
Melatonin Treatment Effects on Adolescent Students’ Sleep Timing
and Sleepiness in a Placebo-Controlled Crossover Study

Berndt Eckerberg,1 Arne Lowden,2,3 Roberta Nagai,2 and Torbjörn Åkerstedt2,3

1Leksand School Health Organization, Leksand, Sweden, 2Stress Research Institute, Stockholm University, Stockholm, Sweden,
3Department of Neuroscience, Karolinska Institute, Stockholm, Sweden

During the last few decades, the incidence of sleep-onset insomnia, due to delay of circadian phase, has increased
substantially among adolescents all over the world. We wanted to investigate whether a small dose of melatonin
given daily, administered in the afternoon, could advance the sleep timing in teenagers. Twenty-one students, aged
14–19 yrs, with sleep-onset difficulties during school weeks were recruited. The study was a randomized, double
blind, placebo (PL)-controlled crossover trial, lasting 5 wks. During the first 6 d in wks 2 and 4, the students received
either PL or melatonin (1 mg) capsules between 16:30 and 18:00 h. During the first 6 d of wk 5, all students
received melatonin. Wks 1 and 3 were capsule-free. In the last evening of each week and the following morning,
the students produced saliva samples at home for later melatonin analysis. The samples were produced the same
time each week, as late as possible in the evening and as early as possible in the morning. Both the student and
one parent received automatic mobile text messages 15 min before saliva sampling times and capsule intake at
agreed times. Diaries with registration of presumed sleep, subjective sleepiness during the day (Karolinska
Sleepiness Scale, KSS) and times for capsule intake and saliva samplings were completed each day. Primary analysis
over 5 wks gave significant results for melatonin, sleep and KSS. Post hoc analysis showed that reported sleep-onset
times were advanced after melatonin school weeks compared with PL school weeks ( p < .005) and that sleep
length was longer ( p < .05). After the last melatonin school week, the students fell asleep 68 min earlier and slept
62 min longer each night compared with the baseline week. Morning melatonin values in saliva diminished
compared with PL ( p < .001) and evening values increased ( p < .001), indicating a possible sleep phase advance.
Compared with PL school weeks, the students reported less wake up ( p < .05), less school daytime sleepiness
( p < .05) and increased evening sleepiness ( p < .005) during melatonin weeks. We conclude that a small dose of
melatonin given daily, administered in the afternoon, could advance the sleep timing and make the students more
alert during school days even if they continued their often irregular sleep habits during weekends. (Author
correspondence: arne.lowden@stress.su.se)
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INTRODUCTION

Since 1980, sleep problems among adolescents have
increased about three times in Sweden, most markedly
during the last decade (Swedish Government Official
Reports, 2006). At least part of the reason for this is prob-
ably a change in young people’s evening habits, causing a
delay of their circadian rhythm in relation to the rhythm
of nature, school or work (Shochat et al., 2010). This
development of sleep patterns and problems seems to
be almost worldwide (Gradisar et al., 2011). The major
problem is that the onset of sleep is very late and that
sleep is strongly reduced because of the need to rise
early for school. Insufficient sleep and effects of delayed
sleep during school weeks can have a profound negative

effect on school performance, cognitive function and
mood (Curcio et al., 2006; Millman, 2005; Thorpy et al.,
1988).

One important contributor to sleep-onset insomnia in
the young may be that they are “night owls.” The inci-
dence of eveningness (late chronotype) increases
steeply during the second decade of life, after which it
declines slowly during the rest of life (Roenneberg
et al., 2007). The mechanism behind differences in
chronotype is that the circadian clock has a different
acrophase (time of maximum) for different chronotypes
and thus promotes alertness and sleep differently, with
a strong delay for evening types, resulting in the charac-
teristic difficulties in sleep onset and ability to rise in
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the morning (Zee & Manthena, 2007). On average, late
chronotypes have a longer circadian period than inter-
mediate and early types (Brown et al., 2008) and the
nadir of body temperature and cortisol production
occurs later during sleep (Bailey & Heitkemper, 2001).
Consequently, they are less alert and more prone to
stay in bed in the morning, thereby missing the phase-
advancing effect (Dijk et al., 1995) of early morning
light. In contrast, late chronotypes experience stronger
circadian alerting signals in the evening, which may
lead to more phase delaying light exposure during late
hours (Emens et al., 2009). Even the modest light from
a computer or ordinary room light is sufficient to phase
delay the internal clock (Zeitzer et al., 2000). The phase
delay is due to a combination of genetic components in
the circadian system (Jones et al., 2007), pubertal matu-
ration (Frey et al., 2009) and social components (Shiraya-
ma et al., 2003), like society’s demands and the student’s
daily habits. In extreme cases, the diagnosis “delayed
sleep phase disorder” (DSPD) may be applied (American
Academy of Sleep Medicine, 2001).

Theoretically, there are four different ways to help
teenagers who have delayed sleep phase problems
(Czeisler et al., 1981; Okawa et al., 1998): (1) Information
about its cause and about sleep hygiene. (2) Chronother-
apy, i.e., progressive forced delay of sleep. (3) Light treat-
ment. (4) Melatonin treatment. The first should always be
used but is as a single treatment often insufficient
(Moseley & Gradisar, 2009). The second is impractical
and the third often difficult to implement in the school
situation. This study is focused on the usefulness
of melatonin.

Melatonin has an important role in the circadian regu-
lation of sleep. Its production in the pineal gland is regu-
lated by the SCN and synchronized to the light–dark cycle
by signals from the eye. In its turn, melatonin is acting on
the SCN in a feedback system, which is thought to stabil-
ize the sleep/wake cycle (Pandi-Perumal et al., 2008b).

Melatonin has two different effects on the SCN,
mediated by two different receptors (Pandi-Perumal
et al., 2008a). By binding to MT1 receptors, it has an
inhibitory effect on SCN wake promoting activities. As
these activities increase during waking hours to compen-
sate for increasing sleep debt, the inhibitory, soporific
effect of melatonin is most evident towards the end of
the day. Taken at that time, it is often used as a sleep
aid (Wyatt et al., 2006).

By binding to MT2 receptors, melatonin acts by phase
shifting the circadian firing rhythm in the SCN. This
phase shift, however, is possible only at certain
periods of sensitivity, i.e., dusk and dawn. If melatonin
is taken some hours before dim light melatonin onset
(DLMO), it will advance the sleep timing (Lewy et al.,
1998).

Both time and dose of melatonin administration
determine its phase shifting effect. Given after DLMO,
as is the case when it is used as a sleep aid, it has no or
minimal such effect (Burgess et al., 2008). Given before

DLMO to advance the sleep timing, but in a high dose,
it can produce less of the sleep timing shift as it may
still have an effect at night’s end, but in the opposite di-
rection (spillover effect, Lewy et al., 2006).

The optimal time for melatonin administration in
order to accomplish a phase advance is also dose-depen-
dent, since melatonin has a short elimination half-life
and exogenous melatonin levels should be continuous
with the beginning of the endogenous melatonin
profile. A dose of 3 mg is most effective when given
about 5 h before DLMO, whereas .5 mg is best given
2–4 h before DLMO (Burgess et al., 2010).

As early as 1991, Dahlitz et al. showed that melatonin,
given for some weeks 5 h before habitual sleep-onset
time, could advance the sleep timing more than 1 h in
patients with DSPD (Dahlitz et al., 1991). This was con-
firmed in a recent meta-analysis including nine random-
ized controlled trials, comparing melatonin with placebo
(PL; Van Geijlswijk et al., 2010). Four of the studies in-
cluded children (Smits et al., 2001, 2003; Van Der
Heijden et al., 2007; Weiss et al., 2006). None of them
included teenagers, however, and to the best of our
knowledge, no such controlled studies exist.

Children under 12 yrs of age, as in the studies men-
tioned above, usually have sleep habits, controlled by
their parents. Teenagers, in contrast, tend to set their
own limits, especially those suffering from DSPD. There
is also an overrepresentation of neuropsychiatric pro-
blems among these students who are often both less
able to cooperate and in greater need of help, as sleep
debt aggravates their handicaps in school (Van Der
Heijden et al., 2005).

It should be emphasized that in most European
countries, melatonin is a prescription-only medication.
The European Panel on Dietetic Safety Authority (EFSA,
2011) have recommended 1 mg of melatonin to be
used close to bedtime in the general population. In
Sweden, a special license from the Medical Products
Agency is required for each prescription of ordinary
melatonin, as it is not yet classified as a medication.
According to the Agency, more convincing studies on
the effect of ordinary melatonin are necessary, before
the license requirement can be abolished (Wallenbeck
& Forslund, 2008).

Nowadays, a consensus exists that melatonin is a safe
treatment with appropriate dosage and timing (Arendt
et al., 2008). There might still be some concern,
however, about its long-term use during childhood and
adolescence, as melatonin is known to be involved in
the seasonal regulation of animals’ reproduction (Srini-
vasan et al., 2009). The gonadotrophic effects differ
among species, however (Scherbarth & Steinlechner,
2010), and in a recent PL -controlled study, no treat-
ment-related changes of hormones, including testoster-
one and estradiol, were detected after long-term
treatment of humans (Wade et al., 2010). The only
study to follow pre-pubertal children with regard to
their development (Van Geijlswijk et al., 2010) found

 B. Eckerberg et al.

Chronobiology International

C
hr

on
ob

io
l I

nt
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

W
as

hi
ng

to
n 

on
 0

9/
29

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



that puberty onset seemed to be undisturbed after 3.1 yrs
of melatonin usage.

The aim of this study was to investigate the effect of an
intake of 1 mg of melatonin late in the afternoon, as the
sole intervention on sleep onset, sleep duration,
daytime sleepiness and melatonin in teenage students
with sleep-onset insomnia.

SUBJECTS AND METHODS

Participants
In December 2009, all students, in grades 8, 10 and 11 in
the schools of a mid-Swedish town with around 15 000
inhabitants, completed a questionnaire about sleep
habits and sense of fatigue during daytime. Out of 456
students, 58 answered “yes” to the question whether
they had sleep-onset insomnia and confirmed that they
wanted help with that.

Criteria for participation selection included a motiv-
ation to be helped, being unable to go to sleep before
01:00 h at least two out of five nights every school week,
and a substantial sense of morning fatigue. Exclusion cri-
teria were prior use of melatonin and use of light therapy.

Thirty-four students who satisfied the criteria were
contacted of whom, 23 were willing and allowed by
their parents to participate. One decided to withdraw
after a few days, as he could not wait for help. One was
excluded because of non-compliance. No reward was
promised but after having finished the study, each
student was given two cinema tickets.

The participants included consisted of 10 boys and 11
girls between 14 and 19 yrs of age. Informed consent was
obtained from all parents and students after personal
meetings with the school doctor.

Design/Protocol
The study started on a Thursday in the middle of January
2010 and covered a period of 5 consecutive weeks.
Parents were instructed to help the students with sleep–
wake diaries and remind them to take melatonin–PL cap-
sules and deliver saliva samples at agreed times. Other
measures to advance sleep timing, like day light lamps
or more strict sleep hygiene than before, were not to be
taken as long as the study lasted.

The melatonin and PL used in the study was obtained
from Natural Pharma International, NPI AB. The melato-
nin and PL were administered to the students as hard-
gelatin capsules, which were indistinguishable from
one another by appearance, taste and smell. The cap-
sules were dispensed in numbered sets of three bottles,
labelled 1, 2 and 3, each containing six capsules. The
sets had been randomized and were delivered together
with sealed data in envelopes, separate for each set. In
half of the sets, bottle 1 contained capsules with 1 mg
melatonin and bottle 2 PL, in the other sets, bottle 1 con-
tained PL and bottle 2 melatonin. Bottle 3 containedmel-
atonin capsules in all sets, and this was known to all
participants. The randomization of the first two bottles
was blind to students and study team and the code was
broken only after all study procedures were terminated.
The purity of the melatonin substance and the accu-
racy/assay of the melatonin dose in capsules for the clini-
cal study were verified to fulfil specifications by
independent quality control units within the supplying
pharmaceutical company.

During the 1st and 3rd study wks, no capsules were to
be taken. During the 2nd, 4th and 5th wks, the students
took the capsules from bottles 1, 2 and 3, respectively.
Wednesdays were always capsule-free. The design of
the study is illustrated in Figure 1.

As there were no practical possibilities to measure
DLMO, the optimal timing of melatonin intake had to
be approximately calculated from the sleep habits, as re-
ported by the students in the questionnaire. A time,
3–4 hrs before estimated DLMO (Crowley et al., 2006),
was chosen but had to be adapted to the students’ and
parents’ daily habits. Individually adapted times
between 16:30 and 18:00 h were chosen at the initial
meeting with the school doctor. Both the student and
one parent received an automatic mobile text message
(SM-Ace, Pixie data 1.9.0) 15 min before intake time
agreed upon, reminding them of the capsule intake.
The exact time for the intake was then noted in the diary.

MEASURES

During all study weeks, students completed diaries with
registration of sleep (presumed sleep-onset time, time
of awakening), naps and subjective sleepiness during

FIGURE 1. Design of study. A group of students (n = 21) were randomised into two groups and studied across 5 experimental weeks that
included a BL week, 2 M1/PL weeks, a WO week and a week when both groups had melatonin (M2). Each experimental week started on a
Thursday and ended onWednesday that wasmedication free and subjects took salivamelatonin samples in the evening and in themorning.
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the day (KSS, which quantifies sleepiness four times a
day on a nine-grade scale, Kaida et al., 2006). The exact
times for capsule intakes and saliva samplings were
also registered in the diaries.

All subject wore actigraphs (Actiwatch™, Cambridge
Neurotechnology, Cambridge, UK), but due to software
problems only about half of the subjects (n = 13) could
be analysed and actigraphy was thus excluded from the
analysis. Within the subsample diary data, comparisons
were performed to check for correspondence. Actigraphy
data were scored without reference to the sleep diary
data. The correlation reached .77 (Pearson) for sleep
onset, .87 for sleep offset and .75 for sleep length.
These levels are comparable to similar studies of adoles-
cents comparing actigraphy data and survey data on
sleep timing (Wolfson et al., 2003) and support the val-
idity of using diary data in this study.

Starting and ending days of the study were Thurs-
days. Every week, each student produced two saliva
samples (Salivette, Sarstedt®, Rommelsdorf, Germany)
at home at exactly the same time Wednesday evenings
and Thursday mornings. Every Thursday, the samples
were sent by post in prepaid envelopes to the labora-
tory in Stockholm, where they were centrifuged and
stored at −20°C for later melatonin analysis. Salivary
melatonin was determined through Radio Immunoas-
say (RIA, Bühlmann Laboratories AG®, Schönenbuch,
Switzerland)

A dose of 1 mg was chosen in this study in order to
minimize the soporific effect, which is probably dose-

dependent (Van Den Heuvel et al., 1998). Times for
saliva samples were individually adapted to each
student and parent’s evening and morning routines.
Both the student and one parent received an automatic
mobile text message (SM-Ace, Pixie data 1.9.0) 15 min
before sampling as a reminder. They were taken as late
as possible on Wednesdays and as early as possible on
Thursdays. This optimized the chance to have a sample
from both the rise and descent of the melatonin
secretion profile. A single melatonin value says little
about circadian phase but as melatonin secretion pat-
terns are individually fairly stable (Selmaoui &
Touitou, 2003), weekly changes of melatonin values
from the same clock time will reflect delays or advances
of sleep timing, provided the samples are taken during
the beginning and end of the melatonin secretion
profile.

The Ethics Committee, Faculty of Medicine, Uppsala
University and theMedical Products Agency, Uppsala ap-
proved the study. The experimental protocol was con-
formed to international ethical standards (Portaluppi
et al., 2010).

Statistical Analysis
Means and standard errors were integrated across each
experimental week and used in figures (mean values
for timing in text using clock times). Mean values based
on raw data were analysed with a two-way repeated
measurement analysis of variance (ANOVA). The ana-
lyses were performed in three steps, a primary analysis

TABLE 1. Mean values (±SE) for sleep, melatonin and sleepiness (KSS) on weekdays and weekends

BL M1 PL WO M2 Statistical analysis

Sleep (weekdays)
Sleep length (hrs) 7.03 ± .09 7.84 ± .12 7.54 ± .11 7.08 ± .12 8.07 ± .13 4, 5, 6, 7, 8
Sleep onset (h) 00:25 ± .06 23:25 ± .10 00:11 ± .09 00:25 ± .07 23:17 ± .11 1, 2, 4, 5, 6, 7, 8
Sleep offset (h) 07:26 ± .09 07:32 ± .08 07:43 ± .10 07:14 ± .08 07:17 ± .10 4, 5
Melatonin
Evening (pmol/ml) 18.95 ± 6.43 29.20 ± 4.95 2.99 ± 4.88 17.56 ± 5.22 35.83 ± 6.30 2, 4, 5, 6, 7
Morning (pmol/ml) 5.71 ± 11.57 24.74 ± 4.98 34.13 ± 1.45 34.41 ± 6.82 13.61 ± 4.11 2, 5, 6, 7, 8
Sleep (weekend)
Sleep length (hrs) 8.67 ± .16 9.76 ± .28 8.70 ± .20 8.68 ± .25 9.30 ± .25 2, 4, 6
Sleep onset (h) 01:25 ± .18 00:27 ± .27 01:36 ± .18 01:43 ± .21 00:39 ± .23 1, 2, 4, 6
Sleep offset (h) 10:05 ± .16 10:13 ± .20 10:18 ± .14 10:27 ± .21 09:56 ± .20 1
KSS (weekdays)
Wake up time 7.37 ± .12 6.47 ± .16 7.11 ± .14 7.04 ± .13 6.10 ± .18 2, 5, 6, 7
Morning 5.93 ± .12 5.27 ± .14 5.66 ± .14 5.72 ± .14 5.09 ± .15 2, 5, 6, 7, 8
Afternoon 5.72 ± .17 5.09 ± .15 5.32 ± .18 5.66 ± .16 5.06 ± .17 2, 6
Evening 4.54 ± .18 6.29 ± .17 5.18 ± .19 5.34 ± .17 6.78 ± .15 2, 4, 5, 6, 7
KSS (weekend)
Wake up time 6.15 ± .24 5.22 ± .18 5.97 ± .24 6.20 ± .22 5.70 ± .27 4, 6
Morning 5.48 ± .26 4.92 ± .26 5.00 ± .21 5.57 ± .23 5.04 ± .25
Afternoon 5.28 ± .24 4.62 ± .27 4.87 ± .27 5.25 ± .25 4.78 ± .29
Evening 4.51 ± .30 6.55 ± .27 5.09 ± .31 5.23 ± .32 6.89 ± .26 1, 2, 4, 5, 6, 7

For ANOVA differences, see below.
1, significant effect of day (ANOVA including 5 weekdays or 2 weekend days). 2, significant effect of week (ANOVA including 5 wks – BL, M1,
PL, WO, M2). 3, significant interaction effect day × week (ANOVA). 4, PL × M1 (primary analysis, ANOVA – significant effect of week). 5,
PL × M2 (ANOVA – significant effect of week). 6, BL × M1 (ANOVA – significant effect of week). 7, BL × M2 (ANOVA – significant effect of
week). 8, BL × PL (ANOVA – significant effect of week).
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for the difference between PL and Melatonin weeks that
included the strongest control in the design and a sec-
ondary analysis using the factors Week (5 wks) and
Day. In the third step, post hoc analyses were calculated
between single weeks. All analyses separated weekdays
(5 d, Sunday evening–Friday evening) and weekends
(2 d Friday evening–Sunday evening). Main effects and
interactions of Week and Day were calculated and pre-
sented in Table 1. The procedure included a Huyhn–
Feldt correction for unequal variances. Direct hypothesis
were posed for sleep onset and offset time, sleep length
and melatonin changes. These variables were treated
with a one-sided ANOVA for the primary analysis
(analyse 4 in Table 1), the overall analysis (factor Week,
analyse 2) and post hoc analysis PL × M2 (analyse 5,
see Table 1). For saliva melatonin, transforming data to
the best fit, the inverted square root, before analysis,
reduced skewness. The significance level was set to 5%
in all analyses.

RESULTS

Table 1 summarizes the results of the study and
ANOVA statistics. Sleep and daytime sleepiness (KSS)
data were registered separately for the 5 d in connec-
tion to school days (weekdays) and free days (two
weekend days).

Weekday Sleep
Data derived from diaries showed an effect of Week for
presumed sleep-onset time and sleep length. As shown
in Figure 2, baseline (BL) mean presumed onset was at
00:25 ± .06 h. During the PL week, it was advanced to
00:11 ± .12 h during the first melatonin (M1) week to
23:25 ± .10 h and during the second melatonin (M2)
week to 23:17 ± .11 h. The difference PL/M1 became sig-
nificant ( p < .05) as well as PL/M2 ( p < .005).

Sleep offset times were stable across experimental
weeks, means ranging from 07:14 ± .13 h at the wash

out (WO) week to 07:43 ± .10 h at PL (Figure 3).
However, waking occurred earlier at M1 (07:19 ± .08 h,
p < .05) and at M2 (07:17 ± .10 h, p = .0594) than at
PL (07:43 ± .10 h).

The effect of Day seen in Table 1 indicated that stu-
dents had different sleep-onset times on schooldays as
they went to bed shortly before midnight on Monday,
Tuesday and Thursday but later on Wednesdays (00:16
± .10 h).

From 7.0 ± .09 h during BL sleep length increased
with 31 min at PL, with 49 min during M1 and 62 min
during M2, see Figure 4. The difference PL/M2 was sig-
nificant ( p < .05). By the 5th wk, 89% of the students re-
corded longer sleep before school days than during the
1st wk.

Weekend Sleep
In connection to weekends, both sleep-onset time
and sleep length changed across experimental weeks
( p < .01 and p < .05, respectively). The condition

FIGURE 2. Sleep onset (diary). Means ± SE across experimental
weekdays including BL = baseline, M1 =melatonin, PL = placebo,
WO =washout and M2 =melatonin. Results of primary analysis
(PL × M1) and other differences between weeks are indicated
( p-values).

FIGURE 3. Sleep offset time (diary). Means ± SE across exper-
imental weekdays including BL = baseline, M1 =melatonin, PL =
placebo, WO =washout and M2 =melatonin. Results of primary
analysis (PL × M1) and other differences between weeks are indi-
cated ( p-values).

FIGURE 4. Sleep length (diary). Means ± SE across experimental
weekdays including BL = baseline, M1 =melatonin, PL = placebo,
WO =washout and M2 =melatonin. Results of primary analysis
(PL × M1) and other differences between weeks are indicated
( p-values).
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differences resembled findings for weekday sleep, but
sleep was initiated about 1 h later or more on each
experimental week. Sleep-onset time was 01:25
± .18 h during BL, 01:36 ± .18 h during PL, 00:27
± .27 h during M1, 00:39 ± .23 h during M2 and at
01:43 ± .21 h at WO. The difference PL/M1 was signifi-
cant ( p < .05). Mean sleep offset time ranged from
09:56 ± .20 h at M2 to 10:27 ± .21 h at WO, the differ-
ence being significant ( p < .05). Also the difference
between BL (10:05 ± .25 h) and M2 was close to signifi-
cant ( p = .0705). Mean sleep length was 8.67 ± .16 hrs
during BL and 2 min longer during PL (8.70 ± .20 hrs)
and 65 and 38 min longer during M1 (9.76 ± .28 hrs)
and M2 (9.30 ± .25 hrs), respectively. PL × M1 differ-
ence was significant ( p < .05) and PL × M2 difference
was almost significant ( p = .0675).

Melatonin
Melatonin in saliva showed changes across conditions
both in evening and morning measurements. As seen
in Figure 5 evening values peaked after weeks with
melatonin administration especially at M2 (35.8
± 6.3 pmol/ml). The level at M1 reached 29.2
± 5.0 pmol/ml and at PL, 21.0 ± 4.9 pmol/ml, a sig-
nificant difference. The levels in the morning did not
differ between conditions M1 and PL, but at M2 a
clear drop had occurred, the levels across the exper-
iment dropped from 34.1 ± 10.5 pmol/ml at PL to
13.6 ± 4.1 at M2.

The morning melatonin values from both the PL and
WO weeks were lower than the BL value, whereas the
evening values were less affected.

After the last study week, 94% of the students had
lower morning melatonin values than after the 1st wk
and 84% of the students had higher evening melatonin
values after the last week.

KSS During School Days
The subjective evaluations of sleepiness (KSS ratings) are
presented in Table 1 (analyse 2) and Figure 6. The figure
shows means across each condition within each exper-
imental week. The sleepiness patterns changed signifi-
cantly between conditions (different weeks) for all four
time points of measures across the day. The strongest
effect was a change of sleepiness in the evening from
PL (KSS = 5.18 ± .19) to increased levels during M1
(KSS = 6.29 ± .17) and during M2 (6.78 ± .15). The
differences between PL and M1 and PL and M2 were sig-
nificant ( p < .005). Also sleepiness on awakening (KSS
= 7.11 ± .14) and during morning hours (5.66 ± .14)
for PL were significantly ( p < .05) reduced at M2
(waking KSS = 6.1 ± 0.18; morning KSS = 5.09 ± .15).

KSS During Weekends
During weekends, evening sleepiness increased during
M1 (KSS = 6.55 ± .27) and M2 (KSS = 6.89 ± .26) com-
pared to PL (KSS = 5.09 ± .31) and reached significance
( p < .005). Sleepiness also decreased ( p < .05) during
morning hours for M1 (PL KSS = 5.0 ± .21; M1
KSS = 4.92 ± .26). In general, mean sleepiness remained
higher on Sundays (KSS = 5.47 ± .09) compared to
Saturdays (KSS = 5.36 ± .09) throughout the study and
this pattern was not affected by condition.

Side Effects
The participants were instructed to continuously note
any suspected side effects following the intake of cap-
sules, “for example tiredness within the first hours after
capsule intake,” as formulated in the diary. Only two par-
ticipants noted tiredness 1 h after melatonin intake and
one noted headache a few times following melatonin
intake. No side effects were noted during PL weeks.

FIGURE 5. Saliva melatonin (pmol/ml). Means ± SE across
experimental weekdays including BL = baseline, M1 =melatonin,
PL = placebo, WO =washout and M2 =melatonin. Results of
primary analysis (PL × M1) for evening (bold circles) and
morning (open circles) samples and other differences between
weeks are indicated ( p-values).

FIGURE 6. Evaluations of sleepiness (KSS). Means ± SE across
experimental weekdays on three occasions during the day (wake,
daytime – combined morning and afternoon ratings, and
evening) including BL = baseline, M1 =melatonin, PL = placebo,
WO =washout and M2 =melatonin. Results of primary analysis
(PL × M1) and other differences between weeks are indicated
( p-values).
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At the end of the study, the students filled in a short
inquiry form with questions about early evening tired-
ness for each capsuleweek. Now, 11 of the 21 participants
confirmed some sense of fatigue already 1 or 2 hrs follow-
ing capsule intake, 10 after melatonin and 1 after PL cap-
sules. Six felt a little tired after melatonin some evenings
during the 1st wk with melatonin only, four during
both weeks.

In a short inquiry form at the end of the study 20 of 21
participants answered “yes” to the question “Did you
benefit from the study – can you go to sleep earlier
now?” and one answered “Don’t know.”

DISCUSSION

The results showed that a small dose of melatonin given
to teenage students several hours before the usual
bedtime will advance sleep onset and time of rising
during school week and causes: increased sleepiness
during the evening, increased saliva melatonin in
the evening and decreased melatonin at wake up. The
sleep-onset time remained advanced during the
weekend and the evening and morning sleepiness
remained increased and decreased, respectively. The
pattern is interpreted as an advance of sleep timing.

To the best of our knowledge, the advanced sleep
timing has not been demonstrated in teenagers before.
As a group, teenagers have bedtimes that are difficult to
regulate (Van Der Heijden et al., 2005). The results are
very similar, however, to what has been demonstrated
in adults (Dahlitz et al., 1991) and in children (Smits
et al., 2001, 2003; Van Der Heijden et al., 2007; Weiss
et al., 2006), whose sleep is more easy to influence.

Sleep-onset time, as well as time of awakening, was
earlier during the M1 week compared to the PL week
and evening KSS was higher during M1, as would have
been expected if a circadian phase advance had
occurred. An unexpected finding, however, was that
sleep-onset time was significantly later on Wednesdays,
more specifically the melatonin-free Wednesdays
during M1 and the M2 week. This indicates that the
earlier sleep-onset times during the other six evenings
were at least partly due to the soporific effect of the mel-
atonin capsule. The same effect was also reflected in the
evening KSS values that tended to be lower on Wednes-
day than the other six evenings during M1.

The probable soporific effect on sleep-onset time was
unexpected as the melatonin dose (1 mg) was smaller
than in other studies and given around 6 hrs before
sleep onset. Dahlitz et al. (1991) used 5 mg melatonin
5 hrs before estimated sleep-onset time and determined
alertness by a self-rating scale completed every 2 hrs
during the day, without significant change of acrophase.
Evening sleepiness is not measured in other controlled
studies, but the soporific effect of melatonin during
some hours following its intake is sometimes reported
(Smits et al., 2001). In a study by Cajochen et al. (1996),
subjective sleepiness after intake of 5 mg melatonin

lasted for 3 hrs if intake was at 13:00 h and for 5 hrs
after intake at 18:00 h.

Sleep duration did not show an increase during the
school week in the primary analysis, but did so during the
weekend. It was expected that an earlier bedtime would
yield a longer sleep duration also during the school week.
As shown in a meta-analysis (Van Geijlwijk et al., 2010),
this is usually the case in studies with children but not
with adults. A possible explanation to the lack of signifi-
cance during school week may be that the students were
sleepier at awakening during PL (KSS-value 7.11) than
during M1 (KSS-value 6.47), making them oversleep more
often (sleep offset times 7:43 and 7:19, respectively).

AswecouldnotdetermineDLMO,weonlyhave indirect
evidence that the circadian phase of melatonin was
advanced by the treatment. When comparing M1 with
PL, there was a significant difference between levels of
eveningmelatonin (higherduringM1), possibly suggesting
that a phase advance had occurred. The difference
between morning melatonin levels did not reach signifi-
cance, however, which weakens the previous statement.

The mean levels of melatonin would vary greatly if
time of sampling changed across experimental weeks.
This was probably not the case in this study since all par-
ticipants were instructed to take their saliva samples each
week at exactly the same clock times, individually
adapted to their habits, on Wednesday evenings and
Thursday mornings. To ensure this, both the student
and one parent received an automatic mobile text
message, reminding them of the sampling, 15 min
before time agreed on. The students or parents noted
the actual sampling times in the sleep logs and with
few exceptions, they were all less than 10min early or late.

Apart from the main analysis of the PL/M1 difference,
some information may also be obtained by comparisons
between M2 and PL. These will suffer from an effect of
sequence and of the knowledge that melatonin has
been given during M2, but it also reflects the every-day
situation of taking a medication as well as potential
effects of accumulation of advanced sleep timing and
decrease of sleep debt.

In any case, the PL/M2 analysis clearly showed that
the effects of medication were slightly stronger in M2 in
several respects. Saliva melatonin increased in the
evening and decreased in the morning, now also signifi-
cantly, which likely would support the notion of a conti-
nuing phase advance of melatonin, consistent with
earlier studies using DLMO (Van Geijlswijk et al., 2010).
The design of the study made it impossible to show if
the advanced sleep timing would have continued
during additional weeks with melatonin. Nor was it poss-
ible to show how stable sleep patterns and wakefulness
would have been without medication.

Sleep onset occurred slightly earlier in M2 than in M1,
while times of rising remained the same, resulting in sig-
nificantly increased sleep duration also during school
week. From BL week, the students’ mean sleep length
in connection to weekdays had increased by 49 min
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during M1 and by 62 min during M2. In contrast, mean
sleep length during weekends was 28 min shorter
during M2 than during M1. This may have been a
result of diminished sleep debt during M2, as they are
usually paid during weekends (Millman, 2005).

The students reported less sleepiness at awakening
during M2 than PL and were also significantly more
alert during morning hours. As in the discussion above,
this may have been effects of both a phase advance of
melatonin and a diminished sleep debt. A tendency to
more afternoon alertness may only be explained by
diminished sleep debt, though. The results are in accord-
ance with some earlier studies (Kayumov et al., 2001;
Nagtegaal et al., 1998). The overall link between sleep
duration and school performance is well established
(Wolfson & Carskadon, 2004). As daytime sleepiness
has been shown to be even closer connected to poor
school performance than short sleep duration (Anderson
et al., 2009), the increased alertness during school days is
perhaps the most important finding of this study.

When comparing the mean evening KSS values and
sleep-onset times of all melatonin-free evenings in the
whole study, we found that the Wednesdays in M1 and
M2 had the highest KSS values and the Wednesday in
M2 was the only to have a sleep-onset time before mid-
night. These findings indicate that the increased
evening sleepiness and earlier sleep onset during M1
and M2 were mostly due to a sleep phase advance.

This study has several limitations. One concerns the
modest size of the sample. Several trends towards signifi-
cance were observed, which may have become signifi-
cant had a larger sample been used. Another weakness
is that sleep data are mainly dependent on sleep logs
due to software problems with the actigraphs. As the cor-
relation between available actigraph data and sleep logs
were comparable to similar studies of adolescents
(Wolfson et al., 2003), we found it acceptable to use
only sleep log data.

Also, the external lighting conditions can be a
confounder. However, it should not have affected the
PL/M1 comparison since that was counter-balanced.
Confounding of outdoor light is also unlikely for
several reasons. Thus, the study started in January
and ended in February when sunrise occurs just
10 min before school start. Sunset, however, was
delayed from half past three, when school attendance
usually is about to end, to half past four. Consequently,
the participants did not get more daylight in the
morning during the last study week, but had the
chance to have more of it on their way home after
school. On the other hand, if the change of daylight
timing had any influence on the circadian phase, it
would have resulted in a delay (Figueiro & Rea, 2010).

Amain limitation is that theWO time probably was too
short. A pilot study from the same schools (Eckerberg,
2009) showed that the phase advancing effect of melato-
nin under ordinary school conditions may last more than
1 wk. The WO time might have been insufficient to

prevent a carryover effect from M1 to PL in group
1. This is a possible explanation to the significantly
lower morning melatonin values during PL compared
to BL week and might also explain why the M1/PL com-
parison did not reach significance. The significantly
earlier sleep onset, longer sleep duration and decreased
morning sleepiness in the PL/BL comparison may be
real PL effects but also carry-over effects.

This study did not compare melatonin administration
in the afternoon with such in the evening, but focused on
the former. Its main advantage is the more or less persist-
ent circadian phase advance, not achieved after evening
administration (Burgess et al., 2008). When the wake up
time is fixed, as with school children, the patient will
probably be more alert and more ready for the important
breakfast meal (Micha et al., 2010), even if this, to our
knowledge, is not yet shown in a study. Afternoon admin-
istration also permits intermittent medication without
immediate relapse of delayed sleep onset (Eckerberg,
2009). Even a single weekend dose seems to have some
effect (Yang et al., 2001). Even if no side effects of the con-
tinuous long-term use of melatonin has been noted up
till now (Van Geijlswijk et al., 2011), some caution
might be recommendable.

A clear disadvantage of early melatonin adminis-
tration is the soporific effect. During the first few days
withmelatonin administration, nearly half of the students
in this study had experienced some degree of fatigue
during 1 or 2 hrs following capsule intake. This MT1-
mediated effect is more evident when the homeostatic
pressure for sleep is high (Wyatt et al., 2006). Thus,
during the M2 week, when much of the sleep debt, pre-
sumably, was paid off, only four of the students experi-
enced some post-capsule fatigue.

Although the soporific effect never was great enough
to prevent the students to continue their activities,
patients should be informed about it and advised to be
extra careful with driving as long as they experience
even slight post-capsule fatigue. As the effect is probably
dose-dependent (Van Den Heuvel et al., 1998), it would
have been preferable to give a lower dose of melatonin,
for example 0.5 mg, which is enough to give a phase
advance (Burgess et al., 2010). However, according to
the producer, it was difficult to guarantee the conformity
of capsule content with doses below 1 mg.

In summary, this study has shown that a small dose of
melatonin, administered in the afternoon will result in a
significant advanced sleep timing. The treatment was
effective although the students continued with their
often irregular sleep habits. We could also show that
the treatment made the students feel more awake
during the school day.
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