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(Abstract

use of digital screens.

N

The use of technology has increased significantly worldwide since it plays an important role not only as a means of
communication, but also as a source of information and entertainment. Due to its constant use, certain disorders associated to
digital screen exposure have been studied. However, the global virtualization of education in the last two years associated with the
SARS-CoV-2 pandemic has created a significant increase in digital screen exposure, meaning recommendations regarding safe
exposure provided by the World Health Organization (WHO) have continuously been ignored. Given this situation, concerns have
risen regarding the impact of overexposure to digital screens on the neurodevelopment of children and adolescents; thus, a review
of various databases was carried out where literature from 2013 onwards was selected and studied. This review describes the
negative impact of digital overexposure on the pediatric population, such as failures in cognitive development due to modifications
in the brain’s configuration. We should be made aware of these effects in order to prevent them through good habits related to the
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Introduction

Exposure to digital screens over an interval of time is
known as screen time [1]. The World Health Organization (WHO)
recommends limiting screen exposure to one hour per day
for children under five years of age; however, many parents or
guardians are unaware of this pattern and expose minors to digital
screens without any regulation [2,3]. It has been described that,
with advancing age, there is also an increase in the hours of use

[4]; nevertheless, in the last decade, this phenomenon has reached
younger populations [5]. A study carried out in 2018 reported
that 98% of American children under the age of eight live in a
home where there is at least one device with Internet connection,
which is used for an average of two hours and nine-teen minutes
a day [6]. In addition, due to the SARS-CoV-2 pandemic, there
has been an exponential increase to digital screens as a means of
work, entertainment, and education [7,8]. Childhood corresponds
to a period of high vulnerability in human development in which
the stimuli they receive are essential for the formation to become
healthy adults [9,10]. Therefore, overexposure to digital screens
has shown to affect various functions in the neurodevelopment
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of the pediatric patients such as vision (myopia and blindness at
an early age), the circadian cycle (problems falling asleep), and
mental health concerns. An increase in sedentarism, consequential
of the excessive use of digital screens, might also result in
overweight or obesity since physical activity is replaced by
video games. Psychiatric disorders such as depression and digital
addiction might also appear due to the problematic use of social
networks [11]. The objective of this literature review is to evaluate
the association between the excessive use of digital screens and the
effect on neurocognitive development in the child and adolescent
population.

Methodology

The literature search was conducted on the following
databases: National Center for Biotechnology Information,
Google Scholar and EBSCO host, with keywords “brain”, “digital
screen”, “neural development” and “children”. The search was
then narrowed down by using the Boolean operator “brain AND
digital screens”, in which 4,472 articles were found. The range
of years that was considered when selecting the articles was
between 2013-2021. Additionally, studies that did not have a clear
methodology, and those with data on populations older than 18
years, were excluded; ergo, a total of 25 articles will be discussed
in this review.

Child Neurodevelopment

Child neurodevelopment is a process of the Central Nervous
System (CNS) whose objective is the adaptation of the infant
to its environment through behavioral models that involve the
dynamic interaction between them [12]. This process is related to
the integration of information in which both external and internal
contexts are involved. The external environment is made up of
stimuli from society, culture, and physical surroundings; on the
other hand, the internal environment includes processes at the
CNS level, such as cognitive development [5]. The first stage
of cognitive development comprises the first three years of life
where the brain gyri and sulci develop due to its neuroplasticity
[10]. This developmental process encompasses the ability of
the nervous system to modify itself to form nerve connections
in response to new information, such as structural or functional
changes in the neuron, allowing the nervous tissue to develop
adaptive or reorganizational changes in a physiological state
with or without alteration [13]. During this stage the cognitive
capacities, that in the future will form the executive functions, are
established. These functions are considered as a set of cognitive,
affective, and motivational processes that allow self-regulation of
both mental and behavioral operations for the effective resolution
of a problem [14]. The development of cognitive functions occurs
gradually and slowly; hence, the first years of life has a wide
spectrum of vulnerability to external risk factors [10]. This stage is
also considered a critical and sensitive period since it is a window

of time that allows the development of a certain skill. A positive
interaction with the environment is necessary as a means of
stimulation for the development and strengthening of various brain
skills [12]. The brain’s “reward system” oversees the sensation of
pleasure in the body [15]. This system is activated by different
behaviors such as eating or reproducing, which cause pleasure and
are susceptible to developing an addiction. The reward pathway is
not located in a single area of the brain but is distributed in various
regions such as the ventral tegmental area (VTA), the nucleus
Accumbens (NAc) and other specific areas of the limbic system
[16]. This system includes several neural pathways which, through
the neurotransmitter dopamine, allow the flow of information
between the involved structures. Dopamine is responsible for
regulating the body’s motor activity and it is secreted with the
arrival of a pleasant stimulus [11]. Dopaminergic neurons have
three patterns of activity: the inactive state, the tonic state, and
the phasic state. The phasic activity is the most important in this
process since it generates the release of dopamine, which allows
the opening of the permissive afferent “gate” and gives access to
the dopaminergic neurons to respond to glutamate and initiate
burst firing (phasic activity) which indicate reward and modulate
goal-directed behavior [15].

Effects of Digital Screens on Neurocognitive Development

Various articles guarantee that there is a direct relationship
between the prolonged use of digital devices and a decrease in
school performance due to problems in cognitive and language
development [4]. According to a study carried out by researchers
from Ecuador in infants between one and two years of age, it was
shown that screen time affects the development of the Intellectual
Coefficient (IQ), showing a deficiency in the development of the
1Q of 42% when starting exposure to digital screens between six
months and two years of age [17]. Exposure to technology from an
early age tends to have a negative impact on brain neuroplasticity,
which is reflected as low cognitive level and behavioral problems
such as: low self-esteem, aggressive behavior due to violent video
games, and socializing problems due to difficulties in language
development [10]. In Peru, a study analyzed the different learning
disorders and their relationship with the use of new technologies.
Some of the cognitive disorders that were observed were dyslexia,
dyscalculia, dysgraphia, dysorthography and dysphemia; all these
have a neurological component, which indicates that they are
innate problems. However, due to the increase of technological
exposure in daily life, certain characteristics of these disorders
have been observed in new generations even without presenting
deficits at birth. According to this study, the learning areas most
affected by the problematic use of digital devices are language
and attention, indicating a detrimental relationship between the
indiscriminate use of these devices and the presentation of long-
term learning problems [3]. The use of technologies, apart from
hampering cognition development, is also associated with the

2

Arch Pediatr, an open access journal
ISSN: 2575-825X

Volume 7; Issue 1



Citation: Arguedas DA, Cedefio MPB, Calderon HCD, Soto TQ, Simpson D, et al. (2022) The Impact of Overexposure to Digital Screens
in the Neurodevelopment of Children and Adolescents: A Literature Review. Arch Pediatr 7: 201. DOI: 10.29011/2575-825X.100201

appearance of attention disorders whose etiology is still uncertain.
One of the hypotheses states the cause could be associated with the
performance of concomitant tasks, which reduce the opportunity
to interact outside of virtuality and decrease time for the nervous
system to “rest”; in this way, executive functioning is impaired
[18]. By exceeding the threshold of two hours a day for exposure
to screens, the risk of developing attention deficit hyperactivity
disorder (ADHD) also increases [10]. In the United States, a case-
control study was conducted with three-year-olds predisposed
to ADHD and non-prone children. The study showed that those
who belonged to the risk group had a greater screen time than the
comparison group. Thus, it was proven that this association existed
before the development of ADHD symptoms [19]. On the other
hand, in a study carried out on 47 preschool children, it was shown
that overexposure to screens was associated with a lower integrity
in the microstructure of the cerebral white matter tracts responsible
for executive and language functions, reflecting poor phonological
processing, poor vocabulary, and emotional processing disabilities
[20]. Another cohort study, which compared the microstructure
of white matter with physical activity and screen time, found
that the use of digital screens is not directly associated with the
development of the white microstructure but rather it replaces
the time of physical activity, which in turn alters white matter
development. [21]. It was concluded that overuse of digital screens
does not provide benefits for its development, but it does take time
away from activities that would have a positive impact on this area
[18,21].

Digital Screen Exposure and Behavioural Addiction

Exposure to digital screens greater than 25-30 hours per
week is defined as behavioral addiction, involving a gradual change
of the reward system where the individual pathologically tries to
obtain a pleasant sensation [2,15]; additionally, the concept of
Internet addiction is known as Internet Addiction Disorder (IAD)
[11]. These disorders are associated with clinically significant
functional impairment in measures of self-control, interpersonal
relationships, behavioral disorders, and emotional stability [22].
Despite the brain alterations that IAD produces, this disorder is not
classified in the mental disorders of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-V) [11]. Regardless, IAD
can be identified as an impulse control disorder characterized
by uncontrolled use of the Internet. Within the DSM-V criteria,
it can be categorized as “Other specified destructive, impulse
control and behavior disorder” [22]. The literature related to IAD
has focused mainly on the use of the Internet for video games;
however, the increasing digitization in all aspects of life involves
the prolonged use of school applications and social networks
which could also contribute to addiction [23]. Recently, brain
imaging studies have been conducted to determine the different
neural mechanisms involved in IAD. The neuroimaging findings
conclude that ADI shares similarity with the addictive behavior

that occurs in substance dependence, both emotionally and
behaviorally. Overuse of the Internet has shown to be related
to abnormal neurobiological mechanisms in the frontal lobe,
striatum, and somatosensory regions [24]. These mechanisms
can lead to a decrease in the thickness of the frontal cortex and a
reduction in the volume of the gray matter respectively [25]. The
affected brain regions are primarily involved in impulse control,
the reward processing system, and the somatization of previous
experiences [26]. The frontal lobe is related to cognitive functions,
empathy, and adaptation to environmental changes, which lead
to alterations in lifestyle and behavioral disorders in children
and adolescents. Consequently, errors develop in the ability to
discriminate information and adapt to complicated tasks, as well
as impairments in the ability to manage time, energy, and attention
[24].

Conclusion

Overexposure to digital screens in children and adolescents
influences neurodevelopment in areas such as learning, 1Q and
behavior. Different studies have shown that there is a direct
involvement with respect to the formation and stimulation of
different anatomical structures related to neurodevelopment,
such as the brain white matter, the frontal and prefrontal cortex.
In this way, a decrease in school performance, difficulty in
language development, an increase in predisposition to ADHD
and the development of ADI are all observed in the studied
populations. To prevent such effects, it is encouraged to practice
the recommendations provided by the WHO on exposure to
digital screens in the child and adolescent population, such as not
allowing digital screen exposure in children under 24 months of
age. This is a critical period to achieve optimal brain development
and recommendation follow as such: limit the screening time to
30 minutes a day for in children 2-5 years of age, lower screen
brightness and avoid use in dark environments. It is also suggested
to avoid the use of digital screens as a reward strategy, a distraction
or as an incentive to complete different basic activities, such as
a method to help feed children that refuse to eat. Finally, if it is
decided to implement technological devices as a teaching method,
it is recommended to have a companion with whom the infant can
have a joint interaction [6].

References

1. Barber S, Kelly B, Collings P, Nagy L, Bywater T, et al. (2017)
Prevalence, trajectories, and determinants of television viewing time
in an ethnically diverse sample of young children from the UK. Int J
Behav Nutr Phys Act. 14: 88.

2. Elias S, de Alvarado O. (2019) Los trastornos de aprendizaje y el
impacto de las nuevas tecnologias. Rev Alétheia. 7: 25-29.

3. Sultana A, Tasnim S, Hossain MM, Bhattacharya S, Purohit N. (2021)
Digital screen time during the COVID-19 pandemic: a public health
concern. F1000Research. 10.

3

Arch Pediatr, an open access journal
ISSN: 2575-825X

Volume 7; Issue 1


https://pubmed.ncbi.nlm.nih.gov/28683801/
https://pubmed.ncbi.nlm.nih.gov/28683801/
https://pubmed.ncbi.nlm.nih.gov/28683801/
https://pubmed.ncbi.nlm.nih.gov/28683801/
https://revistas.unife.edu.pe/index.php/aletheia/article/view/2149
https://revistas.unife.edu.pe/index.php/aletheia/article/view/2149
https://f1000research.com/articles/10-81
https://f1000research.com/articles/10-81
https://f1000research.com/articles/10-81

Citation: Arguedas DA, Cedefio MPB, Calderon HCD, Soto TQ, Simpson D, et al. (2022) The Impact of Overexposure to Digital Screens
in the Neurodevelopment of Children and Adolescents: A Literature Review. Arch Pediatr 7: 201. DOI: 10.29011/2575-825X.100201

4.

10.

1.

12.

13.

14.

15.

16.

Fung M, Rojas E, Delgado L. (2020) Impacto del tiempo de pantalla en
la salud de nifios y adolescentes. Rev Méd Sinerg. 5.

CabreraV, Carazo V, Corrales J, Fernandez A, Gutiérrez E, et al. (2017)
Funciones ejecutivas centrales: fundamentos para su desarrollo en la
primera infancia. 1ra ed. Costa Rica: UCR; 204.

Organizacion Mundial de la Salud. Nuevas directrices de la OMS
sobre actividad fisica, sedentarismo y suefio para nifios menores de 5
afos. [Internet]. OMS; 2019 Apr 24. [Citado 18 octubre 2021].

Cerisola A. (2017) Impacto negativo de los medios tecnolégicos en el
neurodesarrollo infantil. Pediatr Panama. 46: 126-131.

Li X, Vanderloo L, Keown-Stoneman C, Tombeau K, Charach A, et
al. (2021) Screen Use and Mental Health Symptoms in Canadian
Children and Youth During the COVID-19 Pandemic. 4: e2140875.

Paudel S, Jancey J, Subedi N, Leavy J. (2017) Correlates of mobile
screen media use among children aged 0-8: A systematic review. BMJ
Open. 7.

Rodriguez O, Estrada L. (2021) Incidencia del uso de pantallas en
nifas y nifios menores de 2 afios. Rev Psi. 2021.

Dresp-Langley B. (2020) Children’s Health in the Digital Age. Int J
Environ. 17: 1-24.

Castrillén L. (2014) Neurodesarrollo en la educacién” formacion a
docentes para la deteccion de signos de alarma en el neurodesarrollo
en nifios entre los 4 y 7 afos. [Tesis Doctoral]. Colombia: Universidad
CES; 2014.

Vieira M, Escudero J. (2014) Neuroplasticidad: aspectos bioquimicos
y neurofisiologicos. Rev CES Med. 28: 119-132.

Martinez N, Salas C, Barahona C, Galarza C. (2017) Funciones
Ejecutivas en Nifios Preescolares con y sin Trastornos del Lenguaje.
Rev Ecuat Neurol. 26: 197-202.

Mantero G. (2018) Sistema de recompensa del cerebro y neuronas
del placer. [Tesis Doctoral]. Espafa: Universidad de Sevilla; 2018.

Michel A, Estafiol B, Senties H, Chiquete E, Delgado G, et al. (2015)
Reward and aversion systems of the brain as a functional unit. Basic
mechanisms and functions. Salud Ment. 38: 299-305.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Pilar A. (2018) Impacto del “Tiempo de pantalla” (Television,
computadora, celular, tablet) sobre el desarrollo del coeficiente
intelectual, de nifios de 12 a 48 meses. [Tesis Licenciatura]. Ecuador:
Universidad Estatal de Milagro; 2018.

Small G, Lee J, Kaufman A,Jalil J, Siddarth P, Moody T. (2020) Brain
health consequences of digital use. Dialogues Clin Neurosci. 22: 179-
187.

Hill M, Gangi D, Miller M, Mohamed S, Ozonoff S. (2020) Screen time
in 36-months-olds at increased likelihood for ASD and ADHD. Infant
Behav Dev. 61: 101484.

Hutton JS, Dudley J, Horowitz-Kraus T, DeWitt T, Holland SK. (2019)
Associations Between Screen-Based Media Use and Brain White
Matter Integrity in Preschool-Aged Children. JAMA Pediatrics. 174.

Rodriguez A, Derks |, Van Den M, Cornejo |, Labrecque J, et al. (2020)
Associations of physical activity and screen time with white matter
microstructure in children from the general population. Neurolmage.
205: 116258-116258.

American Psychiatric Association. Guia de consulta de los criterios
diagndsticos del DSM-5. 5.2 ed. Estados Unidos: APA; 2014. 250.

Lissak G. (2018) Adverse physiological and psychological effects of
screen time on children and adolescents: Literature review and case
study. J Environ Eng Sci. 164: 149-157.

Weinstein A, Lejoyeux M. (2015) New Developments on the
Neurobiological and Pharmaco(1Genetic Mechanisms Underlying
Internet and Videogame Addiction. Am J Addict. 24: 117-125.

Neophytou E, Laurie M, Eikelboom R. (2021) Effects of Excessive
Screen Time on Neurodevelopment, Learning, Memory, Mental
Health, and Neurodegeneration: a Scoping Review. Int J Ment Health
Addict. 19: 724-744.

Anderson D, Subrahmanyam K. (2017) Digital screen media and
cognitive development. Am. Acad. Pediatr. 140: S57-S61.

4

Arch Pediatr, an open access journal
ISSN: 2575-825X

Volume 7; Issue 1


https://revistamedicasinergia.com/index.php/rms/article/view/370
https://revistamedicasinergia.com/index.php/rms/article/view/370
http://repositorio.inie.ucr.ac.cr/handle/123456789/469
http://repositorio.inie.ucr.ac.cr/handle/123456789/469
http://repositorio.inie.ucr.ac.cr/handle/123456789/469
https://www.who.int/es/news/item/24-04-2019-to-grow-up-healthy-children-need-to-sit-less-and-play-more
https://www.who.int/es/news/item/24-04-2019-to-grow-up-healthy-children-need-to-sit-less-and-play-more
https://www.who.int/es/news/item/24-04-2019-to-grow-up-healthy-children-need-to-sit-less-and-play-more
https://bibliotecavirtual.insnsb.gob.pe/impacto-negativo-de-los-medios-tecnologicos-en-el-neurodesarrollo-infantil/
https://bibliotecavirtual.insnsb.gob.pe/impacto-negativo-de-los-medios-tecnologicos-en-el-neurodesarrollo-infantil/
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2787454
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2787454
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2787454
https://bmjopen.bmj.com/content/bmjopen/7/10/e014585.full.pdf
https://bmjopen.bmj.com/content/bmjopen/7/10/e014585.full.pdf
https://bmjopen.bmj.com/content/bmjopen/7/10/e014585.full.pdf
https://revistas.unlp.edu.ar/revpsi/article/view/10372
https://revistas.unlp.edu.ar/revpsi/article/view/10372
https://pubmed.ncbi.nlm.nih.gov/32384728/
https://pubmed.ncbi.nlm.nih.gov/32384728/
https://repository.ces.edu.co/handle/10946/425
https://repository.ces.edu.co/handle/10946/425
https://repository.ces.edu.co/handle/10946/425
https://repository.ces.edu.co/handle/10946/425
http://revecuatneurol.com/magazine_issue_article/funciones-ejecutivas-ninos-preescolares-trastorno-lenguaje-executive-functions-preschool-children-language-disorders/
http://revecuatneurol.com/magazine_issue_article/funciones-ejecutivas-ninos-preescolares-trastorno-lenguaje-executive-functions-preschool-children-language-disorders/
http://revecuatneurol.com/magazine_issue_article/funciones-ejecutivas-ninos-preescolares-trastorno-lenguaje-executive-functions-preschool-children-language-disorders/
https://idus.us.es/handle/11441/82033
https://idus.us.es/handle/11441/82033
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=61082
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=61082
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=61082
http://repositorio.unemi.edu.ec/bitstream/123456789/4241/3/urkund_2018102216422.pdf
http://repositorio.unemi.edu.ec/bitstream/123456789/4241/3/urkund_2018102216422.pdf
http://repositorio.unemi.edu.ec/bitstream/123456789/4241/3/urkund_2018102216422.pdf
http://repositorio.unemi.edu.ec/bitstream/123456789/4241/3/urkund_2018102216422.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7366948/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7366948/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7366948/
https://pubmed.ncbi.nlm.nih.gov/32871326/
https://pubmed.ncbi.nlm.nih.gov/32871326/
https://pubmed.ncbi.nlm.nih.gov/32871326/
https://jamanetwork.com/journals/jamapediatrics/fullarticle/2754101
https://jamanetwork.com/journals/jamapediatrics/fullarticle/2754101
https://jamanetwork.com/journals/jamapediatrics/fullarticle/2754101
https://pubmed.ncbi.nlm.nih.gov/31605827/
https://pubmed.ncbi.nlm.nih.gov/31605827/
https://pubmed.ncbi.nlm.nih.gov/31605827/
https://pubmed.ncbi.nlm.nih.gov/31605827/
https://pubmed.ncbi.nlm.nih.gov/29499467/
https://pubmed.ncbi.nlm.nih.gov/29499467/
https://pubmed.ncbi.nlm.nih.gov/29499467/
https://pubmed.ncbi.nlm.nih.gov/25864599/
https://pubmed.ncbi.nlm.nih.gov/25864599/
https://pubmed.ncbi.nlm.nih.gov/25864599/
https://www.semanticscholar.org/paper/Effects-of-Excessive-Screen-Time-on-Learning%2C-and-a-Neophytou-Manwell/e7249e38c109606cff97c90b2db1b09f5ac17161
https://www.semanticscholar.org/paper/Effects-of-Excessive-Screen-Time-on-Learning%2C-and-a-Neophytou-Manwell/e7249e38c109606cff97c90b2db1b09f5ac17161
https://www.semanticscholar.org/paper/Effects-of-Excessive-Screen-Time-on-Learning%2C-and-a-Neophytou-Manwell/e7249e38c109606cff97c90b2db1b09f5ac17161
https://www.semanticscholar.org/paper/Effects-of-Excessive-Screen-Time-on-Learning%2C-and-a-Neophytou-Manwell/e7249e38c109606cff97c90b2db1b09f5ac17161
https://pubmed.ncbi.nlm.nih.gov/29093033/
https://pubmed.ncbi.nlm.nih.gov/29093033/

