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Abstract

Objective—To examine objectively measured physical activity levels by age, sex, and BMI for
children and adolescents in a nationally representative sample.

Methods—Data were from the 2003-2004 and 2005-2006 National Health and Nutrition
Examination Surveys, which included physical activity assessment by accelerometer and
measured height and weight. The authors calculated minutes of moderate and vigorous activity.
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Results—Boys were more active than girls, and activity levels were lower at older ages.
Younger children met daily recommendations for physical activity, whereas older children,
especially girls, did not. Typically, weight status was inversely related to activity, though
differences were less apparent among boys. Underweight children were not always more active
than heavier peers.
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Introduction

Obesity remains one of the most pressing public health issues facing children and
adolescents in the United States. Recent data from the 2007—2008 National Health and
Nutrition Examination Survey (NHANES) indicate that approximately 32% of 2- to 19-year-
old children in the United States are overweight, with 17% being obese and 12% very
obese.! Considerable research links lack of physical activity to childhood obesity and
associated comorbidities.2=> Physical activity for children and adolescents has also been
shown to have beneficial effects on body weight,8 and children who are active are more
likely to remain active during adolescence and into adulthood,” making physical activity in
childhood even more important. For all these reasons and others, the 2008 Physical Activity
Guidelines for Americans recommends that children and adolescents spend at least 60
minutes in moderate to vigorous physical activity daily.8 Despite the health benefits of
physical activity and these recommendations, very few children and adolescents meet these
standards,? and little is known about the relationship of weight status to measured physical
activity.
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Physicians caring for overweight and obese children need better information about the
activity levels of these children. Clear understanding of differences in physical activity
levels by weight status and by age would improve the ability to tailor recommendations
throughout childhood. Although a recent study examined physical activity by weight and
race/ethnicity, this report does not provide age-specific breakdowns by weight and sex,
which may reveal different patterns and be critical to clinical recommendations for physical
activity.10

Social desirability and the difficulty of estimating the frequency and duration of physical
activity112 often leads to overreporting of activity when based on self-report. Therefore,
objective measurements of physical activity are important to estimate levels of activity
accurately throughout childhood. A number of studies have validated the use of
accelerometers, which are devices that can detect directional movements, to determine
physical activity levels in children and adolescents.23-15 Prior research with accelerometers
found sex differences in physical activity levels, with boys being more active than girls, and
that those differences increased during adolescence.®-16 Additionally, there are some data to
suggest that overweight children are generally less active than healthy-weight children, but
this came from a small US sample.1” Body mass index (BMI) status may influence whether
children meet the daily recommendations for physical activity, but further investigation is
warranted in this era of increased rates of obesity.

Although prior studies have examined age and sex differences in objectively measured
activity, more research is needed to examine how BMI status influences whether children
meet the daily recommendations for physical activity. To our knowledge, little is known
about physical activity in very obese children and underweight children because those who
are underweight may also not meet recommendations for activity and therefore may not be
obtaining the cardiovascular benefits of exercise. Thus, the goals of this study are to
examine levels of objectively measured physical activity in children aged 6 to 17 years old
in a nationally representative sample by sex and BMI, to determine whether weight status
influences whether children meet the daily recommendation of greater than 60 minutes of
moderate to vigorous activity daily, to examine sustained physical activity, and to examine
physical activity in underweight children and compare it with physical activity in their
heavier peers.

We used data from NHANES (2003-2004 and 2005-2006). NHANES is a stratified,
multistage probability sample of the US population. NHANES is conducted throughout the
year at 15 geographic sites selected annually. It includes data from a physical examination,
laboratory testing, and a detailed in-home interview. The physical examination includes
measured height and weight and 7 days of accelerometer-based monitoring of physical
activity.18.19

Weight Status

Weight status was defined using BMI percentiles calculated from measured height and
weight. We defined weight categories according to the recommended cut-points from the
Centers for Disease Control as follows: <5th percentile, underweight; 5th to 85th percentile,
healthy weight; >85th to 95th percentile, overweight; >95th to 99th percentile, obese. Also,
>99th percentile was used to determine very obese based on expert committee
recommendations from the American Academy of Pediatrics.20
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Accelerometers

Sample

NHANES used the Actigraph AM-7164 accelerometer (Actigraph, LLC; Ft Walton Beach,
FL) to track uniaxial movement. Further details of the accelerometer protocol in NHANES
are available.2! Accelerometers tracked the intensity of vertical movements, summed over
1-minute time intervals, and the intensity was recorded as “counts.” The device was worn on
the right hip on a fabric belt fitted for each participant. Because the accelerometer was not
waterproof, it was not worn during water-based activities such as swimming or bathing. The
participants were instructed to wear the accelerometers while awake for 7 consecutive days
and remove them at bedtime nightly during the 7-day period.

We included all ambulatory children who were 6 to 17 years old (N = 4718). After
excluding those who did not have proper calibration of their accelerometers or who did not
have at least 4 days or more of =10 hours of accelerometer wear per day,2223 our final
analytic sample included 1560 girls and 1587 boys. All data were weighted to represent the
US population.

Interpretation of Accelerometer

Data and Analyses—We used the National Cancer Institute’s SAS program, as
recommended by NCHS for NHANES analysis, to create analytic data sets for
accelerometer data.2# This program corrects the per-minute accelerometer data that have
invalid monitor readings by replacing it with the average of adjacent values.

Accelerometer counts are classified into a standard measure of physical activity called
metabolic equivalent tasks (METSs). A MET of 1 indicates the energy expended at rest
during a given period of time. We aimed to create measures representing time spent in
moderate or vigorous activity. There is currently no consensus for how to account for
standard differences in energy expenditure between children and adults. Based on the most
frequently used definitions in previous pediatric activity literature, we defined moderate
physical activity as equivalent to 4 METs and vigorous physical activity as equivalent to 7
METs.25-27 A sensitivity analysis in children and adolescents comparing different cut-points
for METSs showed that Freedson’s equation, which was used in this study, best adjusted for
the higher energy expenditure in a broad range of ages in youth.28 For example, 4 METs
would be expended by activities such as playing hopscotch, and 7 METs would be defined
by activities such as running or jumping rope. There have also been validation studies to
examine various MET cut-points in children and the cut-points used in our study.13.14

In terms of classifying accelerometer counts into METS, children of different ages appear to
produce different accelerometer counts for similar levels of metabolic activity; thus,
multiple equations have been developed that include age as a variable. Because of the broad
age group of children examined in our study, we used an age-adjusted equation developed
by Freedson and colleagues and published by Trost et al,14 where counts are defined as
counts in a single minute, and age is age in years:

METs=2.757+(0.0015xCounts—')—(0.08957x Age)—(0.000038xCounts—' xAge) o5 29

Using this equation, we calculated the counts per minute necessary to be considered
moderate or vigorous activity based on the child’s age. For each day, we calculated the total
number of average minutes spent in moderate activity or vigorous activity and average
minutes of sustained activity, defined as activity maintained for greater than or equal to 8
minutes of any 10-minute period based on the National Cancer Institute’s code for sustained
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activity.24 Though the 2008 Physical Activity Guidelines for Americans does not
recommend specific amounts of sustained activity, we were interested in how much
sustained activity was performed as well. Finally, we created a child-level data set that
combined the activity measures for the days the accelerometer was worn. Adherence to
physical activity recommendations was also examined by determining the proportion of
children in each age group by BMI status that met the daily recommendations for activity.

We also examined bivariate comparisons of mean number of minutes spent per day in
moderate or vigorous activity, by weight status. We examined girls and boys separately and
used age groups to determine differences across childhood. We tested for differences using
adjusted Wald tests for continuous variables and the Pearson Fstatistic with the Rao and
Thomas correction for categorical variables. All analyses were adjusted according to NCHS
recommendations and were performed using the svy commands in Stata 11.0 (StataCorp,
College Station, TX).30:31

The analytic sample included 3147 children, which was 67% of the eligible sample that
participated in the accelerometer portion of NHANES. There were similar numbers of girls
and boys, and there were no significant differences in age, race, or income by sex (Table 1).
In terms of compliance with accelerometer wear, there were no significant differences across
BMI categories for girls and boys overall, with the exception that underweight boys who
were 9 to 11 years old had significantly more hours of monitor wear.

Physical Activity Trends by Age Groups

Overall, girls and boys of all ages who were underweight and of healthy weight spent more
time in moderate and in vigorous physical activity than overweight, obese, or very obese
children (Table 2). On average, underweight and healthy-weight children spent
approximately 10 minutes in vigorous activity and 49 to 55 minutes in moderate activity per
day. Generally, the amount of time spent in moderate or vigorous physical activity was less
for those who were overweight and obese.

Healthy-weight girls of all age categories were more active in moderate and vigorous
activity than their heavier peers. Underweight girls were more active than overweight or
obese girls but generally spent less average minutes in activity than healthy-weight children.
Younger age groups were more active than older age groups.

In boys, significant differences based on weight status were evident when ages were pooled
with a stepwise increase in activity with decreasing weight status. There were only
significant differences by BMI status in the 6- to 8-, 9- to 11-, and 15- to 17-year-old groups
for vigorous activity and in the 15- to 17-year-old group for moderate activity. Healthy-
weight boys were more active than their heavier peers. Unlike girls, healthy-weight boys
spent less time on average in vigorous activity than their underweight peers.

Sustained Physical Activity by Age Group

Table 3 presents mean minutes of sustained physical activity, which was defined as at least 8
minutes of any 10-minute period of moderate to vigorous activity. For most children,
sustained activity did not occur on a daily basis; therefore, most of the average daily values
were less than 8 minutes. Overall, girls and boys of all ages spent very little time in
sustained physical activity, though healthier-weight children were more active than
overweight or obese peers. In general, children spent more time in sustained moderate
physical activity than sustained vigorous activity.
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For girls, healthy-weight children of all ages were more physically active in sustained
activity than their heavier peers. Younger age groups did not spend much time performing
sustained moderate or vigorous activities, but those in the 6- to 8-year-old groups were the
most active. Adolescent girls were the least active, with 12- to 17-year-old girls spending
only small amounts of time on average in sustained moderate activity (5 minutes or less) and
even less time performing sustained vigorous activity (2 minutes or less) on average
irrespective of BMI status.

Among boys of all ages, sustained mean moderate and vigorous activity was significantly
different by weight status. All age groups, except those who were 15 to 17 years old, had
significant differences in sustained vigorous activity across BMI status. The reverse was true
for sustained moderate activity, with significant differences by weight only seen in the 15- to
17-year-old group. Younger boys again were generally more active than older boys, as was
the trend in girls. On average, boys aged 15 to 17 years (excluding underweight boys) spent
less than an average of 1.5 minutes per day in sustained vigorous activity and only a few
minutes more on average in sustained moderate activity per day than sustained vigorous
activity.

Percentage Meeting

Daily Recommendations—To examine whether US children meet the daily
recommendations of 60 minutes of moderate to vigorous activity daily, we examined the
percentage of children in each age category by age, sex, and BMI categories (Figures 1A
and 1B). Among 6- to 8-year-old girls, more than 90% of healthy-weight and overweight
girls met the recommendations, whereas approximately 70% of obese and very obese girls
did so. For boys, regardless of BMI status, nearly all 6- to 8-year-olds came close to meeting
the daily recommendations of 60 minutes of moderate to vigorous physical activity. In the 9-
to 11-year-old category, slightly more than half of underweight and healthy girls and boys
met daily recommendations for activity, whereas girls and boys who were overweight and
obese/very obese had much lower percentages that met the daily recommendations. This
pattern was also seen in girls and boys in the 12- to 14- and 15- to 17-year-old groups but
was more pronounced. Less than 5% of 12- to 14-year-old girls that were healthy weight,
overweight, or obese/very obese met the recommendations. Surprisingly, a higher
percentage (43%) of 12- to 14-year-old boys who were very obese met the recommendations
than those in other BMI categories. In the 15- to 17-year-old category, there were almost no
girls that met the recommendations, and only a small percentage of boys met the daily
recommendations regardless of BMI.

Discussion

Overall, we found that BMI status was related to physical activity for both girls and boys
through childhood and adolescence. As seen in previous research, boys are generally more
active than girls, and activity levels are lower in older age groups.813 Younger children
generally met the recommendation of 60 minutes of moderate or vigorous physical activity
daily, whereas older children and adolescents did not.

Weight status was significantly related to activity, particularly for girls. Healthy-weight girls
of all ages were more active than overweight, obese, and very obese girls. It is interesting to
note that we found few differences in total average levels of activity by weight for boys
except in the oldest age group (15-17 years). However, healthy-weight boys did engage in
more vigorous activity than their heavier peers. Contrary to previous research,1’ overweight/
obese children were not always less active than their healthy-weight peers—particularly
overweight/obese boys. One reason for the sex differences in physical activity by weight
status may be that certain athletic activities may favor larger boys and create a perceived
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advantage to being a heavier weight status among boys or higher self-efficacy. We cannot
assert causality from the results of this study, but further research is needed to explore
activity in overweight/obese boys and what factors may be influencing them to be more
active. Also, many underweight girls and boys did not meet daily recommendations, so
many of these children are not receiving the health benefits of physical activity, though there
may be health reasons why this is the case for this subgroup, and further research is
necessary.

Regardless of the reasons for sex differences, our findings suggest the need to focus on
physical activity at a young age, particularly for girls. Development of early activity habits
may help sustain them through childhood. However, when addressing obesity in older
children and adolescents, physicians should be cognizant that activity differences among
boys by weight status may not be substantial, and focus on other aspects, such as diet, may
prove more beneficial.

There are a few important limitations to our study. First, accelerometers detect uniaxial
movement, so activities such as upper-body exercises are not recorded as accurately as
activities such as walking or running and may thus underestimate activity levels.
Additionally, accelerometer data are dependent on device wearing compliance. In this study,
there were no significant differences in compliance in wearing the device by sex. However,
these limitations must be contrasted with the significant limitations of other activity studies
that rely on self-reported physical activity because this objectively measured population-
level study provides valuable insight into the levels of activity in US children by weight
status and sex. Second, interpreting accelerometer data in children remains an area of
ongoing research. Although there have been a few studies to compare varying cut-points and
to determine which pediatric energy expenditure equations are the best for estimating
physical activity intensity, there is no consensus. But there have been studies to compare
pediatric cut-points and energy expenditure equations that show that the equation of
Freedson et al equation is valid.12-14.24-26 Thjrd, this is a cross-sectional study, so we
cannot comment on how physical activity changes for an individual child throughout
childhood or determine if there is a causative link between obesity and lack of physical
activity or what that direction of causation would be. However, the use of nationally
representative data gives us an opportunity to extrapolate to the overall child and adolescent
population.

As children get older, there are fewer opportunities for required physical activity in the
school setting. Required physical activity in schools throughout childhood and adolescence
may help more children meet activity recommendations, and further investigation into other
opportunities to increase all types of activity are needed. Providing physical activity
recommendations at well-child visits may be another avenue to help encourage children to
be more active, especially in adolescence when activity levels drop precipitously.
Additionally, further research is needed to examine physical activity in underweight children
because there is little known about why these children are also not meeting
recommendations.

Conclusions

Our study finds that activity levels vary by weight status and confirms that activity levels
also decline as children age into adolescence. All children who do not have activity
limitations should be encouraged to be physically active regardless of weight status.
Decreased physical activity as children become adolescents may be an important factor in
perpetuating obesity, and increasing physical activity should be emphasized as children
become adolescents. Targeted interventions are needed to increase levels of physical activity
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in those who do not meet the recommended amount of daily physical activity, especially for
girls and adolescents. In particular, interventions that help increase physical activity for girls
throughout childhood and adolescence and overcome perceived and actual barriers to
activity may help more of them meet recommendations.
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Percentage meeting daily recommendations of 60 minutes of moderate to vigorous exercise,

by age and BMI for girls (A) and boys (B)
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Weighted Sample Characteristics

Table 1

Girls (n = 1560), Per centage

Boys (n = 1587), Percentage

Age in years
6-8
9-11
12-14
15-17
Race/Ethnicity
White
Black
Hispanic
Other
Income
<100% FPL
100%-199% FPL
200%-299% FPL
300%-399% FPL
400%—-499% FPL
>500% FPL
Weight category
Very obese
Obese
Overweight
Healthy weight
Underweight

26.0
25.8
255
22.6

60.0
14.2
18.0

7.9

19.1
21.6
16.5
173
10.0
15.7

3.3
11.7
15.9
65.5

3.6

24.8
27.4
25.8
22.0

60.0
153
17.9

6.7

18.4
215
19.6
131
11.2
16.2

3.4
12.0
17.0
64.1

3.6

Abbreviation: FPL, federal poverty level.
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