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Abstract

Purpose—To describe daily levels of sitting, moderate- to vigorous-intensity physical activity
(MVPA), television viewing, and computer use in a representative sample of US adolescents and
to make comparisons between sex, race/ethnicity, weight status, and age groups.

Methods—Results are based on 3556 adolescents aged 12-19 years from the 2007-2012 National
Health and Nutrition Examination Survey. Participants self-reported demographic variables and
their sitting, MVPA, and television viewing (2011-2012 only) and computer use (2011-2012 only)
levels. Height and weight were measured to calculate body mass index. Descriptive data were
calculated and ANOVA, chi-square, and logistic regression analyses were conducted to examine
demographic differences.

Results—On average, 7.5 hours/day were spent sitting, with females sitting more than males
across the majority of demographic groups. Furthermore, obese males sat more than non-
overweight males. For MVPA, the overall sample participated in a median 34 minutes/day, with
females participating in less MVPA than males across all demographic groups. Additionally, non-
overweight males participated in more MVPA than obese males, and non-Hispanic white females
participated in more MVPA than females in all other race/ethnicity groups. For television viewing
and computer use, 38% and 22% of the sample engaged in more than 2 hours/day, respectively,
and several race/ethnicity differences were observed.

Conclusions—This study provides the first US population estimates on the levels of sitting and
updates population estimates of MVPA, television viewing and computer use in US adolescents.
Continued efforts are needed to promote healthy active lifestyles in American adolescents.
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IMPLICATIONS AND CONTRIBUTIONS

Adolescents spend the majority of their waking hours sitting and participate in minimal MVPA. Television viewing and computer use
continue to be dominant types of sedentary behavior. This study presents the first population estimates of sitting and updates estimates
on MVPA, television viewing and computer use among US adolescents.
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INTRODUCTION

It is well established that regular moderate-to vigorous-intensity physical activity (MVPA)
in adolescence is associated with numerous physiological and psychosocial health benefits
that are important for chronic disease prevention.12 Independent of the beneficial effects of
MVPA, a growing body of research indicates that minimizing sedentary behavior or sitting,
in particular screen-based sedentary behavior (e.g., television viewing, computer use),
during adolescence is also associated with several health benefits.3->

Recent population estimates for the proportion of American adolescents meeting national
physical activity recommendations® indicates 25% are participating in 60 minutes of MVPA
per day.” However, the most recent population estimates for daily levels of MVPA and
sedentary time in US adolescents are several years old. Accelerometry data from the
2003-2006 National Health and Nutrition of Examination Survey (NHANES) indicate that
12 to 19 year olds participated in 19 minutes/day of MVPA.2 For sedentary time, an average
of 463 and 499 minutes/day were reported for 12 to 15 and 16 to 19 year olds, respectively.®

Belcher and colleagues also examined race/ethnicity and age differences in MVVPA and
sedentary time for 12 to 19 year olds in the 2003-2006 NHANES.8 For MVPA, on average
the 16 to 19 year old group was less active than the 12 to 15 year old group and among 12 to
15 year olds, the non-Hispanic white group was less active than the non-Hispanic black and
Mexican American groups. For sedentary time among 12 to 15 year olds, the non-Hispanic
white group was less sedentary than the non-Hispanic black and Mexican-American groups,
and the non-Hispanic black group was less sedentary than the Mexican-American group.8 In
the 2003-2004 NHANES, female adolescents (12 to 19 years old) were reported to be more
sedentary than male adolescents.®

Population estimates of minutes/day of screen time have been reported more recently
compared to MVPA and sedentary time. Data from the 2009-2010 Health Behavior in
School-aged Children study indicates average hours/day of television viewing, video games,
and computer use were 2.4, 1.3, and 1.5, respectively, for 11 to 16 year olds.10 However,
population estimates of minutes/day sitting in US adolescents have not been reported.

The purpose of this study was to describe daily levels of sitting, MVPA, television viewing,
and computer use in a representative sample of US adolescents from the 2007-2012
NHANES and to make comparisons between sex, race/ethnicity, weight status, and age
groups.

METHODS

Participants

The study is based on the 2007-2008, 2009-2010, and 2011-2012 cycles of NHANES, which
uses a complex multi-stage probability sampling procedure to select a representative sample
of the US population from all age groups. NHANES consisted of a home interview and a
physical examination and interview conducted in a mobile examination center (MEC). A
total of 3,850 adolescents aged 12 to 19 years were eligible for this study (1238 from the
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2007-2008 cycle, 1339 from the 2009-2010 cycle, and 1273 from the 2011-2012 cycle).
Ethics approval was obtained from the National Center for Health Statistics Research Ethics
Review Board. Written informed consent was obtained from all participants and their
parents/guardians if <18 years old.

Sitting was assessed by asking participants at the home (aged 16-19 years) or the MEC
(aged 12-15 years) interview for the 2007-2008 cycle, “How much time do you usually
spend sitting or reclining on a typical day” and in the 2009-2012 cycles, “How much time do
you usually spend sitting on a typical day”. In the 2007-2008 cycle, participants were asked
to consider time spent sitting or reclining at work, at home, or at school, including at a desk,
with friends, traveling in a car, bus or train, reading, playing cards, watching television, or
using a computer, but not sleeping. In the 2009-2012 cycles, participants were asked to
consider sitting at work, at home, getting to and from places, or with friends, including time
spent sitting at a desk, traveling in a car or bus, reading, playing cards, watching television,
or using a computer, but not sleeping.

Moderate- to Vigorous-Intensity Physical Activity (MVPA)

MVPA was assessed by asking participants four questions at the home (aged 16-19 years) or
the MEC (aged 12-15 years) interview. For vigorous-intensity activity, participants were
asked, “In a typical week, on how many days do you do vigorous-intensity sports, fitness or
recreation activities?” and “How much time do you spend doing vigorous-intensity sports,
fitness or recreational activities on a typical day?”. The responses for both questions were
multiplied to calculate minutes/week of vigorous-intensity activities. For moderate-intensity
activity participants were asked, “In a typical week, on how many days do you do moderate-
intensity sports, fitness or recreational activities?” and “How much time do you spend doing
moderate-intensity sports, fitness or recreational activities on a typical day?” The responses
for both questions were multiplied to calculate minutes/week of moderate-intensity
activities. MVPA was calculated by adding minutes/week of moderate-intensity and
vigorous-intensity activities and then dividing by seven to calculate minutes/day of MVPA.

Screen Time (Television and Computer)

Television viewing and computer use were assessed by asking participants at home (aged
16-19 years) or the MEC (aged 12-15 years) interview, “Over the past 30 days, on average
how many hours per day did you sit and watch TV or videos?” and “Over the past 30 days,
on average how many hours per day did you use a computer or play computer games outside
of work or school?” Participants were asked to include PlayStation, Nintendo DS, or other
portable video games. For both television and computer questions there were 7 response
options ranging from “do not watch TV or videos” or “do not use a computer outside of
work or school” to “5 hours or more” Participants were categorized into three groups (<1
hour/day, >1 to <2 hours/day, >3hours/day) based on frequency distributions. . These
questions were only asked of participants =12 years of age in the 2011-2012 cycle.
Therefore, these data were not available for participants in the 2007-2010 cycles for the
present study.
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Body Mass Index (BMI)

The height and weight of participants were measured at the MEC. Participants were
classified according to their age- and sex-specific body mass index (BMI) percentile using
Centers for Disease Control and Prevention growth charts.1! Specifically, weight status for
participants were classified as “obese” if the BMI was =95th percentile, “overweight” if the
BMI was >85th and <95th percentile, and “non-overweight” if the BMI was <85t
percentile.

Demographics

Participants reported their age, sex, and race/ethnicity (non-Hispanic white, non-Hispanic
black, Mexican-American, and other) at the home interview. The other category included
other Hispanic (not Mexican-American) and other race/ethnicities.

Statistical Analysis

Analyses were completed using SAS version 9.3 (SAS Institute Inc., Cary, NC) and
accounted for the complex design and sample weights of NHANES. The 2-year MEC
sample weights were adjusted for the combined data sets prior to analyses following the
National Centre for Health Statistics recommendations.12 MVPA was highly positively
skewed and required log-transformation to meet the assumption of normality in the ANOVA
models. Descriptive data for sitting, MVVPA, television, and computer were calculated for
the total sample and for sex, race/ethnicity, and weight-status stratified models. Descriptive
data for sitting and MVPA were also calculated by age groups (12-13, 14-15, 16-17, 18-19
years). Descriptive results are expressed as mean (standard error) minutes/day for sitting,
median (inter-quartile range) minutes/day for MVVPA, and proportions for television and
computer groups. ANOVAs were used to examine differences in minutes/day of sitting and
log MVPA between sex, race/ethnicity, weight status, and age groups. If a significant race/
ethnicity, weight status, or age effect was observed in the ANOVA model, group contrasts
were conducted. Chi-square analysis was used to examine differences in proportion of
television viewing and computer use between sex, race/ethnicity, and weight status groups.
If a significant chi-square was observed for race/ethnicity or weight status, a multinomial
logistic regression was conducted with <1 hour/day of television or computer, non-Hispanic
white, and non-overweight as the reference groups. Statistical significance was set at P<0.05
for main effects and at a stricter P<0.01 for contrasts to minimize type 1 error, given the
number of tests.

RESULTS

Of the 3850 eligible participants in the 2007-2012 cycles, 3556 had complete data for
sitting, MVPA, BMI, and demographic variables. However, 3 participants were excluded as
outliers because they reported greater than 1420 minutes/day of MVPA, leaving a total
sample of 3553. Of the 1273 eligible participants in the 2011-2012 cycle, 1178 participants
had complete data for television viewing, computer use, BMI, and demographic variables.
For the 2007-2012 cycles, weighted to the population, median age was 15.5 years,
approximately half of the sample was male, 58% were non-Hispanic White, 15% were non-
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Hispanic Black, and 13% were Mexican-American. For weight status, 15% of the sample
was classified as overweight and 20% were classified as obese.

Average daily minutes spent sitting in the total sample and sex, race/ethnicity, and weight
status stratified groups are presented in Table 1. In the total sample, adolescents spent an
average of 7.5 hours/day sitting, with females spending on average 39 more minutes/day
sitting compared to males. In the stratified analyses, on average females also spent
significantly more minutes/day sitting compared to males in the non-overweight status group
(49 more minutes/day) and in each race/ethnicity group (36 to 46 more minutes/day), but no
sex differences were observed in the race/ethnicity group classified as other. There were no
significant differences in minutes/day spent sitting between race/ethnicity groups. However,
for males there was a significant difference between weight status groups. Specifically, on
average the obese group spent 43 more minutes/day sitting compared to the non-overweight
group. For males and females, the 18 to 19 year old age group spent fewer minutes/day
sitting than any other group (Figure 1). For males, the 16 to 17 year old age group also spent
fewer minutes/day sitting than the 12 to 13 and 14 to 15 year old age groups.

Median minutes/day in MVPA for the total sample and sex, race/ethnicity, and weight status
stratified groups are presented in Table 2. In the total sample, adolescents spent a median 34
minutes/day in MVVPA, with males spending 22 more median minutes/day in MVPA
compared to females. In the stratified analyses, on average males spent significantly more
minutes/day in MVVPA compared to females across all race/ethnicity (18 to 35 more median
minutes/day) and weight status (21 to 30 more median minutes/day) groups. In the total
sample and female sample, on average the Non-Hispanic White group spent significantly
more minutes/day in MVVPA compared to all other race/ethnicity groups (10 to 14 more
median minutes/day for the total sample and 10 more median minutes/day for the female
sample). Additionally, in the total sample and male sample, on average the obese group
spent significantly fewer minutes/day in MVVPA compared to the non-overweight group (12
fewer median minutes/day for the total sample and 13 fewer median minutes/day for the
male sample). For females, the 18 to 19 year old age group spent fewer minutes/day in
MVPA compared to all other age groups (Figure 2). For males, the 18 to 19 year old age
group spent fewer minutes/day in MVPA compared to the 16 to 17 year old age group.

Proportion of television viewing and computer use for the total sample and sex, race/
ethnicity, and weight status stratified groups are presented in Table 3. In the total sample,
36%, 26%, and 38% were in the <1 hour/day, >1 to <2 hours/day, and =3 hours/day
television groups, respectively. For computer use, 61%, 17%, and 22% were in the <1 hour/
day, >1 to <2 hours/day, and =3 hours/day, respectively. No significant differences in
frequencies were observed between sex or weight-status groups for television or computer.
However, differences in frequencies between race/ethnicity groups were observed for
television and computer. For television, with <1 hour/day as the reference, the non-Hispanic
black group was more likely to be in the =3 hours/day television group compared to the non-
Hispanic white group. For computer, with <1 hour/day as the reference, the non-Hispanic
black group was more likely and the Mexican-American group was less likely to be in the
>1 to <2 hours/day and =3 hours/day groups compared to the non-Hispanic white group. The
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race/ethnicity group classified as other was also more likely to be in the =3 hours/day group
compared to the non-Hispanic white group.

DISCUSSION

This study described the daily levels of self-reported sitting, MVPA, television viewing and
computer use in a recent representative sample of US adolescents. Adolescents spent on
average 7.5 hours/day sitting, with females sitting more than males across the majority of
race/ethnicity, weight status, and age groups. Furthermore, obese males sat more than non-
overweight males. For MVPA, the overall sample participated in a median 34 minutes/day,
with females participating in less MVVPA than males across all race/ethnicity, weight status,
and age groups. Additionally, non-overweight males participated in more MVVPA than obese
males, and non-Hispanic white females participated in more MVPA than females in all other
race/ethnicity groups. For television viewing and computer use, 38% and 22% of the sample
engaged in more than 2 hours/day, respectively, and several race/ethnicity differences were
observed.

To our knowledge, this is the first population estimate of minutes/day of sitting among US
adolescents. A recent study based on the 2009-2010 NHANES reported that US adults spend
an average of 4.7 hours/day sitting®3 or approximately 3 hours/day less than what was
observed for adolescents. Self-reported sitting time declined with age in the current study,
with 18 to 19 year old males and females spending 5.6 and 6.2 hours/day, respectively. The
higher average levels of sitting observed for 12 to 17 years olds may be explained by
practices and policies within the school setting that promote sitting. Furthermore, future
research is needed to determine whether a social bias towards sitting develops as children
get older.

While a population estimate of minutes/day sitting has not been previously reported for
adolescents, sedentary time based on accelerometer data has been. Belcher and colleagues
reported that adolescents aged 12 to 15 and 16 to 19 year olds in the 2003-2006 NHANES
spent 7.7 and 8.3 hours/day sedentary, respectively. Similarly, based on the 2003-2004
NHANES, Matthews and colleagues reported that adolescents aged 12 to 15 and 16 to 19
years spent 7.5 and 8 hours/day sedentary, respectively. While these studies did not observe
an age decline in sedentary time for adolescents, the hours/day reported for sedentary time
are similar with what was reported for sitting in the present study. Similar accelerometer
data reduction procedures were used in the Belcher and Matthews studies.8 It has been
shown that different data reduction procedures for accelerometers (i.e., cut-points, wear time
definitions) can impact the estimates of sedentary time.14

Previous population estimates of MVVPA have also been reported from the 2003-2006
NHANES accelerometer data. These data show that adolescents aged 12 to 19 years
participated in 19 median minutes/day of MVVPA.2 This is approximately half the median
minutes/day reported in the present study. Systematic review evidence indicates indirect
measures of physical activity are typically higher than direct measures.1® This is likely due
to biases associated with self-report measures such as information bias and social
desirability bias.1®> Also accelerometers do not capture all activities, such as swimming or
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cycling. Consequently, comparing physical activity levels across studies can be challenging
when different measures are used. The population estimate of 33 median minutes/day of
MVPA in the current study is still well below national recommendations of 60 minutes/day
of MVPA for this age group.® This is consistent with a recent report based on self-report
data from the combined 2012 NHANES and the NHANES National Youth Survey that
reported only 25% of American youth meet national guidelines.’

Regardless of whether direct or indirect measures of MVVPA are used, the findings that
females are less active than males is consistent.16 In the present study, this gender difference
was consistent across all other sub-groups. Females also had higher minutes/day of sitting
across most subgroups, which is consistent with findings on sedentary time from the
2003-2004 NHANES.® Therefore, adolescent females may be an important target group for
interventions and initiatives aiming to increase physical activity and reduce sedentary
behavior. A study in Australian adolescent females indicates the school day may be the most
optimal time to intervene.1” Among adolescent females, those aged 18 to 19 years had the
lowest levels of MVPA at 9 median minutes/day. This is consistent with previous studies
that have reported a decline in physical activity, particularly for females during the transition
from high school to work or college.1819 Furthermore, females in the non-Hispanic black,
Mexican American, and other race/ethnicity groups participated in less MVPA than the non-
Hispanic white group. Interestingly, this is opposite to the findings from NHANES
2005-2006, where average levels of MVVPA were lower for the 12 to 15 year old non-
Hispanic white group. It is unclear if the physical activity questions were interpreted
differently between race/ethnicity groups. Research in adults indicates there is race/ethnicity
variation in how participants define physical activity.20

The proportion of adolescents in the present study exceeding two hours/day of television
viewing is similar to the 35% reported for 12 to 15 years olds in the 2001-2006 NHANES.21
However, double the proportion of adolescents in the current study exceeded two hours/day
of computer use compared to the 2001-2006 NHANES.2! An increase in computer use from
1999 to 2009 was also observed in a nationally representative sample of 8 to18 year olds in a
report by the Kaiser Foundation.22 It has been suggested that the growth of online media and
expansion of high speed internet may explain this trend.22

Similar to MVPA there were also race/ethnicity differences in proportion of television
viewing and computer use. In line with 2001-2006 NHANES cycles, the non-Hispanic black
group were more likely to be high (= 3 hours/day) television viewers and computer users
compared to the non-Hispanic white group.?! Therefore, non-Hispanic blacks may be an
important target group to consider for future screen time interventions and initiatives. In
contrast to sitting and MVPA, no sex differences were observed in the proportion of
television viewing and computer use. This is consistent with previous cycles of the
NHANES when specifically looking at 12 to 15 year olds.2! However, the present findings
are inconsistent with another nationally representative sample of US adolescents (11 to 16
years old) from the Health Behavior in School-aged Children study, where males were
found to engage in more television viewing than females and females were found to engage
in more computer user than males.10
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While consistent associations have previously been reported between screen time, in
particular television viewing, and adiposity in children and adolescents,® the proportion of
television viewing and computer use did not differ based on weight status in the present
study. Interestingly, obese males had higher levels of daily sitting compared to normal
weight males. The opposite association was observed with MVPA. The majority of work
examining total sedentary time and health outcomes in adolescents has used accelerometers,
which are not sensitive enough to differentiate between sitting and standing.23 Therefore,
future research using validated sitting questions or an objective measure of sitting such as an
inclinometer is needed to examine the associations of sitting with health outcomes and
whether these associations differ between demographic groups.

Strengths of this study include the large nationally representative sample of US adolescents
and the first population estimates of sitting for this age group. A limitation of the study is the
self-reported measures of sitting, MVPA, and screen time, which may have resulted in
information bias. However, these more recent data using self-report measures in the present
study allowed for updated population estimates to be reported for US adolescents.

CONCLUSION

This study provides the first population estimates on the levels of sitting and updates
population estimates on the levels of MVPA, television viewing, and computer use in US
adolescents. Overall, adolescents are spending a large portion of waking hours sitting and
are participating in minimal MVPA. This is particularly true for adolescent females.
Television viewing and computer use continue to be dominant types of sedentary behavior,
with non-Hispanic black participation the highest. Continued efforts are needed to promote
healthy active lifestyles in American adolescents.
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Figure 1.

Mean (95% CI) Sitting time among a nationally representative sample of US adolescents
stratified by age and sex groups. 2P Significant differences in sitting time between the 12-13
year age group and the 16-17 year and 18-19 year age groups within the male sample
(P<0.01). &d Significant differences in sitting time between the 14-15 year age group and the
16-17 year and 18-19 year age groups within the male sample (P<0.01). € Significant
differences in sitting time between the 16-17 year and 18-19 year age groups within the male
sample (P<0.01). f9.h Significant differences in sitting time between the 18-19 year age
group and all other age groups (P<0.01).
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Figure2.

Median (95% CI) MVPA among a nationally representative sample of US adolescents
stratified by age and sex groups. 2PSignificant difference in MVPA between the 16-17 and
18-19 year age-groups within the male sample (P<0.01). ©d:€ Significant differences in
MVPA between the 18-19 year age group and all other age groups within the female sample
(P<0.01).
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