

[image: image1]
Longitudinal associations between different types of screen use and depression and anxiety symptoms in adolescents









 


	
	
TYPE Original Research
PUBLISHED 27 April 2023
DOI 10.3389/fpubh.2023.1101594






Longitudinal associations between different types of screen use and depression and anxiety symptoms in adolescents

Fatima Mougharbel1,2, Jean-Philippe Chaput2,3, Hugues Sampasa-Kanyinga2, Ian Colman3,4, Scott T. Leatherdale5, Karen A. Patte6 and Gary S. Goldfield2*


1School of Population Health, University of Ottawa, Ottawa, ON, Canada

2Healthy Active Living and Obesity Research Group, Children’s Hospital of Eastern Ontario Research Institute, Ottawa, ON, Canada

3School of Epidemiology and Public Health, University of Ottawa, Ottawa, ON, Canada

4Centre for Fertility and Health, Norwegian Institute of Public Health, Oslo, Norway

5School of Public Health Sciences, University of Waterloo, Waterloo, ON, Canada

6Department of Health Sciences, Faculty of Applied Health Sciences, Brock University, St. Catharines, ON, Canada

[image: image2]

OPEN ACCESS

EDITED BY
 Iman Permana, Muhammadiyah University of Yogyakarta, Indonesia

REVIEWED BY
 Lilly Augustine, Jönköping University, Sweden
 Marian Jan Stelmach, John Paul II University of Applied Sciences, Poland

*CORRESPONDENCE
 Gary S. Goldfield, ggoldfield@cheo.on.ca 

RECEIVED 18 November 2022
ACCEPTED 03 April 2023
PUBLISHED 27 April 2023

CITATION
 Mougharbel F, Chaput J-P, Sampasa-Kanyinga H, Colman I, Leatherdale ST, Patte KA and Goldfield GS (2023) Longitudinal associations between different types of screen use and depression and anxiety symptoms in adolescents. Front. Public Health 11:1101594. doi: 10.3389/fpubh.2023.1101594

COPYRIGHT
 © 2023 Mougharbel, Chaput, Sampasa-Kanyinga, Colman, Leatherdale, Patte and Goldfield. 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.
 

Background: Evidence examining the longitudinal associations between different types of screen behaviours and mental health among adolescents is limited. The present study examined the association between five types of screen behaviours and symptoms of anxiety and depression one year later. This study also assessed how changes in screen time were associated with changes in anxiety and depressive symptoms and whether the observed relationships were moderated by sex.

Methods: Longitudinal data of 17,174 students in grades 9–12 (53.5% females; mean age: 15.1 ± 0.9 years) attending high schools in Canada from two waves (year 6: 2017/18, year 7: 2018/19) of the COMPASS study were analyzed. Leisure screen time and mental health measures were self-reported. To test if the associations between screen time and anxiety, and depression vary by sex, two-way interactions were examined for sex. Analyses accounted for school clustering, race/ethnicity, sex, age, income, body mass index z-score, and previous year anxiety and depression symptoms.

Results: There were significant longitudinal associations between time spent on each type of screen and subsequent anxiety and depression symptoms. The strength of the associations varied by type of screen behaviour. Interaction analysis indicated a sex difference for television viewing and anxiety and depression symptoms, and internet surfing and anxiety symptoms. A dose-response relationship was observed between phone talking and anxiety symptoms. Beta estimates indicated that an increase in screen duration was associated with a further increase in anxiety and depression symptoms.

Conclusion: Higher screen time was longitudinally associated with higher anxiety and depression symptoms at one-year follow-up in adolescents. Time-change associations between screen usage and depressive and anxiety symptoms were observed. Also, associations differed based on sex and screen type, whereby greater increases in screen use predicted greater emotional distress. Findings from this prospective analysis suggest that screen time is an important determinant of anxiety and depressive symptoms among adolescents. Future studies are recommended to help inform programs promoting screen time reduction with a goal to enhance adolescents’ mental health.
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Background

Mental disorders among youth have become a serious public health problem worldwide, with one in seven adolescents aged 10–19 years experiencing mental disorders (1). Up to 70% of mental disorders start before the age of 18 years (2), and many persist into adulthood. Mental disorders are a leading cause of disability and disease burden globally, of which anxiety and depression are the main contributors (3, 4). It has been estimated that anxiety and depression make up 43% of mental disorders among adolescents aged 10–19 years, within which nearly 31.4% of males and 56.3% of females were affected (5). Given the early onset and substantial societal, health, and economic burden of anxiety and depression (6–9), it is critical to examine the modifiable risk factors for the prevention and early intervention of mental disorders.

In recent years, excessive time spent on screens among adolescents has been recognized as a concerning issue associated with mental disorders, including anxiety and depression, especially with the widespread accessibility of digital devices and platforms (10–14). It has been indicated that 95% of United States adolescents (15) and 100% of Canadian adolescents and young adults (16) have access to smartphones, with the majority of them using the internet regularly (15, 17). Canadian representative data (18) show that youth are the greatest leisure users of screens with a daily screen time ranging from 3.1–7.6 h per day, exceeding the Canadian and World Health Organization sedentary behaviour guidelines of two hours or less of daily sedentary recreational screen usage (19, 20). Most adolescents spend more than three hours a day (35% spend five hours daily) on leisure screen time (21). This is very concerning considering the strong associations between screen time and anxiety and depression among adolescents (22–24); however, additional longitudinal evidence is required as suggested by recent reviews (11–14).

It has been suggested that different types of screen behaviours are associated differently with anxiety and depression, though results are not consistent (12–14, 22). For example, television viewing was shown to be more weakly associated with depression than other types of screen use, such as using a computer or video gaming (13, 14, 24). On the other hand, all screen types were found to be associated with anxiety (13). Other results indicated that video gaming and television viewing have stronger associations with depression and anxiety when compared to internet surfing and mobile phone use (12). Given the ongoing changes in screen types and how youth engage in screen time behaviour, it is important to prospectively examine whether each type of screen behaviour is differently or similarly related to depression and anxiety to better inform research, policy and practice.

Previous studies suggest that recreational screen time can vary between males and females. While adolescent males report playing more computer and video games, females report spending more time on social media and chatting online (15, 17, 25, 26). However, results on the moderating role of sex on the association between screen time and anxiety and depression were examined in only a few studies and with mixed results (12, 13). One study found that watching television was negatively associated with depressive symptoms one year later in males and positively associated with depressive symptoms one year later in females (27). Another study indicated that males who played video games the most at baseline had the lowest level of anxiety after one year, though females who played video games the most at baseline had the highest level of anxiety one year later (28). Another study found no sex difference between different types of screen and depressive symptoms (29, 30).

Given limited longitudinal research has examined how changes in different types of screen time could be associated with changes in anxiety and depressive symptoms over time and how sex moderates these associations, there is a critical need for more research in this field, especially that the majority of adolescents exceeding screen time guidelines. Such insight could help inform educational programs and the development of targeted interventions designed to reduce screen time and displace it with more beneficial activities for adolescents’ mental health. Therefore, the objectives of this study are threefold: (1) examining the longitudinal associations between five types of screen time (including communication-based screen time such as instant messaging, chatting, and texting) and symptoms of anxiety and depression among adolescents; (2) assessing how changes in screen time are associated with changes in anxiety and depressive symptoms one year later; and (3) evaluating whether the observed relationships between screen time and symptoms of anxiety and depression are moderated by sex.



Design

The COMPASS study is a designed to collect hierarchical longitudinal data annually (2012–2027) from a rolling cohort of grade 9 to 12 (Secondary I–V in Quebec) students from a convenience sample of secondary schools in British Columbia, Alberta, Ontario, and Quebec, Canada. School boards and schools were purposefully selected based on whether they permitted active information passive-consent parental permission protocols. All students attending participating schools and not withdrawn by their parents were eligible to participate. All participating students provided assent at the time of data collection. During the waves of data used here, all data were self-reported using a paper-and-pencil questionnaire completed during class time. All COMPASS procedures were approved by the University of Waterloo Office of Research Ethics (ORE #: 30118) and appropriate school board committees. A full description of the COMPASS host study is available elsewhere (31).



Participants

For the current study, we used linked student-level data from year 6 (2017/18; Y6—time 1) and year 7 (2018/19; Y7—time 2) of the COMPASS host study.1 A one-year follow up was chosen because year 6 (2016/17) was the first year that the mental health measures were included in all participating schools and year 8 (2019/20) was interrupted by the start of the COVID-19 pandemic school closures.

In year 6, 66,501 students from 117 secondary schools participated, with a participation rate of 81.9%. In year 7, 74,501 students from 136 secondary schools participated in the study, with a participation rate of 84.2%. Each school was assigned a unique identifier, and student data were linked through a unique, self-generated anonymous code (32). Non-linkage was primarily due to student absences on one of the two data collection dates for reasons related to scheduled study periods, graduation, school transferring, dropping out of school, school field trips, and sports events, or for inaccurate data given on the data linkage measures. Further information on the COMPASS design is available elsewhere (31).

Of the 23,557 grade 9 to 12 students who were successfully linked for their participation in COMPASS in year 6 [considered here as time 1 (T1)] and year 7 [considered here as time 2 (T2)], 17,310 had complete data regarding depressive and anxiety symptoms at both time points. Among them, 17,147 students had complete data for all variables included in our analyses at both time points and constituted our analytical sample.



Measures


Screen time

Screen time was measured by asking the participants the following question: “how much time per day do you usually spend doing the following activities?,” where the five items of interest were: (1) “watching/streaming television shows or movies”; (2) “playing video/computer games”; (3) “talking on the phone”; (4) “surfing the internet”; and (5) “texting, messaging, emailing.” Individuals reported their screen time in hours (ranging from 0 to 9) and minutes (ranging from 0 to 45) for each item. This measure has been validated for use among adolescents (33). To assess a possible dose-response gradient and allow for good distribution across categories, we categorized each item in 5 categories as follows: [0 to 29 min/d (coded 0—reference category); 30 to 59 min/d (coded 1), 1 to <2 h/d (coded 2); 2 to <3 h/d (coded 3); ≥ 3 h/d (coded 4)].



Anxiety

General anxiety symptoms were measured using the generalized anxiety disorder 7-item scale (GAD-7), a tool widely used in both clinical practice and research, which has been validated for use in youth (34, 35). The self-reported scale assesses generalized anxiety symptoms that include difficulty controlling feelings of worry, feeling afraid, trouble relaxing, nervousness, irritability, and restlessness over the last 2 weeks. Response options were as follows: “not at all,” “several days,” “over half the days,” or “nearly every day.” Responses were scored from 0 to 3 and summed to calculate a total anxiety score that ranged from 0 to 21, with higher scores indicating higher levels of anxiety symptoms. For the purpose of the present study, two forms of this variable were used in the analysis: (1) the total score was used as a continuous variable, and, (2) a dichotomous variable with a binary coding system to categorize participants with (coded 1) and without (coded 0—reference category) clinically-relevant anxiety symptoms with a cut-off score ≥10 was used (36).



Depression

Depressive symptoms were measured using the Center for Epidemiologic Studies Depression Scale (Revised)—10 (CESD-R-10) (37). This self-report scale was designed to assess clinical depressive symptoms that include feelings of sadness, hopelessness, amotivation, difficulty concentrating, difficulty sleeping, and irritability within the last seven days. Response options were as follows: “none or less than 1 day,” “1–2 days,” “3–4 days,” or “5–7 days.” Responses were scored from 0 to 3 and summed to calculate a total score that ranged from 0 to 30, with higher scores indicating higher levels of depression symptoms. The CESD-R-10 scale has demonstrated validity among adolescents and adults (37–39). Two forms of this variable were used in the analysis. The total score was used as both a continuous variable and as a dichotomous variable with a binary coding system to categorize participants with (coded 1) and without (coded 0—reference category) clinically-relevant depressive symptoms using a cut-off score ≥10 (37).



Covariates

Individual-level covariates included age (years), race/ethnicity, body mass index [BMI; age and sex adjusted BMI based on the WHO classifications using participant reported height and weight (40)], school-area median average household income, previous year anxiety and depressive symptoms, and sex. Race/ethnicity was assessed through self-identification and categorized as follows: White, Black, Asian, Hispanic/Latin American, and Other. BMI was categorized as follows: underweight (coded 1), normal weight (coded 0—reference category), overweight (coded 2), and obesity (coded 3). Missing BMI was included as a category, given the high frequency of nonresponse to height/weight that cannot be excluded as missing completely at random (41) (coded 4). Weight and height measures in COMPASS were validated (42). Average household income was used after cross-referencing school postal codes with Statistics Canada data. Income categories were as follows: $25,000–50,000; $50,001–75,000; $75,001–100,000 and >$100,000. Sex was identified based on the answer to the question “Are you female or male?” Only two response options were provided in these years of the survey: “female” (coded 0—reference category) and “male” (coded 1).



Change in screen time and anxiety and depression symptoms

Change in screen time was determined by subtracting the time spent on each type of screen at T1 from the time spent at T2. Possible scores ranged from −5 to 5, with a positive score indicating that an individual increased their screen time at T2 compared to T1, and a negative score indicating that an individual decreased their screen time at T2 compared to T1. Scores were treated as scale variables.

Change in symptoms was determined by subtracting anxiety and depression scores at T1 from anxiety and depression scores at T2. Scores ranged from −21 to 21 for change in anxiety scores, and from −26 to 30 for change in depression scores. Positive scores indicate an increase in symptoms and negative scores indicate an improvement in symptoms. Scores were treated as continuous variables.



Data processing and analyses

Analyses included complete information on all variables (N = 17,147). Pearson’s chi-square tests and adjusted Wald tests were used for categorical and continuous variables, respectively, to test the statistical differences between missing data and those included in our analyses for all the variables. Compared to the included participants, those who were excluded were more likely to be male, aged 15-to-20-years, and more likely to use screen more frequently at both T1 and T2, and more likely to report clinically relevant anxiety symptoms at T1 and depression symptoms at T2.

Descriptive statistics, including frequencies, means, and standard deviations, were used to characterize the sample. Mixed models were used to account for school clustering by adding random intercepts at the school level. Odds ratios and 95% confidence intervals (CI) were used to estimate the longitudinal associations between daily time spent on each type of screen and anxiety and depression symptoms. We computed the two-way interactions (sex by each type of screen) on the association between screen time and anxiety and depression. A significant two-way interaction (p ≤ 0.05) would indicate significant moderation and models were stratified accordingly. Data are presented based on unadjusted models and models adjusted for year 6 covariates, including anxiety and depression symptoms, and sex when models were not stratified. Given that sex interactions with television viewing and anxiety and depression and internet surfing with anxiety were statistically significant, analyses for these associations were stratified by sex. A sensitivity analysis was conducted using the total anxiety and depression scores (continuous) and the pattern of results was similar (data not shown). Therefore, only analyses with dichotomous anxiety and depression scores are presented for clarity.

Conditional change models were conducted to examine whether longitudinal changes in daily time spent on each type of screen predict changes in anxiety and depressive symptoms at follow-up. The beta coefficients for change in each type of screen were presented to describe how change in screen time was associated with changes in anxiety and depressive symptoms. Models were adjusted for Y6 covariates, anxiety and depression, and sex when models were not stratified. A sensitivity analysis was conducted using the continuous screen time variable form, and results were similar (data not shown). All analyses were carried out in STATA/SE 16.1.




Results


Study sample

This study included a total of 17,174 (53.5% females) participants with a mean age of 15.1 years at T1. Characteristics of the participants at T1 and T2 are summarized in Table 1. Females reported more internet surfing per day than any other screen time behaviour at T1 (mean = 126 min) and T2 (mean = 130 min). On the other hand, males reported more time playing video games at T1 (mean = 142 min) and T2 (mean = 130) than any other screen time behaviour. Concerning mental health characteristics, 24.4% of the sample indicated having clinically-relevant anxiety symptoms (cut-off score ≥10) and 34.2% indicated having clinically-relevant depressive symptoms (cut-off score ≥10). Females reported more clinically relevant anxiety and depressive symptoms compared to males.



TABLE 1 Descriptive characteristics among Canadian secondary school students that participated in year 6 (time 1: 2017–18) and year 7 (time 2: 2018–19) of the COMPASS study.
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Longitudinal association between time spent on each type of screen and symptoms of anxiety

Odds ratios for the association between time spent watching television/movies, playing video games, talking on the phone, surfing the internet, and screen-based communication and anxiety are presented in Table 2. After adjusting for covariates and previous year anxiety, we found a positive association between time spent playing video games and anxiety (OR for 1–2 h = 1.13, 95% CI: 1.00 to 1.28; OR for 3+ hours = 1.27, 95% CI 1.12 to 1.45). In addition, we found a dose-response association between time spent talking on the phone and anxiety (OR for 30 min—less than 1 h = 1.22, 95% CI: 1.06 to 1.40; OR for 1—less than 2 h = 1.18, 95% CI: 1.05 to 1.33; OR for 2 to <3 h = 1.25, 95% CI 1.06 to 1.48, OR for 3+ hours = 1.36, 95% CI 1.17 to 1.57). Also, communication-based screen time was associated with anxiety symptoms (OR for 2 to <3 h = 1.18, 95% CI 1.04 to 1.34, 3+ hours = 1.40, 95% CI 1.25 to 1.57). Regarding sex differences, we found an association between watching television /movies for three or more hours and anxiety symptoms for females (OR for 3+ hours = 1.27, 95% CI 1.06 to 1.53) but not in males. Surfing the internet for three or more hours was also associated with anxiety symptoms among females (OR for 3+ hours = 1.20, 95% CI 1.03 to 1.40). Higher odds ratios were found among males who/surfed the internet for one to two hours or three or more (OR for 1–2 h = 1.41, 95% CI: 1.17 to 1.69; OR for 3+ hours = 1.49, 95% CI 1.22 to 1.82).



TABLE 2 Longitudinal association between types of screen at time 1 (2017–18) and anxiety symptoms at time 2 (2018–19) among adolescents in the COMPASS study.
[image: Table2]



Longitudinal association between time spent on each type of screen and symptoms of depression

Odds ratios for the association between watching television/movies, playing video games, talking on the phone, surfing the internet, and screen-based communication and depression after one year are presented in Table 3. After adjusting for covariates and previous year depression, we found a positive association between time spent playing video games and subsequent depression (OR for 1–2 h = 1.14, 95% CI: 1.02 to 1.28; OR for 3+ hours = 1.29, 95% CI 1.15 to 1.46). As for anxiety there was evidence of an association between internet use and subsequent depression (OR 3+ hours = 1.24, 95% CI: 1.11 to 1.38). In addition, our results indicated an association between time spent talking on the phone (OR for 3+ hours = 1.33, 95% CI 1.15 to 1.53) and communication-based screen time and symptoms of subsequent depression (OR for 3+ hours = 1.32, 95% CI 1.19 to 1.46). Sex differences were also found in the association between television viewing and subsequent depression. Females who spent 3 or more hours watching television a day had symptoms of depression one year later (OR for 3+ hours = 1.30, 95% CI 1.09 to 1.55) but no association was found among males.



TABLE 3 Longitudinal association between each type of screen at time 1 (2017–18) and depressive symptoms at time 2 (2018–19) among adolescents in the COMPASS study.
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Longitudinal association between change in time spent on screen-based behaviour and changes in anxiety and depressive symptoms at follow-up

Table 4 summarizes the results of analyses examining the longitudinal association between changes in time spent on screen-based pursuits and change in subsequent anxiety and depressive symptoms, adjusting for all covariates and prior year anxiety and depression scores. Beta estimates showed a positive association between changes in screen duration for talking on the phone and screen-based communication with subsequent anxiety; no association was found for time change in video games and subsequent anxiety. Also, a positive association was found between increase in screen duration for video gaming, talking on the phone, internet surfing, and screen-based communication and increase in subsequent depressive symptoms for the whole sample. That is, students who increased their screen usage at T2 compared to T1 had higher anxiety and depressive symptoms and those who reduced their screen usage had lower anxiety and depressive symptoms at follow-up. Regarding sex differences, increase in television usage was associated with further increase in subsequent anxiety symptoms for females only and in subsequent depressive symptoms for males only. Duration increase in television usage was associated with increase in subsequent anxiety symptoms for females but not for males, and with increase in subsequent depressive symptoms for males and not for females. Furthermore, increase duration in internet usage was associated with more increase in subsequent anxiety symptoms for females than males.



TABLE 4 Association between one-year change in screen time and changes in anxiety and depressive symptoms among adolescents in the COMPASS study (2017–18 to 2018–19).
[image: Table4]




Discussion

We found that higher screen use is associated with increases in symptoms of depression and anxiety one year later among a large linked-longitudinal sample of Canadian adolescents. Dose-response relationships were observed with talking on the phone and anxiety symptoms and sex differences were observed with television/movie viewing and both anxiety and depression and with internet surfing and anxiety. The association between screen usage and mental disorders varied by the time spent in various screen behaviours and the type of screen behaviour, especially with anxiety. Lastly, our conditional change models indicated a positive linear association between change in the time spent on screens and symptoms of anxiety and depression one year later.

We found that all types of screen behaviours were associated with higher levels of anxiety and depression longitudinally among youth in our sample. While the effect sizes were small, adjusting for the previous year’s anxiety and depression, which is considered an analytical strength, likely attenuated the association and the dose-response pattern. In addition, when escalating the small effect to the population level, we believe the burden increase suggests a high importance of the results. Our results may be explained, in part, by the displacement theory (43, 44). While some evidence in the literature suggested that a moderate level of screen use is not harmful, high screen usage could displace time spent engaging in other beneficial pursuits, such as physical activity, sleep, and in person interaction, which are known to reduce anxiety and depression symptoms (45–49). Many movement guidelines for children and youth, including the Canadian 24-h movement guidelines, discussed the importance of limiting recreational sedentary screen behaviours to no more than 2 h per day, accumulating at least 60 min of moderate to vigorous physical activity daily, and sleeping 9–11 h per night (for those aged 5–13 years) or 8–10 h per night (for those aged 14–17 years) (19, 20). When doing an extensive amount of screen pursuits daily, it is more likely that this time interferes with other important health behaviours (30, 50, 51).

Although, we did not analyze how physical activity, screen time, and sleep, all combined are associated with mental health, previous studies showed that meeting all three recommendations was associated with lower odds of mental health problems (52, 53).

In addition to that, a systematic review (54) suggested that independent of physical activity levels, screen time-based sedentary behaviours are associated with increased psychological problems. Therefore, to maximize mental health benefits, a holistic approach that includes but not limited to screen time reduction is recommended.

In line with previous work (12, 13), we found that the strength of the association between screen time and mental disorders varied by the type of screen used. These findings were more evident for anxiety symptoms. Screen-based communication and talking on the phone were associated with the highest levels of anxiety and depressive symptoms, followed by video gaming. While mixed results were reported in the literature, a recent systematic review of the association between screen time and mental health found little evidence of a positive association between television viewing or videogaming compared to internet use (12). Evidently, the relationship between screen use and depression and anxiety is complex, with many contributing factors and mechanisms. For example, in addition to the displacement hypothesis, talking on the phone and using screen-based communication for an extended period of time could affect mental health by disrupting sleep. It has been estimated that 36% of teens wake up at least once at night to check their phones (55), with the majority of adolescents bringing their phone to their bedrooms (56), which can delay their sleep time (57). Lack of sleep and poor quality sleep are associated with anxiety and depressive symptoms (58).

We also found that spending excessive time on video games was associated with anxiety and depressive symptoms. The effects of videogaming should be approached in regards of several interacting dimensions such as the age of the player, the time spent, personality attributes, and whether gaming alone or with friends (59). Evidence suggest that excessive video gaming, especially playing games that contain violence, is associated with an alteration in frontolimbic and subcortical regions of the brain that are connected to emotion regulation (60–62). This alteration occurred with responses to emotional stimuli that are exaggerated in the amygdala and known to be associated with symptoms of anxiety and depression (63–65).

Our results revealed several differences between sexes. Females spent more time surfing the internet but the association between surfing the internet and anxiety indicates that females had fewer anxiety symptoms than males. The association between frequent use of internet use and anxiety among females could be related to the types and platforms used online. For example, it had been well known that females spend more time using social media platforms, and online chatting which can be beneficial to connect with friends when used moderately and mindfully (15, 66). However, excessive time spent on social networking sites and the passive use of these sites is known to be associated with more exposure to unrealistic content and posts (67, 68) that could lead to upward social comparisons, and envy which in turn can trigger internalizing problems such as anxiety and depression (69–72). On the other hand, sex differences in the strength of the association between time spent on the internet and subsequent anxiety symptoms could be explained by content preferences and how the internet was used (e.g., passive vs. active use). A recent study (73) examined teen’s behaviour on the web and found sex differences regarding internet behaviour, where females are more inclined towards communication and information and show more awareness and caution regarding risky behaviours. This was also confirmed elsewhere (74, 75). Males tend to be less cautious when surfing the web, which may lead to more risky situations (73) such as gambling (76, 77), pornography, and sexting (78). These behaviours may increase their vulnerability to mental disorders like depression and anxiety (78, 79). Cyberbullying was indicated as another mechanism that have particularly negative impacts on anxiety and depression (80–82). Some studies also suggest that higher rates of cyberbullying were found among males (83, 84).

A sex difference was also found in the association between television usage and depression and anxiety symptoms. We found that only females who watched television excessively experienced increased levels of depression and anxiety one year later. As with social media, some television shows or media could expose adolescents to ideal images that promote upward social comparison through ideal body image advertisements (85), another factor contributing to depression and anxiety (86, 87).

Recent studies (12–14) reported inconsistent evidence of sex moderating the association between total screen time or different types of screen use and both depressive symptoms and anxiety among adolescents. This inconsistency could be related to the content of the screen and how it is being used (active vs. passive), which was not well explored in previous work. Since few studies beside the present one analyzed the longitudinal effect by sex, it is hard to draw a conclusion regarding sex differences. Given that the content, quality, and nature of screen use and the way they are used were not measured in the survey, it is critical to consider additional measures in the future to better understand the underlying factors for the observed results, especially sex differences.

Lastly, regarding results from conditional change analyses, the current study is among the first to longitudinally examine conditional change in various types of screen time and anxiety and depression by sex. Our results suggest that increased time spent talking on the phone and screen-based communication were associated with increased depressive and anxiety symptoms. Also, increased in time spent on video games was associated with increased levels of depression with no significant results for anxiety. More time spent on television viewing was associated with higher anxiety symptoms among females and higher depressive symptoms among males. A similar association was observed between the time change in internet surfing, and symptoms of anxiety and depression with higher levels of anxiety found among females. While it is hard to draw a conclusion from these results, more research is warranted to explore these associations in more depth.

Our study includes many strengths. The longitudinal study design and measures of time spent using five different types of screens in a large sample of adolescents add a unique contribution to the literature. We also examined the moderating role of sex on the associations and included both anxiety and depressive symptoms. All measures of screen time and mental health have demonstrated validity in adolescents, including within the COMPASS host study. A significant strength is the adjustment for previous anxiety and depressive symptoms, given that the majority of studies on this topic were cross-sectional. Furthermore, our study contributes to the literature by using a rigorous conditional change analysis model which better establishes directionality given that most previous studies simply examined the longitudinal association between screen time and mental health fixed at each time point.

Although our study provides important insights, there are some limitations that could inform future research. First, we could not examine the screen use content, context, and motives, which are important to determine why various types of screens affect mental health differently and why sex differences occur. Examining those factors can help to maximize the benefits and opportunities adolescents can get from technology and protect them from risks that could occur with certain context when using the screen excessively. Second, although we controlled for baseline levels of anxiety and depression in all models, the possibility of residual confounding may have influenced results. Finally, future studies should rely on longer follow-up periods and assess a broader spectrum of mental health indicators such as, emotional, psychosocial, and cognitive health.



Conclusion

With high daily screen time exposure reported in the present study, our findings provide longitudinal evidence in a population-based sample of adolescents that more time spent on screens is associated with more anxiety and depressive symptoms. The relationship between some types of screens such as talking on the phone and anxiety appears to follow a dose-response pattern. Sex differences in longitudinal associations were observed between types of screen use (i.e., television viewing and internet surfing) and anxiety and depression. Moreover, our results established that greater increases in screen time were associated with greater increases in depression and anxiety symptoms, and these observations occurred over one year and when controlling for baseline levels of anxiety and depression. More studies are warranted to examine the content and nature of screen usage. These studies can help inform public health programs, tailored with sex-specific and screen-specific considerations in mind, focusing on reducing screen time could contribute to the prevention of anxiety and depression among adolescents.



Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: COMPASS study data is available upon request through completion and approval of an online form: https://uwaterloo.ca/compass-system/information-researchers/data-usage-application. Requests to access these datasets should be directed to https://uwaterloo.ca/compass-system/.



Ethics statement

The studies involving human participants were reviewed and approved by University of Waterloo (ORE#30118), Brock University (REB#18-099), CIUSSS de la Capitale-Nationale-Université Laval (#MP-13-2017-1264), and participating school boards, including the use of active-information passive-consent parental permission protocols. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

FM, J-PC, and GG participated in the conception of the study. FM and HS-K conducted statistical analyses. FM wrote the first version of the manuscript. J-PC and GG substantially contributed to the methods and interpretation of results. J-PC, GG, HS-K, IC, SL, and KP critically reviewed the manuscript. All authors contributed to the article and approved the submitted version.



Funding

The COMPASS study has been supported by a bridge grant from the CIHR Institute of Nutrition, Metabolism and Diabetes (INMD) through the “Obesity—Interventions to Prevent or Treat” priority funding awards (OOP-110788; awarded to SL), an operating grant from the CIHR Institute of Population and Public Health (IPPH) (MOP-114875; awarded to SL), a CIHR project grant (PJT-148562; awarded to SL), a CIHR bridge grant (PJT-149092; awarded to KP/SL), a CIHR project grant (PJT-159693; awarded to KP), and by a research funding arrangement with Health Canada (#1617-HQ-000012; contract awarded to SL).



Acknowledgments

The authors would like to thank the school boards, schools, and students who participated in years 6 and 7 of the COMPASS host study.



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.



Footnotes

1   
www.compass.uwaterloo.ca




References

 1. World Health Organization (WHO)
. Adolescent mental health. (2021). Available at: http://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health (Accessed October 30, 2020).


 2. Merikangas, KR, He, J-P, Burstein, M, Swanson, SA, Avenevoli, S, Cui, L , et al. Lifetime prevalence of mental disorders in U.S. adolescents: results from the National Comorbidity Survey Replication—Adolescent Supplement (NCS-A). J Am Acad Child Adolesc Psychiatry. (2010) 49:980–9. doi: 10.1016/j.jaac.2010.05.017 

 3. Rehm, J, and Shield, KD. Global burden of disease and the impact of mental and addictive disorders. Curr Psychiatry Rep. (2019) 21:10. doi: 10.1007/s11920-019-0997-0 

 4. GBD 2019 Mental Disorders Collaborators
. Global, regional, and national burden of 12 mental disorders in 204 countries and territories, 1990–2019: a systematic analysis for the global burden of disease study 2019. Lancet Psychiatry. (2022) 9:137–50. doi: 10.1016/S2215-0366(21)00395-3 

 5. UNICEF
. On My Mind: Promoting, Protecting and Caring for Children’s Mental Health. New York, NY: UNICEF (2021).


 6. Naicker, K, Galambos, NL, Zeng, Y, Senthilselvan, A, and Colman, I. Social, demographic, and health outcomes in the 10 years following adolescent depression. J Adolesc Health. (2013) 52:533–8. doi: 10.1016/j.jadohealth.2012.12.016


 7. Friedrich, MJ
. Depression is the leading cause of disability around the world. JAMA. (2017) 317:1517. doi: 10.1001/jama.2017.3826


 8. Chisholm, D, Sweeny, K, Sheehan, P, Rasmussen, B, Smit, F, Cuijpers, P , et al. Scaling-up treatment of depression and anxiety: a global return on investment analysis. Lancet Psychiatry. (2016) 3:415–24. doi: 10.1016/S2215-0366(16)30024-4 

 9. Marcus, M, Yasamy, MT, van Ommeren, M, Chisholm, D, and Saxena, S. Depression: A Global Public Health Concern. Geneva, Switzerland: World Health Organization (2012).


 10. Suchert, V, Hanewinkel, R, and Isensee, B. Sedentary behavior and indicators of mental health in school-aged children and adolescents: a systematic review. Prev Med. (2015) 76:48–57. doi: 10.1016/j.ypmed.2015.03.026 

 11. Mougharbel, F, and Goldfield, GS. Psychological correlates of sedentary screen time behaviour among children and adolescents: a narrative review. Curr Obes Rep. (2020) 9:493–511. doi: 10.1007/s13679-020-00401-1


 12. Tang, S, Werner-Seidler, A, Torok, M, Mackinnon, AJ, and Christensen, H. The relationship between screen time and mental health in young people: a systematic review of longitudinal studies. Clin Psychol Rev. (2021) 86:102021. doi: 10.1016/j.cpr.2021.102021 

 13. Zhang, J, Yang, SX, Wang, L, Han, LH, and Wu, XY. The influence of sedentary behaviour on mental health among children and adolescents: a systematic review and meta-analysis of longitudinal studies. J Affect Disord. (2022) 306:90–114. doi: 10.1016/j.jad.2022.03.018 

 14. Zink, J, Belcher, BR, Imm, K, and 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 

 15. Rideout, V, and Robb, MB. The Common Sense Census: Media Use By Tweens and Teens. San Francisco, CA: Common Sense Media (2019).


 16. Statistics Canada
. A Portrait of Canadian Youth: Today’s Youth Are Unlike Any Generation Before! Geneva, Switzerland: Statistics Canada (2019).


 17. Anderson, M, and Jiang, J. Teens, Social Media & Technology 2018. Washington, D.C: Pew Research Center (2018).


 18. Prince, SA, Melvin, A, Roberts, KC, Butler, GP, and Thompson, W. Sedentary behaviour surveillance in Canada: trends, challenges and lessons learned. Int J Behav Nutr Phys Act. (2020) 17:34. doi: 10.1186/s12966-020-00925-8 

 19. Tremblay, MS, Carson, V, Chaput, J-P, 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 

 20. World Health Organization
. WHO Guidelines on Physical Activity and Sedentary Behaviour. Geneva, Switzerland: World Health Organization (2020).


 21. Boak, A, Elton-Marshall, T, Mann, RE, Henderson, JL, and Hamilton, HA. The Mental Health and Well-Being of Ontario Students, 1991–2019: Detailed Findings from the Ontario Student Drug Use and Health Survey (OSDUHS). Toronto, ON: Centre for Addiction and Mental Health (2020).


 22. Hoare, E, Milton, K, Foster, C, and 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 

 23. Khouja, JN, Munafò, MR, Tilling, K, Wiles, NJ, Joinson, C, Etchells, PJ , et al. Is screen time associated with anxiety or depression in young people? Results from a UK birth cohort. BMC Public Health. (2019) 19:82. doi: 10.1186/s12889-018-6321-9 

 24. Liu, M, Wu, L, and Yao, S. Dose-response association of screen time-based sedentary behaviour in children and adolescents and depression: a meta-analysis of observational studies. Br J Sports Med. (2016) 50:1252–8. doi: 10.1136/bjsports-2015-095084 

 25. Leonhardt, M, and Overå, S. Are there differences in video gaming and use of social media among boys and girls?—a mixed methods approach. Int J Environ Res Public Health. (2021) 18:6085. doi: 10.3390/ijerph18116085 

 26. Twenge, JM, and Martin, GN. Gender differences in associations between digital media use and psychological well-being: evidence from three large datasets. J Adolesc. (2020) 79:91–102. doi: 10.1016/j.adolescence.2019.12.018


 27. Ohannessian, CM
. Media use and adolescent psychological adjustment: an examination of gender differences. J Child Fam Stud. (2009) 18:582–93. doi: 10.1007/s10826-009-9261-2 

 28. Ohannessian, CM
. Video game play and anxiety during late adolescence: the moderating effects of gender and social context. J Affect Disord. (2018) 226:216–9. doi: 10.1016/j.jad.2017.10.009 

 29. Ma, L, Evans, B, Kleppang, AL, and Hagquist, C. The association between screen time and reported depressive symptoms among adolescents in Sweden. Fam Pract. (2021) 38:773–9. doi: 10.1093/fampra/cmab029 

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

 31. Leatherdale, ST, Brown, KS, Carson, V, Childs, RA, Dubin, JA, Elliott, SJ , et al. The COMPASS study: a longitudinal hierarchical research platform for evaluating natural experiments related to changes in school-level programs, policies and built environment resources. BMC Public Health. (2014) 14:331. doi: 10.1186/1471-2458-14-331 

 32. Qian, W, Battista, K, Bredin, C, Brown, K, and Leatherday, S. Assessing Longitudinal Data Linkage Results in the Compass Study. Waterloo, ON: University of Waterloo (2015).


 33. Leatherdale, S, Laxer, R, and Faulkner, G. Reliability and Validity of the Physical Activity and Sedentary Behaviour Measures in the COMPASS Study. Waterloo, ON: University of Waterloo (2015).


 34. Mossman, SA, Luft, MJ, Schroeder, HK, Varney, ST, Fleck, DE, Barzman, DH , et al. The generalized anxiety disorder 7-item scale in adolescents with generalized anxiety disorder: signal detection and validation. Ann Clin Psychiatry. (2017) 29:227–234A.


 35. Romano, I, Ferro, MA, Patte, KA, and Leatherdale, ST. Measurement invariance of the GAD-7 and CESD-R-10 among adolescents in Canada. J Pediatr Psychol. (2022) 47:585–94. doi: 10.1093/jpepsy/jsab119 

 36. Spitzer, RL, Kroenke, K, Williams, JBW, and Löwe, B. A brief measure for assessing generalized anxiety disorder: the GAD-7. Arch Intern Med. (2006) 166:1092–7. doi: 10.1001/archinte.166.10.1092


 37. Andresen, EM, Malmgren, JA, Carter, WB, and Patrick, DL. Screening for depression in well older adults: evaluation of a short form of the CES-D. Am J Prev Med. (1994) 10:77–84. doi: 10.1016/S0749-3797(18)30622-6 

 38. Bradley, KL, Bagnell, AL, and Brannen, CL. Factorial validity of the center for epidemiological studies depression 10 in adolescents. Issues Ment Health Nurs. (2010) 31:408–12. doi: 10.3109/01612840903484105 

 39. Haroz, EE, Ybarra, ML, and Eaton, WW. Psychometric evaluation of a self-report scale to measure adolescent depression: the CESDR-10 in two national adolescent samples in the United States. J Affect Disord. (2014) 158:154–60. doi: 10.1016/j.jad.2014.02.009


 40. World Health Organization: Geneva, Switzerland
. WHO Anthro and Macros. Version 3.2.2. Geneva, Switzerland: World Health Organization (2011).


 41. Aceves-Martins, M, Whitehead, R, Inchley, J, Giralt, M, Currie, C, and Solà, R. Self-reported weight and predictors of missing responses in youth. Nutrition. (2018) 53:54–8. doi: 10.1016/j.nut.2018.01.003 

 42. Leatherdale, ST, and Laxer, RE. Reliability and validity of the weight status and dietary intake measures in the COMPASS questionnaire: are the self-reported measures of body mass index (BMI) and Canada’s food guide servings robust? Int J Behav Nutr Phys Act. (2013) 10:42. doi: 10.1186/1479-5868-10-42 

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


 44. Kraut, R, Patterson, M, Lundmark, V, Kiesler, S, Mukopadhyay, T, and Scherlis, W. Internet paradox. A social technology that reduces social involvement and psychological well-being? Am Psychol. (1998) 53:1017–31. doi: 10.1037/0003-066X.53.9.1017 

 45. Philippot, A, Dubois, V, Lambrechts, K, Grogna, D, Robert, A, Jonckheer, U , et al. Impact of physical exercise on depression and anxiety in adolescent inpatients: a randomized controlled trial. J Affect Disord. (2022) 301:145–53. doi: 10.1016/j.jad.2022.01.011 

 46. Wang, X, Cai, Z, Jiang, W, Fang, Y, Sun, W, and Wang, X. Systematic review and meta-analysis of the effects of exercise on depression in adolescents. Child Adolesc Psychiatry Ment Health. (2022) 16:16. doi: 10.1186/s13034-022-00453-2 

 47. Rodriguez-Ayllon, M, Cadenas-Sánchez, C, Estévez-López, F, Muñoz, NE, Mora-Gonzalez, J, Migueles, JH , et al. Role of physical activity and sedentary behavior in the mental health of preschoolers, children and adolescents: a systematic review and meta-analysis. Sports Med. (2019) 49:1383–410. doi: 10.1007/s40279-019-01099-5 

 48. Nakshine, VS, Thute, P, Khatib, MN, and Sarkar, B. Increased screen time as a cause of declining physical, psychological health, and sleep patterns: a literary review. Cureus. (2022) 14:e30051. doi: 10.7759/cureus.30051 

 49. Cook, K
. Mental health, relationships & cognition In: K Cook
, editor. The Psychology of Silicon Valley: Ethical Threats and Emotional Unintelligence in the Tech Industry. Cham: Springer International Publishing (2020). 197–233.


 50. Boers, E, Afzali, MH, and Conrod, P. Temporal associations of screen time and anxiety symptoms among adolescents. Can J Psychiatr. (2020) 65:070674371988548–208. doi: 10.1177/0706743719885486 

 51. Brannigan, R, Gil-Hernández, CJ, McEvoy, O, Cronin, F, Stanistreet, D, and Layte, R. Digital engagement and its association with adverse psychiatric symptoms: a longitudinal cohort study utilizing latent class analysis. Comput Hum Behav. (2022) 133:107290. doi: 10.1016/j.chb.2022.107290


 52. Sampasa-Kanyinga, H, Chaput, J-P, Goldfield, GS, Janssen, I, Wang, J, Hamilton, HA , et al. The Canadian 24-hour movement guidelines and psychological distress among adolescents: Les Directives canadiennes en matière de mouvement sur 24 heures et la détresse psychologique chez les adolescents. Can J Psychiatry. (2021) 66:624–33. doi: 10.1177/0706743720970863 

 53. 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 

 54. Tremblay, MS, LeBlanc, AG, Kho, ME, Saunders, TJ, Larouche, R, Colley, RC , et al. Systematic review of sedentary behaviour and health indicators in school-aged children and youth. Int J Behav Nutr Phys Act. (2011) 8:98. doi: 10.1186/1479-5868-8-98 

 55. Robb, MB
. The New Normal: Parents, Teens, Screens, and Sleep in the United States. San Francisco, CA: Common Sense Media (2019).


 56. Pacheco, D How screen time may cause insomnia in teens. Sleep Found (2021). Available at: https://www.sleepfoundation.org/teens-and-sleep/screen-time-and-insomnia-for-teens (Accessed October 25, 2022).


 57. Amra, B, Shahsavari, A, Shayan-Moghadam, R, Mirheli, O, Moradi-Khaniabadi, B, Bazukar, M , et al. The association of sleep and late-night cell phone use among adolescents. J Pediatr. (2017) 93:560–7. doi: 10.1016/j.jped.2016.12.004 

 58. Medic, G, Wille, M, and Hemels, ME. Short- and long-term health consequences of sleep disruption. Nat Sci Sleep. (2017) 9:151–61. doi: 10.2147/NSS.S134864 

 59. Anderson, CA, and Warburton, WA. The impact of violent video games: an overview In:. Growing Up Fast and Furious: Reviewing the Impacts of Violent and Sexualised Media on Children. Annandale, NSW, Australia: The Federation Press (2012). 56–84.


 60. Schettler, L, Thomasius, R, and Paschke, K. Neural correlates of problematic gaming in adolescents: a systematic review of structural and functional magnetic resonance imaging studies. Addict Biol. (2022) 27:e13093. doi: 10.1111/adb.13093 

 61. Király, O, Potenza, MN, and Demetrovics, Z. Gaming disorder: current research directions. Curr Opin Behav Sci. (2022) 47:101204. doi: 10.1016/j.cobeha.2022.101204


 62. Chun, J-W, Choi, J, Cho, H, Lee, S-K, and Kim, DJ. Dysfunction of the frontolimbic region during swear word processing in young adolescents with internet gaming disorder. Transl Psychiatry. (2015) 5:e624. doi: 10.1038/tp.2015.106 

 63. Yoon, L, Rohrsetzer, F, Battel, L, Anés, M, Manfro, PH, Rohde, LA , et al. Frontolimbic network topology associated with risk and presence of depression in adolescents: a study using a composite risk score in Brazil. Biol Psychiatry: Cogn Neurosci. (2022) 8:426–35. doi: 10.1016/j.bpsc.2022.03.008


 64. Pandya, M, Altinay, M, Malone, D, and Anand, A. Where in the brain is depression? Curr Psychiatry Rep. (2012) 14:634–42. doi: 10.1007/s11920-012-0322-7 

 65. Xie, S, Zhang, X, Cheng, W, and Yang, Z. Adolescent anxiety disorders and the developing brain: comparing neuroimaging findings in adolescents and adults. Gen Psychiatry. (2021) 34:e100411. doi: 10.1136/gpsych-2020-100411 

 66. Christensen, SP
. Social Media Use and Its Impact on Relationships and Emotions. Provo, Utah: Brigham Young University (2018):73.


 67. Vogel, EA, and Rose, JP. Self-reflection and interpersonal connection: making the most of self-presentation on social media. Transl Issues Psychol Sci. (2016) 2:294–302. doi: 10.1037/tps0000076


 68. Pera, A
. Psychopathological processes involved in social comparison, depression, and envy on Facebook. Front Psychol. (2018) 9:22. doi: 10.3389/fpsyg.2018.00022 

 69. Thorisdottir, IE, Sigurvinsdottir, R, Asgeirsdottir, BB, Allegrante, JP, and 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 

 70. Blomfield Neira, CJ, and Barber, BL. Social networking site use: linked to adolescents’ social self-concept, self-esteem, and depressed mood. Aust J Psychol. (2014) 66:56–64. doi: 10.1111/ajpy.12034


 71. Nesi, J, and Prinstein, MJ. Using social media for social comparison and feedback-seeking: gender and popularity moderate associations with depressive symptoms. J Abnorm Child Psychol. (2015) 43:1427–38. doi: 10.1007/s10802-015-0020-0 

 72. McCarthy, PA, and Morina, N. Exploring the association of social comparison with depression and anxiety: a systematic review and meta-analysis. Clin Psychol Psychother. (2020) 27:640–71. doi: 10.1002/cpp.2452 

 73. Raposo, M, Martínez-Figueira, M, Campos, S, and Parrilla, Á. Teens’ behavior patterns on the web: surfing or wrecking? Digit Educ Rev. (2021) 39:60–75. doi: 10.1344/der.2021.39.60-75


 74. Kim, D, Nam, JK, Oh, J, and Kang, MC. A latent profile analysis of the interplay between PC and smartphone in problematic internet use. Comput Hum Behav. (2016) 56:360–8. doi: 10.1016/j.chb.2015.11.009


 75. Ferreiro, SG, Gómez, P, Harris, S, Braña, T, and Boubeta, A. Diferencias de sexo en el uso de internet en adolescentes españoles. Behav Psychol. (2017) 25:129–46.


 76. Dowling, K, Simpkin, AJ, and Barry, MM. A cluster randomized-controlled trial of the MindOut social and emotional learning program for disadvantaged post-primary school students. J Youth Adolesc. (2019) 48:1245–63. doi: 10.1007/s10964-019-00987-3 

 77. Montiel, I, Ortega-Barón, J, Basterra-González, A, González-Cabrera, J, and Machimbarrena, JM. Problematic online gambling among adolescents: a systematic review about prevalence and related measurement issues. J Behav Addict. (2021) 10:566–86. doi: 10.1556/2006.2021.00055 

 78. Andrie, EK, Sakou, II, Tzavela, EC, Richardson, C, and Tsitsika, AK. Adolescents’ online pornography exposure and its relationship to sociodemographic and psychopathological correlates: a cross-sectional study in six European countries. Children. (2021) 8:925. doi: 10.3390/children8100925 

 79. González-Cabrera, J, Machimbarrena, JM, Beranuy, M, Pérez-Rodríguez, P, Fernández-González, L, and Calvete, E. Design and measurement properties of the online gambling disorder questionnaire (OGD-Q) in Spanish adolescents. J Clin Med. (2020) 9:120. doi: 10.3390/jcm9010120 

 80. Li, J, Wu, Y, and Hesketh, T. Internet use and cyberbullying: impacts on psychosocial and psychosomatic wellbeing among Chinese adolescents. Comput Hum Behav. (2023) 138:107461. doi: 10.1016/j.chb.2022.107461


 81. Zhu, C, Huang, S, Evans, R, and Zhang, W. Cyberbullying among adolescents and children: a comprehensive review of the global situation, risk factors, and preventive measures. Front Public Health. (2021) 9:634909. doi: 10.3389/fpubh.2021.634909 

 82. Sampasa-Kanyinga, H, Lalande, K, and Colman, I. Cyberbullying victimisation and internalising and externalising problems among adolescents: the moderating role of parent–child relationship and child’s sex. Epidemiol Psychiatr Sci. (2018) 29:e8. doi: 10.1017/S2045796018000653 

 83. Li, J, Sidibe, AM, Shen, X, and Hesketh, T. Incidence, risk factors and psychosomatic symptoms for traditional bullying and cyberbullying in Chinese adolescents. Child Youth Serv Rev. (2019) 107:104511. doi: 10.1016/j.childyouth.2019.104511


 84. Hong, JS, Kim, DH, Thornberg, R, Kang, JH, and Morgan, JT. Correlates of direct and indirect forms of cyberbullying victimization involving south Korean adolescents: an ecological perspective. Comput Hum Behav. (2018) 87:327–36. doi: 10.1016/j.chb.2018.06.010


 85. Cattarin, JA, Thompson, JK, Thomas, C, and Williams, R. Body image, mood, and televised images of attractiveness: the role of social comparison. J Soc Clin Psychol. (2000) 19:220–39. doi: 10.1521/jscp.2000.19.2.220


 86. Tiggemann, M, and Kuring, JK. The role of body objectification in disordered eating and depressed mood. Br J Clin Psychol. (2004) 43:299–311. doi: 10.1348/0144665031752925 

 87. Dakanalis, A, Clerici, M, Caslini, M, Favagrossa, L, Prunas, A, Volpato, C , et al. Internalization of sociocultural standards of beauty and disordered eating behaviours: the role of body surveillance, shame and social anxiety. J Psychopathol. (2014) 20:33–7.




OPS/images/fpubh-11-1101594-t003.jpg
Depressive symptoms at time 2
Crude OR (95% CI)

Adjusted OR (95% CI)

Television viewing-females

Television viewing-males

Video games

Talking on the phone

Internet surfing

Texting/messaging/emailing

Bold values represent statistically significant results. OR, odds ratios Cl, confidence interval. Models are adjusted for school clustering, age, racelethnicity, BMI 2-score, income, and prior year

0-29min/d
30-59 min/d
1-2h/d
2-3h/d
3+hid
0-29min/d
30-59 min/d
1-2h/d
2-3h/d
3+h/d
0-29min/d
30-59 min/d
1-2h/d
2-3h/d
3+h/d
0-29min/d
30-59 min/d
1-2h/d
2-3h/d
3+h/d
0-29min/d
30-59 min/d
1-2h/d
2-3h/d
3+h/d
0-29min/d
30-59 min/d
1-2h/d
2-3h/d
3+h/d

depression. *p<0.05; *#p<0.01; **%p<0.001

1
0.94 (078-1.14)
102(0.87-1.20)
111 (0.95-1.31)
144 (1.23-1.69)+*
1

0.79(0.64-0.97)*
0.83 (0.72-0.97)*
091 (078-1.07)
106 (0.91-1.24)

1

0.78 (0.69-0.88)*
0.75 (0.69-0.82)"+*
0.62 (0.56-0.69)*
0.72(0.66-0.78)"**
1

134 (1.19-1.50)***

1,37 (1.25-

51)
156 (1.36-1.79) %
197 (1.74-2.24)**
1

0.97 (0.86-1.09)
118 (1.08-1.30) %
1.35 (1.22-1.50)***
192 (175-2.11)+%
1

121 (1.10-1.33)*
128 (1.17-1.40)***
145 (1.31-161)***

1.99 (1.82-2.18)***

1
103 (0.83-1.28)
112(0.94-1.34)

115 (0.96-1.38)
130 (1.09-1.55)*
1

0,82 (0.66-1.03)
0,81 (0.68-095)
0,87 (0.73-1.03)
0.91(0.77-1.08)

1

1.06 (0.91-1.22)
1,14 (1.02-1.28)*
111(0.98-1.27)
1.29 (1.15-1.46) %
1

113 (0.99-1.29)
1.07 (0.96-1.20)

1,16 (0.99-1.36)
133 (115-1.53)
1

0.90(0.79-1.03)
100 (0.90-1.11)
103 (091-1.16)
124 (111-1.38) 7%
1

1.07(0.96-1.20)
1.07(0.96-1.18)

111 (0.99-1.25)

1.32 (1.19-1.46) %





OPS/images/fpubh-11-1101594-t004.jpg
Screen types Anxiety symptoms

95% ClI

Television viewing

Television viewing-females 0.016 0.017 (0.011-0.080) 0.008
Television viewing-males 0.018 0017 (<0.015-0.052) 0269
Video games 0017 0014 (<0.010-0.045) 0216
Talking on the phone 0.087 0.017 (0.051-0.119) 0.000

Internet surfing

Internet surfing-females 0.071 0.016 (0.039-0.102) 0.000
Internet surfing-males 0.053 0.016 (0.019-0.086) 0.001
Texting/messaging/emailing 0.067 0.012 (0.043-0.092) 0.000
Screen types Depressive symptoms

Est. SE 95% CI pvalue

“Television viewing

Television viewing-females 0030 0019 (~0.006-0.068) 0.109
Television viewing-males 0.068 0.018 (0.032-0.104) 0.000
Video games 0.041 0.015 (0.011-0.071) 0.007
Talking on the phone 0.084 0.017 (0.050-0.118) 0.000
Internet surfing 0.070 0.012 (0.045-0.095) 0.000
Texting/messaging/emailing 0.100 0.013 (0.071-0.124) 0.000

Bold values represent statistically significant results. Models are adjusted for school clustering, age, race/ethnicity, BMI z-score, income, prior year anxiety, and depressive symptoms. Est, beta
coefficient; SE, standard error, Cl, confidence interval,





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Longitudinal associations between different types of screen use and depression and anxiety symptoms in adolescents



		Background



		Design



		Participants



		Measures



		Screen time



		Anxiety



		Depression



		Covariates



		Change in screen time and anxiety and depression symptoms



		Data processing and analyses









		Results



		Study sample



		Longitudinal association between time spent on each type of screen and symptoms of anxiety



		Longitudinal association between time spent on each type of screen and symptoms of depression



		Longitudinal association between change in time spent on screen-based behaviour and changes in anxiety and depressive symptoms at follow-up









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Footnotes



		References



















OPS/images/fpubh-11-1101594-t001.jpg
Time 1 Time 2

Characteristics Total population Females Males Total population Females Males
N=17,174 N=9173 N=7974 N=17174 N=9,173 N=7974
Age (mean (SD)) 15.1(09) 15.1(09) 15.1(09) 16.1(0.9) 161 (0.9) 161 (09)

Racelethicity (%)*

White 683 680 686 683 68.9 682
Black 025 023 028 025 024 032
Asian 126 128 126 126 129 125
Latin American/Hispanic 028 029 027 028 029 031
Other and mixed 138 140 133 138 129 130

BMI classification*

Underweight 018 05 09 016 012 021
Normal wei 571 600 537 604 633 568
Overweight 125 110 143 132 123 143
Obesity 056 010 076 06.1 014 08.1
Missing BMI 20 25 25 187 188 187
School-area houschold median income*

$25,000-50,000 126 133 116 126 133 116
$50,001-75,000 558 551 566 558 551 567
$75,001-100,000 266 264 269 266 265 269
>$100,000 050 052 049 050 052 048
Screen time (mean (SD))

Television® 1236 (87.04) 121.46 (87.74) 101.88 (85.04) 11347 (87.26) | 11763(86.25) 108,69 (88.17)
Video games* 8143 (109.31) 2916 (6494) 141.56 (118.68) 74,55 (105.20) 2648(6105) 12993 (117.45)
“Talking on the phone* 38.02(75.57) 4571 (81.62) 29,18 (66.87) 4415 (8039) 50.14 (84.11) 37.25 (75.30)
Internet surfing® 11237 (111.98) 12625 (116.56) 96.41(104.22) 11874(10829) | 13032(110.18) 10539 (104.50)
Texting/messaging/emailing® 94.20 (111.84) 11038 (119.32) 75.58 (99.37) 9932(10989) | 11198(11407) 8473 (102.96)
Screen time

Television viewing*

0-29min/d 126 092 166 120 095 150
30-59 min/d 09.1 095 087 094 104 083
1-2hvd 23 267 300 272 270 273
2-3h/d 254 264 22 266 269 262
3+h/d 26 22 205 28 262 22
Video games*

0-29min/d 454 722 146 178 742 175
30-59min/d 073 075 070 074 073 075
1-2h/d 155 108 209 158 100 26
2-3h/d 122 046 209 14 010 197
3+hid 196 019 366 176 015 327
Talking on the phone™

0-29min/d 700 620 760 €29 580 686
30-59min/d 080 092 065 088 100 076
1-2hvd 110 143 95 140 155 124
2-3hid 050 065 040 067 080 052
3+h/d 060 080 050 076 085 062
Internet surfing*

0-29min/d 195 160 237 150 122 182
30-59 min/d 130 17 140 120 108 133
1-2hvd 255 23 270 263 28 280
2-3h/d 170 180 160 194 205 183
3+hid 250 300 193 273 317 22
Texting/messaging/emailing*

0-29min/d 27 20 385 25 185 315
30-59 min/d 163 170 155 160 164 155
1-2hvd 215 26 202 22 23 2.0
2-3h/d 130 144 14 147 167 125
3+h/d 195 240 144 206 241 165
Anxiety symptoms score* 627(553) 777 (573) 455(4.74) 682(5.67) 842(5.73) 499 (5.02)
(mean (D))

Anxiety symptoms*

Yes 214 55 140 275 369 167

No 756 665 860 75 631 83
Depressive symptoms score* 845 (5.84) 9.67(623) 705 (5.01) 920 (6.04) 1047 (627) 774 (5.40)
(mean (SD))

Depressive symptoms*

Yes 342 29 22 100 196 294

No 658 571 758 0.0 504 706

Data are shown as percentages or mean (standard deviation). SD, standard deviation; BMI, body mass index. Starred variables represent statisically significant value of p-values for the sex
differences (<0.05). Anxiety and depression symptoms assessed by the GAD-7 and CESD-10-R, respectively, with scores 10 used to indicate the presence of linically-relevant symptoms.
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Anxiety symptoms at time 2

Crude OR (95% CI) Adjusted OR (95% ClI)

“Television viewing

Television viewing- 0-29min/d 1 1
females 30-59min/d 0.99 (0.81-1.22) 0.9 (0.79-1.25)
1-2hvd 108 (0.91-1.28) 110 (092-1.33)
2-3h/d 118 (0.99-1.39) 1.16 (0.96-1.40)
3+hid 142 (1.20-1.67) *** 127 (1.06-1.53)*
Television viewing- 0-29min/d 1 1
males 30-59min/d 0.76 (0.58-0.99) 0.80 (0.60-1.06)
1-2hvd 084 (0.70-1.01) 0.83 (0.68-1.01)
2-3h/d 1.05(0.87-1.27) 0.98 (0.80-1.20)
3+h/d 113 (0.93-1.37) 100 (0.81-1.23)
Video games 0-29min/d 1 1
30-59min/d 0.65 (0.57-0.75)* 0,86 (0.73-1.01)
1-2hvd 0.68 (0.62-0.75)* 113 (1.00-1.28)*
2-3h/d 0.54 (0.48-0.60)* 1.14(099-1.32)
3+hid 0.57 (0.52-0.63)* 127 (L12-1.45) %%
‘Talking on the phone 0-29min/d 1 1
30-59 min/d 142 (1.24-1.61)4% 122 (1.06-1.40)*
1-2h/d 149 (1.34-1.65) 4% 118 (1.05-1.33)%*
2-3h/d 162 (1.40-1.87)*+% 1.25 (1.06-1.48) "
3+hid 191 (1.67-2.17)*4% 136 (117-1.57)4%
Internet surfing
Internet surfing- 0-29min/d 1 1
fermales 30-59 min/d 0.91(0.76-1.08) 0.94 (0.78-1.14)
1-2h/d 106 (0.92-1.23) 1,03 (0.88-1.20)
2-3h/d 1.12.(0.96-1.30) 1,04 (0.88-1.24)
3+hid 142 (1.24-1.63)+% 120 (1.03-1.40)*
Internet surfing-males 0-29min/d 1 1
30-59min/d 101 (0.81-1.26) 100 (0.79-1.27)
1-2hvd 146 (1.23-1.74) 4% 141 (117-1.69)*
23h/d 141 (L15-1.72)%4% 123 (099-1.29)
3+h/d 179 (1.49-2.15)*4% 149 (1.22-1.82)4%
Texting/messaging/ 0-29min/d 1 1
emailing 30-59 min/d 129 (1.15-1.43)* 107 (095-1.21)
1-2hvd 129 (116-1.42)*+% 101 (090-1.13)
2-3hd 158 (142-1.77)4% 118 (1.04-1.34)%
3+hid 221 (2.01-2.44) % 1.40 (1.25-1.57)*#*

Bold values represent statistically significant results. OR, odds ratio; CI, confidence interval. Models are adjusted for school clustering, age, race/ethnicity, BMI 2-score, income, and prior year
anxiety. ®p <0.05; **p<0.01; ***p<0.001. Data from Canadian secondary school students inked across year 6 (2017-18) and 7 (2018-19) of the COMPASS study.
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