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Methods

LPA which generates residualized
LPA.

VPA, which generates residualized
VPA.

A bespoke MatLab script calibrated
the 3 axes using an established
method.32 Briefly, this method
exploits the fact that each time the
sensor comes to rest at an arbitrary
orientation with respect to gravity,
gravitational acceleration (1 g) will
add a point to a spherical, 3dimensional point cloud with radius
1 g. If sufficient points accrue with
sufficient dispersion around the
sphere, as is usually the case in a 7day recording, it can be determined
whether the cloud is spherical or
ellipsoid. In the latter case, 1 or
more accelerometer axes are overor under-estimating the force of
gravity and can be calibrated to
correct this.

Step 5: multivariable linear regression
(dependent variable: ST; independent
variables: VPA, residualized MPA, and
residualized LPA)

Threshold Calculation

Partial Multivariable Linear Regression
Model Construction

Step 3: multivariable linear
regression (dependent variable:
MPA; independent variables: ST and
residualized LPA)

Physical Activity Calibration

Step 1: linear regression (dependent
variable: MPA; independent
variable: VPA)

Step 6: predict residuals from
regression. Add these to the mean of
ST, which generates residualized ST.
This was repeated but with ST as
the base variable:
Step 1: linear regression (dependent
variable: LPA; independent
variable: ST)
Step 2: predict residuals from
regression. Add these to the mean of
LPA to generate residualized LPA.

Step 2: predict residuals from
regression. Add these to the mean of
MPA to generate residualized MPA.

Step 4: predict residuals from
regression. Add these to the mean of
MPA which generates residualized
MPA.

Step 3: multivariable linear
regression (dependent variable:
LPA; independent variables: VPA
and residualized MPA)

Step 5: multivariable linear regression
(dependent variable: VPA; independent
variables: ST, residualized LPA, and
residualized MPA)

Step 4: predict residuals from
regression. Add these to the mean of

Step 6: predict residuals from
regression. Add these to the mean of
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A Stata function (-threshold-) was
used to determine the threshold point
where any positive increase in
cardiorespiratory fitness (CRF) with
respect to increasing residualized
physical activity (rPA) began to level
off. This function extends linear
regression modeling to allow
coefficients to differ across regions of
data determined by a threshold value.
This threshold value was estimated
by selecting the model with the
smallest sum of square residuals
value for all possible thresholds.

Results
Socioeconomic Status and Ethnicity
The Office for Standards in
Education, Children's Services and
Skills (Ofsted) reported in 2015 for
one of the schools that “less than half
[of students were] White British and
just over 1 in 10 being Pakistani.
Nearly a third of students speak
English as an additional language.”
The other school reported in 2013
that “Most students are of White
British heritage.” In 2019, the Index
of Multiple Deprivation, a marker of
socioeconomic status, ranged
between the second and tenth
deciles for one school and the fifth
and tenth deciles for the other
school.
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SUPPLEMENTAL FIGURE 4
Moving average model of the association of ENMOz rPA with the z-score of total number of shuttles run (CRF). The red line indicates the best-fit moving-average nonlinear relationship between PA and CRF with 95% confidence intervals (gray). These variables were adjusted by resdualized modeling for the confounding effect of correlations between activity levels. rLPA, residualized light physical activity; rMPA, residualized moderate physical activity; rST,
residualized sedentary time.
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SUPPLEMENTAL FIGURE 5
Moving average model of the association of HFEN rPA with the z-score of total number of shuttles run (CRF). The red line indicates the best-fit moving-average nonlinear relationship between PA and CRF with 95% confidence intervals (gray). These variables were adjusted by resdualized modeling for the confounding effect of correlations between activity levels. rLPA, residualised light physical activity; rMPA, residualised moderate physical activity; rST,
residualised sedentary time.
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SUPPLEMENTAL FIGURE 6
Moving average model of the association of HFEN1 rPA with the z-score of total number of shuttles run (CRF). The red line indicates the best-fit moving-average nonlinear relationship between PA and CRF with 95% confidence intervals (gray). These variables were adjusted by resdualized modeling for the confounding effect of correlations between activity levels. rLPA, residualized light physical activity; rMPA, residualized moderate physical activity; rST,
residualized sedentary time.
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SUPPLEMENTAL FIGURE 7
Moving average model of the association of ActiGraph counts calculated using the vector magnitude of the 3 raw axes (GT3VM5) rPA with the z-score of total
number of shuttles run (CRF). The red line indicates the best-fit moving-average nonlinear relationship between PA and CRF with 95% confidence intervals
(gray). These variables were adjusted by residualized modeling for the confounding effect of correlations between activity levels. rLPA, residualized light
physical activity; rMPA, residualized moderate physical activity; rST, residualized sedentary time.
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SUPPLEMENTAL FIGURE 8
Moving average model of the association of ActiGraph counts calculated using the vertical axis (GT3Y5) rPA with the z-score of total number of shuttles run
(CRF). The red line indicates the best-fit moving-average nonlinear relationship between PA and CRF with 95% confidence intervals (gray). These variables
were adjusted by resdualized modeling for the confounding effect of correlations between activity levels. rLPA, residualized light physical activity; rMPA, residualized moderate physical activity; rST, residualized sedentary time.
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SUPPLEMENTAL FIGURE 9
Different model fits of the association of daily VPA with the z-score of total number of shuttles run (CRF). A, linear model; AIC, Akaike information criterion;
B, second order polynomial model; C, moving median model; D moving average model; P, P value of the difference in AIC values compared with the moving
average model (D).
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SUPPLEMENTAL FIGURE 10
Sex-specific moving average models of the association of VPA with the z-score of total number of shuttles run (CRF). Boys are represented by blue and girls
by red coloring. The blue and red lines indicate the best-fit moving-average nonlinear relationships between VPA and CRF in boys and girls, respectively. VPA
based on BFEN.

SUPPLEMENTAL TABLE 3 Correlation Coefﬁcient Matrix of the Association Between Bands of PA
Band of PA

VPA

VPA
MPA
LPA
ST

1
0.59*
0.37*
0.13**

LPA, light physical activity; MPA, moderate physical activity; ST, sedentary time
*, P < .001; **, P < .01; ***, P < .05.
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MPA
1
0.72*
0.10***

LPA

ST

1
0.29*

1

SUPPLEMENTAL TABLE 4 Correlation Coefﬁcient Matrix of the Association Between Bands of Residualized PA
Band of PA

VPA

rMPA

rLPA

rST

VPA
rMPA
rLPA
rST

1
0.0*
0.0*
0.0*

1
0.0*
0.0*

1
0.0*

1

rLPA, light physical activity; rMPA, residualised moderate physical activity; rST, residualised sedentary time.
*, P > .05.

SUPPLEMENTAL TABLE 5 PA and Sedentary Time Using Different Metrics of PA Processing
PA and ST
VPA
MPA
LPA
ST

BFEN

ENMOz

HFEN

HFEN1

GT3VM5

GT3Y5

10.6 (7.2 to15.7)
6.9 ± 5.0*
11.9 (8.2 to 17.1)*
9.0 (5.5 to 14.2)*
9.0 (5.9 to 14.5)*
6.8 (4.0 to 11.1)*
153.2 ± 42.9
44.9 ± 17.3*
157.2 ± 43.6
119.1 ± 34.4*
155.6 ± 48.9
106.8 ± 35.2*
202.5 (166.3 to 228.8)
72.9 ± 19.1*
204.1 (168.6 to 232.4) 244.1 (196.9 to 276.2)* 256.1 (210.6 to 284.0)* 256.2 (213.3 to 287.8)*
470.1 ± 99.5
747.8 (627.4 to 801.9)*
462.2 ± 98.6
467.0 ± 99.6
418.3 ± 93.5*
466.0 ± 100.1

p
<.001
<.001
<.001
<.001

Data are reported as mean ± SD or median interquartile range for parametric and non-parametric data, respectively. ENMOz, Euclidean norm minus 1 with negative values
rounded to 0; GT3VM5, ActiGraph counts calculated using the vector magnitude of the 3 raw axes; GT3Y5, ActiGraph counts calculated using the vertical axis; LPA, light physical
activity; MPA, moderate PA; ST, sedentary time.
*, P < .05 compared to BFEN.

SUPPLEMENTAL TABLE 6 Participant Characteristics in Adolescents With and Without Valid Physical Activity Wear Time
Measure
N (boy/girl)
Height (cm)a
Wt (kg)a
BMI (kg/m2)a
BMI z-score (WHO)a
20mSRT (total laps)b,c
20mSRT (z-score total laps)b,c
a
b
c

Valid PA Wear Time
339 (169/170)
165.2 ± 8.7
56.0 ± 12.3
20.4 ± 3.8
0.3 ± 1.2
44 (32 to 62)
0.4 ( 1.0 to 0.5)

Invalid PA Wear Time

P

123 (71/52)
164.5 ± 8.8
57.3 ± 14.9
21.1 ± 4.7
0.4 ± 1.3
41 (28 to 61)
0.6 ( 1.1 to 1.3 × 10 2)

.28
.48
.37
.11
.45
.09
.02

Mean ± SD.
Median (interquartile range).
Non-parametric variable.
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SUPPLEMENTAL TABLE 7 Association of PA and Residualised PA With Cardiorespiratory Fitness
r
Model 1
Total laps
VPA
MPA
LPA
ST
Z-score total laps
VPA
MPA
LPA
ST
Model 2
Total laps
VPA
MPA
LPA
ST
Z-score total laps
VPA
MPA
LPA
ST
Model 3
Total laps
VPA (base)
rMPA
rLPA
rST
Z-score total laps
VPA (base)
rMPA
rLPA
rST
Model 4
Total laps
VPA (base)
rMPA
rLPA
rST
Z-score total laps
VPA (base)
rMPA
rLPA
rST
Model 5
Total laps
rVPA
rMPA
rLPA
ST (base)
Z-score total laps
rVPA
rMPA
rLPA
ST (base)

0.39
0.21
0.11
2.6 × 10

B

95% CI

1.34
0.12
0.06
6.2 × 10 4

1.01 to 1.66
0.06 to 0.17
3.2 × 10 3 to 0.11
0.02 to 0.03

0.41
0.21
0.11
0.01

0.06
5.1 × 10 3
1.2 × 10 3
1.2 × 10 4

0.05
2.5 × 10 3
1.7 × 10 6
1.3 × 10 3

0.45
0.07
0.03
0.05

1.53
0.04
0.02
0.01

0.47
0.08
0.03
0.04

0.07
1.8 × 10 3
5.8 × 10 4
3.7 × 10 4

0.39
0.02
3.6 × 10
0.07
0.41
0.02
6.9 × 10
0.06

0.40
0.06
2.3 × 10
0.04
0.41
0.07
4.3 × 10
0.03

3

3

1.34
0.01
2.9 × 10 3
0.02

3

0.06
7.1 × 10 4
2.3 × 10 4
7.4 × 10 4

3

1.35
0.04
1.8 × 10 3
0.01

3

0.06
2.0 × 10 3
1.5 × 10 4
3.7 × 10 4

0.44
0.08
0.02
0.04

1.5
0.05
0.01
0.01

0.46
0.09
0.02
0.05

0.07
2.2 × 10 3
6.0 × 10 4
5.4 × 10 4

to 0.07
to 7.8 × 10
to 4.8 × 10
to 1.0 × 10

P

<.001
<.001
.04
.96

3
3
3

< .001
.47
.70
.36

1.1 to 2.0
0.14 to 0.06
0.10 to 0.10
0.01 to 0.04
0.05
6.4 × 10 3
4.3 × 10 3
8.0 × 10 4

to 0.09
to 2.8 × 10
to 3.2 × 10
to 1.5 × 10

< .001
.44
.76
.53

3
3
3

<.001
.74
.95
.16

1.01 to 1.66
0.09 to 0.06
0.08 to 0.08
0.01 to 0.05
0.05
4.2 × 10 3
3.9 × 10 3
5.3 × 10 4

to 0.07
to 2.8 × 10
to 3.5 × 10
to 2.0 × 10

3
3
3

to 0.08
to 1.2 × 10
to 3.3 × 10
to 1.5 × 10

3
3
3

to 0.09
to 2.7 × 10
to 4.7 × 10
to 5.1 × 10

<.001
.22
.93
.53

<.001
.41
.82
.46

1.08 to 1.92
0.15 to 0.06
0.08 to 0.10
0.03 to 0.01
0.05
7.1 × 10 3
3.5 × 10 3
1.6 × 10 3

<.001
.69
.90
.25

<.001
.24
.96
.36

1.02 to 1.67
0.11 to 0.03
0.08 to 0.07
0.01 to 0.04
0.05
5.3 × 10 3
3.6 × 10 3
8.0 × 10 4

<.001
<.001
.05
.83

3
3
4

<.001
.38
.77
.31

Model 1: total laps or z-score total laps (dependent variable) versus each PA intensity and sex (independent variables). Model 2: fully adjusted standard multivariable regression
of total laps or z-score total laps (dependent variable) versus all PA intensities and sex (independent variables). Model 3: total laps or z-score total laps (dependent variable) versus each rPA intensity and sex (independent variables). Model 4: fully adjusted model of total laps or z-score total laps (dependent variable) versus all rPA intensities and sex
(independent variables) with VPA as the base. Model 5: fully adjusted model of total laps or z-score total laps (dependent variable) versus all rPA intensities and sex (independent
variables) with sedentary time (ST) as the base. B represents unstandardized correlation coefﬁcients; CI, conﬁdence intervals of B; LPA, light PA; MPA, moderate PA; r, standardized
correlation coefﬁcients; rLPA, residualized LPA; rMPA, residualized MPA; rST, residualized ST; rVPA, residualized VPA.
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