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Abstract
Objective: To describe and relate individual, family and environmental characteristics, sleep time and KeY_WO_rdS ) )
6-sulfatoxymelatonin levels in schoolchildren. Pediatric nursing; Sleep; Bed rest; Child;

Methods: This is a cross-sectional and prospective study, carried out in a private educational institution, with ~ Child development; Child care
children >6 years old, after ethical approval. An actigraph and sleep diary were used to assess sleep for 15 days. On

the last night, urine was collected to measure 6-sulfatoxymelatonin levels. Descriptive analysis and non-parametric

tests were carried out on correlations, considering p<0.05 for significance.

Results: The sample consisted of 12 children with a mean age of 7.6 (+1.1) years. The mean total sleep time was

7.9 (£0.8) hours with an efficiency of 89.9% (+2.67). The 6-sulfatoxymelatonin level was 14.4 (+8.9) pg/dL, and

the mean daily use of electronic devices was 2.8 (+1.8) hours. There was a significant difference in total sleep time

between children who studied full or late.

Conclusion: Family habits influenced children’s sleeping habits, and prolonged use of electronic devices is a

concerning factor. Children who study full time had less total sleep time than recommended for their age.

Resumo
Objetivo: Descrever e relacionar as caracteristicas individuais, dos familiares e ambientais, 0 tempo de sono € Descritores
niveis de 6-sulfatoximelatonina em criangas na fase escolar. Enfermagem pediatrica; Sono; Repouso;

Métodos: Estudo transversal e prospectivo, realizado em instituicdo privada de educacao, em criangas >6 anos, Crianca; Desenvolvimento infantil;
apds aprovagao ética. Utilizaram-se actigrafo e didrio de sono para avaliagdo do sono durante 15 dias. Na dltima  Gyidado da crianca
noite, foi coletada urina para mensurar o nivel da 6-sulfatoximelatonina. Realizaram-se anélise descritiva e testes

nao paramétricos nas correlagdes, considerando p<0,05 para significancia.

Resultados: Amostra foi composta por 12 criangas com idade média de 7,6 (+1,1) anos. A média de tempo total

de sono foi de 7,9 (+0,8) horas com eficiéncia de 89,9% (+2,67). O nivel de 6-sulfatoximelatonina foi de 14,4

(£8,9) ug/dL, e média diaria de uso de eletronico foi de 2,8 (+1,8) horas. Houve diferenca significante no tempo

total de sono entre as criangas que estudavam integral ou tarde.

Conclusdo: Os hébitos familiares dos responsaveis influenciaram os hébitos de sono das criangas, € 0 uso

prolongado de eletrdnicos é um fator preocupante. Criangas que estudam em periodo integral apresentaram

tempo total de sono inferior ao recomendado para a idade.

Resumen
Objetivo: Comprender y relacionar caracteristicas individuales, familiares y ambientales, tiempo de sonido y niveles Descriptores
de 6-sulfatoximelatonina en nifios en edad escolar. Enfermeria pediatrica; Suefio; Reposo;

Métodos: Estudio transversal y prospectivo, realizado en una institucion educativa privada, con nifios >6 afios, Nifio; Desarrollo infantil; Cuidado del
previa aprobacién ética. Se utilizé un actigrafo y un diario de suefio para evaluar el suefio durante 15 dias. La  npijfig
Gltima noche, se recogid orina para medir el nivel de 6-sulfatoximelatonina. Se realizaron andlisis descriptivos y
pruebas no paramétricas de correlaciones, considerando para significancia p<0,05.

Resultados: La muestra estuvo compuesta por 12 nifios con una edad media de 7,6 (+1,1) afios. El tiempo total
promedio de suefo fue de 7,9 (+0,8) horas con una eficiencia del 89,9% (+2,67). El nivel de 6-sulfatoximelatonina

fue de 14,4 (£8,9) pg/dL y el uso diario promedio de dispositivos electronicos fue de 2,8 (+1,8) horas. Hubo una
diferencia significativa en el tiempo total de suefio entre los niflos que estudiaron completo o tarde.

Conclusion: Los habitos familiares de los responsables influyeron en los habitos de suefio de los nifios, siendo

el uso prolongado de dispositivos electrénicos un factor preocupante. Los nifios que estudian a tiempo completo

tuvieron menos tiempo total de suefio del recomendado para su edad.
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The sleep of school children

Introduction

Upon reaching the age of 6, children enter the mid-
dle childhood or school phase, a period of significant
impact on their development and relationships, which
ends around the age of 12, with the arrival of adoles-
cence.®) For Piaget, children are in the concrete opera-
tional period, a phase that presents the ability to reason
about the world in a more logical and adult way, but
they acquire the ability to carry out these operations
only in the concrete.® For Vygotsky, typically human
development occurs only if children are exposed to a
culture, appropriating the beliefs, values, traditions
and skills of the social group to which they belong.®

It is during the school phase that children acquire
new experiences at school, a new environment that
allows the extension of vocabulary and expansion of
concepts in conjunction with the nervous system matu-
ration and the formal learning provided by schools.*?
Thus, the cognitive process will be enhanced depend-
ing on previous and current conditions related to sleep,
care and the environment.®

Sleep is essential for adequate neurodevelopment
and important for the consolidation of memory and
learning.”* The lack of ideal conditions for children’s
sleep can lead to emotional and physical losses, which
may reflect on school performance, with difficulties in
learning. learning, relationships, among others.®”

Sleep structure and duration evolve from the

fetal period to adolescence, and encompass genetic,
physiological, environmental and social factors that
can influence its quantity and quality.(*'? Among the
physiological factors, melatonin production stands
out, with secretion influenced by environmental lu-
minosity, beginning and progressively increasing at
dusk, inducing the tendency to begin sleep.’® Thus,
exposure to intense light at dusk causes a reduction
or even postponement of its secretion, with repercus-
sions on the sleep-wake cycle.**!¥

For children, from a social point of view, the fam-
ily environment and quality of life are the main orga-
nizers of sleep.!>'® The family environment promotes
sleep habits, cultural behaviors learned by children
or their guardians, which help sleep onset or mainte-
nance.!”) Thus, changes in daily lifestyle habits identi-
fied in recent decades, such as prolonged use of arti-
ficial lights, excessive use of electronic devices, early
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start times for school activities and late start of sleep
routine, have significantly influenced sleep time and
quality in children (1819

Sleep deprivation can trigger a decrease in growth
hormone (GH) secretion, premature sexual develop-
ment, a greater propensity to develop obesity and,
consequently, greater tendency to diabetes and high
blood pressure, increasing the chance of developing
mental illness in adulthood, cortisol levels, emotional
insecurity, fatigue, depression and learning difficul-
ties.1020

Knowing the importance of sleep for child devel-
opment, the question arises whether schoolchildren
are having enough sleep for their age group. Thus,
this study aims to describe and relate individual, fam-
ily and environmental characteristics, sleep time and
6-sulphatoxymelatonin levels in schoolchildren.

Based on the identification of sleep deprivation
and non-adoption of healthy sleep practices in school-
children, we emphasized the importance of education
in a school environment on sleep hygiene for children
to acquire healthy habits that promote better sleep
quality.

Methods

This is a cross-sectional, prospective and association
study guided by STrengthening the Reporting of OB-
servational studies in Epidemiology (STROBE) (http://
www.equator-network.org/).

It was carried out in a private early childhood
education institution, located in the municipality of
Diadema, state of Sdao Paulo, Brazil. The institution
is recognized by the Brazilian Ministry of Education
and Culture (MEC - Ministério da Educagio e Cultura),
which assists children who attend elementary school I
and high school.

The sample was composed of children enrolled
in elementary school I (first to fourth grade) and who
were at least 6 years old, characterizing the beginning
of school phase. The study excluded children who had
a medical diagnosis of neurological and/or behavioral
impairment that could interfere with sleep, children
with hearing and/or visual deficits, who were using
medication that acts on the central nervous system,
who had chronic pain, who had some type of respi-
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ratory condition, such as asthma, bronchitis, among
others, gastroesophageal reflux, or who had an acute
illness during the data collection period.

Study variables were composed of sample, en-
vironment and family characterization, obtained
through a structured questionnaire and sleep charac-
teristics and 6-sulfatoxymelatonin levels of the chil-
dren studied.

Total sleep time (TST) was measured by actig-
raphy. It consists of a non-invasive method that uses
an actigraph on the wrist, which records individuals’
motor activity, obtaining rest and activity data that
give an approximate idea of TST. The Condor® (Bra-
zil) ActTrust actigraph recorded the light, the ambient
temperature, the peripheral body temperature, and
measured, through its accelerometer, children’s activ-
ity depending on the movement of the arm.®" Further-
more, children guardians were asked to fill out a sleep
diary consisting of variables such as: time at which
children slept and woke up; time and frequency of
waking up at night; who they slept with and in which
room in the house; presence of light and/or noise in
the place where they slept; whether electronic devices
were used on the day of data collection; and for what
period.

In relation to 6-sulfatoxymelatonin levels, it is
highlighted that, due to the possible difficulty of fam-
ilies in collecting and/or storing urine at home for 15
consecutive days and concomitantly with the use of
the actigraph by children, we chose to collect urine
only on the fifteenth day from 7:00 p.m. to 7:00 a.m. so
that it would not coincide with weekend days. Chil-
dren and their guardians were instructed to collect the
entire urinary volume during the specified period and
store it in a dark plastic vial provided by the research-
er, which should be kept covered and stored in the re-
frigerator. Children guardians were instructed to fill
out a form, indicating the start and end times of urine
collection, and also inform the frequency of urination
during this period. The data were stored in an elec-
tronic spreadsheet for later analysis.

In order to describe the reality of children’s hab-
its, no guidance was given regarding the need for the
absence of light in the sleeping environment through-
out the data collection period.

The research project was presented and explained
to parents of elementary school I students by the re-

searcher in a previously scheduled meeting at the
school. Subsequently, through children’s school diary,
an appointment was made with parents at the school
with the aim of delivering the actigraph, the question-
naire, the sleep diary and the vial to collect urine. Data
collection took place from August to November 2018,
a period outside Brazilian summer time.

On the day scheduled with children’s family
members, the researcher positioned the actigraph on
children’s preferred upper limb, gave guidance re-
garding the need to keep it on their arm, guided them
on how to fill out a sleep diary for 15 days and how to
proceed with collecting and storing nighttime urine.
After 15 days, the material was collected by the re-
searcher at the school. The vial containing the urine
sample was received and transported by the research-
er to the laboratory for analysis in a reusable ice pack.

In the laboratory, urine was quantified and stored
by the main researcher in two aliquots in a freezer at
-80°C for later analysis. Urine colorimetric analysis us-
ing the ELISA method was performed by a biomedical
doctor in a specialized laboratory at the Universidade
Federal de Sdo Paulo. Sample quantification was per-
formed by interpolating values on a standard curve.

The data obtained by an actigraph were down-
loaded into the ActStudio® software. Raw activity
scores were converted into sleep-wake scores based
on computerized scoring algorithms® assessed by a
professional trained to read and interpret them. For
analysis, sleep indices were used, including TST and
sleep efficiency. The data obtained from a sleep dia-
ry were used to support the interpretation of the data
generated by the actigraph.

ActStudio® generates an actogram with the data
recorded by an actigraph. The vertical axis represents
the days of the week, and the horizontal axis represents
the hours. The peaks of the blue horizontal waves in-
dicate moments of activity, and their absence means
rest. In the graph, gray shows the phase of exposure of
children to the dark environment, and yellow, expo-
sure to the bright environment (Figure 1).

After assessing the actigraphy, sleep diary and
6-sultafatoxymelatonin levels, data were stored in an
Excel® spreadsheet. Descriptive analysis was carried
out by calculating mean, standard deviation, medi-
an, minimum and maximum. To assess sample nor-
mality, the Shapiro-Wilk test was used, for equality
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ACTOGRAM
PARAMETERS

Start date: 08/01/2018
End date: 08/16/2018

Start time: 01:00:28 p.m. Days: 15

End time, 01:59:28 p.m. Data: PIM Use OffWrist values: unchecked
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Figure 1. Actogram and actigraph parameters generated in
ActStudio®

of variances, Levene’s test was used, for comparison,
the Mann-Whitney test was used, and for independent
samples, the Pearson correlation test was used. To as-
sociate variables, chi-square and Fisher’s exact tests
were used, considering p-values <0.05 to be statistical-
ly significant.

The study was conducted in accordance with
national and international ethics guidelines, and
was approved by the Universidade Federal de Sio Pau-
lo Research Ethics Committee (Opinion 2.633.064/
CAAE (Certificado de Apresentacio para Apreciacio Etica
- Certificate of Presentation for Ethical Consideration)
87111918.2.0000.5505). The written Informed Consent
Form and the Assent Form (for children) were ob-
tained from all individuals involved in the study.

Results

The convenience sample consisted of 12 children, six
boys and six girls, white (66.7%), with a mean age
of 7.6 (+1.1), belonging to the 2™ grade (50%) of ele-
mentary school I, attending school for about 5.9 (+1.8)
years, with five children studying full time (41.7%).
Just over half of children were cared for after birth
mainly by their parents or grandparents (58.4%); the
majority of guardians work full time (63.6%); and
half of guardians had completed high school. We
identified a mean of 2.8 (+1.9) hours using electronic
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devices per day, and it was found that only one child
used it daily for six hours and half of children had
a television in their room. Most children slept in a
shared room (66.7%), in their own bed (66.7%), with
the absence of artificial light (83.3%) and did not con-
sume foods or drinks with caffeine at night (66.7%)
during the data collection period. From the analysis
of the data generated by the records made by an acti-
graph, it was identified that the mean time at which
children went to sleep was 10:53 p.m. (+1.5) and that
they woke up at 7:59 a.m. (+1.6), presenting a mean
TST of 7.9 (+0.8) hours, with a mean sleep efficiency
of 89.9% (+2.7). With urine collection at night, a mean
excretion value of 14.4 (+8.9) ug of 6-sulfatoxymela-
tonin was obtained. Figure 2 shows 6-sulfatoxymela-
tonin levels per child.

40

30

20

6-sulfatoxymelatonin (ug)/period

0

Figure 2. 6-sulfatoxymelatonin level per child

In order to assess the impact of time spent at
school on TST, the 12 children were divided into two
groups based on the periods they studied at school:
group I — full time (8 a.m. to 5 p.m.) and group II -
afternoon (1 p.m. to 6 p.m.). Group I had a mean TST
of 8.5 hours (+0.4)), lower than group II, of 9.0 hours
(£0.3)), identifying statistical significance (p=0.038).
Children in group I woke up earlier than those in
group II (p=0.005). However, group I went to bed ear-
lier, at 10:03 p.m. (+0.8), than children in group II, who
went to bed at 11:13 p.m. (+1.3), with greater sleep ef-
ficiency, 90.4% (88.0-91.6) and 89.7 (84.2-93.4), respec-
tively, with no statistical significance identified. Table
1 shows the distribution of children’s demographic
characteristics, activity, rest and 6-sulfatoxymelatonin
level.
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Table 1. Demographic characteristics of children, sleep and 6-sulfatoxymelatonin levels according to Gl and Gl groups

Variables Gl (n=5) Gll (n=7) p-value
Age in years (Q1-Q3) 7(7-7) 8 (6-9) 1.000°
Sex - f (%) 0.2032
Female 3(57.1) 3(42.8)
Male 2(42.8) 4(57.1)
Total sleep time in hours during the week (SD) 8.5 (+0.4) 9.0 (x0.3) 0.038¢
Total sleep time in hours on weekends (SD) 10.2 (+0.8) 9.5 (+0.9) 0.213¢
Bedtime during the week (SD) 22h03 (+0.8) 23h13 (£1.3) 0.132¢
Bedtime on weekends (SD) 22h25 (+1.4) 23h54 (£1.9) 0.181¢
Wake up time during the week (SD) 06h36 (+0.48) 08h15 (+1.2) 0.005°
Wake up time on weekends (SD) 08h39 (+1.8) 09h27 (£1.6) 0.467¢
Sleep efficiency, mean % (Q1-Q3) 90.4 (88.0-91.6) 89.7 (84.2-93.4) 0.755°
Use of electronic devices h/day (SD) 1.6 (£1.5) 3.6 (£1.7) 0.515?
Use of artificial light at night - f (%) 0.600°
Yes 0(0) 2(28.6)
No 5(100.0) 5(71.4)
Ingestion of caffeinated food at night - f (%) 0.30%
Yes 3(60.0) 1(14.3)
No 2(40.0) 6(85.7)
6-sulfatoxymelatonin in ug/period (SD) 17.1 (¢8.5) 10.5(+8.9) 0.223¢

SD - standard deviation; f - frequency; Q1 - 1% quartile; Q3 - 3 quartile; # - Mann-Whitney test; - generalization of Fisher's exact test; ¢ - t-test

Discussion

It is possible to notice that children who study full time
sleep less than what is recommended in the literature,
which recommends that children aged 6 to 12 years
sleep 9 to 12 hours per night.® The result of this study
is similar to research that aimed to validate the use of
an actigraph in children, which showed a mean of 8.4
hours of TST in children with an average of 9.3 years.?¥
Children who study in the afternoon have a mean TST
corresponding to the recommended minimum.

However, it is clear that sleep efficiency, the pro-
portion of time an individual sleeps in relation to the
total time spent sleeping in bed during the night, is ad-
equate in both groups, supporting a review study that
aimed to compare actigraphy and polysomnography,
in which the sample of children who did not present
any sleep disorder showed 80.5% efficiency.®® There-
fore, it is estimated that children who study full-time
are sleeping less than recommended, but they have
less fragmented sleep during this period, i.e., possibly
quality sleep.

In the results, it can be seen that most guardians
have full-time jobs and that many of the children
possibly go with them, waking up early and arriving
home late. Parental actions are extremely important
for sleep quality and quantity in children, and they

can influence their children’s sleeping habits, as their
activity and sleep patterns affect their bedtime and
wake-up routine.® Furthermore, parents are respon-
sible for creating a physical environment conducive to
optimal sleep for children, who have little control over
their environment.®

An adequate sleep environment must be devoid
of electronic devices and screens, which are respon-
sible for insufficient sleep in 30% of young, preschool
and schoolchildren in the United States, with 75% re-
porting the presence of at least one screen media de-
vice in their room, with around 60% reporting regular
use of these devices for an hour before bed.*”) Evi-
dence suggests that using electronic devices can nega-
tively affect sleep.(”*

Thus, using electronic devices may be associated
with lower TST. The children studied are using elec-
tronic devices for 2.8 hours on average per day. Ac-
cording to the American Academy of Pediatrics, for
children aged 6 and older, limits should be imposed
on the time spent using media of all types and ensure
that it does not replace sleep, physical activity and
other behaviors essential to health.(”

In the present study, it is possible to observe that
children who study in the afternoon make greater use
of electronic equipment and sleep later than those
who study full time. Research with children aged 3
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to 6 years old, using actigraphy, demonstrated that
sleep start time, duration and efficiency were associ-
ated with exposure to screens, indicating that children
with later bedtimes, shorter sleep durations and poor-
er sleep efficiency tend to have longer screen exposure
times.®)

This exposure to electronic devices before bed,
due to the light emitted, causes nocturnal suppres-
sion of melatonin, which in children is greater than
in adults in identical light conditions, influencing
the circadian timing system and causing phase de-
lay.®” Exposure to light - especially blue light - and
use of screens before bed affect melatonin levels and
can delay or interrupt sleep, impairing school per-
formance.®

In this study, the mean value of 6-sulfatoxymel-
atonin secretion was 14.4 (+9.0) ug/period. Precursor
research, with a sample of 99 children with a mean
age of 8.4 years, which aimed to investigate the rela-
tionship between the urinary excretion rate of 6-sulf-
atoxymelatonin and children’s age, identified a mean
level of 10.1 (+0.6) ug/period of 6-sulfatoxymelatonin
secreted at night.®» Melatonin is extremely import-
ant for the normal neurodevelopment of children, as
it has anti-inflammatory/antioxidant action and reg-
ulates their circadian cycle and, consequently, sleep,
improving mood, intellectual development and health
as a whole.®339

The present study was carried out in a private ed-
ucational institution, therefore, the data obtained do
not portray the reality of all students. Children who
attend public schools may be in a less favorable so-
cioeconomic context that will interfere with sleep. A
more polluted and noisy neighborhood around the
home, in addition to having less security, can result
in sleep deprivation.® Studies describe that living in
poorer neighborhoods is associated with lower sleep
quality and quantity.®%*

Limitations of this study include sample size and
loss of urine samples from some children, making it
impossible to perform a global analysis of all outcome
variables, implying the impossibility of generalizing
the results. Furthermore, as mentioned, an actigraph
assesses activity and rest, estimating TST.

The fact that the research was carried out only in
a private educational institution is also a limitation of
this study.
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Conclusion

Family and/or guardian habits have influenced chil-
dren’s sleeping habits, and prolonged use of electronic
devices is a concerning factor, as it exposes children to
blue light, especially at night, which impairs melatonin
secretion. However, melatonin values in this study were
within those expected in the literature. Schoolchildren
who study full-time had lower TST during the week
than recommended in the literature, with a statistically
significant difference between children who study full-
time and those who attend school in the afternoon. Even
though they slept less time than recommended in the
literature, the full study group had normal sleep effi-
ciency, possibly presenting quality sleep. More studies,
with larger and varied samples from a socioeconomic
point of view are necessary for conclusive results.

Collaborations

Llaguno NS, Camargo VHG, Tsunemi MH, Pedrazzoli
Neto M, Pinheiro EM and Avelar AFM declare to have
contributed to study design, data collection, analysis
and interpretation, manuscript writing, relevant criti-
cal review of intellectual content, and approval of the
final version to be published.

References

1. Franklin Q, Prows C. Influéncias Genéticas e de Desenvolvimento na Promogao de Sadde
da Crianca. In: Hockenberry MJ, Wilson D. Wong. Fundamentos de Enfermagem Pediétrica
(Adaptado a realidade brasileira). Elsevier Editora Ltda. [Internet]. 2014 [cited 2024
Jan 10]. Avaiable from: https://edisciplinas.usp.br/pluginfile.php/5006226/mod_
resource/content/1/WONG%20fundamentos%20de%20enfermagem%20pediatrica.pdf

2. Piaget J.A construcdo do real na crianca. Rio de Janeiro: Zahar, 1960. 392 p.

3. \Vygotsky LS, Luria AR, Leontiev AN. Linguagem, desenvolvimento e aprendizagem. Sdo
Paulo: icone/EDUSP; 1988. 234 p.

4. Rodrigues OM, Melchiori LB. Aspectos do desenvolvimento na idade escolar e na
adolescéncia. Acervo digital Unesp. 2014 [citado 2024 Mar 10]. Disponivel em: http://
acervodigital.unesp.br/handle/unesp/155338

5. Lebel C, Deoni S. The development of brain white matter microstructure. Neuroimage.
2018;182:207-18.

6. Agersted AB, Pagsberg AK. [Sleep disorders in children and adolescents]. Ugeskr Laeger.
2021;183(17):V11200826. Danish.

7. Kim SY,Han S, Park EJ,Yoo HJ, Park D, Suh S, et al. The relationship between smartphone overuse
and sleep in younger children: a prospective cohort study. J Clin Sleep Med. 2020;16(7):1133-9.

8. Jirout J, LoCasale-Crouch J, Turnbull K, Gu Y, Cubides M, Garzione S. et al. How Lifestyle
Factors Affect Cognitive and Executive Function and the Ability to Learn in Children.
Nutrients. 2019;11(8):1953.

9. Rana M, Allende CR, Latorre TM, Astorga KR, Torres AR. [Sleep in children: physiology and
update of a literature review]. Medicina (B Aires). 2019;79(3):25-8. Spanish.


https://edisciplinas.usp.br/pluginfile.php/5006226/mod_resource/content/1/WONG%20fundamentos%20de%20enfermagem%20pediatrica.pdf
https://edisciplinas.usp.br/pluginfile.php/5006226/mod_resource/content/1/WONG%20fundamentos%20de%20enfermagem%20pediatrica.pdf

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

Llaguno NS, Camargo VH, Tsunemi MH, Pedrazzoli Neto M, Pinheiro EM, Avelar AF

Ordway MR, Condon EM, Ibrahim BB, Abel EA, Funaro MC, Batten J, et al.A systematic review
of the association between sleep health and stress biomarkers in children. Sleep Med Rev.
2021;59:101494.

Lokhandwala S, Spencer RM. Relations between sleep patterns early in life and brain
development: A review. Dev Cogn Neurosci. 2022;56:101130.

Chan SY.Sleep architecture and homeostasis in children with epilepsy: a neurodevelopmental
perspective. Dev Med Child Neurol. 2020;62(4):426-33.

Esposito S, Laino D, D'Alonzo R, Mencarelli A, Genova LD, et al. Pediatric sleep disturbances
and treatment with melatonin. J Transl Med. 2019;17(1):77.

Zisapel N. New perspectives on the role of melatonin in human sleep, circadian rhythms
and their regulation. Br J Pharmacol. 2018;175(16):3190-9.

Sundell AL, Angelhoff C. Sleep and its relation to health-related quality of life in 3-10-year-
old children. BMC Public Health. 2021;21(1):1043.

AroraT. Sleep Routines in Children. J Clin Sleep Med. 2019;15(6):821-2.

Council on Communications and Media. Media Use in School-Aged Children and
Adolescents. From the American Academy of Pediatrics. Pediatrics. 2016;138(5):1040.

Guerrero MD, Barnes JD, Chaput JP, Tremblay MS. Screen time and problem behaviors in children:
exploring the mediating role of sleep duration. Int J Behav Nutr Phys Act. 2019;16(1):105.

Alfonsi V, Scarpelli S, D'Atri A, Stella G, Gennaro LD. Later School Start Time: The Impact of
Sleep on Academic Performance and Health in the Adolescent Population. Int J Environ Res
Public Health. 2020;17(7):2574.

Matricciani L, Paquet C, Galland B, Short M, Olds T. Children’s sleep and health: A meta-
review. Sleep Med Ver. 2019;46:136-50.

Schoch SF, Kurth S, Werner H. Actigraphy in sleep research with infants and young
children: Current practices and future benefits of standardized reporting. J Sleep Res.
2021;30(3):e13134.

Condor Instruments Ltda. Acttrust - Usar Manual: Model AT0503, ActStudio version 1.0.25
[Internet]. Sao Paulo: 2019 [Cited 2024 Mar 11]. Avaiable from: https://condorinst.com/
wp-content/uploads/2023/02/Manual_ActTrust_1_0_25_EN.pdf

Paruthi S, Brooks L, D’Ambrosio C, Hall WA, Kotagal S, Lloyd RM, et al. Consensus statement
of the American Academy of Sleep Medicine on the recommended amount of sleep for
healthy children: methodology and discussion. J Clin Sleep Med. 2016;12(11):1549-61.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Meltzer LJ, Wong P, Biggs SN, Traylor J, Kim JY, Bhattacharjee R, et al.Validation of Actigraphy
in Middle Childhood. Sleep. 2016;39(6):1219-24.

Fadzil A. Factors Affecting the Quality of Sleep in Children. Children. 2021;8:122.

Hoyniak CP, Bates JE, Camacho MC, McQuillan ME, Whalen DJ, Staples AD, et. al. The
physical home environment and sleep: What matters most for sleep in early childhood. J
Fam Psychol. 2022;36(5):757-69.

Hale L, Kirschen GW, LeBourgeois MK, Gradisar M, Garrison MM, Montgomery-Downs H, et.
al.Youth Screen Media Habits and Sleep: Sleep-Friendly Screen Behavior Recommendations
for Clinicians, Educators, and Parents. Child Adolesc Psychiatr Clin N Am. 2018;27(2):229-
45,

Stiglic N, Viner RM. Effects of screentime on the health and well-being of children and
adolescents: a systematic review of reviews. BMJ Open. 2019;9(1):e023191.

Kahn M, Schnabel O, Gradisar M, Rozen GS, Slone M, Atzaba-Poria N, et. al. Sleep, screen
time and behaviour problems in preschool children: an actigraphy study. Eur Child Adolesc
Psychiatry. 2021;30(11):1793-802.

Silvani MI, Werder R, Perret C. The influence of blue light on sleep, performance and
wellbeing in young adults: A systematic review. Front Physiol. 2022;13:943108.

Nakshine VS, Thute P, Khatib MN, Sarkar B. Increased Screen Time as a Cause of
Declining Physical, Psychological Health, and Sleep Patterns: A Literary Review. Cureus.
2022;14(10):¢30051.

Cavallo A, Dolan LM. 6-Hydroxymelatonin sulfate excretion in human puberty. J Pineal Res.
1996;21:225-30.

Huggard D, Kelly L, Worrall A, Gallagher E, Fallah L, Yoo LL, et. al. Melatonin as an
immunomodulator in children with Down syndrome. Pediatr Res. 2022;91(7):1812-20.

Foster RG. Sleep, circadian rhythms and health. Interface Focus. 2020;10(3):20190098.

Mayne SL, Mitchell JA, Virudachalam S, Fiks AG, Williamson AA. Neighborhood environments
and sleep among children and adolescents: A systematic review. Sleep Med Rev.
2021;57:101465.

Watson NF, Horn E, Duncan GE, Buchwald D, Vitiello MV, Turkheimer E. Sleep Duration and
Area-Level Deprivation in Twins. Sleep. 2016;39(1):67-77.

Fuller-Rowell TE, Curtis DS, EI-Sheikh M, Chae DH, Boylan JM, Ryff CD, et. al. Racial disparities
in sleep: the role of neighborhood disadvantage. Sleep Med. 2016;27-28:1-8.

Rev Soc Bras Enferm Ped. | v.23, eSOBEP20230041 |2023

7


https://pediatrics.aappublications.org/
https://condorinst.com/wp-content/uploads/2023/02/Manual_ActTrust_1_0_25_EN.pdf
https://condorinst.com/wp-content/uploads/2023/02/Manual_ActTrust_1_0_25_EN.pdf
https://pubmed.ncbi.nlm.nih.gov/?term=Bhattacharjee%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Montgomery-Downs+H&cauthor_id=29502749
https://pubmed.ncbi.nlm.nih.gov/?term=Williamson+AA&cauthor_id=33827031
https://pubmed.ncbi.nlm.nih.gov/?term=Buchwald%20D%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Vitiello%20MV%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Turkheimer%20E%5BAuthor%5D

