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Abstract: Understanding how screen time behaviors changed during the COVID-19 pandemic is
important to inform the design of health promotion interventions. The purpose of this study was to
quantify and describe changes in recreational screen time from 2018 to 2020 among a diverse sample
of emerging adults. Participants (n = 716) reported their average weekly recreational screen time
in 2018 and again during the pandemic in 2020. Additionally, participants qualitatively reported
how events related to COVID-19 had influenced their screen time. Weekly recreational screen time
increased from 25.9 + 11.9 h in 2018 to 28.5 £ 11.6 h during COVID-19 (p < 0.001). The form of screen
time most commonly reported to increase was TV shows and streaming services (n = 233). Commonly
reported reasons for changes in screen time were boredom (n = 112) and a desire to connect with
others (n = 52). Some participants reported trying to reduce screen time because of its negative
impact on their mental health (n = 32). Findings suggest that screen time and mental health may be
intertwined during the pandemic as it may lead to poorer mental health for some, while promoting
connectedness for others. Health professionals and public health messaging could promote specific
forms for screen time to encourage social connection during the COVID-19 pandemic and beyond.

Keywords: COVID-19; screen time; mental health; qualitative; emerging adults

1. Introduction

Sedentary behavior is suggested to have negative impacts on overall health that are
independent of physical activity level, including increased risk of all-cause and cardio-
vascular mortality, type 2 diabetes, and poorer dietary intake [1]. Beyond physical health
impacts, greater time spent engaging in sedentary behavior is also associated with poorer
mental health outcomes such as anxiety and depression [2]. Unfortunately, the amount
of time U.S. adults are engaging in sedentary behavior has increased significantly over
time [3]. As a result, the 2018 physical activity guidelines for Americans added an aim
to reduce sedentary time by replacing it with more active behaviors [4]. Recently, more
attention has been placed on context of sedentary behavior, especially screen time (i.e.,
mentally active versus passive) and associated health outcomes. There is growing research
that supports that passive sedentary behavior and screen use, such as leisure time activities
including television (TV) watching, is more harmful to both physical and mental health
than mentally active sedentary behavior and screen use such as occupational contexts,
reading, or socializing with others [5-8]. Therefore, both the quantity and type of sedentary
time are important in understanding health implications.
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Recreational screen time, which often includes watching TV, computer use, and
smartphone use, is one of the most common means of engaging in sedentary behavior [9].
There is some evidence to suggest lifestyle behaviors, such as recreational screen time, have
been altered as a result of physical distancing measures put in place during the COVID-19
pandemic [10-12]. Considering the potential mental and physical health implications
of passive sedentary behavior and screen time [5,13-16], monitoring and understanding
trends in screen time during COVID-19 is important to understanding overall health
impacts of the pandemic. Emerging adults are of particular interest when assessing
screen time since poor health behaviors adopted during these life stages may persist
into adulthood and increase the risk of future chronic disease [17]. However, forms of
recreational screen time that have changed during the pandemic have not yet been explored
in this population. Given that sedentary behaviors, particularly screen time, are behaviors
that have shown progressive, secular increases over time [3], it is likely that screen time
will remain elevated even after COVID-19 restrictions are lifted. Thus, an improved
understanding of ways in which emerging adults are utilizing screens can further inform
interventions aimed at minimizing screen time or encouraging more active screen time
behaviors during the pandemic and beyond.

Although there is growing evidence that screen time use has increased in the overall
population during the pandemic [12], little is known about emerging adult populations or
the specific forms of change in screen time (i.e., mode of screen use or content). Therefore,
the purpose of this paper is to utilize a mixed-methods approach to explore how events
related to COVID-19 have influenced patterns in recreational screen time and reasons
for changes in an ethnically/racially and socioeconomically diverse sample of emerging
adults.

2. Materials and Methods
2.1. Study Design and Sample

The C-EAT (COVID-19 Eating and Activity over Time) study invited participants in
the EAT 2010-2018 longitudinal cohort to complete an online survey in 2020 during the
U.S. outbreak of COVID-19. Participants in EAT 2010-2018 included a population-based
sample of young people who attended middle school or high school in Minneapolis-St.
Paul, Minnesota in 2009-2010, and were followed over time [18-20]. The C-EAT survey was
designed to capture changes in eating and activity behaviors and markers of psychosocial
well-being during COVID-19 [21,22]. Email, text message, and mailed invitations were
sent during the months of April to October 2020 to the 1568 emerging adults who had
completed the most recent follow-up survey in 2017-2018. Responses were received from
46% of the sample (n = 720), of which a subsample of 716 had reported on whether or
not they believed COVID-19 influenced their recreational screen time and were ultimately
included for final screen time behavior analyses. Informed consent was obtained from all
participants and protocols were approved by the University of Minnesota’s Institutional
Review Board.

Of the full sample (n = 720), 62% were female, 29.6% were White, 23.9% were Asian
American, 18.2% were Black or African American, and 16.5% were Hispanic or Latino.
The mean age of respondents was 24.7 & 2.0 years. Approximately one third of the
sample (32.7%) were considered of low socioeconomic status based on report of parental
educational attainment at baseline (Table 1).
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Table 1. Participant demographics and screen time behaviors (n = 720).

Variable Total
Age, Mean (SD) 247 (2.0)
Gender, n (%)

Male 263 (36.5)
Female 447 (62.1)
Different identity 10 (1.4)
Ethnicity /Race, n (%)

White 213 (29.6)
Asian American 172 (23.9)
Black or African American 130 (18.2)
Hispanic or Latino 119 (16.6)
Other 2 85 (11.8)
Socioeconomic Status, n (%)

Low 231 (32.7)
Low-middle 146 (20.6)
Middle 119 (17.0)
Upper-Middle 131 (18.5)
High 79 (11.2)

Perceived Influence of COVID-19 on media
use, n (%)

Yes, very much 360 (50.3)
Yes, somewhat 185 (25.8)
No 171 (23.9)
Weekly Recreational Screen Time, Mean hours

(SD)®

EAT 2018 25.9 (11.9)
C-EAT 28.5(11.6) *

Change in Weekly Screen Time from EAT 2018
to C-EAT, Mean hours (SD) P

Increase (n = 348) 13.1 (8.3)
Decrease (n = 229) 12.4 (8.6)
No Change (n = 139) n/a

2 ”Other” category was collapsed to include Native Hawaiian or other Pacific Islander, American Indian or Native

American, and Other. P Based on analytic sample of n = 716. * Significant increase in hours from EAT 2018
(p <0.001).

2.2. Survey Measures

Recreational Screen Time was assessed at EAT 2018 and C-EAT using measures modified
from previous surveys, including prior waves of the EAT study [23-25]. The validation of
similar items has been described elsewhere [26]. Two similar questions were asked at each
time point to ascertain weekday and weekend day recreational screen time use, with the
C-EAT survey asking participants to think about screen time specifically within the past
month during COVID-19: “In the past month, on an average [week or weekend] day, how
many hours of recreational screen time (for example, television, computer, social media,
video games, smartphone or tablet) did you have a day? Do not include activities you did
for work or school.” Response options included: “0 h a day,” “1/2 h a day,” “1 h a day,”
“2haday” “3 haday” “4 haday,” and “5+ hours a day.” The response options were
coded to match the corresponding hours, with the 5+ category coded as 6 h for analysis.
Weekday and weekend responses were combined to determine a weighted weekly average
of hourly screen time for each time point. Test-retest reliability was examined at EAT 2018
using data from 112 participants who completed the survey twice over 3 weeks (r = 0.76).

Perceived Influence of COVID-19 on Recreational Screen Time was assessed as part of
the C-EAT survey by asking, “Have recent events related to COVID-19 influenced your
media use?” Response options included “No,” “Yes, somewhat,” or “Yes, very much.”
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If participants responded with either of the yes responses, they were directed to the
following open-ended question: “Please comment on how events related to COVID-19
have influenced your media use, including use of social media, watching shows or movies,
playing video or computer games. What event(s) related to COVID-19 have been the most
important to your media use?”

Sociodemographic Variables were self-reported. As part of the baseline survey in 2009—
2010, participants identified their ethnicity /race (White, Black or African American, His-
panic or Latino, Asian American, Native Hawaiian or other Pacific Islander, American
Indian or Native American, or Other) and responded to questions relating to household
socioeconomic status (SES), which was primarily determined by the highest education level
of the participant’s parent(s). Additional variables used to determine SES included family
eligibility for public assistance, adolescent eligibility for free or reduced-price school lunch,
and maternal and paternal employment status [27,28]. Sociodemographic information
collected as part of the C-EAT survey included birth year (used to estimate age at time of
C-EAT) and gender identity (male, female, or different identity).

2.3. Statistical Analysis

Quantitative. Descriptive statistics were generated for all sociodemographic variables,
as well as measures of the amount of recreational screen time. Paired t-test analyses were
utilized to compare recreational screen time in 2018 to screen time in 2020 during the
COVID-19 pandemic. A one-way analysis of variance (ANOVA) was utilized to determine
differences in change in recreational screen time between demographic groups. All analyses
were conducted using SAS 9.4 software (SAS Institute, Cary, NC, USA, 2015).

Qualitative. A modified grounded theory approach was used to assign codes and
identify themes of the open-ended responses [29]. This method for analyzing qualita-
tive data involves describing, organizing, connecting, corroborating, and representing
the information gathered from participants. All comments were initially read by two
independent researchers who worked separately to identify preliminary codes to later
organize participant responses using a spreadsheet. Next, the two independent researchers
compared preliminary codebooks to finalize, then both researchers independently coded
each comment; codes were not mutually exclusive, meaning participant responses could
indicate more than one code. Discrepancies in the response coding were resolved through
consensus. Percentages presented in the qualitative section of the results are based on the
sample of participants who responded to the survey question asking if COVID-19 had
affected their media use with either “Yes, somewhat” or “Yes, very much,” regardless of
whether they expanded further (n = 545).

3. Results
3.1. Quantitative Changes in Recreational Screen Time

Recreational screen time increased by 2.6 £ 13.5 h per week from 2018 to 2020, going
from an average of 25.9 £ 11.9 h per week in 2018 to 28.5 & 11.6 h per week during the
pandemic (p < 0.001). Change in screen time was not related to gender identity (p = 0.57),
ethnicity /race (p = 0.29), or socioeconomic status (p = 0.14). Over 76% of participants
(n = 545) reported that they perceived their recreational screen time had been influenced
at least somewhat by the COVID-19 pandemic. Nearly half of the participants (48.6%)
reported an increase in average weekly hours, 32% reported a decrease, and 19.4% reported
no change in screen time. The magnitude of increase and decrease in change in screen time
is presented in Table 1.

3.2. Forms of Change in Recreational Screen Time

After analyzing the results with regard to perceived changes in screen time and reason
for those changes, four themes emerged related to an increase in screen time, and five
themes emerged related to reasons for the changes in screen time (Figure 1).
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Overall Increase in Screen Reasons for Changes in
Time Screen Time
. Thgme I : Theme 1:
| TV shows, streaming services, i
: Boredom
and movies
Theme 2: Theme 2:
Social media Physical distancing
Theme 3: Theme 3:
Smartphones Staying mformed of news
Theme 4: Theme 4:
Gaming Connecting with others
Theme 5:
Mental health

Figure 1. Main themes emerging from qualitative data on change in screen time behaviors.

3.2.1. Overall Increase in Recreational Screen Time

A major theme among comments regarding the perceived influence of events related
to COVID-19 on recreational screen time, was an overall increase in use of different forms
of screen time. Four themes surfaced related to the forms of screen time that were impacted
the most: (1) TV shows, streaming services, and movies, (2) social media, (3) smartphones,
and (4) gaming.

TV shows, streaming services, and movies. The most common theme was that
watching TV shows, streaming services (e.g., Hulu, YouTube, Netflix, etc.), and movies had
increased during the pandemic (43% of participants, n = 233).

“Ialso am watching TV on streaming services much more than I was in the past. Usually
I would watch TV once a week or even less, now I watch TV almost every day.”

“I've watched almost every show on Netflix. I've actually also had to download Hulu
and am now looking for another app.”

Social media. Participants (37%; n = 204) also reported an increase in social media
use. Participants reported specific types of social media such as Facebook, Twitter, TikTok,
and Instagram, as well as an increase in social media in general.

“Social media became more present and I would often find myself just browsing through
social media.”
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“I've been on social media a bit more than I usually would because I have more time to go
on it. There hasn’t been too [much] to do to fill my hours after work.”

Smartphones. A specific increase in time spent using smartphone screens was re-
ported by 20% of participants (n = 111), as another common theme related to the influence
of COVID-19 on screen time.

’ L / ) .
“Because I have been stuck inside more, I have been on my phone almost non-stop since
quarantine was started.”

“I use my phone about 6 h a day! I normally try to use my phone ~3 h a day. I read the
news, check social media, watch videos, and talk to my friends, all more than normal. I've
also started playing games which I don’t normally do on my phone.”

Gaming. Participants (17%; n = 94) also described an increase in gaming on electronic
devices. Multiple platforms for gaming were reported, including phone games, computer
games, and video game consoles.

“Trying to play video games that [can] involve others or play ‘online” with others was a
huge part of my time in April/May when Animal Crossing came out for the Switch.”

“Video games [have] been a great stress relief outlet for me. I can play online with my
friends and we chat with headsets/microphones. The multiplayer aspect allows me to
socialize reqularly.”

3.2.2. Reasons for Changes in Use of Recreational Screen Time

Nearly 55% (n = 299) of participants reported a reason for their change in recreational
screen time due to the COVID-19 pandemic. Several different reasons were identified, and
five themes emerged: (1) boredom, (2) physical distancing, (3) staying informed of news,
(4) connecting with others, and (5) mental health.

Boredom. The most common theme that was mentioned as a reason for change in
emerging adults’ use of screens was boredom, having free time to fill, or feeling like there
was nothing to do. This theme was reported by 21% of participants (n = 112).

“I find myself bored and looking to waste time on my phone.”

“Since there isn’t much to do, I have spent some of my time watching TV [shows] or on
social media.”

Physical distancing. The use of screens as a result of the stay-at-home order was
mentioned by 18% of participants (n = 99). Participant responses were categorized here if
they explicitly mentioned the stay-at-home order, quarantine, shelter in place, the inability
to see family and friends due to physical distancing, or the inability to go out as a reason
why their use of screens had changed since the start of COVID-19.

“Being stuck inside the house since March has made me consume a lot more media.”

“Since the stay at home order, I have been on my phone and PS4 to pass the time with
little else to do to keep entertained.”

Staying informed of news. Wanting to stay informed on the current situation and
news stories related to the COVID-19 pandemic was another popular theme reported by
17% of participants (n = 95). This theme also included general news-related media where
the type of news was not specified in the answer.

“I used it to stay up to date on COVID current news like spikes in cases and social
activism.”

“Using my phone to stay up-to-date on the progression of the pandemic has also increased
my media use. 1 would never actively seek the news, but now I find myself doing that a
lot more.”

Connecting with others. Participants (10%; n = 52) discussed using social media and
other online platforms as a means to connect with friends and family and stay engaged
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in human interaction since they did not have the opportunity to see friends and family in
person.

“I have spent much more time on social media to stay connected with friends, family
members, and professors.”

“We are now relying on technology to stay connected with our families. I video chat with
my family/friends a few times a week ... ”

Mental health. Some participants mentioned they were making an effort to avoid
screen use because of mental health concerns (6%; n = 32).

“ ... because COVID is so present in social media, I avoid it when I feel very drained or
anxious.”

“It’s actually decreased my social media use a little bit. I'm finding that all the negative
news between COVID and the police brutalities that I'm in a more positive state when I
limit my use of social media.”

4. Discussion

The aims of this mixed-methods study were to quantify and describe changes in
recreational screen time behavior of emerging adults during the COVID-19 pandemic. On
average, there was a significant increase in the hours of recreational screen time reported
during the pandemic compared to two years earlier (i.e., the EAT 2018 assessment). In
alignment with this change in screen time hours, a large proportion of participants reported
the perception that their recreational screen time was impacted by COVID-19 in some
way, although there was individual variability in the magnitude and direction of screen
time change. Participants described increases in watching TV and streaming services,
social media, gaming, and smartphone use. Participants indicated a number of reasons
that COVID-19 impacted their screen time, including a desire to stay more connected
with family/friends, staying updated on news, physical distancing, and boredom. Some
participants also reported a desire to decrease their screen time due to resulting mental
health effects.

The increases observed in emerging adults’ screen time in the current study extend the
findings of research by Colley et al. (2020) who found that over 50% of adults had increased
their screen time on at least two different devices during the pandemic [11]. Further,
Meyer et al. (2020) also found that adults over the age of 18 experienced an increase in
overall screen time from before to during COVID-19 by as much as 40% [12]. The current
study further extends prior findings by showing that the most commonly reported form
of recreational screen use increases were for TV shows, streaming services, and movies,
followed by social media, smart phones, and gaming. Using a different methodological
approach, Colley et al. (2020) also found TV use as well as internet use to have increased
among a large percentage of participants during the pandemic.

To expand on the findings from Colley et al. (2020) and Myer et al. (2020), the current
study provides a unique opportunity to understand not only ways in which participants
have increased their screen time, but also the reasons for those changes by allowing for
open-ended responses to survey questions. Although the reasons for change in screen time
varied among the current sample, the most commonly reported reason for an increase was
the feeling of boredom and seeking to occupy free time. This finding is consistent with
literature during pre-pandemic time periods that identify screen time, particularly smart
phone use, as a way to reduce boredom [30]. Not only can boredom lead to the use of more
technology, but it may also lead to less engagement in hobbies and physical activities [31].

In the same sample used in the current study, 83% of emerging adults perceived
their weekly physical activity had been influenced during the pandemic, but nearly 94%
experienced a quantitative change in physical activity levels [32]. These data compare with
the current screen time behaviors in which less participants perceived their screen time to
have been influenced compared with the percentage that changed based on the quantitative
data. Additionally, 55.6% of emerging adults decreased their weekly physical activity from
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2018 to during the pandemic for various reasons [32]. Parallel to the bi-directional screen
time findings, not all participants changed their physical activity levels in the same way.
Some participants mentioned barriers to engaging in activity such as the stay-at-home order
and the closure of gyms and fitness centers [32]. Additional differences emerged as to how
physical activity engagement has changed during the pandemic, similar to the identified
differences in changes to screen time. Some changes in activity were in the form of more or
less time spent outdoors, being active with others more than before, mental health both
positively and negatively impacting physical activity, and some participants reported trying
to be more active within their homes and potentially utilizing technology to do so [32].
While nearly 50% of participants in the current sample increased their screen time, and
nearly 55% decreased their physical activity, a different sample of adults over the age of 18
revealed that the combination of an increase in physical inactivity and an increase in passive
screen use was associated with poor mental health during the pandemic [33]. However,
engaging in physical activity can reduce or sometimes even eliminate the negative health
effects associated with time spent engaging in sedentary behavior and even passive screen
time [7,34], and was also mentioned as a positive benefit to mental health in the current
sample [32]. Therefore, our results suggest that interventions aimed at reducing boredom
by promoting physical activity, particularly during times of physical distancing, may be
needed to not only decrease recreational screen time but also improve physical and mental
health outcomes potentially associated with passive screen use.

Additionally, many participants were engaging in screen time to keep up with the
news related to COVID-19, revealing that screen use also played an important role in
staying informed on important issues during months of rapidly evolving information
being reported. The C-EAT study results support a recent review acknowledging the
importance of media in the dissemination of information during the pandemic [35]. While
staying informed on pertinent information related to the virus and mandates set in place
is important for keeping people safe and healthy, a number of participants in the current
study reported that general and specifically news-related media had negatively impacted
their mental health. Ultimately, these impacts influenced many participants to attempt to
reduce their media use and screen time. Since negative consequences for mental health are
commonly associated with screen time in general [14,15], and during the pandemic [12,36],
future research should examine the use of more mentally active screen time that allows for
consumption of necessary media while potentially reducing the associated mental health
impact.

Further, the use of screen time and specifically social media may be crucial in favoring
social connectedness during times of isolation. In the current sample, staying connected
with family, friends, and loved ones was another prevalent reason for changes in screen
time. Social connectedness following or during major events or disasters has been used
as a crucial coping tool for improving mental health [37], which was specifically true
among a group of college students coping with stress during COVID-19 [38]. Because
social connection via screen time is considered a type of mentally active screen time,
these data suggest that the promotion of screen time use specifically for social connection
during isolation may provide a mental health benefit. However, due to the mental health
impacts associated with different types of screen time [14,15], more research is warranted
to disentangle the potential benefits and harms of screen time and social media use at a
time when it is recommended that in-person communication be limited.

Study strengths and limitations should be considered when interpreting the findings.
The diversity of the sample is a study strength and allows us to better understand how
emerging adults with diverse ethnic/racial identities have modified their recreational
screen time during the pandemic. Further, the use of longitudinal data, in addition to
the qualitative responses in C-EAT, allow for building understanding of both actual and
perceived changes that have occurred in screen time behaviors. To our knowledge, this
is the first study to not only quantify changes in screen time using a prospective cohort
study, but also qualitatively examine the perceived influence of COVID-19 on screen time.
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Overall, this information is timely in regard to the response to the pandemic and health
promotion efforts during this period when many states across the nation are maintaining
limits on social gatherings to reduce the transmission of COVID-19.

Although ample strengths of this study exist, it is not without limitations. First, many
participants only addressed the first part of the open-ended question about what changed
regarding their media use habits, but did not address the second part of the question which
aimed to understand why these changes occurred as a result of the COVID-19 pandemic.
Second, the data used for the quantitative comparison of screen time before and during
COVID-19 was based on self-report, which may have resulted in a level of participant
reporting bias. Additionally, recreational screen time questions only provided response
options of 0 h to 5+ h which limit the ability to capture excessive screen time of 6+ h
that some participants may have experienced. The measure may also not be sensitive
enough to capture smaller changes in screen time. However, the survey questions used
were modified from validated measures [23-26] and were found to have high test-retest
reliability. Another limitation is that the C-EAT survey was fielded during spring, summer,
and early fall, but screen time during the winter months were not assessed. Therefore, the
seasonality of the data collection may not have provided a full picture of screen time during
all seasons. Lastly, because participants were originally recruited from the Minneapolis/St.
Paul area, it is possible that the results may not be generalizable to all emerging adults
across the U.S.

5. Conclusions

The impact of the COVID-19 pandemic on screen time may be long lasting and the
extended time required for an economic rebound may exacerbate the challenges of reducing
excess time spent watching TV, gaming, and using social media. The association between
negative physical and mental health and excess screen time are of ongoing public health
concern. Therefore, the variation in types and reasons for the increases in screen time
(i.e., mentally active or passive) are important for informing future interventions aimed at
reducing screen time even after the magnitude of the pandemic and need for restrictions
on social gatherings is reduced. Additionally, although screen time generally increased
during the COVID-19 pandemic in the current sample, positive implications should also
be considered. It is important to note that screen time did promote some mentally active
screen behaviors such as social connectedness and the ability to stay engaged and informed
on topics related to the rapidly evolving pandemic. Future research should further explore
the benefits of screen time and social media use during times of isolation not only during
the pandemic, but even after the COVID-19 physical distancing restrictions are lifted,
and ways to mitigate negative consequences. Levels of screen time will likely remain
high beyond the conclusion of the COVID-19 pandemic and this study provides a start
in learning not only how public health professionals may be able promote a reduction in
screen time behaviors, but how we can also adapt virtual platforms to better support social
connection and mental health in the future.

Author Contributions: Conceptualization, BEW., A.L.E, and D.J.B.-A.; methodology, N.L. and
D.N.-S.; formal analysis, B.E.W. and A.L.F; writing—original draft preparation, B.E.W.; writing—
review and editing, A.L.F, S.L.H., D.J.B.-A., N.L., and D.N.-S; project administration, N.L.; funding
acquisition, D.J.B.-A., N.L., and D.N.-S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the National Heart, Lung, and Blood Institute, grant number
R35HL139853 (PI: Neumark-Sztainer). SLH’s time was funded by the National Institute of Mental
Health, grant number T32MH082761 (PI: Scott Crow). The content is solely the responsibility of the
authors and does not necessarily represent the official views of the National Heart, Lung, and Blood
Institute, the National Institute of Mental Health, or the National Institutes of Health.



Int. J. Environ. Res. Public Health 2021, 18, 4613 10 of 11

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board Human Subjects Committee
of the University of Minnesota (STUDY00009340; 3/20/2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are not publicly available but can be
provided by senior author Dianne Neumark-Sztainer in response to a reasonable request.

Acknowledgments: The authors would like to thank the EAT 2010-2018 and C-EAT participants for
participation in this research.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1. de Rezende, L.F,; Rodrigues Lopes, M.; Rey-Lopez, ].P.; Matsudo, V.K.; Luiz Odo, C. Sedentary behavior and health outcomes: An
overview of systematic reviews. PLoS ONE 2014, 9, €105620. [CrossRef]

2. Gibson, AM.; Muggeridge, D.J.; Hughes, A.R.; Kelly, L.; Kirk, A. An examination of objectively-measured sedentary behavior
and mental well-being in adults across week days and weekends. PLoS ONE. 2017, 12, e0185143. [CrossRef]

3.  Du, Y, Liu, B; Sun, Y.; Snetselaar, L.G.; Wallace, R.B.; Bao, W. Trends in adherence to the Physical Activity Guidelines for
Americans for aerobic activity and time spent on sedentary behavior among US adults, 2007 to 2016. JAMA Netw Open. 2019, 2,
€197597. [CrossRef] [PubMed]

4. Physical Activity Guidelines for Americans, 2nd ed.; U.S. Department of Health and Human Services: Washington, DC, USA, 2018.

5. Kim, S,; Favotto, L.; Halladay, J.; Wang, L.; Boyle, M.H.; Georgiades, K. Differential associations between passive and active forms
of screen time and adolescent mood and anxiety disorders. Soc. Psychiatry Psychiatr. Epidemiol. 2020, 55, 1469-1478. [CrossRef]
[PubMed]

6.  Hallgren, M.; Owen, N.; Stubbs, B.; Zeebari, Z.; Vancampfort, D.; Schuch, E,; Bellocco, R.; Dunstan, D.; Lagerros, Y.T. Passive and
mentally-active sedentary behaviors and incident major depressive disorder: A 13-year cohort study. | Affect Disord. 2018, 241,
579-585. [CrossRef] [PubMed]

7. Hallgren, M.; Dunstan, D.W.; Owen, N. Passive Versus Mentally Active Sedentary Behaviors and Depression. Exerc. Sport Sci.
Rev. 2020, 48, 20-27. [CrossRef] [PubMed]

8. Hallgren, M.; Nguyen, T.T.; Owen, N.; Vancampfort, D.; Dunstan, D.W.; Wallin, P.; Andersson, G.; Ekblom-Bak, E. Associations of
sedentary behavior in leisure and occupational contexts with symptoms of depression and anxiety. Prev. Med. 2020, 133, 106021.
[CrossRef] [PubMed]

9. Tremblay, M.S.; LeBlanc, A.G.; Kho, M.E.; Saunders, T.].; Larouche, R.; Colley, R.C.; Goldfield, G.; Gorber, S.C. Systematic review
of sedentary behaviour and health indicators in school-aged children and youth. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 98.
[CrossRef]

10. Balanza-Martinez, V.; Atienza-Carbonell, B.; Kapczinski, F; De Boni, R.B. Lifestyle behaviours during the COVID-19-time to
connect. Acta Psychiatr. Scand. 2020, 141, 399-400. [CrossRef]

11.  Colley, R.C.; Bushnik, T.; Langlois, K. Exercise and screen time during the COVID-19 pandemic. Health Rep. 2020, 31, 3-11.
[CrossRef]

12.  Meyer, J.; McDowell, C.; Lansing, J.; Brower, C.; Smith, L.; Tully, M.; Herring, M. Changes in physical activity and sedentary
behavior in response to COVID-19 and their associations with mental health in 3052 US adults. Int. ]. Environ. Res. Public Health
2020, 17, 6469. [CrossRef]

13. Stamatakis, E.; Hamer, M.; Dunstan, D.W. Screen-based entertainment time, all-cause mortality, and cardiovascular events:
Population-based study with ongoing mortality and hospital events follow-up. J. Am. Coll. Cardiol. 2011, 57, 292-299. [CrossRef]
[PubMed]

14. Madhav, K.C.; Sherchand, S.P,; Sherchan, S. Association between screen time and depression among US adults. Prev. Med. Rep.
2017, 8, 67-71. [CrossRef]

15. LeBlanc, A.G.; Gunnell, K.E.; Prince, S.A.; Saunders, T.].; Barnes, ].D.; Chaput, ].P. The ubiquity of the screen: An overview of the
risks and benefits of screen time in our modern world. TJACSM. 2017, 2, 104-113. [CrossRef]

16. Sigman, A. Time for a view on screen time. Arch. Dis. Child. 2012, 97, 935-942. [CrossRef]

17.  Daw, J.; Margolis, R.; Wright, L. Emerging adulthood, emergent health lifestyles: Sociodemographic determinants of trajectories
of smoking, binge drinking, obesity, and sedentary behavior. J. Health Soc. Behav. 2017, 58, 181-197. [CrossRef]

18. Larson, N.I; Wall, M.M.; Story, M.T.; Neumark-Sztainer, D.R. Home/family, peer, school, and neighborhood correlates of obesity
in adolescents. Obesity (Silver Spring) 2013, 21, 1858-1869. [CrossRef]

19. Larson, N.; Laska, M.N.; Neumark-Sztainer, D. Food insecurity, diet quality, home food availability, and health risk behaviors

among emerging adults: Findings from the EAT 2010-2018 study. Am. J. Public Health. 2020, 110, 14221428, in press. [CrossRef]


http://doi.org/10.1371/journal.pone.0105620
http://doi.org/10.1371/journal.pone.0185143
http://doi.org/10.1001/jamanetworkopen.2019.7597
http://www.ncbi.nlm.nih.gov/pubmed/31348504
http://doi.org/10.1007/s00127-020-01833-9
http://www.ncbi.nlm.nih.gov/pubmed/32055896
http://doi.org/10.1016/j.jad.2018.08.020
http://www.ncbi.nlm.nih.gov/pubmed/30170310
http://doi.org/10.1249/JES.0000000000000211
http://www.ncbi.nlm.nih.gov/pubmed/31663866
http://doi.org/10.1016/j.ypmed.2020.106021
http://www.ncbi.nlm.nih.gov/pubmed/32044415
http://doi.org/10.1186/1479-5868-8-98
http://doi.org/10.1111/acps.13177
http://doi.org/10.25318/82-003-x202000600001-eng
http://doi.org/10.3390/ijerph17186469
http://doi.org/10.1016/j.jacc.2010.05.065
http://www.ncbi.nlm.nih.gov/pubmed/21232666
http://doi.org/10.1016/j.pmedr.2017.08.005
http://doi.org/10.1249/TJX.0000000000000039
http://doi.org/10.1136/archdischild-2012-302196
http://doi.org/10.1177/0022146517702421
http://doi.org/10.1002/oby.20360
http://doi.org/10.2105/AJPH.2020.305783

Int. J. Environ. Res. Public Health 2021, 18, 4613 11 of 11

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Neumark-Sztainer, D.; Wall, M.M.; Levine, A.; Barr-Anderson, D.J.; Eisenberg, M.E.; Larson, N. Yoga practice among ethni-
cally /racially diverse emerging adults: Associations with body image, mindful and disordered eating, and muscle-enhancing
behaviors. Int. ]. Eat. Disord. 2020. [CrossRef]

Larson, N.; Slaughter-Acey, J.; Alexander, T.; Berge, J.; Harnack, L.; Neumark-Sztainer, D. Emerging adults’ intersecting
experiences of food insecurity, unsafe neighbourhoods and discrimination during the coronavirus disease 2019 (COVID-19)
outbreak. Public Health Nutr. 2021, 24, 519-530. [CrossRef]

Puhl, RM.; Lessard, L.M.; Larson, N.; Eisenberg, M.E.; Neumark-Stzainer, D. Weight stigma as a predictor of distress and
maladaptive eating behaviors during COVID-19: Longitudinal findings from the EAT study. Ann. Behav. Med. 2020, 54, 738-746.
[CrossRef]

French, S.A.; Story, M.; Neumark-Sztainer, D.; Fulkerson, ].A.; Hannan, P. Fast food restaurant use among adolescents: Associa-
tions with nutrient intake, food choices and behavioral and psychosocial variables. Int. J. Obes. Relat. Metab. Disord. 2001, 25,
1823-1833. [CrossRef]

Utter, J.; Neumark-Sztainer, D.; Jeffery, R.; Story, M. Couch potatoes or french fries: Are sedentary behaviors associated with body
mass index, physical activity, and dietary behaviors among adolescents? J. Am. Diet. Assoc. 2003, 103, 1298-1305. [CrossRef]
Gortmaker, S.L.; Cheung, L.W,; Peterson, K.E.; Chomitz, G.; Cradle, ].H.; Dart, H.; Fox, M.K.; Bullock, R.B.; Sobol, A.M.; Colditz,
G.; et al. Impact of a school-based interdisciplinary intervention on diet and physical activity among urban primary school
children: Eat well and keep moving. Arch. Pediatr. Adolesc. Med. 1999, 153, 975-983. [CrossRef] [PubMed]

Schmitz, K.H.; Harnack, L.; Fulton, J.E.; Jacobs, D.R.; Gao, S.; Lytle, L.A.; Van Coevering, P. Reliability and validity of a brief
questionnaire to assess television viewing and computer use by middle school children. J. Sch. Health. 2004, 74, 370-377.
[CrossRef]

Neumark-Sztainer, D.; Story, M.; Hannan, P.J.; Croll, ]. Overweight status and eating patterns among adolescents: Where do
youths stand in comparison with the healthy people 2010 objectives? Am. |. Public Health 2002, 92, 844-851. [CrossRef]
Sherwood, N.E.; Wall, M.; Neumark-Sztainer, D.; Story, M. Effect of socioeconomic status on weight change patterns in adolescents.
Prev. Chronic. Dis. 2009, 6, A19.

Addison, R. A grounded hermeneutic editing approach. In Doing Qualitative Data Analysis; Crabtree, B., Miller, W., Eds.; Sage
Thousand Oaks: Thousand Oaks, CA, USA, 1999.

Oulasvirta, A.; Rattenbury, T.; Ma, L.; Raita, E. Habits make smartphone use more pervasive. Pers. Ubiquit. Comput. 2011, 105-114.
[CrossRef]

Biolcati, R.; Mancini, G.; Trombini, E. Proneness to boredom and risk behaviors during adolescents’ free time. Psychol. Rep. 2018,
121, 303-323. [CrossRef]

Folk, A.L.; Wagner, B.E.; Hahn, S.L.; Larson, N.; Barr-Anderson, D.].; Neumark-Sztainer, D. Changes to physical activity during a
global pandemic: A mixed-methods analysis among a diverse population-based sample of emerging adults in the U.S. Int. |.
Environ. Res. Public Health 2021, 18, 3674. [CrossRef]

Werneck, A.O.; Silva, D.R.; Malta, D.C.; Souza-Junior, P.R.; Azevedo, L.O.; Barros, M.B.; Szwarcwald, C.L. Physical inactivity and
elevated TV-viewing reported changes during the COVID-19 pandemic are associated with mental health: A survey with 43,995
Brazilian adults. J. Psychosom. Res. 2021, 140, 110292. [CrossRef]

Stamatakis, E.; Gale, J.; Bauman, A.; Ekelund, U.; Hamer, M.; Ding, D. Sitting Time, Physical Activity, and Risk of Mortality in
Adults. J. Am. Coll. Cardiol. 2019, 73, 2062-2072. [CrossRef]

Goel, A.; Gupta, L. Social media in the times of COVID-19. |. Clin. Rheumatol. 2020, 26, 220-223. [CrossRef] [PubMed]

Smith, L.; Jacob, L.; Trott, M.; Yakkundi, A.; Butler, L.; Barnett, Y.; Armstrong, N.C.; McDermott, D.; Schuch, F.; Meyer, ].; et al. The
association between screen time and mental health during COVID-19: A cross sectional study. Psychiatry Res. 2020, 292, 113333.
[CrossRef]

Saltzman, L.Y.; Hansel, T.C.; Bordnick, P.S. Loneliness, isolation, and social support factors in post-COVID-19 mental health.
Psychol. Trauma. 2020, 12 (Suppl. 1), S55-557. [CrossRef]

Wang, X.; Hegde, S.; Son, C.; Keller, B.; Smith, A.; Sasangohar, F. Investigating mental health of US college students during the
COVID-19 Pandemic: Cross-sectional survey study. J. Med. Int. Res. 2020, 22, €22817. [CrossRef]


http://doi.org/10.1002/eat.23421
http://doi.org/10.1017/S136898002000422X
http://doi.org/10.1093/abm/kaaa077
http://doi.org/10.1038/sj.ijo.0801820
http://doi.org/10.1016/S0002-8223(03)01079-4
http://doi.org/10.1001/archpedi.153.9.975
http://www.ncbi.nlm.nih.gov/pubmed/10482216
http://doi.org/10.1111/j.1746-1561.2004.tb06632.x
http://doi.org/10.2105/AJPH.92.5.844
http://doi.org/10.1007/s00779-011-0412-2
http://doi.org/10.1177/0033294117724447
http://doi.org/10.3390/ijerph18073674
http://doi.org/10.1016/j.jpsychores.2020.110292
http://doi.org/10.1016/j.jacc.2019.02.031
http://doi.org/10.1097/RHU.0000000000001508
http://www.ncbi.nlm.nih.gov/pubmed/32852927
http://doi.org/10.1016/j.psychres.2020.113333
http://doi.org/10.1037/tra0000703
http://doi.org/10.2196/22817

	Introduction 
	Materials and Methods 
	Study Design and Sample 
	Survey Measures 
	Statistical Analysis 

	Results 
	Quantitative Changes in Recreational Screen Time 
	Forms of Change in Recreational Screen Time 
	Overall Increase in Recreational Screen Time 
	Reasons for Changes in Use of Recreational Screen Time 


	Discussion 
	Conclusions 
	References

