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Abstract

Introduction: Smartphone and tablet use has increased substantially among children in recent
years and has been associated with several health outcomes, including excess weight.
Objective: To systematically review and meta-analyze the association between smartphone and
tablet use and overweight and obesity in children aged 5 to 10 years.

Methodology: This systematic review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines and included observational studies that met
the eligibility criteria based on population, exposure, and outcome (PECO). Searches were con-
ducted in PubMed, Embase, Web of Science, ScienceDirect, Scopus, and LILACS. Methodological
quality and risk of bias were assessed using the Newcastle-Ottawa Scale and the AXIS tool.
Meta-analyses were performed using the inverse variance method with fixed- and random-ef-
fects models.

Results: A total of 1,883 records were identified, and 18 studies were included in the systematic
review, of which 12 were included in the meta-analysis. Smartphone and tablet use was posi-
tively associated with overweight and obesity in children (OR = 1.31; 95%CI 1.24-1.39). A sen-
sitivity analysis including studies with comparable effect measures showed a stronger associa-
tion (OR = 1.88; 95%CI 1.54-2.30).

Discussion: The findings are consistent with previous studies suggesting that greater exposure
to screen-based devices may be related to excess weight during childhood.

Conclusions: Greater smartphone and tablet use was associated with higher odds of overweight
and obesity in children, highlighting the importance of monitoring screen-based behaviors dur-
ing childhood.

Keywords
Child; obesity; overweight; smartphone; tablet.
Resumen

Introduccién: El uso de smartphones y tabletas ha aumentado considerablemente entre los
nifios en los ultimos afios y se ha asociado con diversos resultados de salud, incluido el exceso
de peso.

Objetivo: Revisar sistematicamente y realizar un metaandlisis de la asociacidn entre el uso de
smartphones y tabletas y el sobrepeso y la obesidad en nifios de 5 a 10 afios.

Metodologia: Esta revision sistemdtica siguié las directrices Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) e incluyé estudios observacionales que
cumplieron los criterios de elegibilidad basados en poblacién, exposicién y resultado (PECO).
Las busquedas se realizaron en PubMed, Embase, Web of Science, ScienceDirect, Scopus y LI-
LACS. La calidad metodoldgica y el riesgo de sesgo se evaluaron mediante la escala Newcastle-
Ottawa y la herramienta AXIS. Los metaanalisis se realizaron utilizando el método de varianza
inversa con modelos de efectos fijos y aleatorios.

Resultados: Se identificaron un total de 1.883 registros y se incluyeron 18 estudios en la
revision sistematica, de los cuales 12 fueron incluidos en el metaanalisis. El uso de smartphones
y tabletas se asocid positivamente con el sobrepeso y la obesidad en nifios (OR = 1,31; IC95%
1,24-1,39). Un analisis de sensibilidad que incluy6 estudios con medidas de efecto comparables
mostrd una asociaciéon mas fuerte (OR = 1,88; 1C95% 1,54-2,30).

Discusion: Los hallazgos son consistentes con estudios previos que sugieren que una mayor
exposicion a dispositivos basados en pantallas puede estar relacionada con el exceso de peso
durante la infancia.

Conclusiones: Un mayor uso de smartphones y tabletas se asocié con mayores probabilidades
de sobrepeso y obesidad en nifios, destacando la importancia de monitorear los
comportamientos relacionados con el uso de pantallas durante la infancia.

Palabras clave

Nifio; obesidad; sobrepeso; smartphone; tableta.
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Introduction
___________________________________________________________________________________________________________________________|
The use of electronic devices has increased substantially worldwide across all age groups, including
children (Chang et al., 2023). Among young populations, smartphones and tablets have progressively
replaced traditional screen-based media such as television and computers (Cartanya-Hueso et al., 2021).
In different continents, the average daily use of electronic devices among children ranges from 71.3 to
160.9 minutes (Chang et al., 2023). Furthermore, school-age children spend approximately 50% of their
leisure time in sedentary behaviors, including activities involving tablets and smartphones (Arundell et
al,, 2016). In the United States, the prevalence of smartphone and tablet use among 8-year-old children
increased from 11% to 19% in recent years (Bacil et al.,, 2024).

In parallel with the expansion of mobile device use and sedentary behaviors, childhood overweight and
obesity have become major public health concerns. According to the World Health Organization, the
increasing prevalence of obesity in early life represents one of the most significant health challenges of
the 21st century (Suarez et al., 2021). Projections estimate that by 2030 approximately 254 million chil-
dren and adolescents worldwide will be living with obesity (Jebeile et al., 2022).

Screen time, defined as the time spent in front of electronic devices such as smartphones, tablets, tele-
visions, and computers, has been identified as a potential behavioral risk factor for overweight and obe-
sity in children (Bejarano et al., 2022; Chang et al.,, 2023; Fraiwan et al,, 2021; Qi et al., 2023). Children
who do not meet the recommendation of less than two hours of screen time per day show higher odds
of overweight and obesity compared to those who comply with this guideline. (Chang et al., 2023; Qi et
al., 2023). For example, Vietnamese children exposed to more than two hours of daily screen time
showed higher odds of overweight and obesity (OR=2.40; 95%CI 1.25-4.60) (Mai etal., 2023). Similarly,
in Chinese children, each additional hour of screen time was associated with higher odds of overweight
(Huetal, 2021).

However, despite the growing body of evidence on total screen time, there is limited synthesis focusing
specifically on smartphone and tablet use in children aged 5 to 10 years. To date, no systematic review
has quantitatively summarized this association in this specific age group. (Wu et al., 2022). Considering
the rapid growth in access to these devices, it is important to systematically assess how current litera-
ture addresses the association between smartphone and tablet use and overweight and obesity in chil-
dren.

Therefore, the objective of the present study was to evaluate the association between smartphone and
tablet use and overweight and obesity in children aged 5 to 10 years.

Method
|
Prior registration in the International Prospective Register of Systematic Reviews (PROSPERO) was car-
ried out, under number CRD42023439917. The PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) guidelines were used (Page et al., 2021).

Inclusion criteria

Inclusion criteria were: (i) observational studies (cross-sectional, case-control, or cohort); (ii) studies
that assessed smartphone and/or tablet use, including time spent, frequency of use, exposure level, or
problematic/excessive use; (iii) studies that evaluated overweight and/or obesity outcomes; (iv) stud-
ies involving children, with emphasis on the age range of 5 to 10 years; and (v) articles published in
Portuguese, English, or Spanish.

Ineligibility criteria

The following criteria determined the ineligibility of articles: (i) narrative or systematic literature re-
views; (ii) articles published in languages other than Portuguese, English, or Spanish; (iii) articles in-
volving only adults or elderly individuals; (iv) and that did not present a correlation or association be-
tween the variables of interest.
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Sources of information and search strategy

The search strategy was structured according to the PECO framework, which defined the key elements
of the review question: (P) children aged 5 to 10 years; (E) smartphone and/or tablet use; (C) no use or
lower use; and (0) overweight and obesity (Table 1). Based on this framework, controlled vocabulary
terms (MeSH and DeCS) and free-text terms were identified for each component.

Search terms related to participants, exposure, and outcomes were combined using Boolean operators
(AND/OR) to construct the final search strings for each database.

Keywords were adjusted according to each database. Boolean operators AND and OR were used. The
symbol (*) was used to capture all variables of the root word suffix: (Child* OR Child Behavior OR Child-
hood OR Children) AND (Smartphone* OR Cell Phone OR Cell Phone Use OR Tablets OR iPads OR "Port-
able Media Device" OR Computers, Handheld OR Mobile Applications OR "Mobile Media" OR "Mobile
Screen" OR "Screen Media" OR Social Networking OR Screen Time OR "Screen Exposure") AND (Obesity
OR Child obesity OR Pediatric obesity OR Childhood overweight OR Overweight OR Abdominal obesity
OR Waist circumference OR Abdominal fat OR Skinfold).

OnJuly 30,2023, the search for articles was carried out, using the following databases: PubMed, Embase,
Web of Science, ScienceDirect, Scopus and LILACS.

Table 1. PECO strategy used to guide the search process

PECO Strategy
Participants Child 5 to 10 years old
Exposure Smartphone and/or Tablet use
Comparison Without use or less use
Outcome Overweight and obesity

Source: Author's own elaboration

Study selection

After removal of duplicates, titles and abstracts were independently screened by two reviewers accord-
ing to predefined inclusion and exclusion criteria. Full texts of potentially eligible studies were inde-
pendently assessed. Data extraction and quality assessment were also performed independently by two
reviewers. Disagreements at any stage were resolved by consensus or, when necessary, by consultation
with a third reviewer.

Additionally, a manual search of the reference lists of all included studies was conducted to identify
further relevant articles not retrieved through the electronic searches.

The Rayyan software was used to manage the screening process.
Data extraction

The following data were extracted after the final articles were selected: authors, year of publication,
country of origin of the sample, sample size, age range and/or mean age, study design, screen measure-
ment, instrument to assess screen use, measurement of overweight and obesity, instrument to assess
outcomes and main results.

Quality assessment of studies

Newcastle-Ottawa scale tools (Wells, 2011) and the Appraisal Tool for Cross-Sectional Studies (AXIS)
were used to assess the quality and risk of bias of the included studies (Downes et al., 2016).

The Newcastle-Ottawa Scale (NOS) was used to assess the quality of longitudinal studies. The original
version for cohort studies was applied without modifications. The scale score of this instrument ranges
from 0 to 9 for the following domains: selection, comparability and outcome. For the present study,
studies with a score close to 9 were considered to be of better quality and scores close to 0 were classi-
fied as of lower quality.

The AXIS tool was used to assess the risk of bias in cross-sectional studies. The instrument consists of
20 items evaluating study quality, study design, and potential sources of bias. Each item is scored as

"YLes" (1) or “No” (0), with higher total scores indicating lower risk of bias.
e,
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Statistical analysis and meta-analysis

The meta-analysis was conducted using R software (version 4.2.2) with the RStudio interface, using the
meta package. Pooled estimates were obtained using the inverse variance method with fixed- and ran-
dom-effects models. Heterogeneity was assessed using Cochran’s Q test and the I? statistic. Publication
bias was assessed through funnel plot inspection and asymmetry tests. Subgroup analyses according to
age group were planned; however, due to the limited number of studies reporting comparable effect
measures within specific age ranges, it was not possible to perform a stratified meta-analysis by age.

Results
[

Study selection

A total of 1,883 articles were retrieved in the initial search. After identifying duplicate studies (n = 384),
1,499 articles were considered for title and abstract analysis. At the end of this phase, 1,413 were ex-
cluded, resulting in 86 articles for full reading. After full reading, 68 studies were excluded for the fol-
lowing reasons: use of other electronic media (n = 38), outcomes other than overweight and obesity (n
= 2), individuals outside the age range of interest (n = 5), and no association or correlation values (n =
6). Considering the inclusion of one additional article identified through manual screening of the refer-
ence lists of the selected studies, this review included a total of 18 articles (Figure 1).

Figure 1. Flowchart of the study selection process.

[ Identification of articles via database ]

Identified articles
Pubmed (n=761)
Embase (n=542)

Web of Science [n =551) Articles removed prior to analysis
Scopus (n=14) > Duplicate articles removed (n
Science Direct (n=13) =384)

= Lilacs (n=2)

Total = 1883 articles

l

Articles analyzed (titles and o| Articles excluded (n = 1413 titles

?:S:];a;‘;ﬂl 7| and abstracts excluded)

!

Articles for reading in full

i (n =86 full articles)

Articles assessed for eligibility
(n = 86 articles)

Excluded articles: 68 excluded
— w| articles

Reason 1 (n = 55) other
electronic media

Reason 2 (n = 2) different
outcome

_J Reason 3 (n = 5) children
outside the range of
Py interest

g Articles included in the review Reason 4 (n = 6) does not

(n =17 articles) present association or
Article included after reading the correlation values
references

(n=1)

Total= 18 articles

Source: Author's own elaboration

Study characteristics
The main characteristics of the included studies are summarized below and presented in Table 2.

Of the 18 studies included in this review, 17 had a cross-sectional design (Adeomi et al., 2022; Alturki et
al,, 2020; Aragon-Martin et al., 2022; Bartosiewicz et al., 2020; Bejarano et al., 2022; Chahal et al., 2013;
Chang et al,, 2023; Dube et al,, 2017; Fraiwan et al,, 2021; Hu et al,, 2021; B. Liu et al,, 2022; Lopez-
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Gonzalez et al., 2020; Mai et al., 2023; Papamichael et al., 2022; Suarez et al,, 2021; Tanaka et al., 2020)
and one had a longitudinal design (B. Liu et al., 2023).

The age of the samples ranged from 2 to 19 years, with only 5 studies involving only children (Aragén-
Martin et al., 2022; Bejarano et al.,, 2022; Chang et al., 2023; Hu et al,, 2021; Wada et al., 2019), while 13
evaluated children and adolescents (Adeomi et al., 2022; Alturki et al., 2020; Bartosiewicz et al., 2020;
Chahal et al., 2013; Dube et al., 2017; Fraiwan et al,, 2021; B. Liu et al.,, 2022; Y. Liu et al., 2023; Lopez-
Gonzalez et al,, 2020; Mai et al., 2023; Papamichael et al., 2022; Suarez et al., 2021; Tanaka et al., 2020).

Sample sizes ranged from 221 participants (Mai et al., 2023) to 320,005 participants (Bejarano et al,,
2022). In total, 361,129 individuals were evaluated across all included studies.

The included studies were conducted in 16 different countries (Japan, China, USA, Canada, Mexico, Spain,
Belgium, Finland, Greece, Hungary, Bulgaria, Poland, Jordan, Nigeria, Saudi Arabia and Vietnam).

The use of smartphones and tablets assessed together occurred in 11 studies.(Alturki et al., 2020;
Aragén-Martin et al., 2022; Bartosiewicz et al., 2020; Bejarano et al., 2022; Chahal et al.,, 2013; Chang et
al,, 2023; Dube et al., 2017; Hu et al,, 2021; Lopez-Gonzalez et al., 2020; Mai et al., 2023; Papamichael et
al,, 2022) Six studies evaluated only smartphones(Adeomi et al., 2022; Fraiwan et al., 2021; B. Liu et al,,
2022; Y. Liu et al, 2023; Tanaka et al, 2020; Wada et al, 2019), and a study evaluated only
tablets.(Suarez et al., 2021).

A self-reported questionnaire was the most frequently used method to assess screen exposure time (n
= 16) (Alturki et al., 2020; Aragén-Martin et al., 2022; Bartosiewicz et al., 2020; Bejarano et al., 2022;
Chahal et al,, 2013; Changetal., 2023; Dube et al., 2017; Fraiwan et al., 2021; Hu et al., 2021; B. Liu et al,,
2022;Y. Liuetal., 2023; Mai et al,, 2023; Papamichael et al,, 2022; Suarez et al,, 2021; Tanaka et al., 2020;
Wada et al,, 2019). For the other two articles, a structured interview was used to assess the time spent
using smartphones and tablets (Adeomi et al., 2022; Lopez-Gonzalez et al., 2020).

All studies used body mass index (BMI) as the primary method to classify overweight and obesity. In
addition, one study used dual-energy X-ray absorptiometry (DEXA) (Lopez-Gonzalez et al., 2020), and
another used bioelectrical impedance (Bartosiewicz et al., 2020).

The most commonly used cut-off point was that of the WHO, in seven studies (Adeomi et al., 2022; Bar-
tosiewicz et al., 2020; Dube et al,, 2017; B. Liu et al., 2022; Y. Liu et al., 2023; Mai et al.,, 2023; Tanaka et
al,, 2020), followed by the International Obesity Task Force (IOTF), with six articles (Bejarano et al.,
2022; Chahal etal,, 2013; Hu et al., 2021; Papamichael et al.,, 2022; Suarez et al., 2021; Wada et al,, 2019),
the CDC with three studies (Alturki et al., 2020; Fraiwan et al., 2021; Lopez-Gonzalez et al., 2020), the
growth curve pattern of Taiwanese children and adolescents (Chang et al., 2023), and finally, one study
used cutoff points from Cole et al. (2000) (Aragén-Martin et al., 2022).

Table 2. Use of smartphones and tablets and their influence on excess weight in children aged 5 to 10 years.

?;;2:; Country  Sample Media measure Media Main results Quality of

instrument articles
Overweight/obesity (OW/OB) and excessive
screen time: boys (OR=0.91, 95%CI 0.57-1.44;

(LOPEZ- 1,449 (6 TV, video games, Structured p=0.69); girls (OR=1.30, 95%CI 0.87-1.93;
GONZALEZ etal, Mexico to17 computers, tablets and interview with p=0.19). Total fat mass (kg/m2) and Excessive 18
2020) years old) smartphones direct questions Screen Time: girls (=0.5; 95%CI=-0.02, 1.0;
p=0.057); boys (B=0.65; 95%CI=0.13-1.17;
p=0.014)

i = 0, -
Electronic devices: Tablet and overweight (OR=0.75, 95%CI 0.67

(DUBE N etal, 2,334 (10 TV computer. tablet 0.84); Tablet and obesity (OR=1.19, 95%CI
2017) Canada to 11 Vi'deo I;me (')r cell * Self-reported  0.91-1.57); Cell phone and overweight (OR= 17
years old) ghone 1.28,95%CI 1.14-1.43); Cell phone and
P obesity (OR=1.31, 95%CI 0.96-1.78)
(BARTOSIEWICZ Poland 376 (6 to ;Eg;;aﬁli’ec,?gqpitg; self-reported smartphone use correlated with higher BMI (8 16
Aetal, 2020) 15 years) phone, 1Y, § p = 0.15; p=0.034)
console
ok S e (S
(BEJARANO G et . 320,005 TV, DVDs, computer, Behavior 070 o R y .
United . - obesity (OR=0.74, 95% CI 0.35-1.55); In girls
al, 2022) (7to9 tablet/iPad® or Surveillance . ) 17
States cars) smartphone System (YRBS) (Sedentary time and overweight (OR=1.46,
y P y 95%CI 0.69-3.09); Sedentary time and obesity
(OR=1.04, 95%CI 0.55-1.99); In boys
NI
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(Sedentary time and overweight = OR=0.81,
95%CI 0.47-1.41); (Sedentary time and
obesity= OR=0.52, 95%CI 0.17-1.54)

Smartphone and obesity (OR=1.37, 95%CI
1.05-1.79; p=0.019); Smartphone and obesity
in boys (OR=1.60, 95%CI 1.10-2.31; p=0.012);

Smartphone and obesity in girls (OR=1.14,

(ALTURKIHA et  Saudi 1;321‘,7; g) ";ane";“fm”;‘i;h‘gigg selfreported  99%C10.76-1.70; p=0.514); Tablets (iPad) 17
al, 2020) Arabia ) ! and obesity (OR=0.86, 95%CI 0.66-1.13;
years) and tablets p=0.299); Tablets (iPad) and obesity in boys
(OR=0.69, 95%CI 0.47-1.02; p=0.067); Tablets
(iPad) and obesity in girls (OR=1.05, 95%CI
0.73-1.52)
(SUAREZ A et al 367 (7 to Watch TV, play video Screen time (= 2 hours/day) and being
2021) Spain 11 years games, and use a self-reported overweight/obese (OR=1.92, 95%CI 1.10- 17
old) computer or tablet 3.36; p=0.022)
watching TV /videos,
VCDs and DVDs;
(LIU Y etal, . 2,228 (6 computer/s.martp}‘lone Computer/smartphone games and obesity
2023) China to 19 games; using social  self-reported (OR = 1.51, 95% CI 1.15-1.98) 6
years old) media (QQ, WeChat, !
etc.); and browsing
web pages.
television, DVDs and
8,378 (2 videos or playing
(CHANG RY et al, China ’ 06 computers or video self-reported Screen time (minutes/day: Prolonged) and 16
2023) years) games, as well as using obesity (PR=1.45, 95%CI 1.18-1.79)
smartphones and
tablets.
Six
European
countries:
(PAPAMICHAEL Belgium, 12,041 T‘c/(')r]?s\i)lljep}:?rlsgugtaer:e Tablet or Smartphone and not
Finland, (5.36to ! ’ self-reported overweight/obese (OR=0.77, 95%CI 0.70- 17
MM et al, 2022) tablet,
Greece, 12 years) 0.83; p<0.001);
Hungary, or a smartphone
Bulgaria
and Spain
average daﬂ%\t;me Students who spent less than 2 hours;
(ARAGON- 864 (8to spfnt onll h between 2 and 4 hours; more than 4 hours a
MARTIN Retal, Spain 9 years t:(k))rlzgznf:lr'vigeop ;);Z’S self-reported  day in front of the TV on weekends, had an 14
2022) old) . & average BMI of 17.8, 18.7 and 19.3,
during the week and respectively, F = 6.7 (2) p = 0.001
on weekends. p ¥ ) p=9
Watching TV; playing Screen-baset_i sedentar}_/ beha\{ior was
; correlated with overweight children. It
1,031 (3 with a o .
(HURetal, . indicated that those children who spent an
China to 6 cell phone, tabletor  self-reported . ; ) 13
2021) ) electronic games; and additional hour on this behavior per day were
years]  electronic games; (OR=1.22, 95%CI 1.03-1.45) times more
using a computer. likely to be overweight.
Hours spent in front of Whether a child owns a smartphone
(FRAIWAN M et 1,260 (6 ascreen (TV, phone or Questionnaire (p=0.0037), uses electronics to play
al, 2021) Jordan to 12 games consoles), if the prepared by the (p=0.0301), uses electronics for more hours 16
’ years) child authors (p=0.0065), and is male (p=0.0069) were
has a smartphone. associated with a higher BMIL.
Mobile phone users had a relative risk of 1.78
of being overweight compared with non-users
(WADAK et al, 3,141 (6 Screen time (TV, cell (0R=1.78,. 95%CI 0.04-3.07). Longer dur.atlon
2019) Japan to7 phone, computer) self-reported qf mobl_le phone_ use was as_soc1ated with 14
years) ! higher risk of being overweight (p-trend =
0.018).
Access to electronic devices in the bedroom
was associated with higher odds of excess
body weight, where, in relation to children
Use of: TV, DVD player, without access, those with access to any of the
computer without one, two or three of the electronic device
Internet, computer clusters were (OR=1.48, 95%CI 1.23-1.77),
(CHAHAL H et 3,398 (10 with Internet, video (OR=1.47,95%CI 1.13-1.92) and (OR=2.57,
al, 2013) Canada to 11 game console, cell self-reported 95%CI 1.71-3.86) times more likely to be 18
’ years old) phone or other overweight. Similar associations were
portable observed for obesity (OR=1.73, 95%CI 1.13-
communication 2.66) for 2 devices and (OR=2.23, 95%CI
devices. 1.24-4.01) for 3. Using electronic devices on
most or all nights increased the odds of having
obesity by 1.37 (OR=1.37,95%CI 1.03-1.83)
times.
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Children who spent at least 2 hours/day
watching screens had higher rates of higher

MAITMT et al, 221 (9to TV smartphone waist-to-height ratios than those who spent
2023 Vietnam 11 years com' uter 01[1)’ tablét self-reported less than 2 hours watching screens (41.1% vs. 16
old) P ) 25.3%, p < 0.05). Children who spent at least 2
hours/day watching screens had higher waist-
to-height ratios (OR=2.40, 95%CI 1.25-4.60).
1,200 (6 Female gender (OR=1.7,95%CI 1.11-2.69)
(ADEOMI AA et L ’ TV, computer, video . and screen time > 2 h/d (OR=2.33, 95%CI
Nigeria to 19 Interview ot . . 18
al, 2022). game or cell phone. 1.29-4.19) were positively associated with
years old) . .
overweight/obesity.
(TANAKA C etal 902 (6t0 TV, computer, video Normal-weight boys had a protective factor to
2020) ’ Japan 12 years) a;ne or cell lhone self-reported meet the screen recommendations in relation 13
y 8 phone. to obese boys (OR=0.49, 95%CI 0.24-0.98).
(LIUB etal, The results of mu.ltlpl.e regression analy51s_ of
2022) the factors contributing to BMI-AZ: Exercise
time (b =-0.31, p < 0.01), rope skipping (b =
911 (6 to -0.25, p < 0.01), screen time (b =0.23,p <
China 11 years TV, computer, video self-reported 0.01), sit-ups (b =-0.20, p < 0.01), 400 m run 15

game or cell phone. (b=-0.19,p<0.01),area (b=0.18,p < 0.01),
oil intake (b = 0.15, p < 0.01), family income
(yuan/month) (b=0.11, p < 0.05), and
gender (b =-0.10, p < 0.05) were significant

predictive factors.

old)

BMI=body mass index; TV= television.

Risk of bias and study quality

The AXIS tool was used to assess cross-sectional studies. For this review, on a scale of 0 (low quality) to
20 points (high quality), the articles ranged from 13 (Hu et al., 2021; Tanaka et al., 2020) up to 18 points
(Adeomi et al,, 2022; Chahal et al,, 2013; Lopez-Gonzalez et al., 2020).

The only article with a longitudinal design, evaluated using the Newcastle-Ottawa scale, obtained a score
of six (Y. Liu et al., 2023).

Association between smartphone and tablet use and excess weight

The meta-analysis demonstrated a pooled association between smartphone and tablet use and over-
weight/obesity (OR=1.31; 95%CI 1.24-1.39), with low heterogeneity across studies (1> = 5%) (Figure
2). Funnel plot inspection and asymmetry tests did not indicate evidence of publication bias (Figure 3).

A sensitivity analysis including only studies reporting comparable effect measures (OR and 95%CI)
showed a consistent and statistically significant association (OR = 1.88; 95%CI 1.54-2.30), with moder-
ate heterogeneity (1% = 45%).

Consistent with the pooled estimate, nine studies reported a positive association between smartphone
and tablet use and excess weight (Alturki et al., 2020; Bartosiewicz et al., 2020; Chahal et al,, 2013; Chang
etal, 2023; Dube et al,, 2017; Hu et al.,, 2021; Lopez-Gonzalez et al., 2020; Mai et al., 2023; Suarez et al.,
2021). On the other hand, using screens according to recommendations reduces the chances of weight
gain when compared to children with normal weight and obese children (OR = 0.49; 95%CI 0.24-0.98)
(Tanaka et al., 2020). Furthermore, children who spend 1 hour more time in front of the screen than the
recommended time are 22% more likely to be overweight (OR=1.22; 95%CI 1.03-1.45) (Hu etal,, 2021).
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Figure 2. Association between smartphone and tablet use and overweight/obesity.

Author (year) LogOR SE Odds Ratio OR 95%-Cl Weight Device
LOPEZ-GONZALEZ et al, (2020) 0.1133 0.15 7—*—¥ 1.12 [0.83; 1.51] 3.5% smartphone
DUBE N et al, (2017) 0.2469 0.06 L3 1.28 [1.14; 1.43] 23.9% tablet
BEJARANO G et al, (2022) 0.1398 0.24 1.15 [0.71; 1.86]  1.3% smartphone/tablet
ALTURKI HA et al, (2020) 0.3148 0.14 " 1.37 [1.05;1.79] 4.3% smartphone
PERAL-SUAREZ A et al, (2021)  0.6523 0.28 ——— 1.92 [1.10; 3.36] 1.0% tablet
CHANG RY et al, (2023) 0.3716 0.11 —=— 1.45 [1.18; 1.79]  7.1% smartphone/tablet
PAPAMICHAEL MM et al, (2022) 0.2624 0.04 1.30 [1.19; 1.42] 42.2% smartphone/tablet
HU R et al, (2021) 0.1989 0.09 —=- 1.22 [1.03; 1.45] 10.5% smartphone/tablet
WADA K et al, (2019) 0.5766 0.28 - 1.78 [1.04;3.06] 1.0% smartphone
CHAHAL H et al, (2013) 0.3148 0.15 = 1.37 [1.03; 1.83] 3.7% smartphone
ADEOMI AA et al, (2022) 0.8459 0.30 ————2.33 [1.29;4.20] 0.9% smartphone
TANAKA C et al, (2020) 0.7129 0.36 2.04 [1.01;4.12] 0.6% smartphone/tablet
Common effect model 1.31 [1.24; 1.39, .
Random effects model © 31 [1.24; 1.39] 100.0%

| —

Heterogeneity: /2= 5%, ©* < 0.0001, p = 0.40
05 1 2

Figure 3. Publication bias
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Discussion

|
Overweight and obesity in children have increased worldwide, however, most of the available evidence
includes broader age ranges, often encompassing both children and adolescents (Oliveira et al., 2023).
The presence of this problem in children is associated with an adult life with possible health problems,
such as cardiovascular diseases, increased sedentary time, as well as sleep disorders and harm to mental
health (Y. Liu et al., 2023). Corroborating the above, behavior based on spending more than two hours
in front of a screen in a single day has been considered a risk factor for weight gain in children (Stiglic &
Viner, 2019).

There are several electronic devices that can be part of children's daily lives, however, the presence of
smartphones and tablets seems to be more observed nowadays compared to years ago, when the use of
TV and computers was more prevalent (Cartanya-Hueso et al., 2021). In this sense, reviewing what the
current literature has been presenting about the relationship between these devices and the increase in
body weight in the population in question is necessary to better understand this association in child-
hood.

The included studies showed considerable variability in the prevalence of overweight and obesity
among children, which may be partly explained by methodological differences and variations in study
populations (Wada et al., 2019). However, even though the studies surveyed in this review presented a
wide variation in the prevalence of overweight/obesity in children, these values are in line with results
found in other recent studies (Oliveira et al., 2023; Phelps et al,, 2024; Serral et al., 2024).

Part of this variability may be explained by differences in the methods used to assess overweight and
obesity across studies. Although BMI was used in all included studies, one study additionally employed
dual-energy X-ray absorptiometry (DEXA) and another used bioelectrical impedance analysis. BMI is
widely used in epidemiological research because of its simplicity and low cost; however, it does not
directly assess body composition (Wells & Fewtrell, 2006). In contrast, DEXA provides a more accurate
assessment of body fat and lean mass, while bioelectrical impedance offers an indirect estimate that may
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be influenced by factors such as hydration status (Lee & Gallagher, 2008; Wells & Fewtrell, 2006). There-
fore, differences in assessment methods may contribute to variations in the reported prevalence of over-
weight and obesity and should be considered when comparing findings across studies.

Variability in overweight and obesity prevalence may also be influenced by the classification criteria
adopted across studies. The included studies used different reference standards, including those pro-
posed by the World Health Organization (WHO), the International Obesity Task Force (IOTF), the Cen-
ters for Disease Control and Prevention (CDC), and Cole et al. These systems are based on different ref-
erence populations and cut-off values, which may result in variations in the classification of overweight
and obesity, even among children with similar BMI values (Reilly, 2002; Wang & Wang, 2002). Conse-
quently, differences in classification criteria should be considered when comparing prevalence esti-
mates across studies.

Beyond the variability in prevalence, another relevant aspect is how the evidence is geographically dis-
tributed, since the included studies were conducted in specific regions worldwide. In this systematic
review, it was possible to observe the assessment of body weight in different continents, including stud-
ies from North America, Europe, Asia and Africa. Although studies were identified in the continents men-
tioned above, no eligible studies were found in South America or Oceania. This reinforces the im-
portance of developing studies to assess the behavior of children from continents not covered to date.

In addition to geographical gaps, the age profile of the samples is another limitation of the current evi-
dence and should be considered in the interpretation of the results. Although several included studies
comprised broad age ranges (2-19 years), only five specifically evaluated samples composed exclusively
of children under 10 years of age. This highlights a gap in studies focused specifically on early childhood
(Aragdén-Martin et al., 2022; Bejarano et al,, 2022; Chang et al., 2023; Hu et al,, 2021; Wada et al.,, 2019).
Furthermore, it was not possible to perform stratified meta-analyses by age group, due to the lack of
comparable effect measures among studies exclusively including children, which limits age-specific in-
ferences for the population of 5 to 10 years. It can be seen from the above that studies that seek to iden-
tify the harmful effects of prolonged screen time and its consequences for weight gain still focus, for the
most part, on the adolescent population. This focus on adolescents contrasts with the need to investigate
these behaviors in childhood, since the use of smartphones and tablets by children is increasingly fre-
quent (Wada et al,, 2019).

Some studies reported higher smartphone and tablet use among boys compared with girls (B. Liu et al,,
2022; Suarez et al,, 2021; Tanaka et al,, 2020). However, sex differences in screen exposure should be
interpreted cautiously, as patterns of physical activity, family support, and participation in extracurric-
ular activities may vary across populations (Telford et al., 2016).

Although some studies reported results separately for boys and girls, most did not provide comparable
sex-stratified estimates, preventing a more detailed synthesis of potential sex differences. Consequently,
it remains unclear whether the association between smartphone and tablet use and overweight differs
according to sex during childhood. Future studies should further investigate this relationship using sex-
specific analyses.

According to the included studies, when separated by nutritional status, overweight children used
smartphones and tablets more than their normal-weight peers, regardless of sex (Alturki et al., 2020).
These findings suggest that overweight children tend to spend more time engaged in activities with low
energy expenditure, which may be associated with an increased risk of excess weight over time, as pre-
viously reported in a systematic review (Simmonds et al., 2016). This interpretation is further supported
by recent evidence from Colombian schoolchildren showing that sedentary behaviors and insufficient
physical activity are associated with increased odds of overweight and obesity (Sdnchez-Guette et al.,
2025). However, these findings should be interpreted as associative rather than causal, given the obser-
vational nature of the included studies.

Several studies included in this review reported positive associations between smartphone/tablet use
and overweight or obesity in children (Alturki et al.,, 2020; Bartosiewicz et al., 2020; Chahal et al., 2013;
Changetal, 2023; Dube et al., 2017; Hu et al,, 2021; Lopez-Gonzalez et al., 2020; Mai et al., 2023; Suarez
etal, 2021). In a cross-sectional study conducted in Nigeria, female children who used smartphones for
more than 2 hours/day had higher odds of overweight (OR = 2.33; 95%CI 1.29-4.19), even after adjust-
ment for sociodemographic factors (Adeomi et al, 2022). Furthermore, female children who used
Mg, :
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smartphones in isolation were 1.73 times more likely to be overweight compared to their male peers
(OR=1.73,95%CI 1.11-2.69). These sex differences may be partially explained by differences in physical
activity participation, recreational habits, parental supervision of screen use, and opportunities for lei-
sure activities, all of which may vary according to cultural and social contexts across countries (Telford
et al,, 2016). In addition, greater screen time may increase exposure to high-calorie food consumption,
contributing to excess weight (Ikeda et al., 2024).

Device-specific analyses also suggest that prolonged exposure to tablets may be associated with in-
creased odds of overweight, reinforcing the broader pattern observed in the pooled analysis. These find-
ings provide additional support for the association between screen-based behaviors and excess weight
in childhood, although the observational nature of the available evidence does not allow causal infer-
ences.

Regarding the meta-analysis of the present study, twelve studies comprised the final analysis. It was
observed that children who used smartphones and tablets had higher odds of overweight (OR = 1.31;
95%CI 1.24-1.39). A sensitivity analysis including only studies with comparable effect measures
showed a stronger association (OR = 1.88; 95%CI 1.54-2.30), suggesting that methodological differ-
ences between studies may influence the magnitude of the observed association. These results are in
line with a study carried out with Japanese children, where being in front of a smartphone for more than
3 hours a day increased the odds of overweight (OR = 6.79; 95%CI 3.11-14.81) (Ikeda et al,, 2024). In
the same sense, in a study carried out with Greek schoolchildren, aged 8 to 17, it was found that the
longer the time spent in front of the screen, the greater the odds of obesity (Tambalis et al., 2020).

The magnitude of the association observed in the present study can be considered modest and should
be interpreted with caution, particularly due to the heterogeneity in exposure definitions and study de-
signs. Possible mechanisms underlying this association include increased sedentary behavior, reduced
energy expenditure, exposure to food advertising during screen use, and a higher likelihood of consum-
ing energy-dense snacks while using devices. These mechanisms are supported by recent evidence in-
dicating that lower physical activity levels and greater sedentary behavior are consistently associated
with overweight and obesity among schoolchildren (Valencia de Ita et al., 2026; Sanchez-Guette et al,,
2025).

The methodological quality of the included studies, assessed using the AXIS and Newcastle-Ottawa tools,
indicated moderate quality overall, with common limitations related to the cross-sectional design and
the use of self-reported measures. These factors may introduce bias and should be considered in the
interpretation of the findings, as they may influence the strength and direction of the observed associa-
tions. Additionally, most studies did not isolate smartphone and tablet use from overall screen time,
limiting the identification of device-specific effects. The inclusion of broad age ranges (children and ad-
olescents combined) may have influenced the interpretation of results specifically related to early child-
hood. Finally, variability in BMI classification criteria (WHO, IOTF, CDC and others) may have affected
comparability across studies.

Conclusion
___________________________________________________________________________________________________________________________|
This systematic review and meta-analysis identified a positive association between smartphone and
tablet use and overweight and obesity in children aged 5 to 10 years. The pooled estimate indicated that
children exposed to these devices had higher odds of presenting excess weight compared to those with
lower or no exposure. Although the included studies were predominantly observational and heteroge-
neous in methodological aspects, the findings should be interpreted with caution and reflect an associ-
ative, rather than causal, relationship. The magnitude of the observed association was modest, reinforc-
ing the need for careful interpretation of these results. Further longitudinal studies are needed to better
understand the direction and underlying mechanisms of this association.
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