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Abstract

Purpose: The Structured Days Hypothesis (SDH) posits that children’s behaviors associated with obesity — such as
physical activity — are more favorable on days that contain more ‘structure’ (i.e,, a pre-planned, segmented, and
adult-supervised environment) such as school weekdays, compared to days with less structure, such as weekend
days. The purpose of this study was to compare children’s moderate-to-vigorous physical activity (MVPA) levels on
weekdays versus weekend days using a large, multi-country, accelerometer-measured physical activity dataset.

Methods: Data were received from the International Children's Accelerometer Database (ICAD) July 2019. The ICAD
inclusion criteria for a valid day of wear, only non-intervention data (e.g., baseline intervention data), children with
at least 1 weekday and 1 weekend day, and ICAD studies with data collected exclusively during school months,
were included for analyses. Mixed effects models accounting for the nested nature of the data (i.e, days within
children) assessed MVPA minutes per day (min/day MVPA) differences between weekdays and weekend days by
region/country, adjusted for age, sex, and total wear time. Separate meta-analytical models explored differences by
age and country/region for sex and child weight-status.

Results/findings: Valid data from 15 studies representing 5794 children (61% female, 10.7 + 2.1 yrs,, 24% with
overweight/obesity) and 35,263 days of valid accelerometer data from 5 distinct countries/regions were used. Boys
and girls accumulated 12.6 min/day (95% Cl: 9.0, 16.2) and 9.4 min/day (95% Cl: 7.2, 11.6) more MVPA on weekdays
versus weekend days, respectively. Children from mainland Europe had the largest differences (17.1 min/day more
MVPA on weekdays versus weekend days, 95% Cl: 15.3, 19.0) compared to the other countries/regions. Children
who were classified as overweight/obese or normal weight/underweight accumulated 9.5 min/day (95% ClI: 6.9,
12.2) and 10.9 min/day (95% Cl: 8.3, 13.5) of additional MVPA on weekdays versus weekend days, respectively.
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access additional opportunities to be active.

Conclusions: Children from multiple countries/regions accumulated significantly more MVPA on weekdays versus
weekend days during school months. This finding aligns with the SDH and warrants future intervention studies to
prioritize less-structured days, such as weekend days, and to consider providing opportunities for all children to

Keywords: Children, Physical activity, Accelerometer, Weekday, Weekend, Structure

Background

The World Health Organization recommends all chil-
dren and adolescents (5-17 years) achieve 60 min per
day of moderate-to-vigorous physical activity (MVPA)
for health benefit [1]. Device-measured international es-
timates of children’s MVPA suggests that no more than
45% of children meet the daily recommendation [2, 3].
The majority of research aimed at improving children’s
daily physical activity levels have taken place in the
school setting [4], with school-based intervention efforts
falling short of making a positive impact on children’s
physical activity across the full day [5].

In contrast to the wealth of evidence on children’s
school-based physical activity, there are fewer studies on
children’s physical activity levels during times when they
are not in school, such as during summer months. This
is of particular importance as recent longitudinal evi-
dence has shown that during summer vacation children
exhibit accelerated weight-gain in comparison to school
months [6, 7]. One possible reason for this may be due
to the limited ‘structure’ of the day during the summer.
The ‘Structured Days Hypothesis’ (SDH) was developed
to help understand differences in children’s obesogenic
behaviors during school versus summer months [8]. The
SDH posits that a ‘structured day’ is a pre-planned, seg-
mented, and adult supervised compulsory environment
that a child is exposed to on any given day. The consist-
ent presence of routine, and/or regulation within the day
positively shapes the obesogenic behaviors of children
and adolescents (i.e., increased daily physical activity)
[8]. The most common example of a ‘structured day’ is a
day when a child or adolescent attends school, but other
examples exist in the form of daycare, day camps or pro-
grams. The key underlying distinction of a ‘structured
day’ is that the whole structure of the day is shaped or
influenced by the very presence of the school/camp/pro-
gram’s consistent start and end times, and by the various
compulsory components presented to attending children
and adolescents. For example, on a ‘structured day’ such
as a school weekday, from the moment a child wakes up
to the time they go to bed, elements of routine, regula-
tion, and adult-supervised compulsory components exist.
This presents several intentional (e.g., free play time be-
fore or after school hours, school recess, physical educa-
tion, classroom physical activity breaks) and

unintentional (e.g., child has consistent earlier wake time
so more time in day to be physically active, active trans-
port to and from school, segmented components of
school day elicit transitions between activities) oppor-
tunities for the child to be active that exist inside and
outside of school operating hours. A ‘structured day’
provides these different types of opportunities, both
intentional and unintentional, and in a relatively un-
avoidable and involuntary nature.

Since its publication in 2017, the SDH has informed
several studies that have purposefully compared obeso-
genic behaviors during structured versus less-structured
times, such as summer versus school months [9, 10],
summer camp/program days versus non camp/program
days [11-13], and school-days versus non-school days
[14-16]. Together, these studies align with the notion
that children’s obesogenic behaviors are more favorable
on structured versus less-structured days, yet are limited
by small sample sizes and specific population demo-
graphics, making it challenging to generalize findings.

In the absence of robust evidence, exploring weekday
versus weekend day estimates of obesogenic behaviors
could be viewed as the ‘next best’ example one could
draw from to compare a structured (e.g., weekdays) ver-
sus a less-structured day (e.g., weekend days). Previously,
the SDH explored studies comparing MVPA estimates
of elementary school-aged children on weekday versus
weekend days, concluding that ~ 80% of studies (1 =91)
were in favor of the hypothesis (i.e., MVPA greater on
weekdays) [8]. However, the included studies varied in
method of physical activity assessment (device-measured
vs. self-report) and focused solely on elementary school-
aged children (5-11 years old). A separate systematic re-
view and meta-analysis [17] acknowledged that school-
aged children’s MVPA was greater on weekdays versus
weekend days, but noted outcome measure (e.g., studies
reporting MVPA minutes versus accelerometer counts
per minute) can influence conclusions thus making it
difficult to draw comparisons across studies. Moreover,
recent studies have reported weekday versus weekend
day accelerometer-derived MVPA estimates [18-24].
Collectively, the majority of these studies report higher
MVPA estimates on weekdays compared to weekend
days, however these data have been limited by small
sample sizes [20, 23], examination of specific age ranges
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[19, 22, 24] and populations [21, 23], and the time these
data were collected (i.e, not exclusively during school
months) [18]. Thus, drawing conclusions in the context
of the SDH is, to some extent, limited.

The purpose of this study was to explore whether
MVPA differences exist between weekdays and weekend
days using a large, international, accelerometer-
measured physical activity dataset of children and youth
(age 6 to 18 years), exclusively focusing on school month
data. By examining school month data only, the authors
can establish a clear comparison of ‘structured days’
(school weekdays) versus ‘less-structured day’ (weekend
days). The authors hypothesize that children will exhibit
higher levels of MVPA on weekdays versus weekend
days, showing support toward the SDH.

Methods

Study design and sample

This study used secondary data provided by the Inter-
national Children’s Accelerometry Database (ICAD), re-
ceived July 2019. ICAD is a database of pooled data on
accelerometer-assessed physical activity from 21 studies
in children and adolescents worldwide. Detailed infor-
mation on the methods of the ICAD project can be
found elsewhere [25]. In short, raw accelerometery files
were obtained from cross-sectional, longitudinal, and
intervention studies, that measured physical activity with
waist-worn Actigraph accelerometers (Models; 7164, 71,
256, GT1M1, Actigraph LLC, Pensacola, FL) on children
and youth from 3 to 18 years old. All participants and/or
their legal guardian provided written informed consent
and local ethical committees from each contributing
ICAD study approved individual study protocols. Prior
to sharing data, data-sharing agreements were estab-
lished between contributing studies and MRC Epidemi-
ology Unit, University of Cambridge, UK. This
secondary data analysis reports within the guidelines of
the STROBE Statement.

Not all ICAD studies were eligible for data analyses. In
addition to the ICAD inclusion criteria [25], a study was
included for analyses in the present study if the add-
itional criteria could be met: data were only collected
during a school month (i.e., all data that included holi-
day/school break/summer months excluded as month of
data collection was not available); data represented chil-
dren between the ages of 6-18years; and, non-
intervention physical activity data was obtainable (e.g.,
baseline data for intervention and longitudinal studies).
For the present analysis, 15 studies met the inclusion
criteria outlined above (out of 21 eligible studies), and
data from the 15 studies were recoded to represent the
following 5 countries/regions; the United Kingdom (n =
3), mainland Europe (n=7), United States of America
(n=2), Australia (n=2) and Brazil (n=1). Eight of the
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contributing 15 studies were longitudinal or intervention
studies, therefore, baseline values were used.

Data preparation

Child accelerometry observation days were removed if
they did not meet a valid day of wear; defined as >600
min/day [26], and if a child did not have at least one
valid weekday and weekend day. As per the ICAD, stud-
ies contributing data files which used an epoch <60s
were reintegrated up to 60 s for analysis [25]. The selec-
tion of an appropriate accelerometer cut-point for
MVPA is an important issue in studies employing accel-
erometry to measure physical activity of children and
youth [27]. Previous studies have shown that for children
and adolescents (ages 5 to 15 years) the best prediction,
specificity, and sensitivity [28], from a range of widely-
used accelerometer-cut points was provided by Even-
son’s cut-points [29], despite the fact that Evenson’s cut-
points were originally validated in a group of younger
children (5 to 9year-olds). Thus, the present study in-
corporated >2296 cpm to define children’s MVPA. In
addition to MVPA, children’s age, sex, height, and
weight were available from all included studies. Chil-
dren’s height and weight were transformed into body
mass index (BMI) values by taking the weight in kilo-
grams and dividing it by the square of height in meters
(kg/m?). BMI categories (e.g., normal weight, with over-
weight, with obesity etc.) were established using age-
and sex-specific growth curves endorsed by the World
Health Organization [30]. Children with a BMI >85th
percentile (for age and sex) were classified as ‘over-
weight/obese’ (1) and compared to the rest of the sam-
ple, labeled ‘normal weight/underweight’ (<85th
percentile) (0).

Data analyses

Mixed effects models accounting for the nested nature
of the data (i.e, multiple observation days per child)
assessed overall MVPA differences between weekday
and weekend days, and by country/region. These models
adjusted for age, sex, and total daily wear time. Random
effects meta-analytical regression models, weighted by
sample size at the study-level, were computed to explore
MVPA differences between weekday and weekend days
of individual studies by age (6 to 16 years), sex (boys vs.
girls), and weight-status (overweight/obese vs. normal
weight/underweight). Meta-analyses excluded data from
a given study if there were 5 or fewer children for a sin-
gle age year or BMI category. Meta-analyses were per-
formed by subgroups of age and location, with data
pooled across studies using the DerSimonian—Laird
method. Because all studies measured the outcome of
interest on the same scale (minutes per day of MVPA),
the raw (unstandardized) mean difference was computed
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for the effect size. Heterogeneity was determined by the
I* statistics to assess the variability in effect estimates
[31]. Forest plots were generated to present overall ef-
fects, and effects by region. Outcomes were expressed in
MVPA minutes accumulated per day (min/day of
MVPA). A sensitivity analysis was performed to explore
MVPA differences on an ‘average’ weekday versus an
‘average’ weekend day for each child (i.e, MVPA esti-
mates are averaged for each child so they contribute 1
weekday and 1 weekend estimate to the analysis), and
raw min/day of MVPA estimates were calculated to ex-
plore day-to-day patterns. All analyses were conducted
in Stata (version 16.1, College Station, TX, USA).

Results

A summary of child and country/region characteristics
are presented in Table 1. A total of 5794 children (mean
age 10.7 yrs., 61% girls, 24% with Overweight/Obesity)
with 35,263 valid days of accelerometry. Mean total wear
time on weekdays was 800.5 min/day compared to 805
min/day on weekend days. Mean (+SD) valid weekday
and weekend day accelerometer days were 3.7 (+1.3) and
1.8 (+0.4) per child, respectively. Results from the sensi-
tivity analysis (average weekday versus average weekend
day) showed children accumulated 55.1 min/day of
MVPA on weekdays compared to 45.7 min/day of
MVPA on weekend days. Low-to-moderate heterogen-
eity [31] was observed across meta-analyses (I* range: ~
10-50%) as indicated on the forest plots for min/day of
MVPA differences by sex and BMI category (Figs. 1
and 2). Mixed effects models revealed age, the inter-
action between age and sex, and the interaction between
age and BMI were not significant predictors of differ-
ences between weekday and weekend day MVPA. Boys
accumulated an additional 12.6 min/day of MVPA (95%
CL: 9.0, 16.2) on weekdays versus weekend days, with
boys in European countries contributing the largest dif-
ferences in min/day of MVPA on weekdays versus week-
end days (+ 19.5 min/day of MVPA, 95% CI: 14.1, 24.9)
(Fig. 1a). Girls accumulated an additional 9.4 min/day of
MVPA (95% CI: 7.2, 11.6) on weekdays versus weekend
days, with girls in European countries contributing the
largest differences in min/day of MVPA on weekdays
versus weekend days (+ 13.5 min/day of MVPA, 95% CI:
14.1, 24.9) (Fig. 1b). Children who were classified as
overweight/obese or normal weight/underweight accu-
mulated an additional 9.5 min/day of MVPA (95% CI:
6.9, 12.2) and 10.9 min/day of MVPA (95% CI: 8.3, 13.5)
on weekdays versus weekend days, respectively (Fig. 2).
Children from European countries who were either over-
weight/obese (+17.1 min/day of MVPA, 95% CIL: 9.4,
25.3) or normal weight/underweight (+ 16.4 min/day of
MVPA, 95% CI: 13.3, 19.5) displayed the highest min/
day of MVPA differences between weekdays versus
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weekend days when results were analyzed by weight-
status. We did not find significant weekday versus week-
end day differences in MVPA among Brazilian children
in this study. Figure 3 displays unadjusted MVPA esti-
mates for Monday to Sunday for each country/region.

Discussion

The purpose of this study was to compare children’s
device-measured physical activity estimates on weekdays
versus weekend days. Results from this analysis show
that boys and girls accumulate more MVPA on week-
days compared to weekend days. MVPA differences be-
tween weekdays and weekend days were observed across
most regions/countries but were most pronounced in
European countries and Australia. These findings pro-
vide evidence aligning with the SDH, specifically show-
ing that weekdays during school months can have a
positive impact on boys’ and girls’ health-enhancing
levels of physical activity.

In the current analyses, boys and girls accumulated an
additional 12min/day of MVPA and 9min/day of
MVPA, respectively, on weekdays compared to weekend
days, which falls within the range of recent individual
studies investigating accelerometer-derived weekday ver-
sus weekend differences in MVPA (+4 to + 25 min/day
of MVPA on weekdays) [18-24]. Interestingly, no pat-
terns emerged for differences between weekday and
weekend day MVPA with age. It is well understood that
physical activity declines as children transition from
childhood to adolescence [32—34], however, longitudinal
research has found that with increasing age, MVPA de-
clines on weekend days more so than on weekdays [32].
This highlights an important consideration to promote
weekend physical activity, especially as children grow
older, and overall physical activity levels decline. Within
the context of the SDH, adult control on how children
spend their time undoubtedly changes as children grow
older [35], however, school weekdays — and the accom-
panying opportunities to remain engaged in extra-
curricular activities — are commonplace from childhood
into adolescence. During weekend days, when there is
conceivably less structure, children have more autonomy
over their time and may choose less healthful pursuits
(e.g., excessive screen time use) [8]. This notion aligns
with international literature on screen time which re-
ports consistently higher daily screen time estimates on
weekend days compared to weekdays [36—39], and when
presented with a choice, children could be opting for the
less-healthful alternatives (e.g., choosing sedentary pur-
suits over being active) [40, 41]. In addition, the SDH
draws from concepts found in the ‘filled-time perspec-
tive’ which is based on the principal that time filled with
favorable activities cannot be filled with unfavorable ac-
tivities [42]. A ‘typical’ school day, in and of itself, fills a
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(a)
Mean MVPA Diff.*
BOYS STUDIES with 95% CI P-value
Age
6 6 JFF 7.31[ -2.90, 17.53] 0.161
7 3 | —— 16.49[ 5.67, 27.32] 0.003
8 2 —_—t 13.22[-26.83, 53.27] 0.518
9 6 l—— 13.87[ 1.59, 26.15] 0.027
10 8 ‘+ 12.12[ 3.89, 20.35] 0.004
1 4 } el 16.19[ 10.79, 21.58] 0.000
12 5 —— 15.99[ 0.84, 31.15] 0.039
13 2 —t— 8.11[-19.59, 35.82] 0.566
14 2 — 34.40[ -3.87, 72.67] 0.078
15 4 L 8.78[ -1.13, 18.69] 0.082
® ) 4%} 16.14[-21.41, 53.68] 0.400
Test of group differences: Q,(10) = 5.04, p = 0.89 |
|
Region |
UK 13 e 474 -0.22, 9.70] 0.061
Europe 21 [ 19.49[ 14.12, 24.87] 0.000
Australia 8 ‘ - 13.97[ 9.64, 18.30] 0.000
Brazil 2 AF} -4.44[-14.63, 5.74] 0.392
Test of group differences: Q,(3) = 26.29, p = 0.00 |
|
Overall | ’ 12.57[ 8.95, 16.18] 0.000
Heterogeneity: T° = 52.55, I’ = 44.71%, H’ = 1.81 }
Test of 6, = 6;: Q(43) = 79.98, p = 0.00 |
50 0 50 100
Random-effects REML model
(b)
Mean MVPA Diff.*
GIRLS STUDIES with 95% CI P-value
Age
6 6 | T 7.58[ 2.24, 12.91] 0.005
7 2 | ———— 14.02[ 3.83, 24.21] 0.007
9 6 [—e— 756 0.80, 14.32] 0.028
10 9 [ —— 8.96[ 3.29, 14.62] 0.002
1 6 ‘ —— 11.05[ 6.15, 15.95] 0.000
12 5 } — 9.17[ 4.42, 13.92] 0.000
13 2 — T 2.29[ -5.67, 10.25] 0.573
14 3 —f—————  11.26[ -3.59, 26.12] 0.137
15 4 | ——— 18.21[ 10.18, 26.24] 0.000
16 4 R S — 4.33[-11.41, 20.07] 0.590
Test of group differences: Q,(9) = 10.14, p = 0.34 }
Region }
UK " |—— 494 1.32, 8.56] 0.007
Europe 22 | —— 13.52[ 10.22, 16.83] 0.000
USA 4 [ 596 3.59, 8.34] 0.000
Australia 8 ‘ —— 11.04[ 6.61, 15.48] 0.000
Brazil 2 }* 412 -4.24, 12.48] 0.334
Test of group differences: Q,(4) = 18.92, p = 0.00 |
|
Overall | ’ 9.39[ 7.18, 11.60] 0.000
Heterogeneity: 1° = 16.83, I = 40.66%, H’ = 1.69 }
Test of 6, = B;: Q(46) = 68.27, p = 0.02 |
-1‘0 6 1‘0 26 3b
Random-effects REML model
*Mean moderate-to-vigorous physical activity (MVPA) difference; positive estimate represents MVPA greater on weekday versus weekend day
Fig. 1 Mean differences in MVPA on weekdays versus weekend days of (a) Boys and (b) Girls

considerable chunk of time for all children that can sig- ‘how’ children spend their time [43], further studies in-
nificantly reduce engagement in less favorable activities.  corporating these measures on both structured and less-

Although measures exist that can capture and quantify  structured days are warranted.
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(a)
Mean MVPA Diff.*
OWOB STUDIES with 95% CI P-value
Age
6 4 ;* 9.99[ -0.83, 20.80] 0.070
7 2 — T 14.32[-11.87, 40.51] 0.284
9 5 - 569 -2.69, 14.08] 0.183
10 6 | —— 950 2.68, 16.32] 0.006
1 5 } — 11.70[ 6.74, 16.67] 0.000
12 5 | —— 12.78 [ 4.25, 21.30] 0.003
13 2 — 5.36[ -6.45, 17.17] 0.374
15 3 4 - 16.08 [ -3.33, 35.49] 0.104
Test of group differences: Q,(7) = 2.94, p = 0.89 }
|
Region |
UK 8 | 468[ 051, 8.84] 0.028
Europe 11 } — 17.31[ 9.37, 25.25] 0.000
USA 3 e 7.35[ 3.63, 11.07] 0.000
Australia 8 | —— 14.75[ 9.85, 19.65] 0.000
Brazil 2 B 6.94[ -4.75, 18.63] 0.244
Test of group differences: Q,(4) = 14.51, p = 0.01 }
|
Overall I ’ 9.53[ 6.89, 12.17] 0.000
Heterogeneity: 1° = 5.40, I’ = 10.44%, H* = 1.12 }
Test of 6, = 8: Q(31) = 27.96, p = 0.62 |
-éO 6 2‘0 46
Random-effects REML model
(b)
b Mean MVPA Diff.*
NW/UW STUDIES with 95% CI P-value
Age
6 7 ;* 7.61[ 1.42,13.79] 0.016
7 3 | — 15.79[ 7.59, 23.99] 0.000
8 3 —t—— 14.85[ -4.42, 34.12] 0.131
9 6 | —e— 12.61[ 241, 22.81] 0.015
10 10 | ——o 9.32[ 2.83, 15.80] 0.005
" 6 ‘ — 1244 6.45, 18.42] 0.000
12 6 ‘ — 9.71[ 3.72, 15.71] 0.001
13 3 }* 6.61[-10.47, 23.68] 0.448
14 3 [ — 19.46 [ 2.25, 36.67] 0.027
15 4 | — 14.26 [ 6.22, 22.30] 0.001
16 4 | ——=———  1851[ 3.12, 33.90] 0.018
Test of group differences: Q,(10) = 5.99, p = 0.82 |
|
Region I
UK 15 ‘+ 571[ 1.31, 10.11] 0.011
Europe 26 } —— 16.40 [ 13.31, 19.49] 0.000
USA 4 | —— 530[ 229, 8.30] 0.001
Australia 8 | 11.55[ 7.13, 15.96] 0.000
Brazil 2 — -3.10[-11.22, 5.01] 0.453
Test of group differences: Q,(4) = 39.64, p = 0.00 |
|
Overall } ’ 10.93[ 8.33, 13.53] 0.000
Heterogeneity: 1° = 35.52, I’ = 52.52%, H’ = 2.1 |
Test of 6 = 6; Q(54) = 107.85, p = 0.00 |
20 0 20 40
Random-effects REML model
*Mean moderate-to-vigorous physical activity (MVPA) difference; positive estimate represents MVPA greater on weekday versus weekend day
Fig. 2 Mean differences in MVPA on weekdays versus weekend days of children who are (a) Overweight/Obese (OWOB) and (b) Normal
weight/Underweight (NW/UW)
A

Notably, the majority of intervention efforts have fo-
cused on children during weekdays during the school
year, where little-to-no impact has been made on chil-
dren’s MVPA [4, 5]. A recent meta-analysis of 17 ran-
domized controlled trials spanning North/South
America, Europe and Australia, reported null effects for

influencing accelerometer-assessed weekday MVPA [5].
From a pragmatic standpoint, it makes sense to focus
intervention efforts and resources on weekdays during
school (e.g., recruiting a whole school, access to associ-
ated school-based programs/personnel/resources etc.), as
children spend a large portion of their time in-and-
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Fig. 3 Children’s mean moderate-to-vigorous physical activity by day of the week. Shaded area represents weekend

around the school environment. However, given the
lackluster outcomes of school-based interventions and in
light of results from the current study, it may be more
effective to focus intervention efforts to weekend days
[17]. A weekday during school months may be at ‘cap-
acity’ in terms of room for additional opportunities for
children to be active. On weekend days, children are not
guaranteed consistency to their days like they are during
a ‘structured’ school day, therefore, less intentional and
unintentional physical activity opportunities may be
present, thus, leaving room for more unfavorable activ-
ities (e.g., screen time/sedentary pursuits). Therefore,
weekend days might be a time where intervention efforts
could be most beneficial to improving MVPA.

Across all countries/regions examined in this study,
both boys’ and girls’ MVPA was greater on weekdays
compared to weekend days, except for children in the
contributing Brazil study, and boys in the pooled UK-
based studies. These findings are largely consistent with
the body of literature that has presented MVPA esti-
mates of children on weekdays and weekend days from
these countries/regions [23, 32, 44—46]. Of more inter-
est, children from mainland Europe and Australia, by
comparison to the others, accumulate more MVPA on

both weekdays and weekend days, however, the magni-
tude of the differences observed between weekdays and
weekend days from European and Australian children
are noticeably higher than other regions/countries; and
the potential reasons for this are not entirely clear. One
possible explanation may be that the collective compo-
nents of the weekday during school months (in Europe
and Australia) are providing more intentional and unin-
tentional physical activity opportunities for European
and Australian children, whether it be active transport
to and from school, increased access to before or after
school programs/clubs [47], or more dedicated time in
the school curriculum (e.g., duration and frequency) for
the accumulation of MVPA through recess, classroom
breaks, and physical education [48]. This may not be the
case for children from the USA, UK, and Brazil. For ex-
ample, in the USA fewer public schools have adopted all
components of the comprehensive school physical activ-
ity program, which calls for multiple school-related envi-
ronments (e.g., before and after school time) to provide
comprehensive and consistent physical activity oppor-
tunities for children [49]. Perhaps more tellingly, the re-
cent Global Matrix (3.0) Physical Activity Report Card
[50] analyzed 49 countries on several physical activity
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indicators and gave overall lower grades to the USA,
UK, and Brazil in comparison to Australia and European
Countries in this study on the indicators ‘Community
and Environment, ‘School’, and ‘Organized Sport’. This
suggests that the necessary components, support, and
environmental infrastructure that could impact chil-
dren’s MVPA on both weekdays (i.e., school environ-
ment) and weekend days (i.e., organized sport and
community-based activity opportunities) is not adequate
in these regions.

There are other potential individual and environmen-
tal mechanisms that may explain the observed differ-
ences among countries/regions. These current data were
collected during school months, however, the countries/
regions in this sample vary drastically in terms of wea-
ther conditions. Previous research using ICAD data re-
ported that children from Australia and northern
European countries have higher activity levels given the
weather conditions they experience compared to those
in Western Europe and USA [51]. The authors con-
cluded that typically, relationships between weather (e.g.,
temperature, visibility, wind speed, precipitation) and
physical activity levels of children are linear, however,
for extreme temperatures over 20°C physical activity
levels begin to decrease. Within the current study, the
availability of indoor temperature-controlled environ-
ments conducive towards physical activity in extreme
weather climates [52] may or may not have been avail-
able for children, and, thus, could influence the MVPA
estimates presented herein. Future research of children’s
physical activity levels during different seasons and over
time, should consider weather conditions as a determin-
ant, particularly in younger children (e.g., pre-school and
primary-school age) [51]. On the individual level, the in-
fluence of other behaviors such as sleep patterns (e.g.,
early to bed/early to rise), which favor MVPA on week-
days [53], and the penetration of more sedentary pur-
suits (e.g., screen time) on weekend days where time
requirements of family members are less stable in com-
parison to the ‘5-day work week’ [54], could be contrib-
uting to some of the differences observed between
weekday and weekend day MVPA.

As mentioned previously, no differences were observed
between weekday and weekend MVPA of children from
Brazil. This is in opposition to a more recent study of
Brazilian children where an additional ~ 7 min of MVPA
was accumulated on weekdays versus weekend days [39].
One reason for this may be because at the time these
data were collected (2006-2007) “Integral Education”
was not commonplace in Brazilian public schools [55,
56]. Prior to the implementation of integral education
(pre-2008), children who attended public schools in
Brazil could attend school for a self-selected time of 4 to
5h per day (e.g., 7:30am — 12 pm, or 1:00 pm - 5:00
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pm), and opportunities to attend school-based extra-
curricular programming was limited and not accessible
to children from low-income households. With the
introduction of the integral education initiative, Brazilian
public schools are tasked with offering 35-45 h per/week
of schooling and extra-curricular resources to all chil-
dren and families [56]. Thus, within the confines of the
SDH, it is conceivable that the actual ‘dose’ of structure
afforded to Brazilian children on weekdays in the ana-
lyzed sample was less than that of both children from
the other contributing studies in this analyses, and sub-
sequent Brazilian studies that have explored physical ac-
tivity patterns of children from Brazil since integral
education adoption. Lastly, physical spaces (e.g., indoor
gymnasiums) for children to be active are not as com-
monplace in Brazilian public schools compared to pri-
vate schools in Brazil, which could be another reason for
the null findings in the present analyses [57].

Studies  have reported vast differences in
accelerometer-derived MVPA on specific days of the
week, such as boys and girls achieving an additional
26.9 min/day of MVPA and 16.9 min/day, of MVPA, re-
spectively, on a Friday compared to a Sunday [54]. In
that study, the authors highlighted that a reoccurring
weekly pattern was emerging in children from 8 years of
age all the way through to age 12, where physical activity
levels increased throughout the week leading up to Fri-
day after which, a drop off in MVPA was observed. The
authors speculated that socio-cultural influences of the
working week common to ‘modern society’, whereby a
weekly cycle is dictated by 5 days of school or work for
the family, followed by 2 ‘rest/free’ days could be con-
tributing to these differences in weekday and weekend
day physical activity. These patterns emerged in the
current data displayed in Fig. 3 showing children from
different countries/regions steadily increasing activity
levels from Monday to Friday before tailing off over the
weekend, with Sunday producing the lowest MVPA esti-
mate. This brings into line the SDH and demonstrates
the positive impact the school week can have on all chil-
dren’s physical activity levels. Weekdays during school
months somewhat obligate children to engage in this
consistent routine of pre-planned, segmented and adult-
supervised structured days that build ‘momentum’ lead-
ing up to the weekend, where children and families can
choose to go ‘at their own pace’. Yet, these current data
also highlight how unique both Saturday and Sunday
are, with Sunday producing the lowest MVPA estimates
in comparison to other days across all countries/regions,
with noticeably lower estimates in comparison to Satur-
day. Generally, Saturday’s are viewed as the day when
intentional physical activity opportunities exist in the
form of sport or activity-based programs, whereas Sun-
day’s could be viewed as the day reserved for rest/more
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sedentary pursuits, religious practices, family time, and/
or homework tasks [58]; activities that are not necessar-
ily conducive towards accumulating MVPA. Under-
standing such physical activity patterns and nuances
may assist public health practitioners in designing more
specific interventions to increase physical activity levels
in children.

Data have shown that schools can provide a “hom-
ogenizing regime” [59] for children’s health or an “equal-
izing effect” [60] on children’s physical and cognitive
abilities, regardless of background or socioeconomic sta-
tus. This is evident within the current findings that show
a similar magnitude of difference for both girls, and chil-
dren with overweight or obesity; subgroups of children
that typically display lower levels of MVPA in field-
based accelerometer studies, in comparison to their
counterparts [61]. As highlighted by the SDH, the school
weekday can provide multiple opportunities for
intentional and unintentional physical activity for every
child, essentially breaking up long periods of sedentary
time. Such opportunities and occurrences are not guar-
anteed during weekend days, and studies support this
notion reporting that the frequency of long periods of
time (i.e., ‘bouts’) spent in MVPA is lower on weekend
days compared to weekdays [18], suggesting a higher fre-
quency of uninterrupted MVPA occurrences on week-
days. Future intervention research exploring weekend
day physical activity may consider targeting bout fre-
quency as a possible point of intervention.

Traditionally, physical activity opportunities during
less-structured days (e.g., weekend days, summer days)
exist in the form of organized sport participation, day
camps, and programs. For example, the USA and
Australia have reported relatively high participation rates
among children (60-85%) in organized sport, with Eur-
ope showing lower estimates in comparison [62]. Fur-
ther, accelerometer-derived MVPA estimates for
children who attend general programming — such as a
summer day camp — are notably high [63]. However,
there is a cost to attending these existing physical activ-
ity opportunities, meaning children from low-income
households are less likely to attend; a trend that is recog-
nized regardless of region [59, 62, 64, 65]. One promis-
ing strategy to enhance children’s MVPA during less-
structured days is to make existing community-based fa-
cilities and resources that are accessible during weekdays
or school months, available during weekend days or
summer (e.g., opening school grounds/space for free-
play or structured programming) [19, 66]. Another strat-
egy is to consider demand-side financing [67, 68], where
children/families would be provided financial assistance
in the form of a voucher to attend locally operated pro-
grams. Collectively, such strategies would help address
previous barriers to weekend participation in organized

(2021) 18:28 Page 10 of 13

physical activity (e.g., payment of club/program fees,
transportation to facilities outside of the community)
[69]. Other studies have noted that parental support to-
wards physical activity (e.g., verbal encouragement, posi-
tive feedback, availability of parental participation) [45,
70] is an important determinant of children’s physical
activity levels, and, thus, adopting intervention strategies
— such as those mentioned above — that specifically tar-
get times when children are consistently less active (i.e.,
weekend days) need to consider contextual information
such as the role of the family/parent and the home
environment.

There are several strengths to the current study. First,
the findings presented herein represent device-measured
estimates of MVPA. Second these data represent a large,
multi-national sample of children covering a wide range
of ages (6-16 years). Third, by considering only school
months data (i.e., school weekdays) for this study, a typ-
ical ‘structured day’ for children can be compared to
weekend days, considered a less-structured day, for a
strong examination of the SDH. There are limitations to
this study that must be acknowledged. Accelerometer-
derived estimates of MVPA can vary drastically based on
cutpoint selection [27], however the authors selected a
cutpoint that offered the best prediction, specificity, and
sensitivity that could handle a range of ages [28]. The
authors also note that there are other factors (e.g., days
of monitoring, study site protocols) that can impact
MVPA estimates when making between-study and inter-
national comparisons [71]. Seasonality was not ad-
dressed in the current analyses, and can influence
weekday versus weekend day differences of physical ac-
tivity across various countries/regions [52, 72]. In
addition, socioeconomic status was not considered in
the current analyses due to the missingness (~ 35%) of a
socioeconomic indicator (e.g., parental education) for
certain children.

Conclusions

In total, the data presented herein demonstrate that
weekdays during school months can provide children
with significant and meaningful additional minutes of
MVPA compared to weekend days. This finding is con-
sistent with the premise of the SDH. Public health prac-
titioners and individuals responsible for the care of
children need to consider appropriate access to oppor-
tunities and promoting physical activity during days
when structure is not inherently present for all children,
like it is during school weekdays [17, 19, 45, 54, 73]. Fu-
ture studies should look to adopt longer wear-time pro-
tocols outside of the traditional 7-day accelerometer
protocol — whereby 3 weekdays and 1 weekend day is
deemed sufficient — to gain more insight of children’s
long-term physical activity patterns during different
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periods of structured versus less-structured days (e.g., 1
‘school’ month versus 1 ‘summer’ month) [74]. In
addition, future studies may want to explore other inten-
sities of physical activity (e.g., light, vigorous) during
weekday versus weekend days, and for 24-h wear proto-
cols, the interrelation of sleep and activity using compos-
itional data analysis. Finally, although the present
findings align with the SDH, the authors recognize there
are other individual and environmental-level factors that
exist, such as differential sleep patterns on weekdays and
weekend days [75], that could explain differences in
MVPA estimates.

To conclude, children’s device-measured MVPA is
greater on weekdays compared to weekend days during
school months. Researchers, public health practitioners,
and policy makers need to consider prioritizing days
when children are not afforded the consistency and rou-
tine of the school weekday — such as weekend days — to
increase physical activity among children and youth.

Abbreviations

SDH: Structured days hypothesis; MVPA: Moderate-to-vigorous physical
activity; ICAD: International Children’s Accelerometry Database; 95%Cl: 95%
Confidence interval; CPM: Counts per minute; BMI: Body mass index;

SD: Standard deviation; UK: United Kingdom; USA: United States of America

Acknowledgements

We would like to thank all participants and funders of the original studies
that contributed data to ICAD.

The ICAD was made possible thanks to the sharing of data from the
following contributors (study name): Prof LB Andersen, Faculty of Education,
Arts and Sport, Western Norway University of Applied Sciences, Sogndal,
Norway (Copenhagen School Child Intervention Study (CoSCIS)); Prof S
Anderssen, Norwegian School for Sport Science, Oslo, Norway (European
Youth Heart Study (EYHS), Norway); Prof G Cardon, Department of
Movement and Sports Sciences, Ghent University, Belgium (Belgium Pre-
School Study); Centers for Disease Control and Prevention (CDC), National
Center for Health Statistics (NCHS), Hyattsville, MD USA (National Health and
Nutrition Examination Survey (NHANES)); Dr. R Davey, Centre for Research
and Action in Public Health, University of Canberra, Australia (Children’s
Health and Activity Monitoring for Schools (CHAMPS)); Dr. P Hallal, Post-
graduate Program in Epidemiology, Federal University of Pelotas, Brazil (1993
Pelotas Birth Cohort); Prof KF Janz, Department of Health and Human Physi-
ology, Department of Epidemiology, University of lowa, lowa City, US (lowa
Bone Development Study); Prof S Kriemler, Epidemiology, Biostatistics and
Prevention Institute, University of Zrich, Switzerland (Kinder-Sportstudie
(KISS)); Dr. N Meller, University of Southern Denmark, Odense, Denmark
(European Youth Heart Study (EYHS), Denmark); Dr. K Northstone, Depart-
ment of Population Health Sciences, Bristol Medical School, University of Bris-
tol, UK (Avon Longitudinal Study of Parents and Children (ALSPAC)); Dr. A
Page, Centre for Exercise, Nutrition and Health Sciences, University of Bristol,
UK (Personal and Environmental Associations with Children’s Health (PEAC
H)); Prof R Pate, Department of Exercise Science, University of South Carolina,
Columbia, US (Physical Activity in Pre-school Children (CHAMPS-US) and Pro-
ject Trial of Activity for Adolescent Girls (Project TAAG)); Dr. JJ Puder, Service
of Endocrinology, Diabetes and Metabolism, Centre Hospitalier Universitaire
Vaudois, University of Lausanne, Switzerland (Ballabeina Study); Prof J Reilly,
Physical Activity for Health Group, School of Psychological Sciences and
Health, University of Strathclyde, Glasgow, UK (Movement and Activity Glas-
gow Intervention in Children (MAGIC)); Prof J Salmon, Institute for Physical
Activity and Nutrition (IPAN), School of Exercise and Nutrition Sciences, Dea-
kin University, Geelong, Australia (Children Living in Active Neigbourhoods
(CLAN) & Healthy Eating and Play Study (HEAPS)); Prof LB Sardinha, Exercise
and Health Laboratory, Faculty of Human Movement, Universidade de Lisboa,
Lisbon, Portugal (European Youth Heart Study (EYHS), Portugal); Dr. EMF van

(2021) 18:28 Page 11 of 13

Sluijs, MRC Epidemiology Unit & Centre for Diet and Activity Research, Uni-
versity of Cambridge, UK (Sport, Physical activity and Eating behaviour: Envir-
onmental Determinants in Young people (SPEEDY)).

Authors’ contributions

KB contributed to the data analysis, data interpretation, paper
conceptualization, and drafted the manuscript. MB and RGW contributed to
data analysis and data interpretation. All authors listed revised numerous
manuscript drafts and provided important intellectual content, interpretation
of data, and approved the final version of the manuscript.

Funding
None.

Availability of data and materials

The data that support the findings of this study are available from MRC
Epidemiology Unit, Cambridge. But restrictions apply to the availability of
these data, which were used under license for the current study, and so are
not publicly available. Data are however available from the authors upon
reasonable request and with permission of MRC Epidemiology Unit,
Cambridge.

Ethics approval and consent to participate

All participants and/or their legal guardian provided written informed
consent and local ethical committees from each contributing ICAD study
approved individual study protocols. Prior to sharing data, data-sharing
agreements were established between contributing studies and MRC Epi-
demiology Unit, University of Cambridge, UK.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

1Department of Health Sciences, College of Health Professions and Sciences,
University of Central Florida, 4364 Scorpius Street, Orlando, FL 32816, USA.
2Departmem of Exercise Science, Arnold School of Public Health, University
of South Carolina, Columbia, SC, USA. *Department of Health & Kinesiology,
College of Health, University of Utah, Salt Lake City, UT, USA. “Department of
Psychology, Loyola University Chicago, College of Arts and Sciences,
Chicago, IL, USA. *Alliance for Research in Exercise, Nutrition and Activity
(ARENA), University of South Australia, Adelaide, Australia. ®Department of
Physical Education, Federal Rural University of Pernambuco, Recife, PE, Brazil.
’Department of Teacher Education and Sport, Western Norwegian University
of Applied Sciences, Sogndal, Norway. 8Health Research Institute, University
of Canberra, Canberra, Australia. °Postgraduate Program in Epidemiology,
Federal University of Pelotas, Pelotas, Brazil. "%Centre for Exercise, Nutrition
and Health Sciences, University of Bristol, Bristol, UK. '"Norwegian School of
Sport Sciences, Oslo, Norway. '*Epidemiology, Biostatistics and Prevention
Institute, University of Zdrich, Ztrich, Switzerland. "*University of Southern
Denmark, Odense, Denmark. '“Stanley Manne Children’s Research Institute,
Ann & Robert H. Lurie Children’s Hospital of Chicago, Chicago, USA. *Service
of Obstetrics, Centre Hospitalier Universitaire Vaudois, University of Lausanne,
Lausanne, Switzerland. '®Institute for Physical Activity and Nutrition, School
of Exercise and Nutrition Sciences, ZDeakin University, Geelong, Australia.
Exercise and Health Laboratory, CIPER, Faculty of Human Movement,
Universidade de Lisboa, Lisbon, Portugal. "®MRC Epidemiology Unit & Centre
for Diet and Activity Research, University of Cambridge, Cambridge, UK.

Received: 30 September 2020 Accepted: 29 January 2021
Published online: 10 February 2021

References

1. Organization WH. Global recommendations on physical activity for health:
World Health Organization; 2010.

2. Cooper AR, Goodman A, Page AS, Sherar LB, Esliger DW, van Sluijs EM, et al.
Objectively measured physical activity and sedentary time in youth: the
international children’s accelerometry database (ICAD). Int J Behav Nutr
Phys Act. 2015;12(1):113.



Brazendale et al. International Journal of Behavioral Nutrition and Physical Activity

20.

22.

23.

Roman-ViAas B, Chaput J-P, Katzmarzyk PT, Fogelholm M, Lambert EV,
Maher C, et al. Proportion of children meeting recommendations for 24-
hour movement guidelines and associations with adiposity in a 12-country
study. Int J Behav Nutr Phys Act. 2016;13(1):123.

Mannocci A, D'Egidio V, Backhaus |, Federici A, Sinopoli A, Ramirez Varela A,
et al. Are there effective interventions to increase physical activity in
children and young people? An umbrella review. Int J Environ Res Public
Health. 2020;17(10):3528.

Love R, Adams J, van Sluijs EM. Are school-based physical activity
interventions effective and equitable? A meta-analysis of cluster randomized
controlled trials with accelerometer-assessed activity. Obes Rev. 2019,20(6):
859-70.

von Hippel PT, Workman J. From kindergarten through second grade, US
Children's obesity prevalence grows only during summer vacations. Obesity.
2016;24(11):2296-300.

Moreno JP, Johnston CA, Woehler D. Changes in weight over the school
year and summer vacation: results of a 5-year longitudinal study. J Sch
Health. 2013;83(7):473-7.

Brazendale K, Beets MW, Weaver RG, Pate RR, Turner-McGrievy GM,
Kaczynski AT, et al. Understanding differences between summer vs. school
obesogenic behaviors of children: the structured days hypothesis. Int J
Behav Nutr Phys Act. 2017;14(1):100.

Brazendale K BM, Pate RR, Turner-McGrievy GM, Kazcynski AT, Weaver RG.
Children's Obesogenic Behaviors During Summer Versus School: A within-
person comparison. J School Health. 2018;(in press).

Tanskey LA, Goldberg JP, Chui K, Must A, Sacheck JM. Accelerated summer
weight gain in a low-income, ethnically diverse sample of elementary
school children in Massachusetts. Child Obes. 2019;15(4):244-53.
Brazendale K, Brazendale AB, Garcia JM, Monroe CM, Weaver RG, Beets MW.
Brief report: obesogenic behaviors of children with developmental
disabilities during summer. J Autism Dev Disord. 2020:1-7.

Hunt ET, Whitfield ML, Brazendale K, Beets MW, Weaver RG. Examining the
impact of a summer learning program on children’s weight status and
cardiorespiratory fitness: a natural experiment. Eval Program Plan. 2019;74:
84-90.

Dugger R, Brazendale K, Hunt E, Moore J, Turner-McGrievy G, Vogler K, et al.
The impact of summer programming on the obesogenic behaviors of
children: behavioral outcomes from a quasi-experimental pilot trial. Pilot
Feasibility Stud. 2020,6(1):1-15.

Weaver RG, Beets MW, Perry M, Hunt E, Brazendale K, Decker L, et al.
Changes in children’s sleep and physical activity during a 1-week versus a
3-week break from school: A natural experiment. Sleep. 2019;42(1):zsy205.
Olds T, Maher C, Dumuid D. Life on holidays: differences in activity
composition between school and holiday periods in Australian children.
BMC Public Health. 2019;19(2):450.

Weaver RG, Armstrong B, Hunt E, Beets M, Brazendale K, Dugger R, et al.
The impact of summer vacation on Children’s obesogenic behaviors and
body mass index: a natural experiment. 2020.

Brooke HL, Corder K, Atkin AJ, van Sluijs EM. A systematic literature review
with meta-analyses of within-and between-day differences in objectively
measured physical activity in school-aged children. Sports Med. 2014;44(10):
1427-38.

Brooke HL, Atkin AJ, Corder K, Brage S, van Sluijs EM. Frequency and
duration of physical activity bouts in school-aged children: a comparison
within and between days. Prev Med Rep. 2016;4:585-90.

Birgi R, De Bruin ED. Differences in spatial physical activity patterns
between weekdays and weekends in primary school children: a cross-
sectional study using accelerometry and global positioning system. Sports.
2016:4(3):36.

Noonan RJ, Boddy LM, Kim Y, Knowles ZR, Fairclough SJ. Comparison of
children’s free-living physical activity derived from wrist and hip raw
accelerations during the segmented week. J Sports Sci. 2017;35(21):2067-72.
Baddou |, El Hamdouchi A, El Harchaoui |, Benjeddou K, Saeid N, Elmzibri M,
et al. Objectively measured physical activity and sedentary time among
children and adolescents in Morocco: a cross-sectional study. Biomed Res
Int. 2018;2018.

Li N, Zhao P, Diao C, Qiao Y, Katzmarzyk PT, Chaput J-P, et al. Joint
associations between weekday and weekend physical activity or sedentary
time and childhood obesity. Int J Obes. 2019;43(4):691-700.

Grant VM, Tomayko EJ, Kingfisher RD. Sleep and physical activity patterns in
urban American Indian children. Am J Health Behav. 2020;44(1):67-75.

24.

25.

26.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

42.

43.

45.

46.

47.

48.

(2021) 18:28 Page 12 of 13

Zhang P, Lee JE, Stodden DF, Gao Z. Longitudinal trajectories of Children’s
physical activity and sedentary behaviors on weekdays and weekends. J
Phys Act Health. 2019;16(12):1123-8.

Sherar LB, Griew P, Esliger DW, Cooper AR, Ekelund U, Judge K, et al.
International children's accelerometry database (ICAD): design and methods.
BMC Public Health. 2011;11(1):485.

Ward DS, Evenson KR, Vaughn A, Rodgers AB, Troiano RP. Accelerometer
use in physical activity: best practices and research recommendations. Med
Sci Sports Exerc. 2005;37(11):5582-S8.

Brazendale K, Beets MW, Bornstein DB, Moore JB, Pate RR, Weaver RG, et al.
Equating accelerometer estimates among youth: the Rosetta stone 2. J Sci
Med Sport. 2016;19(3):242-9.

Trost SG, Loprinzi PD, Moore R, Pfeiffer KA. Comparison of accelerometer
cut points for predicting activity intensity in youth. Med Sci Sports Exerc.
2011;43(7):1360-8.

Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of two
objective measures of physical activity for children. J Sports Sci. 2008;26(14):
1557-65.

Vidmar S, Carlin J, Hesketh K, Cole T. Standardizing anthropometric
measures in children and adolescents with new functions for egen. Stata J.
2004;4(1):50-5.

loannidis JP, Patsopoulos NA, Evangelou E. Uncertainty in heterogeneity
estimates in meta-analyses. Bmj. 2007,335(7626):914-6.

Nader PR, Bradley RH, Houts RM, McRitchie SL, O'Brien M. Moderate-to-
vigorous physical activity from ages 9 to 15 years. Jama. 2008;300(3):295-305.
Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical
activity in the United States measured by accelerometer. Med Sci Sports
Exerc. 2008;40(1):181.

Riddoch CJ, Andersen LB, Wedderkopp N, Harro M, Klasson-Heggeba L,
Sardinha LB, et al. Physical activity levels and patterns of 9-and 15-yr-old
European children. Med Sci Sports Exerc. 2004;36(1):86-92.

Eccles JS, Buchanan CM, Flanagan C, Fuligni A, Midgley C, Yee D. Control
versus autonomy during early adolescence. J Soc Issues. 1991,47(4):53-68.
Jago R, Stamatakis E, Gama A, Carvalhal IM, Nogueira H, Rosado V, et al.
Parent and child screen-viewing time and home media environment. Am J
Prev Med. 2012;43(2):150-8.

Santaliestra-Pasias AM, Mouratidou T, Verbestel V, Bammann K, Molnar D,
Sieri S, et al. Physical activity and sedentary behaviour in European children:
the IDEFICS study. Public Health Nutr. 2014;17(10):2295-306.

Schmitz KH, Harnack L, Fulton JE, Jacobs DR Jr, Gao S, Lytle LA, et al. Reliability
and validity of a brief questionnaire to assess television viewing and computer
use by middle school children. J Sch Health. 2004;74(9):370-7.

de Moraes Ferrari GL, Araujo TL, Oliveira L, Matsudo V, Mire E, Barreira TV,
et al. Association between television viewing and physical activity in 10-
year-old Brazilian children. J Phys Act Health. 2015;12(10):1401-8.

Epstein LH, Smith JA, Vara LS, Rodefer JS. Behavioral economic analysis of
activity choice in obese children. Health Psychol. 1991;10(5):311.

Fearnbach SN, Martin CK, Heymsfield SB, Staiano AE, Newton RL, Garn AC,
et al. Validation of the activity preference assessment: a tool for quantifying
children’s implicit preferences for sedentary and physical activities. Int J
Behav Nutr Phys Act. 2020;17(1):108.

Caldwell LL, Smith EA. Leisure as a context for youth development and
delinquency prevention. Aust N Z J Criminol. 2006;39(3):398-418.

Ridley K, Olds TS, Hill A. The multimedia activity recall for children and
adolescents (MARCA): development and evaluation. Int J Behav Nutr Phys
Act. 2006;3(1):10.

Treuth MS, Catellier DJ, Schmitz KH, Pate RR, Elder JP, McMurray RG, et al.
Weekend and weekday patterns of physical activity in overweight and
normal-weight adolescent girls. Obesity. 2007;15(7):1782-8.

Fairclough SJ, Boddy LM, Mackintosh KA, Valencia-Peris A, Ramirez-Rico E.
Weekday and weekend sedentary time and physical activity in differentially
active children. J Sci Med Sport. 2015;18(4):444-9.

Konstabel K, Veidebaum T, Verbestel V, Moreno LA, Bammann K, Tornaritis
M, et al. Objectively measured physical activity in European children: the
IDEFICS study. Int J Obes. 2014;38(2):5135-543.

Arundell L, Hinkley T, Veitch J, Salmon J. Contribution of the after-school
period to children’s daily participation in physical activity and sedentary
behaviours. PLoS One. 2015;10(10):e0140132.

Ridgers ND, Timperio A, Crawford D, Salmon J. Five-year changes in school
recess and lunchtime and the contribution to children's daily physical
activity. Br J Sports Med. 2012,46(10):741-6.



Brazendale et al. International Journal of Behavioral Nutrition and Physical Activity

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Katzmarzyk PT, Denstel KD, Beals K, Carlson J, Crouter SE, McKenzie TL, et al.
Results from the United States 2018 report card on physical activity for
children and youth. J Phys Act Health. 2018;15(s2):5422-54.

Aubert S, Barnes JD, Abdeta C, Abi Nader P, Adeniyi AF, Aguilar-Farias N,

et al. Global matrix 3.0 physical activity report card grades for children and
youth: results and analysis from 49 countries. J Phys Act Health. 2018;15(s2):
S251-S73.

Harrison F, Goodman A, van Sluijs EM, Andersen LB, Cardon G, Davey R,

et al. Weather and children’s physical activity; how and why do
relationships vary between countries? Int J Behav Nutr Phys Act. 2017;14(1):
74.

Tucker P, Gilliland J. The effect of season and weather on physical activity: a
systematic review. Public Health. 2007;121(12):909-22.

Olds TS, Maher CA, Matricciani L. Sleep duration or bedtime? Exploring the
relationship between sleep habits and weight status and activity patterns.
Sleep. 2011;34(10):1299-307.

Telford RM, Telford RD, Cunningham RB, Cochrane T, Davey R, Waddington
G. Longitudinal patterns of physical activity in children aged 8 to 12 years:
the LOOK study. Int J Behav Nutr Phys Act. 2013;10(1):81.

Figaredo C. Full-time integral schools in the Brazilian state of Pernambuco:
A Case Study. Centre for Public Impact; 2018 12/17/2018.

Valéria SV. Full time school in Brazil: policy, curriculum and pedagogic
challenges. J Arts Humanit. 2013;2(2):108-14.

Knuth A, Silva |, Hallal P. Description of the school environment related to
physical education classes, recess, extracurricular activities and physical
spaces in the city of Pelotas, RS, Brazil. Revista Brasileira de Atividade Fisica
& Saude. 2015;20(5):524.

Jago R, Anderson CB, Baranowski T, Watson K. Adolescent patterns of
physical activity: differences by gender, day, and time of day. Am J Prev
Med. 2005;28(5):447-52.

Maher CA, Olds TS. Minutes, MET minutes, and METs: unpacking socio-
economic gradients in physical activity in adolescents. J Epidemiol
Community Health. 2011,65(2):160-5.

Downey DB, Von Hippel PT, Broh BA. Are schools the great equalizer?
Cognitive inequality during the summer months and the school year. Am
Sociol Rev. 2004;69(5):613-35.

Katzmarzyk PT, Barreira TV, Broyles ST, Champagne CM, Chaput J-P,
Fogelholm M, et al. Physical activity, sedentary time, and obesity in an
international sample of children. Med Sci Sports Exerc. 2015;47(10):2062-9.
Hulteen RM, Smith JJ, Morgan PJ, Barnett LM, Hallal PC, Colyvas K, et al.
Global participation in sport and leisure-time physical activities: a systematic
review and meta-analysis. Prev Med. 2017,95:14-25.

Brazendale K, Beets MW, Weaver RG, Turner-McGrievy GM, Moore JB,
Huberty JL, et al. Turn up the healthy eating and activity time (HEAT):
physical activity outcomes from a 4-year non-randomized controlled trial in
summer day camps. Prev Med Rep. 2020;17:101053.

Hyde ET, Omura JD, Fulton JE, Lee SM, Piercy KL, Carlson SA. Disparities in
Youth Sports Participation in the US, 2017-2018. Am J Prev Med 2020.
Schranz NK, Olds T, Boyd R, Evans J, Gomersall SR, Hardy L, et al. Results
from Australia’s 2016 report card on physical activity for children and youth.
J Phys Act Health. 2016;13(s2):587-94.

Tassitano RM, Weaver RG, Tenério MCM, Brazendale K, Beets MW. Physical
activity and sedentary time of youth in structured settings: a systematic
review and meta-analysis. Int J Behav Nutr Phys Act. 2020;17(1):1-17.
Bassani DG, Arora P, Wazny K, Gaffey MF, Lenters L, Bhutta ZA. Financial
incentives and coverage of child health interventions: a systematic review
and meta-analysis. BMC Public Health. 2013;13(S3):530.

Gopalan SS, Das A, Mutasa R. What makes health demand-side financing
schemes work in low-and middle-income countries? A realist review. J
Public Health Res. 2014;3(3).

McMinn AM, Griffin SJ, Jones AP, van Sluijs EM. Family and home influences

on children’s after-school and weekend physical activity. Eur J Public Health.

2013;23(5):805-10.

Beets MW, Vogel R, Chapman S, Pitetti KH, Cardinal BJ. Parent’s social
support for children’s outdoor physical activity: do weekdays and weekends
matter? Sex Roles. 2007;56(1-2):125-31.

Pedisi¢ Z, Bauman A. Accelerometer-based measures in physical activity

surveillance: current practices and issues. Br J Sports Med. 2015;49(4):219-23.

Atkin AJ, Sharp SJ, Harrison F, Brage S, Van Sluijs EM. Seasonal variation in
children’s physical activity and sedentary time. Med Sci Sports Exerc. 2016;
48(3):449.

73.

74.

75.

(2021) 18:28 Page 13 of 13

Nyberg GA, Nordenfelt AM, Ekelund U, Marcus C. Physical activity patterns
measured by accelerometry in 6-to 10-yr-old children. Med Sci Sports Exerc.
2009;41(10):1842-8.

Beets MW, Brazendale K, Weaver RG, Armstrong B. Rethinking behavioral
approaches to compliment biological advances to understand the etiology,
prevention, and treatment of childhood obesity. Child Obes. 2019;15(6):353—
8.

Williams JA, Zimmerman FJ, Bell JF. Norms and trends of sleep time among
US children and adolescents. JAMA Pediatr. 2013;167(1):55-60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Purpose
	Methods
	Results/findings
	Conclusions

	Background
	Methods
	Study design and sample
	Data preparation
	Data analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

