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Abstract

This study examined the associations between four types of screen-based activities and depressive 

symptoms among adolescents. We further investigated whether sleep characteristics (i.e., insomnia 

symptoms and sleep duration) mediate these associations.

Data come from 2865 U.S. adolescents (mean age=15.53, SD=.73, 51.8% male) in the age 15 

follow-up of the Fragile Families and Child Wellbeing Study. Adolescents completed surveys 

regarding sleep duration and insomnia symptoms, typical daily duration of four screen activities 

(social messaging, web surfing, TV/movie watching, and gaming), and depressive symptoms. We 

constructed a multiple mediation model to elucidate the associations between age 15 screen time, 

sleep and depressive symptoms, while adjusting for age 9 depressive symptoms.

Structural Equation Modeling analyses revealed that the association between screen time and 

depressive symptoms is partially or fully mediated by sleep. For social messaging, web surfing and 

TV/movie watching, the three sleep variables fully mediated the positive association between 

screen time and depressive symptoms. For gaming, the three sleep variables acted as partial 
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mediators in the model, accounting for 38.5% of the association between gaming and depressive 

symptoms.

Our results highlight both screen-based activities and sleep behaviors as potential intervention 

targets to reduce depressive symptoms among adolescents.
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Introduction

Screen-based activity is positively associated with depressive symptoms among adolescents 

and young adults (Demirci, Akgönül, & Akpinar, 2015; Owens & Adolescent Sleep 

Working Group; 2014; Thomée, Eklöf, Gustafsson, Nilsson, & Hagberg, 2007). Yet, we 

know little about the mechanisms linking screen-based activities and depressive symptoms. 

While sleep may play a mediating role in the association between screen use and depression, 

few studies have tested the mediation models (for an exception, see Lemola, Perkinson-

Gloor, Brand, Dewald-Kaufmann, & Grob, 2015). In addition, less is known about whether 

specific types of screen-based activities have stronger associations with sleep and depressive 

symptoms than others. To address these gaps in the literature, the current study (1) 

investigated the association between four types of screen activities (social messaging, web 

surfing, TV/movie watching, and gaming) and adolescent’s depressive symptoms, and (2) 

examined whether insomnia symptoms and sleep duration mediated these associations.

Screen Time and Depressive Symptoms

Screen-based media use is associated with adolescent depressive symptoms. For example, 

Twenge and colleagues (2017) found a positive association between new media screen 

activities (such as smartphone or Facebook) and adolescents’ depressive symptoms using 

two U.S. adolescent national datasets from 2010 to 2015. Steers, Wickham and Acitelli 

(2014) also found a positive association between time spent on social media (Facebook) and 

depressive symptoms using both survey and daily diary data. Similarly, Maras and 

colleagues (2015) found that both video gaming and computer use were associated with 

Canadian teens’ depressive symptoms. These studies demonstrate that a greater amount of 

screen time is associated with more depressive symptoms among adolescents across 

contexts.

Type of Screen Activities and Depressive Symptoms

Less research has investigated whether specific types of screen use have differential 

associations with depressive symptoms. Most prior studies include only one or two types of 

screen-based activities at a time (Grøntved et al., 2015; Nuutinen et al., 2014; Thomée, 

Härenstam, & Hagberg, 2012) or use an aggregated measure of overall screen time 

(Drescher, Goodwin, Silva, & Quan, 2011; Wu, Tao, Zhang, Zhang, & Tao, 2015). In 

addition, the few studies investigating multiple types of screen activities have found 

contradictory results. For instance, Maras and colleagues (2015) found that video gaming 
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and computer use, but not TV viewing, were associated with greater depressive symptoms. 

In contrast, another study found associations between prolonged TV viewing, but not 

computer use, with greater depressive symptoms (Grøntved et al., 2015). The current study 

extends existing work by systematically comparing associations of multiple types of screen 

activities with adolescent depressive symptoms. Specifically, we chose four types of screen-

based activities – social messaging, web surfing, TV/movie watching and gaming, that are 

prevalent among adolescents.

The Potential Mediating Role of Sleep

The association between screen-based activities and depressive symptoms may be mediated 

through an increase in sleep-related problems associated with screen time and particularly 

screen-based activities (Cain and Gradisar, 2010). The theoretical association between these 

variables is supported by two emerging literatures showing associations between screen use 

and sleep, and between sleep and depressive symptoms.

Screen use and sleep.—Results from the National Sleep Foundation’s 2014 Sleep in 

America Poll indicate that 56% of parents report that 15-17 year-old adolescents sleep 7 

hours or less per night, and about 44% of parents were concerned their child did not obtain 

sufficient sleep during school nights (Buxton et al., 2015). The widespread use of digital 

media devices (smartphone and tablets) contributes to insufficient and disrupted adolescent 

sleep (Bartel & Gradisar, 2017; Calamaro, Mason, & Ratcliffe, 2009; LeBourgeois et al., 

2017; Owens & Adolescent Sleep Working Group; 2014). Recent reviews of studies that 

focus on school-age children and adolescents document a robust inverse association between 

screen activities and sleep health. Screen use has been hypothesized to disrupt sleep quality 

and duration for several reasons: (1) time displacement such that screen time may be 

substituted for potential sleep time; (2) physiological and psychological arousal from the 

content of electric media use may delay or disrupt sleep; and (3) blue light from digital 

devices may disturb circadian rhythms and cause poor sleep outcomes (Bartel, Gradisar, & 

Williamson, 2015; Cain & Gradisar, 2010; Hale & Guan, 2015; LeBourgeois et al., 2017). 

Empirical evidence demonstrates that adolescents who spend more time using screens have 

shorter sleep durations, delayed bedtimes, later sleep latency, more sleep disturbance 

symptoms, and greater sleep deficiency (Arora, Broglia, Thomas, & Taheri, 2014; Nuutinen 

et al., 2014; Thomée et al., 2012). In addition to bedtime screen activities, both daytime and 

pre-bedtime screen use have been found to be associated with poor sleep outcomes (Hysing 

et al., 2015; Kubiszewski, Fontaine, Rusch, & Hazouard, 2014; Munezawa et al., 2011).

Sleep and depressive symptoms.—Poor sleep is a risk factor for the development and 

relapse of depression (Lopez, Hoffmann, & Armitage, 2010; Lovato & Gradisar, 2014; Okun 

et al., 2011; Regestein et al., 2010; Roane & Taylor, 2008). Research indicates that sleep 

problems (insufficient sleep, insomnia symptoms, irregular sleep patterns), are positively 

associated with child depressive mood (Chen, Burley, & Gotlib, 2012; Coulombe, Reid, 

Boyle, & Racine, 2009; Lofthouse, Gilchrist, & Splaingard, 2009). In light of evidence 

linking screen use to both poor sleep and greater depressive symptoms, it is plausible that 

sleep problems play a mediating role in the association between screen use and depressive 
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symptoms, but limited prior research has examined the mediating role of poor sleep in this 

context.

The current study

The present study investigated the association of daily screen-based activity time with 

adolescent depressive symptoms, and the mediating role of insomnia symptoms (problems 

falling asleep, problems staying asleep) and sleep duration in the association. We extended 

previous research by evaluating the associations of four most prevalent types of screen-based 

activities with adolescent sleep and depressive symptoms.

We tested the following hypotheses. First, more screen time (operationalized by time spent 

in each of the four screen-based activities) is associated with more depressive symptoms 

(Hypothesis 1). Second, more time spent in each of the four screen-based activities—social 

messaging, web-surfing, TV/movie watching, and gaming—is associated with more 

problems falling and staying asleep, as well as shorter sleep duration (Hypothesis 2). Third, 

associations between screen-based activities and depressive symptoms are at least partially 

mediated by problems falling and staying asleep, and sleep duration (Hypothesis 3).

Our analytic model (Figure 1) examined whether problems falling asleep, problems staying 

asleep, and sleep duration serve as mediators for the association between adolescent screen 

time and depressive symptoms. We tested this multiple mediation model adjusting for age 9 

depressive symptoms that may be associated with age 15 screen time and depressive 

symptoms.

Method

Participants and design

We used data from the Fragile Families and Child Wellbeing study (FFCWS), a longitudinal 

urban birth cohort study with an over-sampling of non-marital births (see Reichman, Teitler, 

Garfinkel, & McLanahan, 2001, for a detailed description of the study sample and design). 

Six waves of data have been collected, including at the time of the child’s birth and ages 1, 

3, 5, 9, and 15. A total of 3,444 adolescents participated in the age 15 follow up. Most 

adolescents and their primary caregiver interviews were conducted between 2014 and 2016, 

with less than 1% of the families interviewed in 2017. We excluded 579 participants due to 

missing full records on variables of interest (described below) from either the age 9 or 15 

interviews, thus the final analytic sample included 2,865 adolescents (mean age=15.53 

years, SD=.71, 48.2% female). The excluded sample exhibited slightly higher scores on age 

9 depressive symptoms, but did not differ in age 15 screen-based activities, depressive 

symptoms, or sleep variables. In the current sample, 47.4% of adolescent self identified as 

African American or Black, 23.7% as Hispanic/Latino, 16.8% were White and 12.1% were 

other race or Multi-racial. Each adolescent’s primary caregiver provided information related 

to family structure, primary caregiver education level, and household income at the age 15 

interview. 17.5% of participants’ primary caregivers had less than high school education; 

31.1% of the adolescents lived in households below 100% of poverty; 38.2% of adolescents 

come from single mother family and only 26.9% of adolescents lived with both biological 
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parents (see Table 1). The study was conducted in accordance with principles in the 

Declaration of Helsinki and approved by appropriate Institutional Review Boards.

Measures

Screen time—In the age 15 interview, adolescents were asked “How many hours per day 

do you usually spend on screen-based activities on weekdays” for (1) Social messaging: 

“communicating with friends by email, instant messaging, texting on your phone, or through 

social media sites, such as Facebook or Twitter?”; (2) Web-surfing: “ visiting websites or 

shopping on the internet?”; (3) TV/movie watching: “watching TV, videos, and movies?”; 

(4) Gaming: “playing games on the computer, TV, or a handheld device?” Answers ranged 

from 0 to 24 hours per day, with higher values representing longer duration on that specific 

screen activity.

Insomnia symptoms—Insomnia symptoms were assessed with 2 separate items. 

Adolescents were asked: “How many nights out of seven in a typical week do you have: (1) 

problems falling asleep throughout the night?” and (2) problems staying asleep throughout 

the night?” Responses ranged from 0 to 7, with higher scores representing higher frequency 

of problems falling asleep or problems of staying asleep, both reflecting more insomnia 

symptoms.

Sleep duration—Adolescents were asked about their bedtime Sunday through Thursday: 

“What time do you usually go to bed on school nights?” and wake up time next school day 

morning, “What time do you usually wake up on school day morning?” Responses were 

coded as hour, minute, and AM/PM, and sleep duration was calculated as the difference (in 

hours) between bedtime and wake time. In the current study, the mean sleep duration is 8 

hours (SD= 1.25), which is consistent with self-reported data from other studies (Lemola et 

al., 2015; Nuutinen et al., 2014).

Age 15 depressive symptoms—Age 15 depressive symptoms were assessed by five 

items from the Center for Epidemiologic Studies Depression Scale (CES-D; Radloff 1977). 

This measure excluded sleep-related items from the larger CES-D. Similar items were used 

in the National Longitudinal Study of Adolescent Health (Add Health). Perreira and 

colleagues (2005) found these five items to be an improvement over the full 20-item CES-D 

in cross-cultural comparability. The scale includes “feel sad,” “feel depressed,” “feel life is 

not worth living,” “cannot shake off the blues, even with help from my family and my 

friends,” and “feel happy” (reverse coded). These items were answered on a 4-point Likert 

scale ranging from 0 (strongly disagree) to 3 (strongly agree) describing the respondent’s 

depressive feelings in the past week. A mean score was calculated if no more than 2 items 

were missing, with higher mean scores reflecting a higher level of depressive symptoms 

(Cronbach’s alpha= 0.76). In the current study, most adolescents’ depressive symptoms were 

low (Median=0.4 and Mode = 0), the mean depressive symptoms score was 0.6 (SD=0.6), 

which is comparable with other studies ( Lemola et al., 2015; Twenge et al., 2017). Age 15 

depressive symptoms were modeled as a latent variable in the subsequent structural equation 

modeling analyses.
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Covariates—We included the following sociodemographic and family characteristics of 

adolescents as covariates: age in months, sex, race, primary caregiver’s education, ratio of 

household income to poverty threshold and family structure. Each of these factors is 

correlated with screen time, sleep, and depressive symptoms. Given FFCW’s oversample of 

unmarried births, it is important to control for family structure (e.g., living with both 

biological parents, or living with biological mother only, etc.). All categorical covariates 

were entered as dummy variables in our analyses (see Table 1).

We adjusted for the potential confounding effects of age 9 depressive symptoms on screen 

use and depressive symptoms at age 15. Age 9 depressive symptoms were assessed with 

eight items from the withdrawn/depressed subscale of the Child Behavior Checklist 

(Achenbach & Rescorla, 2001). The primary caregiver rated their child’s behavior (i.e., 

“Child is unhappy, sad, or depressed”) on a 3-point Likert scale. Mean scores were 

calculated, and Cronbach’s alpha was 0.70. In the structural equation modeling analyses, age 

9 depressive symptoms were modeled as a latent variable, indicated by three-item parcels 

(3-3-2). To reduce model complexity while retaining the benefits of using a latent variable, 

we used the item-to-construct balance method to build the item parcel (Little, Cunningham, 

Shahard & Widaman, 2002).

Statistical analyses—We first calculated descriptive statistics and a correlation matrix 

for the variables of interest. Second, we conducted ordinary least squares (OLS) regressions 

to reveal the direct association between four types of screen time and adolescents’ 

depressive symptoms, after adjusting for covariates. Third, we followed the two-step 

procedure proposed by Hayes (2017) to test the mediating role of sleep. This procedure 

requires: (a) significant associations between screen activities (the predictors) and sleep 

variables (the mediators); and (b) significant associations between the sleep variables 

(mediators) and depressive symptoms (the outcomes) after adjusting for the screen time (the 

predictors). A p-value <0.05 was considered significant.

Finally, we conducted structural equation modeling in Mplus 8.0 (Muthén, & Muthén, 

1998-2017) to further elucidate the multiple mediation paths among screen time, insomnia 

symptoms and sleep duration, and depressive symptoms (see Figure 1), adjusting for 

childhood (age 9) depressive symptoms. The adequacy of data-model fit was determined by 

examining a combination of recommended indices (Hoyle, 2012; Hu & Bentler, 1999): the 

Comparative Fit Index (CFI) value ≥ 0.95; the Root Mean Square Error of Approximation 

(RMSEA) value ≤ 0.06; and the Standardized Root-Mean-Square Residual (SRMR) value ≤ 

0.09. To determine the indirect effects associated with adolescent screen time and depressive 

symptoms, we employed the recommended bias-corrected bootstrap 95% confidence 

intervals (CIs) in 10,000 samples, CIs not overlapping with zero indicate a significant 

indirect effect (MacKinnon, Lockwood & Williams, 2004; Preacher & Hay, 2008).

Results

Table 1 shows descriptive statistics of the study variables, and the correlation matrix for the 

screen time, sleep, and depressive symptoms. Pearson’s r correlations indicated that all four 

types of screen activity time were positively correlated with insomnia symptoms and age 15 
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depressive symptoms, and negatively correlated with weekday sleep duration. Importantly, 

the correlations among the four types of screen activities ranged from 0.16 to 0.26, 

suggesting that they are not highly correlated and thus appear to be relatively independent 

constructs. As expected, sleep duration was negatively associated with both insomnia 

symptoms, and age 9 depressive symptoms was positively correlated with age 15 depressive 

symptoms.

Associations between screen-based activities and depressive symptoms.

Our first aim was to test the direct associations between screen activities and adolescent 

depressive symptoms. As hypothesized, after adjusting for covariates, all four screen-based 

activities were positively associated with adolescent depressive symptoms (Unstandardized 

Bs ranged from .007 to .026, p<.01, see Table 2). The results confirmed Hypothesis 1 that 

more screen time—social messaging, web-surfing, TV/movie watching and gaming—in 

each domain was consistently associated with greater depressive symptoms. As shown in 

Table 2, comparisons of the width of 95% confidence intervals revealed that the association 

of social messaging with depressive symptoms was significantly different than that of 

gaming, as indicated by the non-overlapping confidence interval (Cumming, 2009; 

Knezevic, 2008), but no differences exist among social messaging, web-surfing and TV/

movie watching.

Tests for mediation

The second purpose was to examine the potentially mediating roles of poor sleep (problems 

falling asleep, problems staying asleep, and shorter sleep duration) in the link between 

screen activities and adolescent depressive symptoms. To establish the mediation model 

(Hayes 2017), we first tested the associations between screen activities and three sleep 

variables. Consistent with Hypothesis 2, results revealed that the four screen activities were 

positively associated with problems falling asleep (Bs:.019 ~ .105, p<.05, see Equation 1-4 

in Table 3) and with problems staying asleep (Bs: .023 ~ .094, p<.01, see Equation 5-8), and 

were negatively associated with weekday sleep duration (Bs:−.05 ~ −.027, p<.01, see 

Equation 9-12).

We next examined associations of the screen activities with depressive symptoms while 

adjusting for sleep characteristics. Regression results (see Model 2 of Table 4) indicated that, 

after adjusting for covariates and three sleep variables, three of the four screen activities 

(social messaging, web-surfing and TV/movie watching) were no longer associated with 

depressive symptoms (compared with the direct effects shown in Model 1 of Table 4). That 

is, problems falling asleep, problems staying asleep, and sleep duration fully mediated the 

associations between these three screen activities and depressive symptoms. In contrast, 

gaming continued to have a significant residual direct association with age 15 depressive 

symptoms when sleep variables were included, but the association was attenuated by about 

38.5% (B drop from .026 to .016), demonstrating a partial mediation between gaming and 

depressive symptoms. Gaming was still significantly associated with age 15 depressive 

symptoms, even after adjusting for the adolescent’s age 9 symptoms of depression (Model 3 

in Table 4). Therefore, problems falling asleep, problems staying asleep, and sleep duration 
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mediated the link between the four types of screen activities and depressive symptoms 

(Hypothesis 3 supported).

Path analyses for multiple mediation model.

To further elucidate the interplay among screen time, sleep, and depressive symptoms, we 

conducted latent variable path analyses to test the research model depicted in Figure 1. Both 

age 9 and age 15 depressive symptoms were modeled as latent variables, and covariates were 

included in the analyses but not shown in the figure for visual simplicity. Figure 2A–2D 

illustrate the path analysis results for each screen-based activity with standardized path 

coefficients. Each model took into account the inter-relations between the three sleep 

variables (problems falling asleep, problems staying asleep, and sleep duration), and thus 

allowed us to understand the pathways from screen activities to depressive symptoms 

through various sleep characteristics.

We estimated the path model for four screen activities, all four models yielded satisfying fit 

for the hypothesized relations. Figure 2A shows that the model for social messaging was 

mostly consistent with the theoretical prediction. Age 9 depressive symptoms negatively 

predicted age 15 social messaging (β = − .062, p<.01). After adjusting for the influence of 

age 9 depressive symptoms on age 15 depressive symptoms (β = .109, p<.001), social 

messaging was positively associated with problems falling asleep (β= .041, p<.05) and 

problems staying asleep (β = .052, p<.001), and negatively associated with sleep duration (β 
= − .149, p<.001), which each independently contributed to greater adolescent depressive 

symptoms (βs: −.071 ~ .298, p<.001). These three sleep variables fully mediated the link 

between social messaging and depressive symptoms, and the indirect effects were all 

significant with a 95% confidence interval (CI) in a 10,000 bias-corrected bootstrap sample 

(see Table 5 for the illustration of the indirect effects). Furthermore, the path from social 

messaging to age 15 depressive symptoms did not reach significance, suggesting full 

mediation of the three sleep variables. Together, the model explained 19.4% of the variance 

of adolescent depressive symptoms.

For the path models for web-surfing and TV/movie watching (as shown in Figure 2B 

and2C), age 9 depressive symptoms had no effect on age 15 web-surfing but positively 

predicted age 15 TV watching (β= .057, p<.05); both screen activities produced significant 

paths to problems falling asleep and problems staying asleep, which were further associated 

with greater depressive symptoms at age 15. However, the direct association between TV 

watching and sleep duration was fully mediated by problems falling asleep and thus no 

longer significant (see Table 5). Together, the model explained 19.4% of the variances of age 

15 depressive symptoms for both web surfing and TV.

For gaming (Figure 2D), the results indicate that age 9 depressive symptoms positively 

predicted age 15 gaming (β = .07, p<.01), which was further associated with three sleep 

variables, and in turn with age 15 depressive symptoms. However, gaming still had a 

residual direct association with adolescent depressive symptoms (β = .068, p<.001), even 

after age 9 depressive symptoms adjustment (β = .102, p<.001). Together, the model 

accounted for 19.8 % of the variance of depressive symptoms.
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Discussion

Sufficient and high quality sleep are vital components of adolescent psychological well-

being. The pervasive role of screen-based media may affect both adolescent sleep duration 

and sleep quality, and therefore influence depressive symptoms. In the present study, we 

examined the associations between four types of screen-based activities (social messaging, 

web surfing, TV/movie watching, gaming) and depressive symptoms, as well as the 

mediating role of three sleep characteristics. Overall, our results indicated that all four types 

of screen-based activities were associated with greater depressive symptoms and poorer 

sleep characteristics, supporting both Hypotheses 1 and 2. Consistent with Hypothesis 3, 

more insomnia symptoms (i.e., problems falling and maintaining asleep) and shorter sleep 

duration mediated the association between each type of screen activity and depressive 

symptoms. These mediation results persisted even after accounting for earlier (age 9) parent-

reported depressive symptoms.

We found that all four screen-based activities had direct associations with adolescent 

depressive symptoms and sleep problems. Consistent with previous research, more 

adolescent screen time (computer use, gaming, social networking sites) was associated with 

more depressive symptoms (Steers et al., 2014; Maras et al., 2015). Further, each of the 

screen-based activities were associated with more problems falling asleep and staying 

asleep, and shorter weekday sleep duration, a new finding that shows the disturbance of 

various types of screen activities with three distinct measures of adolescent sleep.

Our mediation analyses also revealed that all four types of screen-based activities were 

indirectly associated with more depressive symptoms through their sleep characteristics 

(e.g., more problems falling asleep and staying asleep, shorter weekday sleep duration). Our 

findings are consistent with theoretical models (Cain & Gradisar, 2010) and empirical 

findings (Lemola et al., 2015), in which sleep problems and insufficient sleep duration are 

mediating mechanisms through which electronic media use is associated with depressive 

symptoms.

Path analyses revealed four patterns of associations for the different screen-based activities. 

Full mediation by sleep characteristics was observed for social messaging, web-surfing and 

television/movie watching, whereas for gaming, only partial mediation by sleep 

characteristics was observed. In this case, other unmeasured variables might have 

contributed to the association between gaming and depression. For example, more gaming 

may reflect particular individual characteristics (e.g., trait neuroticism, self-control) that may 

be strongly associated with depressive symptoms (Mehroof & Griffiths, 2010) but not via 

sleep pathways. Alternatively, this association may also reflect a selection behavior in which 

more depressive individuals turn to gaming behavior as an escape (Kuss & Griffiths, 2012), 

as we found the significant link between age 9 depressive symptoms and age 15 gaming 

behavior.

Our findings contribute to the previous literature in several ways. First, this study utilized 

population-based national birth cohort of diverse U.S. urban families with extensive family 

and socioeconomic characteristics, which increases our confidence for external validity. 
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Second, our study extended the literature by separately investigating the associations of four 

typical screen activities with depressive symptoms. The comparisons revealed that, the 

association between gaming and depressive symptoms is less likely to function through poor 

sleep than the other three screen activities, thus, interventions among heavy gamers to 

reduce depression may need to consider other mechanisms. Third, this study tested several 

dimensions of sleep, including insomnia symptoms (i.e., problems falling and staying 

asleep) and sleep duration. By doing so, our findings suggest that screen-based activities 

have negative implications for both sleep quality and sleep quantity, which further relates to 

depressive symptoms. Finally, our path analysis results highlight that the association 

between screen time and depressive symptoms during adolescence are above and beyond 

early life depressive symptoms.

Several limitations should be considered in interpreting our results. First, the data on screen-

based activity, sleep, and depressive symptoms were measured concurrently at age 15, thus 

making it impossible to tease apart both causality and temporality. We statistically tested a 

plausible theoretical model (in which screen time leads to impaired sleep which affects 

depressive symptoms), but alternative models with other temporal orderings (e.g., depressive 

symptoms as the mediator and sleep as outcome) are also plausible. Second, the screen 

activities measures captured only the duration but not the content or interactivity of the 

screen activity. Third, although adolescents were asked to specify the amount of time spent 

in each screen activity, self-reported screen activity durations might be subject to recall error 

or overlap, it is plausible that adolescents were “multi-tasking” with different screen devices, 

for instance, watching a movie on a laptop while text messaging friends by phone. 

Meanwhile, three study constructs relied on adolescent self-report, which might introduce 

mono-informant bias. Also, our current data only assessed screen activities and sleep 

duration in weekdays, weekend screen time and sleep duration also contribute to depressive 

symptoms. Finally, although the relationships in the models are statistically significant, the 

effect sizes in the study as a whole are small. Future research should investigate the temporal 

sequencing of these three variables, in addition to adding more enriched (multiple 

informants: self-report, parent report, and teacher report) and objective measurement for 

screen activities and sleep (e.g. accelerometer-derived sleep data).

Using a large-scale national birth cohort of diverse urban U. S. families, this study highlights 

the potential roles of both screen-based activities and sleep deficiency in the development of 

adolescent mental health. Parents, educators and health care professionals could consider 

educating adolescents and regulating their screen times, as possible interventions for 

improving sleep health and reducing depression among adolescents (LeBourgeois et al., 

2017).
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Highlights

• Sleep variables fully mediated the association between social messaging, 

web-surfing, television/movie watching and depressive symptoms.

• Sleep variables partially mediated the association between gaming and 

depressive symptoms.

• The association between screen time and adolescent depressive symptoms 

were above and beyond childhood depressive symptoms.
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Figure 1. 
The research model of three sleep variables mediating the association between adolescent 

screen time and depressive symptoms.
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Figure 2A. 
Latent variable path models of social messaging and depressive symptoms mediated by 

sleep problems and sleep duration. Coefficients are standardized path coefficients 

controlling for covariates, N=2,865.

* p<.05, **p<.01, ***p<.001.
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Figure 2B. 
Latent variable path models of web surfing and depressive symptoms mediated by sleep 

problems and sleep duration. Coefficients are standardized path coefficients controlling for 

covariates, N=2,865.

* p<.05, **p<.01, ***p<.001.
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Figure 2C. 
Latent variable path models of TV watching and depressive symptoms mediated by sleep 

problems and sleep duration. Coefficients are standardized path coefficients controlling for 

covariates, N=2,865.

* p<.05, **p<.01, ***p<.001.

Li et al. Page 18

Sleep Med. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2D. 
Latent variable path models of gaming and depressive symptoms mediated by sleep 

problems and sleep duration. Coefficients are standardized path coefficients controlling for 

covariates, N=2,865.

* p<.05, **p<.01, ***p<.001.
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