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Abstract

Background—~Recent technologies have changed screen time. TV can be viewed anywhere,
anytime. Content can be collected via digital recorders and online streaming and viewed on
smartphones. Video games are no longer strictly sedentary.

Objective—We sought to assess the unknown relations between new modes of TV viewing—
recorded, online, downloaded, and on hand-held devices—and active video games with BMI.

Methods—Cross-sectional analysis of the 2011 wave of the Growing Up Today Study 2 cohort.
We used gender-specific generalized estimating equations to examine screen time and BMI among
3,071 females and 2,050 males aged 16-24 years.

Results—Among females, each hour/day of online TV (0.47; Cl: 0.12, 0.82) and total non-
broadcast TV (0.37; CI: 0.14, 0.61) was associated with higher BMI, as was watching =% h/week
of TV on hand-held devices (1.04; CI: 0.32-1.77). Active video games were associated with BMI
among females, but not after restricting to those not trying to lose/maintain weight. Broadcast TV
was associated with higher BMI (kg/m?2) among females and males (P<0.05).

Conclusions—Among females, online TV, TV viewed on hand-held devices, and the sum of
non-broadcast TV time were associated with higher BMI. Broadcast TV was also associated with
BMI in females and males.
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Introduction

Methods

In 2011, Americans spent more time watching TV than with any other leisure activity—a
pattern that has remained unchanged since 2003.1 What has changed is the way individuals
are accessing and consuming media. Among young adults, time spent viewing digital video
content increased 53% from 2013 to 2014.2 Among adolescents, despite declines in
broadcast TV viewing, total TV time increased from 2004-2009 due to higher viewing of
recorded and on demand TV, videos on digital versatile discs (DVDs) and online, and
downloaded or streaming content on hand-held devices.3

Observational studies and interventions provide strong evidence that watching TV increases
adiposity among adults* and youth,5® in part by promoting poor diets and excess energy
intake through advertising for unhealthy foods/beverages.”~9 In contrast, non-broadcast TV
exposes viewers to fewer traditional commercials. For example, TV shows on DVD are
typically commercial free except for commercials at the beginning; many digital video
recorders (DVRs) allow fast-forwarding through commercials; and websites like Hulu
(www.Hulu.com) stream TV shows with fewer commercial minutes than broadcast shows.10
In response to such technologies, food companies are spending increasing amounts of
money on product placements.1! Because of these differences in marketing and lack of
studies collecting data on exposure to new TV-viewing technologies, it is unclear how new
modes of TV viewing would be related to BMI.

Also, other technological advances, such as active video games, have the potential to reduce
unhealthy weight gain if they displace TV time or sedentary games. However, active games
may have the opposite impact if they displace vigorous physical activity.

To our knowledge, no large observational studies have examined relations of these new
forms of screen time with BMI among young people. We sought to assess associations of
time spent watching TV through different modes (broadcast, recorded, online, downloaded
and on hand-held devices) and active and sedentary video game time with body mass index
(BMI). We assessed these aims in participants of the Growing Up Today Study (GUTS) 2
aged 16-24 years.

Participants were members of GUTS2, an ongoing cohort of adolescents. To recruit
participants, investigators sent letters explaining the study to 20,700 mothers from the
Nurses’ Health Study 2 (NHS2) who had children aged 9-15 years. Invitation letters and
questionnaires were mailed to 8,826 females and 8,454 males whose mothers had granted
written consent. Of those invited, 6,002 females and 4,917 males returned completed
questionnaires, assenting to participate. Follow-up questionnaires were sent in 2006, 2008,
and 2011. A total of 3,899 females and 2,760 males returned questionnaires in 2011. The
primary analysis was limited to those with complete data on screen time and BMI from the
2011 questionnaire. Females reporting a pregnancy in the survey year or year prior were
excluded. Additional exclusions are described below. The study was approved by the Human
Subjects Committee at Brigham and Women’s Hospital, and the analyses presented in this
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article were approved by the institutional review boards at Brigham and Women’s Hospital
and Boston Children’s Hospital.

The primary outcome was BMI (kg/m?) calculated from self-reported height and weight,
which has been validated.1? Since 85% of the sample was =18 years of age, it was more
appropriate to use BMI (which serves as the basis for adult obesity cut-offs) than BMI z-
score as the outcome. We excluded those with BMI<12 kg/m?, the biological lower limit
based on clinical opinion, and those with outlying BMI identified using the generalized
extreme Studentized deviate many-outlier procedure.

Exposures were hours/day of different TV viewing modes and hours/day of sedentary and
active video games. Time spent watching TV through the following ways was assessed:
broadcast TV (watching TV shows/movies when they are broadcast), recorded TV (shows/
movies that have been recorded [e.g, by DVR]), online TV (shows/movies on websites like
Hulu), downloaded TV (shows/movies that have been downloaded or available on demand
or on DVD), and TV on hand-held devices (shows/movies on smartphones or tablets). We
also assessed time playing sedentary video games (computer/console/online) and time
playing active video games (e.g., W2 Fit, DDR, Rock Band). For each media, participants
could select from options ranging from 0-61+ hours/week, which were divided by 7 to
obtain hours/day. We also examined the sum of non-broadcast TV in relation to BMI. Non-
broadcast TV was calculated by summing hours/day across all modes of viewing except
broadcast. A similar instrument assessing traditional screen time was moderately correlated
with a 24-hour activity recall (r=0.54).13 We excluded observations with implausibly high
total TV time (>10 hours/day).

Hours/week of moderate-to-vigorous recreational physical activity (=3 metabolic
equivalents) was assessed by asking participants to recall the amount of time/week within
each season over the past year they engaged in 18 activities. A compendium was used to
classify activities as moderate-to-vigorous.14 Implausible estimates (i.e., >40 hours/week)
were reassigned to 40 hours/week; (n=10 females and 21 males).

Race/ethnicity was self-reported and categorized as non-Hispanic white (yes or no) or
missing due to small sample size in non-white groups. Quintile of parental census tract
median income was determined by the home address of the participant’s mother in 2009 and
was used as an indicator of SES. Surveys also assessed participant’s current living
arrangement: with parents, in an apartment or house with others (not family) or a partner, in
a dorm, in a sorority or fraternity, alone, or other. Frequency of dieting was assessed by
asking, ‘In the past year, how often did you go on a diet to lose weight or keep from gaining
weight?” Responses were categorized as never, a couple to several times, or often/always. In
secondary analyses, to address whether associations with active video games could be
explained by youth using active video games in order to control weight, we restricted the
sample to those not trying to lose or maintain weight, which was assessed by asking, ‘In the
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past year, did you try to lose weight or keep from gaining weight?’ Missing indicators were
used for missing race/ethnicity, living arrangement, and dieting data. We also examined
frequency of smoking as a covariate, but results from models including smoking suggested
that it did not confound the relationships examined. Therefore, frequency of smoking was
not retained in final models.

A total of 3,126 females and 2,060 males had complete data on screen time and BMI. We
excluded 33 females reporting a pregnancy in the survey year or year prior. Additionally, we
excluded 19 females and 8 males with outlying or implausible BMls and 3 females and 2
males reporting implausible TV time. After exclusions, the analytic sample for assessing
screen time and BMI included 3,071 females and 2,050 males

Statistical Analysis

Results

Gender-specific multivariate linear regression models were used to examine relations of
screen time with BMI. To account for correlations between siblings, we used generalized
estimating equations specifying a compound symmetry covariance structure. Regression
models assessing associations between different modes of TV viewing and BMI adjusted for
age, age?, race/ethnicity, hours/week of moderate-to-vigorous physical activity, hours/day of
sedentary video games, hours/day of active video games, frequency of dieting, quintile of
parental census tract median income, and living arrangement. All models, except those
examining total and non-broadcast TV, simultaneously included continuous terms for
broadcast, recorded, online, and downloaded TV (hours/day) and a dichotomous term for
TV on hand-held devices. Because so few participants reported viewing on phones or
tablets, we modeled TV viewing on hand-held devices as a dichotomous predictor (=Y vs.
<% hour/week).

Models examining associations of video games with BMI adjusted for age, age?, race/
ethnicity, physical activity, dieting, quintile of parental census tract median income, living
arrangement, and total hours/day of TV. These models included terms for both sedentary and
active games. Since those trying to lose weight may take up active video gaming as a means
to lose weight, biasing estimates upward, we also examined associations among only those
not trying to lose/maintain weight and compared estimates to the main analysis. In these
models, we did not adjust for frequency of dieting, as there were no dieters in this subgroup.
All analyses were conducted with SAS (version 9.2; SAS Institute, Cary, NC, USA).

Table 1 summarizes subject characteristics in 2011. Participants were aged 16.1-24.7 years
and 92.8% non-Hispanic white, reflecting the racial/ethnic distribution of their mothers in
NHS2. Males reported more time physically active, playing sedentary video games, and
watching TV on hand-held devices than did females. A larger proportion of females than
males reported trying to lose or maintain weight (73.4% vs. 36.7%). Females were also more
likely than males to report dieting over the past year. In this population, participants watched
more non-broadcast (67%) than broadcast TV (33%), and more time was spent watching
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online TV (25% of total TV time) than any other forms of non-broadcast TV (Supplemental
Figure 1).

Among females but not males, there was a very weak inverse correlation between total TV
time and physical activity (Spearman r=—0.07). Among females and males, time spent with
sedentary video games was very weakly and inversely associated with time spent physically
active (Spearman r=—0.10). Among males only, active video games was very weakly
associated with physical activity (Spearman r=0.05).

Among females, greater time spent watching broadcast, online, and total non-broadcast TV
was associated with higher BMI (Table 2, Supplemental Figure 2): each hour/day of
broadcast TV was associated with a 0.26 kg/m? (95% confidence interval [CI]: 0.00, 0.51)
higher BMI; each hour/day of online TV was associated with a 0.47 (Cl: 0.12, 0.82) higher
BMI; and each hour/day of the sum of non-broadcast TV was associated with a 0.37 (Cl:
0.14, 0.61) higher BMI. Among males, only broadcast TV was significantly associated with
higher BMI (0.52; CI: 0.17, 0.87). The magnitude of the coefficient for online TV (0.45; ClI:
-0.09, 0.99) among males was not significant but was similar to that in females. Recorded
and downloaded TV was not associated with BMI in either gender. Among females only,
watching >¥%2 hour/week of TV on hand-held devices was associated with higher BMI (1.04;
95% CI: 0.32, 1.77).

Relationships of sedentary and active video games with BMI are presented in Table 3.
Among females, active but not sedentary video game time was positively associated with
BMI. However, when analyses were restricted to those not trying to lose/maintain weight,
active video game playing was no longer associated with BMI (0.80, 95% CI: —-2.52, 4.13).

Discussion

More time spent watching TV—particularly broadcast TV—was significantly associated
with higher BMI among 5,121 adolescents and young adults from across the US. A novel
finding of this study is that online TV time, TV viewed on hand-held devices, and the sum of
non-broadcast TV time were also significantly associated with higher BMI among females
only. For males, while associations between these forms of TV time and BMI were positive,
they were not significant. Among females, active video game playing was associated with
higher BMI, but this significant association disappeared in analyses restricted to females not
trying to lose/maintain weight.

Traditionally, screen time research has focused on broadcast TV, in large part because the
introduction of alternative modes of viewing occurred only recently in time. Broadcast TV
has also been targeted because it exposes viewers to more traditional commercials than, say,
watching videos on DVD, and the largest proportion of food marketing expenditures for
unhealthy foods is still dedicated to TV commercials.1®> We found that in addition to time
with broadcast TV, time with non-broadcast TV, particularly online TV and TV viewed on
hand-held devices, was also associated with higher BMI among females. Because these
relationships were observed after adjustment for physical activity, they may be the
consequence of excess energy intake, consistent with experimental evidence on the influence
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of food marketing on diet.”:8 Dietary intake may have been influenced by exposure to food/
beverage product placements within shows and movies. For instance, food and beverage
companies have poured millions of dollars into product placements on “American Idol,”
“The Big Bang Theory,” and other popular TV shows that can be downloaded, digitally
recorded, or viewed online or on DVD.1® This ensures that no matter when or how a show is
watched, viewers are exposed to brand advertising.

In addition to product placements, commercials may also explain observed associations
between online TV viewing and BMI. Websites that stream TV content contain
commercials, including interactive ads with links to company websites.10 The interactive
nature of these commercials may increase their influence on behavior. Another potential
mechanism explaining observed associations is that TV provides a distraction that can result
in higher intake in current!’ and subsequent!8 eating occasions and may affect memory of
consumption® and appetite.1® However, stronger associations with BMI for modes of
viewing (broadcast and online) likely containing the most marketing suggest a potential
additional impact of advertising in this study.

Our finding that among females, the association between active video games and BMI
disappeared in analyses restricted to those not trying to lose/maintain weight, suggests the
possibility that, as opposed to active video games inducing weight gain, those trying to lose/
maintain weight may have taken up active gaming to control their weight. This direction of
association is plausible, given evidence from two trials2%21 that active video games can
contribute to healthier BMI or body fat trajectories among youth. However, another trial
detected no benefits on BMI of active video games,22 and in a recent exergaming trial for
adolescent girls, only adherers significantly decreased adiposity.23 This trial was novel
because girls could self-select their intensity level of exergaming, but it was limited by a
small sample size (n=41).23 Thus, based on available evidence, the effectiveness of active
gaming for weight control remains uncertain. Additionally, neither of two interventions24:25
detected effects of active gaming on total physical activity. So, while active video games can
result in moderate energy expenditure in youth28 and adults?” this activity may be partially
compensated for by reduced activity at other times. There is also conflicting evidence on
whether obese youth may have less of an energy expenditure benefit from active gaming
than their leaner peers.28:29 Another area of uncertainty is the impact of exergaming on
weight in adults, since research in this area has focused on children and adolescents. More
longitudinal and experimental studies are needed to investigate relations of active video
games with adiposity, sedentary time, total physical activity, and energy intake, and how
these may differ by population characteristics like age and weight status.

Our study was limited by the cross-sectional design, obscuring the direction of association.
However, cross-sectional relationships between new forms of screen-based media and
adiposity in this study were in the same direction as associations between traditional forms
of screen time (e.g., TV, total screen time, and video games) and adiposity observed
prospectively in other studies.>8 The generalizability of our results may be limited because
GUTS2 includes few children of color and low socioeconomic status. Screen time and BMI
reported in this population is lower than national averages; however, it is unlikely that the
biological relationships between screen time and BMI would differ in direction by
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socioeconomic status, but magnitude may vary by food and physical activity environments,
food access, and financial resources. Another limitation is that data were self-reported and
likely to result in random error in screen time, attenuating associations. We also anticipate
that self-reported weight was underestimated, particularly among obese individuals.30
Nevertheless, self-reported weight has been highly correlated with measured weight.12 There
may also have been unmeasured confounding (e.g., by health consciousness or other traits
that affect BMI) that are related to screen time and/or screen modality of choice.
Additionally, we did not have measures of media content or type of active games played;
thus we do not know the advertisements or product placements to which the participants
were exposed or energy expenditure for games played. Lastly, other increasingly popular
screen-based diversions, like social media usage, were not measured in the study. This study
also has several strengths, including a large sample size of adolescents and young adults
living across the US and novel data on time spent using a range of methods for watching TV
and playing video games.

To our knowledge, this is the first large cohort study to assess relations of new ways of
watching TV and active video games with BMI. While future studies are necessary to
examine these associations longitudinally, our results suggest the possibility that exposure to
non-broadcast TV content, such as TV shows accessed through online streaming, may be
linked to adiposity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors would like to thank the thousands of young people across the country participating in GUTS2 as well
as their mothers.

JF designed, conceptualized, and carried out the analysis, interpreted the data, drafted the manuscript, and revised
the manuscript. WCW and BR contributed to the analysis and interpretation. AEF contributed to the concept,
design, analysis, and interpretation and supervised the analysis. All authors were involved in the editing and
revising of the article and approve of the submitted and published versions.

This study was funded by grants from the Breast Cancer Research Foundation and DK084001 from the National
Institutes of Health (Bethesda, MD) for initiation of the cohort and collection/management of the data during
follow-up. J Falbe’s work was supported by the National Institutes of Health Training Grant in Academic Nutrition
(DKO007703) and the American Heart Association Postdoctoral Fellowship (14POST20140055).

Abbreviations

TV television

DvD digital versatile disc
DVR digital video recorder
BMI body mass index

GUTS Growing Up Today Study

Pediatr Obes. Author manuscript; available in PMC 2018 October 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Falbe et al.

References
1

Page 8

. Bureau of Labor Statistics, U.S. Department of Labor. American Time Use Survey; Charts by Topic:

Leisure and sports activities. 2012. [WWW document] http://www.bls.gov/tus/charts/leisure.htm

. Nielsen. Shifts in viewing: The Cross-platform report Q2 2014. 2014. [WWW document]. URL

http://www.nielsen.com/us/en/insights/reports/2014/shifts-in-viewing-the-cross-platform-report-
g2-2014.html

. Rideout, VJ., Foehr, UG., Roberts, DF. Generation M2: Media in the Lives of 8- to 18-Year-Olds.

Menlo Park, CA: Kaiser Family Foundation; 2010.

. Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary behaviors and subsequent health

outcomes in adults a systematic review of longitudinal studies, 1996-2011. Am J Prev Med. 2011,
41:207-215. [PubMed: 21767729]

. Tremblay MS, Leblanc AG, Kho ME, et al. Systematic review of sedentary behaviour and health

indicators in school-aged children and youth. Int J Behav Nutr Phys Act. 2011; 8:98. [PubMed:
21936895]

. Falbe J, Rosner B, Willett WC, Sonneville KR, Hu FB, Field AE. Adiposity and different types of

screen time. Pediatrics. 2013; 132:1497-1505. [PubMed: 24276840]

. Harris JL, Bargh JA, Brownell KD. Priming effects of television food advertising on eating behavior.

Health Psychol. 2009; 28:404-413. [PubMed: 19594263]

. Halford JC, Boyland EJ, Hughes G, Oliveira LP, Dovey TM. Beyond-brand effect of television (TV)

food advertisements/commercials on caloric intake and food choice of 5-7-year-old children.
Appetite. 2007; 49:263-267. [PubMed: 17258351]

. Falbe J, Willett WC, Rosner B, Gortmaker SL, Sonneville KR, Field AE. Longitudinal relations of

television, electronic games, and digital versatile discs with changes in diet in adolescents. Am J
Clin Nutr. 2014; 100:1173-1181. [PubMed: 25240080]

10. Stelter B. Web Site’s Formula for Success: TV Content With Fewer Ads. New York Times. Oct

11.

12.

13

29.2008 2008:1. http://www.nytimes.com/2008/10/29/business/media/29adco.html.

PQ Media. Global Product Placement Spending Up 10% to $7.4 Billion in 2011, Pacing for 11%

Growth in 2012, as Wireless Technology, Changing Consumer Habits & Looser Regulations

Compel Brands to Invest in Alternative Marketing Solutions. Dec 4. 2012 [WWW document].

URL http://www.pgmedia.com/about-press-201212.html

McAdams MA, Van Dam RM, Hu FB. Comparison of self-reported and measured BMI as

correlates of disease markers in US adults. Obesity. 2007; 15:188-196. [PubMed: 17228047]

. Gortmaker SL, Peterson K, Wiecha J, et al. Reducing obesity via a school-based interdisciplinary
intervention among youth: Planet Health. Arch Pediatr Adolesc Med. 1999; 153:409-418.
[PubMed: 10201726]

14. Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of physical activities: An update of

15.

16.

17.

18.

19.

20.

activity codes and MET intensities. Med Sci Sports Exerc. 2000; 32:5498-504. [PubMed:
10993420]

Federal Trade Commission. A Review of Food Marketing to Children and Adolescents: Follow-up
Report. Washington DC: Federal Trade Comission; 2012.

Speers SE, Harris JL, Schwartz MB. Child and adolescent exposure to food and beverage brand
appearances during prime-time television programming. Am J Prev Med. 2011; 41:291-296.
[PubMed: 21855743]

Bellissimo N, Pencharz PB, Thomas SG, Anderson GH. Effect of television viewing at mealtime
on food intake after a glucose preload in boys. Pediatr Res. 2007; 61:745-749. [PubMed:
17426650]

Higgs S, Woodward M. Television watching during lunch increases afternoon snack intake of
young women. Appetite. 2009; 52:39-43. [PubMed: 18692103]

Blass EM, Anderson DR, Kirkorian HL, Pempek TA, Price I, Koleini MF. On the road to obesity:
Television viewing increases intake of high-density foods. Physiol Behav. 2006; 88:597-604.
[PubMed: 16822530]

Maddison R, Foley L, Ni Mhurchu C, et al. Effects of active video games on body composition: A
randomized controlled trial. Am J Clin Nutr. Jul; 2011 94(1):156-163. [PubMed: 21562081]

Pediatr Obes. Author manuscript; available in PMC 2018 October 01.


http://www.bls.gov/tus/charts/leisure.htm
http://www.nielsen.com/us/en/insights/reports/2014/shifts-in-viewing-the-cross-platform-report-q2-2014.html
http://www.nielsen.com/us/en/insights/reports/2014/shifts-in-viewing-the-cross-platform-report-q2-2014.html
http://www.nytimes.com/2008/10/29/business/media/29adco.html
http://www.pqmedia.com/about-press-201212.html

1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Falbe et al.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Page 9

Trost SG, Sundal D, Foster GD, Lent MR, Vojta D. Effects of a pediatric weight management
program with and without active video games a randomized trial. JAMA Pediatr. 2014; 168:407-
413. [PubMed: 24589566]

Simons M, Brug J, Chinapaw MJ, de Boer M, Seidell J, de Vet E. Replacing Non-Active Video
Gaming by Active Video Gaming to Prevent Excessive Weight Gain in Adolescents. PLoS One.
2015; 10:0126023. [PubMed: 26153884]

Staiano AE, Marker AM, Beyl RA, Hsia DS, Katzmarzyk PT, Newton RL. A randomized
controlled trial of dance exergaming for exercise training in overweight and obese adolescent girls.
Pediatr Obes. 2016

Baranowski T, Abdelsamad D, Baranowski J, et al. Impact of an active video game on healthy
children’s physical activity. Pediatrics. 2012; 129:6636—642. [PubMed: 22371457]

Gribbon A, McNeil J, Jay O, Tremblay MS, Chaput JP. Active video games and energy balance in
male adolescents: a randomized crossover trial. Am J Clin Nutr. 2015; 101:1126-1134. [PubMed:
25762809]

Barnett A, Cerin E, Baranowski T. Active video games for youth: a systematic review. J Phys Act
Health. 2011; 8:724-737. [PubMed: 21734319]

Howe CA, Barr MW, Winner BC, Kimble JR, White JB. The physical activity energy cost of the
latest active video games in young adults. J Phys Act Health. 2015; 12:171-177. [PubMed:
24905451]

O’Donovan C, Roche EF, Hussey J. The energy cost of playing active video games in children with
obesity and children of a healthy weight. Pediatr Obes. 2014; 9:310-317. [PubMed: 23630041]
Chaput JP, Genin PM, Le Moel B, et al. Lean adolescents achieve higher intensities but not higher
energy expenditure while playing active video games compared with obese ones. Pediatr Obes.
2016; 11:102-106. [PubMed: 25855028]

Field AE, Aneja P, Rosner B. The validity of self-reported weight change among adolescents and
young adults. Obesity. 2007; 15:2357-2364. [PubMed: 17890505]

Pediatr Obes. Author manuscript; available in PMC 2018 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Falbe et al.

Page 10
What is already known on this subject
. Among young people, associations between both broadcast TV viewing and
sedentary video game playing with BMI have been detected across multiple
studies.
. However, associations with BMI of new modes of TV viewing and of active
video games are unknown.
What this study adds
. Among females, TV viewed online and on hand-held devices and total non-
broadcast TV time were associated with higher BMI.
. We did not find a meaningful association between active video gaming and

BMI.
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BMI (kg/m2) per hour per day of TV
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Figure 2.
Error bars represent 95% confidence intervals. Estimated from multivariate linear regression

models using generalized estimating equations for estimation, adjusted for age, age2, non-
Hispanic white race/ethnicity, recreational moderate-vigorous physical activity (h/week),
watching =1/2 h/week of TV on a hand-held device, sedentary video game time (h/d), active
video game time (h/d), frequency of dieting, quintile of parental census tract median income,
and living arrangement. Models examining broadcast, recorded, online, and downloaded TV
simultaneously included all modes of TV viewing. Models assessing the sum of non-
broadcast TV adjusted for broadcast TV.
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Table 1

Characteristics of Growing Up Today Study 2 participants in 2011

Females (n=3,071) Males (n=2,050)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Mean+SD or % 50t (10, 90t Mean+SD or % 50th (10, 90th)
percentile percentile
Characteristics
Age, years 20.3+1.8 20.4 (17.7,22.7) 20.1£1.9 20.1 (17.5, 22.6)
Non-Hispanic white? 93.2 92.2
BMI, kg/m2 23.2+4.2 22.5(18.8, 28.5) 24.5+5.0 24.1(18.6, 30.8)
ObeseC 6.6 116
Overweight or obese® 24.9 40.5
Physical activity,? hiwk 7.846.6 6.1(1.1,16.3) 10.1#8.1 8.3(1.3,21.1)
Trying to lose/maintain weight? 734 36.7
Dieting in the past yeard
Often or always 12.3 51
Couple to several times 39.7 19.4
Never 48.0 75.6
Smokes at least weekly 4.3 6.5
Parental census tract median income,® 71£26 67 (43, 103) 7327 67 (44, 105)
$1,000
Living arrangement
Parents 38.7 48.4
In apartment or house with others (not 30.9 24.9
family) or partner
Dorm 25.1 21.6
Sorority or fraternity 1.9 2.4
Alone 2.9 1.9
Other 0.5 0.8
Types of TV viewing
TV broadcast, h/day 0.39+0.67 0.11 (0.04, 1.14) 0.44+0.70 0.11 (0.04, 1.14)
TV recorded, h/day 0.20+0.44 0.04 (0.04, 0.50) 0.20+0.41 0.04 (0.04, 0.50)
TV online, h/day 0.27+0.47 0.11 (0.04, 0.50) 0.26+0.49 0.11 (0.04, 0.50)
TV download, h/day 0.17+0.30 0.04 (0.04, 0.50) 0.21+0.40 0.04 (0.04, 0.50)
TV hand-held (=% h/week) 5.8 13.2
Sum of types of TV, h/day 1.08+0.98 0.71 (0.25, 2.21) 1.18+1.1 0.79 (0.25, 2.39)
Video games
Sedentary games, h/day 0.11+0.37 0.04 (0.04, 0.11) 0.66+1.18 0.11 (0.04, 2.21)
Active games, h/day 0.06+0.11 0.04 (0.04, 0.11) 0.10+0.27 0.04 (0.04, 0.11)

a . . A - . .
Calculation of percentage does not include individuals with missing values in the denominator.

cBased on age- and sex-specific cutoffs defined by the International Obesity Task Force for youth <18 years of age and World Health Organization
standards for adults (=25 kg/m2 for overweight and =30 kg/m2 for obese).
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Moderate-to-vigorous recreational physical activity (=3 Metabolic equivalents).

eDetermined from mother’s home address in 2009.
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Table 2

Associations? between different modes of TV viewing and BMI

BMI (kg/m?)
Females (n=3,071) Males (n=2,050)

po (95% CI) po (95% CI)

Broadcast TV, h/d 026% (000,051) ggp** (0.17,087)
Recorded TV, h/d 028  (-0.06,062) -0.08 (-0.61,0.46)
Online TV, hid 047** (012,082 045  (-0.09,0.99)
Downloaded TV, h/d 0.08  (-045062) 0.08 (-0.49,0.65)

Sum of non-broadcast TV, h/d¢  0.37 **(0.14,0.61) 0.23 (~0.08, 0.53)

*

P<0.05,
Ak

P<0.01.

aFrom multivariate linear regression models using generalized estimating equations for estimation, adjusted for age, agez. non-Hispanic white race/
ethnicity, recreational moderate-vigorous physical activity (h/week), watching =1/2 h/week of TV on a hand-held device, sedentary video game
time (h/d), active video game time (h/d), frequency of dieting, quintile of parental census tract median income, and living arrangement. Models
examining broadcast, recorded, online, and downloaded TV simultaneously included all modes of TV viewing. Models assessing the sum of non-
broadcast TV adjusted for broadcast TV.
bUnits of BMI (kg/mz) per hour/day of TV.

CSum of recorded, online, and downloaded TV and TV viewed on hand-held devices.
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