refer to the paths in Figure 1. 

Significant effects are indicated in bold. Sample sizes in the analyses with cognitive outcomes are N = 

23 (melatonin), N= 26 (placebo), and N = 28 (light therapy).
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indirectly increased inhibitory control through an advance in sleep onset time, 
but this did not result in significant total effects. 

Table 1. Direct and indirect effects of melatonin treatment and light 
   therapy on cognitive outcomes

SLEEP ONSET TIME TOTAL SLEEP TIME

TREATMENT EFFECTS ON SLEEP OUTCOMES β 90% CI β 90% CI

Effect melatonin (a) -1.17 [-1.60,-.74] Effect melatonin (b) .80 [.35,1.26]

Effect light therapy (c) -.31 [-.72,.09] Effect light therapy (d) .68 [.25,1.12]

Reaction time 
Baseline Speed task

Distance 
Pursuit Task

Working memory 
Memory Search Letters Task

Distractibility
Memory Search Letters Task

EFFECTS ON COGNITIVE OUTCOMES β 90% CI β 90% CI β 90% CI β 90% CI

Direct effects

Direct effect melatonin (e) -.15 [-.72,.41] -.12 [-.68,.45] -.25 [-.81,.30] .14 [-.42,.71]

Direct effect light (f) .11 [-.38,.60] -.06 [-.55,.44] -.40 [-.88,.08] .03 [-.46,.52]

Effect SOT (g) -.11 [-.34,.12] -.01 [-.24,.22] -.07 [-.30,.15] -.09 [-.32,.14]

Effect TST (h) .06 [-.16,.27] -.08 [-.30,.13] .17 [-.05,.38] .02 [-.20,.23]

Indirect effects

Indirect effect melatonin through SOT (a*g) .13 [-.10,.47] .01 [-.21,.23] .09 [-.21,.58] .10 [-.22,.66]

Indirect effect light through SOT (c*g) .04 [-.01,.18] .00 [-.06,.09] .02 [-.04,.22] .03 [-.04,.26]

Indirect effect melatonin through TST (b*h) .05 [-.09,.24] -.07 [-.28,.08] .13 [.02,.34] .01 [-.13,.22]

Indirect effect light through TST (d*h) .04 [-.08,.20] -.06 [-.24,.07] .11 [.02,.31] .01 [-.11,.19]

Total effects

Total effect melatonin (e + a*g + b*h) .03 [-.46,.51] -.17 [-.66,.32] -.03 [-.52,.45] .26 [-.23,.74]

Total effect light  (f + c*g + d*h) .19 [-.27,.65] -.11 [-.57,.35] -.26 [-.72,.20] .07 [-.39,.54]

Note: β = standardised regression coefficient; 90% CI = 90% confidence interval; SOT = sleep onset time; 

TST = total sleep time. The letters between brackets in the first column refer to the paths in Figure 1. 

Significant effects are indicated in bold. Sample sizes in the analyses with cognitive outcomes are N = 

23 (melatonin), N= 26 (placebo), and N = 28 (light therapy).
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Table 2. Direct and indirect effects of melatonin treatment and light 
   therapy on child reported outcomes

 SLEEP ONSET TIME TOTAL SLEEP TIME

TREATMENT EFFECTS ON SLEEP OUTCOMES β 90% CI β 90% CI

Effect melatonin (a) -1.22 [-1.71,-.73] Effect melatonin (b) .92 [.39,1.45]

Effect light therapy (c) -.26 [-.72,.20] Effect light (d) .71 [.21,1.21]

Self-efficacy School investment
Relationships 
with classmates

Relationship
with the teacher Positive affect Negative affect

Attention 
problems

EFFECTS ON CHILD-REPORT OUTCOMES β 90% CI β 90% CI β 90% CI β 90% CI β 90% CI β 90% CI β 90% CI

Direct effects

Direct effect melatonin (e) .11 [-.55,.77] -.31 [-.92,.30] .06 [-.59,.72] -.49 [-1.14,.16] -.61 [-1.26,.03] .18 [-.45,.82] .14 [-.48,.76]

Direct effect light (f) .05 [-.51,.60] -.52 [-1.04,-.01] .32 [-.23,.87] -.42 [-.97,.13] -.10 [-.64,.44] .22 [-.32,.75] .24 [-.29,.76]

Effect SOT (g) -.10 [-.36,.16] -.10 [-.34,.14] -.06 [-.32,.19] -.13 [-.38,.13] -.20 [-.45,.06] -.07 [-.32,.18] .27 [.02,.51]

Effect TST (h) -.02 [-.26,.22] .33 [.11,.55] -.05 [-.29,.19] .07 [-.16,.31] -.07 [-.30,.16] .21 [-.02,.44] .06 [-.16,.29]

Indirect effects

Indirect effect melatonin through SOT (a*g) .12 [-.13,.54] .13 [-.09,.42] .08 [-.28,.50] .15 [-.09,.51] .24 [.02,.59] .09 [-.18,.48] -.33 [-.76,-.02]

Indirect effect light through SOT (c*g) .03 [-.02,.21] .03 [-.01,.15] .02 [-.05,.21] .03 [-.02,.19] .05 [-.01,.23] .02 [-.03,.20] -.07 [-.32,.02]

Indirect effect melatonin through TST (b*h) -.02 [-.24,.24] .31 [.08,.66] -.05 [-.30,.14] .07 [-.06,.27] -.06 [-.32,.13] .20 [.04,.52] .06 [-.15,.24]

Indirect effect light through TST (d*h) -.01 [-.17,.19] .24 [.06,.56] -.04 [-.23,.10] .05 [-.04,.22] -.05 [-.22,.10] .15 [.02,.44] .04 [-.11,.19]

Total effects

Total effect melatonin (e + a*g + b*h) .22 [-.34,.77] .12 [-.43,.67] .10 [-.45,.64] -.27 [-.82,.28] -.44 [-.99,.11] .47 [-.08,1.01] -.13  [-.67,.41]

Total effect light (f + c*g + d*h) .06 [-.46,.58] -.26 [-.77,.26] .30 [-.22,.81] -.34 [-.85,.18] -.10 [-.62,.42] .39 [-.13,.90] .21 [-.29,.72]

Note: β = standardised regression coefficient; 90% CI = 90% confidence interval; SOT = sleep onset time; 

TST = total sleep time. The letters between brackets in the first column refer to the paths in Figure 1. 

Significant effects are indicated in bold. Sample sizes in the analyses with child-report outcomes are N 

= 18 (melatonin), N= 20 (placebo), and N = 23 (light therapy).
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Table 2. Direct and indirect effects of melatonin treatment and light 
   therapy on child reported outcomes

 SLEEP ONSET TIME TOTAL SLEEP TIME

TREATMENT EFFECTS ON SLEEP OUTCOMES β 90% CI β 90% CI

Effect melatonin (a) -1.22 [-1.71,-.73] Effect melatonin (b) .92 [.39,1.45]

Effect light therapy (c) -.26 [-.72,.20] Effect light (d) .71 [.21,1.21]

Self-efficacy School investment
Relationships 
with classmates

Relationship
with the teacher Positive affect Negative affect

Attention 
problems

EFFECTS ON CHILD-REPORT OUTCOMES β 90% CI β 90% CI β 90% CI β 90% CI β 90% CI β 90% CI β 90% CI

Direct effects

Direct effect melatonin (e) .11 [-.55,.77] -.31 [-.92,.30] .06 [-.59,.72] -.49 [-1.14,.16] -.61 [-1.26,.03] .18 [-.45,.82] .14 [-.48,.76]

Direct effect light (f) .05 [-.51,.60] -.52 [-1.04,-.01] .32 [-.23,.87] -.42 [-.97,.13] -.10 [-.64,.44] .22 [-.32,.75] .24 [-.29,.76]

Effect SOT (g) -.10 [-.36,.16] -.10 [-.34,.14] -.06 [-.32,.19] -.13 [-.38,.13] -.20 [-.45,.06] -.07 [-.32,.18] .27 [.02,.51]

Effect TST (h) -.02 [-.26,.22] .33 [.11,.55] -.05 [-.29,.19] .07 [-.16,.31] -.07 [-.30,.16] .21 [-.02,.44] .06 [-.16,.29]

Indirect effects

Indirect effect melatonin through SOT (a*g) .12 [-.13,.54] .13 [-.09,.42] .08 [-.28,.50] .15 [-.09,.51] .24 [.02,.59] .09 [-.18,.48] -.33 [-.76,-.02]

Indirect effect light through SOT (c*g) .03 [-.02,.21] .03 [-.01,.15] .02 [-.05,.21] .03 [-.02,.19] .05 [-.01,.23] .02 [-.03,.20] -.07 [-.32,.02]

Indirect effect melatonin through TST (b*h) -.02 [-.24,.24] .31 [.08,.66] -.05 [-.30,.14] .07 [-.06,.27] -.06 [-.32,.13] .20 [.04,.52] .06 [-.15,.24]

Indirect effect light through TST (d*h) -.01 [-.17,.19] .24 [.06,.56] -.04 [-.23,.10] .05 [-.04,.22] -.05 [-.22,.10] .15 [.02,.44] .04 [-.11,.19]

Total effects

Total effect melatonin (e + a*g + b*h) .22 [-.34,.77] .12 [-.43,.67] .10 [-.45,.64] -.27 [-.82,.28] -.44 [-.99,.11] .47 [-.08,1.01] -.13  [-.67,.41]

Total effect light (f + c*g + d*h) .06 [-.46,.58] -.26 [-.77,.26] .30 [-.22,.81] -.34 [-.85,.18] -.10 [-.62,.42] .39 [-.13,.90] .21 [-.29,.72]

Note: β = standardised regression coefficient; 90% CI = 90% confidence interval; SOT = sleep onset time; 

TST = total sleep time. The letters between brackets in the first column refer to the paths in Figure 1. 

Significant effects are indicated in bold. Sample sizes in the analyses with child-report outcomes are N 

= 18 (melatonin), N= 20 (placebo), and N = 23 (light therapy).
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Table 3. Direct and indirect effects of melatonin treatment and light 
   therapy on parent reported outcomes

SLEEP ONSET TIME TOTAL SLEEP TIME

TREATMENT EFFECTS ON SLEEP OUTCOMES β 90% CI β 90% CI

Effect melatonin (a) -1.22 [-1.67,-.77] Effect melatonin (b) .82 [.34,1.30]

Effect light therapy (c) -.37 [-.80,.06] Effect light therapy (d) .73 [.26,1.19]

Health status Behaviour problems Inhibitory control

EFFECTS ON PARENT-REPORT OUTCOMES β 90% CI β 90% CI β 90% CI

Direct effects

Direct effect melatonin (e) .72 [.19,1.25] -.54 [-1.10,.03] -.49 [-1.06,.09]

Direct effect light (f) .24 [-.23,.70] -.65 [-1.15,-.16] -.07 [-.57,.43]

Effect SOT (g) -.19 [-.40,.02] -.06 [-.28,.17] -.21 [-.43,.02]

Effect TST (h) .01 [-.18,.21] .17 [-.04,.38] .01 [-.21,.22]

Indirect effects

Indirect effect melatonin through SOT (a*g) .23 [-.03,.61] .07 [-.22,.34] .25 [.05,.55]

Indirect effect light through SOT (c*g) .07 [-.01,.27] .02 [-.05,.14] .08 [.004,.23]

Indirect effect melatonin through TST (b*h) .01 [-.13,.20] .14 [.004,.38] .00 [-.17,.16]

Indirect effect light through TST (d*h) .01 [-.10,.19] .12 [.005,.34] .00 [-.15,.14]

Total effects

Total effect melatonin (e + a*g + b*h) .96 [.50,1.42] -.33 [-.82,.16] -.23 [-.73,.27]

Total effect light (f + c*g + d*h) .32 [-.12,.76] -.51 [-.98,-.04] .01 [-.47,.49]

Note: β = standardised regression coefficient; 90% CI = 90% confidence interval; SOT = sleep onset time; 

TST = total sleep time. The letters between brackets in the first column refer to the paths in Figure 1. 

Significant effects are indicated in bold. Sample sizes in the analyses with parent-report outcomes are 

N = 23 (melatonin), N= 23 (placebo), and N = 27 (light therapy).
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Table 3. Direct and indirect effects of melatonin treatment and light 
   therapy on parent reported outcomes
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Effect TST (h) .01 [-.18,.21] .17 [-.04,.38] .01 [-.21,.22]

Indirect effects

Indirect effect melatonin through SOT (a*g) .23 [-.03,.61] .07 [-.22,.34] .25 [.05,.55]

Indirect effect light through SOT (c*g) .07 [-.01,.27] .02 [-.05,.14] .08 [.004,.23]

Indirect effect melatonin through TST (b*h) .01 [-.13,.20] .14 [.004,.38] .00 [-.17,.16]

Indirect effect light through TST (d*h) .01 [-.10,.19] .12 [.005,.34] .00 [-.15,.14]

Total effects

Total effect melatonin (e + a*g + b*h) .96 [.50,1.42] -.33 [-.82,.16] -.23 [-.73,.27]

Total effect light (f + c*g + d*h) .32 [-.12,.76] -.51 [-.98,-.04] .01 [-.47,.49]
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Significant effects are indicated in bold. Sample sizes in the analyses with parent-report outcomes are 

N = 23 (melatonin), N= 23 (placebo), and N = 27 (light therapy).
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DISCUSSION

In this study we investigated direct effects of melatonin and light therapy on 
various cognitive, health and psychosocial outcomes, and indirect effects on 
these outcomes through sleep. Although melatonin and light therapy increased 
total sleep time and melatonin advanced sleep onset time, we did not find effects 
of those sleep variables on the cognitive outcomes or parent-report outcomes, 
and only two effects on child-report outcomes. We found three direct effects of 
melatonin and light therapy on child-report and parent-report outcomes. Alto-
gether, only two total effects (i.e. total of direct and indirect effects) were signif-
icant, indicating that health improved after melatonin treatment and behaviour 
problems decreased after light therapy. 
 With regard to the mechanisms underlying these effects, the hypothesis that 
the effects of melatonin and light therapy on health and behaviour problems 
would be caused by improved sleep, was not supported by our data. Instead, 
the two total effects seemed to be caused by direct effects of the treatments. 
The improvement in health after melatonin treatment is in line with research 
showing that melatonin has antioxidant properties38,39 and beneficial effects on 
the immune system.13 Although we are unaware of studies showing effects of 
light therapy on behaviour problems in children or adolescents, this finding is in 
accordance with research showing a reduction in behaviour problems in elderly 
persons with dementia after light therapy.40 
 Apart from these two total effects, there were several significant direct and 
indirect effects. Melatonin and light therapy indirectly increased behaviour 
problems through total sleep time. This was contrary to our expectations, and 
also in contrast to the (stronger) direct effect of light which led to a decrease in 
behaviour problems. That a longer sleep duration is related to more behaviour 
problems is counterintuitive, but it could be that when children are more rested 
they become more active and display more boisterous behaviour, which can be 
interpreted as externalising behaviour problems. However, it should be noted 
that the effects were just borderline significant. 
 Melatonin and light therapy had small indirect negative effects on working 
memory through an increase in total sleep time, although the effect of melatonin 
disappeared after removing outliers. No further effects on cognitive functioning 
were found. This was contrary to what we expected, but similar to a previous 
study that found no effects on cognitive outcomes in children after melatonin 
treatment.10 In that study the lack of effects was explained by the lack of large 
improvements in sleep and the possibility that the treatment was too short 



165

(four weeks), which could have been the case in our study as well. However, 
contrary to Van der Heijden et al.,10 we did find an effect of melatonin on atten-
tion problems. A third explanation that they offered for the lack of effects was 
that effects were possibly masked by cognitive deficits of children with ADHD. 
However, the results of our study show that effects are also absent in a general 
sample of children with chronic sleep onset insomnia.
 Interestingly, although light therapy had a direct negative effect on school 
investment, both treatments indirectly increased school investment through an 
increase in total sleep time. The latter effects are explainable by the fact that 
children have more energy when they are well-rested, and may therefore be 
more motivated to work hard in school. This is supported by research showing a 
relation between sleep quality and ‘eagerness’ in the context of school perfor-
mance.41 
 Melatonin indirectly decreased attention problems and increased positive 
affect, through advancing sleep onset time. However, both melatonin and light 
therapy also led to an increase in negative affect through an increase in total 
sleep time. These results seem in contrast with each other, although an expla-
nation could be that emotions are experienced stronger when children are well-
rested. This is supported by the study of Norlander et al., 42 who also found a rela-
tion between good sleep quality and both high positive and high negative affect.   

Although several direct and indirect effects of melatonin and light therapy on 
cognitive, health, and psychosocial outcomes were found, these effects did not 
result in significant total effects as they were smaller or sometimes opposite 
to other effects (for example for school investment where the direct effects of 
melatonin and light therapy were negative but the indirect effects positive). It 
can therefore be questioned to what extent these effects are clinically relevant 
when they do not result in overall effects. 
 The absence of more or stronger indirect effects was due to the absence 
of effects of sleep on the outcomes (paths g and h in Figure 1), as melatonin 
and light therapy did significantly affect total sleep time and sleep onset time 
(although the latter was only true for melatonin). Possibly, the improvements in 
sleep were too small or the period of improved sleep too short to exert more and 
stronger effects on the cognitive, health and psychosocial outcomes.
  This study has several strengths. To our knowledge, this is the first study 
directly comparing effects of melatonin and light therapy on sleep and cognitive, 
health and psychosocial outcomes in children. In addition, we used a double-
blind randomised controlled placebo design using multiple informants (child-re-
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port, parent-report and objective data). However, our study has also some 
limitations. Most importantly, although a sample size of 84 is relatively large 
for a clinical study, we only had 18-28 participants per group in the analyses, 
yielding insufficient power to find small effects. Our power estimates are about 
60% to find medium sized differences and about 90% to find large sized differ-
ences between treatment groups when testing at a one-sided 5% level of signif-
icance. In addition, as we mentioned previously,25 we did not advance the timing 
of light therapy and we had no placebo condition for light therapy. We also did 
not control for light exposure in the evening, although information about the 
importance of restricting light in the evening was included in the sleep hygiene 
instructions that were handed out to all participants. We did not check the effect 
of the sleep hygiene instructions. However, as treatment was randomised, we do 
not have reason to believe that children in the light group would have had more 
exposure to evening light than children in the other two groups, or that one 
group would have benefited more from sleep hygiene instructions.25  

In sum, in this study we investigated the effects of melatonin and light therapy 
on cognitive, health and psychosocial outcomes, and whether the effects were 
mediated by sleep improvement or were direct effects. We only found two signif-
icant total effects (melatonin improved health, light decreased behaviour prob-
lems), and surprisingly, these effects seemed to be direct treatment effects. 
Overall, melatonin and light therapy were effective treatments for chronic sleep 
onset problems in children. However, the effects on cognitive, health and psycho-
social functioning were smaller, and we did not find evidence to support the idea 
that these effects were caused by improvement of sleep.
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CHAPTER 8

Summary and discussion

case illustration

In the Introduction of this thesis Jorrit was mentioned, who had diffi-
culty sleeping on time and problems with concentration and attention 
at school. Jorrit and his parents eventually visited their general practi-
tioner for his sleep problems. They were referred to a specialised sleep 
centre where the diagnosis Delayed Sleep Wake-Phase Disorder was 
made. After determining his DLMO, melatonin treatment was started 
and was soon found effective. Jorrit now felt sleepy in the evening, 
and wanted to go to bed by himself. He usually fell asleep within 15 
minutes, and woke up by himself in the morning, sometimes even 
before his alarm clock. After a while he started feeling more rested 
during the day, and experienced that he could better concentrate at 
school. His parents felt that they had the ‘old Jorrit’ back.  
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Melatonin treatment is known to be an effective treatment for 
chronic sleep onset problems in children that are related to a 
late melatonin onset, as it can advance the sleep-wake rhythm 

and improve sleep.1-4 However, it is currently not known how long mela-
tonin treatment should be continued, while especially in young chil-
dren, short term treatment is favourable over long term treatment.  
 In this thesis, we looked for alternatives to long term melatonin use, by 
investigating the consequences of gradual termination of short term mela-
tonin treatment (Chapter 2), and applying a classical conditioning experi-
ment to see whether this would help preserving the effects (Chapter 4). We 
also examined light therapy as an alternative treatment to melatonin, first 
by conducting a meta-analysis about the effects of light therapy on different 
types of sleep problems (Chapter 5), and subsequently by reporting about 
a randomised controlled trial where the effects of light therapy on sleep 
onset problems in children were compared to effects of melatonin and a 
placebo treatment (Chapter 6). In addition, we examined direct and indi-
rect effects of melatonin treatment and light therapy on cognition, behav-
iour and psychosocial functioning (Chapter 3 and Chapter 7). 

TERMINATION OF SHORT TERM MELATONIN TREATMENT

In Chapter 2 we investigated the effects of gradual termination of short term 
melatonin treatment using an experimental design. Children with chronic sleep 
onset problems and a late Dim Light Melatonin Onset (DLMO) received mela-
tonin treatment for three weeks, after which they gradually discontinued treat-
ment by first taking a half dose for one week and then stopping completely 
for another week. We found that DLMO and sleep advanced during treatment, 
and in addition, there were positive effects on health, behaviour problems and 
parenting stress. While the latter two remained after the stop week, the effects 
on health, DLMO and sleep disappeared during the half dose and stop weeks. 
Therefore, we concluded that termination after four weeks of melatonin treat-
ment is too early. 
 As Chapter 2 showed that the positive effects of melatonin treatment disap-
pear after its discontinuation, we explored in Chapter 4 if classical conditioning 
could help to preserve treatment effects. Classical conditioning is a learning prin-
ciple originally described by Pavlov,5 in which a stimulus that evokes a certain 
response is coupled to a neutral stimulus that after a learning process will 
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evoke the same response. There have been a few case descriptions in the liter-
ature where classical conditioning was applied in the treatment of sleep prob-
lems,6,7 and we applied this in a pilot study by asking children to drink a biolog-
ical lemonade while taking melatonin, and turning on a dim light red lamp when 
they went to bed. This procedure was applied during three weeks of treatment, 
and during a half dose and stop week. Results were similar to those described in 
Chapter 2, as we found that the positive treatment effects on DLMO, sleep onset 
problems and health disappeared after treatment discontinuation. However, we 
found that with classical conditioning sleep latency and sleep start delayed less 
in the stop week, but this was only true for children without comorbid ADHD or 
autism. This suggests that there might be a small effect of classical conditioning 
in preserving effects after treatment discontinuation. 

IS LIGHT THERAPY A GOOD ALTERNATIVE 
TO MELATONIN TREATMENT?

As the previous chapters suggest that melatonin treatment should be continued 
for a longer time period in order to preserve the positive effects, we wanted 
to investigate an alternative treatment for sleep onset problems related to a 
delayed melatonin onset in children, namely light therapy. Bright light can influ-
ence the circadian rhythm and has alerting effects,8,9 and is recommended treat-
ment for circadian rhythm sleep disorders, such as Delayed Sleep-Wake Phase 
Disorder (DSWPD).10-12 
 However, studies into light therapy effectiveness had yielded inconsistent 
results. Therefore, we aimed to give a systematic overview of the available 
evidence concerning the effects of light therapy on sleep problems by carrying 
out a meta-analysis (Chapter 5). We included 53 studies with a total of 1154 
participants, and calculated overall effects and effects on various sleep param-
eters, both for specific types of sleep problems (circadian rhythm sleep disor-
ders, insomnia, sleep problems related to Alzheimer’s disease and dementia) 
and sleep problems in general. Furthermore, we examined several moderators 
to see whether they influenced treatment effects. We found that light therapy 
was effective in the treatment of circadian rhythm sleep disorders, insomnia, 
sleep problems related to Alzheimer’s disease/dementia, and for sleep problems 
in general, although most effect sizes were small to medium. We found some 
moderator effects but these did not show a consistent pattern. 
 Although our meta-analysis showed promising results for light therapy, the 
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results were based on studies carried out in adolescents and especially (older) 
adults, as light therapy had not yet been investigated in children. Therefore, 
we set up a double-blind placebo-controlled randomised controlled trial in 
which we compared the effects of light therapy to those of melatonin in children 
with sleep onset insomnia and late melatonin onset (Chapter 6). We included 
84 children that were randomly assigned over three treatment groups: mela-
tonin, placebo pills or light therapy. They received treatment for three to four 
weeks, during which we obtained daily measures of sleep through sleep diaries 
completed by parents and actigraphy. The results showed that both treatments 
positively influenced various sleep outcomes, but melatonin affected more 
outcomes and its effects were generally stronger. Therefore, we concluded that 
melatonin would be the preferred treatment for use in clinical practice.

EFFECTS OF SLEEP TREATMENT ON COGNITIVE, 
HEALTH AND PSYCHOSOCIAL OUTCOMES

As treatment for sleep problems not only aims at improving sleep but also at 
improving daytime functioning, we also investigated cognitive, health and psycho-
social effects of the treatments (Chapter 7). In addition, we wanted to know 
whether any effects of melatonin and light therapy on measures of daytime func-
tioning were direct effects of the treatments, or indirect effects of sleep improve-
ment. In Chapter 3 we explored this question, and found that sleep duration influ-
enced health, and that the reduction in behaviour problems was stronger for 
children with an earlier DLMO. These findings suggest that the effects of mela-
tonin on health and behaviour problems were partly dependent on sleep. 
 We continued the investigation of this research question in Chapter 7, where 
we disentangled direct and indirect effects of melatonin and light therapy on 
various cognitive, health and psychosocial outcomes. We found a few direct and 
indirect effects of the treatments on different outcomes, but only two signifi-
cant total effects: an improvement of health after melatonin treatment, and a 
reduction in behaviour problems after light therapy. Surprisingly, we found no 
evidence to support the hypothesis that these effects were caused by sleep 
improvement, rather they appeared to be direct effects of the treatments. 
 The direct effect of melatonin on health is supported by research showing 
that melatonin has antioxidant properties13,14 and beneficial effects on the 
immune system.15 The findings from Chapter 3 and Chapter 7 seem contradic-
tory, but the results are not directly comparable. In Chapter 3 we looked at 
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post-treatment correlations between total sleep time and health, for melatonin 
treatment only, whereas in Chapter 7 we looked at the effects of the change in 
sleep from baseline to treatment on the change in health for the total group of 
children (placebo, light and melatonin). 
 The reduction in behaviour problems after melatonin treatment described 
in Chapters 2 and 4, was not apparent in the RCT results reported in Chapter 7 
either, but this discrepancy can possibly also be attributed to the differences in 
the design and statistical analyses of the two studies. 

RECOMMENDATIONS FOR FUTURE RESEARCH

The results from the studies described in this thesis seem to suggest that mela-
tonin treatment should be continued for a longer period of time. However, 
following this suggestion would ignore the concerns and criticisms that are 
raised against (long term) use of melatonin, concerning possible effects of mela-
tonin on pubertal development and reproductive function.16-18 In this respect it 
is important to mention that concerns about possible effects are largely based 
on animal studies,17,18 and that effects on humans appear much less significant.19 
In addition, several studies have been conducted in which no harmful effects of 
long term melatonin use were found.20-22 However, these studies have been criti-
cised as well for having no endocrine assessments, and for shortcomings related 
to study samples and design.18 Therefore, more research is needed into the long-
term effects of melatonin treatment.
 Until the safety of long-term melatonin use has been definitely established, 
it is important to keep searching for an alternative, also considering the fact 
that it is not desirable in itself that children are dependent on taking melatonin 
tablets for a longer time. Short term melatonin treatment was found to lead to 
loss of effects (Chapter 2), also when applying classical conditioning (Chapter 4). 
However, future research could focus on establishing optimal treatment dura-
tion. In addition, as our results suggest that there might be some effects of clas-
sical conditioning in preserving treatment effects (Chapter 4), other protocols of 
classical conditioning should be investigated, with other stimuli applied only at 
bedtime, with larger samples with and without comorbidity. 

Light therapy also has effects on sleep onset problems, but effects were smaller 
than those of melatonin (Chapter 6). This does not mean light therapy should 
be abandoned as treatment for sleep onset problems in children, as our light 
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protocol had some limitations. We did not shift the timing of bright light use, as is 
generally recommended,12,23 because this might decrease feasibility and thereby 
treatment adherence. Furthermore, it would be advisable to limit light expo-
sure in the evening, for instance by having children wear dark glasses, and to 
measure light exposure with light meters, in order to be able to control for light 
exposure during the day. In addition, attention should be paid to possible side 
effects of light therapy, such as possible retinal damage through light emitting 
diodes.24,25 For future research, it is important to study adapted light therapy 
protocols, also in combination with melatonin treatment.
 Although melatonin and light therapy improved sleep, effects on cognitive, 
health and psychosocial functioning were much smaller (Chapter 7). It should be 
noted however, that although a sample size of 84 is relatively large for a clinical 
study, we only had 18-28 participants per group in the analyses, yielding insuffi-
cient power to find small effects. Therefore, more research should be conducted 
into the cognitive, health and psychosocial effects of melatonin treatment and 
light therapy, with larger samples, to contribute to designing optimal treatment 
for sleep onset problems in children. 

RECOMMENDATIONS FOR CLINICAL PRACTICE

Although the results of our studies suggest melatonin is the preferred treatment 
in practice, we strongly advise to use melatonin only under proper supervision 
of an expert medical specialist. A thorough diagnosis should be made and mela-
tonin should only be prescribed for sleep disorders that are related to a distur-
bance in the biological clock (e.g., DSWPD). In addition, sleep hygiene should be 
discussed with children and their parents, to see whether the problem might be 
behaviourally induced and treated.
 For sleep disorders that are real circadian rhythm disorders, behavioural solu-
tions will probably not suffice. However, the distinction between circadian rhythm 
disorders and other sleep disorders is not always strict, as patients with DSWPD 
may also develop an insomnia when trying to fall asleep at an inappropriate time 
according to their biological clock,26 and a clear definition of  DSWPD in children 
is lacking. It is therefore important to always discuss sleep hygiene with children 
and their parents, and to obtain a clear picture of the type of sleep problems 
experienced by children, so that the most suitable treatment can be advised. 
 If proper sleep hygiene is applied but ineffective, and the child does seem to 
have a biological clock disturbance, as indicated by the anamnesis and prefer-
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ably also by DLMO, melatonin use would be indicated. Although melatonin is freely 
available in several countries, among which the Netherlands, self-support use of 
melatonin can have no or even reverse effects on sleep problems, if it is taken at 
the wrong time or in the wrong dose. Dose and timing of melatonin administration 
are very important for the success of the treatment,27 that is why it is advocated 
to measure DLMO before the start of treatment, to determine the most appropriate 
time of administration.28 In addition, one should search for the lowest effective dose 
in treatment, and consider lowering the dose during treatment to see whether this 
is still effective (see Chapter 2). Until safety of long term use is established with 
certainty, it is important to follow the guidelines mentioned above and to carefully 
pay attention to any adverse effects patients may experience.   

Melatonin is found to significantly improve DLMO and various sleep outcomes, but 
in clinical respect most effects are quite small. In our RCT (Chapter 6), according 
to actigraphy data, sleep latency decreased with 15 minutes and was still longer 
than 30 minutes, and total sleep time increased with only 5 minutes. Although 
subjective effects were larger and most children and parents were very satis-
fied with the effects of melatonin, which is supported by previous research that 
found that 87.8% of parents indicated that melatonin was an effective treatment 
for the sleep problems of their child,21 it is worthwhile to look for ways to enlarge 
melatonin effects. 
 Some suggestions about how this can be achieved are given by recent treat-
ment guidelines,27 which advise that melatonin should be given 3-5 hours before 
DLMO. This would mean that melatonin should be administered earlier than 19:00 
h, as was the case in our studies. However, this can have a soporific effect and 
make children already sleepy before the evening.1 Moreover, the dose could be 
lowered when the effect disappears during treatment which could result from 
slow melatonin metabolism, and the lowest effective dose should be determined.27 

Although more research into long term effects of melatonin is needed, it is impor-
tant to realise that not treating serious sleep problems in children effectively, 
is harmful for their (future) physical and mental health, considering the large 
amount of evidence into the negative effects of sleep problems. Melatonin treat-
ment is effective in advancing sleep, and can result in a child that feels more 
rested, healthy, better able to concentrate at school and shows less behav-
iour problems. Therefore, until an equally effective alternative is found, mela-
tonin might be the designated treatment for children with sleep onset problems 
related to a disturbance in their circadian rhythm. 
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SAMENVATTING 
SUMMARY IN DUTCH

Inslaapproblemen komen veel voor bij kinderen en hebben negatieve 
gevolgen voor gezondheid, gedragsproblemen en cognitief functio-
neren. Vanwege deze negatieve gevolgen en het feit dat slaapproblemen 

in de kindertijd voorspellend zijn voor latere slaap-, emotionele en gedrags-
problemen, is het belangrijk om deze problemen vroegtijdig aan te pakken.

Melatoninebehandeling is een effectieve behandeling voor inslaapproblemen bij 
kinderen, maar het is niet duidelijk wat de optimale behandelingsduur is. Omdat 
er enige zorgen zijn over mogelijke nadelige gevolgen van langdurig melatoni-
negebruik, ondanks het feit dat longitudinale studies geen nadelige effecten 
hebben gevonden, zou behandeling met melatonine idealiter zo kort mogelijk 
moeten duren.
 In Hoofdstuk 2 hebben we de effecten van het geleidelijk stoppen met kort-
durende melatoninebehandeling onderzocht middels een experimenteel design. 
Kinderen met chronische inslaapproblemen en een late melatonineafgifte (Dim 
Light Melatonin Onset, oftewel DLMO) kregen gedurende drie weken een behan-
deling met melatonine, waarna zij deze geleidelijk afbouwden door eerst een 
week de halve dosis in te nemen en daarna een week volledig te stoppen. We 
vonden dat DLMO en slaap vervroegden gedurende de behandeling en daar-
naast waren er positieve effecten op gezondheid, gedragsproblemen en opvoe-
dingsstress. Hoewel de laatste twee effecten behouden bleven na de stopweek, 
verdwenen de effecten op gezondheid, DLMO en slaap tijdens de halve dosering- 
en stopweken. Dit leidde tot de conclusie dat het stoppen met melatonine na vier 
weken behandeling te vroeg is.
 Omdat Hoofdstuk 2 aantoonde dat de positieve effecten van melatoninebe-
handeling verdwijnen na het stoppen van de behandeling, hebben we in Hoofd-
stuk 4 gekeken of het toepassen van klassieke conditionering kon helpen om de 
behandelingseffecten te behouden. Klassieke conditionering is een leerproces 
dat oorspronkelijk is beschreven door Pavlov (1927), waarin een stimulus die een 
bepaalde reactie oproept gekoppeld wordt aan een neutrale stimulus die na een 
leerproces uiteindelijk dezelfde reactie zal oproepen. Er zijn enkele casusbeschrij-
vingen bekend in de literatuur waarin klassieke conditionering werd toegepast 
in de behandeling van slaapproblemen. Wij hebben dit toegepast in een pilot-
studie waarin kinderen gevraagd werden een biologische limonade te drinken 
bij het innemen van de melatoninetabletjes en een gedimd rood lampje aan te 
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doen bij het naar bed gaan. Deze procedure werd gedurende de drie behande-
lingsweken toegepast, en gedurende de halve dosering- en stopweek. De resul-
taten waren vergelijkbaar met die in Hoofdstuk 2. We vonden dat de positieve 
behandelingseffecten op DLMO, inslaapproblemen en gezondheid verdwenen na 
het stoppen met de behandeling. We vonden echter wel dat met klassieke condi-
tionering de slaaplatentie en inslaaptijd minder verslechterden in de stopweek, 
maar dit was alleen het geval voor kinderen zonder comorbide ADHD of autisme. 
Dit suggereert dat er een klein effect zou zijn van klassieke conditionering op het 
behouden van effecten na staken van de behandeling.

IS LICHTTHERAPIE EEN GOED ALTERNATIEF 
VOOR MELATONINEBEHANDELING?

Omdat de voorgaande hoofdstukken suggereren dat melatoninebehandeling 
gedurende langere tijd moet worden voortgezet om de positieve effecten te 
blijven behouden, wilden we een alternatieve behandeling onderzoeken voor 
inslaapproblemen bij kinderen die gerelateerd zijn aan een late melatonineaf-
gifte, namelijk lichttherapie. Fel licht kan het circadiane ritme beïnvloeden en 
zorgt ervoor dat men alert wordt. Lichttherapie is een aanbevolen behande-
ling voor circadiane-ritme-slaapstoornissen, zoals Delayed Sleep-Wake Phase 
Disorder (verlaatslaapfasesyndroom).  
 Onderzoek naar de effecten van lichttherapie heeft echter inconsistente 
resultaten opgeleverd. Daarom stelden we ons tot doel een systematisch over-
zicht te geven van het beschikbare bewijs betreffende de effecten van lichtthe-
rapie op slaapproblemen door een meta-analyse uit te voeren (Hoofdstuk 5). 
De meta-analyse omvatte 53 studies met een totaal van 1154 participanten. 
We berekenden totale effecten en effecten voor verschillende slaapuitkomsten, 
zowel voor specifieke typen slaapproblemen (circadiane-ritme-slaapstoornissen, 
insomnia, slaapproblemen gerelateerd aan de ziekte van Alzheimer en dementie) 
als slaapproblemen in het algemeen. Daarnaast bekeken we verschillende mode-
ratoren om te zien of zij de behandelingseffecten beïnvloedden. We vonden dat 
lichttherapie effectief was in de behandeling van circadiane-ritmeslaapstoor-
nissen, insomnia, slaapproblemen gerelateerd aan de zieke van Alzheimer/
dementie en voor slaapproblemen in het algemeen, hoewel de meeste effect-
groottes klein tot gemiddeld waren. Ook vonden we enkele moderatoreffecten, 
maar deze toonden geen consistent patroon. 
 Hoewel onze meta-analyse veelbelovende resultaten liet zien van lichtthe-
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rapie, waren de resultaten gebaseerd op studies die waren uitgevoerd bij adoles-
centen en voornamelijk (oudere) volwassenen, aangezien lichttherapie nog niet 
was onderzocht bij kinderen. We zetten daarom een dubbelblind placebogecon-
troleerd gerandomiseerd onderzoek op waarin we de effecten van lichttherapie 
vergeleken met die van melatonine bij kinderen met inslaapproblemen en een 
late melatonineafgifte (Hoofdstuk 6). We includeerden 84 kinderen die random 
werden toegewezen aan drie behandelingsgroepen: melatonine, placebotablet- 
jes of lichttherapie. De kinderen kregen drie tot vier weken behandeling, waarbij 
we dagelijks de slaap maten door middel van slaapdagboekjes die werden inge-
vuld door ouders en actigrafie. De resultaten lieten zien dat beide behandelingen 
een positief effect hadden op verschillende slaapuitkomsten, maar melatonine 
had effect op meer uitkomstmaten en de effecten waren over het algemeen 
sterker. We concludeerden daarom dat melatonine de voorkeursbehandeling is 
voor de klinische praktijk. 

EFFECTEN VAN SLAAPBEHANDELING OP COGNITIEVE, 
GEZONDHEIDS- EN PSYCHOSOCIALE UITKOMSTEN

Aangezien de behandeling van slaapproblemen niet alleen gericht is op het 
verbeteren van slaap maar ook op de verbetering van het dagelijks functioneren, 
hebben we ook de effecten op cognitief functioneren, gezondheid en psycho-
sociaal functioneren onderzocht (Hoofdstuk 7). Bovendien wilden we weten 
of effecten van melatonine en lichttherapie op dagelijks functioneren directe 
effecten zijn van de behandeling of indirecte effecten via verbetering van slaap. 
In Hoofdstuk 3 onderzochten we deze vraag op exploratieve wijze, en vonden 
dat slaapduur invloed had op gezondheid en dat de vermindering in gedragspro-
blemen sterker was voor kinderen met een vroegere DLMO. Deze bevindingen 
suggereren dat de effecten van melatonine op gezondheid en gedragsproblemen 
deels afhankelijk zijn van slaap. 
 We onderzochten deze onderzoeksvraag verder in Hoofdstuk 7, waar we 
directe en indirecte effecten van melatonine en lichttherapie op verschillende 
cognitieve, gezondheids- en psychosociale uitkomsten ontrafelden. We vonden 
enkele directe en indirecte effecten van de behandelingen op verschillende 
uitkomsten, maar slechts twee significante totale effecten: een verbetering 
van gezondheid na melatoninebehandeling en een vermindering in gedragspro-
blemen na lichttherapie. We vonden geen ondersteuning voor de hypothese dat 
deze effecten veroorzaakt zouden worden door slaapverbetering, het bleken 
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directe effecten van de behandelingen te zijn.
 Samenvattend laten de resultaten beschreven in dit proefschrift zien dat 
de positieve effecten van melatoninebehandeling op slaap en andere uitkomst-
maten verdwijnen na het stoppen. Lichttherapie, als alternatief voor melato-
ninebehandeling, heeft ook effecten op slaap, maar melatonine heeft meer en 
sterkere effecten. De effecten op cognitieve-, gezondheids- en psychosociale 
uitkomstmaten blijken kleiner. 

Er worden aanbevelingen gedaan voor verder onderzoek naar de effecten van 
melatoninebehandeling en lichttherapie, teneinde bij te dragen aan de ontwik-
keling van een optimale behandeling voor inslaapproblemen bij kinderen gerela-
teerd aan een late DLMO. De resultaten van dit onderzoek laten zien dat tot die 
tijd melatoninebehandeling de aangewezen behandeling is bij dit type slaappro-
blemen, na zorgvuldige diagnose en begeleiding door een slaapspecialist.
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