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Abstract
Purpose—To describe physical activity (PA) levels by race/ethnicity, age, gender, and weight
status in a representative sample of U.S. youth.

Methods—Cross-sectional data from the 2003–4 and 2005–6 National Health and Nutrition
Examination Survey (NHANES) were combined and analyzed. Youth ages 6 to 19 with at least 4
10-hour days of PA measured by accelerometry were included (N=3,106). Outcomes included
mean counts per minute and minutes spent in moderate to vigorous PA (MVPA).

Results—6 to 11 year olds spent more time (88 min/day) in MVPA than 12 to 15 (33 min/day)
and 16–19 (26 min/day) year olds (p<.001 for both). Females spent fewer min/day in MVPA than
males (p<.001). Overall, obese youth spent 16 fewer min/day in MVPA than normal weight youth.
However, non-Hispanic White (NHW) males spent 3–4 fewer min/day in vigorous PA than
Mexican American (MA) (p=.004) and non-Hispanic Black (NHB) (p<.001) males but had lower
obesity rates; and obese 12 to 15 year old MA recorded similar minutes in MVPA per day as
normal weight MA (p>.050). There was a significant 3-way age-BMI-race/ethnicity interaction for
mean min/day in MVPA (p<.001). Adjustment for total energy intake did not qualitatively alter
these results.

Conclusion—Females and older youth were the least active groups. Obese youth were generally
less active, but this did not hold uniformly across race/ethnic groups. Cultural or biological factors
could moderate the association between PA and obesity in youth.
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INTRODUCTION
Surveillance results from 2003–6 indicated 31.9% of United States youth had BMI greater
than or equal to the 85th percentile (34). Despite recent data indicating a plateau in the
previously upward trend in overweight and obesity in U.S. youth, obesity still represents a
significant health risk (33, 34). Elevated body mass index (BMI) is related to an increased
risk for type 2 diabetes, elevated cholesterol, and high blood pressure in youth (23, 38).

Copyright c 2010 American College of Sports Medicine
Address for correspondence: Donna Spruijt-Metz, PhD, University of Southern California, Institute of Health Promotion and Disease
Prevention, 1000 S. Fremont, unit # 8, room 4101, Alhambra, California 91803, Tel: 626-457-6631; Fax: 626-457-6633,
dmetz@usc.edu.

NIH Public Access
Author Manuscript
Med Sci Sports Exerc. Author manuscript; available in PMC 2011 December 19.

Published in final edited form as:
Med Sci Sports Exerc. 2010 December ; 42(12): 2211–2221. doi:10.1249/MSS.0b013e3181e1fba9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



These findings coupled with the fact that obesity has been shown to track into adulthood
(44), place overweight and obese youth at a significant health risk as they progress into
adulthood.

There is evidence of an inverse relationship between weight status and physical activity in
youth (37). For example, BMI increases were associated with more television viewing and
declines in moderate to vigorous physical activity (MVPA) in longitudinal studies (3, 31).
There is also evidence for a decline in physical activity with age, particularly in adolescent
females (32, 42). Energy intake may also be associated with weight status and physical
activity (13, 22). For example, energy intake was negatively correlated with fat mass index
and positively correlated with MVPA in a diverse sample of youth (21).

However, findings on race/ethnic differences in physical activity are less clear. While a
previous study has reported lower levels of physical activity (measured via self-report) in
non-Hispanic Black youth as compared to their non-Hispanic White counterparts (39),
another that measured physical activity via accelerometry has reported that non-Hispanic
White youth are less physically active than other race/ethnic groups (35). The objective of
this study is to report differences in physical activity by race/ethnicity, age, gender, and
weight status in a nationally representative sample of U.S. youth. Strengths of this analysis
include the large sample size, the national representativeness of the data set, objectively
measured physical activity data and the availability of data on total energy intake obtained
from two 24-hour recalls.

METHODS
Sample

Data for this study are from the National Health and Nutrition Examination Survey
(NHANES), a cross-sectional health interview survey representative of the U.S. civilian,
non-institutionalized population. The NHANES is administered by the National Center for
Health Statistics (NCHS) of the Centers for Disease Control and Prevention (CDC). Data are
collected year-round using a complex, stratified, multistage probability cluster sampling
design strategy. Details of sampling and data collection have been reported previously (10,
42). Public-use data are released in two-year cycles. Accelerometer measurement was
included in both the 2003–4 and 2005–6 survey cycles.

The present study focused on youth aged 6 to 19 years. The sample consisted of 1,508
participants from the 2003–4 cycle and 1,598 participants from the 2005–6 cycle.
Preliminary data analysis indicated no statistically significant differences in the outcome
variables of interest between the 2003–4 and 2005–6 samples. Therefore, the samples were
combined. Participants were included if they had no missing demographic or anthropometric
data and at least four days with 10 or more hours of accelerometer data (42). The final
analytic sample consisted of 3,106 participants between 6 and 19 years of age with complete
accelerometer, demographic, and anthropometric data. Based on survey design
characteristics, results for non-Hispanic White, non-Hispanic Black, and Mexican American
race/ethnic groups were estimable. The NCHS ethics review board approved the study and
written informed consent was obtained from all participants. The University of Southern
California IRB did not require review for this analysis.

Measures
Demographics—Age (years) was calculated as the time between birth and examination
date. Race/ethnicity was self-reported by participants & categorized as non-Hispanic White,
non-Hispanic Black, Mexican American, Other Hispanic, and Other. Age and racial/ethnic
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groups were categorized according to the NHANES analytic guidelines (11). Socioeconomic
status was calculated using the poverty to income ratio (PIR), which is a ratio of the
household income to the Census Bureau poverty threshold that is adjusted for family size
and updated annually to adjust for inflation.

Anthropometrics—Standing height (cm) and weight (kg) were used to calculate BMI
(kg·m−2). BMI percentiles were defined for normal, overweight, and obese categories
according to the age- and gender- specific growth charts published by the CDC (26). Normal
weight is defined as between the 5th to less than the 85th percentile, overweight is defined as
between the 85th to less than the 95th percentile, and obese is defined as at or above the 95th

percentile.

Physical Activity—All ambulatory participants over the age of 6 years were asked to
wear an Actigraph (Actigraph, LLC; Ft. Walton Beach, FL) model 7164 accelerometer on
the right hip. The uniaxial accelerometer measures acceleration intensity as ‘counts’ in
response to body movement. Details on the accelerometer protocol, data reduction process,
and the definition of wear time have been reported previously (30, 42). Similar to previous
studies using accelerometer data, a valid day was considered to be 10 or more hours of wear
time and participants with at least 4 valid days were included in the present study (7, 42).
Accelerometer data is presented here as: a) mean counts per minute; and b) as estimates of
mean minutes per day in sedentary behavior, moderate, vigorous, and moderate to vigorous
physical activity (MVPA). The thresholds for moderate (4 METs) and vigorous (7 METs)
physical activity were age-adjusted using the criteria from Freedson et al. (43) for
participants between the ages of 6 and 17. The thresholds for moderate (3 METs) and
vigorous (6 METs) physical activity were used for participants older than 18, and are
defined at 2020 counts per minute and 5999 counts per minute, respectively (5, 20, 28, 42,
47). A sedentary behavior cut point of 100 counts per minute was applied to all age groups
(30).

Dietary Intake—Diet was assessed by up to two interviewer-administered 24-hour dietary
recalls. The first recall was obtained in person; the second (if available) was obtained via
telephone. Measurement tools such as food workbooks, bowls, glasses, and plastic foods
were used to help participants give more accurate estimates of intake (12). Proxy interviews
were conducted for children under 9 and children 9 to 11 were permitted to receive
assistance from an adult. Participants were included in the dietary analyses if they had at
least one day of valid diet data. There were 131 participants excluded due to unreliable or
missing dietary data.

Statistical Analyses
All analyses were conducted in SAS 9.1 (SAS Institute, Inc., Cary, NC), using specialized
procedures to account for the sample weighting and complex multistage probability design.
The NHANES-provided sample weights were adjusted to account for the combination of
data from 2003–4 and 2005–6 and for the sub-sampling of individuals with at least 4 valid
days of accelerometer data. Time spent in each activity level (i.e.: moderate, vigorous, and
MVPA) was calculated per person by summing each minute with a count above the
threshold for that activity level. Per person mean counts per minute were calculated by
dividing the sum of counts each day by the wear time minutes each day across all valid days.
Population mean estimates and associated standard errors (SE) of minutes and counts,
adjusted for categorized poverty to income ratio, were calculated with the SAS
SURVEYREG procedure using the Taylor series linearization method (45). Planned
comparisons of mean counts per minute between each data collection year and between
subpopulations were made with pairwise contrasts.
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To further identify differences in mean minutes spent in MVPA within subgroups, the data
was stratified by gender and a 3-way race/ethnic-age group-BMI percentile interaction was
examined using the SUVEYREG procedure (adjusting for categorized poverty to income
ratio). Linear regression using age, BMI percentile, and poverty to income ratio as
continuous variables was conducted to understand the magnitude of the effect of each
variable on mean minutes per day spent in MVPA. To predict the odds of reaching the 2008
Physical Activity Guidelines of 60 minutes per day of MVPA for youth ages 6 to 17 years or
21 minutes per day for older youth ages 18 to 19 years (based on the recommendation adults
perform 150 minutes/week MVPA, or an average of 21 minutes/day)(44) logistic regression
was conducted using the SURVEYLOGISTIC procedure adjusting for categorized poverty
to income ratio. Significance was set at alpha = .05 and 30 degrees of freedom, which is the
number of primary sampling units (11).

Additional analyses were conducted to examine whether dietary intake might confound the
relationship between activity levels and weight status. Crude assessment was performed by
adding individual mean reported energy intake as an additional covariate to the
SURVEYREG models of accelerometer minutes on weight status, race/ethnicity, and
categorized poverty to income ratio. Because the distribution of mean energy intake was
right-skewed, the same models were run using individual averages of Box-Cox transformed
energy intakes. The Box-Cox parameter value of .21 (the fifth root) approximately
normalized the distribution of the residuals of energy intake regressed on weight status, race/
ethnicity, and categorized poverty to income ratio.

Recognizing that the mean of one or two 24-hour recalls does not reflect long-term intake
(16), a full regression calibration approach (9) was used to fit regression models of
accelerometer minutes on weight status, race/ethnicity, categorized poverty to income ratio,
and predicted long-term average transformed energy intake. The calibration model for long-
term average transformed intake included weight status, race/ethnicity, categorized poverty
to income ratio, 24-hour recall sequence (in person vs. by telephone), and recall day
(weekend vs. weekday). Both recall sequence and day assist with modeling long-term
energy intake but were not required in the models for accelerometer minutes because the
physical activity data were not modeled on the day level. Because the regression calibration
approach required an additional modeling step to predict energy intake, the SURVEYREG
procedure could not be used to obtain correct standard errors or significance tests. Therefore,
standard errors for the calibrated models were computed using balanced repeated replication
(BRR) (25) with 32 replicate weight sets post-stratified by age, sex, and race/ethnicity based
on the original analytic sample weights. The perturbation factor was f = 0.7 (25).

RESULTS
General Results

The characteristics of the sample are presented in Table 1 by race/ethnicity and gender. Of
the 5,687 participants with accelerometer data, 3,698 met the inclusion criteria of having 4
days (10 hours/day) of valid data. Of these, 99 underweight youth were excluded, 453 had
invalid demographic data, and 40 had invalid anthropometric data. The participants with
invalid physical activity data significantly differed from those with valid physical activity
data on demographic characteristics; however the sample was re-weighted based on the
inclusion criteria of 4 or more 10-hour days of valid data. The analytical sample (N = 3,106)
was 49.5% female, 69.9% non-Hispanic White, 16.6% non-Hispanic Black, and 13.5%
Mexican American. Similar to previous studies using NHANES data (34) 19.2% of youth
ages 6 to 19 were obese and 17.0% were overweight. The highest prevalence of obesity by
race/ethnic group and gender was in non-Hispanic Black females, Mexican American males,
and Mexican American females. Obesity prevalence was highest in 16 to 19 year olds and
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lowest in 6 to 11 year olds. For the analyses including total energy intake, 2,975 had one or
more days of valid dietary data. Irrespective of form (individual means or calibrated), energy
intake was not statistically significant in the regression equations for accelerometer minutes.
The energy-adjusted mean minutes spent in each activity level by weight status differed by
less than 4% from the unadjusted means (data not shown).

Mean Activity Counts per Minute—Non-Hispanic White youth recorded fewer mean
counts per minute than non-Hispanic Black and Mexican American youth and counts per
minute consistently declined with age. Youth in the 6 to 11 age group demonstrated higher
mean counts per minute than youth in both the 12 to 15 and 16 to 19 age groups (p<.001 for
both); and youth in the 12 to 15 age group had higher mean counts per minute than youth in
the 16 to 19 age group (p<.001) (Table 2). Females always had lower mean counts per
minute than males independent of race/ethnicity and weight status (p<.001). Overweight
non-Hispanic Black males recorded 67 more counts per minute per day than overweight
Mexican American males (p=.037) and 104 more counts per minute per day than overweight
non-Hispanic White males (p=.002) (Table 3). Normal weight youth of all race/ethnic
groups had on average 87 more counts per minute than obese youth (p<.001). This
difference was constant across all race/ethnic groups with the exception of overweight and
obese Mexican American females who recorded similar counts per minute.

Mean Minutes in Activity Levels—The 6 to 11 age group recorded 88 minutes of
MVPA per day whereas youth 12 to 15 and 16 to 19 recorded 33 and 26 minutes of MVPA
per day, respectively (Table 4). The 6 to 11 age group also spent fewer minutes in sedentary
behavior, and more minutes in moderate PA and vigorous PA per day than the 12 to 15 and
the 16 to 19 age groups across all race/ethnic groups (p<.001 for both). Mexican American
12 to 15 year olds were the most inactive race/ethnic subgroup, spending 280 minutes per
day in sedentary behavior. Non-Hispanic White youth spent fewer minutes in vigorous PA
than both non-Hispanic Black and Mexican American youth (p<.001 and p=.004,
respectively) (Table 5). Females spent fewer minutes in MVPA than males (p<.001) and 7
more minutes per day in sedentary behavior than males (p=.007). Normal weight youth
spent more minutes in moderate PA, vigorous PA, and MVPA (p<.001 for all) than obese
youth (Table 6). Normal weight non-Hispanic White youth spent 7 fewer minutes in
sedentary behavior per day than normal weight non-Hispanic Black and Mexican American
youth (p=.011 and p=.003, respectively). Multivariable linear regression with continuous
variables indicated that age was inversely associated with MVPA in all race/ethnic groups
for both genders (p<.001 for all) (Table 7). Similarly, BMI percentile was negatively
associated with MVPA in all race/ethnic groups for both genders (p<.050 for all) however
the effect was not as strong as age. Age, BMI percentile, and poverty to income ratio
accounted for 44% of the variance in males and 49% of the variance in females.

There was a statistically significant 3-way interaction for mean minutes per day spent in
MVPA between age group, BMI percentile category, and race/ethnic group for both males
and females (p<.001) (Figures 1 and 2). In the 12 to 15 year old Mexican American race/
ethnic group, male and female overweight youth spent significantly fewer minutes in MVPA
than normal weight youth (p=.022 and p=.027, respectively), however this consistent
difference was not seen within the other race/ethnic groups.

Race/Ethnic Physical Activity Differences
By Age—Table 4 presents differences in physical activity levels by age group. Non-
Hispanic White 6 to 11 (p=.018) and 12 to 15 (p=.005) year olds spent fewer minutes in
MVPA than non-Hispanic Black youth of the same age groups. Non-Hispanic Black 6 to 11
year olds spent 12 more minutes per day in MVPA than Mexican American 6 to 11 year olds
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(p=.007). Non-Hispanic Black 12 to 15 year olds spent 9 fewer minutes in sedentary
behavior than Mexican American 12 to 15 year olds (p=.040), while non-Hispanic Black 6
to 11 year olds spent 3 more minutes in vigorous PA than Mexican American 6 to 11 year
olds (p=.007). Although differences in physical activity were seen in younger age groups,
physical activity levels declined in the oldest age group so that youth ages 16 to 19 of all
race/ethnic groups spent the same amount of time (between 24 and 29 minutes) in MVPA
(p>.050).

By Gender—Table 5 presents differences in activity levels by gender. Non-Hispanic Black
males spent fewer mean minutes in sedentary behavior than females of the same race/ethnic
group (p=.005). Non-Hispanic White males spent fewer minutes per day in vigorous PA
than both non-Hispanic Black (p<.001) and Mexican American males (p=.004). With the
exception of non-Hispanic White youth, females of all race/ethnic groups spent significantly
more time in sedentary behavior (p<.050) and less time in physical activity behavior (p<.
050) than males.

By BMI Percentile—Table 6 presents the physical activity differences by weight status.
Normal weight and overweight non-Hispanic Whites spent 9 and 18 fewer minutes in
MVPA per day than normal weight and overweight non-Hispanic Blacks (p=.043 and p=.
001, respectively). There were no race/ethnic differences within the obese group for any
activity level. However, the only differences in minutes spent in moderate PA, vigorous PA,
and MVPA between the overweight and obese groups were seen in the non-Hispanic Black
race/ethnic group, where the overweight group recorded more minutes in each of the activity
levels than obese youth (p<.001 for all activity levels).

Age- Gender-BMI Interaction Effects within Race/Ethnic Groups (Figures 1 &
2)—In 6 to 11 and 16 to 19 year old Mexican American males and females, obese youth
spent fewer minutes in MVPA than normal weight youth (p<.016) but in the 12 to 15
Mexican American males and females, obese and normal weight youth spent statistically
equivalent amounts of time in MVPA per day (p>.379). In 6 to 11 non-Hispanic Black males
and females, obese youth recorded less time in MVPA than both normal weight and
overweight youth. In non-Hispanic White females, 6 to 11 and 12 to 15 year old normal
weight youth recorded more minutes in MVPA per day than obese youth (p<.019).

Age- Gender-BMI Interaction Effects between Race/Ethnic Groups (Figures 1
& 2)—In 6 to 11 year old females, normal weight youth spent more minutes per day in
MVPA than obese youth in all race/ethnic groups (p<.050). However, in 6 to 11 year old
males this difference was seen in the non-Hispanic Black (p<.001) and Mexican American
(p<.001) race/ethnic groups but not in the non-Hispanic White race/ethnic group. Most of
the interaction effects were seen in the youngest age group. Within the 6 to 11 year old
females, the non-Hispanic White and Mexican American race/ethnic groups had the greatest
differences in MVPA between the normal and obese groups however the non-Hispanic
Black race/ethnic group had the greatest differences in MVPA between the overweight and
obese groups.

Meeting Physical Activity Guidelines
Table 8 presents the results from the logistic regression analysis to determine which groups
were more likely to meet the 2008 physical activity guidelines. In this sample, 41.4% met
the recommendations. Females were less likely to adhere to the 2008 PA guidelines than
males (OR = 0.41; 95% CL: 0.30–0.54). For males, those most likely to meet the 2008 PA
Guidelines were non-Hispanic Black, ages 6 to 11, and of normal weight. Because females
were found to be profoundly inactive, race/ethnicity did not predict whether or not they
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would meet the guidelines. Females in the older age groups who were obese and had a
higher poverty level were less likely to meet the guidelines.

DISCUSSION
Based on objectively measured levels of PA, non-Hispanic White youth were the least active
race/ethnic group and non-Hispanic Black youth were the most active race/ethnic group.
Previous findings using self-report measures of physical activity in U.S. samples showed
that non-Hispanic Black youth were the least physically active race/ethnic group (1).
However, using accelerometers to measure physical activity Owen et al (2008) found that
Blacks recorded four more minutes per day in MVPA than Whites (35). In our sample, non-
Hispanic Black youth spent about 8 more minutes per day in MVPA than non-Hispanic
White youth.

Troiano et al (2008) previously reported an age-related decline in physical activity in U.S.
youth based on results from NHANES 2003–4 (42). For 2003–4 and 2005–6 survey
combined samples, we also found an age-related decline in physical activity. Pate et al
(2009) reported a 4% annual decline in MVPA in adolescent girls (35). Broderson et al
(2007) found that physical activity dropped off between ages 11 and 12 (6). In our sample, 6
to 11 year olds participated in twice as much MVPA than the older age groups, consistent
with the observation that the most dramatic age-related decline in physical activity may
occur at the start of puberty.

To better understand the age-related decline in MVPA observed in this sample, the 3-way
interaction between age, BMI category, and race/ethnic group was examined for each
gender. Non-Hispanic Whites and Blacks in higher BMI categories spent less time in MVPA
than normal weight non-Hispanic White and non-Hispanic Black youth, whereas obese 12 to
15 year old Mexican American youth recorded the same amount of time in MVPA per day
as normal weight youth. A previous study in adolescent Hispanic females found a trend for
normal weight Mexican American females spending fewer minutes in MVPA than
overweight females (8). This suggests that BMI may interact with physical activity levels
differently in Mexican American youth than in other race/ethnic groups. In the non-Hispanic
White race/ethnic group, the largest difference in MVPA is between the normal and
overweight groups, with the overweight and obese groups participating in approximately the
same amount of MVPA. However, in the non-Hispanic Black race/ethnic group, the largest
difference in MVPA is between the overweight and obese youth. Thus, the findings indicate
that different race/ethnicities have different thresholds of BMI percentile past which MVPA
declines.

The large difference in physical activity between males and females is particularly striking.
Normal weight females of all race/ethnic groups achieved less physical activity than obese
males of all race/ethnic groups. A recent study conducted in adolescents using
accelerometers found that while the rates of decline of physical activity were the same for
both genders, females participated in significantly fewer minutes of MVPA than males and
MVPA dropped below 60 min/day one year earlier in females than in males (32). Non-
Hispanic Black youth had the largest gender differences in counts per minute and minutes
spent in MVPA: females recorded about 140 counts per minute and 27 minutes per day less
than males. Using previous prediction equations based on overweight youth (18), this deficit
is broadly similar to 600 kcal per day. The difference in physical activity levels between
males and females in this sample may contribute to the fact that the non-Hispanic Black
females had the highest prevalence of obesity.
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Overall, the inverse association between physical activity levels and BMI percentile in this
sample is consistent with previous findings (38). Contrary to our expectations, higher levels
of physical activity were not associated with lower prevalence of obesity across the race/
ethnic groups. Non-Hispanic White youth had lower mean counts per minute and spent
fewer minutes per day in MVPA than non-Hispanic Black and Mexican American youth, yet
had a lower prevalence of obesity than the other race/ethnic groups. This paradox may be
accounted for by the fact that non-Hispanic White youth may spend more time in activities
not captured well by accelerometry such as swimming or bicycling. These differences could
also be attributed to the higher socioeconomic status found in the non-Hispanic White youth
since socioeconomic status has been inversely related to obesity and positively related to
physical activity (24). However, socioeconomic status was controlled for in all analyses;
other factors may contribute to the pattern of obesity and physical activity in non-Hispanic
White youth.

Genetic predisposition to obesity, socioeconomic status, and cultural differences in behavior
may play a role in the race/ethnic differences found in this sample and elsewhere (46). Non-
Hispanic Black and Mexican American adults have the highest prevalence of overweight
and obesity in the U.S. population (33). Children of overweight and obese parents have been
shown to have higher rates of obesity than children of normal weight parents (4).
Furthermore, non-Hispanic Black and Mexican American females have been shown to have
lower basal metabolic rates and expend less activity energy than non-Hispanic White
females which may put them at higher risk for overweight and obesity (17). Dietary intake
may also account for the differences in the obesity prevalence between non-Hispanic White
youth and the minority race/ethnic groups, particularly given that there are race/ethnic
differences in the consumption of unhealthy foods. Arcan et al (2009) found that non-
Hispanic Black high school students were more likely to consume sugar-sweetened
beverages and high-fat foods than other race/ethnic groups (2). The higher rate of obesity in
non-Hispanic Blacks may be explained by a higher intake of unhealthy foods, particularly in
non-Hispanic Black females who have been found to have the lowest levels of physical
activity and highest intakes of unhealthy foods (27).

In this study adjustment for reported energy intake did not moderate the associations
between total physical activity and age, race/ethnicity, or weight status and physical activity
levels. Non-Hispanic White youth reported significantly higher energy intake than the other
race/ethnic groups, and normal weight youth reported significantly higher energy intake than
overweight or obese youth. Differences across weight status may be due to differential
underreporting of energy intake (29, 41), while differences across race/ethnicity may be due
to a combination of differential misreporting and actual differences in true intake. Although
the observed differences suggest that energy intake was a potential confounder, analysis
determined that it was not confounding the relationship between weight status and race/
ethnicity and physical activity levels. Further analysis of the association between patterns of
food intake and physical activity could be of interest because of the high quality data
available in this survey.

No other past study that we are aware of has described race/ethnic differences in objectively
measured physical activity in large representative sample of U.S. youth, however several
limitations to the present study merit discussion. First, this is a cross-sectional analysis, thus
we cannot determine any causal associations. However, the large sample size allows robust
estimates of associations between variables of interest and may help inform future
longitudinal studies. Second, accelerometers do not capture all types of physical activity
(40). However, accelerometers are considered to be an excellent objective measurement of
physical activity in youth because they minimize self-report bias and eliminate human error
in recalling previous physical activity (14). Third, the accelerometers do not record the type
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of physical activity as do self-report measures, which prevents us from exploring the
frequency of specific behaviors (i.e.: TV viewing) that could explain the observed
differences in physical activity levels among race/ethnic groups. Fourth, the NHANES
survey is designed to sample the three largest race/ethnic groups in the U.S. and therefore
does not provide data sufficient for a national estimate for other minority groups such as
Asians or other non-Mexican Hispanic populations that comprise a significant and growing
proportion of the U.S. population. Finally, BMI percentile category is used here as a proxy
measure of adiposity. While some findings indicate that it is not an accurate measure of
body fat for all race/ethnic groups, Flegal et al (2009) recently demonstrated that it
corresponds well with percent body fat in an adult sample (19) and BMI has been shown to
be significantly correlated with percent body fat in youth (36). Furthermore, BMI percentile
is a cost efficient and feasible measure in a large population-based study (15).

As measured by accelerometry, non-Hispanic White youth engaged in less physical activity
than both non-Hispanic Black and Mexican American youth yet had the lowest prevalence
of obesity in this sample. Also, non-Hispanic Black females are the least physically active
and have the highest prevalence of obesity in this sample. Mexican American 12 to 15 year
old obese and normal weight youth had the same amount of MVPA. Explanations for
differences in obesity rates between youth of different race/ethnic groups must be influenced
by other factors than variations in physical activity levels.
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Figure 1. 3-way age group-BMI-race/ethnic interaction of MVPA in males
Within Race/Ethnic & Age Groups:
†Normal differ from overweight p< 0.05
‡Normal differ from obese by p< 0.05
*Overweight differ from obese by p< 0.05
Within Age Groups:
a Non-Hispanic White differ from Non-Hispanic Black p< 0.05
b Non-Hispanic White differ from Mexican American p< 0.05
c Non-Hispanic Black differ from Mexican American p< 0.05
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Figure 2. 3-way age group-BMI-race/ethnic interaction of MVPA in females
Within Race/Ethnic & Age Groups:
†Normal differ from overweight p< 0.05
‡Normal differ from obese by p< 0.05
*Overweight differ from obese by p< 0.05
Within Age Groups:
a Non-Hispanic White differ from Non-Hispanic Black p< 0.05
b Non-Hispanic White differ from Mexican American p< 0.05
c Non-Hispanic Black differ from Mexican American p< 0.05
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Table 2

Mean (standard error) counts per minute by race/ethnicity, age group, and BMI percentile category1

Age Group (yr) 6–11 12–15§ 16–19§

Normal (5th to <85th %) Non-Hispanic White 652.0 (13.6) †‡ 453.8 (14.0) * 386.6 (15.9) *

Non-Hispanic Black 695.7 (16.0) ‡c 465.3 (14.9) ‡ * 393.7 (12.7) ‡ *

Mexican American 644.7 (17.6) †‡c 455.5 (17.0) † * 404.1 (11.2) ‡ *

All Ethnicities 657.6 (11.1) †‡ 455.9 (10.7) * 389.5 (12.2) ‡ *

Overweight (85th to <95th %) Non-Hispanic White 561.0 (26.7) †a 411.6 (19.3) † *a 343.3 (25.9) * b

Non-Hispanic Black 668.4 (30.5) ¶ac 485.2 (23.7) ¶ * ac 381.1 (21.9) *

Mexican American 570.8 (21.4) †c 407.0 (16.6) †c 427.8 (22.1) ¶b

All Ethnicities 579.5 (21.6) †¶ 421.0 (16.4) * 361.2 (20.1) *

Obese (≥95th %) Non-Hispanic White 523.0 (31.1) ‡ 408.2 (35.6) 372.9 (21.1)

Non-Hispanic Black 518.6 (26.3) ‡¶ 424.6 (16.5) ‡¶ * 345.1 (13.8) ‡ *

Mexican American 534.4 (16.2) ‡ 447.9 (12.6) * 358.4 (17.9) ‡¶ *

All Ethnicities 524.5 (16.8) ‡¶ 416.8 (23.6) * 364.8 (12.7) ‡ *

1
BMI= Body Mass Index; defined by the 2000 CDC age- and gender- specific cut points (Kuczmarski et al., 2002).

§
6–11 differ from both 12–15 and 16–19 (p<.050) within all activity levels.

*
12–15 differ from 16–19 (p<.050).

The letters and weight status symbols indicate statistically significant differences within activity levels by columns.

†
Normal weight and overweight differ by p<.050.

‡
Normal weight and obese differ by p<.050.

¶
Overweight and obese differ by p<.050.

a
Non-Hispanic White differ from non-Hispanic Black by p<.050.

b
Non-Hispanic White differ from Mexican American by p<.050.

c
Non-Hispanic Black differ from Mexican American by p<.050.
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Table 3

Mean (standard error) counts per minute by race/ethnicity, gender, & BMI percentile category1

Gender Male§ Female Both Genders

Normal (5th to <85th %) Non-Hispanic White 567.6 (12.8) †‡a 476.5 (14.7) †‡ 522.8 (9.1) †‡

Non-Hispanic Black 610.1 (15.3) ‡a 465.9 (19.2) 542.9 (14.8) ‡

Mexican American 608.2 (18.3) †‡ 454.6 (13.9) 530.7 (13.1) †‡

All Ethnicities 579.6 (10.6) †‡ 472.1 (11.2) †‡ 527.0 (7.1) †‡

Overweight (85th to <95th %) Non-Hispanic White 500.0 (21.9) †a 403.1 (16.8) † 451.2 (13.3) †ab

Non-Hispanic Black 604.0 (23.7) ¶ac 449.8 (17.6) 530.2 (16.0) ¶ac

Mexican American 536.6 (19.5) †c 433.4 (20.1) 489.8 (13.0) †bc

All Ethnicities 521.4 (19.3) †¶ 413.6 (12.0) † 468.2 (11.6) †¶

Obese (≥95th %) Non-Hispanic White 488.5 (25.6) ‡ 378.7 (28.3) ‡ 440.5 (21.5) ‡

Non-Hispanic Black 493.2 (23.5) ‡¶ 410.1 (23.2) 444.2 (18.4) ‡¶

Mexican American 507.4 (14.5) ‡ 435.3 (11.4) 472.7 (11.1) ‡

All Ethnicities 492.5 (17.1) ‡¶ 396.7 (15.8) ‡ 446.8 (12.6) ‡¶

1
BMI= Body Mass Index; defined by the 2000 CDC age- and gender- specific cut points (Kuczmarski et al., 2002).

§
Males and females in all race/ethnic & BMI percentile categories differ by p<.010.

The letters and weight status symbols indicate statistically significant differences within activity levels by columns.

†
Normal weight and overweight differ by p<.050.

‡
Normal weight and obese differ by p<.050.

¶
Overweight and obese differ by p<.050.

a
Non-Hispanic White differ from non-Hispanic Black by p<.050.

b
Non-Hispanic White differ from Mexican American by p<.050.

c
Non-Hispanic Black differ from Mexican American by p<.050.
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Table 4

Mean (standard error) minutes per day above specified thresholds1 for sedentary behavior, moderate, vigorous,
& moderate + vigorous physical activity by race/ethnicity and age group

Age Group (yr) 6–11 12–15§ 16–19§

Sedentary Non-Hispanic White 219.3 (2.4) b 266.3 (3.6) ab 272.6 (5.3)

Non-Hispanic Black 224.9 (5.5) 271.7 (3.2) ac 276.7 (3.0)

Mexican American 228.9 (2.3) b 280.4 (2.8) * bc 269.6 (2.8) *

All Ethnicities 221.7 (2.1) 269.0 (3.0) 273.0 (3.8)

Moderate Non-Hispanic White 74.1 (2.0) 27.4 (1.2)*ab 22.0 (1.6) *a

Non-Hispanic Black 79.7 (2.7) c 33.5 (1.8) * a 26.7 (2.1) *a

Mexican American 71.4 (1.6) c 32.3 (1.7) * b 26.2 (1.6) *

All Ethnicities 74.7 (1.4) 29.0 (1.0) * 23.3 (1.3) *

Vigorous Non-Hispanic White 12.4 (0.7) a 4.0 (0.4)*ab 2.3 (0.4) *

Non-Hispanic Black 17.0 (0.8) ac 5.0 (0.4) *a 2.1 (0.3) *

Mexican American 13.6 (0.9) c 5.0 (0.4) * b 2.0 (0.2) *

All Ethnicities 13.3 (0.6) 4.3 (0.3) * 2.2 (0.3) *

Moderate + Vigorous Non-Hispanic White 86.6 (2.4) a 31.4 (1.5) *ab 24.3 (1.7) *

Non-Hispanic Black 96.7 (3.3) ac 38.5 (2.1) *a 28.8 (2.1) *

Mexican American 85.1 (2.3) c 37.3 (2.0) * b 28.2 (1.6) *

All Ethnicities 88.0 (1.8) 33.3 (1.3) * 25.5 (1.4) *

1
Physical activity categories were based on age-specific criteria for moderate and vigorous intensity for ages 6–17 years (Trost et al., 2002); for

ages 18 & older: moderate intensity cut point = 2020 cpm & vigorous intensity cut point = 5999 cpm (Troiano et al., 2008); sedentary cut point =
100 cpm for all ages (Matthews et al., 2008).

§
6–11 differ from both 12–15 and 16–19 (p<.050) within all activity levels.

*
12–15 differ from 16–19 (p<.050). The letters and weight status symbols indicate statistically significant differences within activity levels by

columns.

†
Normal weight and overweight differ by p<.050.

‡
Normal weight and obese differ by p<.050.

¶
Overweight and obese differ by p<.050.

a
Non-Hispanic White differ from non-Hispanic Black by p<.050.

b
Non-Hispanic White differ from Mexican American by p<.050.

c
Non-Hispanic Black differ from Mexican American by p<.050.
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Table 5

Mean (standard error) minutes per day above specified thresholds1 for sedentary behavior, moderate, vigorous,
& moderate + vigorous physical activity by race/ethnicity and gender

Gender Male Female Both Genders

Sedentary Non-Hispanic White 245.9 (2.7) b 251.4 (3.2) ab 248.5 (2.4) ab

Non-Hispanic Black 248.9 (3.7) § 258.1 (4.0) a 253.5 (3.5) a

Mexican American 251.2 (2.4) §b 258.1 (2.3) b 254.0 (1.6) b

All Ethnicities 246.9 (2.3) § 253.4 (2.5) 250.1 (2.1)

Moderate Non-Hispanic White 52.4 (2.0) §a 37.8 (1.5) 45.3 (1.2) a

Non-Hispanic Black 61.1 (2.2) §a 40.6 (2.2) 51.0 (1.9) a

Mexican American 57.9 (1.9) § 40.5 (1.7) 49.3 (1.3)

All Ethnicities 54.6(1.7) § 38.6 (0.9) 46.8 (1.0)

Vigorous Non-Hispanic White 8.2 (0.6) §ab 5.8 (0.4) 7.0 (0.4) ab

Non-Hispanic Black 12.5 (0.7) §a 6.0 (0.6) 9.2 (0.5) a

Mexican American 11.1 (0.8) §b 5.9 (0.6) 8.4 (0.5) b

All Ethnicities 9.3 (0.5) § 5.8 (0.2) 7.6 (0.3)

Moderate + Vigorous Non-Hispanic White 60.5 (2.4) §ab 43.6 (1.8) 52.3 (1.5) a

Non-Hispanic Black 73.7 (2.8) §a 46.9 (2.7) 60.2 (2.4) a

Mexican American 69.0 (2.5) §b 46.5 (2.7) 57.7 (1.8)

All Ethnicities 63.8 (2.0) § 44.4 (1.1) 54.4 (1.2)

1
Physical activity categories were based on age-specific criteria for moderate and vigorous intensity for ages 6–17 years (Trost et al., 2002); for

ages 18 & older: moderate intensity cut point = 2020 cpm & vigorous intensity cut point = 5999 cpm (Troiano et al., 2008); sedentary cut point =
100 cpm for all ages (Matthews et al., 2008). The letters and symbol indicate statistically significant differences within activity levels by columns
and rows, respectively.

§
Males and females differ by p<.050.

a
Non-Hispanic White differ from non-Hispanic Black by p<.050.

b
Non-Hispanic White differ from Mexican American by p<.050.

c
Non-Hispanic Black differ from Mexican American by p<.050.
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Table 6

Mean (standard error) minutes per day above specified thresholds1 for sedentary behavior, moderate, vigorous,
& moderate + vigorous physical activity by race/ethnicity and BMI percentile category2

BMI Percentile Category Normal (5th to <85th %) Overweight (85th to <95th %) Obese (≥95th %)

Sedentary Non-Hispanic White 245.7 (3.0) ab 256.5 (7.1) 251.4 (6.6)

Non-Hispanic Black 252.7 (3.9) a 250.9 (4.7) 257.6 (6.6)

Mexican American 252.3 (2.2) b 256.9 (3.8) 256.8 (2.8)

All Ethnicities 247.7 (2.4) 255.7 (5.3) 253.6 (4.8)

Moderate Non-Hispanic White 48.5 (1.5) †‡a 39.5 (2.9) †a 38.0 (4.0) ‡

Non-Hispanic Black 55.3 (2.7) ‡a 52.5 (2.9) ¶a 37.1 (2.7) ‡¶

Mexican American 52.4 (1.7) ‡ 46.8 (2.7) 42.4 (1.7) ‡

All Ethnicities 50.1 (1.2) †‡ 42.4 (2.4) †¶ 38.5 (2.3) ‡¶

Vigorous Non-Hispanic White 8.2 (0.4) †‡a 4.5 (0.5) †ab 4.5 (0.7) ‡

Non-Hispanic Black 10.8 (0.8) ‡a 9.0 (0.9) ¶a 4.9 (0.5) ‡¶

Mexican American 9.5 (0.7) †‡ 7.3 (0.7) †b 6.1 (0.4) ‡

All Ethnicities 8.8 (0.3) †‡ 5.6 (0.5) †¶ 4.9 (0.4) ‡¶

Moderate + Vigorous Non-Hispanic White 56.8 (1.8) †‡a 44.0 (3.2) †ab 42.5 (4.7) ‡

Non-Hispanic Black 66.1 (3.4) ‡a 61.6 (3.5) ¶a 42.0 (3.2) ‡¶

Mexican American 61.9 (2.3) †‡ 54.1 (3.2) †b 48.5 (2.1) ‡

All Ethnicities 58.9 (1.4) †‡ 48.0 (2.8) †¶ 43.4 (2.7) ‡¶

1
Physical activity categories were based on age-specific criteria for moderate and vigorous intensity for ages 6–17 years (Trost et al., 2002); for

ages 18 & older: moderate intensity cut point = 2020 cpm & vigorous intensity cut point = 5999 cpm (Troiano et al., 2008); sedentary cut point =
100 cpm for all ages (Matthews et al., 2008).

2
BMI= Body Mass Index; defined by the 2000 CDC age- and gender- specific cut points (Kuczmarski et al., 2002). The letters and weight status

symbols indicate statistically significant differences within activity levels by columns.

†
Normal weight and overweight differ by p<.050.

‡
Normal weight and obese differ by p<.050.

¶
Overweight and obese differ by p<.050.

a
Non-Hispanic White differ from non-Hispanic Black by p<.050.

b
Non-Hispanic White differ from Mexican American by p<.050.

c
Non-Hispanic Black differ from Mexican American by p<.050.
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Table 8

Logistic regression model predicting meeting the 2008 PA Guidelines1 by gender

Males Females

Odds Ratio (95% CI) Odds Ratio (95% CI)

Race/Ethnicity (vs. Non-Hispanic White)

 Non-Hispanic Black 1.61* (1.07 – 2.42) 1.15 (0.66 – 2.01)

 Mexican American 1.30 (0.84 – 2.02) 0.74 (0.46 – 1.18)

Age Group (vs. 6 – 11)

 12 – 15 0.08* (0.06 – 0.14) 0.02* (0.01 – 0.03)

 16 – 19 0.18* (0.12 – 0.27) 0.16* (0.10 – 0.24)

BMI Category2 (vs. Normal (5th to <85th))

 Overweight (85th to <95th) 0.52* (0.29 – 0.95) 0.78 (0.45 – 1.35)

 Obese (≥95th) 0.42* (0.23 – 0.76 0.47* (0.28 – 0.79)

Poverty to Income Ratio Category (vs. <100%)

 101–199% 1.03 (0.26 – 1.89) 0.71 (0.46 – 1.11)

 200–299% 1.32 (0.73 – 2.41) 0.44* (0.22 – 0.89)

 300–399% 1.08 (0.60 – 1.95) 0.75 (0.44 – 1.27)

 ≥400% 0.62 (0.34 – 1.16) 0.52* (0.29 – 0.92)

1
Outcome modeled is ‘Yes, meeting 2008 PA Guidelines’. PA= physical activity. BMI= Body Mass Index.

2
Defined by the 2000 CDC age- and gender- specific cut points (Kuczmarski et al., 2002).

*
p< 0.05.
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