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Abstract
Objective
To explore the influences of digital media use on the core symptoms, emotional state, life events, learning motivation, executive function (EF) and family environment of children and adolescents diagnosed with attention deficit hyperactivity disorder (ADHD) during the novel coronavirus disease 2019 (COVID-19) pandemic.

Method
A total of 192 participants aged 8–16 years who met the diagnostic criteria for ADHD were included in the study. Children scoring higher than predetermined cut-off point in self-rating questionnaires for problematic mobile phone use (SQPMPU) or Young’s internet addiction test (IAT), were defined as ADHD with problematic digital media use (PDMU), otherwise were defined as ADHD without PDMU. The differences between the two groups in ADHD symptoms, EF, anxiety and depression, stress from life events, learning motivation and family environment were compared respectively.

Results
When compared with ADHD group without PDMU, the group with PDMU showed significant worse symptoms of inattention, oppositional defiant, behavior and emotional problems by Swanson, Nolan, and Pelham Rating Scale (SNAP), more self-reported anxiety by screening child anxiety-related emotional disorders (SCARED) and depression by depression self-rating scale for children (DSRSC), more severe EF deficits by behavior rating scale of executive function (BRIEF), more stress from life events by adolescent self-rating life events checklist (ASLEC), lower learning motivation by students learning motivation scale (SLMS), and more impairment on cohesion by Chinese version of family environment scale (FES-CV). The ADHD with PDMU group spent significantly more time on both video game and social media with significantly less time spend on physical exercise as compared to the ADHD without PDMU group.

Conclusion
The ADHD children with PDMU suffered from more severe core symptoms, negative emotions, EF deficits, damage on family environment, pressure from life events, and a lower motivation to learn. Supervision of digital media usage, especially video game and social media, along with increased physical exercise, is essential to the management of core symptoms and associated problems encountered with ADHD.
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Introduction
China was hit by an outbreak of the novel coronavirus disease 2019 (COVID-19) at the end of 2019, and the government implemented a policy of home quarantine to control the infection rate by the end of January 2020, which required citizens to stay at home [17]. The call for quarantine caused schools to shut down and resulted in the abruptly transition to online educational class for continuation of the upcoming academic year [17]. Numerous studies suggested that online classes were considered during the quarantine period, with emphases placed on learning, structure routine, well-being, and social bonds [5]. However, online learning might be particularly difficult for students with pre-existing mental health conditions, such as attention deficit hyperactivity disorder (ADHD) [14].
ADHD is one of the most common mental and behavior disorders among children and adolescents with recent estimates from a meta-analysis indicating that the prevalence in China was 6.26% [42]. Both home quarantine and online classes brought new challenges to families with ADHD children. Some patients experienced interruption of treatment due to the inconvenience of seeking medical assistance while the quarantine policy was in effect. A previous study showed that children with ADHD encountered both increased symptoms and negative emotions during the COVID-19 outbreak [49]. Online classes required the internet and a digital device, which led to free-use of those digital devices and the internet. As a result, many parents were unable to supervise children due to their work responsibility. Current research suggests that one of the core characteristics of ADHD is executive function (EF) impairments, especially inhibition [3, 34]. Those with ADHD, who showed lack of self-control, had a higher rate of problematic digital media use (PDMU) than control children [18]. The combination of home quarantine, online class, and lacking of supervision became a hotbed for PDMU during the COVID-19 pandemic.
Studies have suggested that there is a close relationship between PDMU and attention deficit [43], behavior problems [2] and emotional problems [13]. Some reviews also mentioned PDMU had negative impacts on academic performances, social interactions and family relationships [22, 30]. Digital media products included television, computer, cellphone, video game and internet, which were all considered to be screen-based behaviors. The problematic use behaviors included extended use time, after-dark use, and pornography viewing, which affects living and learning function [22, 30]. However, few studies have simultaneously explored the relationship between PDMU and ADHD symptoms, negative emotions, EF, learning motivation, and family environment.
We hypothesize that during the epidemic quarantine, ADHD children with PDMU would have more attention, behavioral and emotional problems, along with more EF impairments, more stress, less learning motivation, and more adverse effects on their family environment, as compared with the ADHD children without PDMU.
Method
Participants and procedures
Participants in this study were ADHD patients aged 8–16 years who had visited a medical psychological outpatient clinic at a general hospital in Shanghai, China, between April and May of 2020, when the COVID-19 epidemic broke out. All participants met the diagnostic requirements for ADHD based on the DSM-V criteria using semi-structured interview tool as clinical diagnostic interviewing scale (CDIS) [4, 45]. Children with major sensory-motor disorders, history of brain damage, epilepsy, diagnosis of autism spectrum disorder were excluded. The information of this study was presented to 208 patients and their parents with a final 192 (92.3%) patients who were willing to participate in the survey.
The 192 participants were divided into two groups using the self-rating questionnaire for problematic mobile phone use (SQPMPU) and Young’s internet addiction test (IAT). The ADHD children with reported problematic use behavior with either the mobile phone or internet, scoring higher than the cut-off point in either SQPMPU or IAT, were defined as PDMU, and others were defined as without PDMU. The demographic data of all the subjects were collected including age, gender, living area per capita, with medication treatment or not, with comorbidities or not.
Measures
Self-rating Questionnaire for Problematic Mobile Phone Use (SQPMPU) is used to estimate the dependence symptoms of mobile phone use for Chinese adolescents [40]. The questionnaire includes 16 items, ranking from 1 to 5, which cover three dimensions and includes withdrawal symptoms, effect of physical and mental health, and craving. Following Zheng et al. [50] we used 27 as the cut-off point for problematic mobile phone use [50].
Young’s Internet Addiction Test (IAT) consists of 20 questions, measured on 5-point Likert scale (0 = not at all to 5 = always). A higher total raw score indicates higher addiction symptoms [47]. The Chinese version of IAT has good reliability and validity [23], and a score of 40 as the cut-off point represents problematic internet use [33].
Swanson, Nolan, and Pelham Rating Scale (SNAP): Parents reported children’s ADHD, oppositional defiant disorder (ODD), conduct disorder (CD) and emotional problem symptoms on a 4-point Likert scale (0 = not at all, 1 = just a little, 2 = quite a bit, 3 = very much). The reliability and validity of the Chinese version of SNAP-IV form are satisfactory among children and adolescents in China [51]. The raw scores of symptoms were used to reflect a scale of severity with higher indicating worse symptoms.
Behavior Rating Inventory of Executive Function (BRIEF) is a rating scale for parents to assess behaviors in daily life reflecting the EF in children aged 6–18 years [11]. The instrument consists of 88 items on a 3-point ordered scale that measure eight clinical dimensions of EF: inhibition, shift, emotional control, initiation, working memory, plan, organize and monitor. Those scales form two indexes: behavior regulation and metacognition. A composite score, called global executive composite (GEC), is used to indicate general executive performance. The higher the score, the higher the difficulty of the construct. The BRIEF has been shown to have high concurrent and discriminatory validity and adequate reliability in Chinese children [31].
Adolescent Self-rating Life Events Checklist (ASLEC) is widely used in the study of evaluating the occurrence and impact of life events for Chinese youth [44]. The impacts of life event are ranked from 5 levels. The factors in this scale include relationship pressure, learning pressure, being punished, loss and adaption problem. A higher raw score represents a higher degree of the pressure and negative impact.
The Chinese version of Family Environment Scale (FES-CV) has 90 items, which evaluate 10 aspects of the family social and environmental characteristics respectively, including cohesion, expression, conflict, independent, achievement, intellectual-cultural orientation, active-recreational orientation, morality, organization and control. The score could be used in the adolescent population to reflect the interaction between each member of the family and the overall characteristics of the family environment [39]. The higher the raw score, the better the family environment, except for the conflict which is a low score for “good”.
Students learning motivation scale (SLMS) consists of 20 “yes” or “No” questions, which evaluate four dimensions of student’s distress in learning including initiative, awareness, interesting and goal [9]. A higher raw score indicates more distress for the learning motivation.
Depression self-rating scale for children (DSRSC) is used to assess the level of depression in children over 8 years old which consists 18 items rated at 3 levels. The higher the raw score, the more obvious the depression symptoms are. The average score with Chinese urban children was used to establish the cut-off point as 15 [37].
Screening child anxiety-related emotional disorders (SCARED) is used to evaluated children’s anxiety related emotional symptoms and has 41 items rated at 3 levels. A higher raw score indicates more anxiety related emotional problems. The average level in Chinese urban children suggest the cut-off point as 23 [41].
Home quarantine investigation of the pandemic (HQIP) is self-designed and used to obtain information regarding digital media use and activity arrangement.
We collected the average hours per day spent on the following activities, including watching TV, movies and videos, including short video (e.g. tik tok); playing video games including both computer and mobile games; and using social media software (e.g. wechat, QQ). We also collected the average number of days per week that included physical exercise, artistic and music activities (e.g. painting, singing, musical instrument playing, dancing), science and culture activities (e.g. reading, science experiment, study); and other hobbies and interests.
Data analysis
Statistical analyses of the data were performed using SPSS Version 19.0. The demographic differences between the two groups were assessed using paired sample t-test for continuous data and Chi-square test for categorical data. The differences in surveys for clinical characteristics between ADHD groups with and without PDMU were assessed by using multivariate analysis of covariance (MANCOVA), with age as a covariate.
Results
The demographic and clinical characteristics of the ADHD with and without PDMU group are presented in Table 1. There were no significant differences of gender (χ2 = 0.35, p = 0.56), ADHD subtype (χ2 = 1.03, p = 0.65), medication treatment (χ2 = 1.18, p = 0.28), and average living area (Z = -0.39, p = 0.69). While the age of the ADHD group with PDMU was significantly older (t = − 2.46, p = 0.02), and more children with comorbidity of ODD (χ2 = 7.36, p = 0.01) and Tics (χ2 = 4.52, p = 0.03) than the ADHD group without PDMU.
Table 1Demographic and clinical characteristics of ADHD children with and without PDMU


	Characteristics
	ADHD with PDMU
(n = 82)
	ADHD without PDMU
(n = 110)
	Statistical values
	p

	Age (months)
mean ± SD
	136.73 ± 27.69
	127.85 ± 22.21
	t = − 2.46
	0.02

	Average living area (square meters)
mean ± SD
	32.92 ± 43.15
	32.50 ± 32.24
	Z = -0.39
	0.69

	Gender, n (%)

	 Female
	24 (29.27)
	28 (25.45)
	χ2 = 0.35
	0.56

	 Male
	58 (70.73)
	82 (74.55)
	 	 
	ADHD subtypes, n (%)

	 Inattentive
	66 (80.49)
	82 (74.54)
	χ2 = 1.03
	0.65

	 Hyperactive-impulsive
	1 (1.22)
	2 (1.82)
	 	 
	 Combined
	15 (18.29)
	26 (23.64)
	 	 
	Treatment, n (%)

	 With medication
	36 (43.90)
	57 (51.82)
	χ2 = 1.18
	0.28

	Comorbidity, n (%)

	 ODD
	42 (51.22)
	35 (31.82)
	χ2 = 7.36
	0.01

	 Tics
	31 (37.80)
	26 (23.64)
	χ2 = 4.52
	0.03


ADHD Attention deficit hyperactivity disorder, PDMU Problematic digital media use, SD Standard deviation, ODD Oppositional-defiant disorder



The results of ADHD symptoms, psychosocial behaviors and academic performances of ADHD children with and without PDMU are presented in Table 2. The ADHD group with PDMU had significantly worse symptoms for inattention [F (1,189) =4.15, p = 0.04, η2 p = 0.02], oppositional defiant [F (1,189) =6.85, p = 0.01, η2 p = 0.04], conduct problem [F (1,189) =7.38, p = 0.01, η2 p = 0.04], and emotional problem [F (1,189) =14.51, p < 0.001, η2 p = 0.07], when compared with the ADHD group without PDMU. With regard to EF evaluated by BRIEF, the PDMU children presented significantly more impaired EF on shift [F (1,189) =7.01, p = 0.01, η2 p = 0.04], emotional control [F (1,189) =6.77, p = 0.01, η2 p = 0.04], initiation [F (1,189) =7.31, p = 0.01, η2 p = 0.04], working memory [F (1,189) =7.26, p = 0.01, η2 p = 0.04], plan [F (1,189) =17.09, p < 0.001, η2 p = 0.08], and behavior regulation index [F (1,189) =6.67, p = 0.01, η2 p = 0.03], metacognition [F (1,189) =10.36, p < 0.01, η2 p = 0.05], and GEC [F (1,189) =10.16, p < 0.01, η2 p = 0.05], than the group without PDMU.
Table 2ADHD symptoms, psychosocial behaviors and academic performances of ADHD children with and without PDMU


	Subscales
	ADHD with PDMU
(n = 82)
mean ± SD
	ADHD without PDMU
(n = 110)
mean ± SD
	Statistical values
F (1, 189)
	p
	partial η2

	SNAP Scores

	 Inattentive
	17.33 ± 5.11
	16.06 ± 5.38
	4.15
	0.04
	0.02

	 Hyperactive-impulsive
	9.49 ± 5.85
	8.90 ± 5.33
	3.42
	0.07
	0.02

	 ODD symptoms
	10.54 ± 4.81
	8.91 ± 4.63
	6.85
	0.01
	0.04

	 CD symptoms
	2.48 ± 2.21
	1.63 ± 2.23
	7.38
	0.01
	0.04

	 Emotional problem
	6.28 ± 4.72
	3.90 ± 3.33
	14.51
	< 0.001
	0.07

	BRIEF Factor

	 Inhibition
	16.57 ± 4.05
	16.08 ± 3.95
	1.94
	0.17
	0.01

	 Shift
	13.12 ± 2.91
	11.96 ± 2.67
	7.01
	0.01
	0.04

	 Emotional control
	17.35 ± 4.46
	15.71 ± 4.08
	6.77
	0.01
	0.04

	 Initiation
	15.52 ± 3.01
	14.22 ± 3.09
	7.31
	0.01
	0.04

	 Working memory
	20.93 ± 3.78
	19.59 ± 3.97
	7.26
	0.01
	0.04

	 Plan
	27.05 ± 4.34
	24.41 ± 4.43
	17.09
	< 0.001
	0.08

	 Organize
	13.23 ± 3.07
	12.37 ± 2.96
	3.44
	0.07
	0.02

	 Monitor
	18.01 ± 3.08
	17.46 ± 3.24
	2.55
	0.11
	0.01

	BRIEF Index

	 Behavior regulation
	47.05 ± 9.40
	43.75 ± 9.12
	6.67
	0.01
	0.03

	 Metacognition
	94.74 ± 14.30
	88.05 ± 15.03
	10.36
	< 0.01
	0.05

	BRIEF GEC
	141.79 ± 21.86
	131.81 ± 22.72
	10.16
	< 0.01
	0.05

	FES-CV

	 Cohesion
	6.33 ± 2.57
	7.26 ± 2.00
	8.05
	0.01
	0.04

	 Expression
	4.95 ± 1.81
	5.38 ± 1.73
	3.02
	0.08
	0.02

	 Conflict
	4.21 ± 2.46
	3.60 ± 2.01
	3.30
	0.07
	0.02

	 Independent
	5.51 ± 1.50
	5.41 ± 1.39
	0.19
	0.66
	< 0.01

	 Achievement
	5.63 ± 1.86
	5.65 ± 1.73
	0.01
	0.93
	< 0.001

	 Intellectual-Cultural
	4.17 ± 2.11
	4.62 ± 2.09
	2.29
	0.13
	0.01

	 Active-Recreational
	4.28 ± 2.62
	4.90 ± 2.47
	1.69
	0.20
	0.01

	 Morality
	4.66 ± 1.64
	4.63 ± 1.59
	0.08
	0.77
	< 0.001

	 Organization
	5.00 ± 1.46
	4.89 ± 1.50
	0.44
	0.51
	< 0.01

	 Control
	3.54 ± 1.87
	3.97 ± 2.10
	3.28
	0.07
	0.02

	 Total score
	48.28 ± 7.87
	50.31 ± 8.85
	2.95
	0.09
	0.02

	ASLEC

	 Relationship pressure
	8.90 ± 4.65
	5.44 ± 3.07
	36.22
	< 0.001
	0.16

	 Learning pressure
	9.09 ± 4.84
	6.05 ± 4.00
	23.16
	< 0.001
	0.11

	 Being punished
	9.30 ± 5.60
	5.87 ± 4.99
	23.66
	< 0.001
	0.11

	 Loss
	2.28 ± 3.00
	1.78 ± 2.35
	1.91
	0.17
	0.01

	 Adaption
	2.79 ± 1.91
	2.10 ± 1.75
	8.65
	< 0.01
	0.04

	 Total score
	36.21 ± 17.68
	22.57 ± 13.65
	37.38
	< 0.001
	0.16

	SLMS

	 Initiative
	2.49 ± 1.60
	1.48 ± 1.60
	20.35
	< 0.001
	0.10

	 Awareness
	2.57 ± 1.49
	1.96 ± 1.41
	6.36
	0.01
	0.03

	 Interesting
	1.77 ± 1.24
	1.46 ± 1.12
	3.63
	0.06
	0.02

	 Goal
	2.23 ± 1.33
	1.48 ± 1.37
	13.22
	< 0.001
	0.07

	 Total score
	9.06 ± 3.31
	6.39 ± 3.81
	24.74
	< 0.001
	0.12

	DSRSC
	16.23 ± 6.11
	11.45 ± 4.49
	33.73
	< 0.001
	0.15

	SCARED
	25.96 ± 19.33
	12.30 ± 10.54
	36.02
	< 0.001
	0.16

	Daily digital media usage

	 Hours on TV/video
	3.41 ± 3.02
	2.87 ± 2.57
	1.18
	0.28
	0.01

	 Hours on video game
	2.15 ± 2.61
	1.20 ± 1.74
	7.14
	0.01
	0.04

	 Hours on social software
	1.86 ± 2.90
	0.82 ± 1.46
	6.76
	0.01
	0.04

	Days per week for doing

	 Physical exercise
	2.02 ± 1.95
	2.77 ± 2.13
	4.58
	0.03
	0.02

	 Artistic and music
	0.82 ± 1.73
	1.42 ± 1.90
	3.60
	0.06
	0.02

	 Science and culture
	1.87 ± 2.35
	2.30 ± 2.48
	0.25
	0.62
	< 0.01

	 Other hobbies
	1.00 ± 1.85
	1.63 ± 2.29
	2.67
	0.10
	0.01


ADHD Attention deficit hyperactivity disorder, PDMU Problematic digital media use, SD Standard deviation, SNAP Swanson, Nolan, and Pelham Rating Scale, ODD Oppositional-defiant disorder, CD Conduct disorder, BRIEF Behavior rating scale of executive function, GEC Global executive composite, ASLEC Adolescent self-rating life events checklist, FES-CV Chinese version of family environment scale, SLMS Students learning motivation scale, DSRSC Depression self-rating scale for children, SCARED Screening child anxiety-related emotional disorders



The results of the family environment did not show significant differences except for cohesion [F (1,189) =8.05, p = 0.01, η2 p = 0.04]. The ADHD children with PDMU showed significantly more disturbances of life events for relationship pressure [F (1,189) =36.22, p < 0.001, η2 p = 0.16], learning pressure [F (1,189) =23.16, p < 0.001, η2 p = 0.11], being punished [F (1,189) =23.66, p < 0.001, η2 p = 0.11], adaption [F (1,189) =9.65, p < 0.01, η2 p = 0.04], and total situation [F (1,189) =37.38, p < 0.001, η2 p = 0.16] compared to the ADHD children without PDMU. Consequently, the ADHD children with PDMU had significant more problems on learning motivation [F (1,189) =24.74, p < 0.001, η2 p = 0.12], including initiative [F (1,189) =20.35, p < 0.001, η2 p = 0.10], awareness [F (1,189) =6.36, p = 0.01, η2 p = 0.03], and goal [F (1,189) =13.22, p < 0.001, η2 p = 0.07], compared to ADHD children without PDMU.
The total score on DSRSC [F (1,189) =33.73, p < 0.001, η2 p = 0.15] and SCARED [F (1,189) =36.02, p < 0.001, η2 p = 0.16] was significantly worse in ADHD with PDMU group, compared with ADHD without PDMU group. In the ADHD group with PDMU, children had a significantly higher positive relationship in DSRSC (44/82 vs. 30/110, χ2 = 33.55, p < 0.001) and SCARED (43/82 vs. 15/110, χ2 = 13.81, p < 0.001) than children in the ADHD group without PDMU. However, with regard to the diagnosis with depression disorder and generalized anxiety disorder (GAD), there were 2 children with depression disorder in ADHD with PDMU group, none in ADHD without PDMU group. Neither group had ADHD children met GAD diagnosis criteria. The diagnose differences with depression and GAD between were not significant between two groups.
Our investigation found that there were significant differences on media usage patterns and daily life arrangement between two groups. The ADHD children in PDMU group spend significantly more time on digital media use regardless of whether it was video game [F (1,189) =7.14, p = 0.01, η2 p = 0.04] or social media software [F (1,189) =6.76, p = 0.01, η2 p = 0.04]. On the other hand, the ADHD children in PDMU group spend significant less days on physical exercise [F (1,189) =4.58, p = 0.03, η2 p = 0.02], however, there were not significant differences on the days spend on artistic and music [F (1,189) =3.60, p = 0.06, η2 p = 0.02], science and culture [F (1,189) =0.25, p = 0.62, η2 p < 0.01], and other types of hobbies [F (1,189) =2.67, p = 0.10, η2 p = 0.01].
Discussion
The study found that the ADHD children with PDMU suffered more severe core symptoms, negative emotions, EF deficits, damage of the family environment, pressure from life events and lower motivation to learn.
ADHD core symptoms
ADHD children with PDMU showed significantly more core symptoms of inattention than ADHD children without PDMU. Previous studies suggested that there was a link between PDMU and attention deficits [8, 43]. On one hand, children with severe attention deficit might be more likely to be passively attracted to digital media products as distracting and smoothing themselves to compensate for diminished social abilities or academic difficulties [29]. On the other hand, too much digital media use time could also interfere with the ability to concentrate. Recent research raised the concern that interactivity and reflective reactivity on mobile media might contribute to the development of ADHD symptoms [32]. Screen time also might hinder the availability for activities that were considered better for stimulating cognitive abilities and a longer attention span [27].
Emotional problems
ADHD children with PDMU, as compared with ADHD children without PDMU, showed an increase of emotional problems including both higher scores and abnormal rates when using the SCARED and DSRSC methods of measurement. Many previous studies, although inconclusive, had revealed that children who spend more time online were more likely to be depressed [20]. The diagnosis of both anxiety disorder and depression disorder, however, did not show a significant difference in our study. This might suggest that ADHD children with PDMU were more likely to experience negative emotions due to inappropriate use of digital media products and not due to the effects caused by psychiatric disease as anxiety or depression. It was plausible that social media lead youths who feel lonely to compensate by engaging in passive internet use, such as scrolling other people’s accounts, however this might end up increasing their depressed mood [6]. Gaming and social media seemed to offer effective methods of digital communication for anxious children, however sharing emotions and experiences through face-to-face interaction with peers was lost [19], and might lead to a struggle with real-life social interactions resulting in an anxious social disposition.
Executive function
EF deficits have been shown to closely related to ADHD in many studies [34, 36, 48], and has been shown to result in extensive and severe functional impairments [38]. This study found EF was much worse in the ADHD with PDMU group as compared to the ADHD without PDMU group in the areas of both elements and total situation. Exposure to observational media such as television might have a negative impact on child’s EF performance [21]. Additionally, some researchers found that both television exposure time and content were related to children’s current EF along with their EF performance later in life [26]. Media exposure therefore might damage EF abilities, and as viewed from another angle, poor EF might cause children to likely lose control of digital media use. EF deficits associated with ADHD such as lack of self-control, self-regulation, and behavioral inhibition would lead to difficulties in daily life management [24], including regulation of media and internet use [25].
Parent-child relationship
While their family environment exhibited worsened cohesion, the ADHD children with PDMU showed severe symptoms of ODD, as compared with the ADHD children without PDMU. This indicates that there were more problems such as confrontation and disobedience, within the parent-child relationship. One study that included Chinese families found that parent-child relationship helped to mediate adolescent problematic mobile phone use and parental phubbing [28]. The healthy function of a family, needing balanced cohesion and flexibility, required both parents and children to maintain low levels of digital device usage. In contrast, family function would be damaged when parents showed high levels of media usage and also allowed children high usage too [7]. In fact, both the internet and mobile phone could interact with relationship and individual’s function of every family member [35].
Learning motivation
The ADHD children with PDMU exhibited lower learning motivation, higher stress on life, interpersonal, and learning problems as compared with the ADHD children without PDMU. In fact, one study that included Chinese adolescents found that the participants with problematic use of mobile phone presented more stress from life events and less motivation toward school work as compared with the healthy controls [12]. This negative association between screen-based activities and academic performance, which further affected work opportunity, might be due to the idea that screen media use played a key role in cognition, including the brain processes involved in knowledge, intellect and action which ultimately affected academic abilities and achievements [15]. Because of this, screen-based activities should be supervised and reduced to improve academic performance [1].
Physical activities
The ADHD children with PDMU spend considerably more screen time on both video games and social media software, and less time on physical exercising, than the ADHD children without PDMU. Studies have revealed that both video games [25] and social media use [10] had negative consequences on attention and regulation. Furthermore, previous studies have investigated the different types of screen-based activities for their individual impact on children’s function. They found that television viewing and video game playing appeared to be the activities most negatively associated with academic outcomes particularly [1]. This strongly suggests that parents should manage digital media exposure, but should also promote increased physical activity in children. One study has reported that less screen time and more frequent vigorous physical activity was associated with a lower risk of depression, anxiety, low self-esteem, and life dissatisfaction, which suggested that reducing screen time while increasing physical activity might lead to good mental health outcomes [16].
It is important to manage children’s use of digital media products, making prevention and early intervention, because screen use is now so ubiquitous. Greater access to media and reduced parental supervision have contributed to prolonged leisure screen time in Chinese children with adolescents [46]. To prevent disruptions to a child’s daily family, social interaction, school performance, and physical functioning, it is necessary to pay attention to the signs of PDMU and seek early treatment [30].
Limitation
This study was carried out during the special period of COVID-19 epidemic and due to the home quarantine policy, along with the fact that participants were families who seek medical help voluntarily, confounding factors such as comorbidities and medication use were not controlled. This special period could be seen as an extended vacation because the long break from the classroom, however, the influence of COVID-19 could still affect children’s emotion and stress. This study may reveal the relationship between PDMU and ADHD children’s symptoms, emotional and behavioral problems, parent-child relationship, and family environment, however, it is difficult to explain any causal relationship. The effects of PDMU and problematic behaviors, negative emotions, and dysfunctional family relationship might be interacted with each other. Due to the special period, our study only included ADHD children, but not healthy control children, which could not better explain the relationship between ADHD symptoms and internet use in the whole children population. Finally, although this study suggested a variety of negative influences of PDMU, feasible and effective intervention need to be further explored in future study.
Conclusion
This study, taken as a whole, not only reveals the connection between the use of digital media and ADHD symptoms, emotions, EF, learning motivation and family environments, but also shows enhanced problems in ADHD children with increased exposure to digital media during the epidemic quarantine period. ADHD symptoms, behavioral problems, EF impairments, and family environment problems all showed increases with increased use of digital media. Although no causal relationship is shown by our study, parents should consider taking action to limit digital media exposure to prevent family, emotional, and learning disruptions. For example, during break from the classroom, parents of children with ADHD should adhered to prescribed medication for ADHD symptom management, while attempting to provide a good family environment, finding ways to manage negative emotions, increase physical exercise, and reduce the use of digital media products.
Acknowledgements
We would like to thank the parents and children who participated in this study.

Authors’ contributions
Lan Shuai conducted the research and write the manuscript. Shan He and Hong Zheng managed and analyzed the data in this study. Zhouye Wang, Meihui Qiu, and Weiping Xia recruited the participants from the outpatient clinic. Xuan Cao and Lu Lu organized the questionnaires and input the data. Jinsong Zhang supervised this study and approved the final manuscript. The authors read and approved the final manuscript.

Funding
This study was supported in part by grants from the three-year action plan for the construction of Shanghai’s public health system (2020–2022), key discipline construction project (GWV-10.1-XK19), and outstanding academic leaders cultivating project (GWV-10.2-XD30).

Availability of data and materials
The author could provide raw data if needed.

Declarations
Ethics approval and consent to participate
The study was approved by the ethics committee of Xinhua Hospital, and informed consents were obtained from all parents and children.

Consent for publication
Not applicable.

Competing interests
The author declares he has no competing interests.


References
	1.
Adelantado-Renau M, Moliner-Urdiales D, Cavero-Redondo I, Beltran-Valls MR, Martínez-Vizcaíno V, et al. Association between screen media use and academic performance among children and adolescents: a systematic review and meta-analysis. JAMA Pediatr. 2019;173(11):E1–E10. https://​doi.​org/​10.​1001/​jamapediatrics.​2019.​3176.Crossref

	2.
Andreassen CS, Billieux J, Griffiths MD, Kuss DJ, Demetrovics Z, Mazzoni E, et al. The relationship between addictive use of social media and video games and symptoms of psychiatric disorders: a large-scale cross-sectional study. Psychol Addict Behav. 2016;30(2):252–62. https://​doi.​org/​10.​1037/​adb0000160.Crossref

	3.
Barkley BA. Executive functions. New York: Guilford; 2012.

	4.
Barkley RA. Attention deficit hyperactivity disorder: a handbook for diagnosis and treatment. New York: The Guildford Press; 1998.

	5.
Becker SP, Breaux R, Cusick CN, Dvorsky MR, Marsh NP, Sciberras E, et al. Remote learning during COVID-19: examining school practices, service continuation, and difficulties for adolescents with and without attention-deficit/hyperactivity disorder. J Adolescent Health. 2020;20(S1054-139X):30521–3. https://​doi.​org/​10.​1016/​j.​jadohealth.​2020.​09.​002.Crossref

	6.
Belfort E, Miller L. Relationship between adolescent suicidality, self-injury, and media habits. Child Adolesc Psychiatr Clin N Am. 2018;27(2):159–69. https://​doi.​org/​10.​1016/​j.​chc.​2017.​11.​004.CrossrefPubMed

	7.
Caprì T, Gugliandolo MC, Iannizzotto G, Nucita A, Fabio RA. The influence of media usage on family functioning. Curr Psychol. 2019;1(23):1–11. https://​doi.​org/​10.​1007/​s12144-019-00204-1.Crossref

	8.
Ceranoglu TA. Inattention to problematic media use habits: interaction between digital media use and attention-deficit/hyperactivity disorder. Child Adolescent Psychiatric Clin North Am. 2018;27(2):183–91. https://​doi.​org/​10.​1016/​j.​chc.​2017.​11.​009.Crossref

	9.
Chen YQ, Xu J. Influence of learning motivation on self-esteem of high school students and mediating effect of coping style. J Bio-education. 2020;8(2):129–33.

	10.
Crone EA, Konijn EA. Media use and brain development during adolescence. Nat Commun. 2018;9(1):588–97. https://​doi.​org/​10.​1038/​s41467-018-03126-x.CrossrefPubMedPubMedCentral

	11.
Gioia GA, Isquith PK, Guy SC, Kenworthy L. Behavior rating inventory of executive function. Child Neuropsychology. 2000;6(3):235–8. https://​doi.​org/​10.​1007/​springerreferenc​e_​184532.Crossref

	12.
He AM, Wan JJ, Hui QP. Mental health status of Mobile phone dependent adolescent and the relationship with life events and academic burnout. Chinese J Clin Psychol. 2019;7(2):410–3. https://​doi.​org/​10.​16128/​j.​cnki.​1005-3611.​2019.​02.​041.Crossref

	13.
Hoge E, Bickham D, Cantor J. Digital media, anxiety, and depression in children. Pediatrics. 2017;140(Supplement 2):S76–80. https://​doi.​org/​10.​1542/​peds.​2016-1758G.Crossref

	14.
Holmes EA, O'Connor RC, Perry VH, Tracey I, Wessely S, Arseneault L, et al. Multidisciplinary research priorities for the COVID-19 pandemic: a call for action for mental health science. Lancet Psychiatry. 2020;7(6):547–60. https://​doi.​org/​10.​1016/​S2215-0366(20)30168-1.CrossrefPubMedPubMedCentral

	15.
Horowitz-Kraus T, Hutton JS. Brain connectivity in children is increased by the time they spend reading books and decreased by the length of exposure to screen-based media. Acta Paediatr. 2018;107(4):685–93. https://​doi.​org/​10.​1111/​apa.​14176.CrossrefPubMed

	16.
Hrafnkelsdottir SM, Brychta RJ, Vaka R, Sunna G, Chen KY, Erlingur J, et al. Less screen time and more frequent vigorous physical activity is associated with lower risk of reporting negative mental health symptoms among Icelandic adolescents. PLoS One. 2018;13(4):e196286. https://​doi.​org/​10.​1371/​journal.​pone.​0196286.Crossref

	17.
Kang CY, Meng F, Feng Q, Yuan J, Yang JZ. Implementation of quarantine in China during the outbreak of COVID-19. Psychiatry Res. 2020;289(SI):113038. https://​doi.​org/​10.​1016/​j.​psychres.​2020.​113038.CrossrefPubMedPubMedCentral

	18.
Kietglaiwansiri T, Chonchaiya W. Pattern of video game use in children with attention-deficit-hyperactivity disorder and typical development. Pediatr Int. 2018;60(6):523–8. https://​doi.​org/​10.​1111/​ped.​13564.CrossrefPubMed

	19.
Laghi F, Schneider BH, Vitoroulis I, Coplan RJ, Baiocco R, Amichai-Hamburger Y, et al. Knowing when not to use the internet: shyness and adolescents' on-line and off-line interactions with friends. Comput Hum. 2013;29(1):51–7. https://​doi.​org/​10.​1016/​j.​chb.​2012.​07.​015.Crossref

	20.
Leménager T, Hoffmann S, Dieter J, Reinhard I, Mann K, et al. The links between healthy, problematic, and addicted internet use regarding comorbidities and self-concept-related characteristics. J Behav Addict. 2018;7(1):31–43. https://​doi.​org/​10.​1556/​2006.​7.​2018.​13.CrossrefPubMedPubMedCentral

	21.
Lillard AS, Drell MB, Richey EM, Boguszewski K, Smith ED. Further examination of the immediate impact of television on children's executive function. Dev Psychol. 2015;51(6):792–805. https://​doi.​org/​10.​1037/​a0039097.CrossrefPubMed

	22.
Lissak G. Adverse physiological and psychological effects of screen time on children and adolescents: literature review and case study. Environ Res. 2018;164:149–57. https://​doi.​org/​10.​1016/​j.​envres.​2018.​01.​015.CrossrefPubMed

	23.
Lu X, Wu O, Zhao ZQ, Guo F. Validation study of Young's Chinese version of internet addiction scale. Injury Medicine (Electronic Edition). 2019;8(1):17–23. https://​doi.​org/​10.​3868/​j.​issn.​2095-1566.​2019.​01.​004.Crossref

	24.
Makris N, Biederman J, Monuteaux MC, Seidman LJ. Towards conceptualizing a neural systems-based anatomy of attention-deficit/hyperactivity disorder. Dev Neurosci. 2009;31(1–2):36–49. https://​doi.​org/​10.​1159/​000207492.CrossrefPubMedPubMedCentral

	25.
Mathews CL, Morrell HE, Molle JE. Video game addiction, ADHD symptomatology, and video game reinforcement. Am J Drug Alcohol Abuse. 2019;45(1):67–76. https://​doi.​org/​10.​1080/​00952990.​2018.​1472269.CrossrefPubMed

	26.
Nathanson AI, Aladé F, Sharp ML, Rasmussen EE, Christy K. The relation between television exposure and executive function among preschoolers. Dev Psychol. 2014;50(5):1497–506. https://​doi.​org/​10.​1037/​a0035714.CrossrefPubMed

	27.
Nikkelen SW, Valkenburg PM, Huizinga M, Bushman BJ. Media use and ADHD-related behaviors in children and adolescents: a meta-analysis. Dev Psychol. 2014;50(9):2228–41. https://​doi.​org/​10.​1037/​a0037318.CrossrefPubMed

	28.
Niu GF, Yao LS, Wu L, Tian Y, Sun XJ. Parents' phubbing and adolescents' mobile phone addiction: the role of parent-child relationship and self-control. Child Youth Serv Rev. 2020;116:105247. https://​doi.​org/​10.​1016/​j.​childyouth.​2020.​105247.Crossref

	29.
Peeters M, Koning I, van Den ER. Predicting internet gaming disorder symptoms in young adolescents: a one-year follow-up study. Comput Hum Behav. 2018;80(MAR):255–61. https://​doi.​org/​10.​1016/​j.​chb.​2017.​11.​008.Crossref

	30.
Pluhar E, Kavanaugh JR, Levinson JA, Rich M. Problematic interactive media use in teens: comorbidities, assessment, and treatment. Psychol Res Behav Manag. 2019;12:447–55. https://​doi.​org/​10.​2147/​PRBM.​S208968.CrossrefPubMedPubMedCentral

	31.
Qian Y, Wang YF. Reliability and validity of behavior rating scale of executive function parent form for school age children in China. J Peking Univ Health Sci. 2007;3(39):277–83.

	32.
Ra CK, Cho J, Stone MD, De La Cerda J, Goldenson NI, Moroney E, et al. Association of digital media use with subsequent symptoms of attention-deficit/hyperactivity disorder among adolescents. JAMA. 2018;3203(3):255–63. https://​doi.​org/​10.​1001/​jama.​2018.​8931.Crossref

	33.
Shao JY, Chen X, Qi YW, Huang L. Present situation and influencing factors of internet addiction among medical students in Wuhu City. J Jinzhou Med Univ. 2017;38(5):84–7.

	34.
Shuai L, Chan RC, Wang YF. Executive function profile of Chinese boys with attention deficit hyperactivity disorder: different subtypes and comorbidity. Arch Clin Neuropsychol. 2011;26(2):120–32. https://​doi.​org/​10.​1093/​arclin/​acq101.CrossrefPubMed

	35.
Smetana JG, Rote WM. Adolescent–parent relationships: Progress, processes, and prospects. Ann Rev Dev Psychol. 2019;1(1):41–68. https://​doi.​org/​10.​1146/​annurev-devpsych-121318-084903.Crossref

	36.
Sonuga-Barke EJ, Dalen L, Daley D, Remington B. Are planning, working memory, and inhibition associated with individual differences in preschool ADHD symptoms? Dev Neuropsychol. 2002;21(3):255–72. https://​doi.​org/​10.​1207/​S15326942DN2103_​3.CrossrefPubMed

	37.
Su LY, Wang K, Zhu Y, Luo XR, Yang ZW. Norm of the depression self-rating scale for children in Chinese urban children. Chin Ment Health J. 2003;17(8):547–9. https://​doi.​org/​10.​3321/​j.​issn:​1000-6729.​2003.​08.​011.Crossref

	38.
Tamm L, Nakonezny PA. Metacognitive executive function training for young children with ADHD: a proof-of-concept study. Atten Defic hyperact Disord. 2015;7(3):183–90. https://​doi.​org/​10.​1007/​s12402-014-0162-x.CrossrefPubMedPubMedCentral

	39.
Tao JH, Jin FX, Zhang MR, Cheng ZH. Reliability and Validity of FES-CV in the Adolescent Population. Chinese J Clin Psychol. 2015;23(6):1024–7. https://​doi.​org/​10.​16128/​j.​cnki.​1005-3611.​2015.​06.​015.Crossref

	40.
Tao SM, FU JL, Wang H, Hao JH, Tao FB. Development of self-rating questionnaire for adolescent problematic Mobile phone use and the psychometric evaluation in undergraduates. Chinese J School Health. 2013;34(1):26–9 doi: CNKI:SUN:XIWS.0.2013-01-012.

	41.
Wang K, Su LY, Zhu Y, Zhai J, Yang ZW, et al. Norms of the screen for child anxiety related emotioanl disorders in Chinese urban children. Chinese J Clin Psychol. 2002;10(4):270–2. https://​doi.​org/​10.​3321/​j.​issn:​1673-8225.​2005.​04.​032.Crossref

	42.
Wang T, Liu K, Li Z, Xu Y, Liu Y, Shi W, et al. Prevalence of attention deficit/hyperactivity disorder among children and adolescents in China: a systematic review and meta-analysis. Bmc Psychiatry. 2017;17(1):32–42. https://​doi.​org/​10.​1186/​s12888-016-1187-9.CrossrefPubMedPubMedCentral

	43.
Wiederhold BK. Does digital media use increase symptoms of ADHD in adolescents? Cyberpsychol Behav Soc Netw. 2019;22(3):171–2. https://​doi.​org/​10.​1089/​cyber.​2019.​29143.​bkw.CrossrefPubMed

	44.
Xin XH, Yao SQ. Validity and reliability of the adolescent self-rating life events checklist in middle school students. Chin Ment Health J. 2015;29(5):355–60. https://​doi.​org/​10.​3969/​j.​issn.​1000-6729.​2015.​05.​010.Crossref

	45.
Yang L, Wang YF, Qian QJ, Gu BM. Primary exploration of the clinical subtypes of attention deficit hyperactivity disorder in Chinese children. Chinese J Psychiatry. 2001;34(4):204–7. https://​doi.​org/​10.​3760/​j:​issn:​1006-7884.​2001.​04.​004.Crossref

	46.
Ye SY, Chen LJ, Wang QN, Li QG. Correlates of screen time among 8–19-year-old students in China. BMC Public Health. 2018;18(1):467–73. https://​doi.​org/​10.​1186/​s12889-018-5355-3.CrossrefPubMedPubMedCentral

	47.
Young KS. Internet addiction a new clinical phenomenon and its consequences. Am Behav Sci. 2004;48(4):402–15. https://​doi.​org/​10.​1177/​0002764204270278​.Crossref

	48.
Zhang HF, Shuai L, Zhang JS, Wang YF, Lu TF, Tan X, et al. Neuropsychological profile related with executive function of Chinese preschoolers with attention-deficit/hyperactivity disorder: neuropsychological measures and behavior rating scale of executive function-preschool version. Chin Med J. 2018;131(6):648–56. https://​doi.​org/​10.​4103/​0366-6999.​226893.CrossrefPubMedPubMedCentral

	49.
Zhang JS, Shuai L, Yu H, Wang ZY, Qiu MH, Lu L, et al. Acute stress, behavioural symptoms and mood states among school-age children with attention-deficit/hyperactive disorder during the COVID-19 outbreak. Asian J Psychiatr. 2020;51:102077. https://​doi.​org/​10.​1016/​j.​ajp.​2020.​102077.CrossrefPubMedPubMedCentral

	50.
Zheng XN, Yi SM, Chen Y, Liu LB, Zhu YC, et al. An investigation on mobile phone dependence and sleep quality of medical college students. Health Vocational Educ. 2019;37(8):124–5 doi: CNKI:SUN:ZDYX.0.2019-08-066.

	51.
Zhou JB, Guo LT. Reliability and validity of the Chinese version of Swanson,Nolan,and Pelham Version IV Rating Scale-Parent Form for attention-deficit/hyperactivity disorder. Chin Ment Health J. 2013;27(6):424–8. https://​doi.​org/​10.​3969/​j.​issn.​1000-6729.​2013.​06.​005.Crossref



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Influences of digital media use on children and adolescents with ADHD during COVID-19 pandemic


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





