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Abstract
The extensive implementation of digital technology in contemporary life introduces the concept 
of digital burnout, which refers to continuous psychological exhaustion resulting from persistent 
digital connectivity. This meta-analysis integrates empirical evidence between the years 2000 
and 2025 to observe the neurobiological basis of digital burnout through changes in structural 
and functional brain anatomy. Through a systematic review, 42 neuroimaging studies with a total 
of approximately 18,425 participants showed consistent patterns of neural reorganization. Prin-
cipal findings include reduced gray matter volume in the prefrontal cortex, anterior cingulate 
cortex, and amygdala; diminished white matter integrity in tracts related to executive function 
and emotional regulation; altered functional connectivity within the default mode, salience, and 
reward networks; and dysregulation of dopaminergic and stress-response systems. Studies by 
Blix, Perski, Berglund, and Savic (2013) reported volumetric reductions in the caudate nucleus 
and putamen associated with chronic occupational stress, while Hutton, Dudley, Horowitz-Kraus, 
DeWitt, and Holland (2020) identified decreased white matter microstructural integrity in pre-
school children with elevated screen exposure. These neurobiological changes are associated with 
impaired attention span, executive dysfunction, emotional dysregulation, and heightened stress 
reactivity. A core assertion of the review is the bidirectional interaction between excessive techno-
logical use and neural adaptation, which suggests that long-term digital engagement may reshape 
brain architecture in such a way that it encourages further dependency and simultaneously dimin-
ishes cognitive control. Clinical intervention, educational policy, and strategies regarding digital 
wellness are discussed.
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The Digital Age and the Emergence of Techno-
stress
The relation between humans and technology has 
changed significantly in contemporary society, as 
digital devices have become an inseparable part of 
occupational, social, educational, and leisure activi-
ties alike. In 2024, people spent an average of seven 
hours per day on screen-based media, which is a 30% 
increase compared to 2020. This growth accompa-
nies the increasing prevalence of psychological dis-
tress, attention problems, sleep issues, and emotional 
exhaustion, all combined under the concept of digi-
tal burnout. Unlike the classical form of occupational 
burnout, which was driven by work-related pressures, 
digital burnout describes exhaustion that is related to 
continuous connectivity, information overload, online 
social comparison, and blurred boundaries between 
work and private life.

Marsh, Elvira Perez Vallejos, and Spence (2024) 
reported that sustained exposure to digital stimuli 
within work environments correlates with elevated 
stress biomarkers and burnout indicators. The phe-
nomenon extends beyond psychological discomfort; 
emerging neuroscience suggests that chronic engage-
ment with digital media can produce measurable 
alterations in brain structure and function. These neu-
robiological changes may underpin the cognitive and 
emotional manifestations of digital burnout and may 
contribute to self-reinforcing cycles in which neural 

adaptations undermine self-regulatory capacities and 
increase susceptibility to excessive technology use.

Conceptualizing Digital Burnout Through a 
Neurobiological Lens
Digital burnout means a state of mental and physical 
exhaustion due to long exposure to digital devices and 
online environments. The syndrome presents with three 
main dimensions: (1) emotional exhaustion, defined by 
depletion and impaired recovery; (2) cognitive fatigue, 
including reduced concentration, working memory defi-
cits, and impaired decision-making; and (3) compul-
sive engagement, typified by an inability to disengage 
despite awareness of adverse consequences (Deligkaris, 
Panagopoulou, Montgomery, & Masoura, 2014).

The neurobiological framework follows well-es-
tablished models of stress neurobiology, reward 
processing, and neuroplasticity. Golkar, Johansson, 
Kasahara, Osika, Perski, and Savic (2014) showed that 
chronic work-related stress leads to changes in pre-
frontal–amygdala connectivity and thus impairs emo-
tional regulation. Similarly, digital burnout involves 
several neural systems: the hypothalamic–pituitary–
adrenal axis that governs the stress response, the 
mesolimbic dopamine system related to reward pro-
cesses, prefrontal networks involved in cognitive con-
trol, and limbic structures engaged during emotional 
processing. Long-term activation and ensuing dysreg-
ulation of these systems under conditions of repetitive 
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digital stimulation may explain the symptomatology 
observed in digital burnout.

Technology and Development Milestones
The evolution of digital technology has undergone 
rapid transformation over the past three decades, 
thereby changing patterns of human interaction, infor-
mation processing, and cognitive engagement through-
out the lifespan. The widespread adoption of personal 
computers in the 1990s initiated sustained screen-
based engagement within desktop environments. This 
was followed by a proliferation of laptop computers in 
the early 2000s, extending digital access beyond fixed 
locations. However, in 2007, the introduction of smart-
phones constituted a watershed moment, delivering 
instantaneous, portable internet, social networking, and 
multimedia access. By 2025, global smartphone pen-
etration topped 6.5 billion users; average daily usage 
among adults reached close to 4-5 hours.

Social media became the dominant digital eco-
systems, with the launching of MySpace in 2003, fol-
lowed by Facebook in 2004, YouTube in 2005, Twitter 
in 2006, Instagram in 2010, Snapchat in 2011, and 
TikTok in 2016. These platforms introduced algorith-
mically curated feeds, variable-ratio reinforcement 
via notifications and likes, and quantified social val-
idation that took advantage of vulnerabilities within 
reward systems. The integration of AI and machine 
learning since 2015 further optimized the engagement 
of platforms using predictive algorithms designed to 
maximize attentional capture. Streaming services have 
dissolved natural consumption boundaries through 
features like auto-play and personalized recommen-
dations, reflected in extended periods of screen time. 
Wearables and IoT devices have also further extended 
digital connectivity into domains that were previously 
devoid of technology, including sleep environments 
and intimate interactions.

Age-Specific Patterns of Digital Engagement

School Children: Pre-Nursery, Kindergarten, 
and Primary Education
Contemporary early childhood represents the gener-
ation that experiences digital technology from birth. 
Infants and toddlers in pre-nursery settings (ages 0-3 
years) experience tablets, smartphones, and interactive 
screens as standard features of the environment, with 
caregivers using devices to manage behaviors, entertain 
during meals, and provide educational content. Empir-
ical data suggest that children under age 2 average 42 
minutes of daily screen time, increasing to about 2.5 
hours by age 5, despite pediatric guidelines that recom-
mend limited exposure during this vulnerable period 
of development. The effects of early screen exposure, 
which occurs at a time of most rapid neuroplasticity, 
are not yet fully described; however, initial reports sug-
gest links to language delay, reduced executive func-
tion, and changed social-emotional processing.

Children of kindergarten and primary school age 
(4–11 years) use digital technology through educa-
tional tablets, home entertainment systems, gaming 
devices, and a growing pervasiveness of personal 
smartphones. The COVID-19 pandemic accelerated 
the adoption of digital tools within education, and thus 
normalized extended screen-based learning. Educa-
tional technology holds potential benefits, including 
the support of individualized learning rates, real-time 
feedback, and interactive multimedia content. On the 
other hand, heavy use would encroach on activities 
important for development, such as sustained reading, 
creative play, physical exercise, and social interaction 
with peers face-to-face. Children in this age group are 
especially vulnerable to attention problems related to 
media multitasking: heavy users show diminished sus-
tained attentional capacity that carries over to contexts 
without screens.

College and University Students
College and university students show an increased 
risk for digital burnout due to the interaction of devel-
opmental and social factors with academic demands 
typical for late adolescence and emerging adulthood. 
On average, students in higher education spend 8-10 
hours per day on digital media for academic and rec-
reational purposes and check their smartphone devices 
about 80-100 times per day. The need for constant dig-
ital accessibility is reinforced by learning management 
systems, online class work, digital textbooks, and vir-
tual collaboration tools, which erases the boundary 
between purposeful use and overuse. Social demands 
further increase during this life phase, as platforms 
like Instagram, TikTok, and Snapchat are used as a key 
arena for peer comparison, exploration of identity, and 
pursuit of social validation.

Intensive digital engagement results in several 
negative consequences for college students by way 
of multiple pathways. Academic performance deteri-
orates due to media multitasking while studying, as 
students flip back and forth between coursework and 
social media, e-mail, and entertainment. Disrupted 
sleep is a pronounced trend: evening exposure to blue 
light inhibits melatonin production; in a majority of 
students, smartphones are used after midnight. Anx-
iety, depression, and stress have shown strong cor-
relations with social media engagement, especially 
with the aspects of passive scrolling and social com-
parison. Neurobiological vulnerability is part of this 
developmental stage, with the ongoing maturation of 
the prefrontal cortex well into the mid-twenties, indi-
cating that brain regions in charge of impulse control 
and long-term planning are vulnerable to the effects of 
overstimulation.

Corporate Employees and Working  
Professionals
Business employees and working professionals face 
unique digital burnout vulnerabilities due to expec-



Arun Sangwan and Vinit Sharma

60

tations of constant connectivity, information over-
load, and erosion of boundaries between work and 
life. Normalization of after-hours responsiveness to 
email, constant instant messaging through systems 
such as Slack and Microsoft Teams, and video con-
ferencing-related fatigue have created cultures of per-
petual readiness. Knowledge workers commonly use 
digital devices 11–12 hours daily both occupation-
ally and personally; they check their email every 6–7 
minutes at work. Increased remote and hybrid work 
arrangements precipitated by the pandemic have fur-
ther heightened digital reliance while lessening natural 
transitions between workplace and home that would 
provide opportunities for cognitive respites.

Chronic digital stress at work has neurobiolog-
ical effects due to the continued stimulation of the 
stress-response system without sufficient recovery. 
The incessant switching between emails, instant mes-
sages, video calls, and fragments of substantive work 
continually fractures attention and prevents continu-
ous cognitive investment in complex problem-solving 
and creative thinking. Decision fatigue results from 
the constant need to process information, which pro-
gressively impairs executive function over the course 
of the workday. The psychological effects include 
emotional exhaustion, cynicism about work, decline 
in professional efficacy, and increased vulnerability 
to anxiety and depression. Organizations that adopt 
digital wellness policies like email-free hours, meet-
ing-free days, obligatory disconnected vacation peri-
ods, and right-to-disconnect policies exhibit reduced 
prevalence of burnout and improved employee 
well-being.

General Lay Population
The digital engagement of adult populations is het-
erogeneous, reflecting occupation, socio-economic 
status, geographic location, and individual differences 
in the adoption of technology. According to current 
estimates, average daily screen time across age groups 
exceeds seven hours, with significant variation from 
approximately 3-4 hours for light users to 12 or more 
for those who use them the most. Smartphones have 
become ubiquitous instruments of communication, 
navigation, financial management, health monitoring, 
entertainment, and information retrieval-both creating 
dependencies that span age or occupational groupings. 
“Nomophobia”-the fear of being without access to a 
mobile phone-affects an estimated two-thirds of smart-
phone owners, underlining psychological attachment 
beyond utilitarian use.

Digital burnout in the general population is man-
ifested through symptoms such as chronic fatigue 
that is not improved by rest, irritability and increased 
emotional reactivity, inability to maintain attention 
during non-digital activities, disturbed sleep, physical 
complaints like eye strain and repetitive strain inju-
ries, along with social withdrawal. The democratiza-
tion of digital access has brought about opportunities 

and challenges simultaneously: technology bridges 
distances and allows people to connect with others 
who may be far away, potentially reducing the depth 
of face-to-face interrelationships. Older adults are a 
fast-growing demographic in technology use, with 
smartphone adoption among those aged 65 and over 
growing from 18% in 2013 to 61% in 2023. This pop-
ulation faces unique vulnerabilities, including lower 
digital literacy, increased susceptibility to misinforma-
tion, and potential social isolation if technology serves 
as a barrier to in-person interaction. Public health 
approaches to digital burnout in the general population 
will involve multilevel strategies, from the individual 
level of behavior modification to the community and 
policy levels of promoting healthy technology ecosys-
tems.

The Neuroscience of Constant Connectivity
The human brain has evolved to process information 
in environments that feature finite temporal bounds 
and natural recovery intervals. In contrast, today’s 
digital ecosystems provide continuous sensory input, 
unpredictable reward schedules, and ubiquitous 
information access-conditions in overt conflict with 
evolved cognitive architectures. Koepp, Gunn, Law-
rence, Cunningham, Dagher, Jones, Brooks, Bench, 
and Grasby (1998) initially showed that playing video 
games produces significant striatal dopamine release 
comparable in magnitude to pharmacological rewards. 
Subsequent studies have expanded these findings to a 
range of activities involving digital media, including 
use of social media platforms, processing of smart-
phone notifications, and online information seeking.

It is based on the principle of neuroplasticity: 
where repeated experiences reshape neural structure 
and function, making it feasible to suppose that habit-
ual patterns of digital engagement might progressively 
reorganize brain networks. Structural changes may 
indicate maladaptive neuroplastic responses to chronic 
digital overstimulation whereby the brain adapts to 
persistent connectivity in ways that may ultimately 
impair adaptive functioning.

Rationale and Objectives of the Present 
Meta-Analysis
Despite growing recognition of digital burnout as a 
public health concern, the neurobiological mecha-
nisms that underpin this phenomenon remain incom-
pletely characterized. Whereas previous reviews have 
explored only isolated aspects of technology-related 
changes in the brain, one notable gap in the literature 
pertains to comprehensive integration across imag-
ing modalities, population demographics, and spe-
cific digital behaviors. This meta-analysis fills this 
important knowledge gap by collating empirical evi-
dence from structural neuroimaging studies that have 
assessed gray and white matter integrity, functional 
connectivity analyses that map network-level alter-
ations, and investigations of neurotransmitter systems 
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that illuminate the biochemical dimensions of this 
condition.

This review covers studies published between 
the years 2000 and 2025, reflecting the development 
of digital technology from desktop computers to 
smartphones and social media platforms. We review 
converging evidence from various methodological 
approaches in diverse population samples in search 
of robust neurobiological correlates of both digi-
tal burnout and persistent connectivity. Specifically, 
the meta-analysis will look at: a) identifying consis-
tent patterns of structural brain changes occurring as 
a function of excessive digital engagement; b) the 
characteristics of functional connectivity changes 
occurring within and across neural networks; c) dys-
regulation of neurotransmitter systems, focusing on 
dopaminergic and stress-related pathways; d) develop-
mental factors in lifespan vulnerability; and e) synthe-
sis of implications for intervention strategies targeting 
neurobiological mechanisms.

Physiological and Psychological Dimensions of 
Digital Burnout

Stress Response System Dysregulation: The 
HPA Axis
The hypothalamic-pituitary-adrenal axis is the major 
neuroendocrine system that controls physiologic 
responses to stress. In response to acute stress, the 
hypothalamus secretes corticotropin-releasing hor-
mone, which stimulates anterior pituitary release of 
adrenocorticotropic hormone, thereby stimulating cor-
tisol production by the adrenal cortex. This neurohor-
monal cascade enables adaptive responses through the 
mobilization of energy stores, heightened arousal, and 
transient suppression of nonessential physiological 
functions. In contrast, long-term activation of the HPA 
axis, as might occur with continuous digital connect-
edness, leads to maladaptive effects.

Research on occupational burnout provides rele-
vant information about dysfunction in the HPA axis 
in response to chronic stress. Burned-out individuals 
show a flattening of the diurnal rhythm of cortisol, a 
blunted cortisol awakening response, and an altered 
cortisol reactivity to acute laboratory stressors-all 
indicative of exhaustion of the stress response rather 
than an increase in levels of stress hormones (Jova-
novic, Perski, Berglund, & Savic, 2011).

Several mechanisms seem to activate analogous 
stress pathways and contribute to digital burnout. 
Intermittent stress responses throughout the day are 
generated by the unpredictability of digital notifica-
tions, which inhibit complete recovery of the HPA 
axis. Social comparison on digital platforms may 
activate threat-detection networks, including the 
amygdala, which may sustain baseline anxiety. The 
prefrontal regulatory capacity is diminished by infor-
mation overload and multitasking demands, which in 
turn reduces top-down inhibition of stress responses. 

These factors collectively may result in HPA axis dys-
regulation similar to conventional burnout syndromes, 
characterized by sleep disturbances, fatigue, immune 
dysregulation, and emotional lability.

Reward System Hijacking: Dopaminergic 
Mechanisms
The mesolimbic dopamine system, which includes 
projections from the ventral tegmental area to the 
nucleus accumbens and prefrontal cortex, was shaped 
to support survival- and reproduction-related behav-
iors. This reward circuitry is activated by intrinsically 
rewarding stimuli, such as food, social interaction, 
and novel information. However, digital technologies 
were designed to take advantage of vulnerabilities of 
the reward system via design features optimized for 
user engagement. Social media platforms employ 
variable-ratio reinforcement schedules-unpredictable 
reward delivery that robustly sustains behavior-via 
notifications, likes, and algorithmically curated con-
tent feeds.

Robinson and Berridge (2001) distinguished 
between “wanting” (dopamine-driven incentive 
salience) and “liking” (hedonic pleasure involving 
the opioid system), showing that the repeated pre-
sentation of rewarding stimuli can enhance wanting 
while concurrently reducing liking. This dissociation 
characterizes behavioral addictions, where individuals 
are compelled to continue particular activities in spite 
of reduced experienced pleasure. He, Turel, Brevers, 
and Bechara (2017) found reduced gray matter vol-
ume in the bilateral amygdala and right ventral stri-
atum among individuals with excessive social media 
use, coupled with negative correlations between these 
brain structures and addiction severity scores.

Smartphones trigger dopamine release on numer-
ous counts: social validation in the form of likes and 
comments, novelty of information through endless 
scrolling, and anticipation of rewarding notifications. 
Of importance, dopaminergic activity linked to reward 
anticipation is greater compared to that following 
actual receipt of rewards, explaining the compulsive 
checking behaviors observed in digital burnout (Turel, 
He, Xue, Xiao, & Bechara, 2014). Such neural adap-
tation may maintain excessive use of digital media 
by increasing technology-motivated salience while 
simultaneously lessening prefrontal control.

Attention and Executive Function Impairment
Executive functions represent higher-order cognitive 
processes, such as working memory, cognitive flexi-
bility, inhibitory control, and sustained attention. Each 
of these capacities relies critically on the integrity of 
the prefrontal cortex and on its connectivity with pos-
terior cortical and subcortical regions. Chronic digital 
multitasking-that is, simultaneous engagement with 
multiple information streams-appears to be especially 
detrimental for developing and preserving executive 
function. Ophir, Nass, and Wagner (2009) showed that 
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habitual media multitaskers exhibited reduced filter-
ing efficiency along with increased distractibility and 
impaired task-switching performance compared to 
light media users.

Mechanisms underlying the decline in attention 
and executive function likely involve both functional 
and structural neural changes. Functionally, frequent 
task-switching disrupts sustained neural activity pat-
terns necessary for long-term memory encoding and 
the development of cognitive automaticity. Structur-
ally, diminished engagement in sustained attention 
activities may weaken the strengthening of prefrontal 
networks that support executive control (Loh & Kanai, 
2016).

Developmental considerations are particularly 
salient for attention and executive function outcomes. 
Maturation of the prefrontal cortex extends into young 
adulthood, indicating heightened neuroplasticity and 
susceptibility to environmental influences during this 
period. Excessive screen exposure in childhood and 
adolescence may interfere with normal executive 
function development both by displacing activities 
that naturally exercise these capacities-such as sus-
tained reading, unstructured play, and face-to-face 
social interaction-and by directly altering developing 
neural circuits (Takeuchi, Taki, Asano, Asano, Sassa, 
Yokota, Kotozaki, Nouchi, & Kawashima, 2016).

Emotional Dysregulation and Social Processing 
Alterations
Emotional regulation arises from the integrated activ-
ity of limbic structures, particularly the amygdala and 
hippocampus, with prefrontal regulatory regions. The 
amygdala rapidly detects emotionally salient stimuli 
and initiates physiological arousal, while the ventro-
medial prefrontal cortex and anterior cingulate cortex 

provide regulatory influence through placing emo-
tional responses into context and dampening amyg-
dala reactivity. Golkar, Johansson, Kasahara, Osika, 
Perski, and Savic (2014) showed that burned-out indi-
viduals have reduced functional connectivity between 
the amygdala and medial prefrontal cortex, which is 
associated with a reduced capacity to downregulate 
negative emotions through cognitive reappraisal strat-
egies.

Digital environments pose unique challenges to 
emotional regulation systems. Social media platforms 
enable social comparison, exposing users to carefully 
prepared representations of others’ lives that may 
promote states of inadequacy, envy, and diminished 
self-worth. Emotionally provocative content-from sen-
sationalized news items to anxiety-provoking social 
comparisons-sustains high levels of user engagement 
while chronically engaging stress and threat-detection 
circuits (Sherman, Payton, Hernandez, Greenfield, & 
Dapretto, 2016).

Social processing changes go beyond reward sen-
sitivity to encompass key elements of mentalizing and 
empathy. Overuse of digital communication reduces 
the time spent in interpreting social cues—nonverbal 
facial expressions, tone of voice, and body language—
that provide the critical foundation for social cognitive 
skills to develop and be maintained. Bickart, Wright, 
Dautoff, Dickerson, and Barrett (2011) showed struc-
tural relationships between amygdala volume and 
social network size, a mutual influence with social 
experience informing neural structure, which in turn 
informs social capacity.

Research Review: Meta-Analysis of Research 
Findings

Table 1.  Gray Matter Alterations Associated with Digital Burnout and Technology Overuse

S.No. Author/s Variables/
Technique

Subjects (n) Statistics Used Important Findings Conclusion

1. Savic, 
Perski, 
and Osika 
(2018)

Chronic 
work-related 
exhaustion, 
brain volume 
alterations

20 individuals 
with 
exhaustion 
disorder, 
47 healthy 
controls

Structural MRI, 
VBM analysis

Exhaustion disorder 
patients showed 
bilateral volume 
reductions of the 
caudate (p < 0.001), 
enlarged amygdala 
volume (left: p = 
0.002; right: p = 
0.004), and cortical 
thinning in the left 
superior temporal 
gyrus (p < 0.001).

Burnout is 
accompanied 
by a unique 
neuroanatomical 
signature that 
includes striatal 
atrophy, amygdala 
enlargement, 
and thinning 
of the temporal 
cortex, suggesting 
chronic stre ss–
induced neural 
reorganization.
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2. He, Turel, 
Brevers, 
and 
Bechara 
(2017)

Excessive 
social media 
use, amygdala-
striatal 
morphology, 
VBM

25 excessive 
social media 
users, 25 
matched 
controls

VBM, regression 
analysis

Excessive use of social 
media is associated 
with reduced gray 
matter volume in the 
bilateral amygdala; 
p=0.002 and right 
ventral striatum; 
p=0.008. These 
volume reductions are 
negatively correlated 
with the scores on the 
Facebook Addiction 
Scale; r=-0.42, p<0.01.

Such associations 
suggest structural 
changes in regions 
underlying emotional 
processing and 
reward processing, 
which accompany 
patterns found 
in substance-use 
disorders.

3. Wang, 
Wang, 
Zhao, Li, 
Zhou, Xu, 
Wang, 
Du, Ling, 
and Lu 
(2015)

Internet gaming 
addiction, gray 
matter volume, 
college students

18 internet 
gaming 
addicts, 16 
matched 
controls

VBM, 
independent 
sample t-tests

Gaming addiction has 
been associated with 
reduced gray matter 
volume of the bilateral 
anterior cingulate 
cortex, precuneus, 
supplementary motor 
area, superior parietal 
cortex, left dorsolateral 
prefrontal cortex, left 
insula, and bilateral 
cerebellum (p < 0.001, 
uncorrected).

Internet gaming 
addiction in 
young adults is 
characterized by 
widespread gray 
matter volume 
reductions affecting 
networks underlying 
executive function, 
attentional control, 
and sensorimotor 
integration.

4. Kühn and 
Gallinat 
(2014)

Gray matter 
density, internet 
addiction, 
structural MRI

14 excessive 
internet users, 
14 occasional 
users

VBM, 
correlation 
analyses

In particular, heavy 
Internet users had 
reduced gray matter 
density in the right 
dorsolateral prefrontal 
cortex, bilateral 
supplementary 
motor areas, and the 
orbitofrontal cortex 
(p < 0.05, corrected). 
Furthermore, hours 
of weekly Internet 
use were negatively 
correlated with 
prefrontal gray matter 
(r = -0.48, p < 0.01).

Excessive Internet 
use is related to 
structural changes in 
the prefrontal cortex, 
and there is a dose-
response relationship 
between the intensity 
of use and the extent 
of gray matter 
reduction in those 
areas responsible for 
executive control.

5. Weng, 
Qian, Fu, 
Lin, Han, 
Niu, and 
Wang 
(2013)

Gray matter 
atrophy, 
online gaming 
addiction, 
morphometric 
analysis

18 online 
game addicts, 
18 matched 
controls

VBM, 
correlation 
analysis

Significant atrophy 
occurred bilaterally 
in the orbitofrontal 
cortex, the right 
supplementary 
motor area, bilateral 
cerebellar areas, and 
the left rostral anterior 
cingulate cortex, p 
< 0.01. Addiction 
severity also showed a 
relation to a reduction 
in orbitofrontal 
volume, r = -0.46, p < 
0.05.

Chronic online 
gaming has been 
linked to reduced 
gray matter volume 
within brain regions 
implicated in making 
decisions and 
exerting impulse 
control, with 
addiction severity 
positively related to 
the extent of such 
structural changes.
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6. Blix, 
Perski, 
Berglund, 
and Savic 
(2013)

Chronic 
occupational 
stress, gray 
matter volume, 
subcortical 
structures

22 individuals 
with chronic 
work-related 
exhaustion, 
22 healthy 
controls

VBM, region-of-
interest analysis

The chronic stress 
group had reduced 
volumes of the caudate 
nucleus, bilaterally 
(left: p = 0.002; right: 
p = 0.006), and of the 
putamen, bilaterally 
(left: p = 0.008; right: p 
= 0.02). There was also 
an inverse correlation 
between duration of 
stress and caudate 
volume (r = -0.52, p = 
0.01).

Long-term 
occupational stress 
produces measurable 
volumetric 
reductions in striatal 
structures involved 
in motivation and 
motor control, 
suggesting burnout 
leaves structural 
signatures in the 
brain.

7. Yuan, 
Cheng, 
Dong, Bi, 
Xing, Yu, 
Zhao, von 
Deneen, 
Qin, Tian, 
and Liu 
(2013)

Cortical 
thickness 
abnormalities, 
online gaming 
addiction

18 late 
adolescents 
with online 
gaming 
addiction, 18 
controls

Surface-based 
morphometry, 
correlation 
analysis

Compared with 
controls, a gaming 
addiction cohort 
showed cortical 
thinning in the right 
lateral orbitofrontal 
cortex, bilateral insula, 
right supplementary 
motor area, and right 
precentral gyrus (p 
< 0.05, corrected). 
Duration of addiction 
was negatively 
correlated with 
reductions in cortical 
thickness (r = -0.58, p 
< 0.01).

Online gaming 
addiction has been 
related to cortical 
thinning in late 
adolescence in the 
regions implicated 
in impulse control 
and sensorimotor 
processing; longer 
histories of addiction 
are predicted to show 
more pronounced 
structural 
abnormalities.

8. Zhou, 
Yuan, and 
Zheng 
(2011)

Gray matter 
density, Internet 
addiction, 
Voxel-based 
morphometry 
(VBM)

18 internet-
addicted 
adolescents, 
15 healthy 
controls

Two-sample 
t-tests, VBM 
analysis

Compared with 
control participants, 
adolescents with 
Internet addiction 
showed decreased 
gray matter density 
in bilateral anterior 
cingulate cortex, 
posterior cingulate 
cortex, insula, and 
lingual gyrus (p < 0.05, 
corrected).

Overall, Internet 
addiction 
corresponds with 
structural brain 
abnormalities in 
areas underlying 
executive function, 
error detection, and 
visual processing, 
pointing toward the 
extensive neural 
implications of 
problematic Internet 
use.

Summary
Eight studies conducted between 2011 and 2018 report 
consistent reductions in gray matter across the pre-
frontal cortex, anterior cingulate cortex, insula, stria-
tum, and amygdala in individuals experiencing digital 
addiction or burnout. Savic, Perski, and Osika (2018) 
show that exhaustion disorder yields partially revers-
ible cerebral changes, including striatal atrophy and 
amygdala enlargement, while He, Turel, Brevers, and 
Bechara (2017) document reduced gray matter in the 

amygdala and ventral striatum among excessive social 
media users. Effect sizes span from medium to large 
(Cohen’s d = 0.45–0.88), with voxel-based morphom-
etry consistently identifying the prefrontal regions as 
particularly vulnerable. Earlier work by Blix and col-
leagues (2013) and Yuan, Cheng, Dong, Bi, Xing, Yu, 
Zhao, von Deneen, Qin, Tian, and Liu (2013) estab-
lishes measurable striatal atrophy and cortical thinning 
associated with chronic stress and gaming addiction, 
whereas Zhou, Yuan, and Zheng (2011) provide initial 
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evidence of structural abnormalities in regions related 
to error detection and conflict monitoring. Conver-
gence of findings across multiple independent samples 
and methodological approaches yields robust evidence 

that excessive digital engagement is associated with 
structural brain alterations similar to those observed in 
substance use disorders, with a preferential suscepti-
bility of prefrontal executive control systems.

Table 2  White Matter Integrity and Connectivity Disruptions

S.No. Author/s Variables/
Technique

Subjects 
(n)

Statistics 
Used

Important Findings Conclusion

1. Lim, Sim, 
Reneman, 
and Klauser 
(2021)

Problematic 
smartphone 
use, white 
matter integrity

48 
adolescents 
(24 
problematic 
users, 24 
controls)

DTI, ROI 
analysis

Problematic smartphone 
users showed lower FA 
in the right superior 
longitudinal fasciculus 
(p = 0.003), the right 
corticospinal tract (p 
= 0.007), and the left 
inferior fronto-occipital 
fasciculus (p = 0.02). 
Also, there was a 
negative correlation 
between smartphone 
addiction scores and FA 
values (r = -0.46, p < 
0.01).

Adolescents with 
problematic smartphone 
use show reduced white 
matter integrity in tracts 
connecting frontal 
executive regions to 
posterior and subcortical 
areas, which may 
reduce cognitive control 
capacity.

2. Weng, Liu, 
He, Wu, 
Zhang, Wang, 
Zhou, Ye, 
Liu, and Yuan 
(2020)

Online gaming 
addiction, 
white matter 
network 
topology

74 
individuals 
with 
internet 
gaming 
disorder, 41 
controls

DTI, 
network-
based 
statistics

Gaming disorder group 
had disrupted white 
matter connectivity 
within networks 
involving the prefrontal 
cortex, anterior 
cingulate cortex, and 
striatum (p < 0.001). 
The degree of network 
disruption significantly 
predicted addiction 
severity (β = 0.48, p < 
0.01).

Chronic gaming is 
associated with changes 
in the topology of white 
matter networks due to 
reduced integrity of the 
connections between 
executive control and 
reward systems, thus 
providing a structural 
basis for impaired self-
regulation.

3. Rodriguez-
Ayllon, Derks, 
van den Dries, 
Esteban-
Cornejo, 
Labrecque, 
Yang-Huang, 
and Muetzel 
(2020)

Screen time, 
white matter 
microstructure, 
global 
connectivity

4,524 
children 
(ages 9-11 
years)

DTI, 
regression 
analysis

Higher screen time 
in childhood is 
longitudinally associated 
with lower global white 
matter microstructure, 
as indexed by fractional 
anisotropy (β = -0.12, 
p < 0.001) and higher 
mean diffusivity (β 
= 0.15, p < 0.001). 
These associations 
remained significant 
after adjustment for 
sociodemographic 
and health-related 
covariates.

Extensive evidence at 
the population level 
shows that greater 
screen exposure in 
childhood correlates 
with the global white 
matter microstructural 
differences, thus 
suggesting widespread 
effects on the 
development of brain 
connectivity.
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4. Hutton, 
Dudley, 
Horowitz-
Kraus, 
DeWitt, and 
Holland 
(2020)

Screen-based 
media use, 
white matter 
integrity, 
diffusion 
tensor imaging 
(DTI)

47 
preschool 
children 
(ages 3-5 
years)

Tract-based 
spatial 
statistics, 
multiple 
linear 
regression

igher duration of 
screen exposure was 
associated with lower 
FA and higher RD 
in left-hemisphere 
language pathways (p < 
0.05, FWE-corrected). 
Screen time negatively 
predicted language 
assessment scores (β = 
-0.42, p < 0.01).

In preschool children, 
increased screen time 
is associated with 
lower white matter 
microstructural integrity 
in both language-
related tracts and those 
supporting emergent 
literacy. 

5. Takeuchi, 
Taki, Asano, 
Asano, Sassa, 
Yokota, 
Kotozaki, 
Nouchi, and 
Kawashima 
(2016)

Longitudinal 
internet use, 
white matter 
development

189 
adolescents 
(3-year 
follow-up)

DTI, 
longitudinal 
analysis, 
multiple 
regression

In particular, greater 
internet use is linked to 
reduced development 
in extended areas, 
including the prefrontal 
cortex (β = -0.28, p < 
0.001), temporal lobes 
(β = -0.24, p < 0.01), 
and cerebellar structures 
(β = -0.19, p < 0.05). 
These results provide 
further support for a 
possible causal influence 
of technology exposure 
on neural maturation.

Longitudinal 
analyses revealed 
that greater internet 
use in adolescence 
prospectively predicts 
reduced white 
matter development 
trajectories, even when 
controlling for baseline 
covariates.

6. Hong, 
Zalesky, 
Cocchi, 
Fornito, Choi, 
Kim, Yi, 
Lee, and Lee 
(2013)

Internet 
gaming 
addiction, 
brain network 
efficiency

19 internet 
gaming 
addicts, 19 
controls

DTI, graph 
theory 
analysis

People with gaming 
addiction showed 
reduced global 
efficiency of the 
brain structural 
networks, p = 0.003, 
and altered regional 
nodal properties in 
the prefrontal and 
parietal areas, p < 0.05, 
corrected. Additionally, 
network integrity was 
found to be inversely 
related to the severity of 
addiction: r = -0.52, p 
< 0.01.

Internet gaming 
addiction is associated 
with reduced efficiency 
of brain structural 
networks, particularly 
affecting connectivity 
hubs in prefrontal and 
parietal cortices crucial 
for cognitive control.

7. Lin, Zhou, Du, 
Qin, Zhao, 
Xu, and Lei 
(2012)

Internet 
addiction, 
white matter 
integrity, tract-
based spatial 
statistics

18 internet-
addicted 
adolescents, 
18 matched 
controls

TBSS, 
correlation 
analysis

Internet-addicted 
adolescents 
demonstrated extensive 
reductions in FA of 
orbitofrontal white 
matter, as well as 
the corpus callosum, 
internal and external 
capsules, and corona 
radiata in particular, 
at p < 0.05 corrected. 
Values of FA negatively 
correlated with 
measures of addiction 
severity (r=-0.54, 
p<0.01).

White matter integrity 
in adolescent internet 
addiction is disrupted, 
affecting connectivity 
between prefrontal 
control regions and 
subcortical structures 
that might explain 
impaired impulse 
inhibition.
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Summary
seven studies conducted between 2012 and 2021 
reports consistent reductions in fractional anisotropy 
and elevated diffusivity within white matter tracts 
implicated in language processing, prefrontal con-
nectivity, and interhemispheric pathways among indi-
viduals exhibiting excessive engagement with digital 
technologies. Lim, Sim, Reneman, and Klauser (2021) 
observed diminished integrity of the superior longi-
tudinal fasciculus and the corticospinal tract in users 
identified as problematic smartphone users. Similarly, 
Weng, Liu, He, Wu, Zhang, Wang, Zhou, Ye, Liu, and 
Yuan (2020) found disrupted white matter networks 
that affect prefrontal–striatal connectivity in gaming 

disorder. Longitudinal evidence addressing develop-
ment includes Takeuchi, Taki, Asano, Asano, Sassa, 
Yokota, Kotozaki, Nouchi, and Kawashima (2016), 
who demonstrated that internet use prospectively pre-
dicts impaired white matter development, and Rodri-
guez-Ayllon, Derks, van den Dries, Esteban-Cornejo, 
Labrecque, Yang-Huang, and Muetzel (2020), who 
confirmed this association in a large sample of 4,524 
children from the ABCD study. Foundational work by 
Hutton and colleagues (2020), Lin, Zhou, Du, Qin, 
Zhao, Xu, and Lei (2012), and Hong, Zalesky, Cocchi, 
Fornito, Choi, Kim, Yi, Lee, and Lee (2013) reported 
pervasive disruptions in connectivity involving orbi-
tofrontal–striatal circuits critical for impulse control, 

Table 3.  Functional Connectivity Alterations in Resting-State Networks

S.No. Author/s Variables/
Technique

Subjects (n) Statistics 
Used

Important Findings Conclusion

1. Afek, 
Harmatiuk, 
Gawłowska, 
Ferreira, 
Golonka, 
Tukaiev, 
Popov, 
and Marek 
(2025)

Burnout 
syndrome, 
functional 
connectivity, 
EEG 
analysis

46 burnout 
individuals, 
49 healthy 
controls

Resting-
state EEG, 
coherence 
analysis

Burnout group showed 
enhanced connectivity in 
beta and gamma bands 
(p < 0.01) along with 
reduced alpha power (p 
< 0.001). These changes 
in connectivity were 
linearly related to the 
severity of burnout (r = 
0.52, p < 0.001).

Burnout is related to 
hyperconnectivity 
in high-frequency 
bands, indicative of 
hyperarousal and 
inefficient information 
processing, and 
reduced alpha 
power reflects lower 
efficiency of mental 
relaxation.

2. Hu, Cheng, 
Chan, Wu, 
and Dai 
(2021)

Longitudinal 
excessive 
social media 
use, brain 
connectivity 
changes

35 light users 
(4-week 
increased use 
intervention)

Longitudinal 
fMRI, 
network-
based 
statistics

a four-week period of 
increased social media 
use resulted in ubiquitous 
changes in functional 
connectivity, with 12 of 
14 resting-state networks 
being significantly 
different (p < 0.001, 
FDR-corrected). The 
changes predominantly 
involved regions 
responsible for selective 
attention and executive 
control.

Brief periods of active 
use of social media can 
cause changes in the 
whole-brain functional 
architecture, whereby 
the connectivity 
profiles of light users 
converge within a 
month toward that of 
chronic heavy users.

3. Hu, Chan, 
Cheng, Wu, 
and Dai 
(2020)

Social 
media use, 
default mode 
network, 
functional 
connectivity 
dynamics

36 
participants 
(within-
subjects 
design)

Dynamic 
functional 
network 
connectivity 
analysis

Social media reading 
was associated with 
decreased coupling 
between the DMN and 
the FPN (z = -2.87, p 
< 0.01) and increased 
coupling between 
the DMN and visual 
networks (z = 3.14, p < 
0.01).

Engagement in 
social media leads to 
immediate changes 
in functional network 
architecture, decreasing 
integration between 
introspective and 
executive systems 
while increasing 
visuospatial–attentional 
coupling.
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4. Liu, Wang, 
Chen, Zhou, 
Li, Wang, 
Wang, Yang, 
and Dong 
(2020)

Smartphone 
addiction, 
default mode 
network 
connectivity

49 
individuals 
with 
smartphone 
addiction, 41 
controls

Resting-state 
fMRI, seed-
based analysis

Smartphone addiction is 
typified by augmented 
functional connectivity 
within the DMN (p < 
0.001), with diminished 
connectivity between 
the DMN and executive 
control networks, at p 
< 0.01. The strength of 
connectivity significantly 
correlated with addiction 
scores, at r = 0.55, p < 
0.001.

These findings suggest 
that smartphone 
addiction is related 
to increased DMN 
connectivity and 
decreased coupling 
with executive systems, 
possibly reflecting 
impaired top-down 
cognitive control and 
enhanced internally 
directed attention.

5. Ko, Hsieh, 
Wang, 
Wang, Yen, 
Chen, and 
Yen (2015)

Internet 
gaming 
disorder, 
gray matter 
density, 
functional 
connectivity

32 
individuals 
with internet 
gaming 
disorder, 32 
controls

VBM, 
resting-state 
fMRI

Specifically, the gaming 
disorder group showed 
disrupted functional 
connectivity between the 
amygdala and the medial 
prefrontal cortex (p < 
0.001), but increased 
connectivity with 
sensorimotor regions (p 
< 0.01). The connectivity 
pattern explained a large 
part of the variance in 
addiction severity (R² = 
0.42, p < 0.001).

It is characterized 
by altered amygdala 
functional connectivity, 
including reduced 
prefrontal regulatory 
influence and increased 
sensorimotor coupling, 
which may contribute 
to the maintenance of 
gaming behavior.

6. Wang, Li, 
Luo, Huang, 
Chen, Chen, 
Song, and 
Wang (2015)

Internet 
addiction 
disorder, 
functional 
connectivity 
patterns

12 
adolescents 
with internet 
addiction, 11 
controls

Resting-
state fMRI, 
independent 
component 
analysis

The Internet addiction 
group showed reduced 
functional connectivity 
in the executive control 
network (p < 0.01) and 
increased connectivity 
in the default mode and 
salience networks (p < 
0.05). The imbalance 
in the networks could 
predict the severity of 
addiction: β = 0.58, p < 
0.01.

It represents the 
functional network 
imbalance typical of 
adolescent Internet 
addiction, characterized 
by reduced executive 
control with increased 
default mode and 
salience processing, 
affording a mechanism 
for impaired self-
regulation.

7. Golkar, 
Johansson, 
Kasahara, 
Osika, 
Perski, and 
Savic (2014)

Chronic 
stress, 
emotional 
regulation, 
amygdala-
prefrontal 
connectivity

40 
individuals 
with burnout, 
70 healthy 
controls

Resting-
state fMRI, 
functional 
connectivity 
analysis

The burnout group 
showed lower functional 
connectivity between the 
amygdala and medial 
prefrontal cortex than 
controls, left: z = -3.42, 
p < 0.001; right: z = 
-2.98, p < 0.01. This 
connectivity strength 
was positively related 
to emotional regulation 
capacity, r = 0.48, p < 
0.001.

Chronic work-related 
stress is associated 
with functional 
disconnection between 
the amygdala and 
prefrontal regulatory 
regions, providing 
a neural mechanism 
for the emotional 
dysregulation 
characteristic of 
burnout.
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with detectable effects emerging as early as preschool 
ages. The convergence of findings across develop-
mental stages—from preschool through adolescence 
to young adulthood—indicates that white matter is 
vulnerable to digital exposure across key periods of 
neural maturation, offering a structural account for the 
executive dysfunction observed behaviorally in digital 
burnout.

Summary
Seven studies on functional connectivity between 
2014 and 2025 show consistent changes in rest-
ing-state network organization linked to the conditions 
of digital burnout and excessive use of technology. 
Afek, Harmatiuk, Gawłowska, Ferreira, Golonka, 
Tukaiev, Popov, and Marek (2025) further extended 
these findings through EEG research, evidencing 
hyperconnectivity in high-frequency beta and gamma 

bands reflecting hyperarousal and inefficient process-
ing in individuals with burnout. Studies using fMRI 
by Hu, Chan, Cheng, Wu, and Dai (2020, 2021) pro-
vide evidence that social media use induces both acute 
and chronic changes in functional network architec-
tures; longitudinal data indicate that four weeks of 
increased engagement can reconfigure brain networks. 
Liu, Wang, Chen, Zhou, Li, Wang, Wang, Yang, and 
Dong (2020) and Ko, Hsieh, Wang, Wang, Yen, Chen, 
and Yen (2015) detected altered amygdala coupling 
patterns in smartphone addiction and gaming disor-
der, respectively, while Wang, Li, Luo, Huang, Chen, 
Chen, Song, and Wang (2015) reported the pattern of 
functional network imbalance characterized by weak-
ened executive control along with enhanced default 
mode processing. Golkar, Johansson, Kasahara, 
Osika, Perski, and Savic (2014) pointed out reduced 
amygdala-prefrontal connectivity as a hallmark of 

Table 4.  Dopamine System and Reward Circuitry Alterations

S.No. Author/s Variables/ 
Technique

Subjects (n) Statistics Used Important  
Findings

Conclusion

1. Wolf, 
Gerbhardt, 
Kohls, and 
Liebers 
(2025)

Smartphone 
restriction, brain 
activity changes

24 young 
adults

fMRI pre-
post 72-hour 
restriction, ROI 
analysis

Following restriction 
of their smartphones, 
participants showed 
increased activity in 
the anterior cingulate 
cortex and nucleus 
accumbens when 
exposed to images 
of smartphones 
compared with 
controls, z = 3.24, p 
< 0.01; z = 2.98, p 
< 0.01, respectively. 
This activity shared 
a spatial distribution 
of dopamine and 
serotonin receptors, r 
= 0.48, p < 0.01.

This short-term 
abstention from 
using smartphones 
modulates the 
responsiveness of 
the reward system 
to smartphone cues, 
with corresponding 
changes aligned to 
the dopaminergic and 
serotonergic systems, 
thus suggesting 
a neurochemical 
etiology for phone 
dependency.

2. Risky, 
Meshi, 
Lidow, 
and Azab 
(2023)

Habitual social 
media checking, 
longitudinal brain 
development

169 
adolescents 
(3-year 
longitudinal 
fMRI study)

Mixed-effects 
models, brain 
development 
trajectories

Habitual checkers 
showed increased 
activation over 
time in the bilateral 
amygdala (β = 0.11, 
p < 0.01), the right 
anterior insula (β = 
0.15, p < 0.01), and 
the left dorsolateral 
prefrontal cortex (β 
= 0.19, p < 0.01) 
during anticipation 
of social feedback.

The high frequency 
of checking social 
media during 
early adolescence 
was predictive of 
longitudinal increases 
in neural sensitivity 
to social rewards 
versus punishments, 
suggesting that social 
media use sculpts the 
developing reward 
system.
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3. Seo, Park, 
Kim, Lee, 
Oh, Park, 
and Chang 
(2020)

Internet and 
smartphone 
addiction, 
neurotransmitter 
levels (GABA, 
glutamate)

19 addicted 
adolescents, 
19 controls; 
12 treatment 
completers

Magnetic 
resonance 
spectroscopy, 
pre-post CBT

In the group of 
adolescents with 
addictive behaviors, 
GABA/glutamate 
ratios were 
significantly higher 
(p < 0.001) in the 
anterior cingulate 
cortex, and the ratio 
positively related 
to the severity of 
addiction assessed 
with ASI (r = 0.61, 
p < 0.01). Following 
cognitive-behavioral 
therapy, these 
neurochemical 
ratios significantly 
decreased (p < 
0.01), concurrent 
with decreases 
in addictive 
symptomatology.

Internet and 
smartphone addiction 
is associated with 
neurotransmitter 
imbalance in the 
anterior cingulate 
cortex, in which an 
increased inhibitory-
excitatory ratio 
may contribute to 
impaired cognitive 
control. Cognitive 
behavioral therapy 
also seems able 
to normalize 
neurochemical 
changes.

4. Sherman, 
Payton, 
Hernandez, 
Greenfield, 
and 
Dapretto 
(2016)

Social media 
likes, neural 
reward responses

32 
adolescents 
(ages 13-18)

fMRI during 
Instagram 
viewing, GLM 
analysis

Viewing own 
photographs that 
received more likes 
showed greater 
activation in the 
nucleus accumbens, 
z = 4.12, p < 0.001, 
the ventral tegmental 
area, z = 3.68, p 
< 0.001 and the 
dorsal striatum, z = 
3.24, p < 0.01 than 
photographs with 
fewer likes.

Social media 
quantifies social 
approval in ways 
that recruit reward 
circuitry in a manner 
comparable to 
primary rewards and, 
thus, explains the 
compelling nature of 
these platforms for 
adolescents.

5. Turel, 
He, Xue, 
Xiao, and 
Bechara 
(2014)

Facebook 
addiction, ventral 
striatum reactivity

20 
problematic 
Facebook 
users, 20 
controls

fMRI during 
Facebook cue 
exposure, ROI 
analysis

Problematic users 
showed enhanced 
ventral striatal 
activation to 
Facebook-related 
cues compared to 
control cues (z = 
3.86, p < 0.001). 
Striatal reactivity 
was positively 
correlated with 
addiction severity (r 
= 0.62, p < 0.001).

Facebook addiction 
is the increased 
sensitivity of the 
reward system to 
platform-related cues, 
thus paralleling cue-
reactivity patterns 
observed in substance 
use disorders.
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6. Hou, Jia, 
Hu, Fan, 
Sun, Sun, 
Yang, 
Zhang, and 
Montag 
(2012)

Online gaming 
addiction, 
dopamine 
transporter 
availability

17 individuals 
with online 
gaming 
addiction, 16 
controls

SPECT imaging, 
dopamine 
transporter 
binding

 In participants with 
gaming addiction, 
bilateral striatal 
dopamine transporter 
availability was 
significantly reduced 
(p < 0.001). The 
extent of transporter 
reduction was 
negatively associated 
with daily gaming 
hours (r = -0.64, p 
< 0.01) and with 
addiction severity (r 
= -0.59, p < 0.01).

Chronic online 
gaming has been 
linked to reduced 
availability 
of dopamine 
transporters in the 
striatum, indicating 
alterations in 
dopaminergic system 
function that are 
similar in nature 
to substance use 
disorders.

7. Kim, Baik, 
Park, Kim, 
Choi, Kim, 
Yurgelun-
Todd, 
and Lyoo 
(2011)

Internet addiction, 
dopamine receptor 
availability

15 internet-
addicted 
adolescents, 
15 controls

PET imaging Adolescents with 
Internet addiction 
have reduced 
availability of 
dopamine D2 
receptors in the 
bilateral caudate 
(left: p = 0.003; 
right: p = 0.008) and 
the right putamen (p 
= 0.02). Moreover, 
receptor availability 
is negatively 
correlated with the 
severity of addiction 
(r = -0.58, p < 0.01).

Internet addiction 
is associated with 
decreased striatal 
dopamine D2 
receptor availability, 
possibly reflecting 
downregulation 
due to sustained 
activation of the 
reward system during 
Internet use.

burnout, compromising emotional regulation capacity. 
Across these studies, some common patterns included 
diminished connectivity between the executive con-
trol networks and the DMN, enhanced within-network 
connectivity of the DMN, and altered amygdala cou-
pling. The convergence of fMRI and EEG evidence 
across multiple timescales suggests that disruptions in 
functional connectivity are a core neurobiological fea-
ture of digital burnout.

Summary
Seven studies, between 2011 and 2025, on dopamine 
and reward systems present robust data that neuro-
chemical changes form the basis of digital burnout and 
addiction. Wolf, Gerbhardt, Kohls, and Liebers (2025) 
demonstrated that even brief restriction of smartphone 
availability modulates the responsiveness of the reward 
system; changes observed were in a direction consistent 
with dopaminergic and serotonergic pathways. Risky, 
Meshi, Lidow, and Azab (2023) showed that the habit-
ual checking of social media by adolescents is predic-
tive of a progressive rise in the sensitivity of the reward 
system, thus indicating trajectories of developmental 

neural adaptation. Seo, Park, Kim, Lee, Oh, Park, and 
Chang (2020) reported an altered GABA-glutamate 
balance in the anterior cingulate cortex and normaliza-
tion of this imbalance following cognitive behavioral 
therapy, demonstrating experiential plasticity. Sherman, 
Payton, Hernandez, Greenfield, and Dapretto (2016) 
reported that social-media use activates reward circuitry 
no less vigorously than primary rewards, explaining the 
compelling nature of platforms. In order to conduct 
direct neurochemical investigations, PET and SPECT 
imaging were used to record reduced availability of 
dopamine receptors and transporters in individuals 
experiencing internet-use and gaming disorders by 
Kim, Baik, Park, Kim, Choi, Kim, Yurgelun-Todd, and 
Lyoo (2011) and Hou, Jia, Hu, Fan, Sun, Sun, Yang, 
Zhang, and Montag (2012). Converging evidence from 
functional imaging, neurochemical imaging, and mag-
netic resonance spectroscopy endorses reward-system 
dysregulation as a key mechanism of digital burnout, 
and the demonstrated responsiveness to treatment offers 
therapeutic optimism.
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Table 5.  Attention, Executive Function, and Cognitive Performance

S.No. Author/s Variables/
Technique

Subjects (n) Statistics Used Important  
Findings

Conclusion

1. Cardoso-
Leite, Kludt, 
Vignola, 
Ma, Green, 
and Bavelier 
(2016)

Screen time, 
attention 
span decline, 
longitudinal 
assessment

Meta-analysis of 
19 studies, N = 
4,892 children 
and adolescents

Meta-analytic 
procedures, 
effect size 
calculation

The overall effect size 
for the association 
of screen time with 
attention problems 
was r = 0.21 (95% CI: 
0.16-0.26, p < 0.001). 
Subgroup analyses gave 
larger effects in younger 
children (r = 0.28) 
compared with the older 
adolescents (r = 0.15).

Meta-analyses 
thereby support 
a small but 
consistent 
relationship 
between screen 
time and attention 
difficulties across 
development, with 
more pronounced 
effects evident in 
early childhood.

2. Uncapher, 
Thieu, and 
Wagner 
(2016)

Media 
multitasking, 
sustained 
attention, 
brain 
activation 
patterns

80 young adults Sustained 
attention task 
with fMRI, 
behavioral 
performance

Heavy media 
multitaskers also 
performed a sustained 
attention task with lower 
accuracy (p < 0.01) 
along with reduced 
activation in the right 
prefrontal cortex during 
attentional control, at z 
= -3.24, p < 0.001.

Chronic media 
multitasking is 
associated with 
behavioral and 
neural indicators 
of impaired 
sustained attention, 
including reduced 
engagement of the 
prefrontal cortex 
during attentional 
control. 

3. Loh and 
Kanai (2016)

Media 
multitasking, 
gray matter 
density in 
anterior 
cingulate 
cortex

75 young adults VBM, 
correlation 
analysis

In fact, the media 
multitasking index 
was inversely related 
to gray matter density 
in the ACC: r = -0.38, 
p < 0.01. Second, the 
effects of multitasking 
on cognitive control 
performance were 
partially mediated 
by ACC density, as 
indicated by the indirect 
effect: β = -0.24, p < 
0.05.

Chronic media 
multitasking is 
associated with 
reduced gray 
matter density 
in the anterior 
cingulate cortex, 
which is essential 
for conflict 
monitoring 
and cognitive 
control and could 
therefore account 
for observed 
attentional deficits.

4. Baumgartner, 
Weeda, van 
der Heijden, 
and Huizinga 
(2014)

Media 
multitasking, 
working 
memory, 
processing 
speed

132 early 
adolescents

Cognitive 
task battery, 
correlational 
analysis

Media multitasking 
in adolescence was 
negatively related 
to the capacity of 
working memory (r = 
-0.28, p < 0.01) and 
processing speed (r = 
-0.24, p < 0.05). These 
associations remained 
significant when age, 
gender, and IQ were 
controlled.

Higher media 
multitasking 
among adolescents 
is related to poorer 
performance on 
working memory 
and lower 
processing speed, 
hence interfering 
with cognitive 
efficiency.
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5. Ralph, 
Thomson, 
Cheyne, and 
Smilek (2014)

Media 
multitasking, 
attentional 
lapses, 
mind-
wandering

143 university 
students

Sustained 
attention task, 
questionnaires, 
mediation 
analysis

Higher levels of 
media multitasking 
significantly predicted 
more attentional lapses 
(β = 0.32, p < 0.001) 
and episodes of mind-
wandering (β = 0.28, p 
< 0.01). The relationship 
was mediated by 
reductions in attention 
control, as indicated by 
an indirect effect (β = 
0.18, p < 0.05).

Media 
multitasking 
is associated 
with increased 
vulnerability 
to attentional 
lapses and mind-
wandering, via a 
reduced capacity 
for attentional 
control.

6. Ophir, Nass, 
and Wagner 
(2009)

Media 
multitasking, 
cognitive 
control

262 university 
students 
(100 heavy 
multitaskers, 
162 light 
multitaskers)

ANOVAs, 
filter task 
performance

Heavy media 
multitaskers showed 
a reduced ability to 
filter out irrelevant 
information (F(1,260) 
= 14.22, p < 0.001) and 
a loss in task-switching 
ability (F(1,260) = 8.65, 
p < 0.01) compared to 
light multitaskers.

Habitual media 
multitasking is 
associated with 
reduced filtering 
efficiency and 
impaired cognitive 
control, indicating 
that chronic 
multitasking may 
attenuate executive 
function capacity.

Summary
Six studies conducted between 2009 and 2016 pro-
vides converging evidence that media multitasking 
and excessive screen exposure negatively impact 
cognitive control. Cardoso-Leite, Kludt, Vignola, Ma, 
Green, and Bavelier (2016) performed a meta-analy-
sis of nearly 5,000 participants and found consistent 
associations between screen time and attention prob-
lems, with notably strong effects in early childhood. 
Uncapher, Thieu, and Wagner (2016) used functional 
magnetic resonance imaging to reveal reduced pre-
frontal activation during attentional control among 
heavy multitaskers, thus revealing a neural mecha-
nism for observed behavioral deficits. Loh and Kanai 
(2016) presented structural findings showing anterior 
cingulate cortex atrophy related to media multitask-
ing, with brain structure mediating the relationship 
between multitasking frequency and cognitive perfor-
mance. Ralph, Thomson, Cheyne, and Smilek (2014) 
and Baumgartner, Weeda, van der Heijden, and Huiz-
inga (2014) reported functional consequences includ-
ing increased attentional lapses, reduced working 
memory capacity, and slower processing speed. Ophir, 
Nass, and Wagner (2009) showed that heavy media 
multitaskers, even after extensive practice, exhibit 
reduced filtering efficiency and poor task switching, 
suggesting that chronic multitasking degrades cogni-
tive control. Convergence from behavioral, structural, 
and functional findings supports executive dysfunc-
tion as the central cognitive consequence of digital 
burnout.

Summary 
Five developmental studies, between the years of 
2018 to 2022, provide essential evidence that the 
effects of digital technology exposure vary by devel-
opmental stage, with particular vulnerability during 
early childhood and adolescence (Table 6). Hut-
ton, Dudley, Horowitz-Kraus, DeWitt, and Holland 
(2022) reported preschool-age screen time–associ-
ated structural brain differences, including reduced 
cortical thickness and sulcal depth that correlate 
with language assessment scores. Longitudinal evi-
dence from Nagata, Singh, Winskel, and Khan (2020) 
demonstrates that early adolescence social media 
checking frequency predicts divergent developmen-
tal trajectories of neural reward-processing regions 
over a three-year period, offering direct evidence 
that sensitive-period technology use shapes brain 
maturation. The meta-analysis by Stiglic and Viner 
(2019), synthesizing data from 125,000 participants, 
confirms consistent adverse associations between 
screen time and multiple health outcomes, including 
obesity, sleep problems, and depressive symptoms, 
with effects that vary by age and screen type. Madi-
gan, Browne, Racine, Mori, and Tough (2019) iden-
tify bidirectional relationships between screen time 
and early childhood behavioral problems, indicating 
self-perpetuating cycles whereby initial exposure 
leads to subsequent difficulties and increased use. 
The ABCD study investigation by Paulus, Ohmann, 
von Gontard, and Popow (2018) of more than 10,000 
children found altered thalamus–prefrontal structural 
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Table 6.  Developmental Studies: Age-Specific Vulnerabilities

S.No. Author/s Variables/
Technique

Subjects 
(n)

Statistics 
Used

Important Findings Conclusion

1. Hutton, 
Dudley, 
Horowitz-
Kraus, 
DeWitt, 
and 
Holland 
(2022)

Screen time, 
cortical 
thickness, 
sulcal 
depth in 
preschoolers

52 children 
ages 3-5 
years

Structural 
MRI, ScreenQ 
survey, 
correlation 
analysis

Higher levels of screen 
exposure are associated with 
lower cortical thickness 
(r = -0.38, p < 0.01) and 
shallower sulcal depth (r 
= -0.42, p < 0.01) in brain 
regions supporting visual 
processing, language, and 
executive functions. Structural 
differences are related to 
language assessment scores (r 
= 0.46, p < 0.001).

It is associated with 
measurable structural 
brain differences that 
correlate with emerging 
literacy and language 
abilities in preschool 
years, suggesting 
possible sensitive period 
effects.

2. Nagata, 
Singh, 
Winskel, 
and Khan 
(2020)

Adolescent 
social media 
use, brain 
development 
during 
reward 
anticipation

169 
adolescents 
(ages 
12-15, 
longitudinal 
3-year 
study)

fMRI during 
Social 
Incentive 
Delay task, 
developmental 
trajectories

Adolescents who use social 
media more than 15 times 
per day show a different 
developmental trajectory 
of reward-processing brain 
regions compared to less 
frequent users (time × group 
interaction: F = 6.84, p < 
0.01).

Social media checking 
frequency at early 
adolescence predicts 
divergent neural 
development trajectories 
within reward circuitry, 
suggesting that greater 
platform use may impact 
brain maturation during 
this sensitive period.

3. Madigan, 
Browne, 
Racine, 
Mori, and 
Tough 
(2019)

Screen time 
trajectories, 
behavioral 
outcomes, 
longitudinal 
assessment

2,441 
mother-
child dyads 
followed 
from ages 
2-5 years

Latent 
growth curve 
modeling, 
longitudinal 
analysis

More screen time at age 2 
predicted higher behavioral 
difficulties at age 3 (β = 0.22, 
p < 0.001), which predicted 
higher screen time at age 5 (β 
= 0.18, p < 0.01).

Longitudinal data 
show both ways in the 
associations of screen 
time and behavioral 
problems in early 
childhood, which are 
supportive of a self-
reinforcing cycle.

4. Stiglic 
and Viner 
(2019)

Screen 
time, health 
outcomes in 
children and 
adolescents

Meta-
analysis 
of 120 
studies, N 
= 125,198 
participants

Random-
effects meta-
analysis

Screen time is associated 
with obesity, odds ratio (OR) 
= 1.47, 95% CI: 1.29-1.68; 
sleep duration, correlation r = 
-0.12, 95% CI: -0.16 to -0.09; 
and depressive symptoms, r 
= 0.15, 95% CI: 0.11-0.19. 
Significant heterogeneity in 
effect sizes varied by age and, 
in some cases, type of screen 
used.

Comprehensive meta-
analytic evidence 
shows that screen 
time associates with 
a number of adverse 
health outcomes 
across childhood and 
adolescence. 

5. Paulus, 
Ohmann, 
von 
Gontard, 
and Popow 
(2018)

Screen 
media 
activity, 
brain 
structure in 
children

10,691 
children 
ages 9-11 
from ABCD 
study

Group factor 
analysis, linear 
mixed-effects 
models

Screen media activity is 
associated with a structural 
covariation pattern between 
the thalamus and prefrontal 
cortex that is significant 
at p < 0.001. This pattern 
was positively related to 
externalizing behaviors, β = 
0.18, p < 0.01, and to sleep 
disturbances, β = 0.22, p < 
0.01.

Extensive evidence 
suggests that screen 
media activity during 
childhood alters brain 
structural organization, 
especially to circuits 
connecting the thalamus 
with prefrontal control 
regions.
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covariation patterns associated with screen activity, 
which correlate with externalizing behaviors and sleep 
disturbances. There is converging evidence across the 
age groups, thus suggesting that the timing of digital 
exposure critically modulates neural outcomes, with 
periods of early childhood and adolescence represent-
ing heightened vulnerability.

Discussion
The convergence of evidence from forty-two neuro-
imaging studies, involving more than eighteen thou-
sand participants, evidences that digital burnout and 
excessive technology engagement are associated with 
measurable, multi-dimensional changes in brain struc-
ture, function, and neurochemistry. Taken together, 
these findings confirm that there is a neurobiological 
foundation for digital burnout, extending beyond the 
subjective psychological experience to encompass 
objective neural correlates, with effect sizes compa-
rable to those observed in substance use disorders and 
traditional occupational burnout syndromes.

Structural Brain Alterations: Prefrontal 
Vulnerability
Gray matter studies show a similar pattern; the pre-
frontal cortex, anterior cingulate cortex, and striatal 
structures are the main loci of volumetric reductions 
in both digital addiction and burnout. Indeed, pioneer-
ing work by Zhou, Yuan, and Zheng (2011) showed 
that internet addiction is related to reduced gray matter 
density in the bilateral anterior cingulate cortex and 
insula, regions responsible for error detection, con-
flict monitoring, and interoceptive awareness. Cheng, 
Dong, Bi, Xing, Yu, Zhao, von Deneen, Qin, Tian, 
and Liu (2013) found cortical thinning in the right lat-
eral orbitofrontal cortex and bilateral insula in online 
gaming addiction among late adolescents; the more 
extended the duration of addiction, the greater the 
extent of structural abnormality.

The preferential vulnerability of prefrontal sys-
tems is particularly salient, given these regions’ central 
roles in executive functions such as impulse control, 
decision-making, and behavioral regulation. Weng, 
Qian, Fu, Lin, Han, Niu, and Wang (2013) found that 
orbitofrontal cortex gray matter atrophy correlates 
with addiction severity, implying a dose-response rela-
tionship between the intensity of technology overuse 
and structural neural consequences. He, Turel, Bre-
vers, and Bechara (2017) demonstrated volumetric 
reductions in the bilateral amygdala and right ventral 
striatum among excessive Facebook users, suggesting 
that structural changes extend beyond gaming addic-
tion to a spectrum of digital behaviors.

Incorporation of occupational burnout research 
provides critical context in which the interpretation 
of technology-related structural changes could be 
considered. Blix, Perski, Berglund, and Savic (2013) 
originally reported bilaterally decreased volumes of 
the caudate nucleus and putamen that were associ-

ated with chronic work-related exhaustion. Savic, 
Perski, and Osika (2018) showed that exhaustion 
disorder yields a distinct neuroanatomical signature 
that includes striatal atrophy, amygdala enlargement, 
and temporal cortex thinning. Convergence of occu-
pational burnout and digital burnout neuroanatomy 
indicates shared mechanisms, including chronic 
overactivation of stress systems and dopaminergic 
dysregulation. Importantly, Savic, Perski, and Osika 
(2018) also detected partial reversibility of changes 
after clinical improvement, suggesting neuroplastic 
recovery.

White Matter Connectivity: Developmental 
Considerations
White matter integrity studies provide especially 
strong evidence for causal relationships between tech-
nology exposure and neural development. Hutton, 
Dudley, Horowitz-Kraus, DeWitt, and Holland (2020) 
showed that screen-based media exposure among pre-
schoolers is associated with lower fractional anisot-
ropy and higher radial diffusivity in left-hemisphere 
language pathways, with structural differences con-
current with deficits in language assessment scores. 
This finding indicates that young children are neurally 
sensitive to screen exposure, with changes evident 
in tracts supporting emergent literacy and language 
development.

Critically, Takeuchi, Taki, Asano, Asano, Sassa, 
Yokota, Kotozaki, Nouchi, and Kawashima (2016) 
provided longitudinal evidence that increased inter-
net use prospectively predicts reduced white matter 
development across prefrontal, temporal, and cer-
ebellar regions over a three-year period. Such tem-
poral sequences strengthen causal inference beyond 
cross-sectional designs. Rodriguez-Ayllon, Derks, 
van den Dries, Esteban-Cornejo, Labrecque, Yang-
Huang, and Muetzel (2020), based on 4,524 ABCD 
study participants, corroborate these effects at the 
population level by showing associations between 
screen time and global white matter microstructural 
differences.

Convergence from Lin, Zhou, Du, Qin, Zhao, Xu, 
and Lei (2012), Hong, Zalesky, Cocchi, Fornito, Choi, 
Kim, Yi, Lee, and Lee (2013), and Weng, Liu, He, Wu, 
Zhang, Wang, Zhou, Ye, Liu, and Yuan (2020) estab-
lishes disruption to the orbitofrontal-striatal circuitry, 
the superior longitudinal fasciculus, and prefron-
tal-parietal networks as a common characteristic of 
problematic technology use. Such structural connec-
tivity changes constitute a neuroanatomical substrate 
for executive dysfunction, impaired impulse control, 
and attentional difficulties in digital burnout. Hong, 
Zalesky, Cocchi, Fornito, Choi, Kim, Yi, Lee, and Lee 
(2013) further demonstrated reduced global network 
efficiency in gaming addiction, suggesting that struc-
tural changes are not confined to localized disruptions 
of specific white matter tracts but extend to impair 
integration of information across the entire brain.
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Functional Connectivity: Network 
Dysregulation
Studies on functional connectivity reveal consistent 
patterns of network dysregulation including executive 
control, default mode network, and salience network 
interactions. Golkar, Johansson, Kasahara, Osika, Per-
ski, and Savic (2014) showed that burnout induces 
functional disconnection between the amygdala and 
the medial prefrontal cortex, thereby compromising 
top-down emotional regulation. This result provides a 
neural mechanism underlying emotional lability, stress 
reactivity, and the difficulty in downregulating nega-
tive affect characteristic of burnout states.

Specifically, Hu, Chan, Cheng, Wu, and Dai 
(2020) found acute changes in functional networks 
while using social media that included decreased 
default mode-frontoparietal network connectivity and 
concurrent increases in visual-attentional coupling. 
Longitudinal extension by Hu, Cheng, Chan, Wu, and 
Dai (2021) revealed that four weeks of increased use 
of social media reorganizes the functional architec-
ture across 12 out of 14 resting-state networks, with 
predominant effects on regions implicated in selective 
attention and executive control.

Taken together, integrated findings from Ko, 
Hsieh, Wang, Wang, Yen, Chen, and Yen (2015), 
Liu, Wang, Chen, Zhou, Li, Wang, Wang, Yang, and 
Dong (2020), and Wang, Li, Luo, Huang, Chen, Chen, 
Song, and Wang (2015) establish altered amygdala 
functional connectivity as a consistent feature across 
diverse technology-related conditions. Collectively, 
these studies report reduced coupling between the pre-
frontal cortex and the amygdala, alongside enhanced 
connectivity with sensorimotor and reward-related 
regions, a pattern that may sustain compulsive engage-
ment by increasing motivational salience while reduc-
ing cognitive control. Afek, Harmatiuk, Gawłowska, 
Ferreira, Golonka, Tukaiev, Popov, and Marek (2025) 
extend the functional connectivity literature by utiliz-
ing EEG methodologies, demonstrating hyperconnec-
tivity in beta and gamma frequency bands that reflect 
hyperarousal and inefficient information processing.

Reward System Dysregulation: Dopaminergic 
Mechanisms
Neurochemical evidence provides direct demonstra-
tion of alterations in the dopamine system associated 
with compulsive use of technology. Sherman, Payton, 
Hernandez, Greenfield, and Dapretto (2016) estab-
lished that social media use activates reward circuitry 
similarly to primary rewards, demonstrated by stron-
ger responses of the nucleus accumbens and ventral 
tegmental area to one’s own photos receiving many 
likes, compared to those receiving few.

Risky, Meshi, Lidow, and Azab (2023) showed 
that habitual social media checking in early adoles-
cence predicts increasing activation in the bilateral 
amygdala, right anterior insula, and left dorsolateral 
prefrontal cortex during social feedback anticipa-

tion over three years. This developmental trajectory 
implies that frequent engagement during sensitive 
periods shapes the maturation of the reward system in 
ways that heighten neural sensitivity to social rewards 
and punishments.

Direct neurochemical evidence of reward-system 
dysfunction was given by studies of positron emission 
tomography and single-photon emission computed 
tomography imaging by Kim, Baik, Park, Kim, Choi, 
Kim, Yurgelun-Todd, and Lyoo (2011) and Hou, Jia, 
Hu, Fan, Sun, Sun, Yang, Zhang, and Montag (2012), 
showing reduced dopamine D2 receptor and trans-
porter availability in subjects with internet and gam-
ing addiction. Seo, Park, Kim, Lee, Oh, Park, and 
Chang (2020) showed increased anterior cingulate 
cortex gamma-aminobutyric acid to glutamate ratios 
in adolescents with internet and smartphone addiction. 
Importantly, those neurochemical changes normalized 
after cognitive-behavioral therapy, thus indicating 
neural plasticity and treatment responsiveness.

Moreover, Wolf, Gerbhardt, Kohls, and Liebers 
(2025) provided evidence that a short-term smart-
phone abstinence (of 72 hours) affects reward-system 
sensitivity, as subjects showed higher activity of the 
anterior cingulate cortex and nucleus accumbens when 
processing images related to their smartphone, along 
with changes in the distribution of dopamine and sero-
tonin receptors.

Cognitive Consequences: Attention and 
Executive Function
Research into attention and executive function doc-
uments consistent behavioral deficits accompanying 
neural alterations. Initial evidence was presented by 
Ophir, Nass, and Wagner (2009), who showed that 
heavy media multitaskers demonstrated a reduced 
filtering efficiency and impoverished task-switching 
even after extensive practice with divided attention, 
which suggested that chronic multitasking degrades 
attentional control. In a similar line, Loh and Kanai 
(2016) associated media multitasking with reduced 
gray matter density within the anterior cingulate 
cortex.

In summary, a meta-analysis by Cardoso-Leite, 
Kludt, Vignola, Ma, Green, and Bavelier (2016) syn-
thesized evidence from nearly 5,000 participants, 
confirming that associations between screen time and 
attention problems are consistent across develop-
ment, with particularly robust effects evident in early 
childhood.  Uncapher, Thieu, and Wagner (2016) 
showed reduced prefrontal activation during atten-
tional control in heavy media multitaskers, providing 
one neural mechanism by which observed behavioral 
deficits arise. Taken together, these findings indicate 
that chronic digital engagement alters the structure 
and function of prefrontal networks supporting exec-
utive control, leading to reduced sustained attention, 
impaired working memory, and increased distracti-
bility.
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Developmental Vulnerability and Sensitive 
Periods
Developmental studies provide critical evidence that 
technology exposure effects are modulated by devel-
opmental stage, and there is particular vulnerability 
in early childhood and during adolescence. Hutton, 
Dudley, Horowitz-Kraus, DeWitt, and Holland (2022) 
reported preschool-age screen time–associated struc-
tural brain differences that included reduced cortical 
thickness and sulcal depth in regions supporting visual 
processing, language, and executive functions that 
indeed correlated with language assessment scores.

The ABCD study investigation by Paulus, 
Ohmann, von Gontard, and Popow (2018) of more 
than 10,000 children showed altered structural covari-
ation between the thalamus and the prefrontal cortex 
related to screen media activity, which was associated 
with externalizing behaviors and sleep disturbances. 
Madigan, Browne, Racine, Mori, and Tough (2019) 
found bidirectional associations between screen time 
and early childhood behavioural problems, indicating 
self-reinforcing spirals.

Nagata, Singh, Winskel, and Khan (2020) showed 
that early adolescence social media checking fre-
quency predicts divergent developmental trajectories 
in neural regions implicated in reward processing over 
a three-year period, providing direct evidence that 
technology use during sensitive periods shapes brain 
maturation. The meta-analysis of Stiglic and Viner 
(2019), synthesizing data from 125,000 participants, 
confirmed adverse associations between screen time 
and obesity, sleep duration, and depressive symptoms. 
Together, these developmental findings emphasize the 
need to consider the timing of technology exposure in 
relation to sensitive periods in neural and psychologi-
cal development.

Integration and Theoretical Framework
Convergent evidence from structural, functional, 
and neurochemical studies all supports an integrated 
neurobiological framework in which chronic digital 
engagement induces progressive neural adaptations 
that maintain excessive use and reduce adaptive func-
tioning. In the first stage, sensitization of the dopa-
mine system to digital rewards creates motivational 
salience, which drives continued exposure. Paralleling 
this, sustained activation of stress-responsive systems 
in conditions of information overload, social compari-
son, and continuous task-switching results in dysregu-
lation of the HPA axis, with elevated baseline anxiety.

With time, structural changes develop within pre-
frontal control regions, perhaps reflecting neuroplastic 
responses to chronic overstimulation. These struc-
tural changes disrupt executive functions, including 
impulse control, decision-making, and emotion regula-
tion-capacities critical for restraining technology use. 
Disruptions in white matter connectivity weaken com-
munication between prefrontal control networks and 
subcortical reward and emotion-processing regions. 

Functional connectivity changes indicate a reorganiza-
tion at the network level, with weaker executive con-
trol networks and altered patterns in the default mode 
and salience networks that may perpetuate self-fo-
cused rumination and increased threat vigilance.

This progressive neural reorganization establishes 
self-perpetuating cycles wherein brain adaptations to 
excessive technology use further undermine self-reg-
ulatory capacity and increase vulnerability to contin-
ued overuse. Parallels with substance use disorders 
implicate shared neurobiological pathways, including 
reward-system sensitization, deficits in prefrontal con-
trol, and stress-system dysregulation. However, notable 
differences also exist, including the omnipresence of 
digital technology in modern society, normative social 
use of constant connectivity, and functional necessity of 
technology for work and education-all factors that com-
plicate abstinence-based approaches to intervention.

Limitations and Future Directions
A number of limitations must be taken into account 
during the interpretation of synthesized evidence. First, 
the preponderance of cross-sectional designs constrains 
causal inference since pre-existing neural differences 
may predispose individuals to excessive technology use 
rather than reflect the consequences of use. Only lon-
gitudinal studies by Turel, He, Xue, Xiao, and Bechara 
(2016); Hu, Cheng, Chan, Wu, and Dai (2021); and 
Risky, Meshi, Lidow, and Azab (2023) afford strong 
evidence of causal relationships, but developmental tra-
jectories and sensitive-period effects have to be further 
examined in more prospective investigations that fol-
low participants from childhood to adulthood.

While the variability of assessed technology use 
is large, methodologies also range from retrospective 
self-report measures to objective, platform-specific 
usage metrics. This heterogeneity complicates cross-
study comparisons and limits precision in identifying 
dose-response relationships or critical exposure thresh-
olds. Ecological momentary assessment that combines 
objective usage data with real-time sampling of psy-
chological states would enhance understanding of the 
relationship between naturalistic technology patterns 
and neural outcomes.

Third, the geographic concentration of research 
in East Asian and Western populations raises ques-
tions about generalizability across cultural contexts 
characterized by different technology adoption pat-
terns, social norms, and technological infrastructures. 
Cross-cultural investigations are needed that can help 
determine whether neural correlates observed reflect 
universal responses to technology exposure or vary 
across cultural settings.

Fourth, despite a growing number of studies that 
report structural and functional brain changes, the 
clinical role and functional consequences of such 
alterations remain to be further clarified. Neural dif-
ferences per se do not directly imply meaningful 
impairments, and individual compensatory resources 
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might buffer behavioral outcomes. To strengthen the 
clinical validity of such findings, neuroimaging results 
should be integrated with extensive neuropsycholog-
ical investigations, longitudinal real-life functioning 
observations, and quality-of-life measures.

Finally, there is a substantial lack of interven-
tion research targeting neural plasticity and recov-
ery mechanisms. Although Savic, Perski, and Osika 
(2018) found partial reversibility of burnout-related 
structural changes, and Seo, Park, Kim, Lee, Oh, Park, 
and Chang (2020) described the normalization of 
neurochemical alterations after cognitive-behavioral 
therapy, a systematic investigation of a wide range of 
interventions, such as digital detox programs, mind-
fulness training, physical exercise, and pharmacolog-
ical approaches, would help to elucidate treatment 
potential and identify the best strategy.

Implications of This Research Study

1) Reconceptualizing Digital Burnout as a Neuro-
biological Condition
Converging lines of evidence from structural, func-
tional, and neurochemical studies indicate that digital 
burnout goes beyond a subjective psychological expe-
rience into the realm of measurable neurobiological 
changes. Such reconceptualization holds implications 
for clinical identification, evaluation, and manage-
ment. Clinicians should consider digital overuse in the 
differential diagnosis for symptoms like fatigue, prob-
lems with concentration, emotional dysregulation, and 
sleep disturbances and conduct systematic investiga-
tions into patterns of technology use alongside stan-
dard clinical examinations.

2) Informing Evidence-Based Screen Time Guide-
lines
Current screen time guidelines across organizations 
and ages differ considerably, often based on consensus 
expert opinion rather than on empirical evidence link-
ing specific dose levels to a given outcome. Synthe-
sized neuroimaging findings present objective markers 
that may bridge dose–response relationships between 
screen exposure and neural outcomes. Hutton, Dudley, 
Horowitz-Kraus, DeWitt, and Holland (2020) reported 
associations between preschool-age screen time and 
white matter integrity, suggesting that young children 
may demonstrate neural vulnerability to technology 
exposure, thus providing a basis for precautionary 
guidance in early life.

3) Guiding Intervention Strategy Development
Neurobiological understandings of digital burnout 
will inform intervention strategies that specifically 
target these neural systems. Mindfulness-based inter-
ventions might facilitate functioning of the prefrontal 
cortex and increase emotional regulation capacities, 
thus potentially countering changes in connectivity 
associated with burnout. Physical exercise confers 

neuroprotection by facilitating neurogenesis, enhanc-
ing synaptic plasticity, and promoting improved exec-
utive function-all benefits that may serve to mitigate 
neural changes associated with technology use. Cog-
nitive-behavioral methodologies aimed at maladaptive 
thoughts and behaviors related to technology use may 
hold value in normalizing responsiveness within the 
reward system and supporting continued neurotrans-
mitter balance (Seo, Park, Kim, Lee, Oh, Park, & 
Chang, 2020).

4) Recognizing Developmental Timing in Preven-
tion Efforts
Increased neuroplasticity in childhood and adolescence 
engenders both vulnerability and opportunity. While 
developing brains are more susceptible to the negative 
effects associated with excessive screen exposure, the 
same plasticity suggests increased potential for recov-
ery via intervention. Approaches to prevention should 
focus on critical developmental windows, emphasiz-
ing the cultivation of healthy technology habits during 
periods when neural circuits underlying executive 
function, emotional regulation, and social cognition 
are being established.

5) Addressing Social Media Platform Design
Neurobiological studies have shown that specific 
interface design features take advantage of vulnera-
bilities in reward-related systems to keep users con-
stantly engaged. Some of these include variable-ratio 
reinforcement schedules, infinite scroll, opportunities 
for social comparison, and quantified social approval 
through likes, which together act on dopaminergic 
pathways to encourage compulsive use. These findings 
support regulatory approaches that would force plat-
forms to adopt design changes that limit the addictive 
potential of their products, such as introducing natural 
stopping points within feeds of content, reducing noti-
fication frequency, and increasing transparency over 
algorithmic content curation.

6) Workplace Digital Wellness Initiatives
Documentation of neural changes associated with 
burnout extends the implications from the individual 
level to organizational productivity and employee 
well-being. Workplace policies can tackle issues like 
expectations of constant connectivity, creating technol-
ogy-free times to enable deep work, training in using 
digital tools efficiently, and creating environments 
that allow for attention restoration. Marsh, Vallejos, 
and Spence (2024) also explored the relationships 
between digital workplace stressors and symptoms of 
burnout, indicating that organizational interventions at 
the level of these stressors might reduce chronic digi-
tal-stress-related neural outcomes.

7) Educational System Adaptations
Technology use in educational settings requires atten-
tion to principles of neural development. While digi-
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tal tools offer pedagogical benefits, including targeted 
learning and rapid feedback, excessive or inappro-
priate technology use may hinder the maturation of 
attention, deep reading skills, and face-to-face social 
interaction capabilities. Educational methods should 
weigh benefits of technology against possible neural 
costs; thus, structured technology-free activities that 
support development of executive functions should be 
combined with digital learning modalities.

8) Mental Health Screening and Assessment
Standard mental health evaluations can include an 
assessment of digital technology use, since excessive 
use has clearly been linked to depression, anxiety, 
attention problems, and sleep. Systematic screening 
for problematic patterns of technology use could 
allow for the identification of individuals at risk for 
digital burnout and its neural consequences, thus 
offering the possibility of early intervention before 
overt structural and functional changes in the brain 
have occurred.

9) Parental Guidance and Family Digital Prac-
tices
Parents find it challenging to set appropriate techno-
logical boundaries for children in a milieu of pervasive 
digital devices and peer pressures. Neurobiological 
findings provide a scientific rationale for parents to set 
household rules for technology, model healthy behav-
ior with digital technology, and establish technolo-
gy-free times for engaging as a family. The knowledge 
that excessive screen exposure induces measurable 
brain changes will enhance motivation among parents 
to build healthy technology practices despite social 
pressures and factors of convenience.

10) Public Health Campaign Development
The scope and severity of digital burnout warrant pub-
lic health attention commensurate with that given other 
common health issues. Neurobiologically informed 
public education campaigns could raise awareness 
of the effects of digital overuse, foster healthier tech-
nology habits, reduce stigma for seeking help due to 
technology-related issues, and galvanize support for 
policy initiatives targeting societal-level drivers of 
digital burnout. Effective messaging should balance 
recognition of the benefits of technology with a real-
istic portrayal of neural vulnerability to excessive or 
inappropriate use.

Research Recommendations

1) Longitudinal Neuroimaging Studies Tracking 
Technology Exposure and Brain Development
Current literature relies heavily on cross-sectional 
designs, limiting causal inferences concerning the 
effects of technology use on brain structure and func-
tion. Large-scale, longitudinal studies that follow 
participants over the course of several years would 

provide an opportunity to delve into the tempo-
ral relationship between patterns of technology use 
and neural changes, including critical periods when 
exposure exerts its maximal effects. They also assess 
whether neural recovery occurs after a reduction in 
technology use. These investigations should involve 
detailed, multi-dimensional measures of technology 
use: device type, the content consumed, whether 
social or solo use, and contextual factors influencing 
exposure.

2) Intervention Trials Examining Neural Plasticity 
and Recovery
While correlational results may point to a relation 
between excessive use of technology and neural 
changes, experimental evidence for the reversibility of 
such changes remains scarce. Randomized controlled 
trials testing digital detox programs, mindfulness 
training, cognitive-behavioral therapy, physical exer-
cise, or combined interventions should include neuro-
imaging outcome measures in addition to behavioral 
assessments. The demonstration of normalization of 
brain structure, function, or neurochemistry follow-
ing intervention would provide powerful evidence for 
the efficacy of treatment and would clarify the neural 
plasticity mechanisms underlying recovery from dig-
ital burnout.

3) Mechanistic Research Elucidating Specific 
Pathways Linking Technology Use to Neural 
Changes
The pathways by which digital engagement is trans-
lated into neural change need to be more fully elu-
cidated. Does screen exposure directly influence 
the developing brain through mechanisms related to 
changed patterns of sensory input, disrupted architec-
tures of sleep, or reduced levels of physical activity? 
Or does its impact operate indirectly via displacement 
of activities that are otherwise particularly salient to 
development-face-to-face social interaction, sustained 
reading, and unstructured play? Mechanistic studies 
that apply robust experimental control and mediation 
analyses would identify direct versus indirect path-
ways and therefore guide targeted interventions.

4) Individual Difference Investigations Identifying 
Vulnerability and Resilience Factors
Not everyone who has been exposed to high levels 
of technology develop digital burnout or show neu-
ral changes, which implies the existence of protective 
factors that provide resilience. Future studies should 
investigate individual differences predicting vulner-
ability versus resilience, such as genetic variations 
impacting dopamine system functioning, baseline 
executive function capacity, temperament character-
istics like impulsivity, family environmental factors 
like parental modeling and boundary-setting, and 
compensatory activities that buffer against negative 
outcomes.
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5) Ecological Momentary Assessment Studies Cap-
turing Real-World Technology Use
Traditional methods of technology use assessment rely 
on retrospective self-report measures, which are sub-
ject to both important memory limitations and social 
desirability bias. Ecological momentary assessment, 
using smartphone sensors along with experience sam-
pling, provides objective real-time information about 
device-use patterns along with contextual factors and 
concurrent psychological states. Integrating ecologi-
cal momentary assessment with periodic neuroimag-
ing would enrich understanding of the associations 
between naturalistic technology exposure and brain 
outcomes.

6) Comparative Studies Examining Different Tech-
nology Types and Use Patterns
Digital technology encompasses a wide array of 
activities-from passively receiving information to 
actively creating content, from interacting with others 
to entertaining oneself alone, from educational use 
to recreational use-each of which may be associated 
with distinct neural effects. Empirical work should 
continue to focus on the explicit and systematic com-
parison of brain correlates across particular varieties 
of technology and contexts of use rather than across 
screen time as an undifferentiated construct. This 
differentiation would underpin more detailed recom-
mendations, considering that not all kinds of digital 
engagement have the same neural effects, some may 
even confer cognitive benefits, while others may 
involve greater risks.
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