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ABSTRACT

KRACHT, C. L., P. T. KATZMARZYK, C. M. CHAMPAGNE, S. T. BROYLES, D. S. HSIA, R. L. NEWTON JR, and A. E. STAIANO.

Association between Sleep, Sedentary Time, Physical Activity, and Adiposity in Adolescents: A Prospective Observational Study.Med. Sci.

Sports Exerc., Vol. 55, No. 1, pp. 110-118, 2023. Purpose: This study aimed to examine the effects of substituting sedentary time with sleep

or physical activity on adiposity in a longitudinal sample of adolescents. Methods: Adolescents (10–16 yr) were recruited for a prospective

observational cohort. Parents and adolescents reported demographic characteristics and pubertal development. Accelerometry was used to

measure sleep, physical activity, and sedentary time. Adiposity was quantified with imaging techniques. Isotemporal substitution modeling

was conducted to examine the effect of substituting 10 min of sedentary time with sleep or differing intensities of physical activity. Results

were stratified by sex and race and adjusted for covariates. Results: A total of 217 adolescents provided complete measures at both baseline

and 2 yr later (58.1%White, 51.8% girls; 12.9 ± 1.9 yr at baseline). Sleep was negatively related to adiposity 2 yr later when considering other

movement behaviors, but substituting baseline sedentary time with sleep was not related to future adiposity (P > 0.05). In boys and non-White

adolescents, substituting sedentary time with vigorous-intensity physical activity was related to lower adiposity 2 yr later (P < 0.05). Substitut-

ing sedentary time for moderate- to vigorous-intensity physical activity was not associated with future adiposity. Conclusions: Substituting

sedentary time with vigorous-intensity physical activity was related to lower adiposity in later adolescence in certain groups. Opportunities

to promote an adequate balance of sleep, sedentary time, and physical activity in all adolescents are encouraged for optimal development.
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Physical activity is paramount for child health and devel-
opment, including as a deterrent for excess weight gain
in adolescents (1). Time spent sedentary, especially for

prolonged periods, is associated with a higher body mass in-
dex (BMI) and cardiometabolic risk factors in adolescents
(2). Despite the benefits of additional physical activity and less
time spent sedentary, many children increase their time spent
sedentary at around 7 yr of age while reducing physical activity
(3). This pattern continues into later adolescence (3). Another
important health behavior, sleep, is also associated with child-
hood obesity and cardiometabolic risk as children with short
sleep duration are more likely to have overweight or obesity
r correspondence: Amanda E. Staiano, Ph.D., Pennington Biomed-
ch Center, 6400 Perkins Road, Baton Rouge, LA 70808; E-mail:
aiano@pbrc.edu.
for publication January 2022.
or publication July 2022.
tal digital content is available for this article. Direct URL citations
he printed text and are provided in the HTML and PDF versions
le on the journal’s Web site (www.acsm-msse.org).

/23/5501-0110/0
E & SCIENCE IN SPORTS & EXERCISE®
© 2022 by the American College of Sports Medicine

49/MSS.0000000000003018

110

Copyright © 2022 by the American College of Sports Medicine
(4). Recognizing the collective influence of these three health
behaviors that occur within the 24-h day, Canada released the
24-Hour Movement Guidelines for physical activity, sedentary
screen time, and sleep for children and adolescents in 2016 (5).
The World Health Organization (WHO) recently built on these
efforts by releasing the 2020 WHO guidelines on physical ac-
tivity and sedentary time for children and adolescents (ages
5–17 yr) (6). The WHO guidelines recommend ≥60 min·d−1

in moderate- to vigorous-intensity physical activity (MVPA)
and reduction of time spent sedentary. Further, the WHO
guidelines suggest the substitution of sedentary time with
physical activity for maximal benefit (7).

Although the ideal balance of all movement behaviors is un-
known, recent studies have begun using statistical analysis
techniques to model the interplay of these behaviors within
the 24-h day. Substitution techniques, including compositional
data analysis, are used to understand the relationship between
time spent in one behavior compared with time spent in an-
other behavior with health outcomes (8). Compositional data
analysis includes multiple approaches, including the isometric
log ratio approach, whereby movement intensities are repre-
sented as ratios of the 24-h day. This approach may be limited
by any missing or nonwear data and undetected sleep, and the
results can be difficult to translate into recommendations (8).
Another technique is the traditional approach, which includes
. Unauthorized reproduction of this article is prohibited.
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all movement behaviors as raw values in the same model. In
these models, movement behaviors are sequentially added
and removed from the models to represent the substitution of
one behavior for another. This technique may also be used for
comparing reallocation of time (min) for sleep and may be used
for interpretating changes among movement behaviors (9). As
an example, substituting 30 min of sedentary time with sleep
was associated with a lower BMI in a cross-sectional study of
1718 older adults (ages 45–84 yr) (10). Similarly, a recent sys-
tematic review of eight studies (seven cross-sectional and one
longitudinal) reported that reallocating time spent sedentary
with time spent in light physical activity (LPA) and MVPA
was associated with lower adiposity in adults (11).

These analytic techniques and explorations are emerging in
adolescents because adolescence is a critical period when sed-
entary time increases and physical activity decreases (12).
Within this age-group, there are also potential differences by
sex (3) and race (13), with girls and non-White adolescents en-
gaging in more sedentary behavior and less physical activity
relative to boys and White adolescents, respectively (3,13).
Even so, cross-sectional analyses have found that time spent
in vigorous-intensity physical activity (VPA) relative to all
other behaviors (sedentary time, LPA, and MVPA) was asso-
ciated with lower BMI z-scores in children and adolescents
(6–17 yr) (14), and reallocating sedentary time to LPA and
VPA was associated with lower BMI z-scores in 782 children
(ages 7–13 yr) (15). Furthermore, substituting sedentary time
with MVPA was associated with lower visceral adipose tissue
(VAT) in 412 children (ages 7–12 yr) (16). A longitudinal
study of 88 children (ages 9.2 ± 0.9 yr) found that allocating
sedentary time to VPA was associated with lower VAT 5 yr
later (17). These results provide evidence that reallocating sed-
entary time with higher-intensity activity is important for ado-
lescent development.

Another consideration is sleep, as others have found allocat-
ing time fromMVPA to sleep to be related to higher adiposity,
but it is unclear if allocating sedentary time to sleep provides
any benefit (18). Examining the substitution sleep for seden-
tary time (14,16) and assessing more than a single time point
(14–16) may improve on existing work. Evaluating the effects
of substituting sedentary time with all other movement behav-
iors on various measures of adiposity using longitudinal data
may add to understanding if reallocation of movement behav-
iors is related to the development of excess weight and to find-
ing actionable targets for future behavioral interventions. There-
fore, the purpose of this study was to examine the effects of
substituting sedentary timewith sleep or physical activity on ad-
iposity in a longitudinal sample of adolescents. Based on
existing literature, we hypothesized that substituting sedentary
time with VPA will be related to lower VAT accumulation.
METHODS

Participants. Adolescents (ages 10–16 yr) were recruited
from a metropolitan area in Louisiana between 2016 and 2018
to participate in a prospective observational cohort study, the
ADOLESCENT MOVEMENT BEHAVIORS AND ADIPOSITY
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Translational Investigation of Growth and Everyday Routines
in Kids (TIGER Kids) study (NCT02784509). Adolescents
were eligible at baseline if they weighed less than 500 lb or
226 kg to not exceed weight capacity of the imaging instru-
ments, were not pregnant, were not on a restrictive diet due
to illness, had no significant physical and/or mental disability
that interfered with the ability to walk or wear an accelerometer,
and were able to comprehend and complete all study proce-
dures. The primary aim of the TIGER Kids study was to exam-
ine the relationship between changes in physical activity and
sedentary time with fat accumulation during childhood and ad-
olescence and explore differences by race (White vs non-White
adolescents). Therefore, the target sample size was at least 334
participants to detect a 24-min difference in sedentary time be-
tween adolescents with and without obesity (α = 0.05, 80%
power) and allow for a dropout rate of 25%, based on a previ-
ous study (19). The study team aimed to recruit 340 adoles-
cents at baseline to assess this primary research question.

Recruitment occurred through flyers, e-mail listservs, social
media (e.g., Facebook) advertisements, local news outlets,
health events, outreach at local schools, and other community
events. Follow-up measures occurred during August 2018 and
August 2020, approximately 2 yr after baseline measures
(range, 18–30 months). Retention in the study was facilitated
by communicating with the parent or guardian semiannually
over e-mail or phone, which included reviewing health and
weight status changes in the participating adolescent and
scheduling the follow-up visit.

Procedure. Informed assent of the adolescent and written
consent of the parent were obtained before undertaking any
measurements. At an orientation event, adolescents were
instructed to wear an accelerometer and return for a clinic visit
after at least 7 d. Adolescents were asked to arrive at the clinic
visit in a fasted state. At this same visit, the parent completed a
demographics survey, which included adolescent age, sex,
race, marital status, and household income. Adolescents also
reported their stage of sexual maturation based on standard-
ized validated drawings that showed advanced pubertal stages
from incomplete development to complete development for
male or female bodies, depending on the adolescent’s sex
(20). Adolescents completed one dietary recall using the Auto-
mated Self-Administered 24-Hour Dietary Assessment Tool
(ASA-24 2016) (21) at the clinic visit and up to two additional
dietary recalls at home as described elsewhere (22). All ques-
tionnaires were completed using a secure data capture soft-
ware, Research Electronic Data Capture (REDCap), hosted
at Pennington Biomedical Research Center (23).

A trained study staff member measured height and weight
twice according to clinic protocol and averaged these measure-
ments. If the measurements differed by more than 0.5 units,
then a third measurement was taken. BMI was calculated by
dividing weight (in kilograms) by squared height (in meters).
BMI was compared with age- and sex-specific percentiles
using the CDC SASMacro program (24). Obesity was defined
as having a BMI ≥95th percentile, overweight was defined as a
BMI ≥85th to 95th percentile, and underweight was defined as
Medicine & Science in Sports & Exercise® 111
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a BMI ≤5th percentile for age and sex (25). All clinical proce-
dures from the initial clinic visit were repeated during the
follow-up clinic visit. The study protocol was approved by
the Pennington Biomedical Research Center’s Institutional
Review Board.

Sleep, sedentary time, and physical activity. Sleep,
sedentary time, and physical activity were measured using ac-
celerometry. AnActiGraph GT3X+ accelerometer (Pensacola,
FL) was placed on the right hip of the adolescent with an elas-
tic waistband, and data were recorded in 15-s epochs. The ad-
olescent was instructed to wear the device continuously (in-
cluding overnight) for at least 7 d and only remove the device
for water-based activities (e.g., bathing). A previously pub-
lished algorithm, developed using a pediatric cohort, was used
to differentiate between sleep, nonwear, and wear time (26).
Age-appropriate cut points for 15-s epochs were applied, in-
cluding ≤25 counts for sedentary time, 26–573 counts for
LPA, 574–1003 counts for moderate-intensity physical activity
(MPA), and ≥1003 counts for VPA (27). MPA and VPA were
considered separately, and together as a sum in analysis (as
MVPA), because of the unique relationship between VPA
and adiposity (28). Adolescents who had at least 4 d (including
one weekend day) with 10 h of wear time (excluding nonwear
or sleep) at baseline were included in the analysis (29). Sleep
time was the amount between algorithm-determined bedtime
and wake time. Adolescents with at least 3 d (with one weekend
day) with ≥160 min of overnight sleep were included in the
analysis based on a previously published algorithm (26). The al-
gorithm using 2 d was validated in a free-living environment
against self-report logs in children (30). Sleep, sedentary time,
physical activity, and wear time (min) were averaged over valid
days available (min·d−1).

Adiposity. A trained technician performed a whole-body
scan using a General Electric (GE) Lunar iDXA scanner (GE
Medical Systems, Milwaukee, WI) and a standard positioning
protocol. The amount of body fat mass and lean mass was es-
timated (kg). Adolescents who exceeded the scan region were
positioned with their left arm excluded, and their right arm
measurements were duplicated for analysis. A water-fat
shifting MRI scan was used to assess VAT and subcutaneous
adipose tissue (SAT) with a GE Discovery 750w 3.0 Tesla
(GEMedical Systems). Images were captured from the highest
point of the liver to the bottom of the right kidney during a
20-s breath hold and processed using IDEAL-IQ imaging soft-
ware. A trained technician manually drew VAT and SAT
areas, and additional calculations were used to estimate vol-
ume (kg) (31). Total abdominal adipose tissue (TAT) was
the sum of VAT (kg) and SAT (kg).

Statistical analysis. Adolescents with complete data for
demographics and accelerometry at baseline and adiposity at
both time points were included in the analysis. Fat mass,
VAT, SAT, and TAT values were reported for the entire sample
but were log-transformed for analysis because of nonnormal
distribution. Pearson correlation coefficients were used to ex-
amine associations among baseline movement behaviors, and
between baseline movement behaviors and adiposity at both
112 Official Journal of the American College of Sports Medicine
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time points. A series of models were conducted to examine
the relationship between movement behavior (baseline) and
adiposity (follow-up), including singular, partition, and isotemporal
substitution models. For singular models, serial independent
linear regression models were used to examine the association
between baseline movement behaviors (one independent var-
iable per model) and follow-up adiposity (dependent vari-
ables). Four models, one for each dependent variable, were
run as for the partition component and then for isotemporal
substitution component. For partition models, linear regres-
sion models were used to examine the association between
baseline movement behaviors (all five independent variables
together in the model [sedentary time, LPA, MPA, VPA,
and sleep]) and follow-up adiposity (dependent variables).
For isotemporal substitution models, movement behaviors
were summed to create a total time variable (sum of sedentary
time, LPA, MPA, VPA, and sleep), and individual movement
behaviors were also divided by 10 to create 10-min increments
like other studies with low amounts of VPA relative to MPA
and LPA (15,17,32). To evaluate the association of substitut-
ing 10 min of sedentary time, all other movement behaviors
(LPA, MPA, VPA, and sleep represented as 10-min incre-
ments) were included as independent variables, total time
was included as a covariate, and follow-up adiposity was the
dependent variable.

Models were adjusted for baseline age, sex, race, puberty
status, baseline adiposity, time between visits (months), and
baseline lean mass in the models with fat mass as dependent
variable, along with time between visits (months). Models
were repeated with adjustment for wear time, and with MVPA
as the independent variable instead of MPA and VPA. A sen-
sitivity analysis was conducted with singular, partition, and
isotemporal substitution models with additional adjustment
for baseline dietary quality via the average daily Healthy Eat-
ing Index 2015 score calculated from available dietary recalls
(1–3 d possible) (33). In addition, interactions between sex and
movement behaviors, along with race and movement behav-
iors, were explored in singular models. Levene’s test was con-
ducted to examine if sex and race groups should be modeled
together or separately. Significantly different variances were
found in VAT among sexes (P < 0.05), and fat mass had dif-
ferences that were trending. Similar results were found when
repeated for race. Thus, model that considered race and gen-
ders were separated by group levels. Singular, partition, and
isotemporal substitution models were then repeated separately
by sex. The stratified samples by sex and race weremoderately
powered (power-level 70% for 91 adolescents and 80%–89%
for 104–126 adolescents) to detect an effect at 0.05 signifi-
cance level assuming a moderate effect size (i.e., Cohen’s
f2 = 0.15; calculated using G*Power Version 3.1). Variance
inflation was examined in each model because of possible
collinearity with movement behaviors, although no variance
inflation was found (<10 variance inflation factor per var-
iable). Up to five outliers were removed from each model
because of departure from normality in the residuals. All
analyses were conducted in SAS 9.4 (Cary, NC), and
http://www.acsm-msse.org
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significance was set at P < 0.05 for main effects and P < 0.10
for interaction effects.
A
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RESULTS

Three hundred and forty-two adolescents completed a TIGER
Kids baseline visit, and 286 completed all baseline measures for
the present analysis (45 had incomplete accelerometry data, 10
weremissingMRI data, and 1wasmissing puberty data). Of these,
222 adolescents participated in the follow-up TIGER Kids visit,
and 217 provided complete measures. Those who were included
had higher MPA (25.2 ± 12.4 min) and VPA (10.1 ± 9.7 min)
and wore the accelerometer longer (868.0 ± 56.4 min) at baseline
compared with those not included (MPA, 21.9 ± 10.1 min,
P = 0.01; VPA, 7.2 ± 7.0 min, P = 0.003; wear time,
847.2 ± 70.2 min, P = 0.01). Those who were included had
lower fat mass and lean mass at baseline and lower values in
all adiposity measures at follow-up (P < 0.05 for all). No other
differences in demographics, independent variables, or depen-
dent variables were found between those included and not in-
cluded in analysis.

As shown in Table 1, adolescents were 12.9 ± 1.9 yr of age,
over half were White (58.1%), about one-third were African
American (36.4%), and few identified as another race
(5.5%). The sample’s racial composition is similar to the
U.S. census data for the Baton Rouge metropolitan area
(56% White, 36% African American) (34). Almost half the
sample had overweight (12.2%) or obesity (30.9%). There
was a significant increase in BMI percentile and all adiposity
measures between baseline and follow-up (P < 0.01 for all).
There was a difference in sedentary time, MPA, VPA, and
TABLE 1. Descriptive characteristics of sample (n = 217).

Baseline

Mean ± SD Pct.

Age 12.9 ± 1.9
Male 48.2
Race

White 58.1
African American 36.4
Other 5.5

Puberty
Prepuberty 12.4
Peripuberty 52.1
Postpuberty 35.5

Movement behaviors
Sedentary time (min·d−1) 591.2 ± 72.2
LPA (min·d−1) 241.2 ± 57.6
MPA (min·d−1) 25.2 ± 12.5
VPA (min·d−1) 10.1 ± 9.7
Sleep (h·d−1) 8.7 ± 1.0

Weight status and adiposity
BMI percentile 68.5 ± 31.5
BMI category
Underweight 3.6
Normal 53.4
Overweight 12.2
Obesity 30.9

VAT (kg) 0.5 ± 0.4
SAT (kg) 5.0 ± 4.6
TAT (kg) 5.5 ± 5.0
Lean mass (kg) 36.7 ± 10.3
Fat mass (kg) 20.8 ± 13.9

VAT, SAT, TAT, lean mass, and fat mass are presented without transformation. Assessed using pa
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multiple adiposity measures at baseline and follow-up between
boys and girls (Supplemental Digital Content, Table S1, De-
scriptive characteristics of sample stratified by sex and race,
http://links.lww.com/MSS/C699). White and non-White ado-
lescents differed in baseline LPA, sleep, and multiple adiposity
measures at baseline and follow-up (Supplemental Digital Con-
tent, Table S1, Descriptive characteristics of sample stratified
by sex and race, http://links.lww.com/MSS/C699).

In unadjusted models (Supplemental Digital Content, Table
S2, Unadjusted correlations between baseline movement be-
haviors and adiposity, http://links.lww.com/MSS/C699), base-
line sedentary time was negatively related to baseline LPA,
MPA, VPA, and sleep (P < 0.001). LPA was positively corre-
lated with MPA, VPA, and negatively correlated with sleep
(P < 0.05), and MPA was positively correlated with VPA
(r = 0.77, P = 0.001). Baseline MPA, VPA, and sleep were
negatively related to all measures of adipose and lean mass at
both time points (P < 0.05), except for follow-up MPA and
lean mass (P = 0.62). Baseline sedentary time was also posi-
tively related to all measures of adipose and lean mass at both
time points (P < 0.05) and related to less change in lean mass
(r = −0.33, P = 0.001). LPA was negatively related to VAT at
both time points, with change in VAT, and with lean mass at
baseline (P < 0.05). LPA, MPA, and VPA were each related
to a larger change in lean mass in separate models (P < 0.05).

Full sample. In singular models, baseline sedentary time,
LPA, MPA, VPA, or sleep were not related to follow-up fat
mass, VAT, SAT, or TAT (P > 0.05, Supplemental Digital
Content, Table S3, Singular models for associations among
baseline movement behaviors and adiposity at follow-up,
http://links.lww.com/MSS/C699). Partition and isotemporal
Follow-Up Difference

Mean ± SD Pct. Mean ± SD P

14.8 ± 2.0

71.2 ± 29.6 3.2 ± 15.0 0.003*
0.001*

2.5
51.5
14.5
31.5

0.6 ± 0.5 0.1 ± 0.2 0.001*
5.8 ± 5.3 0.8 ± 1.7 0.001*
6.4 ± 5.8 0.9 ± 1.8 0.001*
43.3 ± 10.3 6.6 ± 5.2 0.001*
24.0 ± 16.2 3.2 ± 5.9 0.001*

ired t-tests and chi-square analysis; *P < 0.05.
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TABLE 2. Partition and isotemporal substitution models for associations among baseline movement behaviors and adiposity at follow-up (n = 217).

Fat Mass (kg) VAT (kg) SAT (kg) TAT (kg)

β (95% CI) P β (95% CI) P β (95% CI) P β (95% CI) P

Partition modelsa

Sedentary time −0.00007 (−0.0007 to 0.00006) 0.83 −0.001 (−0.002 to 0.0003) 0.13 −0.0002 (−0.001 to 0.0006) 0.57 −0.0003 (−0.001 to 0.0005) 0.42
LPA −0.0006 (−0.001 to 0.0002) 0.16 −0.0007 (−0.002 to 0.0007) 0.28 −0.0006 (−0.001 to 0.0004) 0.24 −0.0007 (−0.001 to 0.0004) 0.21
MPA 0.002 (−0.002 to 0.007) 0.32 0.0004 (−0.008 to 0.008) 0.98 −0.0001 (−0.007 to 0.004) 0.69 −0.001 (−0.007 to 0.004) 0.63
VPA −0.002 (−0.007 to 0.002) 0.24 −0.006 (−0.01 to 0.002) 0.15 −0.001 (−0.005 to 0.008) 0.66 −0.001 (−0.005 to 0.009) 0.68
Sleep −0.0005 (−0.001 to 0.0007) 0.08 −0.0006 (−0.001 to 0.0004) 0.23 −0.001 (−0.001 to −0.0004) 0.03* −0.0008 (−0.001 to −0.0002) 0.04*

Isotemporal substitution modelsb

Sedentary time Dropped Dropped Dropped Dropped
LPA −0.004 (−0.01 to 0.003) 0.24 0.001 (−0.01 to 0.01) 0.85 −0.003 (−0.01 to 0.005) 0.40 −0.003 (−0.01 to 0.005) 0.45
MPA −0.02 (−0.02 to 0.06) 0.35 0.01 (−0.07 to 0.09) 0.79 −0.007 (−0.06 to 0.04) 0.77 −0.009 (−0.06 to 0.04) 0.73
VPA −0.03 (−0.08 to 0.02) 0.25 −0.05 (−0.15 to 0.03) 0.23 0.005 (−0.05 to 0.106) 0.86 0.005 (−0.06 to 0.17) 0.57
Sleep −0.004 (−0.01 to 0.001) 0.16 0.003 (−0.008 to 0.01) 0.57 −0.004 (−0.01 to 0.002) 0.18 −0.003 (−0.001 to 0.003) 0.30

Fat mass, VAT, SAT, and TAT values were log-transformed due to nonnormal distribution.
*P < 0.05.
aAssessed using linear regression with all movement behaviors included, and adjustment for baseline age, sex, race, puberty status, adiposity and lean mass for fat model, and time between
visits (months).
bAssessed using the linear regression with sedentary time removed, and adjustment for the same covariates as the partition models along with total time in behaviors (sum of sedentary time,
LPA, moderate physical activity, vigorous physical activity, and sleep) at baseline.
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substitution models with the full sample are presented in
Table 2. In partition models, baseline sleep was negatively as-
sociated with follow-up SAT and TAT after accounting for
other movement behaviors (P < 0.05). Baseline movement be-
haviors explained 23% of the variance of follow-up SAT and
TAT. In isotemporal substitution models, there were no signif-
icant associations between the substitution of 10 min of move-
ment behaviors with sedentary time and adiposity at follow-up
(P > 0.05). Singular, partition, and isotemporal substitution re-
sults were unchanged when MVPA replaced MPA and VPA
in models or adjusting for accelerometer wear time, or when
adjusting for Healthy Eating Index total score at baseline in
sensitivity analysis (n = 202).

Stratification by sex. In singular models, there was a sig-
nificant interaction between LPA and sex for fat mass (P = 0.05)
and between VPA and sex for fat mass (P = 0.06) and VAT
(P = 0.04). Singular and partition model results for girls and
boys are shown in Tables S4 and S5 (Supplemental Digital
Content, Singular, partition, and isotemporal substitution
models for associations among baseline movement behaviors
and adiposity at follow-up in girls [Table S4] and in boys
[Table S5], http://links.lww.com/MSS/C699), respectively.
TABLE 3. Isotemporal substitution models for adjusted associations among baseline movement b

Fat Mass (kg) VAT (kg)

β (95% CI) P β (95% CI)

Girls (n = 113)
Sedentary time Dropped Dropped
LPA −0.004 (−0.01 to 0.003) 0.25 0.004 (−0.01 to 0.02)
MPA 0.01 (−0.02 to 0.05) 0.50 −0.03 (−0.13 to 0.08)
VPA −0.02 (−0.08 to 0.02) 0.29 0.04 (−0.10 to 0.18)
Sleep −0.003 (−0.009 to −0.002) 0.26 0.007 (−0.006 to 0.02)

Boys (n = 104)
Sedentary time Dropped Dropped
LPA −0.01 (−0.02 to 0.002) 0.12 −0.006 (−0.03 to 0.01)
MPA 0.06 (−0.02 to 0.14) 0.15 0.09 (−0.04 to 0.22)
VPA −0.07 (−0.17 to 0.01) 0.09 −0.17 (−0.31 to −0.03)
Sleep −0.007 (−0.01 to 0.004) 0.21 −0.002 (−0.02 to 0.01)

Fat mass, VAT, SAT, and TAT values were log-transformed due to nonnormal distribution.
*P < 0.05.
aAssessed using linear regression with all movement behaviors included except sedentary time, adju
time between visits (months), and total time in behaviors (sum of sedentary time, LPA, moderate p
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Isotemporal substitution model results stratified by sex are
presented in Table 3.

In models including only girls (n = 113), baseline VPA was
negatively associated with follow-up VAT (P = 0.04). Base-
line VPA explained 13% of the variance in follow-up VAT.
There were no other significant relationships between move-
ment behaviors and adiposity in singular (P > 0.05), partition
(P > 0.05), or isotemporal substitution models (P > 0.05). In
girls, age was negatively related to follow-up adiposity in sin-
gular models and baseline adiposity was positively related to
follow-up adiposity in all models (P < 0.05). In singular
models including only boys (n = 104), baseline VPA was neg-
atively associated with follow-up VAT (P = 0.01). Baseline
sleep was negatively associated with follow-up fat mass
(P = 0.02), SAT (P = 0.01), and TAT (P = 0.01). Baseline
VPA explained 15% of the variance of follow-up VAT, and
baseline sleep account for 6% to 7% of the variance of
follow-up fat mass, SAT, and TAT. In boys’ partition models,
baseline LPA (P = 0.03) and sleep (P = 0.01) were negatively
associated with follow-up fat mass, although together only ex-
plained 7% of the variance. Baseline VPA was negatively as-
sociated with follow-up VAT (P = 0.01), and baseline sleep
ehaviors and adiposity at follow-up stratified by sex (n = 217).

SAT (kg) TAT (kg)

P β (95% CI) P β (95% CI) P

Dropped Dropped
0.66 −0.005 (−0.01 to 0.003) 0.21 −0.003 (−0.01 to 0.005) 0.42
0.66 −0.01 (−0.06 to 0.04) 0.69 −0.01 (−0.07 to 0.04) 0.57
0.58 0.007 (−0.05 to 0.07) 0.80 0.006 (−0.05 to 0.07) 0.85
0.27 −0.004 (−0.02 to −0.002) 0.18 −0.003 (−0.01 to 0.003) 0.35

Dropped Dropped
0.54 0.01 (0.001 to 0.02) 0.02* −0.005 (−0.02 to 0.01) 0.54
0.15 −0.10 (−0.17 to −0.03) 0.03* 0.03 (−0.07 to 0.13) 0.56
0.01* 0.01 (−0.05 to 0.09) 0.63 −0.07 (−0.19 to 0.04) 0.19
0.79 −0.01 (−0.02 to 0.004) 0.01* −0.01 (−0.02 to 0.002) 0.09

stment for baseline age, sex, race, puberty status, adiposity, lean mass in fat mass models,
hysical activity, vigorous physical activity, and sleep).
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was also negatively associated with follow-up SAT (P = 0.04)
and TAT (P = 0.01) in partition models. In boys’ isotemporal
substitution models, the substitution of 10 min of sedentary
time for 10 min of VPA at baseline was negatively associated
with follow-up VAT (P = 0.01). Substituting 10min of seden-
tary time for MPA or sleep at baseline was associated with
lower follow-up SAT, whereas substituting 10 min of seden-
tary time for LPA was associated with higher follow-up SAT
(P < 0.05, Table 3).

When MVPA was used instead of MPA and VPA sepa-
rately, sleep was negatively related to SAT in partition models
for girls (P = 0.01). For boys, baseline LPA and sleep were no
longer associated with follow-up SAT in isotemporal substitu-
tion models, but MVPA was not associated with follow-up
SAT (P > 0.05). There were no other significant relationships
when using MVPA rather than MPA and VPA.

Stratification by race. There were no significant interac-
tions between movement behaviors and race with adiposity
measures (P > 0.10), even when including MVPA rather than
MPA or VPA. This investigation was established a priori and
pursued. Singular and partition model results for White and
non-White adolescents are shown in Tables S6 and S7 (Supple-
mental Digital Content, Singular, partition, and isotemporal
substitution models for associations among baseline movement
behaviors and adiposity at follow-up inWhite adolescents [Table
S6] and in non-White adolescents [Table S7], http://links.lww.
com/MSS/C699), respectively. Results of isotemporal substitu-
tion models stratified by race are presented in Table 4.

In models including onlyWhite adolescents (n = 126), there
were no significant relationships between movement behaviors
and adiposity in singular (P > 0.05), partition (P > 0.05), or
isotemporal substitution models (P > 0.05, Table 4). Results
did not change when including MVPA rather than MPA and
VPA. There were no significant associations in singular models
including non-White adolescents (n = 104). In partition models
with non-White adolescents, baseline VPA and sleep were neg-
atively associated with follow-up fat mass, and MPA was pos-
itively associated with follow-up fat mass (P < 0.05). Baseline
VPA was also negatively related to follow-up VAT (P = 0.02).
Baseline sleep was negatively associated with follow-up SAT
TABLE 4. Isotemporal substitution models for adjusted associations among baseline movement b

Fat Mass (kg) VAT (kg)

β (95% CI) P β (95% CI)

White (n = 126)
Sedentary time Dropped Dropped
LPA −0.001 (−0.01 to 0.08) 0.81 −0.004 (−0.02 to 0.01)
MPA 0.003 (−0.05 to 0.06) 0.90 −0.03 (−0.15 to 0.08)
VPA −0.01 (−0.08 to 0.05) 0.65 −0.01 (−0.15 to 0.12)
Sleep −0.002 (−0.01 to 0.005) 0.54 −0.001 (−0.01 to 0.01)

Non-White (n = 91)
Sedentary time Dropped Dropped
LPA −0.007 (−0.02 to 0.006) 0.28 0.002 (−0.01 to 0.02)
MPA 0.09 (0.009 to 0.18) 0.03* 0.10 (−0.02 to 0.23)
VPA −0.12 (−0.23 to −0.02) 0.01* −0.15 (−0.30 to −0.01)
Sleep −0.005 (−0.01 to 0.006) 0.34 0.009 (−0.006 to 0.02)

Fat mass, VAT, SAT, and TAT values were log-transformed due to nonnormal distribution.
*P < 0.05.
aAssessed using linear regression with all movement behaviors included except sedentary time, adj
between visits (months), and total time in behaviors (sum of sedentary time, LPA, moderate physic

ADOLESCENT MOVEMENT BEHAVIORS AND ADIPOSITY

Copyright © 2022 by the American College of Sports Medicine
and with TAT (P = 0.01 for both). As for isotemporal substitu-
tion models, substituting 10 min of sedentary time with 10 min
of VPA was associated with lower fat mass (P = 0.04) and
VAT at follow-up (P = 0.03, Table 4). Substituting 10 min
of sedentary time with MPA was associated with higher fat
mass at follow-up (P = 0.01). When including MVPA rather
than MPA and VPA, there were no significant associations in
partition models or isotemporal substitution models with
non-White adolescents.
DISCUSSION

The purpose of this study was to examine the longitudinal
association between movement behaviors and adiposity in ad-
olescents. Sleep was negatively related to adiposity when con-
sidering other movement behaviors. After evaluating by race
and sex by using four different models, VPA was related to
less VAT and sleep was related to less SAT in boys and
non-White adolescents independently when evaluated as a
substitution for sedentary behavior. There were no significant
relationships betweenMVPA and adiposity. Taken together, ef-
forts to encourage VPA and sleep in adolescents may promote
healthy development and deter excess adipose development.

In this sample, sleep was associated with various markers of
abdominal fat 2 yr later, but there were no associations be-
tween substituting sedentary time with sleep. Most posit the
relationship between sleep and adiposity to be linear, whereby
increasing sleep is related to lower adiposity, but this relation-
ship is predominately based on examination of short sleep in
adolescents as longitudinal and experimental studies of long-sleep
and adiposity in this age range are limited (35,36). As for other
isotemporal substitution studies, a cross-sectional study in
adults found that substituting 30 min of sedentary time for
sleep was associated with lower BMI (10), which was not rep-
licated in the current study when sleep was evaluated as
substituting of sedentary time. The adolescent isotemporal
substitution literature is mixed, with Dumuid et al. (2018)
finding an association between longer sleep days and lower
adiposity composite score (including body fat percentage,
BMI z-score, and waist-to-height ratio) (37) and Verswijveren
ehaviors and adiposity at follow-up stratified by race (n = 217).

SAT (kg) TAT (kg)

P β (95% CI) P β (95% CI) P

Dropped
0.64 0.003 (−0.009 to 0.01) 0.58 0.002 (−0.01 to 0.01) 0.69
0.56 −0.03 (−0.11 to 0.04) 0.38 −0.03 (−0.11 to 0.04) 0.33
0.84 −0.01 (−0.09 to 0.07) 0.80 −0.004 (−0.09 to 0.09) 0.91
0.89 −0.005 (−0.01 to 0.004) 0.24 −0.004 (−0.01 to 0.005) 0.34

Dropped Dropped
0.83 −0.01 (−0.02 to 0.004) 0.17 −0.009 (−0.02 to 0.005) 0.21
0.11 0.04 (−0.04 to 0.14) 0.32 0.04 (−0.04 to 0.14) 0.29
0.03* −0.05 (−0.16 to 0.06) 0.38 −0.05 (−0.17 to 0.05) 0.31
0.23 −0.003 (−0.01 to 0.008) 0.52 −0.002 (−0.01 to 0.009) 0.65

ustment for baseline age, sex, puberty status, adiposity, lean mass in fat mass models, time
al activity, vigorous physical activity, and sleep).
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et al. (2021) finding no association between sleep and BMI or
waist circumference (15). Yet, a recent longitudinal study of
137 children and adolescents (8–17 yr) reported that character-
istics of sleep (e.g., wake time and sleep midpoint) were asso-
ciated with percent fat mass 1 yr later but not associated with
sleep duration (38). The differences in results may reflect the
current study’s use of abdominal adipose tissue compared
with anthropometry and longer follow-up time (2 yr) com-
pared with others (1 yr) (38). These differences in design allow
for more specific assessment of adiposity and additional time
for adipose tissue to accumulate, assuming these movement
behavior patterns continued over 2 yr. Still, the exact mecha-
nism of sleep and SAT accumulation is unclear. It may be that
substituting sleep for sedentary time would result in a reduc-
tion in nighttime food consumption and screen time, although
detailed assessment and study designs in children are still lim-
ited for this precise mechanism (39). A separate longitudinal
analysis of the TIGER Kids cohort found those who watched
multiple screens at night had less sleep and higher adiposity
compared with those who watched no screens at night, but this
relationship was attenuated when accounting for demographic
factors such as age (40). A cross-sectional study of 357 White
and Black adolescents found that those who met more
24-Hour Movement Guidelines had lower SAT (41). This
finding suggests that those who have additional sleep may also
have an adequate balance of physical activity and sedentary
time that may promote less SAT development, which would
align with partition models that account for other movement
behaviors but not necessarily substituting for sedentary time.

In the isotemporal substitution models, substituting seden-
tary time with VPA was associated with lower fat mass and
VAT as hypothesized, but only in boys and non-White adoles-
cents independently but not in the full sample. The association
between VPA and adiposity aligns with a review that found
among 13 articles that VPA was consistently associated with
lower body fat (28). Comparable results were found in a
pooled meta-analysis of device-based measures whereby
VPA was negatively associated with overall adiposity (42).
Authors did note that about half the amount of VPA was
needed compared with MPA for body composition benefit
(28). However, there were no associations between MPA
and adiposity in this sample, whether evaluated by itself, with
other movement behaviors, or as a substitute for sedentary
time. The current study’s results suggest a benefit of
higher-intensity activity with less adipose growth, especially
among boys and non-White adolescents. The current report fo-
cused on substitutions of 10 min of sedentary time with VPA,
although some adolescents still failed to this threshold and ob-
tained little MPA throughout the day. Programs focused on re-
placing sedentary time with VPA in these groups, and adoles-
cents in general, may benefit for attenuation of excess fat gain.

Another consideration is that those who can obtain
VPA-level intensity during their activities may have lower ad-
iposity already. The current analysis adjusted for baseline
levels of adiposity, but there may still be larger barriers to
obtaining VPA (e.g., sports opportunities), especially among
116 Official Journal of the American College of Sports Medicine
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girls and as they age into adolescence (43). Indeed, VPA
was associated with lower fat in singular models, but there
were no other associations between movement behaviors and
adiposity in girls within this sample. This lack of relationship
may be due to the low levels of MPA (22.3 ± 10.6 min·d−1)
and VPA (7.9 ± 7.9 min·d−1) within this group overall, which
may be expected asMVPA declines during adolescence, espe-
cially in girls (3). There were also no associations between
movement behaviors and adiposity in White adolescents, in
any model representation, although others have found White
adolescents have higher VAT relative to non-White adoles-
cents (44). Potential explanations all center around shifts be-
tween baseline and follow-up, including few changes in
VAT, lean mass and fat mass changing proportionally, and
changes in movement behavior patterns.

Another interesting finding was that there were no associa-
tions amongMVPA and adiposity. This finding may be due to
the low amounts of MPA (25.2 ± 12.5 min·d−1) and VPA
(10.1 ± 9.7 min·d−1) within this sample, which is around half
of the recommended amount per day (60 min MVPA·d−1)
(6). MPA and VPA were captured using device-based mea-
sures and represent differing ranges of metabolic equivalent
of tasks (3.0–6.0 METs or METy for the youth equivalent
for MPA, and >6.0 METs or METy for VPA) (45). It is un-
clear what MET level was achieved in this study, as acceler-
ometer counts are divided into large categories of activity.
Obtaining MPA or VPA may differ within this age range
(10–16 yr) as technical expertise in structured movements
and weight both increase into adolescence (45). For example,
playing baseball with the whole body using active video
games is around 4.7 METy for ages 10–12 yr but is 5.7 METy
for ages 13–15 yr and could become VPA (45). Overall, the
authors caution against an interpretation that examining total
MVPA is not valuable, as there are manywho report otherwise
(6,46). The current study’s results suggest that the amount of
MVPA achieved in this sample was not related to future adi-
posity, althoughMVPAwas low and may be due to individual
factors. Supplementary measures, such as a self-report ques-
tionnaire of activities, may better characterize activities of
MVPAwithin this age range and provide insight into the phys-
ical activity level achieved.

The current study had multiple strengths, including a pro-
spective study design during a critical time in growth (i.e., ad-
olescence); use of device-based measures for movement be-
haviors, along with imaging techniques for assessment of
body fat and abdominal adipose tissue; and an advanced statis-
tical technique for analysis (isotemporal substitution analysis).
Further, this sample comprised 41.9% non-White adolescents,
and 30.9% had obesity, allowing for assessment among a di-
verse cohort and representing differing levels of adiposity.
This study still had limitations. This study did return around
75% of the baseline sample, but there were still many missing
critical components for analysis (e.g., 45 adolescents did not
meet accelerometry wear time thresholds at baseline). This
study did use a device-based measure for activity levels but
cannot determine the exact activity performed while sedentary
http://www.acsm-msse.org
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(e.g., reading, sitting, and watching TV, etc.), limiting the as-
sessment of specific activities. This limitation precludes the
current study from making explicit recommendations for ad-
herence to the 24-Hour Movement Guidelines, which specify
sedentary screen time rather than overall sedentary time. Re-
sults from baseline measures of the TIGER Kids study found
that meeting the physical activity guideline was associated
with lower BMI percentile, adiposity, and individual and total
cardiometabolic risk scores (22). Additional investigation into
adherence to the 24-Hour Movement Guidelines (including
sedentary screen time) in a longitudinal manner may better ad-
dress the effect of meeting these public health metrics. This
study also had smaller sample sizes for subgroup analysis
(range, 91–126 adolescents), which were moderately pow-
ered. Additional participants may increase the power of these
analysis. Because of the log-transformation of adipose mea-
sures, we cannot deduce the exact trade-off from substituting
behaviors or if these changes are clinically meaningful. The
isotemporal substitution techniques also limit the ability to cre-
ate effect sizes, and the log-transformation of values does limit
the interpretation of results. The low amount of MPA and
VPA obtained in this sample may limit the interpretation of
substitution for another movement behavior and the result on
subsequent adiposity. Further, this study conducted multiple
analysis and may detect some false-positives from these addi-
tional analyses. A traditional approach, as in the sequential ad-
dition and subtraction of behaviors, was chosen to address the
use of sleep, to allow for the incorporation of longitudinal data,
and to improve translation of results, although other composi-
tional techniques are possible (32). Finally, additional consid-
erations of movement behaviors and dietary habits changing
from baseline to follow-up were not included in analysis but
are important contributors to adipose development.

Still, the current study recommends three specific future di-
rections for upcoming research. First, it is critical to design op-
portunities at home and at school for all adolescents to obtain
physical activity, including VPA. The current study assessed
an overall change of 10 min·d−1, not necessarily 10-min bouts.
The recent Physical Activity Guidelines for Americans, 2nd Edi-
tion, recommend any physical activity interspersed throughout
the day, even 1 min, as brief active transport or breaks during
the day is beneficial compared with the previous recommen-
dation of bouts of 10 min (47). Within this future direction,
ADOLESCENT MOVEMENT BEHAVIORS AND ADIPOSITY
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special attention should be paid to girls within this age range
as disparities emerge even before adolescence (3). Support
throughout childhood and adolescence for girls to be physi-
cally active is needed to reduce this gap. Finally, additional at-
tention should be paid to sleep metrics beyond duration. As
described with physical activity intensity, other contextual
metrics should be considered, which for sleep may include so-
cial jetlag (i.e., shift from school night to weekend bedtime),
sleep efficiency, and sleep hygiene as explored in other studies
in this age range (38,48). The analytic sample included those
adolescents who had accelerometry data for at least one week-
end day; however, the analysis may be influenced by the dif-
fering composition of weekend and weekdays included (e.g.,
sleep data from some adolescents may be from all weekend
days whereas others may have two weekdays and one week-
end day). The variability and quality of sleep should be con-
sidered in adipose formation and considered as research con-
tinues to untangle the sleep and obesity connection.
CONCLUSIONS

Overall, this study improved on existing isotemporal substi-
tution literature in adolescence using longitudinal data, inclu-
sion of sleep, and various indices of adiposity. Sleep was asso-
ciatedwith lower adiposity 2 yr later and when used in place of
sedentary time for some groups. Substituting sedentary time
forVPAwas related to lower adiposity 2 yr later, but only in boys
and non-White adolescents. Opportunities to promote an ade-
quate balance of sleep, sedentary time, and all levels of physical
activity intensity are encouraged within this age range for op-
timal development and reducing risk of future chronic disease.

This research was supported by the United States Department of
Agriculture (3092-51000-056-04A; ClinicalTrials.gov: NCT02784509,
PI: Amanda E. Staiano). This work was also partially supported by
P30DK072476 and U54GM104940. C.L.K. was supported by T32DK064584
and K99HD107158. P.T.K. was funded, in part, by the Marie Edana
Corcoran EndowedChair in Pediatric Obesity and Diabetes. The content
is solely the responsibility of the authors and does not necessarily repre-
sent the official views of the National Institutes of Health. The authors
thank the parents and adolescents who participated in the TIGER Kids
study. The authors report no conflicts of interest.

The results of the study are presented clearly, honestly, and without
fabrication, falsification, or inappropriate datamanipulation. The results
of the present study do not constitute endorsement by the American
College of Sports Medicine.
REFERENCES
1. Hong I, Coker-Bolt P, Anderson KR, Lee D, Velozo CA. Relation-

ship between physical activity and overweight and obesity in chil-
dren: findings from the 2012National Health and Nutrition Examina-
tion Survey National Youth Fitness Survey. Am J Occup Ther. 2016;
70(5):7005180060p1–8.

2. Wijndaele K, White T, Andersen LB, et al. Substituting prolonged
sedentary time and cardiovascular risk in children and youth: a
meta-analysis within the International Children’s Accelerometry da-
tabase (ICAD). Int J Behav Nutr Phys Act. 2019;16(1):96.

3. Cooper AR, GoodmanA, Page AS, et al. Objectivelymeasured physical
activity and sedentary time in youth: the International Children’s Accel-
erometry Database (ICAD). Int J Behav Nutr Phys Act. 2015;12:113.
4. Fatima Y, Doi SA, Mamun AA. Longitudinal impact of sleep on
overweight and obesity in children and adolescents: a systematic
review and bias-adjusted meta-analysis. Obes Rev. 2015;16(2):
137–49.

5. Tremblay MS, Carson V, Chaput JP, et al. Canadian 24-Hour Move-
ment Guidelines for Children and Youth: an integration of physical
activity, sedentary behaviour, and sleep. Appl Physiol Nutr Metab.
2016;41(6 Suppl 3):S311–27.

6. Chaput JP, Willumsen J, Bull F, et al. 2020 WHO guidelines on
physical activity and sedentary behaviour for children and adoles-
cents aged 5-17 years: summary of the evidence. Int J Behav Nutr
Phys Act. 2020;17(1):141.
Medicine & Science in Sports & Exercise® 117

. Unauthorized reproduction of this article is prohibited.

http://ClinicalTrials.gov


A
PP

LI
ED

SC
IE
N
C
ES
7. Grgic J, Dumuid D, Bengoechea EG, et al. Health outcomes associ-
ated with reallocations of time between sleep, sedentary behaviour,
and physical activity: a systematic scoping review of isotemporal
substitution studies. Int J Behav Nutr Phys Act. 2018;15(1):69.

8. Dumuid D, Stanford TE, Martin-Fernandez JA, et al. Compositional
data analysis for physical activity, sedentary time and sleep research.
Stat Methods Med Res. 2018;27(12):3726–38.

9. Mekary RA, Willett WC, Hu FB, Ding EL. Isotemporal substitution
paradigm for physical activity epidemiology and weight change. Am
J Epidemiol. 2009;170(4):519–27.

10. German C, Makarem N, Fanning J, et al. Sleep, sedentary behavior,
physical activity, and cardiovascular health: MESA. Med Sci Sports
Exerc. 2021;53(4):724–31.

11. Janssen I, Clarke AE, Carson V, et al. A systematic review of compo-
sitional data analysis studies examining associations between sleep,
sedentary behaviour, and physical activity with health outcomes in
adults. Appl Physiol Nutr Metab. 2020;45(10 (Suppl. 2)):S248–S57.

12. van Sluijs EMF, Ekelund U, Crochemore-Silva I, et al. Physical ac-
tivity behaviours in adolescence: current evidence and opportunities
for intervention. Lancet. 2021;398(10298):429–42.

13. Min J, Goodale H, Xue H, Brey R,Wang Y. Racial-ethnic disparities
in obesity and biological, behavioral, and sociocultural influences in the
United States: a systematic review. Adv Nutr. 2021;12(4):1137–48.

14. Carson V, Tremblay MS, Chaput JP, Chastin SF. Associations be-
tween sleep duration, sedentary time, physical activity, and health in-
dicators among Canadian children and youth using compositional
analyses. Appl Physiol Nutr Metab. 2016;41(6 Suppl 3):S294–302.

15. Verswijveren SJJM, Lamb KE, Martin-Fernandez JA, et al. Using
compositional data analysis to explore accumulation of sedentary be-
havior, physical activity and youth health. J Sport Health Sci. 2022;
11(2):234–43.

16. Gaba A, Pedisic Z, Stefelova N, et al. Sedentary behavior patterns
and adiposity in children: a study based on compositional data analy-
sis. BMC Pediatr. 2020;20(1):147.

17. Rubin L, Gaba A, Pelclova J, et al. Changes in sedentary behavior
patterns during the transition from childhood to adolescence and their
association with adiposity: a prospective study based on composi-
tional data analysis. Arch Public Health. 2022;80(1):1.

18. Fairclough SJ, Dumuid D, Taylor S, et al. Fitness, fatness and the re-
allocation of time between children’s dailymovement behaviours: an anal-
ysis of compositional data. Int J Behav Nutr Phys Act. 2017;14(1):64.

19. Berkey CS, Rockett HR, GillmanMW, Colditz GA. One-year changes in
activity and in inactivity among 10- to 15-year-old boys and girls: relation-
ship to change in body mass index. Pediatrics. 2003;111(4 Pt 1):836–43.

20. Tanner JM. Normal growth and techniques of growth assessment.
Clin Endocrinol Metab. 1986;15(3):411–51.

21. Subar AF, Kirkpatrick SI, Mittl B, et al. The Automated Self-
Administered 24-hour dietary recall (ASA24): a resource for re-
searchers, clinicians, and educators from the National Cancer Insti-
tute. J Acad Nutr Diet. 2012;112(8):1134–7.

22. Kracht CL, Champagne CM, Hsia DS, et al. Association between
meeting physical activity, sleep, and dietary guidelines and cardio-
metabolic risk factors and adiposity in adolescents. J Adolesc Health.
2020;66(6):733–9.

23. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Re-
search Electronic Data Capture (REDCap)—a metadata-drivenmeth-
odology and workflow process for providing translational research
informatics support. J Biomed Inform. 2009;42(2):377–81.

24. Chung S. Bodymass index and body composition scaling to height in
children and adolescent.Ann Pediatr Endocrinol Metab. 2015;20(3):125–9.

25. Kuczmarski RJ, Ogden CL, Guo SS, et al. CDC Growth Charts for
the United States: methods and development. Vital Health Stat 11.
2000;2002(246):1–190.

26. Tudor-Locke C, Barreira TV, Schuna JM Jr, Mire EF, Katzmarzyk
PT. Fully automated waist-worn accelerometer algorithm for detect-
ing children’s sleep-period time separate from 24-h physical activity
or sedentary behaviors. Appl Physiol Nutr Metab. 2014;39(1):53–7.
118 Official Journal of the American College of Sports Medicine

Copyright © 2022 by the American College of Sports Medicine
27. Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Cal-
ibration of two objective measures of physical activity for children. J
Sports Sci. 2008;26(14):1557–65.

28. Owens S, Galloway R, Gutin B. The case for vigorous physical activ-
ity in youth. Am J Lifestyle Med. 2017;11(2):96–115.

29. Trost SG, Pate RR, Freedson PS, Sallis JF, Taylor WC. Using objec-
tive physical activity measures with youth: how many days of moni-
toring are needed? Med Sci Sports Exerc. 2000;32(2):426–31.

30. Barreira TV, Schuna JM Jr, Mire EF, et al. Identifying children’s noc-
turnal sleep using 24-h waist accelerometry. Med Sci Sports Exerc.
2015;47(5):937–43.

31. Staiano AE, Harrington DM, Broyles ST, Gupta AK, Katzmarzyk
PT. Television, adiposity, and cardiometabolic risk in children and
adolescents. Am J Prev Med. 2013;44(1):40–7.

32. Dumuid D, Stanford TE, Pedisic Z, et al. Adiposity and the
isotemporal substitution of physical activity, sedentary time and sleep
among school-aged children: a compositional data analysis approach.
BMC Public Health. 2018;18(1):311.

33. Reedy J, Lerman JL, Krebs-Smith SM, et al. Evaluation of the healthy
eating Index-2015. J Acad Nutr Diet. 2018;118(9):1622–33.

34. BureauUSC. American Community Survey 1-year estimates. Census
Reporter Profile page for Baton Rouge, LAMetro Area 2019 [March
5, 2022]. Available from: http://censusreporter.org/profiles/
31000US12940-baton-rouge-la-metro-area/.

35. Chaput JP, Gray CE, Poitras VJ, et al. Systematic review of the rela-
tionships between sleep duration and health indicators in school-aged
children and youth.Appl PhysiolNutrMetab. 2016;41(6Suppl 3):S266–82.

36. Sun J, WangM, Yang L, Zhao M, Bovet P, Xi B. Sleep duration and
cardiovascular risk factors in children and adolescents: a systematic
review. Sleep Med Rev. 2020;53:101338.

37. Dumuid D,WakeM, Burgner D, et al. Balancing time use for children’s
fitness and adiposity: evidence to inform 24-hour guidelines for sleep,
sedentary time and physical activity. PLoS One. 2021;16(1):e0245501.

38. LeMay-Russell S, Schvey NA, Kelly NR, et al. Longitudinal associ-
ations between facets of sleep and adiposity in youth. Obesity (Silver
Spring). 2021;29(11):1760–9.

39. Krietsch KN, Chardon ML, Beebe DW, Janicke DM. Sleep and
weight-related factors in youth: a systematic review of recent studies.
Sleep Med Rev. 2019;46:87–96.

40. Kracht CL,Wilburn JG, Broyles ST,Katzmarzyk PT, StaianoAE.Asso-
ciation of night-time screen-viewing with adolescents’ diet, sleep, weight
status, and adiposity. Int J Environ Res Public Health. 2022;19(2):954.

41. Katzmarzyk PT, Staiano AE. Relationship between meeting 24-hour
movement guidelines and cardiometabolic risk factors in children. J
Phys Act Health. 2017;14(10):779–84.

42. García-Hermoso A, Ezzatvar Y, Ramírez-Vélez R, Olloquequi J,
Izquierdo M. Is device-measured vigorous physical activity associated
with health-related outcomes in children and adolescents? A systematic
review and meta-analysis. J Sport Health Sci. 2021;10(3):296–307.

43. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insuf-
ficient physical activity among adolescents: a pooled analysis of 298
population-based surveys with 1·6 million participants. Lancet Child
Adolesc Health. 2020;4(1):23–35.

44. Staiano AE, Broyles ST, Gupta AK, Katzmarzyk PT. Ethnic and sex
differences in visceral, subcutaneous, and total body fat in children
and adolescents. Obesity (Silver Spring). 2013;21(6):1251–5.

45. Butte NF,WatsonKB, RidleyK, et al. A youth compendium of phys-
ical activities: activity codes andmetabolic intensities.Med Sci Sports
Exerc. 2018;50(2):246–56.

46. Katzmarzyk PT, Denstel KD, Beals K, et al. Results from the United
States of America’s 2016 report card on physical activity for children
and youth. J Phys Act Health. 2016;13(11 Suppl 2):S307–13.

47. Piercy KL, Troiano RP, Ballard RM, et al. The Physical Activity
Guidelines for Americans. JAMA. 2018;320(19):2020–8.

48. Skjakodegard HF, Danielsen YS, Frisk B, et al. Beyond sleep dura-
tion: sleep timing as a risk factor for childhood obesity.Pediatr Obes.
2021;16(1):e12698.
http://www.acsm-msse.org

. Unauthorized reproduction of this article is prohibited.

http://censusreporter.org/profiles/31000US12940-baton-rouge-la-metro-area/
http://censusreporter.org/profiles/31000US12940-baton-rouge-la-metro-area/
http://www.acsm-msse.org

