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Objectively measured physical activity, sedentary time and sleep
duration: independent and combined associations with adiposity in
canadian children
J-P Chaput1,2, G Leduc1, C Boyer1, P Bélanger1, AG LeBlanc1,3, MM Borghese1,4 and MS Tremblay1,2

OBJECTIVE: To examine independent and combined associations among objectively measured movement/non-movement
behaviors (moderate-to-vigorous-intensity physical activity (MVPA), total sedentary time and sleep duration) and adiposity
indicators in a sample of Canadian children.
METHODS: A cross-sectional study was conducted on 507 children aged 9–11 years from Ottawa, Canada. Movement/non-
movement behaviors were assessed using an Actigraph GT3Xþ accelerometer over 7 days (24-h protocol). Outcomes included
percentage body fat (bioelectrical impedance) and waist-to-height ratio.
RESULTS: After adjustment for age, sex, ethnicity, maturity offset, fast food consumption, annual household income and highest
level of parental education, MVPA was inversely and sedentary time positively associated with adiposity indicators, whereas sleep
duration was not. However, only MVPA remained significantly associated with adiposity indicators after additional adjustment for
the other movement/non-movement behaviors. Combined associations using tertiles of the three movement/non-movement
behaviors showed that higher levels of MVPA were associated with lower adiposity indicators, irrespective of total sedentary time
and sleep duration.
CONCLUSIONS: Higher levels of MVPA were associated with lower adiposity in this sample of children regardless of sedentary time
and sleep duration. Although correlational in nature, these findings suggest that future efforts of obesity reduction should focus
more on increasing MVPA than on reducing sedentary time or increasing sleep duration to maximize the effectiveness of
interventions.
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INTRODUCTION
Low levels of moderate-to-vigorous-intensity physical activity
(MVPA), high levels of sedentary time, and short sleep duration
have all been associated with higher levels of adiposity in
many recent investigations.1–3 However, these movement/
non-movement behaviors have mainly been examined in
isolation of each other and with the use of suboptimal
indicators of adiposity (for example, body mass index or skinfold
thickness). Recent technological advances in the measurement of
movement/non-movement behaviors now allow researchers to
assess the full movement spectrum over 24 h with the use of a
single accelerometer. The relationships among movement/
non-movement behaviors (MVPA, sedentary time and sleep
duration) and adiposity are understudied in children and poorly
understood. A better understanding of the inter-relationships
among them will aid to better tailor our interventions aimed at
reducing adiposity in children.

We recently reported that low MVPA and short sleep duration
were independently associated with a higher fat mass index in
Danish children, and combined associations of movement/non-
movement behaviors showed a synergistic effect with fat mass
index.4 This study was the first to investigate MVPA, sedentary
behavior and sleep using a single accelerometer worn over 24 h in

children. However, the baseline examination was conducted
within a nutrition intervention study, which may have
influenced the results obtained. Given that the independent and
combined associations between movement/non-movement
behaviors and adiposity are largely unknown in children, a
better understanding of these relationships may help to inform
public health messages and policies aimed at addressing obesity
in the pediatric population.

Therefore, the objective of this study was to examine the
independent and combined relationships among objectively
measured movement/non-movement behaviors (MVPA, sedentary
time and sleep duration) and indicators of adiposity in a sample of
Canadian children aged 9–11 years. Based on recent findings in
children and youth,4–7 it is hypothesized that only MVPA and sleep
duration would be associated with lower adiposity indices in this
sample of children regardless of their amount of sedentary
behavior.

SUBJECTS AND METHODS
Participants
The International Study of Childhood Obesity, Lifestyle and the Environ-
ment (ISCOLE) is a multi-national, cross-sectional study conducted in 12
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countries. More details on the study design and methods can be found
elsewhere.8 Analyses of the present study include data from the Canadian
ISCOLE site. Briefly, data were collected in 26 schools on 567 children in the
5th grade (57.1% female; 9–11 years of age) from Ottawa, Canada between
September 2012 and May 2013. Schools were stratified into four groups:
English Public (n¼ 393; 69.3%), French Public (n¼ 60; 10.6%), English
Catholic (n¼ 75; 13.2%) and French Catholic (n¼ 39; 6.8%). All schools
within each stratum were invited to participate and the first to respond
were included into the study, in agreement with the rules of our research
ethics boards. This project was approved by the research ethics board at
the Children’s Hospital of Eastern Ontario and the participating school
boards. Written informed parental consent and child assent were obtained
for all participants.

Assessment of physical activity, sedentary behavior and sleep
The Actigraph GT3Xþ accelerometer (ActiGraph LLC, Pensacola, FL, USA)
was used to objectively monitor whole-day physical activity, sedentary
behavior and sleep duration.8 Children wore the device on a belt around
the waist at the right mid-axillary line 24 h per day for 7 consecutive days.
Children were asked to remove the device for aquatic activities and
showering/bathing. Study staff instructed children on how to wear the
device and conducted an in-person compliance check 2–4 days after
initialization to ensure the child was following the accelerometer wear
protocol. Two compliance phone calls were also made to the parents/
guardians (one weekday call and one weekend call) to ensure that the
device was being worn properly, and to answer any questions about the
device. A valid recording for physical activity and sedentary time required
at least 4 days (including at least one weekend day) of at least 10 h of
wake/wear time per day.9,10 Data were collected at a sampling rate of
80 Hz, downloaded in 1-s epochs, and were aggregated to 15-s epochs.11

MVPA was defined as X574 counts per 15 s and total sedentary time as
p25 counts per 15 s, consistent with widely used cutoffs from Evenson
et al.11 Sleep period time was obtained with the use of a fully automated
algorithm for 24-h waist-worn accelerometers that was recently validated
for ISCOLE.12 This new algorithm produces more precise estimates of sleep
duration than previous algorithms and captures sleep period time from
sleep onset to the end of sleep, including all epochs and wakefulness after
onset.12 The weekly sleep averages were calculated using only days where
valid sleep was accumulated (total sleep 40 min) and only for participants
with at least three nights of valid sleep, including a weekend day. A total of
60 children did not provide valid accelerometry data and were excluded
from the analyses; thus, 209 boys and 298 girls were included in the
current cross-sectional analytical sample. Of note, descriptive
characteristics of participants with incomplete accelerometer data were
not significantly different than those included in the present analyses. We
also collected information about screen time to explore if the associations
with adiposity are different between screen-based and non-screen
sedentary behaviors. Daily screen time was assessed based on the child’s
report of time spent in watching television, playing video/computer games
or using a computer for something that is not school work related on
weekdays and weekend days, and an aggregated weighted mean score
over the 7 days was computed.8 Self-report methods of quantifying screen
time have been reported to have acceptable reliability and validity in
children.13

Assessment of adiposity indicators
A battery of anthropometric measurements was taken according to
standardized procedures by trained study staff in schools during school
hours.8 Height was measured without shoes using a Seca 213 portable
stadiometer (Hamburg, Germany), with the participant’s head in the
Frankfort Plane. Height was measured with participant standing fully erect,
feet together, and at the end of a deep inhalation.14 Waist circumference
was measured at the end of a gentle expiration with a nonelastic tape held
midway between the lower rib margin and the iliac crest.15 Each
measurement was repeated, and the average used for analysis (a third
measurement was obtained if the first two measurements were 40.5 cm
apart and the average of the two closest measurements was used for
analysis). In addition, the participant’s body weight and percentage body
fat (% BF) were measured using a portable Tanita SC-240 Body
Composition Analyzer (Arlington Heights, IL, USA) after all outer clothing,
heavy pocket items and shoes and socks were removed. Two
measurements were obtained, and the average was used in analysis
(a third measurement was obtained if the first two measurements were
40.5 kg or 2.0% apart, for body weight and % BF, respectively, and the

closest two were averaged for analysis). The Tanita SC-240 showed
acceptable accuracy for estimating % BF when compared with dual-energy
X-ray absorptiometry, supporting its use in field studies.16 Body mass index
(body weight (kg) per height (m2)) and waist-to-height ratio (WHtR) were
also calculated. Outcome measures for the present study included % BF
(an indicator of overall adiposity) and WHtR (an indicator of central
adiposity). Recent investigations showed that WHtR is a useful index to
identify children with high cardiometabolic risk.17–19 A WHtR cut-point
X0.5 is associated with increased cardiometabolic risk.

Covariates
Demographic questionnaires completed by parents were used to
determine children’s age, sex, ethnicity (White/Caucasian, African
American, Asian, First Nations, East Indian, ‘don’t know’ or ‘other’), total
annual family income (eight options ranging from o$14 999 to $140 000
or more) and the highest level of parental education (six options: less than
high school, some high school, high school diploma/GED, diploma or
1–3 years of college, bachelor’s degree or graduate degree (master’s or
PhD/professional degree). Biological maturity was estimated using the
maturity offset method, which estimates an individual’s age from peak
height velocity.20 Furthermore, frequency of fast food consumption (for
example, pizza, hamburgers, etc.) was self-reported by the participants as
part of a larger questionnaire and was used as a proxy measure of diet
quality. There were seven response options ranging from ‘never’ to ‘every
day, more than once’. These covariates were chosen because of their
association with the exposures and/or the outcomes. Given that over-
fitting can be a concern with our relatively small sample size, different
analyses were conducted to assess model fit (including testing for
multicollinearity) and results demonstrated that our models had good
predictive performance and were not subject to over-fitting.

Statistical analysis
As there was no statistically significant sex interaction between move-
ment/non-movement behaviors and the outcome variables, data for both
sexes were pooled to maximize power. Descriptive characteristics included
means for continuous variables and percentages for categorical variables.
Multivariable linear regression was used to examine the independent
associations between movement/non-movement behaviors (MVPA, total
sedentary time, sleep duration) and adiposity indicators. All regression
models included age, sex, ethnicity, maturity offset, fast food consumption,
annual household income and highest level of parental education as
covariates. Thereafter, we mutually adjusted the movement/non-move-
ment behaviors for one another in the models to determine whether the
associations remained statistically significant. The variance inflation factors
between movement/non-movement behaviors were o5, suggesting that
multicollinearity was not a problem in the models. In combined analyses,
adiposity indicators were compared between tertiles of MVPA/sedentary
time/sleep duration using analysis of covariance controlling for the above-
mentioned covariates. Tukey post hoc tests were used to identify which
groups were statistically different from one another, and we used a
Bonferroni adjustment to account for multiple comparisons. A two-tailed
P-value of o0.05 was considered to indicate statistical significance.
All statistical analyses were performed using the JMP version 11 program
(SAS Institute, Cary, NC, USA).

RESULTS
Descriptive characteristics of the sample are shown in Table 1.
Overall, 85% of children had a WHtR of o0.5, 43% had an average
of X60 min of MVPA per day, 45% reported p2 h per day of
screen time and 12% slept X10 h perday. Total sedentary time
represented 57% of waking hours and accelerometer wear time
was on average 423 h in this sample of children.

Independent associations between movement/non-movement
behaviors and adiposity indicators are shown in Table 2. All three
movement/non-movement behaviors were significantly asso-
ciated with % BF and WHtR in unadjusted models. After
adjustment for covariates, sleep duration was no longer associated
with adiposity indicators, whereas MVPA was inversely and
sedentary time positively associated with % BF and WHtR.
However, only MVPA remained significantly associated with
adiposity indicators after additional adjustment for the other
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two non-movement behaviors. Exploratory analyses revealed that
self-reported screen time was significantly associated with
adiposity indicators in the unadjusted model only (model 1) and
the associations were no longer significant after additional
adjustments (models 2 and 3) (data not shown).

Combined associations among movement/non-movement
behaviors and adiposity indicators are shown in Figure 1. Among
the eight possible combinations of movement/non-movement
behaviors, two groups have been removed from the analysis
because they had a sample size of less than five children, thereby
rendering statistical comparisons not possible. Overall, higher
levels of MVPA were associated with significantly lower values of
% BF and WHtR, irrespective of total sedentary time and sleep
duration. Specifically, children with the least healthy pattern (that
is, lower tertile of MVPA, higher tertile of sedentary time and lower
tertile of sleep) have a 9.3% point higher % BF than those in the

opposite tertiles. Analyses were repeated using self-reported
screen time instead of objectively measured sedentary behavior
and the results were not significantly different (data not shown).
Of note, independent and combined associations were similar
with the use of other adiposity outcomes such as body mass index
Z-score or waist circumference (data not shown).

DISCUSSION
Overall, our results support the proposed hypothesis that higher
levels of MVPA are associated with lower adiposity regardless of
the amount of time spent in sedentary behaviors and asleep.
In contrast, our results do not support the hypothesis that sleep
duration is independently associated with adiposity in this sample
of children. These findings suggest that participation in physical
activity of at least moderate intensity is more important to
adiposity status in childhood than total sedentary time or sleep
duration. These findings further support the notion that future
efforts of obesity reduction and/or prevention should focus on
finding ways to increase MVPA in children.7

Our results agree with previous investigations showing that
higher MVPA in children was associated with lower adiposity and
better cardiometabolic health regardless of the amount of
sedentary time.4–7,21 However, the present results contrast some
previous observations in adults suggesting that objectively
measured sedentary time is related to higher adiposity
indicators and/or poorer cardiometabolic health independent of
MVPA.22–24 The discrepancy in results between children and adults
is still a matter of debate. Possible explanations include the fact
that children are generally much healthier than adults (thereby
reducing the inter-individual variability) and the fact that children
generally have higher physical activity levels on a daily basis than
adults (thereby confounding the associations between sedentary
behaviors and cardiometabolic health outcomes). Indeed, cross-
sectional associations between accelerometer-assessed sedentary
time and adiposity in children are generally not present or
disappear after adjusting for MVPA.5,7,21,25 Future studies will be
needed to better understand and elucidate the conflicting
findings between children and adults.

Self-reported screen time has been reported more frequently to
be associated with adiposity than objectively measured sedentary
time in previous studies.5,26,27 This suggests that total sedentary
time includes many different types of sedentary activities, some of
which are possibly more deleterious than others on
cardiometabolic health indicators. In this study, neither total
sedentary time nor screen time was independently associated
with adiposity after adjustment for MVPA. Likewise, sedentary
time was not an important variable in the combined analyses, as
adiposity was primarily explained by the amount of MVPA.
This observation is similar to previous studies conducted in
children4–7,21 and reinforces the idea that increasing children’s
participation in MVPA should be an important public health target
to achieve. This is even more concerning given that only 7% of
Canadian children and youth meet the physical activity guidelines
of X60 min of MVPA on a daily basis.28

Based on the fully adjusted model, 1 h per day higher MVPA was
associated with a 2.6% point lower % BF (� 0.044� 60 min¼ 2.6).
Conversely, 1 h per day lower total sedentary time or 1 h per day
higher sleep duration were associated with only a 0.12 and 0.36%
point lower % BF in the full model. The pattern of findings for
WHtR was similar to that for % BF with a similar variance explained
for the full models. The magnitude of association between MVPA
and adiposity is even more meaningful in the combined analysis.
We observed that % BF differed by as much as 9.3% points
between the two opposing groups (healthiest vs least healthy
movement/non-movement behaviors). Such a large difference is
clinically significant and meaningful from a public health
perspective. It also agrees with a recent study using isotemporal

Table 1. Descriptive characteristics of participants (n¼ 507)

Variable Mean±s.d. or n
(%)

Age (years) 10.0±0.4
Sex

Boys 209 (41.2)
Girls 298 (58.8)

Ethnicity
White/Caucasian 335 (66.8)
African-American 12 (2.4)
Asian 50 (10.0)
First nations 2 (0.4)
East Indian 4 (0.8)
Don’t know 1 (0.2)
Other 97 (19.4)

Body mass index (kgm� 2) 18.3±3.4
Fat mass (%) 20.6±7.5
Waist circumference (cm) 63.1±8.6
Waist-to-height ratio 0.44±0.05
Moderate-to-vigorous physical activity (min per day) 58.5±19.4
Total sedentary time (min per day) 512.8±61.4
Self-reported screen time (h per day) 2.8±1.8
Sleep duration (min per day) 544.4±50.7

Table 2. Associations of objectively measured physical activity,
sedentary time and sleep duration with adiposity indicators in a
sample of 9–11-year-old Canadian children

% Body fat Waist-to-height ratio

b R2 P b R2 P

MVPA (min per day)
Model 1 � 0.117 0.09 o0.001 � 0.0004 0.02 o0.01
Model 2 � 0.060 0.04 o0.001 � 0.0004 0.03 o0.001
Model 3 � 0.044 0.02 o0.01 � 0.0003 0.02 o0.01

Total sedentary time (min per day)
Model 1 0.024 0.04 o0.001 0.0001 0.02 o0.01
Model 2 0.011 0.01 0.02 0.00007 0.01 0.04
Model 3 � 0.002 o0.01 0.65 � 0.00002 o0.01 0.61

Sleep duration (min per day)
Model 1 � 0.019 0.02 o0.01 � 0.0002 0.02 o0.01
Model 2 � 0.008 o0.01 0.16 � 0.00004 o0.01 0.32
Model 3 � 0.006 o0.01 0.25 � 0.00004 o0.01 0.36

Abbreviation: MVPA, moderate-to-vigorous physical activity. Model 1:
unadjusted. Model 2: adjusted for age, sex, ethnicity, maturity offset, fast
food consumption, annual household income and highest level of parental
education. Model 3: adjusted for age, sex, ethnicity, maturity offset, fast
food consumption, annual household income, highest level of parental
education and the other two movement/non-movement behaviors.
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substitution modeling in 2185 individuals showing that MVPA may
be the most potent health-enhancing, time-dependent behavior,
with additional benefit conferred from light-intensity activities and
sleep duration when reallocated from sedentary time.29

The observation that sleep duration was not independently
associated with adiposity in this sample of children is contrary to
many previous observations in the field.4,30,31 Although sleep
duration was associated with both adiposity indicators in the
present study, the relationships were no longer significant after
controlling for covariates. We believe that the adjustment for
several important confounding factors is a strength of this study.
Most previous cross-sectional studies looking at the relationship
between sleep duration and adiposity adjusted for a small number
of covariates but claimed that the association was ‘independent’.3

There is always the possibility of residual confounding in
observational studies and the present study suggests that, at
least in this sample of children, the sleep-adiposity association is
explained by other factors.

Strengths of this study include objectively measured move-
ment/non-movement behaviors monitored using a 24-h protocol
in a population-based sample of children. In addition, data have
been collected on other important key variables, including
biological maturity, ethnicity, diet quality and socioeconomic
status. However, our results need to be interpreted in light of the
following limitations. First, the direction of causality cannot be
determined from cross-sectional data. Second, limitations of
accelerometry include the inability to accurately capture the true
movement and energy expenditure of activities such as cycling,
swimming and carrying loads. Consensus is also lacking on the
best device to use, appropriate epoch length, importance of bouts
of movement and minimum data requirements for inclusion in
analyses. Third, total sedentary time measured by accelerometry
does not provide information about the type of sedentary
behavior or context (for example, screen-based vs non-screen
sedentary behavior). Fourth, sleep duration measured with the
accelerometer only provides information about sleep quantity;
however, other dimensions of sleep could also be relevant
and associated with adiposity (for example, sleep quality,
timing, architecture, consistency and continuity). Fifth, food intake
(kJ per day) was not assessed in ISCOLE and only a proxy measure
of diet quality (that is, fast food consumption) was used. Finally,

the external generalizability of these findings may be mainly
restricted to Canadian children of Western European descent.

In conclusion, the present study provides evidence that higher
levels of MVPA are associated with lower adiposity regardless of
sedentary time and sleep duration. Increasing children’s participa-
tion in MVPA should, thus, be an important public health target to
achieve.
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