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Abstract 

Digital games are a ubiquitous part of almost all children’s and adolescents’ lives. At the same time gaming industry 

is ready to unlock new levels of growth in the coming years (Granik et al., 2014). A growing number of studies have 

already focused on the beneficial effects of digital games on various aspects of cognition and health. However, less 

emphasis has been given to the physiological biomarkers that operate in the background and cause various 

modifications in players’ mental and emotional states as well as their ability to be aware and take control over their 

decisions and actions. Hormones and neurotransmitters regulate homeostasis and determine to a significant extent 

humans’ health, state of mind, and self-awareness abilities. Neuroplasticity is now recognized as a crucial factor in 

acquiring new skills and abilities. The present study aims to investigate the impact of digital game-playing on 

hormone responses and neuroplasticity phenomena. To this objective, we conducted a literature review presenting the 

most representative experimental studies. The results showed that digital games have significant effects on hormone 

responses and neuroplasticity phenomena. Finally, we discuss the factors that may contribute to alterations in digital 

game players’ homeostasis. The findings of this review aim to contribute to the discussion regarding the design of 

targeted, novel game-based intervention tools that have the potential to improve homeostasis, drive positive 

neuroplasticity, accelerate metacognitive learning, and thereby promote mental and emotional well-being for both 

typical populations, but most importantly, for people with learning disabilities, mental and other disorders. 

Keywords: Digital games; Hormones; Neurotransmitters; Neuroplasticity; Mental and emotional health; Learning; 

Metacognition. 

 

Resumo 

Os jogos digitais são uma parte onipresente da vida de quase todas as crianças e adolescentes. Ao mesmo tempo, a 

indústria de jogos está pronta para alcançar novos níveis de crescimento nos próximos anos. Um número crescente de 

estudos já enfocou os efeitos benéficos dos jogos digitais em vários aspectos da cognição e da saúde. No entanto, 

menos ênfase tem sido dada aos biomarcadores fisiológicos que operam em segundo plano e causam várias 

modificações no estado mental e emocional dos jogadores, bem como em sua capacidade de estar ciente e assumir o 

controle de suas decisões e ações. Hormônios e neurotransmissores regulam a homeostase e determinam de forma 

significativa a saúde, o estado de espírito e as habilidades de autoconsciência dos seres humanos. A neuroplasticidade 

é agora reconhecida como um fator crucial na aquisição de novas competências e habilidades. O presente estudo tem 

como objetivo investigar o impacto do jogo digital nas respostas hormonais e nos fenômenos de neuroplasticidade. 

Para tanto, realizamos uma revisão da literatura apresentando os estudos experimentais mais representativos. Os 

resultados mostraram que os jogos digitais têm efeitos significativos nas respostas hormonais e nos fenômenos de 

neuroplasticidade. No entanto, fazemos uma ampla discussão sobre os fatores que podem contribuir para alterações na 

homeostase dos jogadores de jogos digitais. Os resultados desta revisão visam contribuir para a discussão sobre o 

design de novas ferramentas de intervenção baseadas em jogos que tenham o potencial de melhorar a homeostase, 

impulsionar a neuroplasticidade positiva, acelerar a aprendizagem metacognitiva e, assim, promover o bem-estar 
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mental e emocional para ambos. populações típicas, mas mais importante para pessoas com dificuldades de 

aprendizagem, transtornos mentais e outros. 

Palavras-chave: Jogos digitais; Hormonas; Neurotransmissores; Neuroplasticidade; Saúde mental e emocional; 

Aprendizagem; Metacognição. 

 

Resumen 

Los juegos digitales son una parte omnipresente de la vida de casi todos los niños y adolescentes. Al mismo tiempo, la 

industria del juego está lista para desbloquear nuevos niveles de crecimiento en los próximos años. Un número 

creciente de estudios ya se ha centrado en los efectos beneficiosos de los juegos digitales en varios aspectos de la 

cognición y la salud. Sin embargo, se ha dado menos énfasis a los biomarcadores fisiológicos que operan en segundo 

plano y provocan diversas modificaciones en el estado mental y emocional de los jugadores, así como en su capacidad 

para tomar conciencia y tomar control sobre sus decisiones y acciones. Las hormonas y los neurotransmisores regulan 

la homeostasis y determinan en gran medida la salud, el estado mental y la capacidad de autoconciencia de los 

humanos. La neuroplasticidad ahora se reconoce como un factor crucial en la adquisición de nuevas habilidades y 

destrezas. El presente estudio tiene como objetivo investigar el impacto de los juegos digitales en las respuestas 

hormonales y los fenómenos de neuroplasticidad. Con este objetivo, realizamos una revisión de la literatura 

presentando los estudios experimentales más representativos. Los resultados mostraron que los juegos digitales tienen 

efectos significativos sobre las respuestas hormonales y los fenómenos de neuroplasticidad. Sin embargo, hacemos 

una extensa discusión sobre los factores que pueden contribuir a las alteraciones en la homeostasis de los jugadores de 

juegos digitales. Los hallazgos de esta revisión tienen como objetivo contribuir a la discusión sobre el diseño de 

herramientas de intervención novedosas y específicas basadas en juegos que tienen el potencial de mejorar la 

homeostasis, impulsar la neuroplasticidad positiva, acelerar el aprendizaje metacognitivo y, por lo tanto, promover el 

bienestar mental y emocional para ambos. poblaciones típicas, pero lo más importante para las personas con 

discapacidades de aprendizaje, trastornos mentales y de otro tipo. 

 Palabras clave: Juegos digitales; Hormonas; Neurotransmisores; Neuroplasticidad; Salud mental y emocional; 

Aprendizaje; Metacognición. 

 

1. Introduction  

Digital games are a ubiquitous part of almost all children’s and adolescents’ lives. At the same time gaming industry 

is ready to unlock new levels of growth in the coming years. A wide range of terms and definitions concerning digital games 

are proposed, mainly due to the existence of multiple digital media designed for gaming. As a result, the term "digital games" 

has become equivalent to a variety of terms, including computer games, digital games, electronic games, and video games. 

Digital games share some common features such as the gaming environment, the strong participation of the gamer, the element 

of interactivity, and the increased use of multimedia (Manesis, 2020). 

Digital games’ classifications present various categories according to their objectives and characteristics. For instance, 

digital games can be divided into two general categories, namely commercial and serious games, depending on their objective 

(Choi et al., 2020). Serious games aim to use new gaming technologies for educational or training purposes (Papanastasiou et 

al., 2017). Unlike serious games, commercial video games are designed for the entertainment of players. However, a growing 

number of studies reveal that commercial tools may also be used not only for entertainment but also as brain training tools 

(Choi et al., 2020).  

Common types of games are traditional games (i.e Tetris), action games, simulation games, and strategy games (Choi 

et al., 2020). Except for the type of game, several influence factors differentiate digital games’ outcomes. Users’ factors 

include players’ experience, playing style, motivation, age, gender, emotional status, and intended relaxation. System factors 

involve game genre, game structure, game mechanics and rules, technical system setup, and design characteristics. A crucial 

role also plays the context factors, interaction quality, and aesthetic aspects (Möller et al., 2013). 

Studies have already shown that playing digital games can boost cognitive abilities as well as various aspects of 

human intelligence (Pappas et al., 2017; Kokkinakis et al., 2017). Expert video game players often outperform non-players on 

measures of attention, memory, speed, and executive control. Experts are more able to track objects moving at greater speeds, 
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better detect changes to objects stored in visual short-term memory, switch more quickly from one task to another, and 

mentally rotate objects more efficiently (Boot et al., 2008). In addition, digital games are recognized as tools for gradual and 

profound skills training and development with a high potential to support expertise in different fields of human life (Stafford, 

2022)  

A growing number of studies indicate that digital games and especially serious games constitute effective strategies 

for training, and intervention for people with learning difficulties, special needs, and other disabilities (Papanastasiou et al., 

2017). Gaming is now established as an alternative solution to traditional mental health treatment methods. Even commercial 

digital games provide evidence of their psychotherapeutic benefits in reducing symptoms of depression and anxiety (Kowal et 

al., 2021). In addition, they are now examined as a complementary intervention for various psychiatric or long-term 

degenerative disorders  (Zayeni et al., 2020; Alves et al., 2018). Studies have also revealed that digital game playing is 

associated with analgesic effects and pain relief (Puig et al., 2020) 

Playing digital games is also associated with positive feelings and well-being. Playing video games, appropriately 

designed, can boost cognitive health, emotional balance, and socialization (Barr et al., 2022; Pallavicini et al., 2018). Gaming 

is also associated with states of mind that are closely associated with peak performance and superior learning outcomes (Chen 

et al, 2020). Games have already been recognized as valuable educational tools with a significant potential to be applied in 

educational settings to support cognitive, motivational, affective, and social processes that underlie learning (Mayer, 2019). 

Most importantly, digital games have significant potential in learning procedures because they influence motivation and 

metacognition (Mayer, 2019). Digital games raise players' self-awareness because of cultivating players' sense of agency, 

while training players in applying self-regulation strategies (Hacker, 2017). 

Although there is extensive research regarding the impact of digital games on various aspects of human life (health, 

well-being, cognition, learning), less emphasis has been given to the physiological parameters that operate in the background 

and unconsciously contribute to various positive or negative outcomes. In addition, there is a growing interest regarding the 

impact of gaming on neuroplasticity phenomena.  

The objective of the current review is to examine the impact of digital gaming on hormonal responses and 

neuroplasticity phenomena. Specifically, we aim to investigate whether and how digital games alter hormones that are closely 

related to anxiety, depression, aggression, or motivated learning, positivity, and effective self-regulation. In the second part of 

this study, we examine whether digital games playing influence neuroplasticity and neurogenesis phenomena. Through this 

study, we also expect to identify possible factors (i.e game genre, game’s content) that may contribute to diverse physiological 

responses. With this study, we expect to put more emphasis on the role of games on human homeostasis and shed more light 

on the physiological variables that induce specific cognitive and emotional states and incite players to specific behaviors. 

 

2. Methodology  

The objective of this narrative review was to present an overview of the available and most representative evidence on 

how digital game playing is associated with players’ hormone responses and neuroplasticity phenomena. The methodology 

was based on the guide lines of narrative reviews (Pare et al., 2015). The literature search was conducted in two scientific, 

online databases (Scholar Google and PubMed). To be included in this review, studies had to examine the effects of digital 

games (i.e. video games, computer games, virtual reality games) on hormones/neurotransmitters and other biomarkers which 

are responsible for neurogenesis and neuroplasticity phenomena. In our search, there were no restrictions regarding the age of 

the participants, or gender. Although we tried to give priority to the most recent research, in several cases we also included 

older ones. We focused on surveys written after 2010, however older surveys were also included when they met the survey 

http://dx.doi.org/10.33448/rsd-v12i2.39568


Research, Society and Development, v. 12, n. 2, e20512239568, 2023 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v12i2.39568 
 

 

4 

requirements. Priority also was given to experimental studies and randomized controlled trials. For this study, we excluded 

non-digital games, and other physiological parameters (i.e heart rate, blood glucose, and blood pressure). After the full-text 

screening, the 30 remaining studies were included in the final analysis. 

 

3. Results and Discussion 

3.1 Digital Games on Brain Chemistry 

Neurons in the human brain communicate with each other by releasing chemical messengers called neurotransmitters. 

Neurotransmitters are chemical signals released from presynaptic nerve terminals into the synaptic cleft. The subsequent 

binding of neurotransmitters to specific receptors on postsynaptic neurons briefly changes the electrical properties of the target 

cells. Hormones secreted by the endocrine system typically influence target cells far removed from the hormone-secreting cell. 

This “action at a distance” is achieved by the release of hormones into the bloodstream. 

 Neurotransmitters include acetylcholine, glutamate, and γ-aminobutyric acid (GABA). A significant role also plays 

the catecholamines like norepinephrine (noradrenaline), epinephrine (adrenaline), dopamine, and serotonin. Neuropeptides 

include oxytocin. Hormones and neurotransmitters play a significant role in the proper functioning of cognitive and emotional 

functions and have a major impact on human behavior (Kovacs, 2004; Drigas and Mitsea, 2021). According to Drigas and 

Mitsea (2021), hormones and neurotransmitters affect brain areas and physiological procedures that are associated with 

metacognitive abilities,  which enable humans to be aware of and take control over cognition (Drigas and Mitsea, 2020-2022). 

 

Dopamine: the ‘reward’ neurotransmitter 

Dopamine is the neurotransmitter that is responsible for the feeling of pleasure and excitement. Dopamine is closely 

related to motivation and reward learning. However, dysregulation of dopamine levels may contribute to addictive behaviors 

(Dayan, 2002; Drigas and Mitsea, 2021). Koepp et al. (1998) used 11C-labeled raclopride and positron emission tomography 

scans to investigate whether endogenous dopamine is produced in the human striatum during a goal-directed motor task in a 

video game. For a monetary incentive, eight male volunteers played a computer game in which they learned to navigate a tank. 

It was found that raclopride binding to dopamine receptors in the striatum was decreased substantially during the video game 

compared to the baseline rates, consistent with higher dopamine production and binding to its receptors. Thus, video games can 

cause the production of dopamine in the brain's reward pathways, resulting in a sense of euphoria. 

 

Testosterone: The tenacity hormone 

Oxford et al. (2010) assessed the impact of playing violent games on testosterone levels. The participants were 14 

three-member teams of undergraduate men (n=42), with a mean age of 19 years (S.D.=.97).  Men who contributed the most to 

their teams' between-group victory showed testosterone increases immediately after the competition. The testosterone response 

during the between-group competition also suggests that violent multiplayer video games may be appealing to young men 

because they simulate male–male coalitional competition. 

 

Cortisol: the stress hormone 

Cortisol regulates various fundamental physiological functions and significantly influences cognitive abilities like 

memory. However, abnormal elevation of cortisol levels is associated with cognitive impairments, chronic disorders such as 

anxiety and depression, and neurodegeneration phenomena (Drigas and Mitsea, 2021). 

Aliyari et al. (2018) investigated the impact of different types of video games on the stress hormone cortisol. A 
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sample of 80 players, aged 18 to 30 years played a runner game, an exciting game, a fear game, and a puzzle game. Before and 

after the intervention, the saliva samples of the participants were collected to measure their levels of cortisol. The results 

showed that the puzzle game, which trains attention and concentration, reduced cortisol levels, while the runner, excitement, 

and fear games increased cortisol. The authors concluded that the digital game genre has a different impact on autonomous 

nervous systems and, as a result on stress hormones release. 

Aliyari et al. (2020) investigated the effects of violent and football video games on cognitive functions, cortisol levels, 

and brain waves. A total of 64 participants competed in a single-elimination tournament. Saliva samples of all players were 

measured before and after the games for the evaluation of cortisol levels. The results showed that both games reduced cortisol 

levels. 

Aliyari et al. (2015) evaluated the effects of the game Fifa 2015 on cognition and hormonal levels. Thirty-two subjects 

aged 20 years on average participated in playing the computer game. The impact of playing computer games on the cortisol 

concentration of saliva before and after the game showed that the amount of saliva plasma after playing the game dropped 

significantly. It was also revealed that sustained attention also increased after the game. 

Hébert et al. (2005) investigated the effects of music on hormone levels in video game playing. Two groups of 

participants (one playing with techno music, the other one playing in silence) played a video game for ten minutes and gave 

four saliva samples for analysis of cortisol levels at regular intervals. The findings showed that the built-in sound environment 

of video games, here pop/techno music, increased cortisol levels. 

Gentile et al. (2017) investigated the impact of violent content in video games on cortisol. One hundred and thirty-six 

children participated in the current study with an average age of 8 to 12 years old. Results showed that the violent video game 

increased cortisol more than the equally exciting non-violent game. The violent game also increased the accessibility of 

aggressive thoughts. The cortisol findings indicated that playing a violent video game may activate the sympathetic nervous 

system and elicit a fight-or-flight type response in children. 

 

Epinephrine: the “excitement” neurotransmitter 

Epinephrine mediates short-term responses to stressors by initiating behavioral and physiological changes that help a 

person cope with the stressful stimulus. Epinephrine interacts via various projections to the prefrontal cortex, midbrain, and 

locus coeruleus, areas that influence higher mental abilities  (Drigas and Mitsea, 2021). 

 Phan‐Hug et al. conducted a pilot study to evaluate the impact of videogame playing on various metabolic indicators 

including the hormone epinephrine. Twelve children were subjected to two distinct tests at a few weeks' intervals: (i) a 60-min 

video gaming session followed by a 60-min rest period and (ii) a 60-min reading session followed by a 60-min rest period. The 

results showed an increase in heart rate (p = 0.05) as well as a norepinephrine increase (p = 0.03) during the video gaming 

session when compared to the reading session. This pilot study also suggested that video game playing could induce a state of 

excitation sufficient to activate the sympathetic system. 

 

Serotonin: the ‘balance’ hormone 

Serotonin stands for mental balance and regulates mood and emotion. It improves self-confidence and self-

satisfaction. Several cognitive domains appear to be sensitive to changes in serotonin such as memory, attentional functions 

notably focused and sustained attention, and cognitive flexibility (Schmitt et al., 2006; Drigas and Mitsea, 2021).  

Podrigalo et al. (2020) examined the metabolic and endocrine changes of forty-five schoolboys engaged in computer 

gaming. The participants were divided into two groups: the active players' group (n=26) and the control group which consisted 
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of 19 schoolboys who did not play computer games at all. The results showed differences in homeostatic indicators between 

children belonging to the group of active players in comparison with those who do not have contact with computer games. The 

experimental group of active players showed increased levels of serotonin. 

 

GABA: The relaxation hormone 

Prena et al. (2020) measured the inhibitory neurotransmitter γ-aminobutyric acid before and after 30 minutes of a 

goal-directed spatial decision-making video game play. Thirty-seven participants aged 18 to 26 years old, were recruited. The 

sample consisted of the non-gamers group who played video games for under one hour a week and the gamers group who 

played at least five hours per week. While there were no significant variations in hippocampus GABA concentrations before 

and after gaming for both gamers and non-gamers, there was a significant quadratic relationship between spatial working 

memory task performance and post-gaming hippocampal GABA concentrations. 

 

Oxytocin: the ‘socialization’ hormone 

Oxytocin is a neuropeptide with a neurobehavioral role since it regulates a wide range of positive social behaviors. 

Oxytocin not only reduces amygdala reactivity but also increases the amygdala’s connectivity with areas responsible for 

emotional regulation and social cognition. (Drigas and Mitsea, 2021; Υoon et al., 2020) 

Aliyari et al. (2022) evaluated the electrophysiological and biochemical indicators of stress after playing a scary video 

game. Thirty volunteers were divided into two groups control and experimental. The saliva and blood samples were collected 

before and after the intervention to measure cortisol and salivary alpha-amylase levels, oxytocin, and brain-derived 

neurotrophic factor (BDNF). It was found that cortisol and alpha-amylase levels were significantly higher after the gameplay 

(P<0.001 for both). Oxytocin and BDNF plasma levels decreased after playing the scary game (P<0.05 for both). The authors 

concluded that perceived stress significantly elevates among players of scary video games, which adversely affects the 

emotional and cognitive capabilities, possibly via the strength of synaptic connections, and dendritic thorn construction of the 

brain neurons among players. 

Grizzard (2013) examined the effect of cooperative play on the generosity and associated cooperative gameplay with 

increased production of oxytocin, a neuromodulating hormone related to bonding, trust, and social interaction. A random 

assignment (solo versus cooperative play) experiment with an offset control condition was conducted using a guitar-music 

video game as stimuli. Before and after gameplay, oxytocin was measured using salivary samples. However, the examination 

of this hypothesis was prevented by sudden and unexpected problems associated with analyzing oxytocin from salivary 

samples. 

 

3.2 Digital Games on Neuroplasticity 

Neuroplasticity can be defined as the brain’s ability to change, remodel and reorganize for purpose of better ability to 

adapt to new situations (Demarine et al., 2014). The term plasticity refers to the changes in neural organization which may 

account for various forms of behavioral modifiability, either short-lasting or enduring, including maturation, adaptation to a 

mutable environment, specific and unspecific kinds of learning, and compensatory adjustments in response to functional losses 

from aging or brain damage (Berlucchi et al., 2009). Νeural networks are not fixed but occur and disappear dynamically 

throughout our whole life, depending on experiences. When we regularly practice a single action, such as a sequence of 

motions or a mathematical problem, neural circuits emerge, resulting in a greater capacity to complete the trained task with less 

energy loss. Neuroplasticity may occur either at a  structural or a functional level (Demarin et al., 2014). The technological 
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revolution provides new game-based tools that may drive positive neuroplasticity, accelerate learning, and strengthen cognitive 

function, thereby promoting mental well-being in both healthy and impaired brains (Mishra et al., 2016). Recent studies 

support the idea that computerized training, including video games, can boost neuroplasticity phenomena and learning (Pappas 

and Drigas, 2019).  

Kühn et al. (2014) investigated the structural neural changes resulting from a video game training intervention. It was 

hypothesized that a video game with a prominent navigation component, that is, the necessity to orient in a three-dimensional 

environment, and with orientation and strategic demands would have measurable neuroplasticity effects. A training group that 

consisted of 23 participants was instructed to play the video game Super Mario 64 on a portable Nintendo Dual Screen XXL 

console for at least 30 min per day over 2 months. A passive control group (n=25) had no task but underwent the same testing 

procedure as the training group 2 months apart. It was found a significant gray matter increase in the right hippocampal 

formation, right dorsolateral prefrontal cortex, and bilateral cerebellum in the training group. These brain areas play a crucial 

role in memory, intelligence, and metacognition. The researchers concluded that video game training could be used for people 

with smaller hippocampus and prefrontal cortex volume, for example in post-traumatic stress disorder, schizophrenia, and 

neurodegenerative disease. 

West et al. (2018) investigated the impact of action video games on brain plasticity. In two studies, participants 

received 90 hours of training on either an action video game, a 3D-platform game (such as Super Mario 64), or an action role-

playing game.  All participants underwent magnetic resonance imaging (MRI) brain scans and their brain tissue density was 

measured. A randomized longitudinal training experiment demonstrated that first-person shooting games reduced grey matter 

within the hippocampus in participants using non-spatial memory strategies, while players who used hippocampus-dependent 

spatial strategies showed increased grey matter in the hippocampus after training. It was concluded that video games can be 

beneficial or detrimental to the hippocampal system depending on the navigation strategy that a player employs and the genre 

of the game. 

Kühn et al. (2014) examined the magnetic resonance imaging scans of 152 14-year-old adolescents, to estimate the 

cortical thickness. Their examination revealed a robust positive association between cortical thickness and video gaming 

duration in the left dorsolateral prefrontal cortex and left frontal eye fields. These areas are responsible for executive control 

and strategic planning which in turn are essential cognitive domains for successful video gaming. Left frontal eye fields are a 

key region involved in visuomotor integration important for the programming and execution of eye movements and allocation 

of visuospatial attention. 

Schaeffer et al. (2022) assessed the effects of exergaming on hippocampal volume and brain-derived neurotrophic 

factor levels in Parkinson’s disease. Seventeen patients and eighteen healthy controls participated in a 6-week exergaming 

training program, combining visually stimulating computer games with physical exercise. Volumetric segmentation of 

hippocampal subfields on T1- and T2-weighted magnetic resonance imaging, as well as serum levels of brain-derived 

neurotrophic factor (BDNF), were studied before and after the training program. The results showed that physical exercise 

combined with computer games increases the brain-derived neurotrophic factor serum levels, as well as the volume of the 

hippocampus not only in healthy adults but also in patients with Parkinson’s disease.  

Similar studies outline the beneficial effects of video gaming combined with various types of exercises on brain 

plasticity. For instance, Cui et al. (2020) concluded that hippocampal neurogenesis induced by aerobic exercise is more likely 

to survive when simultaneously accompanied by cognitive stimulations, particularly when the cognitive goals are challenging.  

West et al. (2017) assessed the effects of 3D-platform video game training (i.e., Super Mario 64) on grey matter in the 

hippocampus, cerebellum, and prefrontal cortex of older adults.  Older adults aged 55 to 75 years old were randomized into 
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three groups. The experimental group (n = 8) participated in a 3D-platform video game training over 6 months. An active 

control group took a series of self-directed, computerized music (piano) lessons ( n = 12), while a no-contact control group did 

not engage in any intervention ( n = 13). After training, the grey matter within the hippocampus, as well as the cerebellum, 

significantly increased in the video games training group. 

Butler et al. (2020) investigated whether video gaming play could increase hippocampal volume in male patients with 

combat-related posttraumatic stress disorder (PTSD). Patients with combat-related PTSD were randomly assigned to either an 

experimental Tetris group (n = 20) or a control group (n = 20). Following therapy, hippocampal volume increased in the Tetris 

group, but not in the control group. 

Momi et al. (2019) quantified the immediate and long-lasting cognitive and morphometric impact of a systematic 

gaming experience on a first-person shooter game. Thirty-five healthy participants were assigned to a video gaming and a 

control group and underwent a cognitive assessment and structural magnetic resonance imaging at baseline, immediately post-

gaming, and after  3 months. Morphometric analysis revealed immediate structural changes involving bilateral medial and 

posterior thalamic nuclei, as well as bilateral superior temporal gyrus, right precentral gyrus, and left middle occipital gyrus. 

The involvement of posterior thalamic structures highlights a potential link between video games and thalamocortical networks 

related to attention mechanisms and multisensory integration processing. 

Momi et al. (2021) used functional magnetic resonance imaging (fMRI) to quantify acute and long-lasting 

connectivity changes following a sustained gaming experience on a first-person shooter game. Thirty-five healthy participants 

were assigned to either gaming or a control group. The analysis of data revealed significantly greater connectivity between the 

left thalamus and left parahippocampal gyrus in the gamer group, both post-gaming and at a 3-month follow-up. The increased 

functional connectivity induced by action video games is associated with better spatial orientation, visual discrimination, and 

motor learning. 

Kral et al. (2018) examined the effectiveness of an empathy training video game on empathic accuracy and related 

brain activation in 74 adolescents aged between 11 to 14 years. Participants completed a resting state functional MRI scan and 

an emotional accuracy task during an fMRI scan before and after 2 weeks of daily gameplay with either the empathy training 

game (n= 34) or a commercial video game (n = 40), as an active control condition. Engagement with the empathy training 

video game was associated with a higher increase in the right temporoparietal junction. Connectivity in empathy-related brain 

circuits (posterior cingulate–medial prefrontal cortex) was stronger after the gameplay.  The more individuals engaged with the 

video game, the stronger the connectivity in brain circuits relevant to emotion regulation was. The researchers concluded that a 

video game designed to increase empathic accuracy produces functional neural changes in fewer than 6 hours of gameplay in 

adolescents. 

Benady-Chorney et al. (2020) assessed the differences in resting state functional connectivity between action video 

game players compared to non-video game players on the hippocampus, the caudate nucleus, and the nucleus accumbens. 

Seventeen and sixteen non-action video game players were scanned using fMRI. Results showed that action video game 

players had increased resting state functional connectivity between the nucleus accumbens and the subgenual anterior cingulate 

cortex and between the caudate nucleus and the precentral gyrus. Action video game players also displayed decreased 

connectivity between the hippocampus and the superior temporal gyrus and between the nucleus accumbens and the ventral 

tegmental area. These results indicate that frequent action video game playing is associated with higher functional resting state 

functional connectivity activity in the reward circuit and lower functional activity within the hippocampus. 

He et al. (2021) examined the structural brain differences associated with extensive massively-multiplayer video 

gaming. The results of this study showed that extensive massively-multiplayer video gamers (those who play about 3 h/day) 
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are morphologically different from non-gamers in that they have reduced volumes, thinner cortices, and sometimes shallower 

sulci in regions that govern self-control (prefrontal areas). They also have a thinner superior parietal lobule sulcus, presumably 

reflecting increased concentration and visuomotor abilities. 

Lee et al. (2012) examined changes in brain function during a complex visuomotor task following training using the 

Space Fortress video game. Participants underwent functional magnetic resonance imaging (fMRI) before and after 30 hours of 

training with one of two training regimens: Hybrid Variable-Priority Training, which focused on improving specific skills and 

managing task priority, or Full Emphasis Training, which simply practiced the game to obtain the highest overall score. Hybrid 

Variable-Priority Training learners reached higher performance on the game and showed less brain activation in areas (right 

dorsolateral prefrontal cortex) related to visuospatial attention and goal-directed movement after training. These findings 

indicated that brain areas involved in complex visuomotor processing decrease in activity as a result of training.  

Gong et al. (2015) investigated the relationship between action video games and the plasticity of insular subregions 

and the functional networks, which are responsible for attentional and sensorimotor functions. Τwo groups of subjects were 

tested: the experts’ group and the amateurs’ group. It was revealed that action video gaming experts had enhanced functional 

connectivity and grey matter volume in insular subregions. In a later study, Gong et al. (2016) found that expert players in 

action video games exhibit better integration between Salience Network and Central Executive Network, which are responsible 

for attention and working memory. 

Martinez et al. (2013) used a test-retest methodology to examine changes in resting-state functional connectivity 

following videogame training. The experimental group (n=10)  was trained during a maximum of 16 h (2 h by session, two 

sessions by week) on a pack of reasoning puzzles (Professor Layton and The Pandora’s Box, by Nintendo) under strict 

supervision in the laboratory. fMRI techniques revealed increased connectivity of the thalamus, hippocampus and prefrontal 

areas which are involved in various meta-cognitive processes. 

Sadeghi et al. (2022) conducted a randomized controlled trial to compare physical training with virtual reality 

cognitive games on cognition, and serum-derived blood markers in individuals with multiple sclerosis. Forty-eight subjects 

were randomized to three groups: 18 received physical rehabilitation, 20 received VR-based cognitive rehabilitation, and 10 

received no intervention. The VR cognitive rehabilitation program consisted of three games targeting sensorimotor integration, 

memory-based navigation, and visual search. Each intervention lasted 8 weeks for three 1-hour sessions per week. Results 

showed that virtual reality cognitive games increased neurotrophic factors, which are responsible for neurogenesis and 

improved memory and cognition. 

 

4. Final Considerations 

The first question of our research concerned the effect of digital games on hormones that are primarily responsible for 

the regulation of cognition, emotion, and behavior. The results of this review provided evidence regarding the impact of digital 

game-playing on hormones such as dopamine, cortisol, serotonin, oxytocin, and adrenaline. It was obvious that digital game 

playing alters hormones' responses. However, the ways this happens vary. In the case of cortisol, the core hormone of anxiety, 

it was found that games with violent content or games that stimulate feelings of high excitement or fear tend to increase 

cortisol levels. However, games that require attention and concentration tend to reduce cortisol levels. Interestingly, it was 

found that even the music used as a soundtrack can influence users’ hormones. In addition, it was found that games, especially 

action games, induce a state of excitement and euphoria elevating hormones such as dopamine and adrenaline. The same 

tendency was observed with other hormones. For example, oxytocin, the hormone of socialization, appeared to decrease in 

scary games, but there were indications that in games that promote generosity, the results may be quite different. 
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The second research question concerned the impact of digital games training on neuroplasticity phenomena. The 

results revealed that digital games training is associated with neurogenesis and neuroplasticity phenomena. Specifically, 

studies revealed that game-playing is associated with structural neural changes. Experimental studies confirm volume increases 

in brain areas responsible for metacognition, executive control, self-awareness, and spatial working memory. Specifically, 

increases were observed in the hippocampus, prefrontal, and cerebellum. Interestingly, it was revealed that the player's 

experience as well as the type of strategy used play a significant role in neurogenesis phenomena. For instance, the users who 

use spatial strategies have more chances to increase the volume and connectivity of brain areas that govern higher mental 

abilities. These results are of great importance for both healthy populations and people with mental and emotional disorders. 

Healthy people can improve their skills and intelligence. People with reduced volume in crucial brain areas or with weak 

interconnectivity usually face various disorders (i.e depression) (Kuhn et al., 2014). Digital games have the potential to fire 

neurogenesis processes minimizing disabilities. 

Except for volume increases, the finding revealed increased long-lasting connectivity between brain networks and 

areas which are responsible for attention, multisensory integration processing, and emotional regulation. For instance, 

enhanced connectivity was observed between the thalamus, hippocampus, and prefrontal (Martinez et al., 2013; Momi et al., 

2019; 2021; Kral et al., 2018; Benady-Chorney et al., 2020). 

In addition, studies revealed the elevation of the factors that contribute to neurogenesis and neuroplasticity 

phenomena. Playing digital games, especially when combined with physical exercise (exergames), accelerate the release of 

neurotrophic factors (Schaeffer et al., 2022; Sadeghiet et al., 2022). 

This research had some limitations. Most limitations concerned the relationship between digital games and hormonal 

responses. We initially found that there was not enough research focusing on games' impact on hormone and neurotransmitter 

levels, while most research investigated hormone responses after playing violent games. For instance, while the relationship 

between digital games and motivation, reward system, addiction, and pleasure is well-known, only one research was found 

related to the effect of games on dopamine levels. 

Now there is a multitude of digital games that are effectively used as tools to train new skills, improve mental 

abilities, and improve several dysfunctional health conditions in various psychiatric and neurodevelopmental disorders. 

Already, a growing number of studies have shown the beneficial effects of reducing stress, and depression and improving 

learning difficulties. However, there isn't an overwhelming amount of research explaining how these games have a beneficial 

effect on a physiological level. Thus, future research should further investigate the impact of digital game playing on various 

biomarkers, with a special focus on serious games, brain training and mental health digital games. 

 In addition, future experimental research should examine the factors (game content, music, characters, gender) 

influencing the effect of games on hormones and neurotransmitters. Such investigations could help to better understand the 

physiological processes involved in game playing. Systematic research should be done to determine those characteristics both 

in terms of content and in terms of the use of interfaces that can bring beneficial results.  

In addition, future research should emphasize the beneficial role of digital games both on adults and young people's 

brains. Especially for young people and adolescents, because their brain is under constant growth. Such studies would provide 

new data for the design and construction of new digital games appropriate for assessment, training, and intervention for 

learning and various health conditions. This would be of great importance when applied to healthy populations to improve 

mental functions that maximize performance, but especially in more vulnerable populations such as people with learning 

disabilities and mental disorders.  

The technological revolution provides new opportunities for neuroscientists to design targeted, novel game-based 
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tools that drive positive neuroplasticity, accelerate learning, and strengthen cognitive function, thereby promoting mental well-

being in both healthy and impaired brains (Mishra et al., 2016).  Digital games in the education domain as well as in all aspects 

of everyday life are very productive and successful, facilitate and improve assessment, intervention, decision making, 

educational procedures, and all the scientific and productive procedures via Mobiles games (Stathopoulou et al., 2018, 2020, 

2022, Kokkalia et al. 2016, Drigas  & Pappanastasiou, 2014), various ICTs applications (Drigas et. al, 2004, 2005, 2015, 2016, 

Drigas & Kokkalia, 2017, Pappas et al., 2018, 2019, Drigas & Leliopoulos 2013, Papanastasiou et al., 2018, 2020, 

Alexopoulou et al., 2019, Kontostavlou & Drigas 2019 ) AI & STEM games (Vrettaros et al., 2009, Anastasopoulou et al., 

2020, Lytra & Drigas, 2021), and educational robotics games (Drigas & Mitsea, 2021-2022, Kokkalia et al., 2017,).  

The New Technologies (NT) and more specifically Digital Technologies provide the tools for access, analysis and transfer of 

information and its management and utilization of new knowledge. Information and Communication Technologies (ICT), the 

unprecedented technological capabilities of man, have a catalytic effect, create a new social reality and shape the Information 

Society (Pappas et Drigas, 2015, 2016, Drigas & Koukiannakis, 2004, 2006, 2009, Drigas & Kontopoulou, 2016, Theodorou & 

Digas, 2017, Drigas & Kostas, 2014, Bakola et al., 2019, 2022, Drigas & Politi-Georgousi, 2019, Karyotaki et al., 2022). 

Concluding, it’s necessary to refer that the combination of digital games with theories and models of metacognition, 

mindfulness, meditation, and emotional intelligence cultivation accelerates and improves more over the educational, 

productive, and decision-making practices and results (Drigas & Mitsea, 2020, 2021, 2022; Mitsea et al., 2019, 2020, 2021, 

2022; Drigas & Papoutsi, 2020,  Kokkaliaet al., 2019, Pappas & Drigas, 2019, Pappoutsi & Drigas, 2016, Karyotaki & Drigas, 

2015, 2016,  Papoutsi et al., 2019, 2021, Chaidi & Drigas 2022, Drigas & Karyotaki 2019, Mitsea et al., 2020, 2021, 

Angelopoulou & Drigas, 2021; Tairimpampa et al., 2018, Kapsi et al., 2020, Drigas et al., 2021, 2022, Galitskaya & Drigas, 

2021).    
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