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The purpose of this study was to examine the associations between different types of screen behavior and depression, taking into account exercise and sleep among children and adolescents. A total of 23,573 Japanese children and adolescents (aged 8–15 years) participated in this cross-sectional study. Different types of screen behavior, weekly exercise time, sleep duration, and prevalence of depression were assessed using a questionnaire. Independent associations between various types of screen behavior and prevalence of depression were examined using logistic regression analyses after adjusting for age, school, sleep duration, exercise time, and other screen behavior types. A two-way analysis of covariance was conducted to examine whether exercise and sleep can attenuate the negative effects of screen behavior. The associations between screen behavior and depression varied by screen behavior types and participant characteristics. More time spent engaging in newer types of screen behavior, including social media, online games, and online videos, was associated with a higher prevalence of depression. In contrast, more time spent on TV was associated with a lower prevalence of depression. Sufficient exercise can lower the prevalence of depression, regardless of the length of time and content of the screen, and its associations were particularly significant for junior high school girls. Sleep was not associated with the prevalence of depression among any participant group except elementary school boys. Our findings suggest that age- and sex-specific intervention strategies that also consider screen-based behavior can effectively lower the risk of depression in children and adolescents.
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INTRODUCTION

Depression and its increasing prevalence among children and adolescents (1, 2) is a serious concern. Depression can affect psychological (3), academic (4), and cognitive well-being (5). There is an ongoing debate as to whether the rapid, widespread use of screen devices such as smartphones and portable games is a potential cause for the increased trends of depression (6–9). To date, the evidence regarding screen-based behavior and depression is mixed with negative (10), positive (7, 11), no effect (12), or heterogeneous effects by contents and context of screen time (8, 13) and participants' characteristics (e.g., age and sex) (8, 14, 15).

Screen-based behavior is traditionally assessed in terms of time spent viewing TV, using computers, and playing video games. However, newer types of screen behavior such as watching movies (e.g., YouTube), using social media (e.g., Facebook, Twitter, and Instagram), and online games are emerging among children and adolescents (16). Importantly, evidence suggests that different types of screen behavior are associated differently with depression (8, 10, 17). For example, a recent systematic review of 70 studies showed that computer use and video game playing, but not TV viewing, were significantly associated with depression among youth (8). There are potential mechanisms underlying different effects according to screen behavior types, including displacement hypothesis (18, 19) and upward social comparison hypothesis (20–22). The displacement hypothesis posits that screen time is negatively associated with depression because healthier activities, including exercise and sleep, are displaced by screen behavior types (18, 19). In this scenario, the associations between screen behavior and depression should be equivalent across different screen behavior types because all of them displace time for participating in healthier activities within a 24 h framework (10, 23). In contrast, the upward social comparison hypothesis posits that the effects of screen behavior on depression can vary based on the content viewed on screens (20–22). In particular, upward social comparisons occur when people compare themselves to others who are in more favorable positions (20–22). Previous studies showed that upward social comparison also occurs while using social media because it creates feelings of inferiority (24–26). In this scenario, social media might have larger effects than video games, which do not contain depictions of actual real-life individuals to whom the youth can socially compare themselves (10). In either case, this evidence suggests that viewed contents should also be considered when the association between screen time and depression is examined.

Evidence suggests that sufficient physical activity, sleep duration, as well as low levels of sedentary behavior are all independently associated with better mental health (27–29). Importantly, these behaviors are interrelated and co-dependent (23). Considering these characteristics, Canada released 24 h movement guidelines that recommend children and youth achieve three recommendations (i.e., physical activity, recreational screen time, and sleep) simultaneously (23). A recent systematic review suggests that meeting all three recommendations is preferable to reduce the risk of depression compared to meeting none of the recommendations (30). Additionally, a cross-sectional study with more than 17,000 Canadian children (aged 10–17 years) indicated that those who achieved any given recommendation had better mental health, including life satisfaction, prosocial behavior, and fewer emotional problems than those who did not achieve any of the recommendations (31). While the previous study provided important implications, the authors only evaluated the time spent on TV, videos, DVD, and computer games (31), and they did not specifically evaluate the time spent on newer types of screen behavior including social media and online games that are becoming increasingly popular among children and adolescents (16). To the best of our knowledge, no study has examined the combined association between physical activity (or exercise), sleep, and various types of screen behavior, including traditional and newer screen behavior types, with depression among children and adolescents. Therefore, the purpose of the present study was to examine the associations between various types of screen behavior and depression, taking into account exercise and sleep among children and adolescents.



MATERIALS AND METHODS


Participants

This cross-sectional study was conducted as a census survey in Setagaya ward, Tokyo, Japan. The details have been described elsewhere (32). In brief, all children and adolescents (aged 8–15 years) from public elementary and junior high schools in the Setagaya ward were invited to participate in the present study. A questionnaire survey was conducted in March 2019 in these schools. The questionnaire for elementary school children was shared with parents who helped with completing it. Junior high school adolescents independently answered the questionnaire. Participants and their parents/guardians were provided with detailed information, including the purpose and contents of the present study. They were also informed about their right to withdraw from the study at any time and were provided with complete assurance regarding the confidentiality of their data. Among the total and eligible samples (n = 34,643), 251 were excluded as they did not submit written informed consent (0.7%). Among those who submitted written informed consent (n = 34,392; 99.3%), data from 10,819 students (31.2%) were excluded as there was at least one missing piece of demographic data (age and sex), exposure (screen behavior, exercise, and sleep duration) and/or outcome variables (depression). The final sample for the present study comprised 23,573 Japanese children and adolescents (aged 8–15 years) (elementary school students: n = 15,726, junior high school students: n = 7,847, valid data = 68.0%). Figure 1 presents this sampling process. The present study was approved by the ethics committee of the Nippon Sport Science University (approval No. 015-H075).
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FIGURE 1. Flow chart of the data sampling.




Recreational Screen Behavior

The questionnaire, based on national surveillance (33), asked about recreational (i.e., screen behavior outside of school) screen time. Participants were asked the following four questions about their weekly activity. (1) How long do you watch TV, videos, DVD? (2) How long do you watch online videos? (3) How long do you use social media? (4) How long do you play online games? Participants were asked to report the time spent on each screen behavior in a week.



Exercise and Sleep Duration

For exercise time, participants were asked the following question: usually, how long do you play sports or exercise outside of school? Here, participants were asked to respond with their exercise time for each day of the week (from Monday to Sunday). Thereafter, the weekly exercise time was calculated by summing the exercise time for each day of the week. The questions were derived from an annual national physical fitness survey among Japanese children and adolescents aged 10–11 and 13–14 years (called “National Survey of Physical Fitness, Athletic Performance and Exercise Habits”) (34, 35). While the questionnaire has not been validated using objective physical activity measures (e.g., accelerometers and doubly labeled water), the time spent on exercise evaluated by the questionnaire has been shown to be significantly associated with health-related outcomes including objective physical fitness performance (34, 35). For sleep duration, participants were asked about their usual weekday wake-up time and bedtime. Thereafter, the sleep duration was calculated by subtracting the wake-up time from the bedtime. Participants were categorized into two groups (meeting sleep guidelines vs. not meeting sleep guidelines) based on the 24 h movement guideline that recommends 9–11 h/day of sleep for 5–13 years old children and 8–10 h/day of sleep for 14–17 adolescents (23).



Depression

Depression symptoms were measured using a modified version of the depression questionnaire developed by the American Psychiatric Association (36). The modified version of the questionnaire was developed by the Japanese Association of School Health for Japanese school-aged children, and the questionnaire has been tested for its validity and reliability among non-depressed Japanese children and adolescents (33). The questionnaire includes eight questions. Depression is defined using the criteria developed by the Japan Society of School Health (33).



Statistical Analysis

To examine if any difference existed in age, screen behavior, exercise, sleep, and the prevalence of depression by sex (boys vs. girls) and school type (elementary school vs. junior high school), t-tests were performed. Independent associations between various types of screen behavior and prevalence of depression were examined by logistic regression analyses. The presence of depression was considered as a main outcome variable after adjustments were made for age, school, sleep duration, exercise time, and other screen behavior types (e.g., when TV was modeled as the main exposure, the analysis was adjusted for the other three (i.e., online videos, online games, and social media) exposures). To understand the dose-response relationships between screen behavior and depression, we categorized the participants into four groups (“0–30 min,” “30–60 min,” “1–2 h,” and “>2 h”) based on time spent engaging in each screen behavior, with the least usage group (i.e., “0–30 min”) henceforth mentioned as the reference group. Odds ratios (ORs) and 95% confidence intervals (95% CIs) were estimated. To examine whether exercise and sleep can attenuate the negative effects of screen behavior, a two-way analysis of covariance (ANCOVA) was conducted after adjusting for age, school, sleep duration (i.e., when the exercise was modeled as main exposure, the analysis was adjusted for sleep duration), exercise time (i.e., when sleep was modeled as the main exposure, the analysis was adjusted for exercise), and other screen behavior types (e.g., when TV was modeled as the main exposure, the analysis was adjusted for the other three exposures). For exercise, the participants were categorized into two groups (“High EX” vs. “Low EX”) based on the median value of the time spent doing exercise. For sleep, the participants were categorized into two groups (“Met sleep guideline” vs. “Not met sleep guideline”) based on the 24-h movement guideline (23). All statistical analyses were performed using IBM SPSS Statistics for Windows, version 27.0 (IBM Corporation, Armonk, NY, USA).




RESULTS


Descriptive Characteristics of the Participants

There were significant differences in screen behavior types by sex (boys vs. girls) and school type (elementary school vs. junior high school) (Table 1). Boys spent more time watching online videos (elementary school students only) and online games than girls. In contrast, the girls spent more time watching TV, videos, DVD, and social media than boys. Junior high school students spent more time on all screen behavior types than elementary school students. Boys had a higher prevalence of depression than girls among elementary school students. Junior high school students had a higher prevalence of depression than elementary school students. Boys spent more time exercising than girls. Boys in junior high school spent less time exercising than boys in elementary school, but the opposite results were found for girls. Among junior high school students, boys spent more time sleeping than girls did. Junior high school students spent less time sleeping than elementary school students (Table 1).


Table 1. Descriptive characteristics of the participants.
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Various Types of Screen Behavior and Depression

The associations between screen behavior and depression varied according to screen behavior type (Figure 2). Junior high school students (both boys and girls) who spent more than 2 h/day on social media had a higher prevalence of depression than the reference group. Girls in junior high school who spent more than 2 h/day playing online games had a higher prevalence of depression than the reference group. Additionally, boys in elementary school who spent more than 2 h/day of watching online videos had a higher prevalence of depression than the reference group. However, more time spent watching online videos was associated with a lower prevalence of depression among junior school boys. Furthermore, more time spent watching TV was associated with a lower prevalence of depression among boys and girls.


[image: Figure 2]
FIGURE 2. Various types of screen behaviors and depression. Data are expressed as odds ratios and 95% confidence interval. Independent associations between various types of screen behaviors and prevalence of depression were examined by logistic regression analyses with the presence of depression as a main outcome variable after adjusting age, school, sleep duration, exercise time, and other screen behaviors [e.g., when TV was modeled as the main exposure, the analysis was adjusted for the other three exposures (i.e., online videos, online game and social media)].




Combined Associations of Exercise and Screen Behavior Types With Depression

Figure 3 shows the results of the two-way ANCOVA analysis (exercise × screen behavior). Exercise significantly affects screen behavior of elementary school boys (online videos), junior high school boys (TV, online videos, and online games), and junior high school girls (all screen behavior types). There were no significant interactions between exercise and screen behavior in relation to the prevalence of depression.
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FIGURE 3. Combined associations of exercise and screen behaviors with depression. Data are expressed as odds ratios and 95% confidence interval. Two-way analysis of covariance (ANCOVA) were conducted after adjusting for age, school, sleep duration and other screen behaviors (e.g., when TV was modeled as the main exposure, the analysis was adjusted for the other three exposures). The participants were categorized into two groups (“High EX” vs. “Low EX”) based on the median value of the time spent in exercise.




Combined Associations of Sleep and Screen Behavior Types With Depression

Figure 4 shows the results of the two-way ANCOVA analyses (sleep × screen behavior). There were significant main effects for sleep among elementary school boys (TV and online videos). There were no significant main effects for sleep among girls and junior high school boys.
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FIGURE 4. Combined associations of sleep and screen behaviors with depression. Data are expressed as odds ratios and 95% confidence interval. Two-way analysis of covariance (ANCOVA) were conducted after adjusting for age, school, exercise time, and other screen behaviors (e.g., when TV was modeled as the main exposure, the analysis was adjusted for the other three exposures). The participants were categorized into two groups (“Met sleep guideline” vs. “Not met sleep guideline”) based on the 24 h movement guideline (23).





DISCUSSION

The present study examined the association between various screen behavior types and depression, while also taking into consideration the influence of exercise and sleep, among a large sample of children and adolescents. The present study revealed that the associations between screen behavior and depression varied by screen behavior types and participant characteristics (sex and developmental stage). In general, more time spent on newer types of screen behavior, including social media, online games (among junior high school girls), and online videos (among elementary school students) was associated with a higher prevalence of depression. In contrast, more time spent on TV, which was traditionally assessed as screen behavior, was associated with a lower prevalence of depression. Sufficient exercise can lower the prevalence of depression, regardless of the length of time and content of screen behavior types, which was particularly significant for junior high school girls. Sleeping for recommended hours can lower the prevalence of depression, but only in elementary school boys. These results could provide important insights to promote psychological health among children and adolescents in the current digital society, where screen devices are ubiquitous (6).


Explanations of Main Findings

This is the first study to reveal that sufficient exercise (particularly for junior high school students) and sleep (at least for elementary school boys) can attenuate the negative effects of various types of screen behavior on depression in children and adolescents. There are several potential mechanisms that explain how sufficient exercise and sleep are associated with lower prevalence of depression. For example, exercise can reduce the risk of depression through biological (e.g., improving neuroplasticity, neuroendocrine response, inflammation, and oxidative stress) as well as psychological processes (e.g., enhancing self-esteem, social support, and self-efficacy) (37). The present study showed that exercise had greater effects on depression in adolescents, which can be explained by the higher prevalence of depression in adolescents (9.5% and 8.8% for boys and girls, respectively) than in children (3.3 and 2.7% for boys and girls, respectively). This is consistent with findings from previous studies suggesting that exercise is particularly beneficial for adolescents (38). Among junior high school students, exercise significantly attenuated the negative effects of TV, online videos, and online games on depression in both boys and girls. In contrast, exercise significantly attenuated the negative effects of social media on depression in girls but not boys. The sex differences can be explained by the shorter time spent on exercise and longer time spent on social media by girls compared to boys, which are consistent with previous studies (39, 40). Additionally, previous studies reported that there were larger protective effects of exercise on depression in girls than among boys (41, 42). These characteristics might have resulted in the larger protective effects of exercise from prolonged social media on depression among girls. Short sleep duration was negatively associated with brain function (43, 44), brain structure (44), executive function, including working memory and inhibitory control (45), and daytime active behavior due to sleepiness and fatigue (46). Since the Canadian 24 h movement guidelines were released in 2016 (23), numerous pieces of evidence for the combined associations of physical activity, sedentary behavior, and sleep with health outcomes have been published (30). However, most studies on this topic primarily focused on physical health outcomes, and little attention has been paid to mental health outcomes (30, 47). The present study adds to a small body of evidence by demonstrating the potential protective effects of exercise and sleep on depression, along with comprehensive assessments of various types of screen behavior. This is particularly important because types of screen behavior in children and adolescents have become more diverse than ever (16), and assessing only traditional screen time (such as TV viewing and computer gaming) may not be enough for a comprehensive understanding of screen behavior in this population.



Associations of Screen Behavior and Depression Differ by Screen Behavior Types

There are several potential mechanisms by which types of screen behavior are associated with depression, including the displacement hypothesis (18, 19) and upward social comparison hypothesis (20–22). The present study suggests that the associations between screen behavior and depression differ by screen behavior types. This suggests that there might be, at least in part, mechanisms other than the displacement hypothesis behind the associations. The upward social comparison hypothesis posits that the effects of screen behavior on depression can vary based on the content viewed on screens (20–22). In particular, upward social comparisons occur when people compare themselves to others who are in more favorable positions (20–22). Previous studies have shown that social media use might be particularly detrimental because it creates feelings of inferiority via upward social comparison (24–26), which is consistent with the findings of the present study. This is concerning because the majority of adolescents in today's world use social media and it has become an essential part of their social life (16, 48).



Strength and Limitations

The present study had several strengths. The large sample size of the present study enabled us to conduct stratified analyses (stratified by developmental stage and sex) taking into account exercise and sleep. Our results suggest that effective approaches to lower the risk of depression should vary according to sex and developmental stage, which have important implications for policy making, clinical practice, and future interventions. Second, we included both traditional types of screen behavior such as TV and newer types such as watching online videos, spending time on social media, and playing online games. This can provide important insights, given that types of screen behavior in today's children and adolescents have become more diverse than ever (16).

Despite the insights provided in our study, some limitations need to be addressed. First, we used a cross-sectional design; therefore, it was not possible to examine the causal relationships between screen behavior and depression. Indeed, it is possible that depressive children and adolescents are less likely to engage in favorable lifestyle behaviors, including exercise and sleep, as previously suggested (49, 50). Second, we used only self-report measures to assess the time spent on screen behavior types, exercise, and sleep, which may lack in precision. Third, the present study did not include any important co-founding variables, including in-person social interactions with friends and family, which should be considered in future studies (51). Fourth, we did not evaluate “how” participants engage in screen behavior. For example, children and adolescents can use social media while being mentally active (e.g., chatting with friends, posting comments, and pictures) or mentally passive (e.g., reading and scrolling through friends' comments and pictures). A recent review argued that there were differential associations between mentally passive and active sedentary behavior and depression (13). Therefore, the detail of “how” the screen is used should be examined in the future.




CONCLUSION

The present study revealed that the associations between screen behavior and depression varied according to screen behavior types and participant characteristics. We found that more time spent on newer types of screen behavior, including social media, online games (junior high school girls only), and online videos (elementary school students only) was associated with a higher prevalence of depression. In contrast, more time spent watching TV was associated with a lower prevalence of depression. Our results suggest that a sex- and developmental stage-specific approach should be used to effectively lower the risk of depression among children and adolescents. Additionally, sufficient exercise can lower the prevalence of depression, regardless of the length of time and content of screen behavior types. Furthermore, the protective effects of exercise may be particularly pronounced in junior high school girls. In contrast, sleep was not associated with the prevalence of depression among any participant group except elementary school boys. This study provides important insights into the current digital society, where screen devices have become a part of the social life of children and adolescents.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The present study was approved by the Ethics Committee of the Nippon Sport Science University (approval No. 015-H075). Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

SN conceptualized the original idea and constructed the methodology. AS, RT, and KT participated in data collection. TK and NI performed statistical analyses. TK wrote the original manuscript. All authors have read and agreed to the published version of the manuscript.



FUNDING

This research was supported by the Japan Sport Agency FY2018 grant.



ACKNOWLEDGMENTS

The authors extend their appreciation to the principals, teachers, and staff of the participating schools, children and parents for their support and help.



REFERENCES

 1. Mojtabai R, Olfson M, Han B. National trends in the prevalence and treatment of depression in adolescents and young adults. Pediatrics. (2016) 138:e20161878. doi: 10.1542/peds.2016-1878

 2. Keyes KM, Hamilton A, Patrick ME, Schulenberg J. Diverging trends in the relationship between binge drinking and depressive symptoms among adolescents in the U.S. From 1991 through 2018. J Adolesc Health. (2020) 66:529–35. doi: 10.1016/j.jadohealth.2019.08.026

 3. Meeus W. Adolescent psychosocial development: a review of longitudinal models and research. Dev Psychol. (2016) 52:1969–93. doi: 10.1037/dev0000243

 4. Verboom CE, Sijtsema JJ, Verhulst FC, Penninx BW, Ormel J. Longitudinal associations between depressive problems, academic performance, and social functioning in adolescent boys and girls. Dev Psychol. (2014) 50:247–57. doi: 10.1037/a0032547

 5. Rock PL, Roiser JP, Riedel WJ, Blackwell AD. Cognitive impairment in depression: a systematic review and meta-analysis. Psychol Med. (2014) 44:2029–40. doi: 10.1017/S0033291713002535

 6. LeBlanc AG, Gunnell KE, Prince SA, Saunders TJ, Barnes JD, Chaput J-P. The ubiquity of the screen: an overview of the risks and benefits of screen time in our modern world. Transl J Am Coll Sports Med. (2017) 2:104–13. doi: 10.1249/TJX.0000000000000039

 7. Odgers C. Smartphones are bad for some teens, not all. Nature. (2018) 554:432–4. doi: 10.1038/d41586-018-02109-8

 8. Zink J, Belcher BR, Imm K, Leventhal AM. The relationship between screen-based sedentary behaviors and symptoms of depression and anxiety in youth: a systematic review of moderating variables. BMC Public Health. (2020) 20:472. doi: 10.1186/s12889-020-08572-1

 9. Twenge JM. Increases in depression, self-harm, and suicide among us adolescents after 2012 and links to technology use: possible mechanisms. Psychiatr Res Clin Pract. (2020) 2:19–25. doi: 10.1176/appi.prcp.20190015

 10. Boers E, Afzali MH, Newton N, Conrod P. Association of screen time and depression in adolescence. JAMA Pediatr. (2019) 173:853–9. doi: 10.1001/jamapediatrics.2019.1759

 11. Radovic A, Gmelin T, Stein BD, Miller E. Depressed adolescents' positive and negative use of social media. J Adolesc. (2017) 55:5–15. doi: 10.1016/j.adolescence.2016.12.002

 12. Coyne SM, Rogers AA, Zurcher JD, Stockdale L, Booth M. Does time spent using social media impact mental health?: an eight year longitudinal study. Comput Hum Behav. (2020) 104:106160. doi: 10.1016/j.chb.2019.106160

 13. Hallgren M, Dunstan DW, Owen N. Passive versus mentally active sedentary behaviors and depression. Exerc Sport Sci Rev. (2020) 48:20–7. doi: 10.1249/JES.0000000000000211

 14. Beyens I, Pouwels JL, van D II, Keijsers L, Valkenburg PM. The effect of social media on well-being differs from adolescent to adolescent. Sci Rep. (2020) 10:10763. doi: 10.1038/s41598-020-67727-7

 15. Kreski N, Platt J, Rutherford C, Olfson M, Odgers C, Schulenberg J, et al. Social media use and depressive symptoms among united states adolescents. J Adolesc Health. (2021) 68:572–9. doi: 10.1016/j.jadohealth.2020.07.006

 16. Cataldo I, Lepri B, Neoh MJY, Esposito G. Social media usage and development of psychiatric disorders in childhood and adolescence: a review. Front Psychiatry. (2020) 11:508595. doi: 10.3389/fpsyt.2020.508595

 17. Hoare E, Milton K, Foster C, Allender S. The associations between sedentary behaviour and mental health among adolescents: a systematic review. Int J Behav Nutr Phys Act. (2016) 13:108. doi: 10.1186/s12966-016-0432-4

 18. Kraut R, Patterson M, Lundmark V, Kiesler S, Mukophadhyay T, Scherlis W. Internet paradox: a social technology that reduces social involvement and psychological well-being? Am Psychol. (1998) 53:1017. doi: 10.1037/0003-066X.53.9.1017

 19. Nie NH. Sociability, interpersonal relations, and the internet: reconciling conflicting findings. Am Behav Sci. (2001) 45:420–35. doi: 10.1177/00027640121957277

 20. Wills TA. Downward comparison principles in social psychology. Psychol Bull. (1981) 90:245. doi: 10.1037/0033-2909.90.2.245

 21. Wood JV. Theory and research concerning social comparisons of personal attributes. Psychol Bull. (1989) 106:231. doi: 10.1037/0033-2909.106.2.231

 22. Rosenberg J, Egbert N. Online impression management: personality traits and concerns for secondary goals as predictors of self-presentation tactics on facebook. J Comput Mediat Commun. (2011) 17:1–18. doi: 10.1111/j.1083-6101.2011.01560.x

 23. Tremblay MS, Carson V, Chaput JP, Connor Gorber S, Dinh T, Duggan M, et al. Canadian 24-hour movement guidelines for children and youth: an integration of physical activity, sedentary behaviour, and sleep. Appl Physiol Nutr Metab. (2016) 41:S311–27. doi: 10.1139/apnm-2016-0151

 24. Frison E, Eggermont S. Exploring the relationships between different types of facebook use, perceived online social support, and adolescents' depressed mood. Soc Sci Comput Rev. (2016) 34:153–71. doi: 10.1177/0894439314567449

 25. Thorisdottir IE, Sigurvinsdottir R, Asgeirsdottir BB, Allegrante JP, Sigfusdottir ID. Active and passive social media use and symptoms of anxiety and depressed mood among icelandic adolescents. Cyberpsychol Behav Soc Netw. (2019) 22:535–42. doi: 10.1089/cyber.2019.0079

 26. Verduyn P, Lee DS, Park J, Shablack H, Orvell A, Bayer J, et al. Passive facebook usage undermines affective well-being: experimental and longitudinal evidence. J Exp Psychol Gen. (2015) 144:480. doi: 10.1037/xge0000057

 27. Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput JP, Janssen I, et al. Systematic review of the relationships between objectively measured physical activity and health indicators in school-aged children and youth. Appl Physiol Nutr Metab. (2016) 41:S197–239. doi: 10.1139/apnm-2015-0663

 28. Chaput JP, Gray CE, Poitras VJ, Carson V, Gruber R, Olds T, et al. Systematic review of the relationships between sleep duration and health indicators in school-aged children and youth. Appl Physiol Nutr Metab. (2016) 41:S266–82. doi: 10.1139/apnm-2015-0627

 29. Carson V, Hunter S, Kuzik N, Gray CE, Poitras VJ, Chaput JP, et al. Systematic review of sedentary behaviour and health indicators in school-aged children and youth: an update. Appl Physiol Nutr Metab. (2016) 41:S240–65. doi: 10.1139/apnm-2015-0630

 30. Sampasa-Kanyinga H, Colman I, Goldfield GS, Janssen I, Wang J, Podinic I„ et al. Combinations of physical activity, sedentary time, and sleep duration and their associations with depressive symptoms and other mental health problems in children and adolescents: a systematic review. Int J Behav Nutr Phys Act. (2020) 17:72. doi: 10.1186/s12966-020-00976-x

 31. Janssen I, Roberts KC, Thompson W. Is adherence to the Canadian 24-hour movement behaviour guidelines for children and youth associated with improved indicators of physical, mental, and social health? Appl Physiol Nutr Metab. (2017) 42:725–31. doi: 10.1139/apnm-2016-0681

 32. Noi S, Shikano A, Tanaka R, Tanabe K, Enomoto N, Kidokoro T, et al. The pathways linking to sleep habits among children and adolescents: a complete survey at setagaya-ku, Tokyo. Int J Environ Res Public Health. (2021) 18:6309. doi: 10.3390/ijerph18126309

 33. Japan Society of School Health. Report of Health Surveillance in Children and Adolescents. Japan Society of School Health (2018). Available online at: https://www.gakkohoken.jp/books/archives/208 (accessed September 10, 2021).

 34. Kidokoro T, Tomkinson G, Noi S, Suzuki K. Japanese physical fitness surveillance: a greater need for international publications that utilize the world's best physical fitness database. J Phys Fitness Sports Med. (2021). [Epub ahead of print].

 35. Japan, Sports Agency,. National Survey of Physical Fitness, Athletic Performance and Exercise Habits. Available online at: https://www.mext.go.jp/sports/b_menu/toukei/kodomo/zencyo/1411922_00001.html (accessed December 27, 2021)

 36. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th Edn. Virginia: APA (2013). doi: 10.1176/appi.books.9780890425596

 37. Kandola A, Ashdown-Franks G, Hendrikse J, Sabiston CM, Stubbs B. Physical activity and depression: towards understanding the antidepressant mechanisms of physical activity. Neurosci Biobehav Rev. (2019) 107:525–39. doi: 10.1016/j.neubiorev.2019.09.040

 38. Baldursdottir B, Valdimarsdottir HB, Krettek A, Gylfason HF, Sigfusdottir ID. Age-related differences in physical activity and depressive symptoms among 10– 19-year-old adolescents: a population based study. Psychol Sport Exerc. (2017) 28:91–9. doi: 10.1016/j.psychsport.2016.10.007

 39. Kidokoro T, Tanaka H, Naoi K, Ueno K, Yanaoka T, Kashiwabara K, et al. Sex-specific associations of moderate and vigorous physical activity with physical fitness in adolescents. Eur J Sport Sci. (2016) 16:1159–66. doi: 10.1080/17461391.2016.1183050

 40. Booker CL, Kelly YJ, Sacker A. Gender differences in the associations between age trends of social media interaction and well-being among 10-15 year olds in the UK. BMC Public Health. (2018) 18:321. doi: 10.1186/s12889-018-5220-4

 41. Sampasa-Kanyinga H, Colman I, Dumuid D, Janssen I, Goldfield GS, Wang JL, et al. Longitudinal association between movement behaviours and depressive symptoms among adolescents using compositional data analysis. PLoS ONE. (2021) 16:e0256867. doi: 10.1371/journal.pone.0256867

 42. Sampasa-Kanyinga H, Chaput JP, Goldfield GS, Janssen I, Wang J, Hamilton HA, et al. 24-hour movement guidelines and suicidality among adolescents. J Affect Disord. (2020) 274:372–80. doi: 10.1016/j.jad.2020.05.096

 43. Goldstein AN, Walker MP. The role of sleep in emotional brain function. Annu Rev Clin Psychol. (2014) 10:679–708. doi: 10.1146/annurev-clinpsy-032813-153716

 44. Dutil C, Walsh JJ, Featherstone RB, Gunnell KE, Tremblay MS, Gruber R, et al. Influence of sleep on developing brain functions and structures in children and adolescents: a systematic review. Sleep Med Rev. (2018) 42:184–201. doi: 10.1016/j.smrv.2018.08.003

 45. Ranum BM, Wichstrøm L, Pallesen S, Falch-Madsen J, Halse M, Steinsbekk S. Association between objectively measured sleep duration and symptoms of psychiatric disorders in middle childhood. JAMA Netw Open. (2019) 2:e1918281. doi: 10.1001/jamanetworkopen.2019.18281

 46. Minkel J, Moreta M, Muto J, Htaik O, Jones C, Basner M, et al. Sleep deprivation potentiates HPA axis stress reactivity in healthy adults. Health Psychol. (2014) 33:1430–4. doi: 10.1037/a0034219

 47. Saunders TJ, Gray CE, Poitras VJ, Chaput JP, Janssen I, Katzmarzyk PT, et al. Combinations of physical activity, sedentary behaviour and sleep: relationships with health indicators in school-aged children and youth. Appl Physiol Nutr Metab. (2016) 41:S283–93. doi: 10.1139/apnm-2015-0626

 48. Twenge JM. Igen: Why Today's Super-Connected Kids Are Growing Up Less Rebellious, More Tolerant, Less Happy–and Completely Unprepared for Adulthood–and What That Means for the Rest of Us. New York, NY: Simon and Schuster (2017).

 49. Firth J, Siddiqi N, Koyanagi A, Siskind D, Rosenbaum S, Galletly C, et al. The lancet psychiatry commission: a blueprint for protecting physical health in people with mental illness. Lancet Psychiatry. (2019) 6:675–712. doi: 10.1016/S2215-0366(19)30387-6

 50. van Sluijs EMF, Ekelund U, Crochemore-Silva I, Guthold R, Ha A, Lubans D, et al. Physical activity behaviours in adolescence: current evidence and opportunities for intervention. Lancet. (2021) 398:429–42. doi: 10.1016/S0140-6736(21)01259-9

 51. Twenge JM, Joiner TE, Rogers ML, Martin GN. Increases in depressive symptoms, suicide-related outcomes, and suicide rates among us adolescents after 2010 and links to increased new media screen time. Clin Psychol Sci. (2018) 6:3–17. doi: 10.1177/2167702617723376

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Kidokoro, Shikano, Tanaka, Tanabe, Imai and Noi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-09-822603-t001.jpg
Basic characteristics
Age (years)

Screen behavior

TV, video, DVD (min/clay)
Watching online video (min/cay)
Social media (min/day)

Online game (min/day)
Depression

Depressive symptom [% (1))
Exercise and sleep

Exercise time (min/day)

Sleep duration (min/clay)

Data are expressed as mean (or percentage) and standard deviation. Bold values represent statistically significant p-values (< 0.05).

Elementary school

(n = 15,726)

Boys Girls
(1=8010) (1=7,716)
9716 9317
802+£670 845%60.1
266+£408 254+419
16+106 32138
1874377  7.0£209
3.3(264) 2.7 (208)
745+589  47.1+456
545.1+47.0 5459+ 49.0

Junior high school

(n=17847)
Boys Girls

(=4,189)  (n=3,658)
140+£08 14008
9874887 1121+945
7684802  75.7+788
285499  547+673
741£877  22.4+506

95(398) 88(322)
693+£620 523+586

4494 £768 4366+£735

Comparisons, p-value

Boys vs. Girls

Elementary
school

<0.001

<0.001

0.019
<0.001
<0.001

0.001

<0.001
0.189

Junior high
school

0.330

<0.001
0.494

<0.001

<0.001

0.245

<0.001
<0.001

Elementary vs. junior

high school
Boys Girls

<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001





OPS/images/fped-09-822603-g003.gif
o p—





OPS/images/fped-09-822603-g004.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Different Types of Screen Behavior and Depression in Children and Adolescents



		Introduction



		Materials and Methods



		Participants



		Recreational Screen Behavior



		Exercise and Sleep Duration



		Depression



		Statistical Analysis







		Results



		Descriptive Characteristics of the Participants



		Various Types of Screen Behavior and Depression



		Combined Associations of Exercise and Screen Behavior Types With Depression



		Combined Associations of Sleep and Screen Behavior Types With Depression







		Discussion



		Explanations of Main Findings



		Associations of Screen Behavior and Depression Differ by Screen Behavior Types



		Strength and Limitations







		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

Different Types of Screen Behavior
and Depression in Children and
Adolescents





OPS/images/fped-09-822603-g001.gif
Totalsample e (n = 34643)

Excluded
Notsiting qussioaiive (. 351)

igible for analysis
%)

(n=34392:99.

Present study (n
Prmryshool st 1. 15726 (4%
Sccondy sehool st - 7817 (75.0%)

3,573 68.0%)

Excluded due to missing data

Age =33 Sex: =219 Scvem e (Snarpbons (o=
252) TVAKIeODVD [n- 4086) Tablt, PC - 431,

Nowulin g o 4,521, watlig movie (- 100, X5

1 $.45) Ol g 40) e lconic books
= .61 Takin anhephons (.= 189, Depesion (-~

12 Pxrcie [n 3697 Skep durtion 03615






OPS/images/fped-09-822603-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





