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ABSTRACT

Among the most co-occurring conditions in autism spectrum disorders (ASD), there are sleep
disorders which may exacerbate associated behavioral disorders and lead to intensification of existing
autistic symptoms. Several studies investigating the use of melatonin in the treatment of sleep
disorders in ASD have shown comparative efficiency in sleep with little or no side effects. Here we
report a case of ASD with non-24-hour rhythm and the effect of melatonin in circadian parameters by
actigraphy. Visual analysis of the first 10 days recorded and the periodogram suggest that this patient
showed a non-24-hour rhythm. This ASD subject showed before melatonin administration an activity/
rest rhythm lower than 24 hours. The results show that melatonin increased approximately 4.7 times
the regularity of circadian activity rhythm and resting staying on average between 00:00 and 06:00
and showed positive effects in improving the quality of sleep and behavior. So, the actigraphy showed
an ASD subject with a non-24-hour activity/rest rhythm which changed this rhythm to a 24-hour
rhythm after melatonin administration. This result reinforces the prospect of therapy with melatonin
for synchronization (increased regularity) of endogenous rhythms and improve sleep quality and
hence behavior and indicates the actigraphy as a choice tool to characterize several parameters of the
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activity/rest rhythm of ASD individuals.

Introduction

The Autism spectrum disorder (ASD) is a neurode-
velopmental disorder whose main features can be
noted in early childhood as a deficit in social interac-
tion and communication and the presence of repeti-
tive behaviors and restricted interests. Among the
most comorbidities in ASD, there are sleep disorders
(Tudor et al., 2015), which in this population occurs
with a frequency of 40-80% of cases, exceeding the
percentage of 20-40% of children with typical devel-
opment. The presence of sleep disorders in indivi-
duals with ASD may exacerbate associated
behavioral disorders and lead to intensification of
existing autistic symptoms (Cortesi et al., 2012;
Fadini et al., 2015). Among the etiological hypotheses,
atypical production of melatonin is one of the theories
to explain the high prevalence of sleep disorders in
ASD (Glickman, 2010; Johnson et al, 2009).
Melatonin is the hormone that marks the dark phase
to the body, influencing in human circadian timing
(Arendt, 2005) and acting as a sleep modulator (Neto
& Castro, 2008). Under normal conditions, increased
sleep and melatonin production are proportional

(Schochat et al., 1998; Tzischinsky et al., 1993), but,
in pathological conditions, the atypical production of
melatonin may reflect a disruption of other biological
functions  expressing  circadian  rhythmicity
(Bourgeron, 2007; Pinto et al., 2016).

Studies investigating the use of melatonin in the
treatment of sleep disorders in ASD have shown
comparative efficiency in sleep charts parameters
with little or no side effects (Garstang & Wallis,
2006). Here we report a case of ASD with non-24-
hour rhythm and the effect of melatonin on circa-
dian parameters analyzed by actigraphy.

Material and methods

This study is based on a case report of a 11 years and
4 months old child, male, diagnosed with Asperger
syndrome, according to DSM-IV, or mild ASD
according to the DSM-IV criteria. The study is in
accordance with the Regulatory Norms on Human
Research. The study protocol was approved by the
ethics committee of the local institution and
informed consent was obtained from the parents of
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the participant prior to the start of data collection. At
the time of data collection, the boy was attending the
6th year of elementary school in the morning. The
child’s mother reported that her son had difficulty
initiating and maintaining sleep. At the time, the
child was using chlorpromazine 25 mg (1 tablet per
day - half in the morning and half at night).

The boy was given tablets to be ingested around 30
minutes before bedtime for 30 days. In the first 10 days
the tablet consisted of placebo, and in the next 20 days
he took melatonin (3 mg). Motor activity was
recorded by an actimeter (ActTrust, Condor
Instruments), data were downloaded to a computer
for time-series analyses according to an algorithm
proposed by one of the authors (Gongalves et al.,
2014). The actimeter record was also completed by a
sleep diary.

The intermediate stability of the circadian rest/
activity rhythm was calculated on resampled
record every 60 minutes. Furthermore, we used
Sokolove and Buschel periodogram to identify
the periods during the 10 days of placebo and 20
days with melatonin treatment.

To evaluate the behavior we used the child beha-
vior checklist (CBCL) answered by the child’s
mother (Bordin et al., 2013). The instrument con-
tains several scales: attention, social, thinking, inter-
nalizing behaviors (anxiety, withdrawal and somatic
disorders), externalizing (rules breaking behaviors
and aggression), among others. The inventory was
applied three times: before the onset of administra-
tion of placebo, after 10 days of placebo use and after
20 days of melatonin administration. The scores are
obtained with CBCL and are classified as nonclinical,
clinical and borderline.

Results

The circadian rest/activity rhythm shows an irregu-
lar pattern (Figure 1A and 1B) of the first 10 days,
during placebo treatment. During placebo adminis-
tration, the value of the IS was equal to 0.1524 and
with the periodogram (Figure 1B) analysis we iden-
tified a period of 1340 minutes. In the last 10 days of
melatonin use, the value of IS was equal to 0.7235
and the periodogram (Figure 1C) showed that the
main rhythm period was 1430 minutes.

On the last day of data collection (after 20 days
of melatonin use), the mother reported changes in
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Figure 1. (A) Actogram. A line included in the first 10 days shows
that there is a progressive advance in early activity. In the first 10
days the tablet consisted of placebo (P in figure), and in the next
20 days he took melatonin (M in figure); (B) periodogram of
Sokolove-Buschel for the first 10 days with placebo; (C) period-
ogram of Sokolove—Buschel for the last 10 days of melatonin use.

the sleep habits of her child, mainly in the last
week, with an increase in sleep duration and
fewer awakenings during the night (Figure 1).

Behavioral analysis showed that the results remain
unchanged after placebo administration; however,
after 20 days of melatonin administration some
changes were detected according the CBCL. There
was improvement in the context of social interactions,
which went from a borderline classification to normal,
and the problems of thought, which went from clin-
ical condition to normal. On the other hand, the
scores of externalizing problems passed the borderline
category into the clinic condition classification. The
other scales showed no change (see Table 1).

Discussion

Our results show that melatonin increased
approximately 4.7 times the regularity of circadian
activity rhythm and resting staying on average
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Table 1. Normal range (Normal), clinical range (Abnormal) or borderline clinical range (Borderline) in the “Child Behavior Checklist
for ages 4-18" (CBCL/4-18) parameters after placebo and after melatonin administration.

Behavior problems

Somatic Social Thought Attention Delinquent ~ Agressive  Internalizing  Externalizing Total
Anxious  withdrawn complaints  problems  problems problems behavior behavior behavior behavior problems
Placebo Borderline  Abnormal Normal Borderline  Abnormal Normal Normal Borderline Abnormal Borderline  Abnormal
Melatonin Borderline  Abnormal Normal Normal Normal Normal Normal Borderline Abnormal Borderline  Abnormal

between 00:00 and 06:00. Furthermore, visual ana-
lysis of the first 10 days and the periodogram
suggest that this patient showed a non-24-hour
rhythm.

Subjective data as questionnaires completed by
parents and sleep diaries as well as objective data
(polysomnography and actigraphy) indicate that
the most striking feature of sleep in individuals
with ASD is the inability to maintain the required
latency with common complaints such as difficulty
to initiate and/or maintain sleep, awakenings dur-
ing the night and deficits during wakefulness (Elia
et al., 2000; Miano & Ferri, 2010).

There are several studies in the literature on the
use of melatonin or agonists promoting synchroni-
zation in blind patients (Keating, 2016; Sack et al.,
2000). Regular use of melatonin should increase the
temporal coordination of central and peripheral
oscillators (Armstrong et al., 1986). This increase
may be responsible for greater regularity of the
circadian rhythm and the disappearance of the
free-running period after administration of melato-
nin. In addition, melatonin supports the nocturnal
decrease in the body core temperature and facil-
itates sleep (Arendt, 2005) which explains the
improved quality of sleep observed in several stu-
dies and reported here by the mother of our subject
in the sleep diary and in the CBCL.

The regular rhythm and improvement of the
sleep quality of sleep observed after administration
of melatonin may be related to behavioral
improvement of social interaction and thinking
problems observed in this study. The importance
of sleep in behavioral aspects in neurodevelop-
mental disorders has been demonstrated in several
studies (Malow et al., 2006; Stores, 2001).

Sleep problems are known to be correlated with
behavioral disorders such as attention (Sadeh et al,,
2006), anxiety and depression (Cousins et al., 2011),
hyperactivity and impulsivity (Touchette et al., 2009).
Sleep disorders may be transient or permanent, and
could improve the clinical condition in individuals

with ASD with interference with behavioral deficits
of attention and learning (Johnson et al., 2009). There
is a direct relationship between the reduction in sleep
duration and severity of behavioral stereotypies, social
relationship difficulties, communication disorders
and family stress (Miano & Ferri, 2010; Minkel et al,
2012). Some authors have shown that sleep disorders
may be associated with the severity of the ASD and
poverty in social interaction (Gianotti et al., 2008;
Maski & Kothare, 2013).

In several conditions where the production of
melatonin by the pineal gland is compromised, the
exogenous administration of melatonin has
brought positive effects in improving the quality
of sleep, behavior, attention and memory in ani-
mal and human models (Schwichtenberg &
Malow, 2015; Tordjman et al., 2013).

Despite that here we bring a case report study, our
results reinforce the prospect of therapy with mela-
tonin for synchronization (increased regularity) of
endogenous rhythms and improve sleep quality and
hence behavior. Further studies are necessary to
clarify if this effect could disappear during a long
time of melatonin administration with the necessity
of a dose adjust (Braam et al., 2010). In the present
study the altered sensory perception of the child did
not allow this increased time.
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