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A B S T R A C T

Changes in the sleep-wake cycle are frequent and may impair quality of life in individuals with cerebral palsy
(CP). To investigate if a lack of a day/night variation of melatonin content could be related with sleep disorders
(SD), the SD were evaluated with a Sleep Questionnaire and the melatonin content using ELISA in 33 individuals
with CP and 24 controls. The indicative of SD were present in 47% of CP group, and the most frequent was the
indicative of sleep breathing disorder. The CP group showed higher diurnal and lower nocturnal melatonin
content than controls. Individuals with CP that had indicative of SD showed lower nocturnal content of mela-
tonin than those without SD. These results showed that the lack of the day/night variation of melatonin was
related to SD in individuals with CP.

1. Introduction

Cerebral palsy (CP), defined as non-progressive brain injury caused
by pre-, peri- or post-natal etiological factors in the developing brain,
affects the functioning of individuals, resulting in permanent disorders
of movement and posture at different levels [1]. In addition to motor
impairment, also sensory, perceptual, cognitive, communicative and
behavioral disorders can be manifested in CP [2].

Among the behavioral aspects, sleep, which is a biological phe-
nomenon determined by a complex neural network, may also be altered
in this population. Complaints about changes in the sleep-wake cycle
are frequent and may impair quality of life in the CP, influencing as-
pects of physical and emotional well-being [3,4].

Until the present moment, the various hypotheses about the possible
nature of sleep disorders (SD) in cerebral palsy include that SD could be
a result of primary brain injuries, such as lesions of pathways and/or
structures responsible for or related to the control of biological rhythms
[5]. For example, the disorder of impaired initiation of sleep (DIMS)
could be linked to blindness or visual impairment with altered light
perception [6].

In addition to this, some children with CP have other multiple risk
factors that predispose them to SD. The presence of epilepsy per se
disrupts sleep and antiepileptic drugs adversely affect sleep quality,
which in turn exacerbates the epilepsy [7,8]. Sleep quality can also be
affected by generalized abnormality of muscle tone or an abnormal

neuromuscular control of their upper airway that can lead to sleep
breathing disorder in CP [9,10]. These children regularly encounter
pain during sleep as a result of muscle spasms; postural equipment used
overnight and gastro-esophageal reflux [9]. Additionally, extrinsic as-
pects, specifically environmental and family members and clinical and
surgical interventions, could affect sleep quality [11].

Another hypothesis for sleep problems in CP could be an abnormal
production of the hormone melatonin. In spite of the fact that in several
pathologies it is clear that the presence of sleep disorders may be re-
lated to low levels of melatonin [12,13], this question has not been
investigated in this population until this moment.

In normal subjects, melatonin is produced at night by the pineal
gland under rhythmic control of the suprachiasmatic nucleus and the
light/dark cycle and regulates several circadian rhythms, including the
sleep-wake cycle [14,15]. Normal melatonin synthesis begins in line
with increased sleep propensity, while, on the other hand, sleep con-
solidation deficiencies are related to lower melatonin secretion [16,17].
But, pro-inflammatory cytokines can disrupt the normal production of
melatonin by the pineal gland, leading to a decrease in nocturnal
melatonin plasma level and an eventual raise in the daytime level
[18,19] resulting in sleep problems found in some pathological condi-
tions [20].

Regarding the consequences of sleep disorders in children, it is
known that effects may include poor growth and behavioral problems
such as mood changes; decreased motivation, concentration and
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alertness; memory and communication deficits; immunity decline;
motor performance changes; worsened mental health; and poor quality
of life for the child and family [21–23].

Since the performance in therapies and technical follow ups per-
formed may determine better or worse overall development [24], it is
important to evaluate the presence and the causes of SD in the CP pa-
tient to indicate interventions to minimize and / or remedy such pro-
blems. Therefore, the present study aimed to investigate and relate
sleep disorders with melatonin content in individuals with CP.

2. Methods

2.1. Procedure

For the investigation of sleep-wake patterns, the Sleep Habits
Questionnaire [25] and the Sleep Disorders Scale for Children (SDSC)
[26] were used, both validated for Portuguese and answered by parents.

The SDSC consists of 26 items for the evaluation of sleep in children
and adolescents aged 3–18 years; each item is numbered with a score of
one (never) to five (always) by the frequency with which one of them
has occurred in the last six weeks. The scores are grouped into seven
categories: disorders of initiating and maintaining sleep (DIMS), sleep-
breathing disorders (SBD), disorders of arousal (DA), sleep-wake tran-
sition disorders (SWTD), disorders of excessive somnolence (DES), sleep
hyperhidrosis (SHY) and an overall score (TS) [26]. The original scale
was designed for school-age children, and the Portuguese version was
validated in children aged 3–16 years [26]. In our study, preschoolers
were also included because they had similar routines, especially in re-
lation to the time of the class start.

For saliva collection, individually labeled salivette kits (SARSTEDT,
Nümbrecht, Germany) were used. The collection was performed by
parents at home at 1 a.m and 1 p.m. The nocturnal collection was
performed with dim light with the goal of not disturbing pineal
synthesis of melatonin. Quantification of salivary melatonin was per-
formed using commercial ELISA kits according to the manufacturer’s
instructions (IBL, Hamburg, Germany), and the results were described
in pg/mL.

In the characterization of the sample the Gross Motor Function
Classification System (GMFCS) and the Gross Motor Function Measure
(GMFM) were used [27,28]. Both procedures analyze motor char-
acteristics complementarily, since the GMFM provides one quantitative
classification of motor skills and the GMFCS provides the level of se-
verity of movement dysfunction.

For investigation of communication function, the classification
system of the Communication Function for Individuals with Cerebral
Palsy (CFCS) version for Portuguese [29] was applied, which classifies
the performance of individuals with CP in five levels: CFCS Level I re-
presents a person that independently and effectively alternates between
producing and receiving information with most people in most en-
vironments. CFCS Level II represents a person that independently al-
ternates between producing and receiving information with most
people in most environments, but the conversation may be slower.
CFCS Level III represents a person that usually communicates effec-
tively with familiar communication partners but not unfamiliar part-
ners in most environments. CFCS Level IV represents a person that is
not always consistent in communicating with familiar communication
partners. CFCS Level V represents a person that is seldom able to
communicate effectively even with familiar people [30].

Communication included speech, vocalization, gesture, facial ex-
pression and augmentative and alternative communication to supple-
ment their natural forms of communication. Level I indicates that the
individual communicates better than an individual at Level V [30].

The CFCS can be applied according to the perception of the parents,
professionals that know about the communication of the individual or,
in some cases, the individuals with CP, being that performance in
communication should be based on the daily routine of these

individuals at home, school or community [31].

2.2. Sample description

The inclusion criteria for the sample with cerebral palsy were in-
dividuals with a medical diagnosis of CP (N=33), without un-
controlled epilepsies aged between three and 12 years old (17 males
and 16 females), full-term and without blindness. This group was re-
cruited from April 2016 to October 2016 from a clinical population
referred to one public institution of rehabilitation, where the sleep
pattern and motor and communication data were collected. From a
total of 40 parents approached, 33 accepted to participate in the study.

Approximately 72% of CP group used medication that had effects in
sleep, mainly somnolence (Table 1). Regarding the nutritional diag-
nosis, 60.5% of the CP group had a eutrophic evaluation and 33.5%
presented a risk for malnutrition and being underweight, while 6% was
obesity. During the physical examination the parents were asked if the
child complains of pain and there was no report by parents of presence
of pain in the sample.

Around 65% of individuals with CP presented gross motor function
evaluated by GMFM to be 88, inferior to that expected for age.

The motor function analysis through GMFCS showed that 9.4% of
the individuals with CP presented as Level I; 18.8% presented as Level
II; 25% presented as Level III; 15.6% presented as Level IV and 34.4%
presented as Level V in the GMFCS (Table 2). Regarding the classifi-
cation of the communication function through the CFCS, it was verified
that 31.2% of the individuals with CP presented as Level I; 12.5%
presented as Level II; 12.5% presented as Level III; 0% presented as
Level IV and 46.9% presented as Level V (Table 2).

The control group consisted of the same percentage of genders and
without age difference of the CP group. A total of 24 typical develop-
ment (TD) children, full-term, whose parents accepted to participate in
the study were recruited from normal schools.

The exclusion criteria adopted for both groups were individuals who
use melatonin or drugs that interfere in the melatonin synthesis
pathway.

The present research was approved by the Research Ethics
Committee of the São Paulo State University (UNESP), proc. nº126883/
2015. All responsible participants signed the consent form.

Table 1
Medication with some influence in sleep in individuals of CP group. * Means
that this medication cause drowsiness.

Fexofenadine *(1 individual) Methylphenidate (2 individuals)
Amitriptyline (1 individual) Montelukast sodium (1 individual)
Baclofen*(9 individuals) Nitrazepam* (1 individual)
Biperiden* (4 individuals) Phenobarbital* (1 individual)
Carbamazepine* (6 individuals) Risperidone* (2 individuals)
Clonazepam* (2 individuals) Sertraline* (1 individual)
Desloratadine* (1 individual) Topiramate* (1 individual)
Depakote* (3 individuals) Urbanyl*(1 individual)
Domperidone (1 individual) Valproate* (6 individuals)
Hydantal* (1 individual) Vigabatrin* (1 individual)

Table 2
Percentage (%) of individuals with Cerebral Palsy (CP) in each classification of
Gross Motor Function Classification System (GMFCS) and Communication
Function Classification (CFCS).

Gross Motor Function Classification
System (GMFCS)

System of Communication Function for
Individuals with CP (CFCS)

Classification % of individuals Classification % of individuals
GMFCS I 9.4 CFCS I 31.2
GMFCS II 18.8 CFCS II 12.5
GMFCS III 25 CFCS III 12.5
GMFCS IV 15.6 CFCS IV 0
GMFCS V 34.4 CFCS V 46.9
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2.3. Analysis of results

Data were expressed as the mean ± standard error of the mean.
Comparative analyses of melatonin were performed by repeated-mea-
sures analysis of variance (rANOVA) followed by Newman Keuls post
test, and values were considered significantly different at P < 0.05.

Table 3
DIMS- disorders of initiating and maintaining sleep; SBD sleep-breathing dis-
orders; DA disorders of arousal; SWTD - sleep - wake transition disorders; DES -
disorders of excessive somnolence; SHY - sleep hyperhidrosis; TS - overall score.
CP= cerebral Palsy, TD= typical development.

Categories DIMS SBD DA SWTD DES SHY TS

Abnormal CP (%) 0 65.6 6.25 3.2 3.2 37.5 47.0
Abnormal TD (%) 4.2 12.5 4.2 12.5

Sleep disorders in CP or TD children according to Sleep Disorders Scale for
Children.

Fig. 1. In A-G, correlation analysis between age and the indicative of sleep disturbance according to the scores of Sleep Disorders Scale for Children (SDSC). In H-N,
correlation analysis between communication function according to the scores of the classification system of the Communication Function for Individuals with
Cerebral Palsy (CFCS) and the indicative of sleep disturbance according to SDSC, N=33.

Fig. 2. Mean ± standard error of mean of salivary melatonin content (pg/mL)
in control (N= 15) and cerebral palsy (CP, N=20); ** mean CP≠ control,
P≤ 0.01; *** mean CP≠ control, P≤ 0.001.
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The results are also shown as percentages relative to the total number of
participants of the group. Multiple correlation analyses between age,
motor classifications and the variables sleep, communication, gender
and melatonin were used at the 5% significance level.

3. Results

The investigation of the presence of sleep disorders showed that an
abnormal total sleep score was found in 47% of the children with CP
and that 78% of these children had an abnormal score on at least one
SDSC factor. The most frequent factors were SBD, present in 65.6% of
individuals with CP, and SHY, which was present in 37.5%. DA dis-
orders were also found in 6.2%, and SWTD and DES were found in 3.2%
of individuals with CP. In the TD group 12.5% of children showed
abnormal total sleep score, 4.2% showed SBD and 4.2% showed SHY
(Table 3).

Regarding sleep quality, it was also found that mean latency time of
individuals with CP was 24.8 ± 2.3min, and in the control group, the
mean was 8.8 ± 1.1min. There was no correlation between age and
the scores of sleep disturbances (Fig. 1A–G). Also, there was no corre-
lation between the presence of sleep disorders and the communication
function in the children (Fig. 1H–N).

In the analysis of the salivary content of melatonin, it was found
that the CP group presented higher diurnal content (CP 6.7 ± 1.2 vs
control 3.1 ± 0.7 pg/mL, p < 0.05) and lower nocturnal content (CP
5.8 ± 0.8 vs control 10.7 ± 0.9 pg/mL, p < 0.0001) of melatonin,
relative to the control group. In addition, unlike the control group, the
CP group did not exhibit a day/night difference in melatonin content
(Fig. 2). Melatonin was not correlated with age (Fig. 3A), and it did not
seem to be determined by nutritional aspects of the CP children, since
the nocturnal blockage is present in the following three subgroups of CP
children: undernourished, eutrophic and obese (Fig. 3B).

The possible relationship between SD and melatonin content
showed that individuals with CP who presented with SD had lower
nocturnal content of melatonin (Fig. 3C).

4. Discussion

The present study showed a higher percentage of SD in children
with CP than in children with TD, which was in agreement with the
literature that shows that these children exhibit more sleep disorders
than typically developing children [32,33].

At pre-school age, children with CP (mean age 3.8 ± 0.8 years)
already present a high incidence of SD, with over 30% presenting at
least one sleep disorder [34]. In studies with older children this per-
centage increase since more than 40% [7,35] and over 70% of the
children in the present study presented at least one clinically significant

sleep disorder. The higher incidence of sleep disorders in children with
CP in the present study is most likely due the differences in the socio-
economic status, environment, and personal supports of the children
from different countries, which are known to have influence on sleep
[11,25,36,37].

The indicative of sleep-breathing disorders were highly present in
65.5% of individuals with CP in the present study. The higher incidence
of SD, mainly SBD in older CP children, already reported in previous
studies [7,38], is probably related to the unfavorable progress of airway
obstruction due to increasing muscular hypotonia with age [39]. This is
worrisome since, despite characteristics such as issues of tonicity,
muscle changes and respiratory muscle incoordination that make these
children susceptible to obstructive sleep apnea (OSA) and others sleep
disturbances [10,22,39,40], the awareness among clinicians is patchy,
and many children with neurodisability have sleep breathing problems
that remain undiagnosed and untreated [40]. A multifactorial approach
is required when dealing with sleep in this patient subgroup; a poly-
somnography investigation is the best diagnostic clinical test and
should be used in further investigation. If confirmed, an ear, nose and
throat review followed by positive pressure therapy of continuous po-
sitive airway pressure (CPAP)/noninvasive ventilation (NIV) therapy
are treatment options [41]. This therapy can improve quality of life as a
direct consequence of improving sleep routine [24].

Another frequent disturbance found in this population was sleep
hyperhidrosis. It is known that the sleep hyperhidrosis disorder may be
related to lesions of the mesencephalic pathways and structures
reaching hypothalamic nuclei that are responsible for the thermo-
regulation and regulation of hydrolysis [42].

Disorders of sleep-wake transition, excessive somnolence and dis-
orders of arousal were also found in individuals with CP in the present
study. The difficulty in initiating and maintaining sleep seems to also be
one of the characteristics of sleep in this population. In the present
study, this difficulty was identified with the application of the Sleep
Habits Questionnaire, in which it was observed that the latency to in-
itiate sleep exhibited by individuals with CP was higher than in the
control group. None of these sleep disturbances were related to the
evaluated communication function.

It is important to note that sleep disorders like insomnia may be
masked by the use of frequent medications in this population, such as
antihistamine, hypnotic, antispastic, antipsychotic, anticonvulsant and
antidepressant medications found in this study, which may present ef-
fects or side effects of sleepiness [40].

It is known that pain interferes with sleep and there is evidence that
this may be a bidirectional relationship and should be taken into ac-
count when discussing sleep problems [43] however, in the present
study, there was no report by parents of presence of pain in the sample.
To investigate the possible causes of sleep disorders in this population,

Fig. 3. In A, correlation between melatonin nocturnal content and age. In B, melatonin content in the three subgroups of CP children: undernoushied, eutrophic and
obese. The dashed line indicates the expected content. In C, melatonin content in the two subgroups of CP children: with sleep disorders (abnormal score on at least
one SDSC factor) and without sleep disorders, * means p < 0.05.
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the hormone melatonin was measured since a relation between sleep
disorders and low levels of melatonin has already been demonstrated in
several pathologies such as autism spectrum disorder [12,13]. This was
the first study to explore the relation between melatonin and sleep
disturbance in CP children, and the results showed that individuals with
CP had an absence of day/night rhythmicity and lower nocturnal
content of salivary melatonin compared to the control group. The
causes for this blockage should be explored in the future. One hy-
pothesis is that high levels of pro-inflammatory cytokines could disrupt
the normal production of melatonin, leading to a decrease in the noc-
turnal melatonin plasma level and an eventual rise in the daytime level
[18,19].

Based on these results, new studies exploring the pharmacological
use of melatonin should be developed in this population, since mela-
tonin replacement may be a good strategy, by taking into account the
results of improved sleep quality and consequently behavioral and
cognitive outcomes obtained in other populations showing how mela-
tonin may be useful in the treatment of sleep problems in children
[12,44].

The results of the present study showing, for the first time, that a
lower content of melatonin could be the cause of SD in CP should not be
ignored in multidisciplinary therapies since these disorders are one of
the main complaints of caregivers [45] and are known to worsen the
clinical and functional status of individuals with CP [23].
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