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Abstract
Background: The purpose of this study was to examine the association between accelerometerassessed physical activity behavior and a variety of self-reported sleeping parameters in a
sample of U.S. adolescents ages 16 and 17.
Methods: Data from the 2005-2006 National Health and Nutrition Examination Survey
(NHANES) was used for the study, with analyses performed in 2012. At the mobile
examination center, participants were asked to wear an ActiGraph 7164 accelerometer on the
right hip for 7 days following their examination. 23 questions on sleep were asked during the
household interview. 293 adolescents between 16 and 17 years of age with sleeping data and
sufficient accelerometry data were included in the analyses.
Results: After controlling for household income and race-ethnicity, a 1-minute increase in
moderate-to-vigorous physical activity was associated with a 44 percent greater odds of having
no difficulty remembering when tired (OR: 1.44, 95% CI: 1.06-1.96, p = 0.02). Physical
activity was not associated with the other evaluated sleeping-related variables.
Discussion: In adolescents, accelerometer-assessed physical activity was, among the sleepingrelated parameters, associated with difficulty remembering when tired. Future studies are
needed to confirm this finding and to determine the extent to which physical activity may
improve memory when tired among adolescents.

© 2012 GESDAV

INTRODUCTION
Similar to adults [1], sleeping-related problems are
frequent among the younger populations [2-4], with
estimates as high as 15 million U.S. children obtaining
insufficient levels of sleep [5]. As recommended by
the National Sleep Foundation [6], school-age children
(5-10 yrs) should obtain 10-11 hours of sleep; teens
(10-17 yrs) should obtain 8.5-9 hours; and adults need
7-9 hours. Sleeping problems among adolescents may
include difficulty falling asleep, early morning
wakening, tired upon waking, and daytime fatigue and
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sleepiness. Sleep disturbances among adolescents may
interfere with their quality of life, daily functioning [7],
and academic performance [8].
With respect to sleep disturbances on academic
performance, studies have shown that longer wake
episodes at night, a proxy for sleep quality, are
associated with negative school performance, along
with poor sleep quality. Several studies have shown
that sleep loss is associated with cognitive impairments
in children [9,10]. Specifically, Harrington et al. [11]
recently showed that the children with the lowest
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mathematics scores had significantly longer wake
episodes at night. Additionally, school-aged children
with fragmented sleep (as based on actigraphic
estimates of night waking) showed lower performance
on neurobehavioral functioning measures as well as
increases in behavioral problems [12]. Similarly, in
older populations, such as adolescents, Wolfson and
Carskadon [13] showed that among 3,000 high school
students, those with higher grades reported more total
sleep, earlier bedtimes on school nights, and reduced
weekend delays of sleep schedules than high school
students with lower grades. Moreover, among 3,871
high school students, Shin et al. [14] showed an
association between sleep quantity and quality with
daytime sleepiness, which is linked with a decline in
academic performance.
Consequently, strategies to improve sleep quality
among adolescents are needed. Although sedative
hypnotic drugs have been developed to aid in sleep
quality [15], such pharmacological drugs may have
considerable side effects [16]. As a result, nonpharmacological strategies, particularly among young
populations, are needed. A potential strategy includes
regular participation in physical activity.
In the general adult population [17,18] and among
subpopulations of the adult population, such as
pregnant women [19], empirical evidence indicates that
physical activity is favorably associated with sleep;
however, fewer studies have been conducted in
younger populations. Among children and adolescents,
some studies [20-26], but not all [27], have
demonstrated a favorable association between physical
activity and sleep. Recently, Harrington et al. [11]
showed that the longer wake episodes at night were
associated with fewer steps taken during the day,
suggesting that wakefulness during the sleep episode is
associated with increased energy expenditure,
consequently allotting less energy for daytime
activities. Additionally, Foti and colleagues [26] used
data from the 2009 national Youth Risk Behavior
Survey and showed that, after adjustments, adolescents
in the 9th-12th grade who self-reported engaging in 60
minutes or more of physical activity on a daily basis
had a higher odds (odds ratio: 1.24, 95% CI: 1.01-1.51)
of sufficient sleep than those engaging in less physical
activity. Importantly, the study by Foti and colleagues
[26], along with some of the other studies in this area of
inquiry, have relied on self-report measures of physical
activity, which are prone to considerable measurement
error including recall bias, item-interpretation and
social desirability effects [28]. The recall bias, in
particular, may be particularly prone to error given the
inverse association observed between sleep and
memory. Additionally, most studies have examined the
association between physical activity and sleep latency
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or sleep duration, providing only a partial picture
regarding the overall association between physical
activity and sleep.
The present study aims to extend our knowledge base
in this area and overcome some of the common
limitations of previous studies by examining the
association between objectively-measured physical
activity (i.e., accelerometry) and 23 different sleepingrelated parameters (e.g., sleep duration, sleep latency,
difficulty concentrating when tired and frequency of
taking sleeping pills) in a nationally representative
sample of older adolescents (i.e., 16-17 years).
METHODS
Design
Data were obtained from the 2005-2006 National
Health and Nutrition Examination Survey (NHANES).
Briefly, NHANES employs a representative sample of
non-institutionalized U.S. civilians, selected by a
complex, multistage probability design. Participants
were interviewed in their homes and subsequently
examined in mobile examination centers (MEC) across
numerous U.S. geographic locations. The survey
examines a nationally representative sample of about
5,000 individuals each year. Individuals are located in
counties across the country, with 15 counties visited
each year. The study was approved by the National
Center for Health Statistics ethics review board, with
parental informed consent and adolescent assent
obtained from all participants prior to data collection.
Participants
Among the 10,348 participants (ages 0 to 85 yrs) in the
2005-2006 NHANES cycle, 4,895 remained after
excluding those with insufficient physical activity
monitoring data; 1,643 remained after excluding those
who were 18 years and older; 298 remained after
excluding those with missing sleep data; 296 remained
after excluding those who self-reported being pregnant;
295 remained after excluding those who were
considered pregnant from a blood sample; and 293
remained after excluding those who were currently
breast feeding a child. The final sample for the present
study included 293 NHANES older adolescent
participants between 16 and 17 years of age. The
gender breakdown was 46.3% (SE [standard error] =
3.3) for males and 53.6% (SE = 3.3) for females. The
mean (SE) age (years) for males and females,
respectively, was 16.5 (SE = 0.05) and 16.4 (SE =
0.04).
Measurement of Physical Activity
At the MEC, participants were asked to wear an
ActiGraph 7164 accelerometer on the right hip for 7
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days following their examination. The ActiGraph 7164
accelerometer measures accelerations in the vertical
axis using a piezoelectric plate. The accelerometer
output is digitized using an analog-to-digital converter,
and once digitized, the signal passes through a digital
filter that detects accelerations ranging from 0.05 to
2.00 g in magnitude with frequency responses ranging
from 0.25 to 2.5 Hz to filter motion outside normal
human movement. The filtered signal is then rectified
and summed over a pre-determined epoch period.
After the activity count is sorted into an epoch, it is
stored in the internal memory and then the integrator is
reset to zero. Additional information on the mechanics
of the ActiGraph 7164 accelerometer can be found
elsewhere [29]. For the present study, activity counts
were summarized in 1-min epochs. The Freedson agespecific cut-points were used to classify time spent at
moderate-to-vigorous physical activity (MVPA)
intensity [30,31]. For 16 and 17 year olds, respectively,
the moderate-intensity cut-points were 3000 and 3239
counts/min. For vigorous-intensity, the cut-points were
6363 (16 year olds) and 6751 counts/min (17 year
olds). For the analyses described here and as is
recommended, only those participants with at least 4
days with 10 or more hours per day of monitoring data
were included in the analyses [31]. Moderate and
vigorous physical activity intensities were combined as
participants spent little time in vigorous intensity
activities. For example, participants engaged in 2.0
minutes (SE = 0.48) of vigorous-intensity physical
activity per day. Nonwear was defined by a period of a
minimum of 60 consecutive minutes of zero activity
counts, with the allowance of 1-2 minutes of activity
counts between 0 and 100 [31]. The ActiGraph
accelerometer has demonstrated evidence of validity
and reliability among youth [32,33].
Measurement of Sleeping Variables
In the 2005-2006 NHANES sample, participants 16 and
older completed a variety of sleeping patterns and
outcomes that were measured using the Functional
Outcomes of Sleep Questionnaire [34]. The present
study restricted the analyses to adolescent participants
(i.e., 16 and 17 years), as their sleeping patterns are
different than adults [35,36]. In the present study, 23
self-reported sleeping-related questions were evaluated,
including 2 continuous variables and 21 categorical
variables. The 2 continuous variables included the
number of hours slept per night and time (min) it took
to fall asleep (i.e., sleep latency). Details about the
categorical variables can be found elsewhere [17], with
these questions (along with their proportions) also
found in Table 2. When insufficient observations (~ <
30) were reported for a response, response options were
combined, where appropriate.
Measurement of Covariates
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During a household interview, an interviewadministered questionnaire assessed information on
age, gender, race-ethnicity, annual household income,
poverty income ratio, and student status. A trained
interviewer recorded interview data electronically using
computerized questionnaire forms that were
programmed using Blaise software. Annual family
income was self-reported in increments of $5,000
starting at $0 and up to $75,000 or more.
Socioeconomic status was evaluated using the poverty
to income ratio. Ranging from 0 to 5, poverty to
income ratio was defined as the ratio of the family
individual income to their poverty threshold. Student
status was assessed by asking participants whether they
were in school, on vacation from school, or neither in
school or on vacation from school. Additionally, at the
MEC, participants completed a questionnaire on their
current health status, with possible responses including
excellent, very good, good, fair, or poor. Lastly, to
exclude participants who were breast feeding or
pregnant, which may influence their sleeping patterns,
participants, while being examined at the MEC,
answered questions on whether they were pregnant or
breast feeding. Given that some of the female
participants may not have known they were pregnant,
pregnancy status was also identified using a urine
sample. If the urine test results were positive for
pregnancy, a serum pregnancy test was also performed.
For both the urine and serum pregnancy tests, an Icon
25 hCG (human chorionic gonadotropin) test kit was
used for the qualitative detection of hCG in urine or
serum. During examination at the MEC, body mass
index (BMI) was calculated from measured weight and
height (weight in kilograms divided by the square of
height in meters). Weight was directly measured using
the Toledo electronic weight scale with height
measurements taken using the Seca electronic
stadiometer. Standard procedures (e.g., no shoes) were
used to measure height and weight, with detailed
information provided elsewhere [37].
Data Analysis
Analyses were performed in 2012 using procedures
from sample survey data (svy: commands) in STATA
(version 10.0, College Station, TX) to account for the
complex survey design used in NHANES. To account
for oversampling and non-response, all analyses
included the use of the sample weights, clustering
variables, and primary sampling units. The two-year
MEC sample weights were used in the present study
[17]. Means and standard errors were calculated for
continuous variables and proportions were calculated
for categorical variables.
To determine which variables to assess in multivariate
models, we first computed univariate linear regression
to examine the association between MVPA
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(independent variable) and both continuous sleeping
variables (dependent variable). Univariate multinomial
logistic regression and logistic regression was used to
examine the association between MVPA (independent
variable) and each of the categorical sleeping-related
variables (dependent variable). Prior to the regression
analysis, MVPA was normalized using a log
transformation.
Among the significant univariate
models, additional analyses were computed.
Specifically, 3 models were computed. First, an
unadjusted regression analyses was used to examine the
association between MVPA (independent variable) and
the sleeping variable (dependent variable). Second, a
fully adjusted multivariate regression model was
computed while controlling for potential confounding
variables, including age, BMI, gender, health status,
household income, poverty status, student status, and
race-ethnicity. Third, to prevent over-adjustment from
occurring, a minimally adjusted model was computed

that only controlled for the covariates that contributed
(p-value < 0.25) to the fully adjusted model. Statistical
significance was established as a nominal alpha level of
0.05.
RESULTS
Demographic characteristics of the sample are
displayed in Table 1. The proportion for each of the
sleeping variables is displayed in Table 2. On average,
the mean (SE) hours slept per night and duration (min)
to fall asleep, respectively, was 7.39 (0.1) and 21.13
(1.6). Non-transformed weighted means (SE) for the
average daily minutes spent at moderate, vigorous and
MVPA, respectively, were 13.3 (0.8), 2.0 (0.4), and
15.3 (1.2).

Table 1. Weighted means and proportions (standard error) for selected characteristics of the 2005-2006 NHANES sample.
Variable

Mean/Proportion [standard error]

N
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Age (yrs) (range = 16-17)

16.4 (0.02)

% Female

53.6 (3.3)

Height (cm)

168.3 (0.6)

Weight (kg)

66.9 (1.2)

BMI (kg/m2)

23.4 (0.4)

% Overweight or Obese a

28.9 (3.7)

Ethnicity
% Mexican American

11.6 (1.6)

% Other Hispanic

7.4 (3.0)

% Non-Hispanic White

59.5 (4.1)

% Non-Hispanic Black

14.7 (2.6)

% Other Race

6.6 (2.0)

Poverty Income Ratio
(range = 0-5)

2.96 (0.1)

Current Health Status
% Excellent

13.6 (2.3)

% Very Good

44.8 (3.6)

% Good

35.9 (2.4)

% Fair

5.2 (1.5)

% Poor

0.3 (0.2)

Student Status

a

% In school

71.3 (6.7)

% On vacation from school

23.4 (6.1)

% Neither in school or on vacation from school

5.2 (1.8)

Using CDC growth curves, overweight was defined as ≥ 85th BMI percentile for age and gender, respectively [43].
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Of the univariate regression models examining the
association between MVPA and the sleeping-related
variables, only the variables “ever told by doctor that
you have a sleeping disorder” and “difficulty
remembering when tired” were significant; the results
occurred in the expected direction for these two
variables. Those who had no difficulty remembering
when tired (16.2 min/day [SE = 1.6]; n = 232) engaged
in significantly more MVPA than those who had a little
or more difficulty (11.8 min/day [SE = 2.2]; n = 58) (p
= 0.03). Results for the variable “ever told by doctor
that you have a sleeping disorder” are not shown, as
only 3 participants answered yes to this question; thus,
providing unstable estimates.
For the variable difficulty remembering when tired, the
unadjusted model was significant (OR = 1.47, 95% CI:
1.03-2.08).
However, after controlling for BMI,
gender, health status, household income, poverty status,
student status, race-ethnicity and age, the association
was slightly attenuated (OR: 1.38, 95% CI: 0.90-2.11; p
= 0.12). After removing covariates that did not
contribute (i.e., p < 0.25) to the model, which included
controlling for household income and race-ethnicity, a
1-minute increase in MVPA was associated with a 44
percent greater odds of having no difficulty
remembering when tired (OR: 1.44, 95% CI: 1.06-1.96,
p = 0.02).
DISCUSSION
The results of the present study do not provide strong
evidence regarding the association between physical
activity behavior and sleep among older adolescents.
This may be attributable, in part, to the minimal time
spent at MVPA among the adolescent sample as well as
using a sleeping questionnaire originally developed for
adults. However, the present findings do suggest that
physical activity among older adolescents is associated
with their ability to remember things when they are
sleepy or tired.
This finding that physical activity behavior is
associated with the ability to remember things when
sleepy or tired among adolescents is an important
finding. Although confirmation from prospective and
experimental studies in adolescents is needed, and
although speculative, the data in the present study
suggest that regular participation in physical activity
may influence academic achievement given that the
ability to remember things when tired may be
associated with memory. This assertion is partially
supported by other studies reporting a positive
association between physical activity behavior and
academic achievement and memory [38]. For example,
Harrington et al. [11] showed that steps taken during
the day negatively correlated with length of wake
episodes at night, and children with longer wake

290

episodes at night had lower mathematical scores.
However, given that this study was among children, it
is uncertain as to whether similar results would hold
true for adolescents.
Studies among children and adolescents, as well as
adults, demonstrate support that sleep facilitates
memory encoding, working memory and long-term
memory consolidation [39]. This ability for adequate
sleep to foster memory may be through neuronal
changes in the prefontal cortex area of the brain [39].
For example, sleep deprivation may negatively
influence memory through deficits in prefontal cortex
activity.
Although speculative, even when tired,
regular engagement in physical activity behavior may
enhance memory by attenuating this reduction in
neuronal activity within the prefontal cortex area of the
brain. Additionally, physical activity behavior may
enhance memory by increasing cerebral blood flow
[40] and neurogenesis [41].
In summary, the findings of the present study indicate
that physical activity behavior is weakly associated
with sleep among adolescents; however, an important
finding emerged in that physical activity behavior was
associated with the participants’ ability to remember
things when sleepy or tired. Although physical activity
behavior was objectively-measured, a limitation of this
study was using a subjective measure of sleep, which
was only available in the NHANES cycle.
Additionally, although the Functional Outcomes of
Sleep questionnaire has been validated in adults [34],
its validity in younger populations, specifically
adolescents, is uncertain. The mostly null findings may
be attributable, in part, to the use of a non-validated
questionnaire for this target population. Furthermore,
the mostly null findings may also be attributable to a
floor effect, as the participants, on average, engaged in
little MVPA.
For example, only 1.5% of the
participants met the adolescent current physical activity
guidelines (i.e., 420 min/week of at least moderateintensity physical activity [60 min/day x 7 days/week])
[42]. Major strengths to this study include using an
objective measure of physical activity over a 7-day
period and examining the association between physical
activity behavior and numerous sleep-related
parameters in older adolescents. This contributes to the
literature as, to the best of our knowledge, this has not
previously been done. Given the cross-sectional nature
of the present study, which precludes any ability to
make causal inferences, future studies among
adolescents are encouraged to use a prospective study
design and an objective measure of sleep when further
examining the association between physical activity
and the ability to remember things when tired, as well
as delineate the mechanisms that may explain this
potential association.
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Table 2. Weighted proportions of the categorical sleeping-related variables.
Sleeping Variable
How often do you snore
Never (n = 168)
Rarely or more (n = 97)
How often do you snort/stop breathing
Never (n = 268)
Rarely or more (n = 18)
Ever told doctor you had trouble sleeping
Yes (n = 13)
No (n = 280)
Doctor ever tell you that you have a sleep disorder
Yes (n = 3)
No (n = 290)
How often do you have trouble falling asleep
Never (n = 126)
Rarely (n = 80)
Sometimes or more (n = 87)
How often do you wake up at night
Never (n = 136)
Rarely (n = 73)
Sometimes or more (n = 84)
How often do you wake up too early in the morning
Never (n = 158)
Rarely (n = 45)
Sometimes (n = 55)
Often or more (n = 35)
How often do you feel unrested during the day
Never (n = 79)
Rarely (n = 64)
Sometimes (n = 79)
Often or more (n = 71)
How often do you feel overly sleeping during the day
Never (n = 104)
Rarely (n = 70)
Sometimes (n = 76)
Often or more (n = 43)
How often do you not get enough sleep
Never (n = 83)
Rarely (n = 54)
Sometimes (n = 88)
Often or more (n = 68)
How often do you take pills to help you sleep
Never (n = 274)
Rarely or more (n = 19)
How often do you have leg jerks while sleeping
Never (n = 243)
Rarely or more (n = 49)
How often do you have leg cramps while sleeping
Never (n = 219)
Rarely or more (n = 74)
Difficulty concentrating when tired
No difficulty (n = 199)
Yes, a little difficulty or more (n = 91)
Difficulty remembering when tired
No difficulty (n = 232)
Yes, a little difficulty or more (n = 58)
Difficulty eating when tired
No difficulty (n = 280)
Yes, a little difficulty or more (n = 11)
Difficulty with a hobby when tired
No difficulty (n = 239)
Yes, a little difficulty or more (n = 42)
Difficulty getting things done
No difficulty (n = 245)
Yes, a little difficulty or more (n = 31)
Difficulty with finances when tired
No difficulty (n = 182)
Yes, a little difficulty or more (n = 102)
Difficulty at work because tired
No difficulty (n = 217)
Yes, a little difficulty or more (n = 66)
Difficulty on phone when tired
No difficulty (n = 226)
Yes, a little difficulty or more (n = 65)

Proportion (95% CI)
59.7 (49.0-70.5)
40.2 (29.4-50.9)
95.7 (93.0-98.3)
4.2 (1.6-6.9)
6.6 (0.3-12.8)
93.3 (87.1-99.6)
0.7 (0.00-2.4)
99.2 (97.5-100)
31.1 (19.1-43.0)
31.8 (23.2-40.3)
37.0 (25.6-48.4)
43.6 (35.6-51.6)
24.7 (17.7-31.7)
31.5 (21.9-41.2)
53.9 (43.7-64.1)
12.5 (7.0-18.0)
20.1 (13.5-26.8)
13.3 (7.0-19.6)
20.8 (12.6-28.9)
22.6 (17.2-28.0)
26.8 (17.4-36.2)
29.7 (24.3-35.1)
26.3 (17.7-34.8)
26.2 (17.8-34.5)
25.7 (17.2-34.3)
21.6 (15.7-27.5)
22.0 (12.9-31.1)
18.7 (12.4-25.0)
27.8 (19.1-36.4)
31.3 (23.2-39.5)
90.4 (86.9-93.9)
9.5 (6.0-13.0)
78.0 (69.7-86.2)
21.9 (13.7-30.2)
74.2 (66.1-82.3)
25.7 (17.6-33.8)
69.2 (60.9-77.4)
30.7 (22.5-39.0)
78.3 (67.6-88.9)
21.6 (11.0-32.3)
96.0 (92.6-99.4)
3.9 (0.5-7.3)
81.6 (73.1-90.2)
18.3 (9.7-26.8)
90.4 (84.7-96.1)
9.5 (3.8-15.2)
63.0 (51.1-74.9)
36.9 (25.0-48.8)
77.8 (68.9-86.7)
22.1 (13.2-31.0)
78.9 (71.1-86.7)
21.0 (13.2-28.8)

PA, physical activity
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