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Highlights

What are the main findings?

Screen exposure in children and adolescents is associated with unhealthy eating
behaviors, including mindless eating, frequent snacking, breakfast skipping, irregular
meals, and higher consumption of ultra-processed, energy-dense foods.

These behaviors are associated with multiple pathways, including digital food
marketing, sedentary behavior, sleep and circadian disruption, appetite-related
hormonal changes, neurocognitive mechanisms, cardiometabolic risk, and mental
health vulnerability.

What are the implications of the main finding?

e  Prevention should address not only screen duration, but also screen content, timing,
context, family routines, sleep hygiene, physical activity, and digital/media literacy.

e  Multilevel strategies involving families, schools, healthcare professionals, communi-
ties, and public health policies are needed to address screen-related dietary, metabolic,
and psychological correlates and potential risks in pediatric populations.

Abstract

Introduction: The widespread use of digital devices has significantly increased screen time

among children and adolescents, raising concerns about its effects on dietary behaviors and

health outcomes. This narrative review aimed to examine the relationship between screen

exposure, unhealthy eating behaviors, and associated physical and mental health risks

in pediatric populations. Methods: A narrative review of the literature was conducted
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using PubMed, Scopus, and Web of Science databases, with the final search updated on
30 April 2026. Studies involving individuals aged 0-18 years were included if they in-
vestigated screen time, dietary behaviors, obesity, cardiometabolic risk, sleep, or mental
health outcomes. Observational studies, interventional studies, systematic reviews, and
meta-analyses were considered. Findings were synthesized qualitatively according to pre-
specified thematic domains, with greater interpretive weight given to systematic reviews,
meta-analyses, randomized trials, longitudinal cohorts, and large population-based studies.
Results: Excessive screen time was consistently associated with unhealthy eating behaviors,
including increased snacking, mindless eating, breakfast skipping, and higher consumption
of ultra-processed and energy-dense foods. Digital food marketing and exposure to food
advertising may influence children’s food preferences and intake. High screen exposure
was also associated with sedentary behavior, sleep disturbances, circadian dysregulation,
and altered appetite-related hormones such as leptin and ghrelin. These pathways may con-
tribute to, or be consistent with, obesity, insulin resistance, dyslipidemia, hypertension, and
metabolic syndrome, although most evidence remains observational. Moreover, excessive
screen use was associated with anxiety, depression, emotional eating, binge-eating behav-
iors, and body image dissatisfaction, particularly among adolescents. Conclusions: Screen
time may represent a modifiable behavioral and environmental correlate of dietary habits,
metabolic health, and psychological wellbeing in children and adolescents. Prevention
strategies should focus not only on reducing screen duration but also on improving the
quality and context of media use through family-based interventions, school programs,
digital literacy, promotion of physical activity, and regulation of digital food marketing.
Further longitudinal and interventional studies are needed to clarify causal relationships
and develop effective prevention strategies.

Keywords: screen time; eating behaviors; childhood obesity; digital food marketing;
cardiometabolic risk

1. Introduction

In recent decades, the widespread availability of digital devices has profoundly trans-
formed children’s daily lives [1], leading to a substantial increase in screen time from early
childhood [2,3]. Television, once the primary source of screen exposure, has progressively
been complemented, and in many cases replaced, by smartphones, tablets, video games,
and social media platforms [4]. As a result, children are now exposed to multiple forms
of digital media for extended periods throughout the day, often exceeding recommended
limits [2,3].

This rise in screen time has raised growing concerns within the pediatric and public
health communities, particularly due to its potential impact on lifestyle behaviors [1].
Among these, unhealthy eating behaviors have emerged as a key area of interest. Evidence
suggests that prolonged screen exposure is associated with increased consumption of
energy-dense, nutrient-poor foods, irregular eating patterns, and a higher frequency of
snacking [5-7]. These behaviors may be driven by several factors, including distracted
eating, exposure to food advertising, and the influence of digital environments on food
preferences and choices [8,9].

Importantly, these behavioral changes are occurring in parallel with the increasing
prevalence of childhood overweight and obesity, which represent major global health
challenges [10]. Early-life dietary habits and sedentary behaviors are known to track
into adulthood, contributing to long-term cardiometabolic risks such as insulin resistance,
dyslipidemia, and hypertension [11,12]. Moreover, emerging evidence highlights poten-
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tial links between screen use, eating behaviors, and mental health outcomes, including
emotional eating and body image concerns.

Understanding the complex interplay between screen time, dietary behaviors, and
health outcomes is therefore essential for developing effective prevention strategies. Multi-
ple biological and behavioral mechanisms have been proposed, including reduced energy
expenditure due to sedentary behavior, neurocognitive responses to food-related stimuli,
and disruptions in sleep and circadian rhythms that may affect appetite regulation [13-15].

In this context, the aim of the present narrative review is to synthesize current evidence
on the association between screen time and unhealthy eating behaviors in children, and to
explore the underlying mechanisms and related health risks. By providing an integrated
overview of these interrelated factors, this review seeks to inform clinical practice and
public health interventions targeting pediatric populations.

2. Methods

This study was conducted as a narrative review aimed at summarizing and critically
appraising the literature on the relationship between screen exposure, unhealthy eating
behaviors, and associated health-related outcomes in children and adolescents. The search
was performed in PubMed, Scopus, and Web of Science and was last updated on 30 April
2026. The review followed a transparent narrative approach: screen exposure is used as the
overarching construct encompassing duration, device type, content, timing, context, and
purpose of use; screen time refers specifically to the duration of screen-based activity; and
screen use refers to behavioral or contextual patterns, which are qualified where appropriate
(e.g., recreational, evening, or mealtime screen use). Although no formal PRISMA flow
diagram or quantitative meta-analysis was planned, the search strategy, eligibility criteria,
evidence prioritization, and main limitations of the review process were defined a priori.

The search combined controlled vocabulary and free-text terms related to screen ex-
posure, pediatric populations, eating behavior, and health outcomes. The core PubMed
strategy was: (“screen time” OR “screen exposure” OR “digital media” OR television
OR smartphone OR tablet OR videogame* OR “social media” OR “digital marketing”)
AND (child* OR adolescen* OR pediatric OR preschool OR youth) AND (“eating behav-
ior” OR “dietary habits” OR “food intake” OR snacking OR “breakfast skipping” OR
“ultra-processed food” OR “food advertising” OR “food marketing”) AND (obesity OR
adiposity OR “body mass index” OR cardiometabolic OR “insulin resistance” OR dyslipi-
demia OR hypertension OR sleep OR depression OR anxiety OR “emotional eating” OR
“binge eating” OR “body image”). Equivalent terms were adapted for Scopus and Web
of Science (Table S1). Filters were limited to English-language articles involving humans
aged 0-18 years; when studies included mixed-age samples, they were considered only
if pediatric or adolescent data were reported separately or were directly relevant to the
developmental interpretation of findings.

Eligible publications included observational studies, longitudinal cohort studies, ran-
domized or quasi-experimental interventions, systematic reviews, meta-analyses, guideline
documents, and policy-relevant reports. Studies were excluded if they focused exclu-
sively on adults, were case reports or editorials without original synthesis, were non-peer-
reviewed sources, or did not address screen exposure in relation to dietary behaviors,
metabolic outcomes, sleep, or mental health.

Titles and abstracts were screened for relevance, followed by full-text evaluation of
potentially eligible articles. Given the narrative design of the review, study selection was
guided by relevance to the research objectives rather than by strict systematic review
procedures. Studies were prioritized according to methodological strength, population size,
developmental specificity, clarity of exposure and outcome definitions, and recency. Greater
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weight was given to systematic reviews, meta-analyses, randomized trials, longitudinal
cohorts, and large population-based studies, whereas small cross-sectional studies were
interpreted with greater caution.

For each included study, information was extracted on study design, country or setting,
age range, sample characteristics, type and timing of screen exposure, exposure assessment
method, dietary or behavioral outcomes, health outcomes, and main findings. Because of
the heterogeneity of devices, exposure metrics, outcome definitions, and study designs, the
evidence was synthesized qualitatively rather than quantitatively. The synthesis was orga-
nized into the following domains: types and epidemiology of screen exposure, unhealthy
eating behaviors, digital food marketing, sedentary and neurocognitive mechanisms, sleep
and circadian pathways, obesity and cardiometabolic risk, mental health and disordered
eating outcomes, prevention strategies, and research gaps. Although no formal risk-of-bias
assessment was performed, methodological limitations and inconsistencies across studies
were considered in the interpretation of the evidence.

3. Screen Time in Children
3.1. Types of Exposure

Screen exposure in childhood now represents a broad and multidimensional construct
that includes television, smartphones, tablets, computers, video games, and social media
platforms, particularly among older children and adolescents [16-19]. This reflects both
the expansion of digital technologies in the home and a shift from mainly passive, sched-
uled, and family-shared television viewing toward portable, interactive, personalized, and
on-demand media use [17,18,20,21]. Although television remains relevant in early child-
hood, smartphones and tablets have become increasingly common due to their portability,
accessibility, and multiple functions, including video viewing, gaming, communication,
and educational applications [17,22,23].

A further conceptual distinction that has become increasingly relevant is that between
passive and active forms of exposure. Passive exposure includes traditional television
viewing and background television, whereas active exposure includes gaming, app use,
and other forms of interactive engagement with digital content [17,24]. This distinction
matters because the developmental correlates of screen use appear to vary according to the
type of activity performed, the level of interactivity involved, and the social circumstances
in which exposure occurs. For example, video games and computer-based activities may
involve higher levels of cognitive and behavioral engagement than passive television
viewing, while social media introduces additional dimensions related to peer interaction,
identity formation, and social comparison, particularly in adolescence [21,25,26]. At the
same time, the literature increasingly emphasizes that screen exposure should not be
categorized exclusively by device type, because the same device can be used for very
different purposes, including entertainment, education, emotional regulation, or social
interaction [18,20,21].

Another important layer of complexity concerns context. Screen use may occur alone,
with siblings, or in the presence of caregivers, and this contextual variation appears to influ-
ence its developmental significance [18,21,24]. Co-viewing and caregiver companionship
may buffer some adverse associations by promoting language input, joint attention, and
emotional regulation, whereas solitary use or background exposure may reduce oppor-
tunities for reciprocal parent—child interaction [16,18,24,27]. In addition, several studies
suggest that family ecology, including parental screen habits, household rules, background
television, and technology-related interruptions in family interaction, plays a substantial
role in shaping children’s media exposure patterns [20,23,28,29]. Taken together, these
findings support the view that screen exposure in childhood is not a single, homogeneous
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construct, but rather a constellation of interrelated media behaviors that vary by device,
content, context, and purpose of use.

A conceptual framework for this review is therefore that screen-related health risks are
not determined by duration alone. Risk may vary according to device type, content, timing,
purpose of use, developmental stage, parental mediation, family rules, mealtime con-
text, evening exposure, and individual vulnerability. This framework is used throughout
the review to avoid treating screen exposure as a homogeneous construct and to distin-
guish recreational, educational, passive, interactive, solitary, shared, daytime, and bedtime
screen use.

3.2. Epidemiological Trends

Epidemiological evidence consistently indicates that children’s screen exposure has
increased over time, with both longer daily duration and earlier onset. The age of first ex-
posure has declined markedly, from approximately 4 years in the 1970s to infancy in recent
cohorts [20]. Current data suggest that screen devices are used by a very high proportion of
children before the age of four, with average exposure commonly ranging between 1 and 2 h
per day in preschool populations and increasing during weekends [16,24,30]. Adherence to
recommended limits remains low, with many children exceeding the threshold of <2 h per
day [16]. Longitudinal and surveillance data further suggest that screen exposure has risen
alongside access to mobile devices and digital technologies [20,31].

This pattern has been documented across diverse settings, including Canada, In-
dia, Portugal, Spain, Thailand, Turkey, and Jordan, although estimates vary according to
age, study design, and the operational definition of screen time [16,22,28,32-34]. Over-
all, the increase appears to reflect both greater device availability and the integration
of digital media into daily routines for leisure, education, communication, and family
management [17,18,25].

Screen exposure also tends to increase with age. While excessive screen exposure is
already common in preschool children, older children and adolescents generally report
longer and more diversified media engagement, including gaming, social interaction, and
independent device use [22,26,32]. Repeated cross-sectional data from Portugal showed
that mobile media added to, rather than replaced, television viewing between 2009/10
and 2016/17 [22]. Similarly, Norwegian device-measured data documented increased
sedentary time between 2005 and 2018, consistent with the spread of smartphones, tablets,
and near-universal internet access [31]. Review-level evidence further suggests that the
COVID-19 period accelerated pre-existing trajectories toward higher screen use [25].

Differences by gender and socioeconomic context are recurrent but not uniform. Boys
often report greater engagement in video gaming and recreational screen use, whereas
girls may spend more time in other media activities depending on age and setting [26,32].
Socioeconomic gradients are similarly complex: lower parental education, unemployment,
and fewer household resources have been associated with excessive screen use in some
studies, while greater income may increase device access in others [22,33]. Family-level
factors, including parental screen habits, absence of rules, bedroom devices, background
television, and technoference, consistently contribute to children’s exposure patterns [23,29].
Overall, screen exposure is increasingly prevalent and socially patterned, and cannot be
adequately described by duration alone.

3.3. International Recommendations

In response to the expansion of screen exposure in childhood, several professional
and public health organizations have issued recommendations aimed at limiting excessive
screen use and promoting healthier media habits. The most widely cited include those
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from the American Academy of Pediatrics (AAP), the World Health Organization (WHO),
the Canadian Paediatric Society, and national pediatric bodies such as the Indian Academy
of Pediatrics [32,35-38]. Across these frameworks, there is broad agreement that children
under 2 years of age should ideally avoid screen exposure, with video communication
generally treated as a limited exception, while children aged 2 to 5 years should have
routine and regular screen time restricted to about 1 h per day; in older children and
adolescents, recommendations often converge around limiting recreational screen time to
less than 2 h per day [32,33,35-39].

At the same time, recent literature suggests that contemporary recommendations
are moving beyond purely time-based models toward a more nuanced understanding
of “healthy screen use.” Reviews and guideline-oriented papers increasingly stress that
the quality of content, the purpose of use, and the social context of media exposure are
essential considerations alongside duration [17,18,25]. Educational content, caregiver co-
use, and emotionally responsive supervision are often presented as protective elements,
whereas solitary, unsupervised, or habitual use for behavioral regulation may be more
problematic [18,20,21,24,27].

Despite the availability of these recommendations, adherence is consistently low
across many populations. Preschool and school-age children frequently exceed suggested
thresholds, and this occurs across countries with different cultural and socioeconomic pro-
files [22,32-34]. This mismatch between recommendations and real-world practice likely
reflects the pervasive presence of digital devices, the normalization of media use within
family life, and the multiple roles screens now play in entertainment, education, com-
munication, and parental coping [18,25,29]. Therefore, although international guidelines
remain essential as a public health reference point, the current evidence suggests that future
recommendations may benefit from becoming more context-sensitive and family-centered,
integrating considerations of device type, content, co-use, and household media ecology
rather than relying exclusively on daily duration thresholds.

Developmental stage is an additional interpretive dimension. Preschool children may
be particularly influenced by parental screen habits, background television, caregiver co-use,
and mealtime routines [5]; school-aged children may be more affected by household rules,
television viewing, gaming, and availability of snacks during screen use [40]; adolescents
may be more vulnerable to social media, influencer marketing, peer comparison, emotional
regulation difficulties, body image concerns, and greater autonomy over food choices [40].
These developmental differences should be considered when interpreting associations and
designing preventive interventions.

4. Associated Unhealthy Eating Behaviors
4.1. Eating While Watching (Mindless Eating)

Eating while watching screens is one of the most frequently described unhealthy eating
behaviors in children and adolescents exposed to prolonged screen time. Meals and snacks
consumed during television viewing, gaming, or smartphone use may promote a state of
reduced eating awareness, in which attention is diverted from the amount and pace of food
intake, sensory experience, and internal hunger and satiety cues toward external digital
stimuli. This pattern is commonly described as “mindless eating” [13]. By shifting attention
from the eating episode to external digital stimuli, screen use may impair self-regulation of
food intake and favor passive overconsumption [41-45].

Several studies suggest that children who eat while watching screens tend to consume
larger portion sizes, eat more rapidly, and show a greater preference for highly palatable,
energy-dense foods [44,46,47]. Screen-based eating may also reduce the structure and
social quality of meals, particularly when it replaces shared family meals or occurs in the
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absence of caregiver supervision [18,20,23,28,29]. In younger children, parental modeling,
household media rules, and family eating routines appear especially relevant, as screen use
during meals is often embedded within broader family habits [18,23,24,28]. The importance
of family environment and eating routines in shaping children’s dietary behaviors has also
been described in adolescent populations.

Furthermore, repeated exposure to food cues during screen-based activities may
reinforce hedonic eating mechanisms independently of physiological hunger [41-45]. This
pattern may be particularly problematic in children with higher responsiveness to food
cues or lower inhibitory control, who may be more vulnerable to overeating in response
to external food-related stimuli [41-45,48]. However, as much of the available evidence is
observational, these associations should be interpreted cautiously and considered within the
broader context of family routines, dietary environment, and overall lifestyle behaviors [49].

4.2. Food Advertising and Digital Food Marketing

Food advertising represents one of the main pathways through which screen exposure
may influence children’s eating behaviors and food preferences [13,41,50]. Across television,
streaming platforms, online games, social media, and influencer-generated content, children
and adolescents are frequently exposed to marketing strategies promoting energy-dense,
nutrient-poor, and ultra-processed foods, including sugar-sweetened beverages, fast food,
salty snacks, and confectionery products [41-45].

Younger children are particularly vulnerable to food advertising because of their
limited ability to recognize persuasive intent, whereas adolescents may be more susceptible
to peer influence, social comparison, and emotionally driven marketing strategies [22,44,51].
Compared with traditional television advertising, digital food marketing is especially
concerning because it is often personalized, immersive, interactive, and embedded within
entertainment content, making commercial messages more difficult to identify and critically
interpret [22,44,51].

Social media influencers and algorithm-driven advertising may further reinforce
unhealthy food norms and normalize frequent consumption of ultra-processed foods,
particularly among adolescents who use digital platforms for entertainment, social inter-
action, and identity formation [44]. Experimental studies suggest that food advertising
may acutely increase energy intake even in the absence of hunger, likely through activation
of reward-related neural pathways and attentional bias toward palatable foods [41-44].
These effects may be amplified in children with overweight or obesity, who may display
greater responsiveness to food cues [45,48]. In this context, digital food marketing differs
from traditional television advertising because it can be personalized, immersive, interac-
tive, algorithmically targeted, and embedded within entertainment content. Commercial
messages may appear in short videos, livestreaming, advergames, social media challenges,
influencer posts, and platform recommendations, making persuasive intent difficult to
recognize. This is particularly relevant for minors, who may have limited advertising
literacy, and for adolescents, whose food choices may be influenced by peer norms, identity
formation, and appearance-related or emotion-based marketing. Consequently, digital food
marketing should be considered a commercial determinant of unhealthy dietary behavior
and a priority target for public health regulation [8].

4.3. Altered Dietary Quality and Food Choices

Excessive screen exposure has been associated with less healthy dietary patterns across
childhood and adolescence [5,6,13,46]. Several observational studies report that children
with higher daily screen time consume greater amounts of sugar-sweetened beverages, fast
food, salty snacks, sweets, and ultra-processed products, while showing lower intake of
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fruits, vegetables, and fiber-rich foods [5,6,13,46,52]. These patterns suggest that screen
exposure is not merely associated with isolated food choices, but with a broader shift
toward a more energy-dense and nutrient-poor dietary profile.

A specific concern is the association between recreational screen exposure and ultra-
processed foods [5]. These products are typically energy-dense, highly palatable, inexpen-
sive, heavily marketed, and convenient for consumption during screen-based activities [53].
Their combination of high sugar, salt, fat, and refined carbohydrate content may promote
passive overconsumption, while packaging, branding, and repeated digital cues may rein-
force preferences from early childhood. For this reason, ultra-processed foods represent an
important link between screen-related marketing environments and pediatric obesity risk.

Several factors may contribute to this association, including distracted eating, exposure
to food advertising, convenience-driven food choices, irregular meal timing, reduced
parental supervision during screen-based activities, and lower participation in structured
family meals [18,20,23,41]. In addition, high recreational screen use often clusters with
other lifestyle behaviors, including lower physical activity, sedentary behavior, irregular
sleep, and less favorable household routines [16,17,54,55]. Similar associations between
dietary habits, nutritional knowledge, and lifestyle behaviors have also been described in
adolescent populations [56].

The relationship between screen exposure and dietary quality appears to be bidi-
rectional and socially patterned. Household environment, parental education, socioeco-
nomic status, and family eating routines may influence both media exposure and food
choices [22,23,33,57]. Importantly, unhealthy dietary habits established during childhood
frequently persist into adolescence and adulthood, potentially increasing long-term car-
diometabolic risk [11,12,17,54]. This concept is consistent with epidemiological evidence
highlighting the long-term impact of early-life lifestyle behaviors on obesity risk and
metabolic health [57,58].

4.4. Irregular Eating Patterns and Meal Disruption

Several studies have described associations between prolonged screen time and in-
creased snacking frequency, irregular meal schedules, and meal skipping, particularly
breakfast skipping [5,6,59].

Screen-based activities often promote grazing behaviors characterized by repetitive
consumption of small portions of highly palatable foods throughout the day. In many cases,
snacking occurs simultaneously with digital media use, reducing awareness of food intake
and encouraging passive overconsumption [5,41,46]. This pattern may be particularly
relevant when screen use is accompanied by highly palatable, energy-dense foods, which
are commonly marketed and consumed during screen-based activities [41,44,50].

Irregular meal timing and breakfast skipping may have important metabolic impli-
cations. Breakfast omission has been associated with poorer dietary quality, increased
hunger later in the day, and greater likelihood of consuming energy-dense foods [2,3,5].
Furthermore, late-night screen use may delay sleep timing and prolong waking hours,
increasing opportunities for nighttime eating and circadian misalignment [1,2,6,59].

Breakfast skipping deserves particular attention because it is a recurrent marker of
irregular eating patterns in school-aged children and adolescents [60]. Children who skip
breakfast may have lower overall diet quality, reduced intake of fiber and micronutrient-
rich foods, greater hunger later in the day, and higher consumption of energy-dense snacks
or sugar-sweetened beverages [60,61]. Late-night screen use may contribute indirectly by
delaying bedtime, shortening sleep duration, increasing morning fatigue, and reducing
time or appetite for breakfast [53]. However, breakfast skipping should not be interpreted
as a direct consequence of screen exposure in all children, because it may also reflect family
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routines, school schedules, socioeconomic factors, body image concerns, dieting behaviors,
or emotional distress.

Future studies should distinguish occasional from habitual breakfast skipping, week-
day from weekend patterns, and nutritionally adequate breakfasts from energy-dense
breakfast substitutes. This distinction is important because the health implications of break-
fast patterns depend not only on whether breakfast is consumed, but also on food quality;,
timing, family context, sleep duration, and total daily dietary intake.

These altered eating behaviors may act together with sedentary behavior, sleep distur-
bances, and neurocognitive mechanisms involved in appetite regulation, thereby increasing
susceptibility to weight gain and metabolic dysfunction [16,18,43,45,46]. However, as most
available evidence is observational, it remains difficult to determine whether screen expo-
sure directly disrupts meal timing or whether both behaviors reflect broader household
routines, lifestyle patterns, and family-level determinants.

5. Biological and Behavioral Mechanisms
5.1. Sedentary Behavior

Sedentary behavior (SB) refers to any waking activity performed with minimal energy
expenditure (<1.5 metabolic equivalents), such as sitting or lying down [16,17]. In addition
to reducing daily energy expenditure, high levels of sedentary behavior are associated
from early life with poorer cardiovascular health, lower fitness, and reduced quality of
life [17,18].

Increased sedentary time and low levels of physical activity are contributing factors to
the development of non-communicable diseases, as well as to the rising global prevalence
of obesity and metabolic syndrome (MetS). Indeed, the worldwide prevalence of MetS
among children and adolescents in 2020 was 2.8% and 4.8%, respectively, and it is expected
to increase in the coming years as obesity rates continue to rise [54,62].

Recent surveillance data indicate that 81% of children and adolescents aged 11-17 years
do not meet recommended physical activity guidelines [16,17,21]. Physical inactivity is
estimated to contribute to nearly 500 million new preventable non-communicable disease
cases. Globally, its annual economic burden is approximately US$27 billion and is projected
to exceed US$300 billion by 2030 [17].

Sedentary behavior has multifactorial determinants, including socioeconomic status,
sex, and age [22]. Blyth and colleagues reported healthier habits among children and
adolescents from higher socioeconomic backgrounds compared with those from lower
socioeconomic groups [22,23]. These findings also suggest that behaviors established early
in life tend to remain stable over time, highlighting the importance of promoting healthy
routines from early childhood [22,24].

Over recent decades, digital technologies have become embedded in children’s and
adolescents’ everyday lives. Personal smartphones and social media have contributed
to rising screen time among young populations [25]. At the same time, some studies
have explored smartphone-based interventions to promote physical activity, using reward
systems and engagement strategies [26,27].

The “Pokémon Go” app gained immediate popularity among children, adolescents
and adults, gathering the attention of both media and the scientific community even though
it was not intentionally developed for health purposes [63]. A systematic review and meta-
analysis found that playing “Pokémon Go” significantly increased the total amount of daily
steps; however, these improvements were deemed modest from a clinical perspective [64],
and follow-up investigations failed to show that users maintained this behavior in the long
term [63,64].
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As far as sedentary behavior is concerned, implementing physically active screen time
in children’s and adolescents’ daily routines does not appear to significantly reduce overall
sedentary time or mitigate its negative effects on health status [55,65].

Screen time is typically associated with increased sedentary behavior, as most screen-
based activities are performed while sitting, reclining, or lying down [54,66]. In 2018,
Shakir and colleagues investigated how different types of sedentary behavior influence
health outcomes [67]. Their findings showed that watching television was significantly
associated with greater adiposity indices in both boys and girls, with children spending an
estimated time of 2.5-3 h per day in television viewing. Computer screen time was also
positively associated with greater fat mass percentages in both sexes. Furthermore, the
study suggested that television screen time was the strongest correlate of adiposity in girls,
whereas computer screen time appeared to be the most significant factor in boys, likely due
to video-gaming habits being more prevalent among boys than girls.

Recent literature further supports the hypothesis that, among the various forms of
sedentary behavior, screen time showed stronger links to unhealthy body compositions
and weight [46]. Systematic reviews and meta-analyses have also highlighted a positive
association between screen time and the presence of MetS in children and adolescents.
Regardless of the type of screen-based activity, time spent in front of a screen is associated
with increased consumption of calorie-dense food and beverages among youth [46,52,55].

Beyond physical health, evidence suggests that screen time and sedentary behavior in
adolescents are associated with poorer mental health, reduced sleep quality and duration,
lower energy levels, irritability, somnolence, and sadness [68]. International sedentary-
behavior guidelines report that high recreational screen exposure and prolonged sedentary
time are associated with less favorable sleep and mental health indicators in children and
adolescents [69]; therefore, the cited guideline source has been verified and should be
aligned with the final reference list.

Despite the extensive evidence, specific dose-response guidelines regarding sedentary
behavior and the risk of developing MetS are still lacking [46]. Several countries have
issued recommendations to limit sedentary time to approximately 2 h per day, whereas the
WHO recommends more generally limiting time spent in sedentary activities [70,71].

Future longitudinal studies should investigate the role of physical inactivity and its
relationship with the development of MetS to provide clearer guidance on appropriate
sedentary behavior limits in children and adolescents [46,47,72].

5.2. Neurocognitive Dysregulation

Screen-based activities are associated with increased energy intake and reduced energy
expenditure, as they are predominantly part of sedentary behavior [41,46].

Food companies capitalize on this trend by strategically placing advertisements for
energy-dense foods and beverages across popular social media and streaming platforms
which are widely used by older children and adolescents [41,50]. Similarly, television,
particularly prevalent among children aged 4-7, frequently exposes young users to repeated
food commercials [50].

Compared to younger children, adolescents progressively gain greater autonomy
over their meal choices. Nonetheless, adolescence is also a particularly vulnerable de-
velopmental stage, during which individuals are highly susceptible to peer pressure and
social influences [50]. From a neurobiological perspective, adolescence is characterized by
reduced inhibitory control and higher reward drive compared to adulthood [51]. Given
that inhibitory processes are still maturing during this period [43], adolescents may be espe-
cially vulnerable to food advertisements that exploit these neurophysiological mechanisms
for marketing purposes [41,44]. Scientific evidence has shown that visually appealing
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food commercials can activate dopaminergic mesolimbic pathways in the brain, which are
closely linked to reward processing and may influence food intake and preferences [44].

Inhibitory control mechanisms are essential for resisting impulsive choices (e.g., binge-
eating episodes) [45], and increased screen exposure has been shown to negatively affect
these neurological pathways. Chen and colleagues reported that preadolescents with high
daily screen time exhibited altered connectivity within the fronto-striatal network, which
was associated with reduced inhibitory efficiency. Furthermore, their 2-year longitudinal
study demonstrated that greater screen exposure was linked to decreased connectivity
between the frontoparietal network and the dorsal striatum. These neural alterations are
often observed in addictive and reward-seeking behaviors [43]. Given their design, digital
platforms offer immediate reward and feedback while delivering tailored content based on
users’ preferences, which may further reinforce addictive patterns [43,44,66].

These neurocognitive findings should be interpreted cautiously. Neuroimaging and
behavioral studies suggest plausible pathways linking reward sensitivity, food cue reac-
tivity, inhibitory control, and impulsive eating, but they do not demonstrate that screen
exposure alone causes neurocognitive dysregulation [73]. Screen use may also be a marker
of broader developmental, psychological, family, and environmental factors that influence
both media behavior and eating regulation.

The same neural pathways are also implicated in appetite regulation. Subcortical
systems are heavily involved in shaping daily food preferences [43,45]. Evidence suggests
that individuals with poorer inhibitory control are more likely to eat in the absence of
hunger [42]. For example, Amens and colleagues reported that adolescents with impaired
inhibitory control showed a greater tendency for binge-eating episodes.

In addition to these neurological mechanisms, trends promoted by streaming and
social media platforms may further encourage snacking of calorie-dense food, especially at
night [51]. This behavior may disrupt regular meal routines and is associated with greater
odds of overweight and obesity. Moreover, late-night snacking may delay bedtime and can
negatively affect sleeping patterns [51,59].

Previous studies have also found that children and adolescents with overweight and
obesity exhibit reduced inhibitory response to food cues, suggesting a distinct neurobio-
logical pattern associated with obesity [45,48]. In light of these findings, current trends in
excessive screen exposure, sedentary lifestyles, and availability of energy-dense foods may
be associated with an increased risk of obesity in children and adolescents [41,74].

5.3. Sleep and Circadian Rhythms

Sleep is a fundamental biological process for physical and mental recovery. It supports
brain information processing, homeostasis, and neuroendocrine regulation; when sleep
duration is shortened or timing is delayed, these functions may be impaired, contributing
to circadian misalignment and metabolic dysregulation [9,10].

Sleep disturbances and circadian rhythm disruption are key mechanisms linking
excessive screen time with unhealthy eating behaviors and adverse health outcomes in
children. Insufficient sleep and circadian misalignment have been associated with obesity,
insulin resistance, and cardiometabolic risk in pediatric populations [1,3,5,6].

Circadian rhythms regulate hormone secretion, energy metabolism, and feeding be-
havior through the interaction between central and peripheral clocks. Irregular sleep
schedules and excessive evening screen time can disrupt these rhythms, altering appetite
control, glucose metabolism, insulin sensitivity, and body fat regulation [5,6].

Screen-based behaviors, particularly in the evening, may delay sleep timing and reduce
sleep duration. These changes can promote irregular eating patterns, increased snacking,
and preference for energy-dense foods, while also interacting with neuroendocrine and
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reward-related pathways that reinforce unhealthy eating and susceptibility to weight
gain [2,5,6].

However, the available evidence remains heterogeneous in terms of study design,
population characteristics, and measurement of both screen exposure and sleep outcomes,
which should be considered when interpreting these findings.

5.3.1. Evening Screen Time and Sleep Duration

Evening screen exposure has been consistently associated with reduced sleep duration
and impaired sleep quality in pediatric populations. The use of digital devices before
bedtime is associated with delayed sleep onset, shorter total sleep time and increased
sleep fragmentation. These effects are mediated by both physiological and behavioral
mechanisms [75].

From a physiological perspective, exposure to artificial light emitted by screens in-
terferes with melatonin secretion, disrupting the circadian regulation of the sleep-wake
cycle and contributing to delayed sleep onset. From a behavioral standpoint, engaging and
stimulating screen-based activities may increase cognitive and emotional arousal, further
delaying bedtime and displacing sleep time [76,77].

Recent experimental evidence supports a potential causal role of pre-sleep screen
exposure in sleep disruption. A randomized clinical trial showed that removing screen use
during the hour before bedtime improved sleep duration, sleep efficiency, and nighttime
awakenings in children [4], suggesting that even short-term changes in evening screen
habits may benefit sleep health.

5.3.2. Hormonal Alterations: Leptin and Ghrelin

The relationship between evening screen exposure, sleep disruption, appetite-related
hormones, and energy balance should be interpreted as a plausible mechanism rather than
as a simple causal chain. The magnitude of these effects is likely to vary according to age,
pubertal stage, sleep regularity, device type, content, and household routines.

Evening screen exposure, by delaying bedtime and reducing total sleep duration, can
lead to dysregulation of appetite-related hormones, particularly leptin and ghrelin, which
are essential for energy balance [78]. Leptin, an anorexigenic hormone, signals satiety
and reduces food intake, whereas ghrelin, an orexigenic hormone, stimulates hunger and
promotes food consumption. Both hormones are sensitive to sleep duration and circadian
timing, and their secretion follows a circadian rhythm [76,79,80].

Insufficient sleep resulting from prolonged evening screen use has been associated
with decreased leptin levels and increased ghrelin levels, amplifying hunger and the drive
to eat, especially energy-dense and palatable foods. These neuroendocrine changes pro-
vide a mechanistic explanation for the observed association between late-night screen use,
increased snacking, irregular meal patterns and higher caloric intake in children [76,80]. Ex-
perimental evidence suggests that even modest reductions in sleep, such as those caused by
evening screen exposure, can significantly disturb leptin and ghrelin balance, contributing
to a positive energy balance and increased risk of weight gain [81].

Moreover, by prolonging the period during which children are awake, evening screen
exposure increases opportunities for late-night eating, further reinforcing unhealthy dietary
behaviors. The combination of altered hormone signaling and extended eating windows
may synergistically contribute to the development of overweight and obesity. Circadian
misalignment due to delayed sleep also impairs metabolic regulation, including glucose
tolerance and insulin sensitivity, thereby increasing long-term cardiometabolic risk [13,77].
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6. Associated Health Risks
6.1. Childhood Obesity

Childhood obesity is one of the most consistently documented adverse outcomes
associated with screen exposure. The relationship is multifactorial, involving increased
energy intake during screen viewing, exposure to marketing of energy-dense and nutrient-
poor foods, and reduced sleep duration, all of which may contribute to positive energy
balance [10,82]. Supporting this framework, Presta et al. [1] in a systematic review in-
cluding 75,540 children across 40 studies, reported a significant impact of screen exposure
on adiposity parameters. Similarly, the umbrella review by Stiglic et al. [83] reported
moderately strong evidence linking screen time to increased adiposity, with moderate
evidence for higher energy intake and poorer diet quality. Consistent findings have also
been reported in younger children, including associations between excessive screen time
and overweight/obesity, higher body mass index, abdominal adiposity, and skinfold
thickness [84,85].

More recently, a large meta-analysis by Jiang et al. [86], encompassing 419 studies,
found that more than 2 h of daily screen time was associated with increased childhood
obesity risk. This finding is consistent with subsequent evidence, including a Chinese
systematic review and meta-analysis published in 2026 [87] and data from Sub-Saharan
African preschool populations [88].

Longitudinal studies provide further support for a temporal relationship between
screen exposure and obesity risk. Early long-term cohort studies have shown that greater
television viewing during childhood predicts overweight and obesity in adulthood.

In a more recent longitudinal study by Goodman et al., including 16,376 children in
the UK, video game use at age 5 years was associated with a higher body mass index SD
score at age 14 years [89]. Likewise, Nagata et al. showed that each additional hour of daily
screen time among children aged 9-10 years was associated with a higher BMI percentile
after one year; texting, video chat, and video games showed significant associations when
specific behaviors were examined [90].

Consistent with these results, in a longitudinal study by Miguel-Berges et al. on
718 children from six European countries, sedentary lifestyle including television viewing
and computer game use were significantly associated with increased risk of overweight
and obesity [91].

A dose-response relationship between screen time and adiposity is consistent with
a possible pathway. In a review of 73 studies, Carson et al. reported that higher screen
exposure was consistently associated with less favorable body composition [92]. Similar
dose-response patterns have been observed for television viewing [93,94]. Quantitative
estimates from Fang et al. [95] indicate a 67% higher obesity risk among children engaging
in >2 h of screen time per day compared with those below this threshold, with consistent
associations across screen modalities.

A cross-sectional study on 5797 adolescents also supports this gradient, showing that
medium (4-8 h per day) or high (more than 8 h per day) levels of screen time, compared
with low levels (less than 4 h per day), were associated with higher BMI percentile and
overweight or obesity. A dose-response association was observed, and it was not attenuated
by higher physical activity [96]. Similarly, Nightingale et al.’s survey of 4495 children aged
9-10 years found that those with more than 3 h of daily screen time had higher ponderal
index values (calculated by weight divided by height cubed), compared with those with
less than 1 h per day [97].

Additional evidence suggests that contextual factors may further exacerbate risk. For
instance, in a cross-sectional analysis of 630 Canadian children aged 8-10 years, screen
exposure exceeding 2 h per day has been associated with higher energy intake and lower
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consumption of fiber, fruits, and vegetables, particularly among overweight children [6].
Environmental and behavioral factors, such as the presence of a television in the bedroom
or unrestricted nighttime access to electronic devices, have also been linked to increased
obesity risk [98-100]. Moreover, parenting practices appear to play a role: the use of
screen time as a reward has been associated with higher BMI z-scores in children, whereas
monitoring and limiting screen use is linked to more favorable weight outcomes [101].

Despite the overall consistency of findings, some studies have reported null associa-
tions [102-104]. For example, Figueira et al. [42] evaluated 4531 children at 4 and 7 years
but no statistically significant differences were found regarding changes in screen time and
the child’s BMI. Veldman et al. [2] found no evidence of association of screen time and BMI
in the early years (0-5 years), while Myszkowska-Ryciak et al. [14] found no significant
relationship between screen time and body weight status in Polish adolescents. These
discrepancies may reflect differences in age groups, measurement methods, or confounding
factors, but do not substantially weaken the broader body of evidence supporting a positive
association between screen time and childhood obesity.

The evidence should therefore be interpreted as strongest for an association between
high recreational screen exposure and unfavorable adiposity indicators, while causality
remains more difficult to establish. Potential bidirectionality is important: children with
overweight, low physical activity, sleep problems, emotional distress, or fewer structured
routines may also be more likely to engage in prolonged screen use. Differences in exposure
measurement, residual confounding, and the distinction between television, gaming, social
media, streaming, and educational screen use may partly explain inconsistent findings.

6.2. Cardiometabolic Risk

A growing body of evidence indicates that excessive screen time is associated not only
with obesity but also with a broader spectrum of cardiometabolic risk factors in children
and adolescents, including hypertension, dyslipidemia, insulin resistance, systemic inflam-
mation, and MetS. Observational studies consistently support these associations [105-107].
A systematic review by Musa et al. reported a significant association between screen time
of any type and MetS among adolescents, with approximately 70% of the included studies
demonstrating a dose-response gradient [108].

For instance, Horner et al. [109], analyzing over 1000 participants from two mother—
child cohorts, found that each additional hour of daily screen time was associated with
higher cardiometabolic risk in both children and adolescents. Similarly, Kunin et al. [110]
observed that children with more than 2 h of average daily screen exposure had a sig-
nificantly higher likelihood of elevated cardiometabolic risk. Cross-sectional evidence
aligns with these results: metabolically unhealthy adolescents have been shown to report
longer screen time compared with their healthy counterparts, and environmental factors
such as the presence of a television in the bedroom have been associated with increased
cardiometabolic risk and elevated triglyceride levels [100,111].

Additional data suggest that different types of screen use may have distinct effects;
for example, leisure-time computer and video game use has been linked to higher overall
cardiometabolic risk scores, while television viewing appears to have sex-specific associ-
ations [112]. Moreover, screen time may interact with individual susceptibility, as it has
been shown to moderate the relationship between genetic predisposition to obesity and
cardiometabolic risk, particularly in youth with low cardiorespiratory fitness [113]. Nev-
ertheless, some longitudinal findings remain inconsistent, with certain studies reporting
no significant association between screen exposure and MetS over time, highlighting the
complexity of these relationships [54].
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6.2.1. Insulin Resistance

Insulin Resistance, a state when cells fail to use insulin effectively, contributes to the
pathophysiology of type 2 diabetes and is a risk factor for cardiovascular diseases. Evidence
suggests that excessive screen time is associated with poorer insulin sensitivity in pediatric
populations. Hardy et al. showed that adolescent boys engaging in >2 h of weekday
screen time have twice the risk of abnormal levels of insulin and HOMA-IR compared
with those with lower exposure [114]. Similarly, Henderson et al. showed that high screen
time predicted worse insulin sensitivity in a two-year follow-up, although obesity partially
mediated these results [115]. Furthermore, large cross-sectional data from Nightingale et al.
showed that children aged 9-10 years reporting more than 3 h of daily screen time exhibited
significantly higher levels of insulin resistance compared with those with <1 h per day,
even after adjustment for adiposity, socioeconomic factors, and physical activity [97].

6.2.2. Dyslipidemia

Screen time has also been linked to adverse lipid profiles, particularly reduced high-
density lipoprotein (HDL) cholesterol levels. Martinez-Gomez et al. [107], in a cross-
sectional study of 425 adolescents, concluded that screen time of more than three hours was
associated with a significant decrease in HDL cholesterol. Consistent with this, Van Ekris
et al. identified moderate-to-strong evidence for an inverse association between sedentary
behavior, including screen time, and HDL levels, while Goldfield et al. reported similar
findings among obese adolescents engaged in video gaming [106,116].

Longitudinal evidence further supports this relationship: Vanderloo et al. [117] ob-
served an inverse association between screen time and HDL cholesterol in children, al-
though no significant associations were found with other cardiometabolic components.

In younger children, findings are less consistent; while some studies report no asso-
ciation between screen time and overall cardiometabolic risk, small but significant rela-
tionships with non-HDL cholesterol have been identified [118]. Notably, Berentzen et al.
demonstrated that the association between screen time and lipid ratios may be largely
mediated by adiposity, suggesting that indirect pathways play a substantial role [119].

6.2.3. Hypertension

An increasing number of studies have examined the relationship between screen
exposure and blood pressure (BP) in pediatric populations. Evidence suggests that both
the duration and type of screen use may be associated with BP levels. In an observational
study of 546 children with obesity, Pardee et al. reported that daily television viewing,
together with obesity severity, was an independent predictor of hypertension [120]. Simi-
larly, Martinez-Gomez et al. found that television viewing and total screen time, but not
computer use, were positively associated with BP independently of body composition [121].
Cross-sectional data also indicate that heavy internet use may be associated with higher
odds of elevated BP among adolescents [122]. Longitudinal findings further support these
associations: Gopinath et al., after adjusting for BMI and other confounding factors, found
that in a pediatric population, each hour per day spent in total screen time was associated
with an increase in diastolic BP and mean arterial BP, with particularly pronounced effects
observed for television viewing in boys over a five-year period [123]. Consistent results
have been reported in other cohorts, where screen-based behaviors were positively associ-
ated with diastolic BP across adolescence [124]. More recent studies continue to corroborate
these findings, linking high screen exposure to elevated systolic BP in both general pediatric
populations and in children with chronic conditions such as type 1 diabetes [125,126].
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Overall, while some inconsistencies remain, the available evidence supports an associ-

ation between excessive screen time and adverse cardiometabolic outcomes in children,

with effects reported across multiple physiological domains.

Table 1 summarizes the main studies on screen exposure and cardiometabolic out-

comes in children and adolescents. Overall, associations appear stronger when screen time

co-occurs with adiposity, low physical activity, poor diet quality, or insufficient sleep; there-

fore, future studies should account for these lifestyle and contextual factors as potential

confounders, mediators, or effect modifiers.

Table 1. Summary of evidence linking screen time with cardiometabolic outcomes in children

and adolescents.

. Study Cardiometabolic . .
First Author Type/Population Outcome Main Findings Interpretation
Digital device Supports an
Systematic review: exposure was association between
y . ! L . associated with screen exposure and
Presta et al. [1] 75,540 children Adiposity / obesity unfavorable adiposity, although
across 40 studies adiposity mechanisms are
parameters. likely multifactorial.
Reported moderately
strong evidence .
linking screen time fer\(f)i‘:elv%?lsevel
Adiposity, ener: with increased evidence that screen
Stiglic et al. [83] Umbrella review AAIposty, &Y adiposity and .
intake, diet quality moderate evidence time may be part of
for higher ener an obesogenic
. & 8y behavioral pattern.
intake and poorer
diet quality.
Supports a
More than 2 h/day dose-related

Jiang et al. [86]

Large meta-analysis;

Childhood obesity

of screen time was
associated with

association between
screen exposure and

419 studies increased childhood obesity risk, '
o although residual
obesity risk. .
confounding cannot
be excluded.
Video game use at Suggests a possible
age 5 years was long-term
Longitudinal cohort; associated with a association between
Goodman et al. [89] 16,376 UK children BMI higher BMI standard early screen-related
deviation score at behaviors and later
age 14 years. adiposity.
Each additional
hour/day of screen
time was associated . (o
. . Indicates that specific
Longitudinal study; witha hlgher BMI screen activities may
. . percentile after one . .
Nagata et al. [90] children aged 9-10 BMI percentile car: texting video be differentially
years yeat, & associated with
chat, and video . .
adiposity.

games showed
significant
associations.
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Table 1. Cont.

. Study Cardiometabolic R, .
First Author Type/Population Outcome Main Findings Interpretation
Sedentary lifestyle, f;gg;iz tilfe
including television
viewing and sedentary screen
Miguel-Berges et al Longitudinal study; computer game use behaviors in
& & " 718 children from six = Overweight/obesity P & " weight-gain

[91]

European countries

was associated with
increased risk of
overweight and
obesity.

trajectories, while
potential
confounding should
be considered.

Higher screen
exposure was

Reinforces the
association between

Carson et al. [92] Systemgtlc review of Body composition con51§tently . recreational screen
73 studies associated with less . S
favorable body time and adiposity
o indicators.
composition.
Children with >2 Supports a
ﬁggzyg;i /scﬁ‘iee;eilme threshold-based
Fang et al. [95] Meta-analysis Obesity risk risk of oboesi tg association, although
compared wi}tlh those residual confounding
below this threshold. "™M™M® possible.
Medium and high Sugggst-s an
screen time association between
categories were higher screen time
Cross-sectional Overweicht and associated with ?\frwei ht/obesit
Nagata et al. [96] study; 5797 Wels higher overweight or . & y
obesity N in adolescents;
adolescents obesity risk

compared with the
low screen time

causality cannot be
inferred from the
cross-sectional

category:. design.
Children with >3 Suggests associations
h/day of screen time with adiposity and
Nightingale et al, Crossjsechon}ela.ll Ponderal index, had hlgherhpo}?deral metfaboh.c
[97] study; 4495 children insulin resistance index and higher dysfunction,
aged 9-10 years insulin resistance although residual

than those with <1
h/day.

confounding may
remain.

Musa et al. [108]

Systematic review

Metabolic syndrome

Screen time of any
type was associated
with metabolic
syndrome in
adolescents; about
70% of included
studies showed a
dose-response
gradient.

Provides
review-level
evidence for an
association with
clustered
cardiometabolic risk,
although the
evidence is mostly
observational.
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First Author Study . Cardiometabolic Main Findings Interpretation

Type/Population Outcome

Each additional
Cohort analysis; hour/day of screen Supports a graded
2 time was associated -
Horner et al. [109] >1000 participants Global with higher association between
’ from two cardiometabolic risk screen time and

mother—child cohorts

cardiometabolic risk
in children and

cardiometabolic risk.

adolescents.
Children with >2 Suggests that screen
h/day of screen time thresholds may
Kunin et al. [110] Pediatric Elevated exposure had a act as markers of
' observational study  cardiometabolic risk  higher likelihood of ~ increased
elevated cardiometabolic
cardiometabolic risk.  vulnerability.

Hardy et al. [114]

Cross-sectional
study; adolescents

Insulin, HOMA-IR

Adolescent boys
with >2 h/day of
weekday screen time
had about twice the
risk of abnormal
insulin and
HOMA-IR levels.

Suggests an
association between
screen time and
insulin resistance,
particularly in boys;
causality cannot be
inferred.

High screen time

Indicates that
adiposity may act as

Two-year predicted worse b
. : . e an important
Henderson et al. prospective . e insulin sensitivity, . .
Lo Insulin sensitivity . mediator in the
[115] longitudinal cohort although obesity . .
. . relationship between
study; 630 children partly mediated the .
- screen time and
association. . . e
insulin sensitivity.
Suggests an
Screen time >3 h/day association with an

Martinez-Gomez

Cross-sectional

was associated with

unfavorable lipid

etal. [107] Z?C}Y; 42;3[ HDL cholesterol significantly lower profile, particularly
olescents HDL cholesterol. reduced HDL
cholesterol.
Identified
moderate-to-strong ~ Supports a link
HDL choles- evidence for an between sedentary
. Systematic review inverse association screen-related
Van Ekris et al. [116] . terol/sedentary .
and meta-analysis behavior between sedentary behaviors and
behavior, including  unfavorable lipid
screen time, and markers.
HDL cholesterol.
Video gaming was Sugg(?st§ that
associated with associations may be
Cross-sectional HDL lower HDL more evident in
Goldfield et al. [106]  study; adolescents cholesterol /video hol 1 metabolically
with obesity gaming cholestero’ among vulnerable groups;

adolescents with
obesity.

causality cannot be
established.
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Table 1. Cont.

. Study Cardiometabolic . .
First Author Type/Population Outcome Main Findings Interpretation
Screen time was
inversely associated . .
: Provides partial
o with HDL support for
Longitudinal study; cholesterol, although lipid-related
Vanderloo et al. [117] children aged 7-12 HDL cholesterol other pra-res .
. . associations, with
years cardiometabolic inconsistent findings
components were across outcomes
not consistently '
associated.
Associations Highlights the
between screen time  potential role of
Pediatric cohort . . and lipid ratios adiposity as a
Berentzen et al. [119] study Lipid ratios appeared largely mediator rather than
mediated by screen exposure
adiposity. alone.
. - Suggests that
\]?izgv};ele; ISIe(t)Eer television viewing
Observational study; with ol;ge,sitg severity,  May be associated
Pardee et al. [120] 546 children with Hypertension sty Y with additional
. was an independent .
obesity blood pressure risk

predictor of
hypertension.

among children with
obesity.

Martinez-Gomez

Cross-sectional study

Blood pressure

Television viewing
and total screen time,
but not computer
use, were positively

Indicates that screen
modality may
influence blood
pressure associations;

etal. [121] associated with . .
blood pressure causal inference is
. limited by the study
independently of desi
i~ esign.
body composition.
Each additional
hour/ dgy of total Supports a
screen time was . .
longitudinal

Gopinath et al. [123]

Longitudinal
pediatric cohort
study

Diastolic BP, mean

arterial BP

associated with
increases in diastolic
and mean arterial
blood pressure,
especially for
television viewing in
boys.

association between
screen time and
blood pressure,
particularly for
television viewing.

6.3. Mental Health

Mental health outcomes should be clearly distinguished from disordered eating con-

structs and formal eating disorder diagnoses. Anxiety and depressive symptoms, emotional

eating, binge-eating symptoms, body dissatisfaction, and DSM-defined eating disorders

are related but distinct conditions. The relationships between screen exposure and these

outcomes should be interpreted cautiously, as they may be bidirectional and influenced by

sleep, social comparison, cyberbullying, emotional regulation, physical activity, and family

or peer context.
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6.3.1. Anxiety and Depression

Over recent years, screen time has become increasingly prevalent, with an expand-
ing variety of electronic media devices available worldwide. Screen time, in particular,
television viewing, has been negatively associated with the development of physical and
cognitive abilities, and positively associated with obesity, sleep problems, depression and
anxiety. The physiological mechanisms that underlie the adverse health outcomes related
to screen time and the relative contributions of different types of screen and media content
to specific health outcomes are still unclear [127]. A Brazilian study published in 2024
found consistent evidence of an association between depressive symptoms and recreational
screen time among adolescents. One possible pathway is the displacement of face-to-face
interpersonal relationships by screen-based activities, which may increase social isolation
and depressive symptoms. Conversely, physical activity and other structured leisure ac-
tivities may reduce time spent in a sedentary screen-based setting [71]. However, these
associations should be interpreted cautiously because most studies are observational and
may be affected by bidirectionality and residual confounding.

Nagata et al. [96] reported that recreational screen time is associated with depressive
symptoms in adolescents. However, much of the available evidence has important limita-
tions. Many studies consider adolescents as a single group, without adequately examining
whether associations differ by age, sex, ethnicity, socioeconomic background, or devel-
opmental stage. This limits the possibility of developing targeted prevention strategies
for specific adolescent subgroups. Another important limitation is that many studies do
not distinguish sufficiently between different screen-based activities. The association with
depressive symptoms may vary according to whether screen use involves video chatting,
texting, passive video viewing, gaming, or social media interaction. Therefore, total screen
time alone may be an oversimplified measure.

Similarly, Santos et al. [128] emphasized that the concept of “screen time” does not
adequately capture the type of content, the purpose of use, or the way adolescents interact
with digital media. Future studies should consider not only duration, but also context, in-
tensity, content, sleep, physical activity, socioeconomic factors, and individual vulnerability.
Overall, the available findings suggest that the mental health implications of screen use
depend on multiple interacting factors rather than screen duration alone.

6.3.2. Emotional Eating

Emotional eating refers to eating in response to negative emotions rather than physi-
ological hunger and should be distinguished from clinical eating disorders [129]. Screen
exposure may be associated with emotional eating through several pathways, including
sleep disruption, stress, mood symptoms, exposure to food cues, and the use of digital
media for emotion regulation.

Eating disorders (EDs) encompass a group of psychiatric conditions characterized by
persistent disturbances in eating behaviors that can result in significant physical, psycho-
logical, and social morbidity. According to the DSM-5, eating disorders include anorexia
nervosa, bulimia nervosa, binge-eating disorder, other specified feeding and eating dis-
orders, and avoidant/restrictive food intake disorder. Although these conditions may
share some behavioral features, such as binge eating or food restriction, they should be
considered distinct from emotional eating unless diagnostic criteria are met.

Subclinical eating-related behaviors, including uncontrolled eating, cognitive restraint,
and emotional eating, may also be relevant in the context of screen exposure. Keeler
et al. reported a positive association between screen time and these eating-related behav-
iors [130]. Smartphone addiction has also been linked to emotional eating, potentially
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through poor sleep quality and emotional dysregulation, which may increase impulsive
eating in vulnerable individuals [131].

Regarding the sleep—wake cycle, Zhou et al. [132] examined the relationship between
sleep quality and emotional eating among college students using a moderated mediation
model in which depression acted as a mediator and physical activity as a moderator.
Because this study involved college students rather than children or adolescents, it is cited
only as indirect contextual evidence and should not be interpreted as equivalent to pediatric
evidence. Its findings suggest that poor sleep quality is associated with higher emotional
eating, partly through depressive symptoms, whereas physical activity may attenuate the
association between depression and emotional eating. Poor sleep quality may also interact
with smartphone addiction and emotional dysregulation, creating a potential cycle linking
sleep disturbance, problematic smartphone use, and emotional eating.

6.4. Eating Disorders
6.4.1. Early Binge Eating

Binge-eating disorder (BED) is characterized in the DSM-5-TR by recurrent binge-
eating episodes, defined as consumption of an objectively large amount of food within a
discrete period of time, accompanied by marked distress and occurring at least once per
week for three months, in the absence of regular compensatory behaviors such as laxative
abuse or self-induced vomiting.

A recent longitudinal study examined how different patterns of digital engagement are
associated with binge-eating symptoms in adolescents over time [133]. The study identified
two profiles: high screen use and low screen use, assessed at Time 3 (ages 10-13 years) and
Time 5 (ages 12-16 years) [133]. Adolescents with more intensive and unbalanced digital-
engagement profiles were more likely to develop or maintain binge-eating behaviors; in
particular, high screen use at Time 5 was associated with greater risk. Importantly, the study
highlights that not all forms of digital engagement are equally harmful: the type of activity
and the way adolescents interact with digital content play a crucial role. This supports the
view that measuring screen time alone is insufficient to understand mental-health outcomes.
The findings also suggest that digital engagement may influence eating behaviors through
psychological pathways, such as emotional-regulation difficulties or exposure to harmful
online content. Overall, the study emphasizes the need for more nuanced research and
targeted interventions that consider specific patterns of digital engagement rather than
focusing only on duration.

In addjition to the direct association between binge-eating disorder and screen time, a
2024 article in the International Journal of Eating Disorders examined the role of depression
in this relationship, suggesting that excessive screen use may contribute to depressive
symptoms, which in turn increase the likelihood of binge-eating behaviors [134].

6.4.2. Body Image Issues

Body image concerns vary according to age and developmental stage [135]. In ado-
lescents, screen exposure may be relevant through mechanisms such as appearance-based
social comparison, internalization of idealized body standards, exposure to edited or fil-
tered images, influencer content, peer feedback, and weight-related stigma [136,137]. These
factors may contribute to body dissatisfaction or disordered eating symptoms, but they
should not be equated with formal eating disorder diagnoses unless clinical diagnostic
criteria are assessed.

The current literature on screen time and body image predominantly focuses on
adolescents and emerging adults, whereas studies involving children mainly investigate
cognitive, behavioral, and physical health outcomes rather than body dissatisfaction or
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appearance-related concerns [138]. Evidence from emerging adults is therefore considered
only as indirect contextual background when pediatric data are limited.

Studies conducted in young adults and emerging adults suggest that screen-based
media exposure may be associated with upward social comparison, internalization of ideal-
ized body standards, and body dissatisfaction [139]. These findings are not presented as
pediatric evidence, but only as indirect background for interpreting possible developmental
pathways that require confirmation in children and adolescents.

Another study conducted in 2022 examined associations between total screen time,
viewing modes, body dissatisfaction, disordered eating patterns, and intentions to undergo
cosmetic surgery [140]. Because the study population was not restricted to children and
adolescents, its findings should be interpreted as indirect contextual evidence rather than
direct evidence for the 0-18-year target population.

7. Implications and Prevention Strategies

Excessive screen exposure and its association with unhealthy eating behaviors high-
light the need for integrated prevention strategies targeting children, adolescents, families,
schools, and broader societal environments. Given the multifactorial nature of screen-
related dietary and metabolic risks, isolated interventions are unlikely to be sufficient,
whereas multidimensional and multidisciplinary approaches may provide more effective
and sustainable outcomes [141,142]. Prevention strategies can be organized across five inter-
connected levels: individual counseling, family routines, school environments, community
support, and regulatory policy.

7.1. Family-Based Interventions

Family environment plays a central role in shaping children’s screen habits, eating
behaviors, and daily routines. Parents and caregivers influence screen exposure through
modeling, household rules, supervision of digital content, and the organization of meals
and sleep routines; therefore, family-based strategies should address both screen duration
and the quality, timing, and context of media use. Practical targets include screen-free
meals, removal or restriction of bedroom devices, consistent bedtime routines, parental
modeling of balanced media use, avoidance of screens as rewards or emotion-regulation
tools, and structured availability of healthy foods during leisure time [23,24,28]. These
approaches should be adapted to family resources and should avoid stigmatizing children
with overweight or obesity.

7.2. School-Based Interventions

Schools represent a key setting for promoting healthy dietary behaviors and reduc-
ing screen-related obesogenic behaviors among children and adolescents. School-based
strategies should combine nutrition education, digital and media literacy, healthier school
food environments, cafeteria nudging, restrictions on sugar-sweetened beverages, and reg-
ular opportunities for physical activity [141]. Students should learn to identify sponsored
content, influencer marketing, advergames, algorithmic recommendations, and persua-
sive techniques used to promote ultra-processed foods. Programs should remain feasible,
age-appropriate, and connected with family and community actions.

7.3. Public Health Policies

Policy-level actions should address the commercial determinants of child nutri-
tion, including targeted advertising, influencer disclosures, platform accountability, age-
appropriate advertising literacy, and restrictions on marketing energy-dense nutrient-poor
foods to minors. They should also promote healthier school and community food environ-
ments and explicitly consider socioeconomic inequalities, because children in vulnerable
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households may experience higher exposure to unhealthy food environments and fewer
opportunities for structured recreation or healthy meals [22,41,44].

7.4. Integrated and Multidisciplinary Approaches

The complex interaction between screen exposure, dietary behaviors, sedentary
lifestyles, sleep disturbances, mental health, and metabolic health requires integrated
and multidisciplinary approaches involving healthcare professionals, educators, psycholo-
gists, families, and policymakers [16,43,45,46]. Prevention strategies should move beyond
isolated recommendations on screen duration and address the broader behavioral and
environmental context in which screen-related eating behaviors occur.

In clinical and community settings, healthcare professionals may play an important
role in identifying children at higher risk of unhealthy screen-related eating behaviors,
including those with excessive recreational screen use, frequent snacking, irregular meal
timing, sleep disturbances, emotional eating, or overweight and obesity. Nutritional
counseling should therefore be combined with behavioral support, sleep hygiene strategies,
promotion of physical activity, and guidance on family media routines [1,2,6,59].

Emerging evidence suggests that childhood obesity prevention should move beyond
weight-centered models toward more comprehensive frameworks addressing behavioral,
psychological, environmental, and social determinants of health [143,144]. This perspective
is particularly relevant in the context of screen exposure, where eating behaviors may
be shaped by digital marketing, family routines, peer influence, sedentary behavior, and
emotional regulation mechanisms [41,42,51].

Overall, effective prevention strategies should combine nutritional education, behav-
ioral interventions, family engagement, healthier food environments, digital and media
literacy, sleep promotion, physical activity, and public policy measures. Such integrated
approaches may help address the multifaceted determinants of unhealthy eating behaviors
associated with excessive screen exposure and support healthier developmental trajectories
in pediatric populations [141,144].

8. Limitations and Future Research Directions

This review also has limitations. Because it was designed as a narrative review, it did
not include a formal risk-of-bias assessment, pooled effect estimates, certainty grading,
or a PRISMA-style flow diagram. Study inclusion may therefore be affected by selection
bias, and the conclusions should be interpreted as an integrative synthesis rather than
a quantitative estimate of effect size. The heterogeneity of screen exposure definitions,
dietary outcomes, developmental stages, and study designs also limits direct comparison
across studies.

The available evidence on the relationship between screen time, unhealthy eating
behaviors, and health risks in children presents several limitations. First, a large proportion
of studies is cross-sectional, limiting the possibility of establishing causal relationships.
Although associations between excessive screen exposure, poorer dietary quality, increased
snacking, obesity, cardiometabolic risk, sleep disturbances, and mental health outcomes are
frequently reported, the directionality of these relationships remains difficult to determine.

A further limitation concerns the heterogeneity of screen time assessment. Studies
often use different definitions, thresholds, questionnaires, and recall periods, making
comparisons challenging. In addition, screen exposure, dietary intake, and eating behaviors
are frequently assessed through self- or parent-reported measures, which may be affected
by recall bias and social desirability bias.

Many studies also rely on total screen time without adequately distinguishing between
different types, contexts, and purposes of use, such as television viewing, gaming, social
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media, streaming, messaging, or educational activities. This is particularly relevant because
different screen-based activities may have distinct effects on food choices, snacking, sleep,
physical activity, and mental health.

Another important challenge is the rapid evolution of digital platforms and media
habits. The increasing use of smartphones, social media, influencer-generated content,
streaming platforms, and algorithm-driven advertising may reduce comparability between
older and more recent studies and calls for updated research designs reflecting contempo-
rary digital environments.

It remains difficult to isolate the independent role of screen exposure from broader
lifestyle, family, and socioeconomic factors. High screen time often co-occurs with sedentary
behavior, low physical activity, irregular sleep, unstructured meals, parental media habits,
unhealthy food availability, and socioeconomic disadvantage. Future studies should better
account for confounders and mediators such as sleep quality, circadian disruption, mental
health, family routines, and food environments.

Research should prioritize longitudinal and interventional designs to clarify causal
pathways and evaluate family-based, school-based, and policy-level strategies. Key targets
include screen-free meals, reduced evening exposure, digital and media literacy, and
regulation of digital food marketing, particularly social media, influencer content, and
algorithm-driven promotion.

Standardized, objective, and multidimensional tools are needed to assess screen expo-
sure beyond duration, including content, context, timing, and purpose of use. Future stud-
ies should integrate dietary, metabolic, sleep-related, neurocognitive, neuroendocrine, in-
flammatory, microbiota-related, and mental health outcomes within unified study designs.

Greater attention should be given to vulnerable populations, socioeconomic inequali-
ties, and culturally tailored prevention strategies to support more effective, precise, and
equitable pediatric obesity prevention.

9. Summary

The evidence summarized in this review indicates that excessive and poorly contextu-
alized screen exposure is associated with a cluster of unhealthy eating behaviors, including
distracted eating, frequent snacking, irregular meals, breakfast skipping, and greater con-
sumption of energy-dense and ultra-processed foods. The strength of evidence varies by
outcome and study design, and many findings should be interpreted as associations rather
than definitive causal relationships.

Figure 1 synthesizes the main pathways discussed in the review. It presents screen
exposure as a multidimensional construct linked to dietary behaviors, sedentary time, sleep
and circadian disruption, neurocognitive and appetite-regulation mechanisms, obesity,
cardiometabolic risk, and mental health outcomes. The figure should be read as a conceptual
summary of plausible and evidence-supported associations, not as proof of a single linear
or deterministic causal pathway.
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Figure 1. Summary of the main screen-related correlates and potential pathways associated with
excessive screen time in children and adolescents. Prolonged screen exposure is associated with
unhealthy eating behaviors, including increased snacking, mindless eating, irregular meal patterns,
and higher consumption of ultra-processed foods. Excessive screen time may also be associated with
sleep and circadian rhythm disturbances, sedentary behavior, putative neurocognitive mechanisms,
and altered appetite-related hormonal regulation. These potential pathways may contribute to obesity,
metabolic syndrome, insulin resistance, dyslipidemia, hypertension, and future cardiometabolic risk.
In addition, excessive screen use has been linked to adverse mental health outcomes, including
anxiety, depression, emotional eating, binge-eating behaviors, low self-esteem, and body image
dissatisfaction, as well as poorer attention, cognitive, and academic outcomes. The figure was
generated with the support of ChatGPT, version GPT-5.5 Thinking (OpenAl), following detailed
instructions provided by the authors. The authors subsequently reviewed, edited, and validated the
final figure to ensure consistency with the evidence discussed in the manuscript.

10. Conclusions

Screen exposure in childhood and adolescence may represent a modifiable behavioral
and environmental correlate of dietary quality, metabolic health, sleep, and psychological
wellbeing. Prevention should not focus only on reducing screen duration, but also on
improving the timing, content, context, and purpose of digital media use.

Clinicians, families, schools, and policymakers should prioritize screen-free meals,
reduced evening exposure, parental mediation, nutrition and media literacy, healthier food
environments, physical activity, sleep hygiene, and regulation of digital food marketing
directed at minors. Future research should use longitudinal and interventional designs,
objective and multidimensional screen measures, developmental-stage-specific analyses,
and careful control of confounding and mediation to clarify causal pathways and identify
effective, equitable prevention strategies.
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