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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. 
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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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