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ABSTRACT

Objective: Problematic use of digital media and problematic use of the internet (PUI) in particular are
growing problems in the general population. Moreover, studies have shown links between PUI and
symptoms of attention-deficit/hyperactivity disorder (ADHD). This meta-analysis investigated whether
children and adolescents with ADHD are more often affected by PUI compared to control groups.
Method: Multiple databases (EBSCOhost, Pubmed) were reviewed. Studies were eligible if individuals
(aged 6–18 years) were diagnosed with ADHD, assessed on PUI-related measures, and compared to
non-clinical or/and clinical controls without a diagnosis of ADHD. Out of 3,859 identified studies, 14
studies assessing 2,488 participants met all inclusion criteria. Four meta-analyses examining time-based
and scale-based measures, different informants and non-clinical vs. clinical controls using random-
effects models were performed. Funnel plots were used to investigate publication bias. Results: The
analyses revealed significantly more severe PUI in individuals with ADHD compared to controls, both
when PUI was assessed via rating scale (scaled-based) and via units for time (time-based measures).
Different informants (self- vs. parent-rating) had no impact on results. Differences in PUI between
groups with ADHD and non-clinical controls were significant, whereas differences between ADHD and
clinical controls were not. Due to the high heterogeneity observed and the small sample sizes, these
latter findings should be interpreted cautiously. Conclusion: Children and adolescents with ADHD show
more severe PUI compared to non-clinical controls without ADHD. However, the small number of
studies does not allow for a systematic comparison between ADHD and groups with other
psychopathologies.
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BACKGROUND

Problematic use of the internet/digital media

Problematic use of the internet (PUI) (or problematic internet use (PIU), sometimes also:
pathological internet use) refers to all dysfunctional subtypes (e.g. excessive gaming, excessive
use of social networks, excessive pornography viewing, cyberbullying, excessive gambling,
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cybershopping, etc.) linked to the use of digital media
(Demetrovics, Szeredi, & Rózsa, 2008; Fineberg et al., 2018;
Moretta, Buodo, Demetrovics, & Potenza, 2022). Although
the term PUI should be confined to internet-related activity
and its specific aspects (Dell’Osso et al., 2021), it sometimes
includes digital activities that can also be performed offline
(such as gaming) and digital devices that can be used offline
(such as smart phones and tablets). For that reason, in our
meta-analysis we expand the term problematic use of the
internet to refer to a broader category i.e., problematic use of
digital media. Internet use and problematic internet use can
be understood as lying on a spectrum with an adaptive and a
maladaptive end (Billieux et al., 2017; Davis, 2001). PUI thus
needs to be considered as a highly complex construct
(Caplan, 2007) and a distinction between dysfunctional or
problematic internet use in contrast to “functional” use is
challenging (see Joshi, Stubbe, Li, & Hilty, 2019). For the
time being, a general definition and nomenclature for PUI is
still lacking (Fineberg et al., 2018; Moretta et al., 2022). The
term internet communication disorder has been created to
subsume aspects of PUI that relate to the communication
with others via digital media, including messenger or social
media services or the use of smartphones (Wegmann,
Ostendorf, & Brand, 2018). In the literature, the terms
internet addiction (Brand, Young, & Laier, 2014; Young,
1998) or internet use disorder (IUD) (Holden, 2010) are
frequently encountered. It has been argued that affected
individuals show similar symptoms to people with substance
dependence, leading to proposals that similar criteria should
be adopted for the definition of PUI (Lu, Chou, Hsiao, Hu, &
Yen, 2019; Tao et al., 2010), including, for instance, unsuc-
cessful attempts to reduce consumption, continuous preoc-
cupation, persistent use despite harmful consequences,
neglect of other areas of life, psychological or physiological
distress in reaction to withdrawal, etc. With the exception of
gaming, so far, no other dysfunctional internet-related
behavior has found its way into international classifications
of diseases (Grant, Odlaug, & Chamberlain, 2017; King,
Delfabbro, Billieux, & Potenza, 2020). In the DSM-5,
internet gaming disorder is classified in section III “Condi-
tions to further study”, and gambling disorder as a behav-
ioral addiction within the category of “Substance related and
Addictive Disorders” (APA, 2013). According to DSM-5,
internet gaming disorder may also include behavioral
addiction to offline-gaming. In the ICD-11 (Version 9/2020)
(WHO, 2020), gambling disorder and gaming disorder (both
online or offline) are categorized within the section on
“Disorders due to substance use or addictive behaviors”, in
contrast to “hazardous gaming”, which is categorized under
“problems associated with health behaviors” and defined as a
health risk arising from the frequency, the amount of time,
neglect of other activities, risky behaviors or adverse con-
sequences associated with gaming. Besides addiction, aspects
of PUI have also been linked to other psychopathologies,
such as obsessive-compulsive disorder (Chamberlain,
Redden, Stein, Lochner, & Grant, 2017; Fineberg et al., 2018;
Ioannidis et al., 2016), or disorders of impulse control
(Fariba & Gokarakonda, 2020; Volpe, Dell’osso, Fiorillo,

Mucic, & Aboujaoude, 2015). It has been proposed that it is
not the intensity (i.e. amount of time), but rather the
behavioral problems related to increased media use that
might distinguish between pathological and non-patholog-
ical media use in youth, although the two are correlated
(Boer, Stevens, Finkenauer, & van den Eijnden, 2020a; Van
Den Eijnden, Koning, Doornwaard, Van Gurp, & Bogt,
2018). The term “problematic media use” would thus refer
to addiction-like behaviors, such as emotional reactions to
withdrawal of digital media or the feeling of psychological
distress when media use is restricted. PUI often refers to the
abuse of specific internet functions, such as gaming, and
specific PUI may also occur offline. Generalized PUI, in
contrast, involves a broader dysfunctional use of many
possible facets of the internet with negative consequences for
the individual’s life. Generalized PUI has been linked to
deficient self-regulation and has been discussed as a separate
behavioral addiction (Brand et al., 2014; Caplan 2007;
Moretta et al., 2022).

Estimates of PUI prevalence in the general population
vary considerably between studies, countries (Darvesh et al.,
2020; Durkee et al., 2012; Laconi et al., 2018), subtypes of
PUI, and age and gender of participants (Anderson, Steen, &
Stavropoulos, 2017; Carli et al., 2013), but have increased in
recent years (Carbonell, Chamarro, Oberst, Rodrigo, &
Prades, 2018; Kaess et al., 2016). Gaming disorder seems to
have higher prevalence rates in Asia (10–15%) than in
Western countries (1–10%) (Saunders et al., 2017), in males
than in females, and in adolescents than in adults (Stevens,
Dorstyn, Delfabbro, & King, 2020). In a large-scale German
study, PUI was found in 6.1% of participants aged 11–21
years, with two prevalence peaks in the age groups 15–16
and 19–21 years (Lindenberg, Halasy, Szász-Janocha, &
Wartberg, 2018). A recent Chinese survey in college students
reported a prevalence of internet addiction of 7.2% in fe-
males and 8.17% in males (Shen et al., 2021). In an extensive
meta-analysis that included findings from 31 countries and
131 epidemiological studies with 693,306 participants, the
estimated prevalence rate of generalized internet addiction
was 7.02% while that of internet gaming disorder lay at
2.47% (Pan, Chiu, & Lin, 2020).

A growing body of evidence points at an association
between PUI and mental health disorders (Caplan, 2007;
Fineberg et al., 2018; Spada, 2014; Young & Brand, 2017;
Young, 1996, 1998), such as anxiety disorders and depres-
sion (Demirci, Akgönül, & Akpinar, 2015; Holmgren &
Coyne, 2017; Hussain & Griffiths, 2019; Lo, Wang, & Fang,
2005; Ostovar et al., 2016; Woods & Scott, 2016; Younes
et al., 2016), eating disorders (Çelik, Odacı, & Bayraktar,
2015; Ioannidis et al., 2021), autism spectrum disorder
(ASD) (Macmullin, Lunsky, & Weiss, 2016; Paulus et al.,
2020), or attention-deficit/hyperactivity disorder (ADHD)
(Ceranoglu, 2018; Dullur, Krishnan, & Diaz, 2021; Nikkelen,
Valkenburg, Huizinga, & Bushman, 2014; Wang et al., 2017;
Werling et al., 2021a). The nature and function of these
associations are not always clear and seem to vary according
to the specific psychopathological problem. While some PUI
behaviors may appear to be the consequence of the
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underlying psychopathological impairment, e.g. the avoid-
ance of direct social contact in ASD or anxiety disorders,
other psychopathological problems may also be aggravated
or mediated by PUI, e.g. depression or eating disorders (Guo
et al., 2020; Hinojo-Lucena, Aznar-Díaz, Cáceres-Reche,
Trujillo-Torres, & Romero-Rodríguez, 2019; Ioannidis et al.,
2021). According to meta-analyses on psychopathology and
PUI, ADHD symptoms are typically associated with path-
ological internet use (100% of studies; Carli et al., 2013) and
very often with internet gaming disorder (85% (González-
Bueso et al., 2018), while symptoms associations of other
psychopathologies are also very frequent (92% anxiety, 89%
depression, 75% social phobia; González-Bueso et al., 2018;
see also Andreassen et al., 2016). Besides psychopathological
symptoms, internet gaming disorder has been linked to
maladaptive coping with interpersonal problems or inap-
propriate attempts to restore psychosocial well-being (Cheng
et al., 2018).

Attention-deficit hyperactivity disorder and PUI

ADHD is among the most common neurodevelopmental
disorders worldwide with a prevalence between 2% and 7%
in children and adolescents (Faraone et al., 2021; Polanc-
zyk, Salum, Sugaya, Caye, & Rohde, 2015; Sayal, Prasad,
Daley, Ford, & Coghill, 2018) and is characterized by
symptoms of inattention and/or hyperactivity/impulsivity
(APA, 2013). Since children and adolescents diagnosed
with ADHD are highly responsive to immediate reward,
sometimes lack self-efficacy and often lack emotional and
cognitive self-regulation, they seem predisposed to develop
an internet addiction (Barth & Renner, 2015; Ceranoglu,
2018). Neurobiologically, the mechanisms found to un-
derlie internet gaming disorder, such as dopamine-medi-
ated reward mechanisms, reduced brain activation in areas
associated with impulse control and decision-making, and
reduced connectivity in executive function networks
(Weinstein & Lejoyeux, 2020) are also impaired in ADHD
(Rubia, 2018).

A large number of studies have investigated the associ-
ation between ADHD symptoms and PUI in correlation
analyses in the general population or in samples with
internet addiction or internet gaming addiction. In a meta-
analysis on the association between internet addiction and
ADHD symptoms, Wang and colleagues (Wang et al., 2017)
identified 15 studies, consisting of two cohort studies and 13
cross-sectional studies, which included data from adoles-
cents and adults, mostly from Asian countries. The authors
analyzed groups with and without internet addiction
regarding the occurrence or severity of ADHD symptoms
and found a significant association of moderate size. More
recently, Marin and colleagues (Marin, Nuñez, & de
Almeida, 2021) reviewed the association between internet
addiction and attention in adolescents in 44 studies and
found that very few studies investigated attentional variables.
In another systematic review, Dullur and colleagues (Dullur
et al., 2021) identified 29 studies on the association between
ADHD and gaming, comprising 15 studies with children

and adolescents and 14 with adults. Eight of the studies with
children and adolescents referred to community samples.
The authors found consistent positive associations between
ADHD symptoms and gaming, more often related to
attention/inattention symptoms than to hyperactivity
(Mazurek & Engelhardt, 2013; Panagiotidi & Overton,
2018). Problematic social media use has been found to be
associated with ADHD symptoms, but to a lesser degree
than with depression or anxiety (Barry, Sidoti, Briggs, Reiter,
& Lindsey, 2017). Addictive smartphone use was reported to
be more frequent in adolescents with ADHD than in non-
ADHD individuals (OR 10.14) in a Korean community
sample (Kim et al., 2019), and to be higher than in in-
dividuals with depression (OR 4.15) or anxiety disorders
(OR 4.41). The relation between problematic use of cyber-
pornography in ADHD-samples compared to non-ADHD
controls has only been investigated in adults (Niazof,
Weizman, & Weinstein, 2019).

While meta-analytical association studies or systematic
reviews have identified associations between ADHD symp-
toms and aspects of PUI, no meta-analysis to date has
focused exclusively on studies with ADHD patients. Such
studies are usually case control studies, in which internet
related problems in children and adolescents with a diag-
nosis of ADHD and in non-ADHD controls – clinical or
healthy – are directly compared. Although case control-
studies in general show lower generalizability than popula-
tion studies, they nevertheless have the advantage of relating
explicitly to clinically referred groups and can thus provide a
frame of reference for clinicians who are treating patients
with ADHD and its diverse comorbidities. ADHD symp-
toms, on the other hand, also exist in the general population
(Heidbreder, 2015; Salum et al., 2014) and a large proportion
of children and adolescents with PUI may present elevated
ADHD symptoms without reaching a diagnostic threshold
or a need for ADHD treatment. In addition, the role of PUI
in the development or aggravation of ADHD symptoms is
subject of ongoing debate. A longitudinal study found an
association of PUI in non-ADHD adolescents with the
development of ADHD symptoms over two years (Ra et al.,
2018). With regard to social media, in a Dutch community
sample, Boer and colleagues (Boer, Stevens, et al., 2020a)
found that problematic social media use predicted an in-
crease of attentional problems one or two years later.
Conversely, attention problems did not predict an increase
in problematic social media use. While a causality between
increased media use and the subsequent development of
ADHD is doubtful (see Sibley & Coxe, 2018), it is plausible
that the adverse effects of excessive media use - with lack of
sleep and exposure to fast-paced and violent content - may
lead to ADHD like behaviors which could erroneously be
diagnosed as ADHD (Lissak, 2018). It is also possible that
frequent media use and the continuous experience of fast
and immediate responses may result in a cognitive style in
which non-digital actions or interactions are perceived as
understimulating and boring (Nikkelen et al., 2014). This, in
turn, may lead to increased symptoms of ADHD (Baum-
gartner, van der Schuur, Lemmens, & tePoel, 2017).
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Objective and research questions

The main goal of this meta-analysis was to compare PUI in
children and adolescents diagnosed with ADHD to age-
matched non-clinical or clinical groups. More specifically,
we sought to investigate whether internet use/digital media
use in individuals with ADHD differs from that of
nonclinical controls or clinical groups with other psycho-
pathological disorders in terms of frequency of use or
severity of related problem behaviors. A further question to
investigate was whether these differences vary according to
the age of the participants. Finally, we wished to examine
whether reported differences in PUI depend on the infor-
mant. Self-ratings and parent-ratings may both be subject to
bias. When conducting self-ratings, children or adolescents
may be unaware of or unwilling to admit the true extent of
their problems, while parents may simply not know how
much time their child is actually spending on the internet.

METHODS

Criteria for considering studies for meta-analysis and
outcome measures

This meta-analysis investigated case-control studies on PUI
that compared individuals with a diagnosis of attention-
deficit hyperactivity disorder with age matched controls.

To be considered for inclusion in the meta-analysis, a
group of children and/or adolescents, age range 6–18 years
and without any specific comorbidity, had to be compared
with a) controls from the general population without ADHD
(non-clinical controls), and/or b) clinical controls with
psychopathological disorders other than ADHD, and/or c)
individuals with another specific psychopathological disor-
der plus comorbid ADHD regarding time- or score-related
measures of PUI. The diagnosis of ADHD had to be
explicitly based on a standard clinical assessment or the
ADHD group had to be recruited in child and adolescent
psychiatry or other clinical contexts where a preceding
clinical diagnostic process could be assumed. Furthermore,
all studies had to report a quantitative measure of the
internet/media use in form of a rating scale (scaled score)
and/or of the time unit spent on the internet/with media per
day or week (timed score), as well as the required statistical
information (group size, mean and standard deviation or
equivalent). Studies had to be published in peer-reviewed
journals. Studies written in a language other than English or
German, as well as neuroscientific studies or case studies
were excluded, as were studies with ADHD diagnoses
deduced from self-assessment questionnaires instead of
clinical diagnostic procedures. Also, studies with samples
exceeding the age range of 6–18 years were excluded, studies
with no “pure” ADHD group, and studies that did not
contain a direct group comparison, e. g. such as studies
exclusively relying on correlational analyses.

The primary outcome investigated in the meta-analysis
was the frequency/intensity of internet/digital media use or

the severity of problematic internet/media use. PUI data
could be based on parents’ report or self-report.

Search methods

A systematic literature search was conducted by two inde-
pendent researchers (SK and RD) and checked by the first
author (Fig. 1). Potential keywords and databases were
identified, discussed, and then selected by SK, RD and the
first author. Keywords used in the search string included
(ADHD OR Attention deficit hyperactivity disorder OR
inattention OR Hyperkinetic disorder) AND (Problematic
Internet use OR PUI OR Gaming OR Internet OR Smart-
phone OR Computer OR Social networking OR Social media
OR Facebook OR YouTube OR WhatsApp OR Gaming
Disorder OR Mobile phone OR PC OR Tablet OR Video
game OR Screen media OR Digital OR Internet addiction)
AND (children OR adolescents OR boys OR girls OR teen-
ager OR youth OR teens OR students). The search was
conducted in the following databases: EBSCOhost (including
PsycARTICLES, PSYNDEX, PsycINFO) and PubMed
(including Medline). Additionally, Google Scholar was used
for specific searches. The last search was conducted on
September 16th, 2020. To update the meta-analysis, a second
electronic research was performed in October 2021, covering
studies published from September 2020 to September 2021.
The same key words and data bases were used as before, with
one exception: Studies containing the key words “COVID-19”
or “pandemic” were excluded. It has been shown that
internet/digital media use had considerably changed under
pandemic conditions in children and adolescents with
ADHD (e.g. Werling, Walitza, & Drechsler, 2021a) and other
psychopathologies (Werling, Walitza, Grünblatt, & Drechsler,
2021b) and we believe that the impact of COVID-19 on PUI
should be investigated separately. This second search was
conducted by two independent researchers (AW and RD).

Data collection and analysis

All papers that met the inclusion criteria were again checked
by the two independent researchers (RD, SK) and by AW
(2020) and by two researchers (AW, RD) in 2021. The final
inclusion of studies was based on the consensus of all three
researchers (2020) or of two researchers (2021), respectively.
All data were managed using RevMan 5.4 (Nordic Cochrane
Center, 2014). The sample sizes, means, and standard de-
viations from all studies were extracted. If values were
missing or incomplete, the respective study authors were
contacted and asked to contribute missing data to be
included in the meta-analysis. Papers by authors who did
not provide missing data in time, were excluded from the
quantitative analysis. The search strategy was visualized in a
flow chart according to PRISMA recommendations (Page,
Moher, & McKenzie, 2021).

For the measurement of group and subgroup differences,
standardized mean differences were used based on the spe-
cifics of the comparison. Random-effect models (DerSimo-
nian & Laird, 1986) were applied for all analyses, as some
heterogeneity was expected. The main reason to decide in
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favor of random-effect models lay in the expected differ-
ences between the samples examined in the studies and in
the variety of measures (different scales and time units) used
for the analyses. Results were visualized by forest tree plots.
Risk of bias was visualized by funnel plots Figure A1 and A2
(Appendix).

One main analysis was performed for time-based and one
for scale-based measurements of PUI (Figs 2 and 3). Addi-
tionally, both analyses were divided into subgroups of chil-
dren (age mean of ADHD group <12 years) and adolescents
(age mean >12 years). Additional analyses were conducted
comparing parent- and self-rated studies and studies with
healthy (non-clinical) vs. clinical controls. For all studies that
indicated a substantial amount of heterogeneity (I2 > 50%)
(Patsopoulos, Evangelou, & Ioannidis, 2008), a sensitivity
analysis was performed. Only results after removal of studies
that resulted in substantial change will be reported.

Quality assessment

The classification of methodological qualities was assessed by
two independent raters (AW, RD) with a modified tool for
the evaluation of case control studies (Critical Appraisal tools
for JBI Systematic Review; Moola et al., 2020). In this
checklist, studies are evaluated according to 10 methodolog-
ical criteria, with focus on methodological aspects particularly
relevant for case-control studies, such as matching and
comparability of groups (Supplementary material).

RESULTS

Study selection

The electronic search in 2020 led to 1,485 hits on EBSCOhost
(including PsycARTICLES, PsycINFO, PSYNDEX, MED-
LINE) and 2,260 hits on PubMed (including MEDLINE).
Four additional studies were identified through search in
Google Scholar after the removal of duplicates, the abstracts
of all articles were screened based on the predefined inclu-
sion and exclusion criteria. For a detailed description of the
inclusion and exclusion process see Fig. 1.

In the 2020 search, after reviewing a total of 3,748
studies, 920 duplicates were removed. 2,627 studies that did
not address ADHD in children or adolescents and studies
that did not investigate PUI were excluded. Additionally,
reviews, neuroscientific studies, and studies in languages
other than English or German were also excluded (see
flowchart, Fig. 1). Next, all titles and abstracts fulfilling our
inclusion criteria were reviewed and assessed for eligibility.
Of these, two studies were excluded as they did not include a
group with ADHD as the primary diagnosis. Four studies
had to be excluded from the quantitative analysis due to
missing data or different statistical approaches, e.g. without
direct comparison of groups (Bioulac, Arfi, & Bouvard, 2008;
Enagandula, Singh, Adgaonkar, Subramanyam, & Kamath,
2018; Kahraman & Demirci, 2018; Restrepo et al., 2020). A
further study had to be excluded because the ADHD

diagnosis was self-assessed (Nie, Zhang, Chen, & Li, 2016).
Two studies were excluded as their results were based on the
same study sample as another study already included in the
analysis (Engelhardt, Mazurek, & Sohl, 2013; So et al., 2019).
Ultimately, 14 studies remained eligible for the quantitative
analysis (Fig. 1, Table 1). The second search in 2021 on
PsycARTICLES, PsycINFO, PSYNDEX, MEDLINE,
including publications from September 2020 to September
2021 and using the same search terms as before, but
excluding COVID-19 or pandemic, led to 77 hits after the
removal of 34 duplicates. 64 studies did not fulfill the criteria
(no PUI n 5 35, no ADHD focus n 5 24, different age n 5
5). Among the remaining 11 PUI studies on ADHD, only
two studies used the requested methods, but one study had
to be excluded because the age range did not fulfill the
criteria, besides missing statistical information (Masi et al.,
2021), the second study was published in Spanish (Menen-
dez-García et al., 2020). In consequence, no new study was
included in the meta-analysis.

Study description

All 14 studies contained a comparison between a group of
children and adolescents diagnosed with ADHD and a
group of controls without ADHD, drawn from the general
population or from another clinically referred group or
special school students. When studies contained more than
one control group – i.e. non-clinical controls and controls
with other psychopathology – the non-clinical control group
was used for the analyses (except for the clinical controls
subgroup analysis). Study characteristics including authors,
country of origin, type of PUI investigated in the study,
description of samples, used PUI measures and study results
are depicted in Table 1. Studies differed with regard to
sample size, objective, and form and completeness of pro-
vided data (Table S1., Supplementary material). The studies
by Bourchtein et al. (2019) and Thoma et al. (2020) inves-
tigated the relation between digital media use and sleep;
Párraga et al. (2019) investigated life-style habits including
the use of digital media. Izmir, Ipci, and Ercan (2019)
investigated PUI and aggression in ADHD subtypes. The
other studies were directly related to the investigation of
subtypes of PUI in ADHD and controls (Table 1).

PUI in the included studies was assessed either by the
duration of the internet/digital media use, e.g. minutes,
hours, daily, weekly use (5time-based measures) (Bourch-
tein et al., 2019; Párraga et al., 2019; Thoma et al., 2020) or
with Likert scales indicating the severity of PUI (5scale-
based measures) (Gul, Yurumez Solmaz, Gul, & Oner, 2018;
Huang, Hu, Shyu, & Yeh, 2020; Izmir et al., 2019; Luş &
Ero�glu, 2019, Razjouyan, Khademi, Dorandish, & Davari-
Ashtiani, 2020) (Tables 1 and 2). Six studies reported results
of both approaches to measure PUI (Bourchtein et al., 2019;
Basgul, Bekar, & Lus, 2020; Çakmak & Gul, 2017; Kietglai-
wansiri & Chonchaiya, 2018; Mazurek & Engelhardt, 2013;
So et al., 2017). Another study also assessed both but re-
ported incomplete time-based data (Izmir et al., 2019).
Kietglaiwansiri and Chonchaiya (2018) presented age and
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results as median and quartiles, which we transformed into
means and standard deviation using the formula published
by Wan and co-authors (Wan, Wang, Liu, & Tong, 2014). In
three studies, the time spent on digital media was indicated
on Likert scales with time ranges (Kietglaiwansiri & Chon-
chaiya, 2018; So et al., 2017; Weinstein, Yaacov, Manning,
Danon, & Weizman, 2015). In these cases, when the dis-
tribution of responses on the Likert scale was available,
estimated time means were derived by recoding time ranges
into estimated mean values and by calculating group means
and standard deviations (e. g. Likert scale points: A 5 less
than 1 h; B 5 1–3 h; C 5 more than 3 h; were recoded into:
A 5 0.5 h; B 5 2 h; C 5 4 h). These estimated results are
indicated on Table 1 by “∼”. When weekday and weekend
use time were both reported, we opted for the weekday time,

because it represents the more critical factor for daily life
functioning.

Studies employed diverse rating scales or questionnaires
for the measurement of different aspects of PUI (Tables 1
and 2). To measure technology use among adolescents,
Bourchtein et al. (2019) used time duration in minutes as
well as Likert-scaled time measures: While parents indicated
in minutes how much time their child spent using different
communication media, the adolescents answered four
similar questions on a Likert scale. In the study by Huang
et al. (2020), parents of participants completed the Smart-
phone Addiction Proneness scale (SAPS) (Kim, Lee, Lee,
Nam, & Chung, 2014), adapted for parents. The Internet
Addiction Diagnostic Questionnaire (IADQ), which was
used by Izmir et al. (2019), is a self-report instrument of

Fig. 1. Flow chart of the search process
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eight items and based on the DSM-IV-TR criteria for
pathological gambling (Young, 1996, 1998). Four studies
used Young’s Internet Addiction Test (YIAT or IAT, Young,
1998) (Luş & Ero�glu, 2019; Razjouyan et al., 2020b; So et al.,
2017; Weinstein et al., 2015). This self-report questionnaire
is composed of 20 questions with a total score ranging from
20 to 100. In the study by Mazurek and Engelhardt (2013),
parents were asked to report the number of hours per day
which their child spends gaming and to complete a modified
version of the Problem Video Game Playing Test (PVGT)
(King, Delfabbro, & Zajac, 2011). The remaining studies
used scales such as the Online Cognition Scale (OCS)
(Davis, Flett, & Besser, 2002), the Bergen Facebook Addic-
tion Scale (BFAS) (Andreassen, TorbjØrn, Brunborg, &
Pallesen, 2012) or the Game Addiction Screening Test

(GAST) (Pornnoppadol, Sornpaisarn, Khamklieng, & Pat-
tanaamorn, 2014) (Table 1). Five of the studies presented
parent-rated data, eight self-rated data and one study pro-
vided both (Tables 1 and 2).

Methodological study quality

Studies’ quality was heterogeneous (details are presented in
Supplementary material). A clinical diagnosis of ADHD was
a criterion for inclusion in the meta-analysis and many
studies reported that clinical ADHD diagnoses were estab-
lished in psychiatric hospitals or outpatient units, but
without describing the diagnostic procedure any further.
Five out of 14 studies did not explicitly assess or exclude
comorbidities in the ADHD group, and seven in the control

Fig. 2. Time-based analyses of PUI in children and adolescents with ADHD compared to controls

Fig. 3. Scale-based analyses of PUI in children and adolescents with ADHD compared to controls
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Table 1. Characteristics of included studies (alphabetic order)

Author (year of
publication), country

Age range
(years) PUI type

ADHD Group n
Age mean years (SD)

Male/female

Control Group n
Age mean years (SD)

Male/female
Type of control group

Instrument/parameter
(informant)

Results used for meta-
analysis ADHD group M
(SD) compared to control

group M (SD)

Basgul et al. (2020)
Turkey

10–13 Gaming n 5 100
11.53 (1.03)
82m/18f

n 5 100 11.83 (0.98) 60m/40f
Non-clinical

Scale: Computer Game
Addiction Scale for
Children (CGASC);
Time: Daily total playing
time (hr) (SR)

PUI- Scale (score): ADHD
group 28.65 (9.19) >
Control group 20.94 (7.37)
PUI-Time (hr): ADHD
group ∼1.82 (1.08),
Control group ∼1.53
(0.90)a)

Bourchtein et al.
(2019)
USA

12–14 Technology use n 5 162
13.17 (0.41)
105m/57 f
School sample, but regular
diagnostic procedure for
ADHD

n 5 140 13.18 (0.40) 62m/78f
Non-clinical

Time: Total media time
(min.) (PR) or rated on a
6-point Likert scale (SR)

PUI-Time (min) (PR):
ADHD group 177.07
(114.35) > Control group
136.16 (72.33)
PUI-Time (Likert scaled
score) (SR): ADHD group
7.08 (4.17) > Control
group 5.93 (2.69)

Çakmak and Gul
(2017)
Turkey

12–16 Internet use n 5 34
13.50 (1.41)
23m/11f

n 5 36
13.50y (1.42)
23m/13f
Non-clinical

Scale: Online Cognition Scale
(OCS) (PR);
Time: Weekly internet use
(hr per week))(PR)

PUI-Scale (score): ADHD
group 132 (38.67) >
Control group 89.72
(26.87)
PUI-Time (hr per week)
ADHD group 15.73
(14.36) (hr per day 52.24
(2.05)) > Control group
7.66 (6.90) (hr per day 5
1.09 (0.98))

Gul et al., (2018)
Turkey

13–19 Facebook
overuse and
addiction

n 5 187
14.9 (1.7)
95/92

n 5 102
14.9 (1.4)
50/52, Clinical control (first
referral, non-ADHD)

Scale: Bergen Facebook
Addiction Scale (BFAS)
(SR)

PUI-Scale (score): ADHD
group 40.4 (18.0) >
Control group 27.9 (12.2)

Huang et al. (2020)
Taiwan

9–12 Smartphone
addiction

n 5 61
10.64 (1.00)
50m/11f

n 5 241
11.08 (0.81) 114m/127f
Non-clinical

Scale: Smartphone Addiction
Proneness scale (SAPS)
adapted for parents (PR)

PUI-Scale (score): ADHD
group 35.59 (9.48) >
Control group 31.36 (8.91)

(continued)
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Table 1. Continued

Author (year of
publication), country

Age range
(years) PUI type

ADHD Group n
Age mean years (SD)

Male/female

Control Group n
Age mean years (SD)

Male/female
Type of control group

Instrument/parameter
(informant)

Results used for meta-
analysis ADHD group M
(SD) compared to control

group M (SD)

Izmir et al. (2019)
Turkey

13–17 Internet
addiction

n 5 60
15.10 (1.86)
Combined n 5 25
Inattentive n525
Hyperactive/impulsive
n510

n 5 60
14.31 (2.23)
No information on gender
no ADHD; no other
psychiatric diagnosis (/non-
clinical/clinical?)

Scale: Internet Addiction
Diagnostic Questionnaire
(IADQ)
Young (1998)
(SR)

PUI-Scale (score): ADHD
total group 59.41 (6.19)b) >
Control group16.60 (5.62)

Kietglaiwansiri and
Chonchaiya (2018)
Thailand

6–19 Video game use n 5 80
∼9.83 (2.96)
65m/15f

n 5 102
∼10.0 (1.48)
51m/51f
Non-clinical

Scale: Game Addiction
Screen-ing Test (GAST);
Time: PC time (PR)

PUI-Scale (score): ADHD
group ∼17.0 (12.5) >
Control group ∼11.08
(10.55)
PUI-Time: Weekday PC
time (hr)
ADHD group ∼2.03 (1.43)
> Control group ∼1.53
(1.23)

Luş and Ero�glu (2019)
Turkey

12–17 Internet
addiction

n 5 100
12–14y n569
15–17y n530
78m/21f

n 5 95
12–14y n551
15–17y n544
34m/61f
Non-ADHD clinical control
(first referral)

Scale: Young Internet
Addiction Scale (IAT) (SR)

PUI-Scale (score): ADHD
group 30.97 (17.74) >
Control group 26.37
(13.85)

Mazurek and
Engelhardt (2013)
USA

8–18 Video Game use n 5 44
11.10 (2.40)
44m/0

1. n 5 41, 12.20 (1.40)
41m/0, Non-clinical
2. n 5 56,
11.70 (2.20)
56/0, ASD

Scale: Problem Video Game
Playing Test (PVGT, King
et al.
2011) adapted for parents
(PR);
Time: Video Game time,
hr day�1 (PR)

PUI-Scale (score) ADHD
group 37.70 (9.20) >
Control group 29.60
(7.10);
ASD group 41.2 (12.7) >
Control group 29.60 (7.10)
PUI-Time (hr): ADHD
group 1.70 (1.10) 5
Control group 1.20 (0.90);
ASD group 2.1 (1.3) >
Control group 1.20 (0.90)

Párraga et al. (2019)
Spain

6–16 Video game
playing

n 5 80
10.10 (2.39)
55m/25f

n 5 80 9.78 (2.38) 31m/49f
Non-clinical

Time: Questionnaire about
the child’s lifestyle habits:
Playing video game time
(hr day�1) (PR).

PUI-Time (hr): ADHD group
0.21 (0.40) < Control
group 0.52 (0.72)

(continued)
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Table 1. Continued

Author (year of
publication), country

Age range
(years) PUI type

ADHD Group n
Age mean years (SD)

Male/female

Control Group n
Age mean years (SD)

Male/female
Type of control group

Instrument/parameter
(informant)

Results used for meta-
analysis ADHD group M
(SD) compared to control

group M (SD)

Razjouyan et al. (2020)
Iran

Elementary
school children

Internet
addiction
(video game
addiction)

n 5 99
No information on age
mean
66m/33f

n 5 99
No information on age
mean
approx.50m/50f
Non-clinical

Scale: Young’s Internet
Addiction Test (YIAT)
(SR)

PUI-Scale (score): ADHD
group 47.56 (13.43) >
Control group 33.62
(14.09)

So et al. (2017)
Japan

12–15 Internet
addiction

n 5 24
14m/10f
No information on mean
age

1. ASD: n 5 83; 54m/29f
2. ADHDþASD: n 5 25;

15m/10f

Scale: YIAT Time: internet
time (hr) rated on 3-point-
Likert scale (SR)

PUI-Scale (score): ADHD
group 42.7 (19.1) 5 ASD
group 45.2 (17.3)
PUI-Time (hr): ADHD
group ∼1.89 (1.51) 5 ASD
group ∼1.79 (1.40)

Thoma et al. (2020)
Germany

8–18 Screen based
media use
(time)

n 5 61
12.93 (2.13)
38m/23f

n 5 61; 2.97 (2.22)
38m/23f
Non-clinical

Time: Total media use
schooldays (min). Screen
time-based sedentary
behavior questionnaire
(Rey-López et al., 2012);
(SR)

PUI-Time (min):
ADHD group 275.2
(227.4) > Control group
167.7 (161.3)

Weinstein et al. (2015)
Israel

13–15 Internet
addiction
(video game
addiction)

n 5 50
13.75 (0.80)
50/0
Special school students with
formal diagnosis of ADHD

n 5 50
14.0 (0.60)
50/0
Special school students,
non-ADHD

Scale: Young’s Internet
Addiction Test (IAT)
Time: hours spent on
internet per day (4-point
Likert scale) (SR)

PUI-Scale (score):
ADHD group 2.93 (1.06) >
Control group 2.22 (0.65)
PUI-Time (hr): ADHD
group ∼3.14 (2.35) >
Control group ∼2.08 (1.54)

Notes: PR 5Parent rating, SR5 Self rating; ASD: Autism Spectrum Disorder. M5 mean, SD5 standard deviation. Estimated time data (based on recoded scores) or transformed values are
indicated by ∼. “ADHD group > control group” indicates significantly higher PUI values in ADHD, “ADHD group < control group” indicates significantly lower PUI values in ADHD group;
“ADHD group 5 Control group” indicates no significant difference. a) not statistically compared. b) ADHD score calculated from 3 subtype scores. Studies are listed in alphabetic order of
authors.
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group. Despite the fact that the subtypes of PUI are known
to be gender-specific, e.g. with higher rates of problematic
gaming in boys, only five studies showed an appropriate
matching for sex (Çakmak & Gul, 2017; Gul et al., 2018;
Párraga et al., 2019, So et al., 2017; Thoma et al., 2020) or
included only boys (Mazurek & Engelhardt, 2013; Weinstein
et al., 2015) (Supplementary material). The remaining
studies did not control or match for sex or the male/female
ratio was not reported.

Analyses

The two main analyses investigated PUI differences between
ADHD and controls separately for time-based and scale-
based measures. Both analyses were further subdivided into
studies with children (ADHD age mean under 12 years) and
adolescents (age mean over 12 years). The next subgroup
analyses were conducted separately for parent-rated and
self-rated measures. The overall analysis of these two sub-
group analyses constitutes an overall analysis of this meta-
analysis, including all 14 studies. Finally, a subgroup analysis
was performed for studies which compared ADHD patients
not with healthy controls, but with other clinical or psy-
chopathological groups, or special school students, respec-
tively. This subgroup analysis was contrasted with the
analysis of all studies comparing individuals with ADHD to
non-clinical controls. Whenever necessary, sensitivity ana-
lyses were performed (Table 3).

Time-based measures. The SMD (standardized mean dif-
ferences) for the overall time-based analysis including nine
studies was 0.31 (95% CI: 0.07, 0.55), indicating that chil-
dren and adolescents with ADHD spend more time on
media than controls (Fig. 2). Heterogeneity was high (I2 5
77%), but sensitivity analysis revealed that it was reduced to
0% when the study by Párraga et al. (2019) was removed
(Table 3). When children and adolescents were considered
separately, effects in the children’s group were small (SMD

Table 2. Summary of characteristics of included studies

Characteristics Included studies

Publication year range 2013–2021
Participants (n) 2,488
Range of age means 9.5–16.41 years
Studies with children (age mean <12
years)

6 (SR: 2)

Studies with adolescents (age mean >12
years)

8 (SR: 6, SR þ PR: 1)

Studies scale-based/time-based/both 5/3/6
Studies on general internet or media
use/PUI/gaming/other

3/6/4/2

Studies with one or more clinical (or
not typically developing) control
groups

5

No. of countries 10

Note. SR5 Self-rating, PR5 Parent rating.

Table 3. Effect sizes and results for main and subgroups differences and results of sensitivity analyses

Effects of comparison

Hetero-
Subgroup
geneity

differences

Studies (K) Participants (n) SMD 95% CI Z P I2 P

1. Time-based all 9 1,328 0.31 0.07–0.55 2.55 0.01 77% 0.22
Children 4 627 0.15 �0.30–0.60 0.66 0.51 87%
Adolescents 5 701 0.45 0.29–0.61 5.41 <0.001 7%
1. SA Time-based all b) 8 1,168 0.41 0.29–0.53 6.84 <0.001 0% 0.48
Children b) 3 467 0.36 0.18–0.54 3.85 <0.001 0%
2. Scale-based all 11 1,848 1.13 0.66–1.60 4.70 <0.001 95% 0.12
Children 5 967 0.76 0.52–1.00 6.27 <0.001 65%
Adolescents 6 881 1.58 0.59–2.57 3.12 0.002 95%
2. SA Scale-based all a) 10 1,728 0.68 0.46–0.90 6.14 <0.001 76% 0.45
Adolescents a) 5 761 0.59 0.19–0.98 6.14 <0.001 83%
3. Parent- vs. self-rated all 14 2,252 0.91 0.63–1.31 4.39 <0.001 95% 0.05
Parent-rated 6 921 0.49 0.05–0.93 2.19 <0.001 90%
Self-rated 8 1,331 1.27 0.63–1.91 3.87 <0.001 95%
3. SA Parent- vs. self-rated all a), b) 12 1,972 0.64 0.46–0.83 4.54 <0.001 74% 0.81
Parent-rated b) 5 761 0.67 0.39–0.94 4.79 <0.001 67%
Self-rated a) 7 1,211 0.62 0.35–0.89 4.54 <0.001 79%
4. Non-clinical vs. clinical controls all 14 2,452 0.84 0.46–1.23 4.33 <0.001 95% 0.01
Clinical controls 5 791 0.29 �0.14, 0.72 1.34 0.180 87%
Non-clinical (healthy) controls 9 1,661 1.20 0.65–1.76 4.25 <0.001 96%
4. SA Clinical controls vs. non-clinical
controls all a),b)

12 2,172 0.55 0.33–0.76 5.03 <0.001 81% 0.09

Non-clinical (healthy) controls a), b) 7 1,381 0.70 0.48–0.92 6.29 <0.001 71%

Note. SA 5 Sensitivity analysis; Italics: sensitivity analysis; a) Izmir et al. (2019) removed; b) Párraga et al. (2019) removed.
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of 0.15, 95% CI: �0.30, 0.60) and heterogeneity was
important (I2 5 87%). Again, sensitivity analysis showed
that the removal of Párraga et al.’s (2019) study led to a
larger effect (SMD50.36, 95% CI: 0.18, 0.54) with longer
internet times in children with ADHD than in controls, and
no heterogeneity (I2 5 0%). In the adolescent subgroup
analysis of the time spent on media, SMD was moderate
(0.45, 95% CI: 0.29, 0.61). Taken together, it can be
concluded that adolescents with ADHD spend more time on
media than do non-affected controls, and that most results
from studies with children point in the same direction.

Scale-based measures. The overall SMD of 11 scale-based
studies comparing participants with and without ADHD was
large (1.31, 95% CI: 0.66, 1.60) and indicated higher severity
of problematic internet/media use in ADHD compared to
controls (Table 2, Fig. 4). Similar results were obtained when
children and adolescents were considered separately. In both
subgroups, individuals with ADHD obtained higher scores
on PUI scales than did controls, indicating more severe PUI.
The SMD was large for adolescents (1.58, 95% CI: 0.59, 2.57)
and moderate for children (0.76, 95% CI: 0.52, 1.00), but
subgroup differences were not significant (P < 0.12) (Ta-
ble 3). Heterogeneity was very high for the overall analysis
(I2 5 97%) and was reduced to 76% when the study by Izmir
et al. (2019) was removed (Table 3).

Parent- vs. self-rated measures. All 14 selected studies were
entered into this analysis, which therefore represents an
overall analysis, with both time-based and scale-based
measures. If time and scale parameters were available in the
same study, we opted for the scale-based score. Six studies
using parent-rated measures resulted in a SMD of 0.49 (95%
CI: 0.05, 0.93) between participants with and without

ADHD. Heterogeneity was elevated (I2 5 90%) and was
reduced to 67% after removal of the study by Párraga et al.
(2019) (Table 3). Eight studies with self-rated measures had
a large SMD (1.27, 95% CI: 0.63, 1.91). Heterogeneity was
elevated (I2 5 96%) and was reduced to 79% after the
removal of the study by Izmir et al. (2019). Effects of studies
with self- and parent-rated PUI differed marginally (P 5
0.05) when all 14 studies were considered, with larger effects
for self-rated studies, but no longer differed after the
removal of the studies by Izmir et al. (2019) and Párraga
et al. (2019) (parent-rated SMD 0.67, 95% CI: 0.39, 0.94),
self-rated SMD 0.62, 95% CI: 0.35, 0.89; subgroup differ-
ences: P < 0.0.81; Table 3.

ADHD compared to other clinical groups. Five studies
included clinical control groups or special school students.
In two studies, children and adolescents with ADHD were
compared to patients with autism spectrum disorder (ASD)
(Mazurek & Engelhardt, 2013; So et al., 2017). In two other
studies, controls were individuals referred to child and
adolescent psychiatry (first time referral) without a diagnosis
of ADHD, which may include all possible kinds of psy-
chopathology as well as no diagnosis (Gul et al., 2018; Luş &
Ero�glu, 2019). Weinstein et al. (2015) compared students
with a diagnosis of ADHD enrolled in a special school for
students with learning or behavioral problems to other
special school students without ADHD as the control group.
The analysis revealed that the SMD between the ADHD
groups and the clinical comparison groups was small (0.30,
95 % CI: -0.13, 0.72) (Fig. 5, Table 3) and heterogeneity was
elevated (I2 5 87%). As shown in the forest plot and by
negative SMDs, both studies with ASD patients (Mazurek &
Engelhardt, 2013; So et al., 2019) indicated less severe PUI in
the ADHD group than in the ASD group. When ADHD vs.

Fig. 4. Parent-rated and self-rated measures of PUI in groups with ADHD compared to controls
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clinical subgroup effects were compared to ADHD vs. non-
clinical subgroup effects, subgroup differences were signifi-
cant (P < 0.001).

The non-clinical group was composed of the nine
remaining studies, with six scale-based and three time-based
study results. In the study by Izmir et al. (2019) the control
group was obviously recruited from clinically referred chil-
dren, who had not received a diagnosis according to DSM-5.
We decided here to categorize them as non-clinical. Overall
effects within the ADHD vs. non-clinical group were large
(SMD 5 1.20, 95% CI: 0.65, 1.76) but heterogeneity was
high (I2 5 96%). The removal of the study by Izmir et al.
(2019) reduced heterogeneity to 81%, and the additional
removal of the study by Párraga et al. reduced heterogeneity
further to 71%. After the removal of both studies from the
non-clinical subgroup, only a trend for subgroup differences
for ADHD vs. healthy and ADHD vs. clinical controls
remained (Chi2 5 2.79, P < 0.09) (Table 3).

Analysis of bias. The two main analyses (time-based and
scale-based group comparison) were analyzed by funnel
plots for the estimation of publication bias. The time-based
analysis was asymmetric with more studies tending towards
the right, but symmetry improved after the removal of the
study by Párraga et al. (Fig. A1). The funnel plot of the scale-
based analyses showed a more symmetrical pattern, which
was further improved after the study by Izmir et al. was
removed (Fig. A2). In consequence, after removal of two
critical studies identified by the sensitivity analysis, funnel
plots did not provide strong evidence of publication bias, but
given the small number of studies, this interpretation must
be treated with caution (Sterne et al., 2011). The study by
Párraga et al. (2019) differed from the other studies insofar
as lifestyle habits rather than Internet addiction were

assessed. The computer time indicated by parents for their
children with ADHD was extremely low (approx. 0.2 h per
day) and significantly lower than that indicated for control
children (0.51 h per day). The study authors pointed out that
this finding was unexpected and in contrast to other reports
on media time in ADHD. A possible explanation may be
that Párraga et al. (2019) examined only families with high
socio-economic status, which may lead to higher academic
pressure (Owens, 2020, 2021) and to a stricter control of
screen time. It is possible that in this particular group,
parents of schoolchildren with ADHD (age mean 10.10
years) tended to control their child’s media time more
rigorously compared to parents of healthy control children.
In the study by Izmir et al. (2019), heterogeneity was added
to the analysis not because the results showed a reverse ef-
fect, but because the effect was unexpectedly high. The study
was characterized by low scores on the IADQ in the control
group (mean 5 16.69) and mean daily internet times of
approximately 1 h (not included in the analysis because of
incomplete data), which is low for typical teenagers aged
between 13 and 17 years. Moreover, the focus of the study
was not on the comparison to a control group, but on the
association between symptoms of PUI and aggression in
adolescents with subtypes of ADHD.

DISCUSSION

The present meta-analysis revealed that individuals with a
diagnosis of ADHD had higher PUI values both in time-
based and in scale-based measures compared to controls,
indicating that youth with ADHD spend more time on
digital media and have more severe symptoms of problematic
internet use compared to age-matched healthy controls. Neither

Fig. 5. Analyses of PUI in groups with ADHD compared with non-clinical (healthy) versus clinical controls
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time-based nor scale-based results differed significantly when
the results from children and adolescent were compared. In
consequence, enhanced PUI measures do not seem to depend
on the age of ADHD participants.

Similarly, differences between the ADHD groups and
controls were present irrespective of the source of informa-
tion: parent-ratings and self-ratings led to equivalent results,
at least after the removal of two studies which were respon-
sible for increased heterogeneity. Nevertheless, there was a
certain overlap between age groups and informant groups, as
the majority of parent-rated results came from studies with
children, and the majority of self-rated measures from studies
with adolescents. Thus, in order to draw more general con-
clusions regarding the impact of the informant, it would be
necessary to contrast studies with participants of the same age
group. For the time being, such studies are still lacking. While
all study findings showed that youth with a diagnosis of
ADHD differed in PUI intensity or severity from healthy/
nonclinical control samples, conclusions regarding other
clinical groups were less evident. We identified only four
studies which included a direct comparison between ADHD
and other clinical groups without ADHD. A fifth study
(Weinstein et al., 2015) used special school students as con-
trols, which we included in the “clinical” group, as these
students did not belong to a typically developing population
of children. The comparison between the subgroup of studies
with healthy controls and clinical controls resulted in a sig-
nificant difference between the subgroup effects. Thus, the
severity of PUI in individuals with ADHD differed signifi-
cantly from the PUI severity in healthy controls but not from
clinical controls. More specifically, the two studies contrasting
ASD (without comorbid ADHD) and ADHD showed more
severe PUI impairment in ASD, while the other three studies
with clinical controls showed effects with stronger impair-
ment in the ADHD subgroup.

Most main and subgroup analyses indicated high het-
erogeneity between studies, which was expected given the
high variability of samples, of measures, and the differing
recruitment procedures for control participants. Sensitivity
analyses showed that two studies in particular were partly
responsible for this heterogeneity, which was considerably
reduced by their removal: Párraga et al. (2019) and Izmir
et al. (2019). The fact that only half of the included studies
were appropriately matched for sex may be considered a
serious confound, since digital habits, preferences and also
problematic use and its consequences can differ considerably
between the sexes (Derevensky et al., 2019; Durkee et al.,
2012; Kim, Kim, Choi, Kim, & Kim, 2020).

In summary, this first meta-analysis directly comparing
PUI measures in children and adolescents with a clinical
diagnosis of ADHD and controls suggests that individuals
with ADHD differ from healthy individuals regarding PUI
intensity and severity. This is consistent with the literature
reporting strong associations between ADHD symptoms
and PUI (Boer, van den Eijnden, et al., 2020b; Carli et al.,
2013; Kahraman & Demirci, 2018; Kim et al., 2019; Ko, Yen,
Chen, Yeh, & Yen, 2009; Ozturk, Ekinci, Ozturk, & Canan,
2013; Panagiotidi & Overton, 2020; Zhang et al., 2015). In

contrast to most other reviews, this meta-analysis excluded
studies which were solely based on correlational analyses of
ADHD symptoms and PUI but used studies that compared
clinically diagnosed children and adolescents with ADHD
and control groups. While no causal inference can be drawn
from this type of investigation, the clinical diagnosis of
ADHD appears nevertheless to be a risk factor for PUI/the
overuse of digital media. This is in line with neuropsycho-
logical and neurobiological models of ADHD, which relate
ADHD behavioral problems to deficits in self-regulation and
reward processing (Rubia, 2018), deficits that may also
contribute to the development of PUI (Brand et al., 2014).
However, dysfunctions characteristic for PUI may be largely
transdiagnostic (Restrepo et al., 2020). The differentiation of
hypothetical ADHD-specific PUI patterns from those of
other psychopathological disorders will require further an-
alyses focusing on qualitative and quantitative aspects of
digital media-related behaviors in ADHD. Besides comor-
bidity, possible gender-specific differences and age-specific
trajectories of PUI should also be taken into account. From a
clinical perspective, the results suggest that the screening for
PUI – or at least an exploration of digital media behavior -
should be an integral part of the clinical ADHD assessment.

LIMITATIONS

The inclusion of only 14 studies in the present analysis,
encompassing 2,488 participants, was probably the biggest
drawback of the meta-analysis, causing several limitations.
Given the small number and heterogeneity of subgroups,
especially of clinical control group studies, caution is war-
ranted when drawing conclusions on clinical controls and on
parent-vs. self-rated measures. A confound of age group and
informant cannot be excluded. Due to a lack of studies on this
topic, it was not possible to conduct an analysis of ADHD
groups with and without comorbidities, as had originally been
planned. It also remains a methodological problem that most
studies did not address the aspect of comorbidity at all;
therefore, we cannot assume that the studies summarized in
this meta-analysis only included cases of “pure” ADHD. In
consequence, the specific impact of clinically diagnosed
ADHD in contrast to or in combination with other psycho-
pathological disorders could not be answered satisfactorily
and further studies on this specific topic are needed. Similarly,
only very few studies differentiated between different pre-
sentations of ADHD. As already discussed, several studies did
not take into account differences in the sex ratio of groups.
Finally, different subtypes of PUI and different measures are
included here in the same analyses.

CONCLUSION

This meta-analytical investigation was able to identify group
differences between individuals diagnosed with ADHD and
healthy controls. These results contribute to the assumption
that children and adolescents diagnosed with ADHD are at
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risk for PUI. Nevertheless, a higher risk of PUI does not
appear to be limited to ADHD, and other clinical groups
should also be screened for PUI during routine psychiatric
assessments. Problematic internet/digital media use in
diagnosed clinical groups and its association with psycho-
pathological disorders – not only symptoms - remains
insufficiently researched in child and adolescent psychiatry.
In particular, the role of comorbidities in the development of
PUI in ADHD requires further investigation.
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Fig. A1. Funnel plots of studies based on time-based PUI measures in children and adolescents with ADHD compared to controls,
A. all included studies, B. after removal of the study by Párraga et al., 2019

Fig. A2. Funnel plots of studies based on scale-based PUI measures in children and adolescents with ADHD compared to controls.
A. all included studies, B. after removal of the study by Izmir et al., 2019
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