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Abstract

Objective: To analyze the contribution of active commuting to and from school
(ACS) to device-measured light physical activity (LPA) and moderate-to-vigorous
physical activity (MVPA) levels in young people aged 6 to 18 years old, as well as,
in both trip directions (i.e., home-school, school-home).

Methods: This systematic review was conducted according to the PRISMA state-
ment, and five different databases were used for the systematic search (PubMed,
Web of Science, SPORTdiscuss, Cochrane Library, and National Transportation
Library) using PECO strategy.

Results: A total of 14 studies met all the eligibility criteria, which compile 7127
participants. The overall ACS weighted LPA was 19.55min (95% CI: 3.84-35.26;
I2=99.9%, p<0.001) and 68.74 min (95% CI: 6.09-131.39; z=2.15, p=0.030) dur-
ing the home-school and school-home trips, respectively. For MVPA, the overall
ACS weighted MVPA was 8.98min (95% CI: 5.33-12.62; I2=99.95%, p<0.001)
during the home-school trip and 20.07min (95% CI: 13.62-26.53; I’=99.62%,
p<0.001) during the school-home trip.

Conclusion: ACS may contribute about 48% of the PA recommendations
in young people on school days if both trip directions are actively performed.
Therefore, future studies aimed at increasing daily PA levels in young population
should focus on promoting students’ ACS.

PROSPERO registration number: CRD42020162004A.
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1 | INTRODUCTION

Young people’s compliance with at least an average of 60 min
of moderate-to-vigorous physical activity (MVPA) per day
is associated with social, psychological, and physical bene-
fits.! However, according to the Global Matrix 4.0, less than
the 30% of the world's children and adolescents meet PA
guidelines.2 Moreover, while most studies have focused on
the association between MVPA and health indicators, light
PA (LPA) levels have also been positively related to a wide
range of benefits in children and adolescents.’ Therefore, it
is essential to promote regular PA (both LPA and MVPA) in
the youth population, and every movement counts.*

An increase in daily PA levels could be achieved
through different domains such as school, home, trans-
port, or leisure locations.” Active commuting to/from
school (ACS) by mainly walking and/or cycling has been
recognized as a good source of increasing PA levels on
school days for young students,”’ because they commute
at least twice a day. In addition, a large body of research
have shown that ACS not only increases daily PA levels,
but could also provide many health benefits (e.g., physi-
cal fitness attributes® and well-being improvement’) and
other non-health benefits (e.g., economic cost reduc-
tion'?). Moreover, the World Health Organization (WHO)
and the United Nations, through the Global Action Plan
of Physical Activity 2018-2030"" and the 2030 Agenda for
Sustainable Development,12 consider ACS as one of the
main global policy priorities to create active societies.

Nevertheless, it is unclear to date how many minutes
of LPA and MVPA derived from ACS contribute to total PA
levels in the young population on school days. In the last
years, the number of studies using device-measured PA for
the analysis of ACS-related PA (hereinafter referred to as
ACS-PA) have increased exponentially to answer this re-
search question."” In addition to providing detailed infor-
mation on PA performed in free-living conditions,'* these
devices overcome the limitations present in self-reported
measures such as recognition, memory, or social desir-
ability biases of the participants.'® For example, as Adamo
et al.'® suggested, self-reported measures can overestimate
device-measured PA levels by up to 70%, especially in the
pediatric population. Therefore, for a correct assessment
of the ACS-PA, device-measured PA such as accelerom-
eters or pedometers seem to be the most appropriate de-
vices, depending on the mode of commuting.

To best of our knowledge, only two systematic reviews
(one of them with meta-analysis) have analyzed the asso-
ciation between ACS and PA levels on school-age children

and adolescents.” Larouche et al.’ showed that ACS was
associated with higher daily PA levels (0-45min of MVPA)
and greater number of daily steps in most of the studies ex-
amined. While, the systematic review and meta-analysis by
Martin et al.” indicated that walking to/from school could
lead to achieve with PA recommendations of 23% in chil-
dren and up to 36% in adolescents on school days. In order
to make new contributions to the scientific literature, it is
necessary to consider the limitations mentioned by these
two studies.®’ First, considering the use of device-measured
PA as an inclusion criterion overcomes the limitations asso-
ciated with self-reported measures. In addition, it is import-
ant to consider not only walking, but also, cycling, since
it has been shown that depending on the active mode of
commuting to/from school may have different benefits,”'®
where cycling provides higher physical health benefits than
walking.® In addition, analyzing both trip directions (i.e.,
home-school and school-home) separately could be neces-
sary since they may have different PA benefits.'” Bearing in
mind that all movement counts, it is necessary to analyze
not only MVPA levels, but also LPA.>? In addition, it seems
appropriate to update these data because it has been 8 years
since the last search (i.e., February 2015) of the last system-
atic review and meta-analysis.’

Therefore, considering the gaps and limitations of
the previous studies, the current systematic review and
meta-analysis aimed to analyze the contribution of ACS to
device-measured LPA and MVPA levels in young people,
as well as, in both trip directions (i.e., home-school and
school-home).

2 | METHODS

Several types of reviews have emerged in the recent years.*'
The type of review that best answers our research ques-
tion in the current study is the systematic review, because
it makes the methods explicit, systematic, and reproduc-
ible, thus capturing all studies that meet the inclusion and
exclusion criteria established to answer the proposed re-
search question.”? In addition, the complementary use of
meta-analysis makes it possible to quantitatively synthesize
research effect sizes across studies.”"* This systematic re-
view and meta-analysis was registered in the PROSPERO
International Prospective Register of Systematic review
(Registration number: CRD42020162004). In addition, for
more information about the methodological process of
this systematic review, further details can be found in the
protocol.** The current study was conducting according
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to the checklist “Preferred Reporting Items for Systematic
Reviews and Meta-analysis: The PRISMA Statement”*
(see Tables S1 and S2 in Additional File 1).

2.1 | Inclusion criteria

Studies were included if they had met the following crite-
ria: (1) study design had to be a cross-sectional, longitudi-
nal, or intervention (i.e., randomized and non-randomized
trials) assessing ACS-PA with device-measured PA;
(2) apparently healthy children and adolescents, aged
6 to 18years old, who were actively commuting to and/
or from school by walking, and/or cycling in free-living
conditions; (3) ACS-PA had to be reported as LPA and/
or MVPA in minutes during ACS; and (4) peer-reviewed
studies whose title and abstract were written in English
and/or Spanish language were included.

On the contrary, exclusion criteria were (1) popula-
tions with any physical disorder; (2) populations outside
the 6-18 age range; (3) studies that assessed ACS-PA using
self-reported tools; (4) studies that analyzed active modes
of commuting to and/or from school different from walk-
ing/cycling or unspecified (i.e., ACS), as these are the most
examined in the scientific literature'; (5) studies that did
not specify the trip direction; (6) studies that did not re-
port a dispersion value (e.g., standard error, standard devi-
ation, and confidence interval) associated with the mean
number of minutes of MVPA during ACS; and (7) gray
literature (e.g., abstracts and congress communications).

2.2 | Search strategy

The keyword combination formula for the systematic search
was created following: (1) the indications of Gusenbauer &
Haddaway”’; (2) based on different systematic reviews pub-
lished on this topic6’7’26; and (3) according to the “PECO”
(i.e., population, exposure, comparison, and outcomes) strat-
egy.”’ Lastly, given the lack of criteria for which databases to
use,”? those used by previous systematic reviews on this
topic were used.®”?4%:2 Therefore, the literature search
was conducted in five different databases (Pubmed, Web
of Science, SPORTdiscuss, Cochrane Library, and National
Transportation Library) up to the November 4, 2022.

2.3 | Study selection

EndNote citation manager was used to manage, import,
and remove duplicates studies. According to the recom-
mendations of Gunnell et al.,* the study selection was
split into three steps: (1) abstract and titles were screened

by P.C.-G. paired with J.S.-S., Y.B.-R., and P.Ch. accord-
ing to the inclusion criteria; (2) the same pairs reviewed
the full text of the potential studies to be included; and (3)
P.C.-G. also analyzed the references of the included stud-
ies to identify potential studies ignored during the system-
atic search (see Figure 1). The agreement percentage of the
authors in the first step was 78%, 83% during the screening
of full text, and 100% after resolving the discrepancies.

2.4 | Data extraction

Data collection process was carried out by one author
(P.C.-G). In addition, each of the authors (J.S.-S., Y.B.-R.,
and P.Ch.) analyzed a random 10% of the included stud-
ies.” Data extracted from the studies were as follows: (1)
author(s), year, and country; (2) sociodemographic vari-
ables/information (e.g., residence place or gender); (3) sam-
ple and age; (4) study design; (5) ACS mode (i.e., walking,
cycling, or ACS [when the study specified or did not specify
the ACS mode)); (6) trip direction (i.e., home-school and/
or school-home); (7) identification of the ACS trip start/end
points/times (methodology used to define the time frame
where and when ACS took place, using GPS or predefined
time intervals); (8) mean MVPA in minutes during ACS;
and (9) mean LPA in minutes during ACS. In case that the
included studies reported multiple measurement times
(e.g., pre-post data after an intervention program), the in-
formation included was for the first measurement (i.e.,
baseline). It should be noted that the age and sample of each
study are of the participants who actively commutes to and/
or from school. Finally, in case an item was not reported
or was not clear in the study, it was rated as “not reported”
or “not clear,” respectively. Discrepancies were resolved by
discussion between the authors who carried out the data
collection process. In addition, the data necessary for the
risk of bias and quality assessment were extracted.

2.5 | Data synthesis

Following previous systematic reviews with meta-
analysis®*>* and the results by Campos-Garzén et al."®
which pointed out the existence of different methodologies
that may influence the results of ACS-PA, a random-effects
model was used to pool the PA results of the included stud-
ies (DerSimonian and Laird method)* using Stata (version
17.0; StataCorpo.) and the admetan procedure.** Through
a random-effects model, the heterogeneity among included
studies, their generalizability, their wider applicability in
different situations, and conservative approach in estima-
tions were taken into account. The DerSimonian and Laird
method was used in the meta-analysis to estimate the pooled
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variance and weighted average effect of the included stud-
ies, because it was expected variability among the results of
the studies. In addition, this method was used to display the
results as forest plots. The confidence intervals were set at
95% and the pooled PA* calculated. Heterogeneity across
effect sizes was calculated using the inconsistency index (I%).

LPA and MVPA were expressed in minutes in all in-
cluded studies. A pooled global estimate was calculated
according to the trip direction (i.e., home-school and/or
school-home). Moreover, in the case that the studies did
not differentiate both trip directions (i.e., unspecified),
the LPA and MVPA contributions of each study were av-
eraged. In addition, studies were also separated according
to the mode of ACS reported, as well as whether special
conditions were followed in their study (e.g., children and
adolescents were assessed separately, or estimation of dif-
ferent PA intensities was used). A weighting factor, based
on the study sample size, was used to weight the propor-
tional LPA and MVPA in the pooled estimate. Finally, a
random-effects meta-regression analysis was used to

determine whether the amount of PA differed from the
predefined time interval used in the study.

Meta-analysis results were reported differentiating by
PA intensity (LPA or MVPA), differentiating by trip direc-
tion (home-school trips, school-home trips, or unspeci-
fied), and within each trip direction differentiating by
mode of commuting (ACS, walking, cycling, or unspec-
ified). Furthermore, the same analyses were replicated
by including only those studies that used GPS or used a
time interval up to 60 minutes, as these are the most used
methodologies in the scientific literature for the trip iden-
tification"® (see Figures S1 and S2 in Additional File 2).

3 | RESULTS
3.1 | Study selection

The PRISMA 2020 flow diagram is presented in Figure 1.
Initially, the systematic search yielded 7908 original

[ Identification of studies via databases and registers
)
Records removed before
= screening:
‘g Records identified from: Duplicate records removed
2 Databases (n— 5) »  (=1302)
= patabases (- ; ;08 Records marked as ineligible
_§ egisters (n =7,908) by automation tools (n = 0)
- Records removed for other

reasons (n = 0)

— .

Records screened

Y

Records excluded

(n=194)

A

(n = 6,606) (n=6,412)
A 4
Reports sought for retrieval Reports not retrieved
(n=194) n=0)
o
=
g v Reports excluded:
- Publications do not meet
Reports assessed for eligibility language criteria, population

criteria, ACS-PA not
reported or no device-
measured used, ACS-PA not
reported as mean of LPA or
MVPA minutes, studies
focused on assessing the
active mode of commuting
— other than walking or not
specified, trip direction not
specified (n = 180)

Studies included in review
(n=14)

Included

FIGURE 1 PRISMA flow diagram of
the study selection process.
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studies from five databases. After discarding duplicates,
6606 were screened by title and abstract. Then, 201 arti-
cles were reviewed in full text and based on the inclusion
and exclusion criteria, 14 studies were included in the cur-
rent systematic review and meta-analysis.

3.2 | Study characteristics
Of these 14 studies (n=7127 participants), 11 had a cross-
sectional design, two had a longitudinal design, and one
study had an intervention design. Regarding the country
where these studies were conducted, four were carried
out in the United Kingdom,36"39 two each in the United
States,“o’41 Canada,“’43 Spain,‘m’45 and in New Zealand,%’47
and one study in The Netherlands.* Furthermore, one
of the included studies was carried out in 12 different
countries (Australia, Brazil, Canada, China, Colombia,
Finland, India, Kenya, Portugal, South Africa, United
Kingdom, and United States).49

A total of 42.9% (n=6) of the included studies were
conducted in children (n=3525)*""*% and 57.1%
(n=8) in adolescents (n=3602).*"**** Regarding trip
direction, eight of the included studies only assessed the
home-school trip,36‘39’42'45 and six of the included stud-
ies assessed both trips direction (i.e., home-school and
school-home)**#146# (see Table 1 for more details). The
device used to measure PA in all included studies was the
accelerometer.

3.3 | Meta-analysis

3.3.1 | Contribution of ACS to LPA levels
Only one study assessed walking LPA during the home-
school trip, reporting a mean of 5.90 min/day (95% CI:
3.77—8.03).26 On the contrary, studies that did not report
the specific active mode of commuting to/from school
(n=4) showed a mean LPA of 22.28 min/day during
the home-school trip (95% CI: 4.71-39.86; I*=99.9%,
p<0.001). Weighted LPA in the home-school trips
across the five studies (there were six samples, because
the study of Denstel et al.*’ had two different samples)
was 19.55min/day (CI 95%: 3.84-35.26; I’=99.9%,
p<0.001) (Figure 2). Regarding the school-home trip,
the mean LPA accumulated while actively commut-
ing from school ranged from 13.40 to 148.90 min/day.
Weighted LPA in the school-home trips across the five
studies (the study of Denstel et al.*’ had two differ-
ent samples) was 68.74min/day (95% CI: 6.09-131.39;
z=2.15, p=0.03; Figure 3).

Wi LEYJ—S

3.3.2 | Contribution of ACS to MVPA levels
The home-school trip mean daily MVPA of the included
studies that did not specify the active mode of commuting
to/from school ranged from 0.70 to 13.40 min/day. In this
case, weighted MVPA in the home-school trips across the
eight samples (although there were six studies, the studies
of Voss et al.** and Denstel et al.* had two different sam-
ples) was 8.03min/day (95% CI: 4.48-11.59; I*=99.79%,
p <0.001). For those six studies which specify walking as
the active mode of commuting in the home-school trips,
the mean daily MVPA ranged from 4.03 to 15.40 min/day.
Weighted MVPA in the home-school trips across the eight
studies was 9.88 min/day (95% CI: 6.51-13.25; 2=99.73%,
p<0.001). The overall weighted MVPA of both ACS and
walking was 8.98 min/day (95% CI: 5.33-12.62; I =99.95%,
p <0.001). There were no differences between groups (i.e.,
studies which did not report the active mode of commut-
ing to school and studies which reported walking as mode
of commuting to school; p=0.46; Figure 4).

Regarding the school-home trips MVPA of those stud-
ies which did not report the specific active mode of com-
muting from school, the results ranged from 5.10 min/
day to 36.20min/day. Weighted MVPA in the school-
home trips across the five samples (although there were
four studies, the study of Denstel et al.* had two differ-
ent samples) was 18.80min/day (95% CI: 6.68-30.91;
I?=99.74%, p < 0.001). For the two studies which reported
walking as the active mode of commuting from school,
the results ranged from 22.50 to 23.90 min/day. Weighted
MVPA in the school-home trips was 23.89 min/day (95%
CIL: 23.71-24.08; I’=0.00%, p<0.001). Finally, the overall
MVPA in the school-home trips of both ACS and walk-
ing was 20.07 min/day (95% CI: 13.62-23.53; I*=99.62%,
p <0.001). There were no differences between groups (i.e.,
studies which did not report the active mode of commut-
ing from school and studies which reported walking as
mode of commuting from school; p=0.41; Figure 5).

4 | DISCUSSION

The aim of this systematic review and meta-analysis was
to analyze the contribution of ACS to device-measured
LPA and MVPA levels in young people, considering
both trip directions (i.e., home-school and/or school-
home) together and separately. The main findings of the
meta-analysis were the following: (1) ACS could contrib-
ute about the 48% of the daily PA recommendations for
health in young people on school days; (2) higher levels
of LPA and MVPA were found in the school-home trips
compared to home-school trips. Therefore, these findings
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*LwiLey
Minutes Weight
Study with 95% ClI (%)
ACS
Kek et al. 2019 . 15.70[ 14.16, 17.24] 16.68

Gale et al. 2021
Denstel et al. 2017
Denstel et al. 2017

Remmers et al. 2020 [ |

Heterogeneity: 12 = 401.05, 12 = 99.95%, H2 = 1964.39
Test of 6, = 6,: Q(4) = 7857.58, p = 0.00
Testof 6 =0:z=2.49, p=0.01

Walking

Villa-Gonzalez et al. 2019

Heterogeneity: 12 = 0.00, 12 = 0.00%, H2 = 0.00
Test of 6,= 6, Q(0) =0.00, p =0.00

Testof 6=0:z=5.44,p=0.00

Overall

Heterogeneity: 12 = 384.48, |12 = 99.94%, H2 = 1593.57
Test of 6, = 6, Q(5) = 7967.86, p = 0.00

Testof 6 =0:z=2.44, p =0.01

Test of group differences: Q,(1) = 3.29, p = 0.07

——ee

20.90 [ 17.10, 24.70] 16.55
B 3590[35.10, 36.70] 16.70
B 36.10[35.35, 36.85] 16.70
2.80[ 2.31, 3.29] 16.71

———eee N D) 08 [ 4.71, 39.86]

B 5.90[ 3.77, 8.03] 16.66
<&

590[ 3.77, 8.03]

19.55[ 3.84, 35.26]

0
FIGURE 2

T T 1

T
10 20 30 40

Pooled estimated light physical activity minutes/day during the home-school trip by walking and ACS. Note: 95% CI, 95%

confidence interval; ACS, active mode of commuting to school not specified; t2, tau-squared; 12, inconsistency index; H2, H2 index; Test of

0, likelihood-ratio test; Q, assesses the heterogeneity by measuring the discrepancy between individual study results and the overall effect

size; z, z-score.

Study

Minutes Weight FIGURE 3 Pooled estimated light

with 95% Cl (%)

Kek et al. 2019
Gale et al. 2021
Denstel et al. 2017
Denstel et al. 2017
Remmers et al. 2020 |

Overall e —
Heterogeneity: 12 = 5108.33, 12 = 99.98%, H? = 5838.11
Test of 6, = 6: Q(4) = 23352.46, p = 0.00

Testof 6 =0:z=2.15, p=0.03

Random-effects DerSimonian-Laird model

a time interval but used an algorithm to determine the
time before and after school. Therefore, caution should be
taken when extrapolating these results to those that could
be provided by ACS. Future studies should compare the
most frequent methodologies used for the identification
of the start/end times of the trip (i.e., GPS or time inter-
vals) to clarify the possible ACS-PA overestimation in the
results. In addition, the use of GPS will ensure a more ac-
curate estimation of home-school and school-home trips,

16.30[ 15.06, 17.54] 20.00
17.20[ 14.93, 19.47] 20.00
W147.90 [ 146.10, 149.70] 20.00
W148.90 [ 146.65, 151.15] 20.00
13.40[ 11.40, 15.40] 20.00

68.74[ 6.09, 131.39]

y T 1
-50 0 50 100 150

physical activity minutes/day during the
school-home trip of studies that did not
specify the active mode of commuting.
Note: 95% CI, 95% confidence interval; z,
z-score; Test of 0: likelihood-ratio test.

and if GPS is not available, self-reported measures such as
activity diaries maybe be also a good option.” In case of
using a time interval, the home-school distance should be
considered to try to individualize the time interval applied
to each participant.

Regarding MVPA levels, walking or ACS in the home-
school trip could provide 14.96% of the daily PA recom-
mendations, while in the school-home trip this percentage
goes up to 33.45% on school days. If these results are
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Minutes Weight
Study with 95% CI (%)
ACS

Voss et al. 2014

Voss et al. 2014

Kek et al. 2019

Ginja et al. 2017

Gale et al. 2021

Denstel et al. 2017

Denstel et al. 2017

Remmers et al. 2020

Heterogeneity: 12 = 25.67, 12 = 99.79%, H2 = 475.30
Testof 6, = Gj: Q(7) =3327.13, p=0.00
Testof 8 =0:2=4.43,p=0.00

Walking

Saksvig et al. 2012

Cooper et al. 2003

Cooper et al. 2010

Cooper et al. 2012

Villa-Gonzalez et al. 2019
Martinez-Martinez et al. 2019

Voss et al. 2015

Saksvig et al. 2007

Heterogeneity: 12 = 23.22, 12 = 99.73%, H? = 374.65
Testof 6, = 6, Q(7) = 2622.56, p = 0.00
Testof 6 =0:z=5.74, p=0.00

Overall

Heterogeneity: 12 = 54.71, 12 = 99.95%, H? = 2121.60
Testof 6, = Gj: Q(15) =31824.05, p =0.00

Testof 8 =0:z2=4.83, p=0.00

Test of group differences: Q,(1) = 0.55, p = 0.46

- 1340[11.78, 15.02] 6.24

. 3 8.70[ 7.52, 9.88] 6.27

- 1270[10.98, 1442] 623

. B 499 349, 6.49] 6.25

—— 8.10[ 4.77, 11.43] 6.00

B 8.80[ 8.35 9.25] 6.31

[ | 7.10[ 6.80, 7.40] 6.31

[ ] 0.70[ 0.83, 0.77] 6.32
~al 8.03[ 4.48, 11.59]

4 13.20[ 11.83, 1457] 6.26
4} 15.40[ 13.94, 16.86] 6.25

[ | 540 4.94, 586] 6.31
[ | 720[ 6.84, 7.56] 6.31
——  11.40[ 844, 14.36] 6.06

[ | 403[ 3.43, 4.63] 6.30
. B 9.40[ 8.01, 10.79] 6.26

B 1330[13.18, 13.42] 6.32

i 9.88[ 6.51, 13.25]

-l 8.98[ 5.33, 12.62]
T T T T
0 5 10 15

-5

FIGURE 4 Pooled estimated moderate-to-vigorous physical activity minutes during the home-school trip. Note: 95% CI, 95% confidence

interval; ACS, active mode of commuting to school not specified; *, tau-squared; I, inconsistency index; H?, H® index; Test of 0: likelihood-

ratio test; Q, assesses the heterogeneity by measuring the discrepancy between individual study results and the overall effect size; z: z-score.

analyzed separately, they are below those reported by
Martin et al.” in their meta-analysis (i.e., 23% for children
and 36% for adolescents). However, in the study con-
ducted by Martin et al.,” they did not report whether their
percentages were the sum of the two directions or just one
direction. Thus, the results obtained in this meta-analysis
suggest that a single active trip may account for between

14.96%-33.45% of the PA recommendations for health in
young people, since one single active trip supposes be-
tween 8.98 and 20.07 min of MVPA. Moreover, if the two
trips (i.e., home-school and school-home) are actively
commuted, almost 48% of the daily PA recommenda-
tions could be achieved on school days (home-school trip:
8.98min and school-home trip: 20.07min). Supporting
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Minutes Weight

Study with 95% ClI (%)

ACS

Kek et al. 2019 . 13.30[ 11.83, 14.77] 14.33

Gale et al. 2021 . B 10.30[ 7.44, 13.16] 14.04

Denstel et al. 2017 . 36.20 [ 34.85, 37.55] 14.35

Denstel et al. 2017 . 29.00 [ 28.00, 30.00] 14.39

Remmers et al. 2020 B 510[ 3.87, 6.33] 14.37

Heterogeneity: 12 = 190.28, 12 = 99.74%, H? = 383.31 ———— 18.80[ 6.68, 30.91]

Test of 8, = 8, Q(4) = 1533.22, p = 0.00

Testof 6 =0:z=3.04, p=0.00

Walking

Saksvig et al. 2012 -.- 2250[19.76, 25.24] 14.07

Saksvig et al. 2007 . 23.90[23.71, 24.09] 14.44

Heterogeneity: 12 = 0.00, 1> =0.00%, H? = 1.00 | 23.89 [ 23.71, 24.08]

Testof 8, =6,:Q(1) = 1.00, p = 0.32

Test of 8 =0:z=250.09, p =0.00

Overall - 20.07 [ 13.62, 26.53]

Heterogeneity: T2 = 75.07, I? = 99.62%, H? = 266.34
Test of 6, = 6,1 Q(6) = 1598.06, p = 0.00
Testof 6=0:z2=6.10, p=0.00

Test of group differences: Q,(1) = 0.68, p = 0.41

-5

10 20 30 40

FIGURE 5 Pooled estimated moderate-to-vigorous physical activity minutes during the school-home trip. Notes: 95% CI, 95%
confidence interval; ACS, active mode of commuting to school not specified; t*, tau-squared; I?, inconsistency index; H?, H? index; Test of 0:
likelihood-ratio test; Q, assesses the heterogeneity by measuring the discrepancy between individual study results and the overall effect size;

Z: Z-score.

these results, the study carried out by Khan et al.®* in 80
countries found that young people who actively commute
to/from school have 2.4 possibilities in low-income coun-
tries, the double possibilities in middle-income countries,
and 1.8 possibilities in high-income countries of meeting
PA recommendations than those who passively com-
mute to/from school. Therefore, given that the results of
the present meta-analysis are consistent with other stud-
ies®”% and that scientific literature shows that only 27%-
33% of young people meet PA recommendations,” future
interventions should focus on promoting ACS, because of
its great and feasible contribution to daily MVPA levels.
Moreover, this is especially important because ACS-PA in
childhood might contribute to PA in adulthood.®*

It is also important to note that higher MVPA minutes
were obtained on the school-home trip than on the home-
school trips. Similar to LPA results, MVPA related to the
school-home trips may be influenced by after-school

activities due to the time intervals used for its measure-
ment. In fact, after carrying out the meta-analysis only
with studies that used GPS or time intervals up to 60 min,
the weighted MVPA is reduced especially for the school-
home direction (i.e., home-school: 9.08 95% CI: 7.36—
10.79; school-home: 12.06 min, 95% CI: 9.17-14.96). Thus,
more studies are needed to clarify these differences. In ad-
dition, despite these results are very encouraging in terms
of ACS-PA, it should take into account that depending on
the distance the young people live from the school, they
may obtain higher or lower PA levels. Nevertheless, not
all the included studies provided data on the distance that
participants actively commute in home-school or school-
home directions, which meant that distance could not be
taken into account as a covariable in the meta-analysis.
Therefore, future studies, focusing on the analysis of
ACS-PA, should identify the ACS-related trip individu-
ally and the distance from home to school to obtain more
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accuracy results, as well as methodological studies are
needed to test the extent of these differences in methods
(e.g., comparing the PA levels of the trip identified by GPS
with the PA levels of the trip identified by time interval,
knowing the potential levels of MVPA that young people
can obtain according to his/her commuting speed and the
distance he/she lives from the school).

Based on the main findings of this systematic review
and meta-analysis, there are practical implications for
researchers, public health practitioners, policymakers,
teachers, and parents to promote this PA-related behavior.
Firstly, it is crucial for all these agents to actively promote
and encourage ACS as a promising strategy to increase PA
levels in young people, as our results and those of previous
studies show.®” Emphasizing the health and environment
benefits of ACS and its potential to help students achieve
recommended PA levels is important.”® Researchers
should collaborate closely with schools and municipalities
to advocate for initiatives that support ACS, such as imple-
menting bike racks, creating pedestrian-friendly routes,
organizing Walking School Bus or walking groups® > or
e conducting Safe Routes to School.®*’ In addition, the
school curricula may include this ACS promotion. For ex-
ample, Physical Education teachers could design cycling
learning sessions to improve confidence, knowledge,
skills, and attitudes in their students.®® Moreover, these re-
sults reinforce the objectives of organizations such as the
WHO and the United Nations, which through the Global
Action Plan on Physical Activity 2018-2030"" and the 2030
Agenda for Sustainable Development,'? consider ACS as
one of the main priorities of global policies. Therefore,
promoting school ACS policies can increase the use of ac-
tive modes of transport.®’

The authors recommend that future studies focus on
analyzing device-measured LPA or MVPA during the
ACS, should consider the following considerations: (1)
to identify the start/end times of the trips. The use of
GPS is convenient, but if it is not possible to use it, an
activity diary could also be a good option. If neither of
these two instruments are available, a time interval per
participant should be adapted according to the distance
they live from the school®?; (2) for the quantification of
ACS-PA, it is necessary to report the active mode of com-
muting to/from school used, since walking and cycling
are both active modes of commuting, but they provide
different PA intensities and benefits. For the assessment
of PA, the most recommended device is the accelerome-
ter, although in case the study population predominantly
walks, pedometers might be used.” In addition, caution
should be taken in measuring the levels of PA provided
by cycling, as studies may underestimate the PA asso-
ciated with this mode of commuting. Methodological
studies are necessary for the correct evaluation of cycling

trips; (3) finally, given the results of the meta-analysis, it
is necessary to indicate the trip direction assessed (i.e.,
home-school or school-home), as these could provide
different levels of LPA or MVPA and, in addition, trying
to assess both trip directions to have a better measure-
ment of the total daily PA.

4.1 | Limitations and strengths
The current study is not without limitations that should
be mentioned: (1) Although the contribution of PA to ACS
is provided, it will depend on the distance the children or
adolescents live from school. In the current meta-analysis,
considering that the methodology used by each study may
influence the results, meet the 48% of the PA recommenda-
tions could be equivalent to actively commuting both trip di-
rections, with the distance commuted between the two trips
(i.e., home-school and school-home) being around two kilo-
meters’’; (2) no gray literature and studies that were not in
English or Spanish were not included, and although the lit-
erature search was conducted in five databases, some eligi-
ble studies from other databases may have been missed; (3)
in line with the meta-analysis conducted by Martin et al.,’
it was not possible to examine the contribution of cycling
to/from school to LPA and MVPA levels. Cycling is often
underestimated due to the processing of accelerometry data
and/or the placement of devices, among other factors; (4)
many studies did not differentiate the mode of active com-
muting (i.e., walking or cycling) and, therefore, it is not pos-
sible to know which mode the results refer to; (5) dividing
the studies by mode of active commuting and by trip direc-
tion did not allow to divide the results by age group (i.e.,
children and adolescents), gender, or country/geographic
location; (6) the fact that there is no consensus on how to
measure ACS-PA using devices can lead to limitations in
interpreting the results, as in the case of MVPA and LPA.B
The present study also shows several strengths: (1)
last PRISMA guidelines were followed to ensure that the
systematic review was conducted with adequate rigor. In
addition, it was registered in PROSPERO and the system-
atic review protocol was also published®*; (2) the quality
and risk of bias of the included studies were assessed, as
they are different concepts, following the recommenda-
tions of Gunnell et al.®> Most studies had a low risk of bias
(see Figures S3 and S4 in Additional File 3) and medium
quality (see Tables S3 and S4 in Additional File 3); (3) a
meta-analysis was conducted to contribute to the scien-
tific literature on how much device-measured LPA and
MVPA is related to ACS; (4) to best of our knowledge, it
is the first systematic review and meta-analysis that sepa-
rates the home-school and school-home trips, suggesting
that they should be evaluated separately.
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5 | CONCLUSION

ACS may contribute up to almost half of the daily PA rec-
ommendations in young people on school days if both
trip directions are actively performed. In addition, the
contribution of ACS to LPA could have important health
implications as it could be associated with a reduction
in sedentary time. Moreover, given that the contribution
of LPA and MVPA to ACS-related to trip direction (i.e.,
home-school or school-home) may be different, it would
be appropriate to examine both directions. Therefore, fu-
ture studies aimed at increasing young's daily PA levels
should focus on promoting ACS on school days.

6 | PERSPECTIVES

Less than 30% of young people meet the daily PA recom-
mendations proposed by the WHO.? ACS has been recog-
nized as a good strategy to increase daily PA levels during
school days.”” However, it is not clear how many minutes
of device-measured LPA and MVPA can be related to ACS
and according to the trip direction (i.e., home-school or
school-home), as they could provide different levels of
PA." To best of our knowledge, this is the first system-
atic review with meta-analysis that separately analyses
trips direction and device-measured ACS-PA by for each.
Observational evidence shows that ACS can contrib-
ute to around 48% of the daily PA recommendations for
young people on school days, if both trip directions are
actively performed. These results support that ACS has
a large impact on both LPA and MVPA of young people.
Nevertheless, future studies should address certain limita-
tions, such as the development of a standardized protocol
for device-measured ACS-PA. Facilitating the comparison
and interpretation of results between different studies.

ACKNOWLEDGEMENTS

We are deeply thankful to researchers and practitioners
for their comments on a first draft, as well as during the
writing of the manuscript.

FUNDING INFORMATION

This review was funded by the Spanish Ministry of
Economy, Industry and Competitiveness and the
European Regional Development Fund (PACO pro-
ject; Reference DEP2016-75598-R, MINECO/FEDER,
UE). This study was also supported by MCIN/AEI/
10.13039/501100011033 and by “ERDF A way of making
Europe”, by the “European Union” (ENERGYCO Project;
Reference PID2021-1261260A-100). Additionally, this
study takes place thanks to funding from the University of

Granada Plan Propio de Investigacion 2016—Excellence
actions: Unit of Excellence on Exercise and Health
(UCEES)—and the Junta de Andalucia, Consejeria
de Conocimiento, Investigacion y Universidades,
European Regional Development Fund (Reference
SOMM17/6107/UGR). Pablo Campos-Garzén is sup-
ported by FPU18/04251 from the Spanish Ministry of
Universities. This study is part of a PhD thesis conducted
in the Biomedicine Doctoral Studies program of the
University of Granada, Spain. Funding for open access
charge: Universidad de Granada/CBUA.

CONFLICT OF INTEREST STATEMENT
The authors have no conflicts of interest to declare.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

ORCID

Pablo Campos-Garzon
org/0000-0003-0418-9165
Javier Sevil-Serrano © https://orcid.
org/0000-0002-2077-1983
Antonio Garcia-Hermoso
org/0000-0002-1397-7182
Palma Chillén @ https://orcid.org/0000-0003-0862-8989
Yaira Barranco-Ruiz © https://orcid.
org/0000-0002-7435-7702

https://orcid.

https://orcid.

REFERENCES

1. Chaput JP, Willumsen J, Bull F, et al. 2020 WHO guidelines
on physical activity and sedentary behaviour for children
and adolescents aged 5-17years: summary of the evidence.
Int J Behav Nutr Phys Act. 2020;17(1):1-9. doi:10.1186/
$12966-020-01037-z

2. Aubert S, Barnes JD, Demchenko I, et al. Global matrix 4.0
physical activity report card grades for children and adoles-
cents: results and analyses from 57 countries. J Phys Act Health.
2022;19(11):700-728. doi:10.1123/jpah.2022-0456

3. Poitras VJ, Gray CE, Borghese MM, et al. Systematic review of
the relationships between objectively measured physical activ-
ity and health indicators in school-aged children and youth.
Appl Physiol Nutr Metab. 2016;41(6):197-239. doi:10.1186/
$12889-017-4860-0

4. van Sluijs EMF, Ekelund U, Crochemore-Silva I, et al. Physical
activity behaviours in adolescence: current evidence and oppor-
tunities for intervention. Lancet. 2021;398:429-442. doi:10.1016/
S0140-6736(21)01259-9

5. Prince SA, Lancione S, Lang JJ, et al. Are people who use active
modes of transportation more physically active? An overview of
reviews across the life course. Transplant Rev. 2022;42(5):645-
671. d0i:10.1080/01441647.2021.2004262

85UB017 SUOWILIOD BA 81D 3(cedldde aup Aq peusenob afe sapie VO ‘SN J0 S3InJ 10} Areiqi 8UIIUO /8|1 UO (SUORPUOD-PL-SWBHALID A8 | 1M ARIq 1 [BUUO//SCIY) SUORIPUOD PUe SWS | 8U1 89S *[£202/60/90] U0 ARiq1T8uljuO AB|IM ‘epeuelD 8@ PepsieAIuN AQ 0SyT SWS/TTTT OT/I0p/W00 A3 1M Arelq 1 pul|uo//Sdny woJ papeojumoq ‘0 ‘880009T


https://orcid.org/0000-0003-0418-9165
https://orcid.org/0000-0003-0418-9165
https://orcid.org/0000-0003-0418-9165
https://orcid.org/0000-0002-2077-1983
https://orcid.org/0000-0002-2077-1983
https://orcid.org/0000-0002-2077-1983
https://orcid.org/0000-0002-1397-7182
https://orcid.org/0000-0002-1397-7182
https://orcid.org/0000-0002-1397-7182
https://orcid.org/0000-0003-0862-8989
https://orcid.org/0000-0003-0862-8989
https://orcid.org/0000-0002-7435-7702
https://orcid.org/0000-0002-7435-7702
https://orcid.org/0000-0002-7435-7702
https://doi.org//10.1186/s12966-020-01037-z
https://doi.org//10.1186/s12966-020-01037-z
https://doi.org//10.1123/jpah.2022-0456
https://doi.org//10.1186/s12889-017-4860-0
https://doi.org//10.1186/s12889-017-4860-0
https://doi.org//10.1016/S0140-6736(21)01259-9
https://doi.org//10.1016/S0140-6736(21)01259-9
https://doi.org//10.1080/01441647.2021.2004262

CAMPOS-GARZON ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Larouche R, Saunders TJ, Faulkner GEJ, Colley R, Tremblay M.
Associations between active school transport and physical ac-
tivity, body composition, and cardiovascular fitness: a system-
atic review of 68 studies. J Phys Act Health. 2014;11(1):206-227.
doi:10.1123/jpah.2011-0345

Martin A, Boyle J, Corlett F, et al. Contribution of walking
to school to individual and population moderate-vigorous
intensity physical activity: systematic review and meta-
analysis. Pediatr Exerc Sci. 2016;28(3):353-363. doi:10.1123/
pes.2015-0207

Henriques-Neto D, Peralta M, Garradas S, et al. Active commut-
ing and physical fitness: a systematic review. Int J Environ Res
Public Health. 2020;17(8):1-15. doi:10.3390/ijerph17082721
Waygood EOD, Friman M, Olsson LE, Taniguchi A. Transport
and child well-being: an integrative review. Travel Behav Soc.
2017;9:32-49. doi:10.1016/.tbs.2017.04.005

Gossling S, Choi A, Dekker K, Metzler D. The social cost of au-
tomobility, cycling and walking in the European Union. Ecol
Econ. 2019;158:65-74. doi:10.1016/j.ecolecon.2018.12.016
World Health Organization. Global Action Plan of Physical
Activity 2018-2030. WHO; 2019.

United Nations. Transforming Our World: The 2030 Agenda for
Sustainable Development. General Assembly 70 Session. United
Nations; 2015.

Campos-Garzén P, Saucedo-Araujo RG, Sevil-Serrano J,
Migueles JH, Barranco-Ruiz Y, Chillén P. A systematic review
in device-measured physical activity during active commuting
to/from school: practical considerations to assess when, where,
and how much it occurs. Transplant Rev. 2023;43:1-26. doi:10.1
080/01441647.2023.2175276

Burchartz A, Anedda B, Auerswald T, et al. Assessing physical
behavior through accelerometry—state of the science, best prac-
tices and future directions. Psychol Sport Exerc. 2020;49:101703.
doi:10.1016/j.psychsport.2020.101703

Brenner PS, DeLamater JD. Social desirability bias in self-reports
of physical activity: is an exercise identity the culprit? Soc Indic
Res. 2014;117(2):489-504. doi:10.1007/s11205-013-0359-y
Adamo KB, Prince SA, Tricco AC, Connor-Gorber S, Tremblay
M. A comparison of indirect versus direct measures for assessing
physical activity in the pediatric population: a systematic review.
Pediatr Obes. 2009;4(1):2-27. doi:10.1080/17477160802315010
Rahman ML, Pocock T, Moore A, Mandic S. Active trans-
port to school and school neighbourhood built environment
across urbanisation settings in Otago, New Zealand. Int J
Environ Res Public Health. 2020;17(23):1-15. doi:10.3390/
ijerph17239013

Verhoeven H, Simons D, van Dyck D, et al. Psychosocial and
environmental correlates of walking, cycling, public transport
and passive transport to various destinations in Flemish older
adolescents. PloS One. 2016;11(1):1-19. doi:10.1371/journal.
pone.0147128

Pizarro AN, Schipperijn J, Andersen HB, Ribeiro JCJC, Mota
J, Santos MP. Active commuting to school in Portuguese
adolescents: using PALMS to detect trips. J Transp Health.
2016;3(3):297-304. doi:10.1016/].jth.2016.02.004

Kuzik N, Carson V, Andersen LB, et al. Physical activity and sed-
entary time associations with metabolic health across weight
statuses in children and adolescents. Obesity. 2017;25(10):1762-
1769. doi:10.1002/0by.21952

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Wi LEYJ—13

Grant MJ, Booth A. A typology of reviews: an analysis of 14
review types and associated methodologies. Health Info Libr J.
2009;26(2):91-108. doi:10.1111/j.1471-1842.2009.00848.x

Page MJ, McKenzie JE, Bossuyt PM, et al. Statement: An
updated guideline for reporting systematic reviews. BMJ.
2020;2021:372. doi:10.1136/bmj.n71

Gunnell K, Poitras VJ, Tod D. Questions and answers about
conducting systematic reviews in sport and exercise psychol-
ogy. Int Rev Sport Exerc Psychol. 2020;13(1):1-22. doi:10.1080/17
50984X.2019.1695141

Campos-Garzén P, Sevil-Serrano J, Barranco-Ruiz Y, Chillon
P. Objective measures to assess active commuting physical ac-
tivity to school in young people: a systematic review protocol
and practical considerations. Int J Environ Res Public Health.
2020;17(16):1-20. doi:10.3390/ijerph17165936

Gusenbauer M, Haddaway NR. Which academic search sys-
tems are suitable for systematic reviews or meta-analyses?
Evaluating retrieval qualities of Google Scholar, PubMed, and
26 other resources. Res Synth Methods. 2019;11(2):181-217.
doi:10.1002/jrsm.1378

Villa-Gonzalez E, Barranco-Ruiz Y, Evenson KR, Chillon
P. Systematic review of interventions for promoting active
school transport. Prev Med. 2018;111:115-134. do0i:10.1016/j.
ypmed.2018.02.010

Morgan RL, Whaley P, Thayer KA, Schiinemann HJ. Identifying
the PECO: a framework for formulating good questions to
explore the association of environmental and other expo-
sures with health outcomes. Environ Int. 2018;121:1027-1031.
doi:10.1016/j.envint.2018.07.015

Aranda-Balboa MJ, Huertas-Delgado FJ, Herrador-Colmenero
M, Cardon G, Chillon P. Parental barriers to active transport to
school: a systematic review. Int J Public Health. 2020;65(1):87-
98. d0i:10.1007/s00038-019-01313-1

Nevis I, Sikich N, Ye C, Kaball C. Quality control tool for screen-
ing titles and abstracts by second reviewer: QCTSTAR. J Biom
Biostat. 2015;6(1):1-5. doi:10.4172/2155-6180.1000230
Garcia-Hermoso A, Ezzatvar Y, Lopez-Gil JF, Ramirez-
Vélez R, Olloquequi J, Izquierdo M. Is adherence to the
Mediterranean diet associated with healthy habits and
physical fitness? A systematic review and meta-analysis in-
cluding 565A 421 youths. Br J Nutr. 2022;128(7):1433-1444.
d0i:10.1017/S0007114520004894

Huerta-Uribe N, Ramirez-Vélez R, Izquierdo M, Garcia-
Hermoso A. Association between physical activity, seden-
tary behavior and physical fitness and glycated hemoglobin
in youth with type 1 diabetes: a systematic review and meta-
analysis. Sports Med. 2023;53(1):111-123. doi:10.1007/
$40279-022-01741-9

Tapia-Serrano MA, Sevil-Serrano J, Sinchez-Miguel PA, Lopez-
GilJF, Tremblay MS, Garcia-Hermoso A. Prevalence of meeting
24-hour movement guidelines from pre-school to adolescence:
a systematic review and meta-analysis including 387,437 partic-
ipants and 23 countries. J Sport Health Sci. 2022;11(4):427-437.
doi:10.1016/j.jshs.2022.01.005

DerSimonian R, Laird N. Meta-analysis in clinical trials re-
visited. Contemp Clin Trials. 2015;45:139-145. doi:10.1016/j.
cct.2015.09.002

Fisher DJ. Two-stage individual participant data meta-analysis
and generalized forest plots. The Stata J. 2015;15(2):369-396.

85UB017 SUOWILIOD BA 81D 3(cedldde aup Aq peusenob afe sapie VO ‘SN J0 S3InJ 10} Areiqi 8UIIUO /8|1 UO (SUORPUOD-PL-SWBHALID A8 | 1M ARIq 1 [BUUO//SCIY) SUORIPUOD PUe SWS | 8U1 89S *[£202/60/90] U0 ARiq1T8uljuO AB|IM ‘epeuelD 8@ PepsieAIuN AQ 0SyT SWS/TTTT OT/I0p/W00 A3 1M Arelq 1 pul|uo//Sdny woJ papeojumoq ‘0 ‘880009T


https://doi.org//10.1123/jpah.2011-0345
https://doi.org//10.1123/pes.2015-0207
https://doi.org//10.1123/pes.2015-0207
https://doi.org//10.3390/ijerph17082721
https://doi.org//10.1016/j.tbs.2017.04.005
https://doi.org//10.1016/j.ecolecon.2018.12.016
https://doi.org//10.1080/01441647.2023.2175276
https://doi.org//10.1080/01441647.2023.2175276
https://doi.org//10.1016/j.psychsport.2020.101703
https://doi.org//10.1007/s11205-013-0359-y
https://doi.org//10.1080/17477160802315010
https://doi.org//10.3390/ijerph17239013
https://doi.org//10.3390/ijerph17239013
https://doi.org//10.1371/journal.pone.0147128
https://doi.org//10.1371/journal.pone.0147128
https://doi.org//10.1016/j.jth.2016.02.004
https://doi.org//10.1002/oby.21952
https://doi.org//10.1111/j.1471-1842.2009.00848.x
https://doi.org//10.1136/bmj.n71
https://doi.org//10.1080/1750984X.2019.1695141
https://doi.org//10.1080/1750984X.2019.1695141
https://doi.org//10.3390/ijerph17165936
https://doi.org//10.1002/jrsm.1378
https://doi.org//10.1016/j.ypmed.2018.02.010
https://doi.org//10.1016/j.ypmed.2018.02.010
https://doi.org//10.1016/j.envint.2018.07.015
https://doi.org//10.1007/s00038-019-01313-1
https://doi.org//10.4172/2155-6180.1000230
https://doi.org//10.1017/S0007114520004894
https://doi.org//10.1007/s40279-022-01741-9
https://doi.org//10.1007/s40279-022-01741-9
https://doi.org//10.1016/j.jshs.2022.01.005
https://doi.org//10.1016/j.cct.2015.09.002
https://doi.org//10.1016/j.cct.2015.09.002

il—Wl LEY

35.
36.
37.
38.
39.
40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

CAMPOS-GARZON ET AL.

Newcombe RG. Two-sided confidence intervals for the sin-
gle proportion: comparison of seven methods. Stat Med.
1998;17(8):857-872. doi:10.1002/(SICI)1097-0258(19980430)17:8
<857:AID-SIM777>3.0.CO;2-E

Cooper AR, Page AS, Foster L], Qahwaji D. Commuting to
school: are children who walk more physically active? Am J Prev
Med. 2003;25(4):273-276. doi:10.1016/s0749-3797(03)00205-8
Cooper AR, Page AS, Wheeler BW, Hillsdon M, Griew
P, Jago R. Patterns of GPS measured time outdoors after
school and objective physical activity in English children:
the PEACH project. Int J Behav Nutr Phys Act. 2010;7:1-9.
doi:10.1186/1479-5868-7-31

Cooper AR, Jago R, Southward EF, Page AS. Active travel and
physical activity across the school transition: the PEACH proj-
ect. Med Sci Sports Exerc. 2012;44(10):1890-1897. d0i:10.1249/
MSS.0b013e31825a3ale

Ginja S, Arnott B, Araujo-Soares V, Namdeo A, McColl E.
Feasibility of an incentive scheme to promote active travel to
school: a pilot cluster randomised trial. Pilot Feasibility Stud.
2017;3:57. doi:10.1186/s40814-017-0197-9

Saksvig BI, Webber LS, Elder JP, et al. A cross-sectional and
longitudinal study of travel by walking before and after school
among eighth-grade girls. J Adolesc Health. 2012;51(6):608-614.
doi:10.1016/j.jadohealth.2012.03.003

Saksvig BI, Catellier DJ, Pfeiffer K, et al. Travel by walking
before and after school and physical activity among adoles-
cent girls. Arch Pediatr Adolesc Med. 2007;161(2):153-158.
doi:10.1001/archpedi.161.2.153

Voss C, Winters M, Frazer A, McKay H. School-travel by pub-
lic transit: rethinking active transportation. Prev Med Rep.
2015;2:65-70. doi:10.1016/j.pmedr.2015.01.004

Voss C, Winters M, Frazer AD, McKay HA. They go straight
home—don't they? Using global positioning systems to as-
sess adolescent school-travel patterns. J Transp Health.
2014;1(4):282-287. doi:10.1016/].jth.2014.09.013
Martinez-Martinez J, Aznar S, Gonzalez-Villora S, Lopez-
Sanchez GE. Physical activity and commuting to school in
Spanish nine-year-old children: differences by gender and by
geographical environment. Sustainability. 2019;11(24):1-10.
doi:10.3390/su11247104

Villa-Gonzalez E, Rosado-Lopez S, Barranco-Ruiz Y, et al.
Objective measurement of the mode of commuting to school
using GPS: a pilot study. Sustainability. 2019;11(19):1-12.
doi:10.3390/su11195395

Gale JT, Haszard JJ, Scott T, Peddie MC. The impact of organ-
ised sport, physical education and active commuting on phys-
ical activity in a sample of New Zealand adolescent females.
Int J Environ Res Public Health. 2021;18(15):1-12. doi:10.3390/
ijerph18158077

Kek CC, Garcia Bengoechea E, Spence JC, Mandic S. The rela-
tionship between transport-to-school habits and physical activ-
ity in a sample of New Zealand adolescents. J Sport Health Sci.
2019;8(5):463-470. doi:10.1016/].jshs.2019.02.006

Remmers T, van Kann D, Kremers S, et al. Investigating longi-
tudinal context-specific physical activity patterns in transition
from primary to secondary school using accelerometers, GPS,
and GIS. Int J Behav Nutr Phys Act. 2020;17(1):66. doi:10.1186/
$12966-020-00962-3

Denstel KD, Broyles ST, Larouche R, et al. Active school
transport and weekday physical activity in 9-11-year-old

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

children from 12 countries. Int J Obes Suppl. 2015;5:5100-S106.
doi:10.1038/ijosup.2015.26

Barreira TV, Schuna JM Jr, Mire EF, et al. Identifying children's
nocturnal sleep using 24-h waist accelerometry. Med Sci Sports
Exerc. 2015;47(5):937-943. doi:10.1249/mss.0000000000000486
Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization
2020 guidelines on physical activity and sedentary be-
haviour. Br J Sports Med. 2020;54(24):1451-1462. doi:10.1136/
bjsports-2020-102955

Kelso A, Reimers AK, Abu-Omar K, et al. Locations of physical
activity: where are children, adolescents, and adults physically
active? A systematic review. Int J Environ Res Public Health.
2021;18(3):1-35. doi:10.3390/ijerph18031240

Panter JR, Jones AP, van Sluijs EMF. Environmental deter-
minants of active travel in youth: a review and framework
for future research. Int J Behav Nutr Phys Act. 2008;5(1):1-14.
doi:10.1186/1479-5868-5-34

Rodriguez-Lopez C, Salas-Farina ZM, Villa-Gonzalez E,
et al. The threshold distance associated with walking from
home to school. Health Educ Behav. 2017;44(6):857-866.
doi:10.1177/1090198116688429

van Dyck D, de Bourdeaudhuij I, Cardon G, Deforche B.
Criterion distances and correlates of active transportation to
school in Belgian older adolescents. Int J Behav Nutr Phys Act.
2010;7(1):1-9. doi:10.1186/1479-5868-7-87

D'Haese S, de Meester F, de Bourdeaudhuij I, Deforche B,
Cardon G. Criterion distances and environmental correlates of
active commuting to school in children. Int J Behav Nutr Phys
Act. 2011;8(1):1-10. doi:10.1186/1479-5868-8-88

Nelson NM, Foley E, O'Gorman DJ, Moyna NM, Woods CB.
Active commuting to school: how far is too far? Int J Behav Nutr
Phys Act. 2008;5(1):1-9. doi:10.1186/1479

Merom D, Tudor-Locke C, Bauman A, Rissel C. Active com-
muting to school among NSW primary school children: im-
plications for public health. Health Place. 2006;12(4):678-687.
doi:10.1016/j.healthplace.2005.09.003

Gélvez-Fernandez P, Herrador-Colmenero M, Campos-Garzon
P, et al. Convergent validation of a self-reported commuting to
and from school diary in Spanish adolescents. Int J Environ Res
Public Health. 2022;20(1):18. doi:10.3390/ijerph20010018

Khan A, Mandic S, Uddin R. Association of active school com-
muting with physical activity and sedentary behaviour among
adolescents: a global perspective from 80 countries. J Sci Med
Sport. 2021;24(6):567-572. doi:10.1016/j.jsams.2020.12.002
Kaseva K, Lounassalo I, Yang X, et al. Associations of ac-
tive commuting to school in childhood and physical ac-
tivity in adulthood. Sci Rep. 2023;13(1):1-10. doi:10.1038/
$41598-023-33518-z

An R, Shen J, Yang Q, Yang Y. Impact of built environment on
physical activity and obesity among children and adolescents
in China: a narrative systematic review. J Sport Health Sci.
2019;8(2):153-169. doi:10.1016/].jshs.2018.11.003

D'Haese S, Vanwolleghem G, Hinckson E, et al. Cross-
continental comparison of the association between the physical
environment and active transportation in children: a systematic
review. Int J Behav Nutr Phys Act. 2015;12(1):1-14. doi:10.1186/
$12966-015-0308-z

Condello G, Puggina A, Aleksovska K, et al. Behavioral determi-
nants of physical activity across the life course: a “DEterminants
of DIet and Physical ACtivity” (DEDIPAC) umbrella systematic

85UB017 SUOWILIOD BA 81D 3(cedldde aup Aq peusenob afe sapie VO ‘SN J0 S3InJ 10} Areiqi 8UIIUO /8|1 UO (SUORPUOD-PL-SWBHALID A8 | 1M ARIq 1 [BUUO//SCIY) SUORIPUOD PUe SWS | 8U1 89S *[£202/60/90] U0 ARiq1T8uljuO AB|IM ‘epeuelD 8@ PepsieAIuN AQ 0SyT SWS/TTTT OT/I0p/W00 A3 1M Arelq 1 pul|uo//Sdny woJ papeojumoq ‘0 ‘880009T


https://doi.org//10.1002/(SICI)1097-0258(19980430)17:8<857::AID-SIM777>3.0.CO;2-E
https://doi.org//10.1002/(SICI)1097-0258(19980430)17:8<857::AID-SIM777>3.0.CO;2-E
https://doi.org//10.1016/s0749-3797(03)00205-8
https://doi.org//10.1186/1479-5868-7-31
https://doi.org//10.1249/MSS.0b013e31825a3a1e
https://doi.org//10.1249/MSS.0b013e31825a3a1e
https://doi.org//10.1186/s40814-017-0197-9
https://doi.org//10.1016/j.jadohealth.2012.03.003
https://doi.org//10.1001/archpedi.161.2.153
https://doi.org//10.1016/j.pmedr.2015.01.004
https://doi.org//10.1016/j.jth.2014.09.013
https://doi.org//10.3390/su11247104
https://doi.org//10.3390/su11195395
https://doi.org//10.3390/ijerph18158077
https://doi.org//10.3390/ijerph18158077
https://doi.org//10.1016/j.jshs.2019.02.006
https://doi.org//10.1186/s12966-020-00962-3
https://doi.org//10.1186/s12966-020-00962-3
https://doi.org//10.1038/ijosup.2015.26
https://doi.org//10.1249/mss.0000000000000486
https://doi.org//10.1136/bjsports-2020-102955
https://doi.org//10.1136/bjsports-2020-102955
https://doi.org//10.3390/ijerph18031240
https://doi.org//10.1186/1479-5868-5-34
https://doi.org//10.1177/1090198116688429
https://doi.org//10.1186/1479-5868-7-87
https://doi.org//10.1186/1479-5868-8-88
https://doi.org//10.1186/1479
https://doi.org//10.1016/j.healthplace.2005.09.003
https://doi.org//10.3390/ijerph20010018
https://doi.org//10.1016/j.jsams.2020.12.002
https://doi.org//10.1038/s41598-023-33518-z
https://doi.org//10.1038/s41598-023-33518-z
https://doi.org//10.1016/j.jshs.2018.11.003
https://doi.org//10.1186/s12966-015-0308-z
https://doi.org//10.1186/s12966-015-0308-z

CAMPOS-GARZON ET AL.

WILEY-2

65.

66.

67.

68.

69.

literature review. Int J Behav Nutr Phys Act. 2017;14(1):1-23.
doi:10.1186/512966-017-0510-2

Smith L, Norgate SH, Cherrett T, Davies N, Winstanley C,
Harding M. Walking school buses as a form of active transpor-
tation for children—a review of the evidence. Journal of School
Health. 2015;85(3):197-210. doi:10.1111/josh.12239

McDonald NC, Yang Y, Abbott SM, Bullock AN. Impact of the
safe routes to school program on walking and biking: Eugene,
Oregon study. Transp Policy. 2013;29:243-248. d0i:10.1016/j.
tranpol.2013.06.007

Hoelscher D, Ory M, Dowdy D, et al. Effects of funding alloca-
tion for safe routes to school programs on active commuting
to school and related behavioral, knowledge, and psychoso-
cial outcomes: results from the Texas childhood obesity pre-
vention policy evaluation (T-COPPE) study. Environ Behav.
2016;48(1):210-229. doi:10.1177/0013916515613541

Sersli S, DeVries D, Gislason M, Scott N, Winters M. Changes
in bicycling frequency in children and adults after bicycle
skills training: a scoping review. Transp Res Part A Policy Pract.
2019;123:170-187. doi:10.1016/j.tra.2018.07.012

Ganzar LA, Burford K, Zhang Y, Gressett A, Kohl HW,
Hoelscher DM. Association of walking and biking to school
policies and active commuting to school in children. J Phys Act
Health. 2023;20(7):1-7. doi:10.1123/jpah.2022-0376

70. Frank LD, Andresen MA, Schmid TL. Obesity relationships with
community design, physical activity, and time spent in cars. Am
J Prev Med. 2004;27(2):87-96. doi:10.1016/j.amepre.2004.04.011

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Campos-Garzén P,
Sevil-Serrano J, Garcia-Hermoso A, Chillén P,
Barranco-Ruiz Y. Contribution of active
commuting to and from school to device-measured
physical activity levels in young people: A
systematic review and meta-analysis. Scand J Med
Sci Sports. 2023;00:1-15. doi:10.1111/sms.14450

85UB017 SUOWILIOD BA 81D 3(cedldde aup Aq peusenob afe sapie VO ‘SN J0 S3InJ 10} Areiqi 8UIIUO /8|1 UO (SUORPUOD-PL-SWBHALID A8 | 1M ARIq 1 [BUUO//SCIY) SUORIPUOD PUe SWS | 8U1 89S *[£202/60/90] U0 ARiq1T8uljuO AB|IM ‘epeuelD 8@ PepsieAIuN AQ 0SyT SWS/TTTT OT/I0p/W00 A3 1M Arelq 1 pul|uo//Sdny woJ papeojumoq ‘0 ‘880009T


https://doi.org//10.1186/s12966-017-0510-2
https://doi.org//10.1111/josh.12239
https://doi.org//10.1016/j.tranpol.2013.06.007
https://doi.org//10.1016/j.tranpol.2013.06.007
https://doi.org//10.1177/0013916515613541
https://doi.org//10.1016/j.tra.2018.07.012
https://doi.org//10.1123/jpah.2022-0376
https://doi.org//10.1016/j.amepre.2004.04.011
https://doi.org/10.1111/sms.14450

	Contribution of active commuting to and from school to device-­measured physical activity levels in young people: A systematic review and meta-­analysis
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Inclusion criteria
	2.2|Search strategy
	2.3|Study selection
	2.4|Data extraction
	2.5|Data synthesis

	3|RESULTS
	3.1|Study selection
	3.2|Study characteristics
	3.3|Meta-­analysis
	3.3.1|Contribution of ACS to LPA levels
	3.3.2|Contribution of ACS to MVPA levels


	4|DISCUSSION
	4.1|Limitations and strengths

	5|CONCLUSION
	6|PERSPECTIVES
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


