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LONGITUDINAL EFFECTS OF ADOLESCENT DIGITAL MEDIA USE ON SLEEP,
CARDIOMETABOLIC HEALTH, AND MENTAL HEALTH

CAROLINE WATSON

MEDICAL CLINICAL PSYCHOLOGY

ABSTRACT

Background

Digital media use has become an integral part of society and may contribute to
adverse physical and mental health outcomes, particularly among adolescents. However,
few studies have examined the longitudinal effects of adolescent digital media use across
the transition from adolescence to young adulthood. As adolescents present as a high-risk
group for the adverse effects of digital media use on mental and physical health, the
present studies identified digital media use trajectories from adolescence into young
adulthood and examined these trajectories as predictors of sleep duration,

cardiometabolic health, and mental health outcomes in young adulthood.

Methods

Participants (Mage=15.53; 56.86% female, 66.89% White) from The National
Longitudinal Study of Adolescent and Adult Health database who provided digital media
use data in Waves I-IV were included. A group-based modeling approach was used to
identify trajectories of digital media use across Waves I-IV. General linear models
assessed the relationships between trajectory group and sleep duration, body-mass-index,
waist-to-height ratio, cholesterol, triglycerides, C-reactive protein, blood pressure,

depressive symptomology, working memory, and short-term memory. Logistic regression
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models assessed the relationship between trajectory group and type 2 diabetes, anxiety,
and depression diagnoses, suicidal ideation, and suicide attempts. Logistic regression
models also assessed the relationship between parental support, family connectedness,
face-to-face interactions with peers, and self-esteem as predictors of digital media use

trajectory group.

Results

Four digital media use trajectories emerged: Group 1 “increase” (9.97%), Group
2 “low” (73.36%), Group 3 “decrease” (13.94%), and Group 4 “high” (2.73%).
Individuals with low patterns of digital media use (Group 2) had 1) lower body-mass-
index as compared with individuals in Groups 1, 3, and 4, 2) lower waist-to-height ratio
as compared with individuals in Groups 1 and 4, 3) higher high-density lipoprotein as
compared with individuals in Group 1, 4) increased short-term memory as compared with
individuals in Group 4, and 5) decreased odds of suicide attempts in the past 12 months at

Wave IV as compared with individuals in Groups 3 and 4.

Conclusions

Longitudinal patterns of low digital media use had a significant protective effect
on physical and mental health outcomes in young adulthood, including lower body-mass-
index and waist-to-height ratio, higher high-density lipoprotein and short-term memory,

and decreased odds of suicide attempts in the past 12 months at Wave IV.
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INTRODUCTION

Digital media use has grown substantially in recent years with an estimated
4.88 billion users worldwide.!* This number is alarming considering increased evidence
of the adverse effects of digital media use on both physical and mental health. With
regard for physical health, previous literature suggests that increased digital media
use may contribute to risk for overweight or obesity,> chronic inflammation,* high

9 all of which contribute to

blood pressure, dyslipidemia,*® and insufficient sleep,”
increased risk for heart disease, certain types of cancer, type II diabetes, and premature
death.'® With regard for mental health, increased digital media use has been associated

11,12

with increased rates of anxiety and depression, suicidal 1ideation, suicide

1317 and decreased cognitive ability.!® While previous research has identified

attempts,
the negative effects of digital media use on physical and mental health via cross-
sectional studies, few studies have examined the longitudinal effects of digital media
use across the transition from adolescence to young adulthood. This gap in literature
is critical, as digital media use continues to grow an estimated 9% year-on-year,
particularly among adolescents.'?

To clarify these relationships, the present studies sought to identify digital
media use trajectories from adolescence into young adulthood using The National

Longitudinal Study of Adolescent and Adult Health (ADD Health) database and

examine these trajectories as predictors of sleep duration, cardiometabolic health, and



mental health in young adulthood. The present study also sought to assess how social,
emotional, and cognitive factors in adolescence predict digital media use from
adolescence into young adulthood. We propose this to be a two-manuscript thesis. The
first manuscript, “Longitudinal effects of adolescent digital media use on sleep duration
and cardiometabolic health,” aimed to assess the longitudinal effects of adolescent
digital media use on sleep and cardiometabolic health outcomes in young adulthood,
including body-mass-index, waist-to-height ratio, low-density lipoprotein, high-
density lipoprotein, triglycerides, C-reactive protein, and blood pressure. The second
manuscript, “Longitudinal effects of adolescent digital media use on mental health,”
aimed to assess the longitudinal effects of adolescent digital media use on mental health
outcomes in young adulthood, including depressive symptomology, working memory,
short-term memory, anxiety and depression diagnoses, suicidal ideation, and suicide
attempts. The second manuscript also aimed to identify factors in adolescence that may
contribute to digital media use trajectory group, including parental support, family

connectedness, face-to-face interactions with peers, and self-esteem.
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LONGITUDINAL EFFECTS OF ADOLESCENT DIGITAL MEDIA USE ON SLEEP
DURATION AND CARDIOMETABOLIC HEALTH

In 2019, American adolescents ages 13-18 spent an average of 7.5 hours per day
engaged with digital media.! Forty-five percent of adolescents reported using digital
media “almost constantly,” and 44% reported using digital media “several times a day”.?
In comparison, children ages 8-12 spent 3 hours per day on digital media, and adults 18
years and older spent 6.5 hours per day on digital media.!* While there are many benefits
to increased digital media use among adolescents (e.g., increased communication with
peers, improved information processing skills, greater creativity), there is also evidence
to suggest that digital media use may contribute to adverse physical health outcomes.*

Increased digital media use has been found to contribute to risk for overweight or
obesity (OWOB).> The 2012 National Health and Nutrition Examination Survey found
that adolescents who exceeded 2 hours of recreational screen time per day were 1.8 times
more likely to have OWOB.® A more recent study found a positive relationship between
digital media use and body mass index (BMI), and digital media use had the second
highest impact on BMI following socio-economic status.” Research on the effects of
interventions aimed at reducing screen time to prevent OWOB support these claims. A
meta-analysis of eight trials found that all interventions targeting screen time had a
significant effect on BMI reduction.® Digital media use is associated with poor dietary

choices, increased food intake while viewing, decreased physical activity, and less energy



expenditure.”!! These factors are also associated with increased risk for OWOB, which
may underlie the relationship between digital media use and OWOB.>*!!

The relationship between digital media use and OWOB is alarming given the
importance of maintaining a healthy weight during adolescence. As compared to
adolescents with healthy weight, adolescents with OWOB are between 2.4 to 7.1 times
more likely to have high cholesterol and triglycerides.'? Further, adolescents with OWOB
are at increased risk for chronic inflammation, high blood pressure, heart disease, certain
types of cancer, type II diabetes, and premature death.'> A recent study of 40,000 children
and adolescents ages 3 to 17.9 found that adolescents with OWOB had a three times
higher risk of death in early adulthood compared to adolescents with normal weight. !4
However, research on potential causal mechanisms underlying the relationship between
digital media use and OWOB has been inconclusive.

A few cross-sectional studies have demonstrated correlations between digital
media use and higher levels of C-reactive protein (CRP). C-reactive protein—a
biomarker of chronic inflammation found in the blood—is associated with increased risk
for OWOB, atherosclerosis, heart attack, hypertension, and blood clots.'*!” Thus, digital
media use may contribute to higher CRP by increasing risk for OWOB, which may
contribute to increased CRP. 31"

Digital media use has also been correlated with low high-density lipoprotein
(HDL) levels, high low-density lipoprotein (LDL), high blood pressure, and
tryglicerides.?*> High-density lipoprotein, or “good” cholesterol, removes excess

cholesterol from the blood stream, and lower levels are associated with increased risk for

coronary heart and artery disease.?®> Low-density lipoprotein, or “bad” cholesterol,



collects in blood vessel walls, and if too high, can result in high blood pressure, heart
attack, stroke, and atherosclerosis.?* Digital media use may contribute to low HDL and
high LDL via decreased physical activity, which is a well-established risk factor for low
HDL and high LDL.%?* Previous literature supports these claims, including one study
which did not find a relationship between increased digital media use and cholesterol
independent of physical activity.?> Higher levels of physical activity are critical to
cardiometabolic health, and digital media use contributes to physical inactivity among
adolescents.”? Similarly, digital media use may contribute to higher blood pressure
which is also associated with physical inactivity.?

Research has yet to assess the effects of overall digital media use on type 2
diabetes. However, a recent longitudinal study found that watching television for more
than 3 hours per day in childhood was associated with a 34% increased risk for type 2
diabetes in adulthood.?’ Digital media use may increase risk for type 2 diabetes given that
high blood pressure, low HDL, high LDL, physical inactivity, and OWOB, are associated
with increased digital media use and also risk factors for type 2 diabetes.?®

Increased digital media use may also contribute to insufficient sleep among
adolescents.?’ A recent literature review found consistent evidence relating increased
digital media use and shorter sleep duration.*® Another literature review reported that
90% of studies found associations between digital media use and delayed bedtime and/or
decreased total sleep time.>! Several other studies have associated increased screen time
with later sleep onset, increased daytime sleepiness, and reduced sleep quality.3%>33

Preliminary research comparing the effects of different types of digital media use (i.e.,



laptop, video games, smartphone, etc.) suggest that total screen time, regardless of digital
media type, is associated with delayed bedtime and shorter total sleep duration.>*

The relationship between digital media use and sleep duration may also contribute
to adverse cardiometabolic health outcomes. Cross-sectional and longitudinal studies
among adolescents consistently report that insufficient sleep duration is associated with
increased BMI and risk for OWOB.?> A meta-analysis found children and adolescents
with shorter sleep durations are at a 58% greater risk for OWOB, and each additional
hour of sleep is associated with a 9% decreased risk for OWOB.*® Accordingly, the
American Academy of Sleep Medicine recommends that adolescents sleep 8-10 hours per
night.>” However, 70% of adolescents report insufficient sleep (<8 hours per night).*
Pubertal changes may contribute to insufficient sleep, as adolescents’ circadian clock is
delayed by as much as 2 hours beginning at the onset of puberty.>* However, adolescents
are still required to wake up early to attend school, work, and extracurricular activities.>’
Social factors may also contribute to insufficient sleep, as adolescents are less likely to
have enforced bedtimes and more likely to have time-consuming academic demands, part
time jobs, and extracurricular and social activities.*’

While many short-term and cross-sectional studies have assessed the relationship
between digital media use and sleep and cardiometabolic health, the causal mechanisms
underlying these relationships have not been confirmed. As increased digital media use is
associated with shorter sleep duration and poorer cardiometabolic health, longitudinal
studies that will clarify the casual mechanisms relating digital media use to sleep and
cardiometabolic health are needed.***! Further, research focused on adolescent health is

critical given digital media use is most prevalent among adolescents.! Thus, the present



study aims to assess trajectories of digital media use across the adolescent transition to
young adulthood and examine how trajectories predict sleep and cardiometabolic health
outcomes in young adulthood including total sleep duration, BMI, waist-to-height-ratio

(WHtR), HDL, LDL, type 2 diabetes, triglycerides, CRP, and blood pressure.

Methods

The present study utilizes data from the National Longitudinal Study of
Adolescent to Adult Health (Add Health) database. The Add Health database is a
nationally representative dataset that began data collection in 1994 via in-home and in-
school questionnaires for parents and students across the United States.*> Wave I was
conducted from 1994-1995 and included 20,745 respondents ages 11-21. Wave Il was
conducted in 1996 and included 14,783 respondents ages 11-23. Wave III was conducted
from 2001-2002 and included 15,197 respondents ages 18-28. Wave IV was conducted
from 2008-2009 and included 15,701 respondents ages 24-34. Response rates at each
wave ranged from 77.4-88.6%. The present study focuses on digital media use questions
asked in Waves I-1V as predictors of sleep duration and cardiometabolic outcomes in

Wave IV.

Participants

Participants were recruited from 80 participating high schools across the United
States. The present study focuses on the sample of participants who responded to digital
media use questions asked in Waves I-IV. Considering the goal of following participants

from adolescence to young adulthood, participants over the age of 17 at Wave I were



excluded from analyses. Participants who reported current pregnancy status at Wave IV

were also excluded from analyses.

Measures
Demographics. At Wave |, participants self-reported sex, date of birth, and race,

and parents’ self-reported total household income before taxes.

Digital Media Use. In Waves I-111, participants were asked, “How many hours a
week do you watch television?”, “How many hours a week do you watch videos?”, and
“How many hours a week do you play video or computer games?” At Wave IV,
participants were asked “In the past 7 days, how many hours did you watch television or
videos, including VHS, DVDs, or music videos?”, “How many hours a week do you play
video or computer games?”, and “In the past 7 days, how many hours did you spend
using the Internet, for example, accessing your email or using the web?”” Responses were
recorded in total hours and added to construct a single measure of digital media use for
each participant at each wave. Participants who did not provide data on digital media use

questions asked in Waves I-IV were excluded from final analyses.

Body Mass Index. Given adolescent BMI is age- and sex-specific, BMI percentile
was utilized at Wave I (i.e., when all participants were adolescents), and BMI was
utilized at Wave IV (i.e., when all participants were adults).* Accordingly, height and
weight were self-reported by participants at Wave I and used to calculate BMI percentile

using the Center for Disease Control and Prevention’s Children’s BMI Group
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Calculator.** At Wave IV, height and weight were objectively measured and used to

calculate BMI using BMI=kg/m?.

Waist-to-Height-Ratio. At Wave IV, participants’ waist and height circumference
were determined using a fiberglass measuring tape and steel measuring tape, respectively.
Waist-to-height ratio, which is thought to be a better indicator of cardiometabolic health

than BMI, was calculated using the formula WHtR=waist circumference/height.**¢

Pregnancy Status. At Wave IV, participants self-reported pregnancy status by
responding “yes” or “no” to the question “Are you pregnant now?”’ Participants who

responded “yes” were excluded from final analyses.

Rurality. At Waves I and IV, interviewers were asked, “How would you describe

the immediate area or street (one block, both sides) where the respondent lives?” At

99 ¢¢

Wave I, response options included “rural,” “suburban,” “urban (residential only),” “3 or

more commercial properties (mostly retail),” “3 or more commercial properties (mostly

wholesale or industrial),” or “other.” At Wave IV, response options included “rural

29 ¢¢ 29 ¢ 29 ¢C

farm,” “rural town,” “suburban,” “urban (residential only),” “3 or more commercial
properties (mostly retail),” “3 or more commercial properties (mostly wholesale or

industrial),” and “other.”

Physical Health. At Wave 1V, participants were asked, “In general, how is your

health?”” Responses were recorded using a 5-point Likert scale with response labels



11

29 ¢

“excellent,” “very good,” “good,” “fair,” and “poor.” Responses marked as “excellent,”
“very good,” “good,” and “fair” were classified as good physical health, and responses

marked as “poor” were not classified as good physical health.

Sleep Duration. At Wave I, sleep duration was determined using the question,
“How many hours of sleep do you usually get?” Participants responded in total number of
hours. At Wave IV, sleep duration was determined using self-reported bed and wake

times.

Biological Data. At Wave 1V, participants provided blood samples that were used
to determine low-density lipoprotein cholesterol (LDL), high-density lipoprotein
cholesterol (HDL), and triglycerides. To obtain blood samples, investigators pricked
participants’ middle or ring fingers and collected seven drops of blood using capillary
whole blood collection cards. Blood samples were also used to determine individual
levels of CRP. In accordance with recommendations from the American Heart
Associations, CRP was categorized based on low risk (<1 mg/L), moderate risk (1-3
mg/L), and high risk (>3 mg/L) for of future heart attack or stroke. Data on 1) subclinical
sources of infection, 2) subclinical sources of inflammation, and 3) medications that may
influence CRP levels were collected to be used as a control variable in the final
assessment of CRP outcomes. Variables included cold or flu-like symptoms, fever, night
sweats, nausea, vomiting or diarrhea, blood in stool, feces, or urine, gum disease/tooth
loss, active infection, acute illness, surgery, active seasonal allergies, and the use of anti-

inflammatory medications containing aspirin (e.g., Advil, Aleve, ibuprofen). Blood
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pressure was calculated using an average of resting systolic and diastolic blood pressures

(mmHG) taken three times for each participant.

Type 2 Diabetes. At Wave IV, participants were asked, “Have you ever been

diagnosed with diabetes?” Participants responded “yes” or “no”.

Data Analyses

Individual trajectories of digital media use across Waves I-IV were identified
using a group-based modeling technique (PROC TRAJ). Rather than accounting for
individual variability about the mean population trend, the present study assessed how
subcategories of digital media users (e.g., high users, low users, etc.) were affected by
digital media use trends.*’*® Accordingly, distinct participant groups were identified
based on similar digital media use trajectories using maximum likelihood estimates.
Forward-selection stepwise procedures, including linear, quadratic, and cubic growth
curve parameters, were used to determine the best-fit model and number of individual
trajectory groups.*’**® Prior to these analyses, an outlier analysis was used to determine
the appropriate cutoff for digital media use hours per week. Given the data was
negatively skewed, a cutoff of approximately 3 SD above the mean (i.e., 3 SD above the
mean rounded to the nearest whole number) was determined best fit. Accordingly,
participants who reported digital media use over 84 hours per week were considered
missing. This affected 820 participants (12.11%) of the original sample. No other issues
were found regarding normality and homogeneity of variance. Participants with missing

digital media use data in Waves I-IV were also excluded from trajectory analyses.



13

Digital media use trajectory groups were used as predictors of Wave IV
cardiometabolic health outcomes (i.e., BMI, WHtR, LDL, HDL, triglycerides, CRP, and
blood pressure) using seven separate general linear models (PROC SURVEYREG). Data
were checked for normality and homogeneity of variance prior to these analyses. A
logistic regression (PROC SURVEYLOGISTIC) was used to assess the predictive
relationship between media use trajectory group and type II diabetes diagnosis in Wave
I'V. Prior to this analysis, data was checked for normality and multicollinearity.
Covariates were predetermined based on past literature (Table 1).

Media use trajectory groups were also used as predictors of Wave IV sleep
duration. A general linear model (PROC SURVEYREG) was used to assess the
predictive relationship between media use trajectory group and total sleep duration in
Wave IV. Covariates were predetermined based on past literature (Table 1).

To further assess the effects of digital media use on cardiometabolic health and
sleep duration, a cross-sectional analysis of outcomes at Wave IV was conducted to
compare the effects of digital media use at different time points across the transition from
adolescence into young adulthood.

All analyses were run using Statistical Analysis Software (SAS). Survey weights
were used to ensure that data was nationally representative of U.S. Census Bureau
population estimates.*’ All missing data were handled using a pattern-mixture model

approach (MNAR) using the MISSING and NOMCAR functions.
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Table 1. Predetermined Covariates for Cardiometabolic Health Outcomes

Measure Covariates
Digital Media Use e Sex
e Race
o Age (WavelV)
e Income (Wave I)
e Rurality (Waves I & IV)
e Physical health (Wave V)
BMI e Sleep duration (Wave IV)
o BMI Percentile (Wave I)
Waist to Height Ratio e Sleep duration (Wave IV)
Sleep Duration e BMI (Wave IV)
Blood Pressure e BMI (Wave IV)
Type 2 Diabetes e BMI (Wave IV)
Triglycerides e BMI (Wave IV)
C-Reactive Protein e BMI (Wave IV)
e Subclinical sources of infection (Wave V)
e Anti-inflammatory medications (Wave [V)
HDL Cholesterol e BMI (WaveIV)
LDL Cholesterol e BMI (WavelV)
Results

Participants included 6,767 adolescents (Mage=15.53, SD=1.42; 56.86% female,

66.89% White) ages 11-17 at Wave I and ages 24-30 at Wave IV (Table 2).

Table 2. Participant Demographics by Trajectory Group

Group N Wave I Age Race Sex
Years % White % Black % Other % Male
Group 1 “Increase” 675 15.58 70.31 16.70 12.99 39.11
Group 2 “Low” 4964 15.51 60.73 24.88 14.39 57.56
Group 3 “Decrease” 943 15.29 52.72 35.15 12.13 61.51
Group 4 “High” 185 15.31 55.36 31.14 13.5 15.31

Note: “% Other” includes Native Americans, Asian or Pacific Islanders, Hispanic individuals, and
individuals who selected “other” when reporting race.

Four digital media use trajectory groups emerged (Figure 1). Group 1, “increase”,
included 9.97% of participants and exhibited a steady increase in digital media use across
waves, increasing from 20.56 hours per week in Wave I to 49 hours per week in Wave
IV. Group 2, “low”, included 73.36% of participants. Participants in Group 2 exhibited

the lowest digital media use at all time points compared to other trajectory groups. Group
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3, “decrease”, included 13.94% of participants and exhibited a steady decrease in digital
media use across waves, decreasing from 44.44 hours per week in Wave I to 17.97 hours
per week in Wave IV. Group 4, “high”, included 2.73% of participants. Participants in
Group 4 exhibited consistently high levels digital media use, averaging 47.30 hours per
week across all waves. See Table 3 for digital media use hours per week by trajectory

group and wave.

Weekly Hours of Digital Media Use

10

Waves

Figure 1. Digital Media Use Trajectories Across Waves [-1V

Table 3. Digital Media Use Hours per Week by Trajectory Group and Wave

Group Wave I Hours Wave Il Hours  Wave Ill Hours Wave IV Hours
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Group 1 “Increase” 20.56 (11.57) 25.19 (15.04) 36.22 (17.52) 49.00 (16.17)
Group 2 “Low” 14.34 (9.59) 13.84 (10.24) 15.89 (11.08) 15.57 (10.31)
Group 3 “Decrease” 44.44 (13.91) 33.56 (16.19) 24.05 (14.51) 17.97 (10.64)
Group 4 “High” 56.73 (14.45) 47.84 (16.80) 42.38 (16.42) 42.23 (16.68)

Digital media use trajectory group significantly predicted Wave IV BMI such that
individuals in Group 2 (M=25.28, SD=4.79) experienced significantly lower BMI at
Wave IV than individuals in Group 1 (M=26.65, SD=5.13), Group 3 (M=27.91,

SD=4.13), and Group 4 (M=26.65, SD=5.02). A cross-sectional analysis of outcomes at
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Wave IV revealed that Wave IV digital media use significantly predicted Wave IV BMI.
Specifically, individuals with >30 hours of digital media use per week (i.e., ~4 hours/day)
experienced significantly greater BMI compared to individuals with <30 hours of digital
media use hours per week. Digital media use trajectory group also significantly predicted
Wave IV WHtR. Specifically, individuals in Groups 1 (M=0.59, SD=0.39) and 4
(M=0.59, SD=0.43) experienced significantly greater WHtR at Wave IV compared to
individuals in Group 2 (M=0.56, SD=0.15). Wave IV digital media use also significantly
predicted Wave IV WHtR such that individuals with >30 hours of digital media use per
week experienced increased WHtR compared to individuals with <30 hours of digital
media use per week. Finally, Digital media use trajectory group also predicted Wave IV
HDL. Individuals in Group 2 (M=5.48, SD=1.86) experienced significantly higher HDL
at Wave IV compared to individuals in Group 1 (M=4.89, SD=1.79). Wave IV digital
media use did not independently predict Wave IV HDL. Neither digital media use group
nor Wave IV digital media use significantly predicted Wave IV LDL, CRP, triglycerides,
blood pressure, diabetes diagnosis, or sleep duration. See Tables 4 and 5 for a summary
of the analyses and results and follow-up tests for Wave IV cardiometabolic health

outcomes, respectively.



Table 4. Summary of Analyses and Results for Cardiometabolic Health Outcomes
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Trajectory Group Predicting Wave IV df F p
Cardiometabolic Health Outcomes
General Linear Models
Wave IV BMI 3 7.43 0.0001*
Wave IV WHtR 3 4.81 <0.01%*
Wave IV LDL 3 1.05 0.37
Wave IV HDL 3 4.43 <0.01%*
Wave IV Triglycerides 3 0.88 0.45
Wave IV CRP 3 1.57 0.20
Wave IV Blood Pressure 3 0.27 0.85
Wave IV Sleep Duration 3 0.24 0.87
Logistic Regression Models
Wave IV Type II Diabetes 3 0.31 0.15
Wave IV Digital Media Use Predicting Wave daf F »
IV Cardiometabolic Health Outcomes
General Linear Models
Wave IV BMI 3 -2.33 <0.05*
Wave IV WHtR 3 -2.33 <0.05%*
Wave IV LDL 2 1.45 0.24
Wave IV HDL 2 1.97 0.14
Wave IV Triglycerides 2 0.31 0.74
Wave IV CRP 2 2.95 0.06
Wave IV Blood Pressure 3 0.27 0.85
Wave IV Sleep Duration 3 1.91 0.15
Logistic Regression Models
Wave IV Type II Diabetes 3 1.76 0.08
*Denotes p-value of <0.05
Table 5. Follow-up Tests for Wave IV Cardiometabolic Health Outcomes
Adjusted Mean Difference SE p
Wave IV BMI Group Comparisons
Group 2 Group 1 1.37 0.52 <0.01%*
Group 2 Group 3 2.63 1.05 <0.05%*
Group 2 Group 4 1.37 0.45 <0.01%*
Group 3 Group 4 1.26 1.22 0.30
Group 3 Group 1 -1.26 1.24 0.31
Group 4 Group 1 -0.01 0.64 0.99
Wave IV WHtR Group Comparisons
Group 2 Group 1 0.02 0.01 <0.01%*
Group 2 Group 3 0.01 0.01 0.30
Group 2 Group 4 0.02 0.01 <0.01%*
Group 3 Group 4 -0.01 0.01 0.82
Group 3 Group 1 0.01 0.01 0.50
Group 4 Group 1 0.01 0.01 0.53
Wave IV HDL Group Comparisons
Group 2 Group 1 -0.59 0.18 <0.01%*
Group 2 Group 3 -0.06 0.27 0.83
Group 2 Group 4 -0.28 0.15 0.06
Group 3 Group 4 0.22 0.30 0.45
Group 3 Group 1 -0.53 0.31 0.09
Group 4 Group 1 -0.31 0.21 0.15

*Denotes p-value of <0.05
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Discussion

The present study demonstrates the protective effects of longitudinal patterns of
low digital media across the transition from adolescence to young adulthood on
cardiometabolic health outcomes in young adulthood, including BMI, WHtR, and HDL.

Adolescents in Group 2 “low” experienced significantly lower BMI at Wave IV
as compared with individuals in Group 1 “increase,” Group 3 “decrease,” and Group 4
“high.” These results demonstrate a longitudinal relationship between digital media use in
adolescence and BMI in young adulthood,*! which is consistent with prior literature on
positive associations between increased digital media use and BMI.>! Wave IV digital
media use also predicted Wave IV BMI such that individuals who engaged in more than
30 hours of digital media use per week at Wave IV experienced increased BMI. As
individuals in Groups 1 and 4 experienced more than 30 hours of digital media use per
week at Wave IV, these results suggest that current digital media use may have a
dominant effect on BMI in young adulthood. As individuals in Group 3 did not
experience more than 30 hours of digital media use per week at Wave IV yet still
experienced greater Wave IV BMI as compared with individuals in Group 2, these results
suggest that the pattern of digital media use exhibited by individuals in Group 3 had a
significant effect on BMI in young adulthood. One explanation for these results may be
decreased physical activity during early adolescence, as individuals in Group 3 exhibited
their highest levels of digital media use at Wave I (44.44 hours per week). Of note, the

mean age of participants in Group 3 at Wave [ was 15.29 years. Physical activity levels
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commonly decline around this age,’? and low levels of physical activity during
adolescence have been found to increase probability of OWOB in young adulthood. >

It is important to note that WHtR may be a more reliable anthropometric index for
central adiposity than BMI, as a recent meta-analysis revealed WHtR to be superior in
predicting obesity and cardiometabolic risk.>* Accordingly, the present study also
assessed the effects of digital media use on WHtR. Adolescents in Group 2 “low”
experienced significantly reduced WHtR at Wave IV as compared with individuals in
Groups 1 “increase” and 4 “high”. Digital media use at Wave IV also predicted Wave IV
WHtR such that individuals who experienced more than 30 hours digital media use per
week experienced increased WHtR. As individuals in Groups 1 and 4 both experienced
more than 30 hours of digital media use per week, these results suggest that digital media
use during the same time period may have a dominant effect on WHtR in young
adulthood. These findings are supported by previous literature demonstrating an
association between greater total body fat and increased digital media use.® While
estimates of harmful levels of digital media use with regard for risk for weight gain have
varied (e.g., 2 hours vs 3 hours vs 6 hours),””’ this may be due to variations in
measurements of digital media use including differences in measurement type (e.g., self-
report vs parent report) and type of digital media use measured (e.g., television vs phone
vs computer vs video games). Potential causal mechanisms underlying this relationship
include poorer food choices, decreased physical activity, and less energy expenditure.>*-
1

Finally, adolescents in Group 2 “low” experienced significantly greater HDL at

Wave IV as compared with individuals in Group 1 “increase.” As digital media use at
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Wave IV did not significantly predict Wave IV HDL, these results suggest that the
pattern of digital media use exhibited by individuals in Group 1 had a salient effect on
HDL. Notably, individuals in Group 1 “increase” exhibited the greatest increase in digital
media use hours per week across Waves III-1V. As previously discussed, physical activity
levels commonly decline during adolescence, and this pattern persists throughout young
adulthood.>? Thus, increased digital media use during this time period may be associated
with a rapid decrease in physical activity, which is a well-established risk factor for low
HDL.%% Previous literature highlighting no relationship between increased digital media
use and HDL independent of physical activity support these conclusions.?® Alternatively,

these results may be due to the effects of digital media use on diet.*

Diet quality
commonly declines from adolescence into early adulthood,® and increased digital media
use is associated with poor diet (i.e., increased junk food intake, decreased fruit and
vegetable intake).> Thus, increased digital media use across Waves I1I-IV may further
contribute to poor diet which is a risk factor for low HDL.>’

Notably, neither digital media use trajectory groups nor Wave 1V digital media
use significantly predicted Wave IV LDL, CRP, triglycerides, blood pressure, diabetes
diagnosis, or sleep duration. These findings contrast with previous studies that have
reported associations with increased digital media use among adolescents and young
adults.>>>2631:3 However, previous studies consistently highlight underlying factors
which may be more salient in predicting these health outcomes. For example, higher BMI
or WHtR may be more important to sleep, LDL, CRP, triglycerides, blood pressure, and

diabetes diagnosis.!"!>*® Another reason for the null results may be due to differences in

the measurement of digital media. For example, previous studies have looked at the
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effects of various types of digital media (e.g., television vs video games) on
cardiometabolic health, whereas the present study adopted a comprehensive assessment
of all available types of digital media.

Overall, the results of this study provide evidence for concern, as they highlight
the significant effects of digital media use on BMI, WHtR, and HDL. Increased BMI and
WHtR may contribute to increased cholesterol and triglycerides, placing adolescents at a
further increased risk for OWOB and other cardiometabolic outcomes. Overweight or
obesity in adolescence may result in chronic inflammation, high blood pressure, heart
disease, certain types of cancer, and higher risk of premature death.'*!* Further, lower
levels of HDL may result in accelerated epigenetic aging, coronary heart or artery
disease, and increased risk of stroke.?**° These results support a need for interventions
aimed at mitigating the negative effects of digital media use on cardiometabolic health.
Related, it is critical that adolescents and young adults receive education on the
potentially negative consequences of high levels of digital media use.

This is the first study to our knowledge to assess the longitudinal effects of digital
media use across the adolescent transition to young adulthood. Strengths of the study
include the diverse, nationally representative sample comprised of individuals from
various socioeconomic, racial, and geographical backgrounds. The study design allowed
for predictions of pathways linking subcategories of digital media users with sleep and
cardiometabolic health outcomes. Blood pressure, WHtR, BMI, CRP, triglycerides, HDL,
and LDL were objectively measured. Limitations include self-reported sleep duration and
digital media use across waves, as well as the inability to control for time between waves.

Additionally, the measurement of digital media use varied across waves and did not



22

account for digital media use platforms that have been developed over the past decade.
However, these results are still useful for informing the effects of adolescent versus
young adulthood digital media use.

In summary, this study found significant effects of longitudinal patterns of digital
media use on BMI, WHtR, and HDL in young adulthood. Specifically, digital media use
greater than 30 hours per week, or ~4 hours per day, was found to predict increased BMI
and WHtR. Further, patterns of increased digital media use from adolescence to young
adulthood were found to contribute to decreased HDL. Overall, these findings highlight
the potentially harmful effects of digital media use on cardiometabolic health and
emphasize the importance of interventions aimed at effectively reducing screen time for

adolescents and young adults.
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LONGITUDINAL EFFECTS OF ADOLESCENT DIGITAL MEDIA USE ON
MENTAL HEALTH

Adolescence is a critical period for developing healthy habits, including those
related to digital media use.!* Accordingly, the American Academy of Pediatrics
recommends that adolescents spend no more than 2 hours per day on digital media.’
However, in 2019, American adolescents spent 7 hours and 33 minutes per day on digital
media, which is a 42-minute increase since 2015.>* As digital media use among
adolescents has increased, there has been a sharp decline in adolescent mental health.
Large scale screening studies on the mental health of adolescents since 2010 show drastic
increases in anxiety and depressive symptoms, major depressive episodes, suicidal
ideation, and suicide attempts.> There is concern that such decline in mental health may
be associated with increased digital media use.’® However, research on the associations
between digital media use and mental health outcomes among adolescents, including
depression and anxiety disorders, depressive symptomology, suicidality, and cognitive

health, has found conflicting results.’

Anxiety disorders are the most prevalent mental health disorders among
adolescents.® Adolescent anxiety poses several long-term health risks, including poor
mental health and adverse physical health conditions in adulthood.’!! Increased evidence
suggests that digital media use may contribute to adolescent anxiety. For example, digital

media use may reduce the frequency of adolescents’ face-to-face interactions with peers,
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which may result in decreased feelings of closeness. Considering the importance of
meaningful peer relationships in adolescence, decreased feelings of closeness may
exacerbate adolescent anxiety.” However, cross-sectional and longitudinal research on the
relationship between digital media use and anxiety has found conflicting results.'"!'> One
study of 2,525 adolescents found that adolescents who spent less than four hours per day
on digital media were less likely to experience symptoms of anxiety disorders (i.e.,
generalized anxiety disorder, social phobia, and panic disorder) 12 months later than
adolescents who spent more than four hours per day on digital media.!* Conversely, a
2016 study that followed adolescents for 11 years found no relationship between digital
media use and anxiety. However, this study only examined television and computer
games in their measure of digital media use.'*

The relationship between digital media use and depression is also unclear. Several
studies have demonstrated positive correlations between digital media use and depression
and depressive symptoms.'> One longitudinal study found that each additional hour spent
viewing a screen during adolescence was associated with a 1.58 times greater risk for
depression in young adulthood.!¢ In a study of 14- to 17-year-olds, adolescents who used
digital media more than 7 hours a day were more than two times more likely to be
diagnosed with depression.’” The sedentary nature of digital media use may explain this
relationship, as sedentary behaviors are consistently associated with increased risk for
depression and depressive symptomology.'” Conversely, a substantial amount of cross-
sectional research suggests little or no relationship between digital media use and
depression.'®!” In a recent literature review, only 45% of studies included found

associations between digital media use and depressive symptoms. '
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The relationship between digital media use and suicide attempts and suicidal
ideation (i.e., thoughts of or plans to commit suicide) among adolescents is especially
concerning.>® Since 2010, emergency hospital visits for suicide attempts and suicidal
ideation among adolescents have nearly doubled. Among 10-12-year-old girls, self-
poisoning rates have quadrupled, hospital admissions for self-harm have tripled, and
suicide rates have doubled.® Increased digital media use is often blamed for this marked
increase.® A recent literature review found consistent evidence linking time spent using
digital media to suicidal ideation among adolescents in Western countries.? This
relationship may be due to depression, as adolescents who are more depressed are at
increased risk for suicidal ideation and suicide attempts and often spend more time on
digital media.® Cyberbullying via digital media may also play a role in this relationship,
as victims of cyberbullying are two times more likely to attempt suicide.?! The media
contagion effect—the idea that exposure to suicide through media can increase individual
risk for suicidal ideation and suicide attempts—may also contribute to the relationship
between digital media use and suicide.?!?* Research consistently reports associations
between media reports of suicide and increased suicide rates.?* One study found that 15-
to 19-year-olds exposed to a death by suicide in their county were two to four times more
likely to commit suicide.?

Recent research has also considered the effects of digital media use on cognitive
ability. In a cross-sectional study of 11,875 adolescents, adolescents who exceeded 7
hours of digital media use per day were 40% less likely to achieve higher grades in
school.'? Similarly, a recent systematic review found consistent evidence relating

increased digital media use to slowed learning and acquisition.?* Conversely, a systematic



33

review and meta-analysis of 58 cross-sectional studies found no association between
digital media use and academic performance across studies.”> However, most studies
have focused on academic performance and learning ability as measures of cognitive
ability, rather than assessing specific aspects of cognitive functioning such as working
memory and short-term memory.

Overall, the causal mechanisms underlying the relationship between digital media
use and mental health remain unclear. As increased digital media use is associated with
poorer mental health, longitudinal studies that will allow insight into predictive pathways
linking digital media use with mental health are needed. It is further important to identify
factors in adolescence that may contribute to digital media use, including parental
support, face-to-face interactions with peers, family connectedness, and self-esteem.

Digital media use may be influenced by parenting behaviors.?® Previous literature
reports that children of more involved parents spend less time on digital media, and
adolescents who spend more time on digital media report poorer parental attachment.?”-8
Within the family system, digital media use has been associated with poorer family
relationships and less time spent together as a family.?® Similarly, digital media use has
been associated with poor attachment to peers, possibly due to increased time spent on
digital media and decreased time spent face-to-face with peers.”?® Research has yet to
identify the direction of these relationships and how parental support, face-to-face
interactions with peers, and family connectedness may contribute to digital media use.

To address these gaps in the literature, the present study seeks to assess how
trajectories of digital media use across the adolescent transition to adulthood predict

mental health outcomes in young adulthood, including short-term memory, working
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memory, diagnoses of depression and anxiety disorders, depressive symptomology, and
suicidality. The present study further seeks to assess how parental support, face-to-face
interactions with peers, family connectedness, and self-esteem in adolescence predict

digital media use across the transition from adolescence into young adulthood. Overall,
the present study will provide a clearer understanding of the long-term effects of digital

media use and identify factors in adolescence that predict digital media use.

Methods
The present study retrieved data from the National Longitudinal Study of
Adolescent Health (Add Health) database. The Add Health database is a nationally
representative sample that recruited participants from 80 high schools across the United
States. Data collection involved in-home and in-school questionnaires administered to
participants as they transitioned from adolescence into young adulthood. The present
study focuses on digital media use questions asked in Waves I-IV as predictors of mental

health outcomes in Wave 1V.

Participants

The present study includes the sample of participants who responded to digital
media use questions asked in Waves I-IV. To maintain the goal of following participants
across the transition from adolescence into young adulthood, participants older than 17
years of age at Wave I were excluded from analyses. Participants were ages 11-17 at
Wave I (1994) and ages 24-30 at Wave IV (2008-2009). Participants who were pregnant

at Wave IV were also excluded from analyses.
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Measures
Demographics. At Wave 1, adolescents provided self-reports of sex, date of birth,

and race, and parents provided self-reports of total household income before taxes.

Digital Media Use. In Waves I-111, participants were asked, “How many hours a
week do you play video or computer games?”’, “How many hours a week do you watch
television?”, and “How many hours a week do you watch videos?” At Wave 1V,
participants were asked “How many hours a week do you play video or computer
games?”, “In the past seven days, how many hours did you spend using the internet, for
example, accessing your email or using the web?”, and “In the past 7 days, how many
hours did you watch television or videos, including VHS, DVDs, or music videos?”
Responses were recorded in total hours and summed to construct a single measure of

digital media use per week at each wave.

Pregnancy Status. At Wave 1V, participants provided self-reports of pregnancy
status by responding “yes/no” to the question, “Are you pregnant now?”” Participants who

reported current pregnancy status at Wave IV were excluded from the study.

Rurality. At Wave 1, interviewers were asked to describe the immediate area or

29 ¢c

street where the respondent lived, including “rural,” “suburban,” “urban (residential
only),” “3 or more commercial properties (mostly retail),” “3 or more commercial

properties (mostly wholesale or industrial),” and “other.” At Wave IV, interviewers were
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again asked to describe the immediate area or street where the respondent lived, including

29 ¢¢ 99 ¢¢ 29 ¢c

“rural farm,” “rural town,” “suburban,” “urban (residential only),” “3 or more
commercial properties (mostly retail),” “3 or more commercial properties (mostly

wholesale or industrial),” and “other.”

Depression. Depression diagnosis at Wave IV was determined using the question,

“Have you ever been diagnosed with depression?”” with a “yes/no” response.

Depressive Symptomology. At Wave 1V, depressive symptomology was
determined using a series of questions. Participants were asked how often the following
statements were true in the past week: “You felt depressed,” “You enjoyed life,” “You
felt sad,” “You felt that people disliked you,” “You felt that you could not shake off the
blues, even with help from your family and your friends,” “You felt that you were too
tired to do things,” “You felt you were just as good as other people,” “You had trouble
keeping your mind on what you were doing,” “You were bothered by things that don’t

usually bother you.” Responses were recorded using a 4-point Likert scale with response

29 ¢¢ 2 ¢

labels “never to rarely,” “sometimes”, “a lot of the time”, and “most of the time or all of

the time.” Responses marked as “sometimes”, “a lot of the time”, and “most of the time
or all of the time” were classified as depressive symptomology, and responses marked as
“never to rarely” were classified as no depressive symptomology. From this information,

a total depressive symptomology score was calculated by summing the total number of

items classified as depressive symptomology for a final score ranging from 0-9.
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Anxiety. At Wave 1V, anxiety diagnosis was determined using the question, “Has
a doctor, nurse, or other health care provider ever told you that you have or had anxiety

or panic disorder?” Participants provided a “yes/no” response.

Suicidal Ideation and Suicide Attempts. At Wave 1V, participants were asked,
“During the past 12 months, did you ever seriously think about committing suicide?”” and
“During the past 12 months, how many times did you attempt suicide?”” Response values

were recorded individually as suicidal ideation and suicide attempts, respectively.

Cognitive Health. At Wave 1V, participants completed two cognitive tasks
assessing working memory and short-term memory. In the working memory task,
participants were read a set of numbers and asked to repeat the numbers in reverse order.
Each number set included two number sequences of the same length, and the length of
numbers in the sequence increased by one number with each set. The task ended when
the participant failed to accurately repeat both trials of the same length or accurately
completed all seven sets. One point was awarded for each number set accurately
completed and summed to construct a single measure of working memory at Wave IV.

In the short-term memory task, participants were read 15 words and asked to
recall as many words as they could remember. The task ended when the participant failed
to recall any more words or after 90 seconds. One point was awarded for each word
accurately recalled and summed to construct a single measure of short-term memory at

Wave IV.
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Self-Esteem. At Wave 1, self-esteem was determined using a series of questions.
Participants were asked how much they agreed or disagreed with the following
statements: “You feel like you are doing just about everything right,” “You feel loved
and wanted,” “You feel socially accepted,” “You have lots of good qualities,” “You have
lots to be proud of,” and “You like yourself just the way you are.” Responses were

99 ¢

recorded using a 5-point Likert scale with response labels “strongly agree,” “agree,”
“neither agree nor disagree,” “disagree,” and “strongly disagree.” Responses marked as
“strongly agree” and “agree” were classified as presence of self-esteem, and responses
marked as “neither agree nor disagree,” “disagree,” and “strongly disagree” were not
classified as presence of self-esteem. A total self-esteem score was calculated by

summing the total number of items classified as presence of self-esteem for a final score

ranging from 0-6.

Parental Support. At Wave I, participants responded to a series of questions
regarding their in-house (biological, step, adoptive, or foster) mother and/or father.
Participants with both an in-house mother and father provided responses on their mother
and father, and participants with one in-house mother or father provided responses only
on their in-house mother or father. Participants were asked, “How close do you feel to
your (biological, step, adoptive, or foster) mother/father?”” and “How much do you think
your (biological, step, adoptive, or foster) mother/father cares about you?”” Responses
were recorded on a 5-point Likert scale with response labels “not at all,” “a little,”

99 ¢¢

“some,” “quite a bit,” and “very much”. Participants were also asked how much they

agreed or disagreed with the following statements: “Most of the time your mother/father
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is warm and loving toward you,” “You are satisfied with the way your mother/father and
you communicate,” and “Overall, you are satisfied with your relationship with your
mother/father”. Responses were recorded using a 5-point Likert scale with response

99 ¢ 99 ¢¢

labels “strongly agree,” “agree,” “neither agree nor disagree,” “disagree,” and “strongly

99 ¢ 99 ¢¢

disagree.” Responses marked as ““a little,” “some,” “quite a bit,

29 ¢c

very much,” “strongly
agree,” or “agree” were classified as parental support, and responses marked as “not at
all”, “neither agree nor disagree”, “disagree,” and “strongly disagree” were not classified
as parental support. In cases where both mother and father data were available, responses
classified as parental support were summed for the mother and father individually, then
averaged to construct a single measure of parental support at Wave I for a final score
ranging from 0-5. In cases where only mother or father data were available, responses
classified as parental support for the mother or father were summed to construct a single
measure of parental support at Wave I for a final score ranging from 0-5. Thus, data that
were missing for legitimate reasons (e.g., single parent) were not excluded to retain

maximum sample size.

Family Connectedness. At Wave 1, participants were asked, “How much do you
feel that people in your family understand you?”, “How much do you feel that you and
your family have fun together?”, and “How much do you feel that your family pays

attention to you?”. Responses were recorded on a 5-point Likert scale with response

29 ¢¢ 99 ¢

labels “not at all,” “very little”, “somewhat”, “quite a bit,” and “very much”. Responses

99 ¢¢ 29 ¢c

marked as “very little,” “somewhat,” “quite a bit,” and “very much” were classified as

family closeness, and responses marked as “not at all” were not classified as family
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closeness. Responses classified as family closeness were summed to construct a single
measure of family closeness for participants at Wave IV for a final score ranging from 0-

3.

Data Analyses

PROC TRAJ—a group-based modeling technique—was used to identify distinct
trajectories of digital media use across Waves I-IV. Using maximum likelihood estimates
to create distinct participant groups, the present study assessed how varying levels of
digital media use affected subcategories of digital media users. Using a forward-selection
approach, stepwise procedures were used to determine number of trajectory groups and
the best-fit model, including linear, quadratic, and cubic growth curve parameters.?*-*
Prior to these analyses, an outlier analysis was conducted and determined approximately
3 SD above the mean (i.e., 84 hours/week) as the appropriate cutoff for digital media use
hours/week. Thus, participants who reported more than 84 hours of digital media use per
week were considered missing. This affected 820 participants (12.11%) of the original
sample. No other issues were found regarding normality and homogeneity of variance.
Participants missing digital media use data in Waves I-IV were also excluded from
analyses. Survey weights were utilized to ensure data was nationally representative, and
missing data were handled using the MISSING and NOMCAR functions.

Digital media use trajectory groups were used as predictors of Wave IV mental
health outcomes including diagnoses of anxiety and depression, depressive

symptomology, suicidal ideation, suicide attempts. Three separate general linear models

(PROC SURVEYREG) were used to assess the predictive relationship between media
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use trajectory groups and depressive symptomology, working memory, and short-term
memory. Prior to these analyses, assumptions of normality and homogeneity of variance
were assessed. Four separate logistic regressions (PROC SURVEYLOGISTIC) were
used to assess the predictive relationship between media use trajectory group and anxiety
diagnosis, depression diagnosis, suicidal ideation, and suicide attempts. Covariates were
pre-determined based on prior literature (Table 1). Prior to these analyses, data were
checked for normality and multicollinearity. Further, a cross-sectional analysis of
outcomes at Wave IV was used to assess the longitudinal effects of digital media use at

various time points across the transition from adolescence into young adulthood.

Table 1. Predetermined Covariates for Mental Health Outcomes
Measure Covariates

Digital Media Use o Sex

Race

Age (Wave IV)

Income (Wave I)

Rurality (Waves I & IV)

Suicidal Ideation

Depression Diagnosis (Wave V)
e Depressive Symptomology (Wave I)
e Depressive Symptomology (Wave IV)

Suicide Attempts e Depression Diagnosis (Wave IV)
e Depressive Symptomology (Wave I)
e Depressive Symptomology (Wave 1V)

Four separate logistic regressions (PROC LOGISTIC) were used to assess the
predictive relationship between parental support, family connectedness, face-to-face
interactions with peers, and self-esteem with digital media use trajectory group. Prior to
these analyses, data were checked for normality and multicollinearity. Covariates were

predetermined based on past literature (Table 1).
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Results

The final sample included 6,767 participants (Mage=15.53, SD=1.42; 56.86%
female, 66.89% White) ages 11-17 at Wave I and ages 24-30 at Wave 1V.

Four digital media use trajectory groups emerged (Figure 1). Group 2, “low”
included the majority of participants (73.36%). Participants in Group 2 exhibited the lowest
digital media use across Waves I-IV, averaging between 14.91 hours per week across
Waves. Participants in Group 1, “increase” (9.97%), exhibited a steady increase in digital
media use across Waves [-IV, whereas individuals in Group 3, “decrease” (13.94%),
exhibited a steady decrease in digital media use across Waves I-IV. Group 4, “high”,
included the least number of participants (2.73%), and exhibited high levels of digital

media use across Waves I-1V.

60 1
50 1

40 A

Weekly Hours of Digital Media Use

10

Waves
Figure 1. Digital Media Use Trajectories Across Waves [-IV

Digital media use trajectory group significantly predicted Wave IV short-term
memory such that individuals in Group 4 (M=6.28, SD=4.01) experienced decreased short-
term memory at Wave IV compared to individuals in Group 2 (M=6.86, SD=2.94). Wave

IV digital media use did not independently predict Wave IV short-term memory. Digital
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media use trajectory group also significantly predicted suicide attempts such that
individuals in Groups 3 odds of a suicide attempt in the past 12 months was 1.07% greater
(95% CI10.01, 0.29]) than the odds individuals in Group 2. Individuals in Group 4 odds of
a suicide attempt in the past 12 months were 1.10% greater (95% CI [0.01, 0.35]) than the
odds of individuals in Group 2. Wave IV digital media use did not independently predict
Wave IV suicide attempts. Neither digital media use trajectory group nor Wave 1V digital
media use significantly predict Wave IV depressive symptomology, working memory,
depression diagnosis, anxiety diagnosis, or suicidal ideation. Wave IV parental support,
family connectedness, face-to-face interactions with peers, and self-esteem did not predict

digital media use trajectory group membership.

Table 2. Summary of Analyses and Results for Mental Health Outcomes
Trajectory Group Predicting df F P
Wave IV Mental Health Outcomes
General Linear Models

Wave IV Depressive Symptomology 3 1.62 0.19
Wave IV Working Memory 3 0.30 0.82
Wave IV Short-Term Memory 3 8.02 <0.001*

Logistic Regression Models
Wave IV Anxiety Diagnosis 3 0.43 0.73
Wave IV Depression Diagnosis 3 1.78 0.15
3
3

Wave IV Suicidal Ideation 0.63 0.59
Wave IV Suicide Attempt 283.30 <0.001*
Wave I Variables Predicting df F p
Trajectory Group Membership
General Linear Models

Wave I Parental Support 3 1.61 0.19
Wave I Family Connectedness 3 1.70 0.17
Wave I Face-to-Face Interactions with Peers 3 2.04 0.11
Wave I Self Esteem 3 1.57 0.22
Wave IV Digital Media Use Predicting Wave df F P
IV Mental Health Outcomes
General Linear Models
Wave IV Depressive Symptomology 2 0.60 0.55
Wave IV Working Memory 2 0.93 0.40
Wave IV Short-Term Memory 2 0.22 0.80
Logistic Regression Models
Wave IV Anxiety Diagnosis
Wave IV Depression Diagnosis 2 -0.30 0.76
Wave IV Suicidal Ideation 2 -0.58 0.56

Wave IV Suicide Attempts 2 1.22 0.12
*Denotes p-value of <0.05
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Table 3. Follow-up Tests for Wave IV Mental Health Outcomes

Wave IV Short-Term Memory Adjusted Mean SE

Group Comparisons Difference P
Group 2 Group 1 -0.27 0.14 0.07
Group 2 Group 3 -0.27 0.19 0.17
Group 2 Group 4 -0.58 0.13 <0.001*
Group 3 Group 4 0.31 0.24 0.19
Group 3 Group 1 0.00 0.22 1.00
Group 4 Group 1 0.31 0.19 0.11

Wave IV Su1c1d.e Attempts OR 95% CI P

Group Comparisons
Group 2 Group 1 0.12 0.09, 0.52 0.31
Group 2 Group 3 1.10 1.02, 1.34 <0.01%*
Group 2 Group 4 1.07 1.01, 1.42 <0.01%*

*Denotes p-value of <0.05

Discussion

This study assessed the effects of digital media use patterns across the transition
from adolescence to young adulthood on mental health outcomes in young adulthood.
Results of the present study highlight relationships between longitudinal digital media use
and short-term memory and suicide attempts.

Adolescents in Group 4 “high” experienced significantly decreased short-term
memory at Wave IV as compared with individuals in Group 2 “low”. Of note, adolescents
in Group 4 exhibited an average of 47.30 hours of digital media use per week across waves
which was much higher than that of other groups. However, Wave IV digital media use did
not independently predict short-term memory in young adulthood. Taken together, these
results suggest that a pattern of high levels of digital media across adolescence may have a
compounding effect on short-term memory in young adulthood. While the underlying
mechanisms in this relationship are unclear, cross-sectional research posits that negative
affect may mediate this relationship.’! A recent study found that increased digital media

use was associated with decreased negative affect and subsequent short-term memory
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failures.>® While the present study did not find a longitudinal relationship between digital
media use and negative affect, this may be due to the effects of other, more salient variables
present in this relationship (e.g., sleep, physical health). These results may also be
explained by preliminary research demonstrating a relationship between consistently high
levels of digital media use—like those exhibited by individuals in Group 4—and
anatomical changes in brain cortex grey matter. It is posited that constant, fast access to
information via the internet may alter the brain’s need to store facts and knowledge not
otherwise gained by personal experiences.”* Overall, these results support prior literature
on associations between increased digital media use and decreased short-term
memory.2*3132 These results also support the need for 1) further research on other aspects
of cognitive ability which may be negatively affected by increased digital media use, and
2) further research on anatomical changes due to digital media use.

Adolescents in Groups 3 “decrease” and 4 “high” were at increased odds of a
suicide attempt in the past 12 months at Wave IV as compared with individuals in Group
2 “low”. Notably, adolescents in Groups 3 and 4 exhibited the greatest digital media use
per week at Waves I and II. Specifically, adolescents in Groups 3 and 4 exhibited 44.44
and 56.73 hours per week at Wave I and 33.56 and 47.84 hours per week at Wave II,
respectively. For comparison, adolescents in Group 2 exhibited 14.34 and 13.84 hours per
week at Waves I and II, respectively. These results suggest that increased levels of digital
media use in adolescence and young adulthood may have a salient effect on suicide
attempts in young adulthood. Cyberbullying may play a role in this relationship, as
individuals with increased digital media use are more susceptible to cyberbullying,?! and a

meta-analysis of 11 longitudinal studies found that peer victimization in adolescence



46

consistently predicted suicidal behaviors in young adulthood.®* Peer victimization in
adolescence may also affect later drug use, self-esteem, and interpersonal relationships,
which may contribute to susceptibility to suicide attempts.3*3

Digital media use trajectory group and Wave IV digital media use did not predict
Wave IV depressive symptomology, depression diagnosis, anxiety diagnosis, working
memory, or suicidal ideation. While these findings contradict previous cross-sectional
literature, this may be due to more salient underlying factors. For example, the positive
relationship between sedentary behaviors (e.g., digital media use) and risk for depression
is well-documented in research. Increased sedentary behaviors are also consistently
associated with increased risk for obesity and poor sleep, which may play a more salient
role in the relationship between digital media use and depression.

The present study further assessed factors in adolescence which may contribute to
digital media use patterns across waves. Specifically, the present study examined parental
support, family connectedness, face-to-face interactions with peers, and self-esteem as
predictors of trajectory group membership. While none of these variables significantly
predicted trajectory group membership, this may be due to measurement fallibility. Data
for those aforementioned variables was obtained via self-report on a 5-point Likert scale.
Self-report Likert scales have been associated with response bias,*® and require caution
when being interpreted. Future research should re-assess the measurement of these
variables and their relationship with digital media use in adolescence. Future research is
also needed to assess other variables that may affect digital media use trends.

This study has several implications. The results are concerning given the significant

findings between longitudinal patterns of digital media use and suicide attempts and short-
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term memory in young adulthood. As suicide attempts among adolescents have nearly
doubled since 2010, interventions aimed at reducing and mitigating the effects of digital
media use on suicide attempts are critical. For example, teachers, pediatricians, and related
personnel may formally educate parents and adolescents on the potentially harmful effects
of digital media use. Parents may also consider implementing time limits for daily digital
media use. Regarding short-term memory, future research is needed to assess underlying
mechanisms. In the meantime, schools that are reliant on technology in the classroom may
consider ways to decrease screen-time in the classroom. Further, the results of the present
study highlight the need for additional research to clarify mechanisms which may underly
the relationship between digital media use and depression and anxiety diagnoses,
depressive symptomology, working memory, and suicidal ideation.

Strengths of this study include the nationally representative sample and study
design which allowed for predictions of pathways linking patterns of digital media use in
adolescence with mental health outcomes in young adulthood. Limitations include self-
reported digital media use across waves and the inability to control for time between waves.
Notably, data collection for the present study began in 1994 and concluded in 2009.
Technological advancements in the past decade have produced new forms of digital media
use not accounted for in the present study. While this is a limitation of the present study,
the results are still useful for informing the effects of digital media use during early
adolescence versus young adulthood. Likewise, our significant findings warrant additional
research as digital media use has increased exponentially in recent years.

In summary, the present study found that patterns of digital media use in

adolescence had a significant effect on suicide attempts and short-term memory in young
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adulthood. These results highlight the importance of interventions aimed at educating
families and adolescents of the risks of high rates of digital media use and at reducing
screen time throughout adolescence. Non-significant findings highlight the need for
additional research aimed at clarifying these relationships, as well as identifying factors in

early adolescence which may contribute to digital media use trajectories.
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CONCLUSION

In summary, both studies found that low patterns of digital media use across the
transition from adolescence to young adulthood had a significant protective effect on
physical and mental health outcomes in young adulthood. Specifically, individuals with
low patterns of digital media use experienced greater HDL and short-term memory and
decreased odds of suicide attempts in the past 12 months in young adulthood. Further,
digital media use greater than 4 hours per day in young adulthood predicted increased
BMI and WHtR. Overall, these results highlight the need for clinicians and educators to
inform adolescents and young adults of the negative consequences associated with high
rates of digital media use. Interventions aimed at effectively reducing screen time for
both adolescents and young adults are critical and may require unique attention from both
parents and schools. Finally, these results further highlight the need for additional
research aimed at clarifying the relationship between digital media use and other physical
and mental health outcomes, as well as factors in early adolescence that may contribute to

longitudinal patterns of digital media use.
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