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Article

Introduction

Increase in Screen Time and ADHD in Young 
Children

In developed and emerging economies, young children are 
spending more time on various types of digital, mobile, and 
screen devices than before (Chen & Adler, 2019; Kabali 
et al., 2015; Mullan, 2018). Children are being exposed to 
screen devices at a younger age (Goh et al., 2016; Radesky 
& Christakis, 2016) and the amount of screen time increases 
as children get older (Lauricella et al., 2015; Paudel et al., 
2017). The increase has to do with the fact that newer elec-
tronic products and mobile devices have become available 
in a relative short span of time (Domingues-Montanari, 
2017; Engelhard & Kollins, 2019). For instance, from 1997 
to 2014 screen devices available to young children in the 
United States increased from television or videotape, elec-
tronic video game and home computer to additionally 
include cell phone, smartphone, tablet, electronic reader, 

and other learning devices (Chen & Adler, 2019). Not sur-
prisingly, the increase in the number of available digital 
devices leads to an increase in children’s screen time (Elias 
& Sulkin, 2019; Sigman, 2012).

Because young children’s interaction with the content 
of mobile and screen devices often requires them to 
quickly shift their attention and to respond to multiple 
types of stimuli (e.g., visual, perception, sensory, and tac-
tile), how this may contribute to their neurological devel-
opment and functioning within the stage of rapid brain 
maturation is an important question to address. One com-
monly investigated topic is how screen exposure is related 
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Objective: Research suggests that screen exposure presents a risk for ADHD behaviors in young children. However, 
the operationalization of screen exposure remains murky and longitudinal data is scarce. In this paper, we examined the 
relations between better operationalized daily screen time and behaviors of inattention and behaviors of hyperactivity/
impulsivity in three cohorts of community samples of young Chinese children. Method: Study 1 was longitudinal and 
included 111 children who were 3.6 years old (Range = 2.4–4.9; SD = 0.4) at Baseline and 4.8 years old (Range = 3.9–6.0; 
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and watching TV in the previous week, and their children’s behaviors of inattention (I/A) and hyperactivity/impulsivity 
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SES, and corresponding I/A or H/I scores at Baseline, screen time at Baseline predicted I/A scores (β = .27, p < .01) and 
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Conclusion: Screen exposure was a risk for inattention and hyperactivity/impulsivity behaviors in urban Chinese children. 
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to the diagnosis or symptoms of attention deficit hyperac-
tivity disorder (ADHD) (Beyens et al., 2018). However, a 
big challenge in studying young children’s screen expo-
sure is the lack of established measures as the field is rap-
idly evolving and there is no established protocol yet 
(Byrne et al., 2021). Obtaining children’s screen time with 
questions on the amount of time that children spent daily 
on different device remains the most common in existing 
studies (Miller et al., 2017).

Along with the increase in mobile and screen device use 
is a coincidental increase in rates of ADHD in children 
(Christakis et al., 2018; Sayal et al., 2018). Behaviors of 
ADHD reflect neurobiological differences (Mahone et al., 
2011) and underlying deficit in cognitive and executive 
functioning such as problem solving, working memory, and 
self-regulation (Daley & Birchwood, 2010; Johnson & 
Reid, 2011; Landau & Moore, 1991; Loe & Feldman, 2007). 
The two main types of ADHD behaviors: inattention and 
hyperactivity/impulsivity, are usually correlated (Allan & 
Lonigan, 2019; Willcutt et al., 2012). For most children 
who later develop ADHD disorder, behaviors of inattention 
and hyperactivity/impulsivity start to emerge during the 
preschool years (DuPaul et al., 2001; Halperin et al., 2012). 
The behavioral characteristics of ADHD are similar in pre-
school and school age children (Brown & Harvey, 2019). 
Nonetheless, some studies have shown that during pre-
school age years, behaviors of ADHD are infrequent and 
often lack stability (Curchack-Lichtin et al., 2014), while 
others have shown that these behaviors are quite common in 
preschool children (Smidts & Oosterlaan, 2007). For 
instance, Curchack-Lichtin et al., (2014) showed that 
behaviors of inattention were infrequent for 4 to 5 ages. 
However, Smidts and Oosterlaan (2007) showed that 
ADHD behaviors were quite common among 3 to 6-year 
olds, but behaviors of hyperactivity/impulsivity were more 
common than behaviors of inattention. Therefore, more 
research on the prevalence of ADHD behaviors in preschool 
children is thus valuable.

Furthermore, ADHD can be seen as a social and cultural 
construct (Timimi & Taylor, 2004). Within a collectivistic 
context, parents tend to promote interdependence within the 
family and the school environment and classrooms are typi-
cally more structured and task-oriented than those of 
Western schools and classrooms, which influence the 
expression of behaviors of ADHD in children (Choi et al., 
2019; Luk et al., 2002). For instance, Choi et al. (2019) 
found that Korean elementary school children scored sig-
nificantly lower than American counterparts on hyperactiv-
ity/impulsivity. Thus, it is valuable to study screen exposure 
and behaviors of ADHD in different cultural contexts. Thus, 
studying children from a non-Western social cultural back-
ground can expand the understanding of screen exposure 
and ADHD behaviors. Furthermore, changes that occurred 
to the society in response to Covid19 may present an 

interesting opportunity to examine how Covid mitigating 
measures such as stay-at-home order and mask mandate 
might be related to ADHD behaviors.

Screen Time and ADHD Behaviors in Young 
Children

Probably because behaviors of ADHD reflect underlying 
difficulties related to executive functioning and self-regula-
tion, while children’s interactions with screen devices often 
directly or indirectly involve these domains, extensive 
attention has been paid to testing the link between screen 
exposure and ADHD behaviors. Findings point to a positive 
link between screen time and behaviors of ADHD (Beyens 
et al., 2018; Lawrence & Choe, 2021; Nikkelen et al., 2014; 
Swing et al., 2010).

Research remains limited on children who are on the 
lower end of preschool ages (Nikkelen et al., 2014; Smidts 
& Oosterlaan, 2007). As shown in the meta-analysis by 
Nikkelen et al., only one of the 45 studies (an unpublished 
Master’s thesis) focused on younger preschool children 
(mean age: 3.9 years). In fact, the vast majority of the 45 
studies were cross-sectional and focused on children in the 
school ages (i.e., six and older). Furthermore, in most of 
the 45 studies, screen time was defined as the amount time 
that children spent on two activities: watching TV and 
playing video games. Admittedly, since the publication of 
the 2014 meta-analysis by Nikkelen et al., several studies 
on preschool age children have emerged and the results are 
similar (Hill et al., 2020; Wu et al., 2017; Xie et al., 2020). 
However, these studies have typically focused on wider 
range of preschool school age range (i.e., between 3 and 
6 years). The exception was the study by Hill et al. (2020), 
which included 120 children who were 36 months of age, 
20 of whom had elevated ADHD symptoms. The authors 
concluded that the 20 children spent more time using 
screen media than the other children. More research on 
children in the younger end of preschool age can help 
expand the existing literature.

However, according to Kaye et al. (2020), inconsistency 
in the operational definition of mobile and screen device is 
pervasive in the literature. To some extent, this operational 
challenge is difficult to avoid because newer and additional 
devices have become available in a relative short span of 
time (Engelhard & Kollins, 2019). As a result, it is common 
for existing studies to include varying types of devices and 
not surprisingly different terms have been used to describe 
these devices. For instance, the review of the literature by 
Kaye et al. (2020) showed that terms such as digital media 
use, media use, screen time, mobile device use, interactive 
screen exposure and smart device use have all been used in 
existing studies. To clarify the relationship between screen 
exposure and ADHD in children, an explicit and clear oper-
ationalization of screen exposure is needed.
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In addition to discrepancies in the operationalization of 
screen exposure, the reported associations sometimes var-
ied from positive (Allen & Vella, 2015; Hill et al., 2020; 
Hosokawa & Katsura, 2018; Tamana et al., 2019; Wu et al., 
2017; Xie et al., 2020) to absent (Levelink et al., 2021; 
Parkes et al., 2013; Stiglic & Viner, 2019). The preponder-
ance of evidence, however, points to increase in screen time 
as a risk factor for inattention and hyperactive behaviors of 
ADHD (Allen & Vella, 2015; Hill et al., 2020; Hosokawa & 
Katsura, 2018; Tamana et al., 2019; Wu et al. 2017; Xie 
et al., 2020). The magnitude of the associations, however, is 
typically modest (Beyens et al., 2018).

There is a major shortage of longitudinal data on the 
relations (Engelhard & Kollins, 2019; Wilmer et al., 2017). 
Again, the evidence is also mixed. For instance, in a recent 
study on early screen time and subsequent behavioral 
adjustment in preschool children in China, Liu et al. (2021) 
found that those who were exposed to more screen time at 
6 months of age, 2.5 years and 4 years of age had more 
behaviors of hyperactivity at age 4 years of age. This study 
did not include data on behaviors of inattention. However, 
Niiranen et al. (2021) found that increased levels of e-media 
use at 18 months was not related to inattention or hyperac-
tivity in children at age 5 years of age. Similarly, Levelink 
et al. (2021) and Parkes et al. (2013) found that the amount 
of time that children spent watching TV and playing com-
puter games was longitudinally unrelated to their ADHD 
behaviors. Differences in the documented associations may 
have to do with different types of screen devices included in 
different studies. For instance, Levelink et al. focused on 
the time that children spent on watching TV and playing 
computer games, while Liu et al. focused on the amount of 
time that the children spent on watching TV and using 
devices such as mobile phones, tablets, computers, or iPad.

Overall, discrepancies in the existing literature point to 
the importance of clearly operationalizing screen exposure 
in terms of types of devices that children are exposed to, in 
addition to the amount of time that they spend on using 
these devices. Additionally, there are several obvious gaps 
within the literature, chief among them is the need for more 
research on preschool age children and the need for longitu-
dinal data. In the current study, we addressed these issues 
with longitudinal data collected on preschool children in 
two time points that were 13 months apart (Study 1), cross-
sectional data on preschool children (Study 2), and cross-
sectional data on first graders (Study 3). Our main goal was 
to test the link between screen time and ADHD behaviors in 
young children within the Chinese urban context.

Methods

Design and Setting

In all three studies, we relied on parent reports to assess the 
children’s screen exposure and behaviors of ADHD. Each 

parent represented one child. In response to the recent criti-
cism by Kaye et al. (2020) that the conceptualization and 
operationalization of screen media in the existing studies 
lack clarity, we explicitly defined screen devices in each 
study (See Table 1).

We designated the three studies to be Study 1 (youngest 
cohort), Study 2 (second youngest cohort), and Study 3 (old-
est cohort). The same method was used to recruit parents in all 
three studies. Specifically, upon receiving approval from the 
first author’s Institutional Review Board, information on 
Study 1 and Study 2 was distributed to the parents through the 
director of a preschool in Beijing, China. The preschool serves 
children between 3 and 6 years of age. Baseline of Study 1 
took place in August of 2020 and Follow-Up of Study 1 took 
place in September of 2021. This study was designed to focus 
on the “freshmen” of the preschool. Study 2 took place in 
September of 2019. It included children who were already 
attending the preschool school. Information on Study 3 was 
distributed to the principal of a newly opened elementary 
school in the city of Shenzhen, China. The school enrolled 
328 children, all of whom were first graders, and the study 
took place in February of 2019.

In all three studies, one parent from each family was 
invited to complete the survey within one week; they were 
explicitly informed that the study was about their children’s 
experiences and participation was entirely voluntary. 
Parents who were interested in participating in the study 
were directed to an online survey link. During the data col-
lection, the second author was available to respond to ques-
tions from parents and to closely monitor the responses. If a 
clarification was needed from the parents, the request was 
immediately made. One example for clarification was that a 
parent reported that the time that the child spent watching 
TV was “5.” To ascertain whether 5 referred to 5 minutes or 
5 hours, the second author immediately contacted the parent 
for clarification. This approach enhanced data quality by 
reducing missing data and ambiguous responses.

Samples

Study 1 was longitudinal and included 111 preschool-aged 
children. At Baseline, data on 127 of the 150 new students 
(response rate: 84.7%) were obtained. At Follow-Up, 16 
children had since left the school and data were obtained for 
the remaining 111 children (55 girls: 49.55%; 56 boys: 
50.45%). At Baseline, 87 (78.38%) mothers and 24 
(21.62%) fathers provided data; at Follow-Up, 95 (85.59%) 
mothers and 16 (14.41%) fathers provided data. At both 
times, the same parents, with the exception of eight, pro-
vided data. Study 2 was cross-sectional and included 172 
(68 girls: 39.53%; 104 boys: 60.47%) out of 200 children 
attending the preschool at the time (response rate: 86.0%). 
The data were provided by mothers 109 (63.37%) and 63 
fathers (36.63%). Study 3 was cross-sectional and included 
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313 first graders (155 girls; 49.52%; 158 boys; 50.48%), 
representing 95.4% of the 328 children enrolled at the 
school. The data were provided by 231 mothers (73.80%) 
and 82 fathers (26.20%).

Procedure and Measure

Demographic background. In all three studies, the parent pro-
vided information on the target child’s gender, date of birth 
and number of children in the household. The parent also 
provided data on his/her age (the spouse’s age if applicable), 
marital status, and educational level (1 = Junior High School 
or Less, 2 = High School, 3 = College Degree, 4 = Master’s 
Degree, 5 = Ph.D.; spouse’s educational level if applicable) 
and employment status or occupation (that of the spouse if 
applicable). Additionally, in Study 1, we collected data on 
the amount of monthly childrearing expenditure (e.g., food, 
learning materials, clothes and health care); in Study 2, we 
collected data on their monthly childrearing expenditure in 
relation to their monthly earnings (i.e., income-to-expendi-
ture ratio; 1 = Less than 20%; 8 = More than 80%); and in 
Study 3, we used an occupational survey that was commonly 
used in China (Lin & Xie, 1988) to gather data on the par-
ent’s occupational prestige on 1–14-point scale: the lowest 
prestige (1 = Not working, housekeeper) to the highest pres-
tige (14 = Specialized Professional such as actuary, lawyer, 
architect, physician, and journalist).

Screen time. Prior to data collection, we pilot-tested the 
feasibility of the screen time measure that we adopted 

from a recent study on preschool Chinese children’s screen 
exposure by Wu et al. (2017) and on Canadian children by 
Tamana et al. (2019). Based on the pilot-testing results, we 
asked the parent to write in the amount of time (minutes or 
hours) in daily total that the child spent on iPad/tablet, 
smart phone, playing online games on the computer, and 
watching TV during a typical weekday and on the week-
end (Table 1). Note that for children in Study 1, we did not 
ask parents to report their children’s screen time on the 
weekend because they were not attending any type of 
learning centers (e.g., daycare). This was because China’s 
Covid19 mitigation measures in the Spring and Summer 
of 2020 strictly enforced stay-at-home orders and social 
distancing and young Chinese children are primarily cared 
for by live-in grandparents before they start preschool 
(Zhang et al., 2019).

To improve the accuracy of data on the children’s 
screen time, the week prior to data collection, parents 
were advised to pay attention to the amount of time that 
their children were spending on various devices. During 
data collection, the parents were instructed to write down 
the amount of time that their children spent on each 
device. For parents who wrote down unspecific amount of 
time (e.g., 20–30 minutes), a clarification was requested 
immediately to obtain a specific amount of time. In cases 
where parents were unable to be specific, we used the 
average. For instance, if the parent reported that the child 
spent 20 to 30 minutes watching TV and follow-up clari-
fication did not obtain more specific information (e.g., 
the parent could not recall specific amount of time), then 

Table 1. Summary of Design Features for Study 1, Study 2, and Study 3.

Study 1 Study 2 Study 3

Location Beijing Beijing Shenzhen
Design Longitudinal Cross-sectional Cross-Section
N 111 172 313
Age Baseline: 3.6 (2.5–4.9)

Follow-Up: 4.8 (3.9–6.0)
4.9 (3.0–7.1) 6.9 (5.7–8.3)

% of boys 50.45% 60.47% 50.48%
Screen time 
measure

iPad/tablet, smart phone, TV and
online computer games

iPad/tablet, smart phone, TV 
and online computer games 
on weekday and weekend

iPad/tablet, smart phone, TV 
and online computer games 
on weekday and weekend

ADHD measure ADHD-RS-IV (Modified) ADHD-RS-IV ADHD-RS-IV
Mothers’ education 1–5 (M = 3.28; SD = 0.67) 1–5 (M = 3.09; SD = 0.65) 1–5 (M = 3.05; SD = 0.83)
Fathers’ education 1–5 (M = 2.37; SD = 0.76) 1–5 (M = 3.05, SD = 0.72) 1–5 (M = 3.18; SD = 0.84)
Mothers’ age 25–45 (M = 33.7, SD = 3.7) 25–48 (M = 34.0, SD = 3.4) Did not collect
Fathers’ age 28–49 (M = 34.5, SD = 3.9) 29–63 (M = 36.2, SD = 4.6) Did not collect
Informant Baseline: 87 (78.38%) were mothers

Follow-Up: 95 (85.59%) were mothers
109 (63.37%) were mothers 231 (73.80%) were mothers

Note. Education: 1 = Junior High School or Less, 2 = High School, 3 = College Degree, 4 = Master’s Degree, 5 = Ph.D. Study 1 took place during Covid19 
and because the children were not yet attending school at Baseline, parents were not asked about the children’s screen exposure on weekday or 
weekend and eight items from the ADHD scale that focused on classroom behaviors or were deemed to be difficult to observe during the pandemic 
were excluded.
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it was coded as the average of 20 and 30 (i.e., 25 minutes). 
For parents who wrote in statements such as “doesn’t 
watch TV,” “Not allowed to watch TV,” “almost never,” 
“very rarely,” or “occasionally for a few minutes,” we 
coded these responses as 0. For parents who wrote that 
they children spent “no more than” a certain amount of 
time on a device (e.g., no more than 10 minutes watching 
TV) or “more than” a certain amount of time, we used the 
reported value (e.g., 10 minutes for “no more than 10 min-
utes”). Because not all devices were available to all chil-
dren (e.g., some children did not have access to games), 
we used the daily total in hours spent on available device 
in the data analysis.

Behaviors of inattention and hyperactivity/impulsivity. Data on 
behaviors of inattention (I/A) and hyperactivity/impulsivity 
(H/I) were collected with the ADHD RS-IV Home Version 
(DuPaul et al., 1998, 2001; McGoey et al., 2007). The reli-
ability and validity of the Chinese translation of this mea-
sure has been established (Su et al., 2015; Yi et al., 2020). 
The ADHD RS-IV assesses behaviors of Inattention (I/A; 
nine items) and behaviors of hyperactivity/impulsivity (H/I; 
nine items). Parents rated the frequency of behaviors on 
0-3-point Likert scale (e.g., can’t sit still, restless; 0 = Rarely/
Never, 1 = Sometimes, 2 = Often, 3 = Always). Note that for 
Study 1, we excluded five items that were related to class-
room and learning behaviors (e.g., Item 1: Fails to give 
close attention to details or makes careless mistakes in 
schoolwork) because the children had not started school at 
Baseline data collection; we additionally excluded three 
items that were judged by the authors to be difficult to 
ascertain (e.g., Item 17: Is forgetful in daily activities) 
because the city’s Covid19 mitigating measures rendered it 
nearly impossible for children to have different daily activi-
ties and interactions. This resulted in a reduced number of 
items for I/A (four items) and H/I (six items). For Study 2 
and Study 3, the full scale with all 18 items was used. The 
internal consistency was good: I/A (Study 1: α = .81 at 
Baseline and .73 at Follow-Up), H/I (Study 1: α = .78 at 
Baseline, .75 at Follow-Up, Study 2: α = .86, and Study 3: 
α = .89). In data analysis, the average of items for each sub-
scale was used.

Data Analysis Plan

SAS software version 9.4 (SAS, 2013) was used to conduct 
data analysis. Prior to data analysis, we examined the distri-
bution of key variables and all of them were normally dis-
tributed. Within each study we first ran correlation analysis 
to obtain Pearson correlation coefficients between the key 
variables. Then we ran hierarchical linear regressions to 
determine the relations between screen time and I/A and H/I 
scores by entering the variables in different steps. In the 
final step of the regression analysis, we additionally 

included the children’s age, sex and family characteristics 
(e.g., number of children in the household, maternal educa-
tion, whether the participating parent was the father or the 
mother, and family SES indicators) as covariates. Note that 
for Study 1, there were eight parents who participated at 
Baseline but their spouses participated at Follow-Up, we 
tested whether the results would be different when the sex 
(mother or father) of the participating parents at Baseline or 
Follow-Up was included as a co-variate. Because which 
parent provided the data was not significant, we chose to 
use the parent’s information (mother or father) at Baseline 
in data analysis. We also reported partial R2 when covari-
ates were included.

Results

Descriptive Statistics

Study 1: All but one of the 111 children were from two-
parent households. The mothers were 25 to 45 years of age 
(M = 33.7; SD = 3.7) and the fathers were 28 to 49 years of 
age (M = 34.5; SD = 3.9). Over 90% of the parents had at 
least a college level education and had full-time employ-
ment. The children were 2.4 to 4.9 years of age at Baseline 
(M = 3.6; SD = 0.4) and were 3.9 to 6.0 years old at 
Follow-Up (M = 4.8; SD = 0.4). On average the children 
spent 1.34 hours a day using various devices (SD = .91; 
Range = 0–3.60). Girls (n = 55) and boys (n = 56) did not 
score differently on their screen time (Girls: M = 1.39, 
SD = .93, Range = 0–3.60; Boys: M = 1.29, SD = .89, 
Range = 0–3.60), t = .59, p = .56. At Baseline, there was no 
gender difference in I/A scores (Girls: M = 0.73, SD = 0.58; 
Boys: M = 0.76, SD = 0.55) t = 0.25, p = .80, but the differ-
ence approached statistical significance for H/I scores 
(Boys: M = 1.09, SD = 0.54; Girls: M = 0.91, SD = 0.50), 
t = 1.83, p = .07); at Follow-Up, boys scored significantly 
higher than girls on I/A (Boys: M = 0.89, SD = 0.50; Girls: 
M = 0.68, SD = 0.49), t = 2.26, p < .05) and nearly signifi-
cantly higher on H/I (Boys: M = 1.04, SD = 0.53; Girls: 
M = 0.85, SD = 0.51), t = 1.83, p = .07).

The correlation between Baseline and Follow-Up 
approached statistical significance for I/A scores (r = .18, 
p = .06) and was significant for H/I scores (r = .19, p = .04), 
suggesting weak-to-modest continuity for behaviors of inat-
tention and hyperactivity/impulsivity over 13 months. 
Because there was little variation in the children’s age, it 
was not correlated with their I/A scores (r = −.001, p = .99 at 
Baseline and r = −.07, p = .46 at Follow-Up) or H/I scores 
(r = −.10, p = .32 at Baseline and r = −.04, p = .65 at 
Follow-Up). As shown in Table 2, at Baseline screen time 
was not concurrently correlated with I/A and H/I scores, but 
it was significantly correlated with both I/A and H/I scores 
at Follow-Up. In both times, I/A and H/I scores were 
strongly correlated (rs = .66 and .77, p < .001).
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Study 2: All but 11 of the 172 children were from two-
parent households. The children were 3.9 to 7.1 years old 
(M = 4.9, SD = 1.0). The mothers were 25 to 48 years old 
(M = 34.0; SD = 3.4) and the fathers were between 29 and 
63 years old (M = 36.2, SD = 4.6). Most of the parents (88% 
of the mothers, 95% of the fathers) had at least a college 
level education. The children’s age was positively corre-
lated with screen time (r = .21, p < .01) and I/A score 
(r = .17, p < .05), but not with H/I score (r = .10, p = .17). 
There was no gender difference on I/A scores (Boys: 
M = 0.92, SD = 0.53; Girls: M = 0.85, SD = 0.51), t = 0.88, 
p = 0.38) but boys scored higher than girls on H/I (Boys: 
M = 1.09, SD = 0.50; Girls: M = 0.89, SD = 0.51), t = 2.49, 
p < .05). Girls and boys did not score differently on their 
screen time (Girls: M = 1.64, SD = 1.04; Boys: M = 1.73, 
SD = 0.95), t = 0.49, p = .62). As shown Table 2, screen time 
was positively correlated with I/A and H/I scores. Finally, 
I/A and H/I scores were highly correlated (r = .81, p < .001).

Study 3: All but 15 children were from two-parent house-
holds. All fathers and 84.3% of the mothers worked outside of 
home. Their occupational prestige ranged from the lowest 
(e.g., housekeeper) to the highest (e.g., doctors). The children 
were 5.7 to 8.3 years of age (M = 6.9, SD = 0.4). Because there 
was little variation in the children’s age, it was not correlated 
with screen time (r = .06, p = .31), I/A scores (r = −.01, p = .79) 
or H/I scores (r = −.01, p = .88). There was no difference 
between boys and girls in screen time (Boys: M = 1.58, 
SD = 1.16; Girls: M = 1.56, SD = 1.13), t = .10, p = .92, but boys 
scored significantly higher than girls on I/A (Boys: M = 0.88, 
SD = 0.50; Girls: M = 0.77, SD = 0.50), t = 2.00, p < .05 and on 
H/I (Boys: M = 0.74, SD = 0.47; Girls: M = 0.60, SD = 0.45), 
t = 2.80, p < .01. As shown in Table 2, screen time was posi-
tively correlated with I/A scores and H/I scores, while I/A and 
H/I scores were strongly correlated (r = .84, p < .001).

Across the three studies, the general pattern was that 
their average I/A scores were lower than their H/I scores, 
but for the children in Study 3, the pattern was reversed.

Hierarchical Linear Regression

Study 1: As shown in Table 3, screen time at Baseline alone 
was significant in predicting both I/A and H/I scores (Step 1). 

When the child’s corresponding I/A or H/I scores 
13 months prior were controlled for (Step 2), screen time 
remained significant in predicting I/A and H/I scores. 
Finally, when other variables were controlled for (Step 3), 
screen time remained significant in predicting both I/A and H/I 
scores. The variance accounted for was 8.0% for I/A scores 
and H/I scores at Follow-Up in Step 1, 12% for I/A scores and 
H/I scores at Follow-Up in Step 2 and 22% for I/A scores 
and H/I scores in Step 3. Remarkably, its magnitude remained 
similar across the three models and between I/A scores and H/I 
scores. Partial R2 also showed that including covariates did not 
change the variance that screen time at Baseline accounted for 
in the children’s I/A scores and H/I scores at Follow-Up.

Study 2: As shown in Table 4, screen time alone signifi-
cantly predicted I/A and H/I scores (Step 1) and remained 
significant after controlling for the children’s age, sex, 
mother’s age, education level, number of children at home, 
monthly childrearing expenditure, and the participant’s role 
(mother or father) (Step 2). Screen time predicted I/A scores 
and H/I scores in a similar manner. The variance accounted 
for by screen time alone was 5% for I/A scores and H/I 
scores; the variance accounted for by screen exposure and 
other covariates was 10% for I/A scores and 13% for H/I 
scores. Partial R2 also showed that including covariates did 
not change the variance that screen time accounted for in 
the children’s I/A scores and H/I scores.

Study 3: As shown in Table 5, screen time alone was a 
significant predictor for both IA and H/I Scores (Step 1) and 
remained significant after controlling for the children’s age, 
sex, the mother’s education level and occupational prestige, 
number of children in the household, and the participant’s role 
(mother or father) (Step 2). The variance explained by Step 1 
was 3% for I/A scores and 2% for H/I scores; it was 5% for I/A 
scores and H/I scores in Step 2. Partial R2 also showed that 
including covariates did not change the variance that screen 
time accounted for in the children’s I/A scores and H/I scores.

Overall, the three studies yielded a similar result: more 
screen time, alone and when other variables were controlled 
for, positively predicted higher inattention scores and 
hyperactivity/impulsivity scores. A particularly noteworthy 
finding was from Study 1 where screen time positively pre-
dicted inattention scores and hyperactivity/impulsivity 

Table 2. Means (SDs), Ranges of Key Measures and Correlation Coefficients.

Study

Screen

Range

I/A

Range

H/I

Range

Correlation coefficient

M (SD) M (SD) M (SD) Screen-I/A Screen-H/I I/A-H/I

1-Baseline 1.34 (.91) 0–3.60 .75 (.56) 0–2.25 1.00 (.53) 0–2.50 −.04 .01 .66***
1-Follow-Up NA NA .79 (.51) 0–2.00 .94 (.52) 0–2.17 .28** .29** .77***
2 1.70 (.99) 0–4.00 .89 (.52) 0–2.67 1.01 (.51) 0–2.89 .22** .23** .81***
3 1.58 (1.14) 0–3.50 .83 (.50) 0–2.10 .67 (.47) 0–2.00 .17** .14* .84***

Note. Screen = Screen time; I/A = Inattention; H/I = Hyperactivity/Impulsivity.
Study 1: The correlation between Baseline and Follow-Up was .18 for I/A scores (p = .06) and was .19 for H/I scores (p < .05).
*p < .05. **p < .01. ***p < .001.
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scores 13 months later at Follow-Up, even after correspond-
ing inattention scores and hyperactivity/impulsivity scores 
at Baseline were controlled for.

Discussion

Our main goal in this paper was to examine the associations 
between children’s screen time and behaviors of inattention 
and hyperactivity/impulsivity. To fill in the gaps in the lit-
erature, we obtained data on one group of preschool-aged 
children longitudinally, one group of preschool-aged chil-
dren and one group of first graders cross-sectionally from 
two cities in China.

Pattern of Screen Exposure and ADHD 
Behaviors

We found that in terms of the amount of time that the children 
spent on screen devices, the reported averages and ranges 
from our samples were similar to recent studies on Chinese 
children (e.g., Liu et al., 2021; Wu et al., 2017; Xie et al., 
2020). In terms of the general pattern of I/A and H/I scores, 
on average the preschool age children (i.e., Study 1 and Study 
2) scored higher on H/I than on I/A. This is consistent with 
the existing literature on preschool children from Western 
countries such as the US, Italy and the Netherlands  

(e.g., McGoey et al., 2007; Re & Cornoldi, 2009; Smidts & 
Oosterlaan, 2007). For school age children, the pattern is 
consistent with existing studies on Chinese children (Su 
et al., 2015) but is the opposite of studies on children from 
Western countries (e.g., Magnússon et al., 1999). These 
results expand the body of literature on the notion that ADHD 
should be seen as a cultural construct (Dwivedi & Banhatti, 
2005; Timimi & Taylor, 2004). However, because there is 
also argument that ADHD is not a cultural construct (Rohde 
et al., 2005), more research in this area is needed.

Instability of Behaviors of Inattention and 
Hyperactivity/Impulsivity in Early Childhood

Data from all three studies showed strong correlation 
between inattention and hyperactivity/impulsivity in all 
three cohorts in our study. The strong correlation reflects 
similar underlying genetic contribution to inattention and 
hyperactivity/impulsivity (Nikolas & Burt, 2010). According 
to Toplak et al. (2009) and Yi et al. (2020), there is a unitary 
component to ADHD behaviors that include a dimension of 
Inattention and a dimension of Hyperactivity/Impulsivity.

Although stability of inattention behaviors and 
hyperactivity/impulsivity behaviors have been commonly 
documented in school age children and adolescents (e.g., 
Döpfner et al., 2015), not much research is available on 

Table 3. Summary of Regression Analysis Predicting Preschool Children’s ADHD Scores at Follow-Up in Study 1 (N = 111).

I/A scores at follow-up H/I scores at follow-up

 b S.E. β t Partial R2 R2 b S.E. β t Partial R2 R2

Step 1 .08 .08
 Screen time at Baseline 0.16 0.05 .28** 2.91 .08 0.17 0.06 .29** 2.85 .08  
Step 2 .12 .12
 Screen time at Baseline 0.16 0.05 .29** 3.03 .08 0.16 0.05 .28** 2.78 .08  
 IA or H/I at Baseline 0.17 0.09 .19* 2.03 .04 0.19 0.10 .19~ 1.85 .04  
Step 3 .22 .22
 Screen time at Baseline 0.15 0.07 .27** 2.94 .08 0.18 0.05 .32*** 3.30 .08  
 IA or H/I at Baseline 0.17 0.07 .19* 2.32 .04 0.16 0.09 .16~ 1.73 .04  
 Child age at Baseline −0.10 0.10 −.10 −0.92 0 −0.07 0.10 −.06 −0.72 0  
 Sex  
 Female −0.23 0.09 −.23* −2.53 .05 −0.15 0.09 −.14 −1.58 .02  
 Male 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.)  
 Mother’s age 0 0.01 0 0.02 0 0 0.01 0 -0.01 0  
 Mother’s education −0.10 .07 −.14 −1.21 .02 0.01 0.08 .01 0.17 0  
 Childrearing expenditure 0 0 .13 1.30 .01 0 0 .24* 2.31* .05  
 Number of children  
 1 0.18 0.09 .17* 1.99 .02 −0.18 0.10 −.16~ 1.88 .02  
 2 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.)  
Relation to child  
Mother 0.02 0.12 .02 0.18 0 0.14 0.14 .11 0.99 .01  
Father 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.)  

~p < .10. *p < .05. **p < .01. ***p < .001.
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Table 4. Summary of Regression Analysis Predicting Preschool Children’s ADHD Scores in Study 2 (N = 172).

I/A scores H/I scores

 b S.E. β t Partial R2 R2 b S.E. β t Partial R2 R2

Step 1 .05 .05
 Screen time 0.12 0.04 .22** 2.77 .05 0.12 0.04 .23** 3.02 .05  
Step 2 .10 .13
 Screen time 0.13 0.05 .25** 3.22 .05 0.13 0.04 .25** 3.03 .05  
 Child age 0 0.04 0 −0.01 0 0 0.04 0 −0.01 0  
 Sex of child .03  
 Female −0.19 0.08 −.18* −2.41 .03 −0.19 0.08 −.18* −2.45 0  
 Male 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.)  
 Mother’s age 0 0.01 −.01 −0.37 0 0 0.01 −.03 −0.40 0  
 Mother’s education 0.10 0.06 .13 0.12 0 0.10 0.05 .13~ 1.89 .01  
 Childrearing expenditure 0.05 0.03 .13~ 1.71 0 0.05 0.03 .13 1.59 .02  
Number of children  
 1 −0.09 0.09 −.09 0.30 .01 −0.10 0.09 −.08 −1.07 .01  
 2 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.)  
Relation to child  
Mother 0.10 0.08 .10 0.21 .01 −0.10 0.08 −.10 −1.34 .01  
Father 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.)  

Note. Childrearing expenditure = percentage of monthly income the family spent on the child.
~p < .10. *p < .05. **p < .01.

Table 5. Summary of Regression Analysis Predicting ADHD Scores in Study 3 (N = 313).

I/A scores H/I scores

 b S.E. β t Partial R2 R2 b S.E. β t Partial R2 R2

Step 1 .03 .02
 Screen time 0.07 0.02 .17** 3.05 0.06 0.02 .14* 2.47 .02  
Step 2 .05 .05
 Screen time 0.07 0.02 .16** 2.97 .03 0.06 0.02 .15* 2.48 .02  
 Child age −0.04 0.07 −.03 −0.50 0 −0.01 0.06 −.01 −0.20 0  
 Sex .01 .02  
  Female −0.11 0.06 −.11* −2.03 −0.15 0.05 −.15** −2.73  
  Male 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.)  
 Mother’s education −0.08 0.04 −.14~ −1.08 .01 −0.07 0.04 −.13~ −1.78 0  
 Parent occupational prestige 0 0.05 0 −0.08 0 0.04 .01 0.11 0  
Number of children 0 .01  
 1 0.01 0.15 .01 0.06 0.07 0.15 .06 0.45  
 2 0 0.14 0 0.01 0 0.14 0 0  
 3 −0.10 0.14 −.10 −0.74 −0.10 0.14 −.10 −0.77  
 4 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.)  
 Relation to child 0  
  Mother −0.02 0.06 −.02 −0.37 0 0.06 0 0.05 0  
  Father 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.)  

~p < .10. *p < .05. **p < .01.

whether there is stability in ADHD behaviors for children 
aged 3 years to age 4 years. As part of our study, we aimed to 
fill in the gaps in the literature by including a longitudinal 
dataset on children who are in preschool ages (i.e., from 3.6 
to 4.8 years of age in Study 1). We found that there was a 

weak stability in Inattention behaviors and hyperactivity/
impulsivity behaviors over the course of 13 months. This 
was interesting because the children’s average inatten-
tion scores and average hyperactivity/impulsivity scores 
at Baseline were similar to their respective average 
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scores at Follow-Up. So, the lack of strong behavioral 
stability was likely that the children displayed different 
types of ADHD behaviors at the two time points. To 
explain why the children showed different ADHD behav-
iors at the two time points, we offer a developmental 
speculation and a contextual speculation.

Developmentally, behaviors of inattention and hyperac-
tivity/impulsivity are rather instable during this age (Halperin 
et al., 2012). Specifically, Halperin and associates suggested 
that preschool age was a developmental stage when symp-
toms of ADHD first became evident. Additionally, they sug-
gested that because at this age, children’s brain is more 
susceptible to environmental influences and physical exer-
cise, both of which could facilitate structural and functional 
development. As such, instability in the behaviors of ADHD 
is likely not an exception.

Contextually, according to Hinshaw (2018), the expres-
sions of ADHD behaviors are influenced by transactional 
patterns with family, school, peer interactions and neigh-
borhood characteristics and policy. As such, a drastically 
altered social context likely influences the expression of 
ADHD behaviors. The Chinese government’s response to 
Covid19 had certainly led to major changes in all levels of 
a young child’s social ecology. As such, we speculate that 
the drastic different circumstances caused by Covid19 mea-
sures surrounding the two time points of the study may also 
be responsible. Specifically, at Baseline data collection, the 
children had already experienced roughly 9 months of 
Covid mitigating measures such as stay-at-home order, 
mask wearing and social distancing. These measures drasti-
cally restructured the children’s experiences in every pos-
sible way. As such, at Baseline, the children’s behaviors 
likely were affected by the Covid mitigation measures. 
Even after the children entered preschool in September of 
2020, the school continued to strictly enforce mask wearing 
and social distancing measures for several months. At 
Follow-Up data collection 13 months later, the children’s 
routines and school activities had largely returned to nor-
mal. As a result, there were major differences between the 
two time points in children’s social interactions, classroom 
activities and the parents’ vigilance level. These differences 
likely have contributed to the extent to which ADHD behav-
iors were expressed and observed/observable.

In short, the children’s developmental stage and their expe-
riences during and after Covid19 measures could have lowered 
the correlations between in the children’s ADHD behaviors at 
the two points. If our second speculation is supported by other 
studies, it would offer a fresh perspective that Covid19 mitiga-
tion measures affected young children’s behaviors.

Screen exposure as a Risk for ADHD Behaviors

Data from the two older cohorts, as well as longitudinal 
follow-up from the youngest cohort, yielded evidence that 

screen time positively correlated with behaviors of inatten-
tion and behaviors of hyperactivity/impulsivity. This find-
ing is consistent with the existing literature (Wu et al., 2017; 
Xie et al., 2020). Thus, our study adds to the body of exist-
ing literature on screen exposure and young children’s 
ADHD behaviors.

However, data from the youngest cohort did not show a 
correlation between screen time and ADHD behaviors at 
Baseline. Specifically, for the youngest cohort (i.e., Study 
1), there was no concurrent association between screen time 
and Inattention behaviors or hyperactivity/impulsivity 
scores at age three, but there were statistically significant 
longitudinal correlations between screen time at age three 
and Inattention behaviors and hyperactivity/impulsivity 
behaviors at age four. These findings have not been reported 
elsewhere. Because the existing literature on has focused on 
children who were typically older than our sample, we 
know of no studies that we could draw upon to reliably 
gauge our finding. For instance, the study by Tamana et al. 
(2019) included children who were 5 years old, while the 
study by Xie et al. (2020) included children who were 3 to 
6 years old. Both studies reported that children who spent 
more time on screen devices had more ADHD behaviors. 
However, neither study treated screen time as a continuous 
variable. Instead, both studies divided screen time into two 
categories (e.g., >60 minutes a day and <60 minutes a day).

We speculate that rapid brain maturation and rapid 
development of executive functioning during the preschool 
years may play a role (Anderson & Reidy, 2012). Because 
children’s brain size reaches about 90% of its adult size by 
age 5 years (Dekaban & Sadowsky, 1978), it is possible that 
rapid shift in attending to various sound, visual perceptual 
stimuli may be neurobiologically accommodated by the 
rapidly developing brain and over time, this may lead to 
changes in children’s neurological functioning, resulting in 
lagged behavioral expressions of ADHD. Indeed, there is 
evidence that over time, preschool children’s attention abil-
ities are altered by screen time (Zivan et al., 2019). Because 
our data were collected during the timeframe of rapid brain 
maturation, more research is needed to determine if this 
finding applies to different age groups or over a time span 
shorter or longer than 13 months.

To account for the discrepancy in findings between 
Baseline in Study 1 and Studies 2 and 3, we speculated that 
difference in age, timing and how we measured ADHD 
might be at play. Specifically, in Study 1, we only included 
children who were on average 3.6 years old at Baseline; in 
Study 2, we included children who were 4.9 years old on 
average, and in Study 3 the children were nearly 7 years old. 
Differences in the children’s ages are related to differences 
in their school experiences (e.g., what teachers expect them 
to do, classroom sizes and their understanding of rules) and 
parental expectations of behaviors (Smith et al., 2020). In 
Study 1, the children had not started school at Baseline data 
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collection. Relatedly, because the children in Study 1 had 
no schooling experiences at Baseline, we modified the 
ADHD measures by excluding items that described chil-
dren’s ADHD behaviors in classroom settings or in learning 
tasks. We also excluded items that we deemed to be difficult 
to assess because the children had not really had the oppor-
tunity to interact with peers and people outside of their 
home due to Covid19 measures. These differences could be 
responsible for the discrepancy. Future studies that utilize 
ADHD measures that are less sensitive to school setting 
could help address this issue.

Limitations

While all three studies had the strength of an exceptionally 
high response rate, several limitations need to be kept in 
mind. First, although the method that we used to gather data 
on screen exposure is consistent with exiting literature, the 
method was crude and needs to be further refined to gather 
information on the content of the children’s screen exposure 
or the role of the parents in the children’s screen exposure. 
Second, our studies were conducted in two schools in two 
major Chinese cities that are among the most affluent cities 
in China. We do not know if our findings reflect experi-
ences of children who live in different conditions (e.g., rural 
regions). Third, in Study 1, we excluded from the ADHD 
measure eight items, which resulted a decrease in the num-
ber of items for inattention and hyperactivity/impulsivity. 
How this might have impacted the results is unknown. As 
such, caution is warranted in interpreting the findings. 
Fourth, and finally, like any studies that relied on parents to 
provide data on their children, social desirability might lead 
to underreporting of issues that parents perceive to reflect 
poorly of their parenting competency or their children but 
over-reporting to questions that may present them in a more 
positive light. These limitations may prevent findings from 
our study from being generalized.

Implication and Future Direction

Because of the noticeable difference in the magnitude of 
screen time-ADHD scores correlations between Study 1 
and Studies 2 and 3, and the finding that concurrent screen 
time-ADHD score correlations were weaker than longitu-
dinal correlations in Study 1, we recommend more longi-
tudinal research be conducted for children in different age 
groups. Additionally, notwithstanding its intuitive appeal, 
simply measuring the amount of time is a crude method as 
children’s screen experience can vary greatly from pas-
sive (e.g., watching TV), interactive (e.g., playing inter-
active games) to social (e.g., chatting with friends and 
family). Future research should start to investigate the 
function and nature of children’s interactions with various 
devices in order to develop more sophisticated tools to 

measure children’s screen experiences. The protocol that 
was commonly used in the existing studies focused on 
duration of time that a child spent on a device. This 
approach does not capture important aspects of children’s 
screen experiences. For instance, what types of cognitive, 
emotional and social demands do young children’s inter-
actions with various devices entail? What are the pur-
poses, from a parenting perspective, of digital devices in 
childrearing? Obtaining data in these areas will be a valu-
able step towards detecting specific mechanisms that link 
screen time and ADHD behaviors. Additionally, because 
some studies have shown that screen exposure has a dose 
effect on ADHD behaviors (Tamana et al., 2019; Xie 
et al., 2020), more research that is focused on possible 
dose effect of screen exposure would help with more con-
crete parenting and policy recommendations.

Since digital, mobile and screen device use may take 
away children’s time from other activities (e.g., physical 
activities, sleeping, social interactions with others), screen 
time may have a trade-off effect on children’s physical, 
social, cognitive and behavioral development (e.g., Fang 
et al., 2019; Raman et al., 2017). Thus, it is possible that 
screen time leads to decrease in other activities that children 
need for healthy cognitive development. Future studies 
should focus on possible moderating effect of changes in 
other activities in the link between screen exposure and 
ADHD behaviors.

Within the literature, the relation between screen time 
and ADHD behaviors has sometimes been conceptualized 
as bidirectional such that children with ADHD behaviors 
are also more likely to be drawn to screen devices (Beyens 
et al., 2018; Weiss et al., 2011). One way to be more certain 
about the directionality is to compare the association 
between screen time and ADHD behaviors concurrently 
and longitudinally. A screen time to ADHD behavior direc-
tion is supported if the concurrent link between association 
is absent but a delayed link is present. This is exactly what 
we uncovered in Study 1. As such, our finding offers tenta-
tive evidence that screen exposure may contribute to the 
emergence of future ADHD behaviors. This conclusion can 
be further strengthened if there is a lack of association 
between Baseline ADHD behaviors and Follow-Up screen 
time. Unfortunately, our study was not designed to test this. 
We recommend more research that focuses on this age 
group’s screen experiences and ADHD behaviors to illumi-
nate their relationship.

Finally, behaviors of ADHD not only affect children 
themselves but also their families (Harpin, 2005). Because 
our findings suggest that screen exposure time was a sig-
nificant risk factor, it is important that parents be mindful of 
managing their children’s device use. Interventions that tar-
get parents’ role in the increase in children’s screen expo-
sure will be valuable. For instance, because parents are 
increasingly relying on screen devices to engage with their 
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children and to manage their children’s emotions (Elias & 
Sulkin, 2019; Kabali et al., 2015; Radesky et al., 2016), 
psychoeducation might be valuable in informing parents the 
potential harm of screen exposure to their children.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iD

Tony Xing Tan  https://orcid.org/0000-0001-9496-3470

References

Allan, D. M., & Lonigan, C. J. (2019). Examination of the structure 
and measurement of inattentive, hyperactive, and impulsive 
behaviors from preschool to grade 4. Journal of Abnormal 
Child Psychology, 47(6), 975–987. https://doi.org/10.1007/
s10802-018-0491-x

Allen, M. S., & Vella, S. A. (2015). Screen-based sedentary 
behaviour and psychosocial well-being in childhood: Cross-
sectional and longitudinal associations. Mental Health 
and Physical Activity, 9, 41–47. https://doi.org/10.1016/j.
mhpa.2015.10.002

Anderson, P. J., & Reidy, N. (2012). Assessing executive func-
tion in preschoolers. Neuropsychology Review, 22, 345–360. 
https://doi.org/10.1007/s11065-012-9220-3

Beyens, I., Valkenburg, P. M., & Piotrowski, J. T. (2018). Screen 
media use and ADHD-related behaviors: Four decades of 
research. Proceedings of the National Academy of Sciences 
of the United States of America, 115, 9875–9881. https://doi.
org/10.1073/pnas.1611611114

Brown, H. R., & Harvey, E. A. (2019). Psychometric properties 
of ADHD symptoms in toddlers. Journal of Clinical Child & 
Adolescent Psychology, 48(3), 423–439. https://doi.org/10.10
80/15374416.2018.1485105

Byrne, R., Terranova, C. O., & Trost, S. G. (2021). Measurement 
of screen time among young children aged 0-6 years: A sys-
tematic review. Obesity Reviews, 22(8), e13260. https://doi.
org/10.1111/obr.13260

Chen, W., & Adler, J. L. (2019). Assessment of screen exposure 
in young children, 1997 to 2014. JAMA Pediatrics, 173(4), 
391–393. https://doi.org/10.1001/jamapediatrics.2018.5546

Choi, H. W., Choi, C. H., Lim, M. H., Kwon, H. J., Yoo, S. J., 
Paik, K. C., & Kim, K. M. (2019). Attention-Deficit hyperac-
tivity disorder symptom characteristics in Korean elementary 
school children: Comparison with US population. Psychiatry 
Investigation, 16(6), 425–432. https://doi.org/10.30773/
pi.2019.03.26

Christakis, D. A., Benedikt Ramirez, J. S., Ferguson, S. M., 
Ravinder, S., & Ramirez, J. M. (2018). How early media 
exposure may affect cognitive function: A review of results 

from observations in humans and experiments in mice. 
Proceedings of the National Academy of Sciences of the 
United States of America, 115(40), 9851–9858. https://doi.
org/10.1073/pnas.1711548115

Curchack-Lichtin, J. T., Chacko, A., & Halperin, J. M. (2014). 
Changes in ADHD symptom endorsement: Preschool to 
school age. Journal of Abnormal Child Psychology, 42, 993–
1004. https://doi.org/10.1007/s10802-013-9834-9

Daley, D., & Birchwood, J. (2010). ADHD and academic perfor-
mance: Why does ADHD impact on academic performance 
and what can be done to support ADHD children in the class-
room?. Child: Care, Health and Development, 36(4), 455–
464. https://doi.org/10.1111/j.1365-2214.2009.01046.x

Dekaban, A. S., & Sadowsky, D. (1978). Changes in brain weight 
during the span of human life: Relation of brain weights to 
body heights and body weights. Annals of Neurology, 4(4), 
345–356. https://doi.org/10.1002/ana.410040410

Domingues-Montanari, S. (2017). Clinical and psychologi-
cal effects of excessive screen time on children. Journal of 
Paediatrics and Child Health, 53(4), 333–338. https://doi.
org/10.1111/jpc.13462

Döpfner, M., Hautmann, C., Görtz-Dorten, A., Klasen, F., & 
Ravens-Sieberer, U., & The Bella Study Group. (2015). 
Long-term course of ADHD symptoms from childhood to 
early adulthood in a community sample. European Child and 
Adolescent Psychiatry, 24, 665–673. https://doi.org/10.1007/
s00787-014-0634-8

DuPaul, G. J., Mcgoey, K. E., Eckert, T. L., & Vanbrakle, J. 
(2001). Preschool children with attention-deficit/hyper-
activity disorder: Impairments in behavioral, social, and 
school functioning. Journal of the American Academy of 
Child & Adolescent Psychiatry, 40(5), 508–515. https://doi.
org/10.1097/00004583-200105000-00009

DuPaul, G. J., Power, T. J., Anastopoulos, A. D., & Reid, R. 
(1998). ADHD Rating Scale-IV: Checklists, norms, and clini-
cal interpretation. Guilford.

Dwivedi, K. N., & Banhatti, R. G. (2005). Attention deficit/
hyperactivity disorder and ethnicity. Archives of Disease 
in Childhood, 90(1), i10–i12. https://doi.org/10.1136/
adc.2004.058180

Elias, N., & Sulkin, I. (2019). Screen-assisted parenting: The rela-
tionship between toddlers’ screen time and parents’ use of 
media as a parenting tool. Journal of Family Issues, 40(18), 
2801–2822. https://doi.org/10.1177/0192513X19864983

Engelhard, M. M., & Kollins, S. H. (2019). The many channels of 
screen media technology in ADHD: A paradigm for quantify-
ing distinct risks and potential benefits. Current Psychiatry 
Reports, 21(9), 90. https://doi.org/10.1007/s11920-019-1077-1

Fang, K., Mu, M., Liu, K., & He, Y. (2019). Screen time and child-
hood overweight/obesity: A systematic review and meta-analysis. 
Child: Care Health and Development, 45(5), 744–753. https://
doi.org/10.1111/cch.12701

Goh, S. N., Teh, L. H., Tay, W. R., Anantharaman, S., van Dam, 
R. M., Tan, C. S., Chua, H. L., Wong, P. G., & Müller-
Riemenschneider, F. (2016). Sociodemographic, home envi-
ronment and parental influences on total and device-specific 
screen viewing in children aged 2 years and below: An 
observational study. BMJ Open, 6(1), e009113. https://doi.
org/10.1136/bmjopen-2015-009113

https://orcid.org/0000-0001-9496-3470
https://doi.org/10.1007/s10802-018-0491-x
https://doi.org/10.1007/s10802-018-0491-x
https://doi.org/10.1016/j.mhpa.2015.10.002
https://doi.org/10.1016/j.mhpa.2015.10.002
https://doi.org/10.1007/s11065-012-9220-3
https://doi.org/10.1073/pnas.1611611114
https://doi.org/10.1073/pnas.1611611114
https://doi.org/10.1080/15374416.2018.1485105
https://doi.org/10.1080/15374416.2018.1485105
https://doi.org/10.1111/obr.13260
https://doi.org/10.1111/obr.13260
https://doi.org/10.1001/jamapediatrics.2018.5546
https://doi.org/10.30773/pi.2019.03.26
https://doi.org/10.30773/pi.2019.03.26
https://doi.org/10.1073/pnas.1711548115
https://doi.org/10.1073/pnas.1711548115
https://doi.org/10.1007/s10802-013-9834-9
https://doi.org/10.1111/j.1365-2214.2009.01046.x
https://doi.org/10.1002/ana.410040410
https://doi.org/10.1111/jpc.13462
https://doi.org/10.1111/jpc.13462
https://doi.org/10.1007/s00787-014-0634-8
https://doi.org/10.1007/s00787-014-0634-8
https://doi.org/10.1097/00004583-200105000-00009
https://doi.org/10.1097/00004583-200105000-00009
https://doi.org/10.1136/adc.2004.058180
https://doi.org/10.1136/adc.2004.058180
https://doi.org/10.1177/0192513X19864983
https://doi.org/10.1007/s11920-019-1077-1
https://doi.org/10.1111/cch.12701
https://doi.org/10.1111/cch.12701
https://doi.org/10.1136/bmjopen-2015-009113
https://doi.org/10.1136/bmjopen-2015-009113


12 Journal of Attention Disorders 00(0)

Halperin, J. M., Bédard, A. C. V., & Curchack-Lichtin, J. T. 
(2012). Preventive interventions for ADHD: A neurodevel-
opmental perspective. Neurotherapeutics, 9(3), 531–541. 
https://doi.org/10.1007/s13311-012-0123-z

Harpin, V. A. (2005). The effect of ADHD on the life of an indi-
vidual, their family, and community from preschool to adult 
life. Archives of Diseases in Childhood, 90(1), i2–i7. https://
doi.org/10.1136/adc.2004.059006

Hill, M. M., Gangi, D., Miller, M., Rafi, S. M., & Ozonoff, S. 
(2020). Screen time in 36-month-olds at increased likelihood 
for ASD and ADHD. Infant Behavior and Development, 61, 
101484. https://doi.org/10.1016/j.infbeh.2020.101484

Hinshaw, S. P. (2018). Attention Deficit Hyperactivity Disorder 
(ADHD): Controversy, developmental mechanisms, and 
multiple levels of analysis. Annual Review of Clinical 
Psychology, 14(1), 291–316. https://doi.org/10.1146/annurev-
clinpsy-050817-084917

Hosokawa, R., & Katsura, T. (2018). Association between 
mobile technology use and child adjustment in early ele-
mentary school age. PloS One, 13(7), e0199959. https://doi.
org/10.1371/journal.pone.0199959

Johnson, J., & Reid, R. (2011). Overcoming executive function 
deficits with students with ADHD. Theory into Practice, 
50(1), 61–67. https://doi.org/10.1080/00405841.2010.534942

Kabali, H. K., Irigoyen, M. M., Nunez-Davis, R., Budacki, 
J. G., Mohanty, S. H., Leister, K. P., & Bonner, J. (2015). 
Exposure and use of mobile media devices by young chil-
dren. Pediatrics, 136(6), 1044–1050. https://doi.org/10.1542/
peds.2015-2151

Kaye, L. K., Orben, A., Ellis, D. A., Hunter, S. C., & Houghton, 
S. (2020). The conceptual and methodological mayhem 
of “screen time.” International Journal of Environmental 
Research and Public Health, 17(10), 3661. https://doi.
org/10.3390/ijerph17103661

Landau, S., & Moore, L. A. (1991). Social skill deficits in chil-
dren with attention-deficit hyperactivity disorder. School 
Psychology Review, 20, 235–251. https://doi.org/10.1080/02
796015.1991.12085548

Lauricella, A. R., Wartella, E., & Rideout, V. J. (2015). Young 
children’s screen time: The complex role of parent and child 
factors. Journal of Applied Developmental Psychology, 36, 
11–17. https://doi.org/10.1016/j.appdev.2014.12.001

Lawrence, A., & Choe, D. E. (2021). Mobile media and young 
children’s cognitive skills: A review. Academic Pediatrics, 
21(6), 996–1000. https://doi.org/10.1016/j.acap.2021.01.007

Levelink, B., van der Vlegel, M., Mommers, M., Gubbels, J., 
Dompeling, E., Feron, F. J. M., van Zeben-van der Aa, D. 
M. C. B., Hurks, P., & Thijs, C. (2021). The longitudinal 
relationship between screen time, sleep and a diagnosis of 
attention deficit/hyperactivity disorder in childhood. Journal 
of Attention Disorders, 25(14), 2003–2013. https://doi.
org/10.1177/1087054720953897

Lin, N., & Xie, W. (1988). Occupational prestige in urban China. 
American Journal of Sociology, 93(4), 793–832. https://doi.
org/10.1086/228825

Liu, W., Wu, X., Huang, K., Yan, S., Ma, L., Cao, H., Gan, H., 
& Tao, F. (2021). Early childhood screen time as a predic-
tor of emotional and behavioral problems in children at 
4 years: A birth cohort study in China. Environmental Health 

and Preventive Medicine, 26(1), 3. https://doi.org/10.1186/
s12199-020-00926-w

Loe, I. M., & Feldman, H. M. (2007). Academic and Educational 
Outcomes of Children With ADHD. Journal of Pediatric 
Psychology, 32(6), 643–654. https://doi.org/10.1093/jpepsy/
jsl054

Luk, E. S., Leung, P. W., & Ho, T. P. (2002). Cross-cultural/ 
ethnic aspects of childhood. In S. Sandberg (Ed.), Hyperactivity 
and attention disorders of childhood (pp. 64–98). Cambridge 
University Press.

Magnússon, P., Smári, J., Grétarsdottir, H., & Prándardóttir, H. (1999). 
Attention-deficit/hyperactivity symptoms in Icelandic schoolchil-
dren: Assessment with the attention deficit/hyperactivity rating 
scale-IV. Scandinavian Journal of Psychology, 40(4), 301–306. 
https://doi.org/10.1111/1467-9450.404130

Mahone, E. M., Crocetti, D., Ranta, M. E., Gaddis, A., Cataldo, 
M., Slifer, K. J., Denckla, M. B., & Mostofsky, S. H. (2011). 
A preliminary neuroimaging study of preschool children with 
ADHD. The Clinical Neuropsychologist, 25(6), 1009–1028. 
https://doi.org/10.1080/13854046.2011.580784

McGoey, K. E., DuPaul, G. J., Haley, E., & Shelton, T. L. (2007). 
Parent and teacher ratings of attention-deficit/hyperactivity dis-
order in preschool: The ADHD rating scale-IV preschool ver-
sion. Journal of Psychopathology and Behavioral Assessment, 
29(4), 269–276. https://doi.org/10.1007/s10862-007-9048-y

Miller, J. L., Paciga, K. A., Danby, S., Beaudoin-Ryan, L., & 
Kaldor, T. (2017). Looking beyond swiping and tapping: 
Review of design and methodologies for researching young 
children’s use of digital technologies. Cyberpsychology: 
Journal of Psychosocial Research on Cyberspace, 11(3), 
Article 6. https://doi.org/10.5817/CP2017-3-6

Mullan, K. (2018). Technology and children’s screen-based 
activities in the UK: The story of the millennium so far. 
Child Indicators Research, 11(6), 1781–1800. https://doi.
org/10.1007/s12187-017-9509-0

Niiranen, J., Kiviruusu, O., Vornanen, R., Saarenpää-Heikkilä, 
O., & Paavonen, E. J. (2021). High-dose electronic media 
use in five-year-olds and its association with their psychoso-
cial symptoms: A cohort study. BMJ Open, 11(3), e040848. 
https://doi.org/10.1136/bmjopen-2020-040848

Nikkelen, S. W., Valkenburg, P. M., Huizinga, M., & Bushman, 
B. J. (2014). Media use and ADHD-related behaviors in 
children and adolescents: A meta-analysis. Developmental 
Psychology, 50(9), 2228–2241. https://doi.org/10.1037/
a0037318

Nikolas, M. A., & Burt, S. A. (2010). Genetic and environmen-
tal influences on ADHD symptom dimensions of inattention 
and hyperactivity: A meta-analysis. Journal of Abnormal 
Psychology, 119(1), 1–17. https://doi.org/10.1037/a0018010

Parkes, A., Sweeting, H., Wight, D., & Henderson, M. (2013). 
Do television and electronic games predict children’s psy-
chosocial adjustment? Longitudinal research using the 
UK Millennium Cohort Study. Archives of Disease in 
Childhood, 98(5), 341–348. https://doi.org/10.1136/archdis-
child-2011-301508

Paudel, S, Jancey, J., Subedi, N., & Leavy, J. (2017). Correlates 
of mobile screen media use among children aged 0–8: A 
systematic review. BMJ Open, 7(10), e014585. https://doi.
org/10.1136/bmjopen-2016-014585

https://doi.org/10.1007/s13311-012-0123-z
https://doi.org/10.1136/adc.2004.059006
https://doi.org/10.1136/adc.2004.059006
https://doi.org/10.1016/j.infbeh.2020.101484
https://doi.org/10.1146/annurev-clinpsy-050817-084917
https://doi.org/10.1146/annurev-clinpsy-050817-084917
https://doi.org/10.1371/journal.pone.0199959
https://doi.org/10.1371/journal.pone.0199959
https://doi.org/10.1080/00405841.2010.534942
https://doi.org/10.1542/peds.2015-2151
https://doi.org/10.1542/peds.2015-2151
https://doi.org/10.3390/ijerph17103661
https://doi.org/10.3390/ijerph17103661
https://doi.org/10.1080/02796015.1991.12085548
https://doi.org/10.1080/02796015.1991.12085548
https://doi.org/10.1016/j.appdev.2014.12.001
https://doi.org/10.1016/j.acap.2021.01.007
https://doi.org/10.1177/1087054720953897
https://doi.org/10.1177/1087054720953897
https://doi.org/10.1086/228825
https://doi.org/10.1086/228825
https://doi.org/10.1186/s12199-020-00926-w
https://doi.org/10.1186/s12199-020-00926-w
https://doi.org/10.1093/jpepsy/jsl054
https://doi.org/10.1093/jpepsy/jsl054
https://doi.org/10.1111/1467-9450.404130
https://doi.org/10.1080/13854046.2011.580784
https://doi.org/10.1007/s10862-007-9048-y
https://doi.org/10.5817/CP2017-3-6
https://doi.org/10.1007/s12187-017-9509-0
https://doi.org/10.1007/s12187-017-9509-0
https://doi.org/10.1136/bmjopen-2020-040848
https://doi.org/10.1037/a0037318
https://doi.org/10.1037/a0037318
https://doi.org/10.1037/a0018010
https://doi.org/10.1136/archdischild-2011-301508
https://doi.org/10.1136/archdischild-2011-301508
https://doi.org/10.1136/bmjopen-2016-014585
https://doi.org/10.1136/bmjopen-2016-014585


Tan and Zhou 13

Radesky, J. S., & Christakis, D. A. (2016). Increased screen time: 
Implications for early childhood development and behavior. 
Pediatric Clinics of North America, 63(5), 827–839. https://
doi.org/10.1016/j.pcl.2016.06.006

Radesky, J. S., Peacock-Chambers, E., Zuckerman, B., & 
Silverstein, M. (2016). Use of mobile technology to calm 
upset children: Associations with social-emotional devel-
opment. JAMA Pediatrics, 170(4), 397–399. https://doi.
org/10.1001/jamapediatrics.2015.4260

Raman, S., Guerrero-Duby, S., McCullough, J. L., Brown, M., 
Ostrowski-Delahanty, S., Langkamp, D., & Duby, J. C. (2017). 
Screen exposure during daily routines and a young child’s risk 
for having social-emotional delay. Clinical Pediatrics, 56(13), 
1244–1253. https://doi.org/10.1177/0009922816684600

Re, A. M., & Cornoldi, C. (2009). Two new rating scales for 
assessment of ADHD symptoms in Italian preschool Children. 
Journal of Attention Disorders, 12(6), 532–539. https://doi.
org/10.1177/1087054708323001

Rohde, L. A., Szobot, C., Polanczyk, G., Schmitz, M., Martins, 
S., & Tramontina, S. (2005). Attention-deficit/hyperactivity 
disorder in a diverse culture: Do research and clinical find-
ings support the notion of a cultural construct for the disor-
der? Biological Psychiatry, 57(11), 1436–1441. https://doi.
org/10.1016/j.biopsych.2005.01.042

SAS. (2013). Users’ guide statistics (Version 9.4.) [Statistical 
analysis software]. SAS Institute Inc.

Sayal, K., Prasad, V., Daley, D., Ford, T., & Coghill, D. (2018). 
ADHD in children and young people: Prevalence, care path-
ways, and service provision. The Lancet Psychiatry, 5(2), 
175–186. https://doi.org/10.1016/S2215-0366(17)30167-0

Sigman, A. (2012). Time for a view on screen time. Archives of 
Disease in Childhood, 97, 935–942. https://doi.org/10.1136/
archdischild-2012-302196

Smidts, D. P., & Oosterlaan, J. (2007). How common are symptoms of 
ADHD in typically developing preschoolers? A study on preva-
lence rates and prenatal/demographic risk factors. Cortex, 43(6), 
710–717. https://doi.org/10.1016/S0010-9452(08)70500-8

Smith, L. E., Weinman, J., Yiend, J., & Rubin, J. (2020). 
Psychosocial factors affecting parental report of symptoms in 
children: A systematic review. Psychosomatic Medicine, 82(2), 
187–196. https://doi.org/10.1097/PSY.0000000000000767

Stiglic, N., & Viner, R. M. (2019). Effects of screen time on the 
health and well-being of children and adolescents: A system-
atic review of reviews. BMJ Open, 9(1), e023191. https://doi.
org/10.1136/bmjopen-2018-023191

Su, Y., Wang, H., Geng, Y. G., Sun, L., Du, Y. S., & Su, L. Y. 
(2015). Parent ratings of ADHD symptoms in Chinese urban 
schoolchildren: Assessment with the Chinese ADHD Rating 
Scale-IV: home version. Journal of Attention Disorders, 19(12), 
1022–1033. https://doi.org/10.1177/1087054712461177

Swing, E. L., Douglas, A., Gentile, D. A., Anderson, C. A., & 
Walsh, D. A. (2010). Television and video game exposure and 
the development of attention problems. Pediatrics, 126(2), 
214–221. https://doi.org/10.1542/peds.2009-1508

Tamana, S. K., Ezeugwu, V., Chikuma, J., Lefebvre, D. L., Azad, 
M. B., Moraes, T. J., Subbarao, P., Becker, A. B., Turvey, 
S. E., Sears, M. R., Dick, B. D., Carson, V., & Rasmussen, 
C., CHILD study Investigators, Pei, J., & Mandhane, P. J. 

(2019). Screen-time is associated with inattention problems 
in preschoolers: Results from the CHILD birth cohort study. 
PloS One, 14(4), e0213995. https://doi.org/10.1371/journal.
pone.0213995

Timimi, S., & Taylor, E. (2004). ADHD is best understood as a 
cultural construct. The British Journal of Psychiatry, 184(1), 
8–9. https://doi.org/10.1192/bjp.184.1.8

Toplak, M. E., Pitch, A., Flora, D. B., Iwenofu, L., Ghelani, K., 
Jain, U., & Tannock, T. (2009). The unity and diversity of 
inattention and hyperactivity/impulsivity in ADHD: Evidence 
for a general factor with separable dimensions. Journal of 
Abnormal Child Psychology, 37, 1137–1150. https://doi.
org/10.1007/s10802-009-9336-y

Weiss, M. D., Baer, S., Allan, B. A., Saran, K., & Schibuk, H. 
(2011). The screens culture: Impact on ADHD. Attention 
Deficit and Hyperactivity Disorders, 3(4), 327–334. https://
doi.org/10.1007/s12402-011-0065-z

Willcutt, E. G., Nigg, J. T., Pennington, B. F., Solanto, M. V., 
Rohde, L. A., Tannock, R., Loo, S. K., Carlson, C. L., 
McBurnett, K., & Lahey, B. B. (2012). Validity of DSM-IV 
attention deficit/hyperactivity disorder symptom dimensions 
and subtypes. Journal of Abnormal Psychology, 121(4), 991–
1010. https://doi.org/10.1037/a0027347

Wilmer, H. H., Sherman, L. E., & Chein, J. M. (2017). Smartphones 
and cognition: A review of research exploring the links 
between mobile technology habits and cognitive function-
ing. Frontiers in Psychology, 8, 605. https://doi.org/10.3389/
fpsyg.2017.00605

Wu, X., Tao, S., Rutayisire, E., Chen, Y., Huang, K., & Tao, F. 
(2017). The relationship between screen time, nighttime sleep 
duration, and behavioural problems in preschool children in 
China. European Children & Adolescent Psychiatry, 26(5), 
541–548. https://doi.org/10.1007/s00787-016-0912-8

Xie, G., Deng, Q., Cao, J., & Chang, Q. (2020). Digital screen 
time and its effect on preschoolers’ behavior in China: Results 
from a cross-sectional study. Italian Journal of Pediatrics, 
46(1), 9. https://doi.org/10.1186/s13052-020-0776-x

Yi, Z., Wang, Y., & Tan, T. X. (2020). Evidence for a higher-order 
ESEM structure of ADHD in a sample of Chinese children. 
Journal of Psychopathology and Behavioral Assessment, 43, 
376–387. https://doi.org/10.1007/S10862-020-09837-0

Zhang, C., Fong, V. L., Yoshikawa, H., Way, N., Chen, X., & 
Lu, Z. (2019). The rise of maternal grandmother childcare in 
urban Chinese families. Journal of Marriage and Family, 81, 
1174–1191. https://doi.org/10.1111/jomf.12598

Zivan, M., Bar, S., Jing, X., Hutton, J., Farah, R., & Horowitz-
Kraus, T. (2019). Screen-exposure and altered brain activa-
tion related to attention in preschool children: An EEG study. 
Trends in Neuroscience and Education, 17, 100117. https://
doi.org/10.1016/j.tine.2019.100117

Author Biography

Tony Xing Tan is a professor of Educational Psychology at the 
University of South Florida. His research interests are primarily in 
children's adjustment and immigration.

Yi Zhou is an independent researcher in Beijing, China. Her 
research interest is in early childhood education.

https://doi.org/10.1016/j.pcl.2016.06.006
https://doi.org/10.1016/j.pcl.2016.06.006
https://doi.org/10.1001/jamapediatrics.2015.4260
https://doi.org/10.1001/jamapediatrics.2015.4260
https://doi.org/10.1177/0009922816684600
https://doi.org/10.1177/1087054708323001
https://doi.org/10.1177/1087054708323001
https://doi.org/10.1016/j.biopsych.2005.01.042
https://doi.org/10.1016/j.biopsych.2005.01.042
https://doi.org/10.1016/S2215-0366(17)30167-0
https://doi.org/10.1136/archdischild-2012-302196
https://doi.org/10.1136/archdischild-2012-302196
https://doi.org/10.1016/S0010-9452(08)70500-8
https://doi.org/10.1097/PSY.0000000000000767
https://doi.org/10.1136/bmjopen-2018-023191
https://doi.org/10.1136/bmjopen-2018-023191
https://doi.org/10.1177/1087054712461177
https://doi.org/10.1542/peds.2009-1508
https://doi.org/10.1371/journal.pone.0213995
https://doi.org/10.1371/journal.pone.0213995
https://doi.org/10.1192/bjp.184.1.8
https://doi.org/10.1007/s10802-009-9336-y
https://doi.org/10.1007/s10802-009-9336-y
https://doi.org/10.1007/s12402-011-0065-z
https://doi.org/10.1007/s12402-011-0065-z
https://doi.org/10.1037/a0027347
https://doi.org/10.3389/fpsyg.2017.00605
https://doi.org/10.3389/fpsyg.2017.00605
https://doi.org/10.1007/s00787-016-0912-8
https://doi.org/10.1186/s13052-020-0776-x
https://doi.org/10.1007/S10862-020-09837-0
https://doi.org/10.1111/jomf.12598
https://doi.org/10.1016/j.tine.2019.100117
https://doi.org/10.1016/j.tine.2019.100117

