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Abstract

Active commuting is considered one of the many forms of physical activity that
could increase the level of physical activity among school children. The aim of the
current study was to examine the differences between the health-related fitness of school
children who engage in active and passive commuting to school, and to explore the
associations between active commuting to school and the health-related physical fitness
of school children. A total of 152 children (58 girls and 94 boys), aged 12, from four
primary schools in the Kraljevo area participated in this study. Basic anthropometric
measures were taken along with eight physical fitness tests. Boys who actively commute
had greater upper body muscular endurance and cardiorespiratory fitness, and girls who
were active school commuters had better results in flexibility, explosive power, upper
body muscular endurance, and cardiorespiratory fitness. Linear regression analysis
revealed significant associations between active commuting, and abdominal strength and
cardiorespiratory fitness for boys, and flexibility and upper body muscular endurance for
girls. Considering these positive findings, it is recommended that future studies be
conducted on a larger sample and that they include intensive educational campaigning to
encourage Serbian schoolchildren to practice active commuting to and from school is
likewise recommended.
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AKTUBHHU TPAHCHIOPT 10 HIKOJIE,
BMMU U 3IPABCTBEHO YCMEPEHHU ®UTHEC
YYEHUKA OCHOBHE HIKOJIE

Arncrpakr

AXTUBHH TPAHCIIOPT CE cMaTpa jeTHOM O MHOTHX (opMH (H3NUKEe AKTUBHOCTH KOje
Mory ja nosehajy HUBO (U3MYKe aKTHBHOCTH KOJ IIKOJICKe Jiene. [{uib oBor ncrpaxusa-
Ba OHO je Ja ce NCTUTajy pa3iuke u3Mely yueHHKa KOju KOpUCTEe aKTHBHH U MACHBHHU
TPAHCIIOPT J0 LIKOJIE Y HUBOY 3APaBCTBEHO yCMEpPEHOT (pUTHECa, Kao U Jia Ce UCTPaKe Be-
3¢ u3Mel)y aKTHBHOT TpaHCIOpTa 10 MIKOJIE U 30PaBCTBEHO YCMEPEHOT (pUTHECA KOJ yde-
HHKa OCHOBHE IIKoJie. VcTpaxkuBameM je oOyxBaheHo ykymHO 152 yuyeHnka (58 geBojun-
1a u 94 nedaxa), crapocTd 12 roguHa U3 YETHPU OCHOBHE IIKOJIE ca Imoapyyja rpaaa Kpa-
JbeBa. Vi3MepeHe Cy OCHOBHE aHTPOIIOMETPHjCKE Mepe M IPUMEHEHO je 0caM TEeCToBa 3a
npoteHy Qusndke cripeMHocTH. JIOIUIO ce N0 ca3Hama [a Cy Jedald KOjU NPAaKTHKYjy
AKTHBHHM TPAHCIIOPT MMaiy Behy MUIIMNHY H3IPKJBUBOCT FOPH-CT JIENIa Teja U BHIIH HU-
BO KapIHOPECIIUPATOpHE CIIPEMHOCTH, a Ja Cy JEBOjUMLE KOje aKTHBHO IYTY]y [0 IIKOJIE
1 Ha3aj nMajy 00Jpy (QIeKCHOMITHOCT, eKCIUIO3UBHY CHATY HOTY, MULIMNHY U3APKIJBHBOCT
TOpH-Er JIeNa TeNa U KapIMOPECIIMPATOPHY CIIPEMHOCT. Pe3ynraTu JIMHeapHe perpecroHe
aHaJIN3e Cy MOKA3aI 3Ha4ajHy NOBE3aHOCT U3Mel)y akTUBHOT TpaHCnopTa, cHare Mumuha
abmoMeHa 1 KapJHOPECIIPATOPHOT (puTHECA KOJ IcHaka, Te (pIeKCHOMIHOCTA U MUIIHH-
HE U3IPKJBIBOCTH TOPELET JIeNia Tela KOA AeBojuniia. Mmajyhu y Bumy mo3UTHBHE pe3yit-
TaTe OBOT HCTPaXKUBama, peropydyje ce 1a Oyayha ncrpaxuBama odyxsare Behu y3opak
Y MHTCH3UBHE 00pa30BHE KaMIIambe, KaKo OH ce IIKOJICKA JIela y HAIlIOj 3eMJbH MOJICTAKIA
na 'y Behoj MepH IpakTHKyjy aKTUBHH TPAHCIIOPT J0 U U3 IIKOJIE.

Kiby4He peun: mikoJcka gena, (pU3MIKa aKTHBHOCT, MOTOPHYKE CIIOCOOHOCTH.

INTRODUCTION

Decreased levels of physical activity, a sedentary lifestyle, and an
epidemic of childhood obesity represent public health crises on a global
level (Villa-Gonzalez, Barranco-Ruiz, and Evenson, 2018). Since an
overweight status during childhood and adolescence is associated with in-
creased morbidity and mortality in later life (Dietz, 1994; Must et al.,
1999), the World Health Organization (WHO) has published recommen-
dations on physical activity and sedentary behaviour for children and ado-
lescents. These recommendations state that children should accumulate at
least 60 minutes of moderate-to-vigorous physical activity daily (WHO,
2010). Apart from well the documented changes in the motor behaviour
of young children, it has been suggested that the positive self-image that
younger primary school pupils have about themselves is a good prerequi-
site of an effective physical education class (Buisi¢, Cveji¢, and Pejovic,
2019). Some authors consider active commuting to school an important
and missed opportunity for physical activity, because most children
commute to and from school 5 days per week during the school year (Da-
vison, Werder, and Lawson, 2008; Chillén et al., 2011).
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Active commuting, in the forms of walking or cycling, followed
the overall trend of physical activity decrease, and has consistently been
declining over the last 30 years (Mendoza & Liu, 2014). Some authors
suggest that various interventions are needed to reverse this trend (Villa-
Gonzalez et al. 2018). While increases in children’s weight have coincid-
ed with declines in active commuting to and from school (Salmon, Tim-
perio, Cleland, & Venn, 2005), several systematic reviews reported posi-
tive associations between active commuting to school and cardiorespira-
tory fitness in youth (Larouche et al., 2014; Lubans, et al., 2011). The as-
sociation between active commuting to school and health-related physical
fitness has been studied in adolescents (Madsen et al., 2009; Meron et al.,
2011) and in children (Cooper et al., 2008; Ostergaard et al., 2013). The
majority of the studies that reported associations between active commut-
ing to school and the health-related physical fitness of schoolchildren
primarily focused on cardiorespiratory fitness. One of the few studies that
explored associations between active commuting to school and the health-
related physical fitness of schoolchildren reported that active commuting
to school was significantly associated with higher levels of both speed-
agility and lower body muscular fitness in boys and girls, respectively
(Villa-Gonzalez, Ruiz, and Chillén, 2015). Interestingly, these authors
stated that there were no significant associations between active commut-
ing to school and cardiorespiratory fitness. Every effort to increase physi-
cal activity among youth should be considered an essential component of
the extended strategy needed to hinder the global obesity epidemic. Many
forms of physical activity could be targeted, including regular physical
education classes, extracurricular physical activities, various forms of
sports, and active commuting.

Considering the lack of literature on associations between active
commuting to school and the health-related physical fitness of school-
children, especially in Serbia, the purpose of the study was twofold: (1) to
examine differences in the health-related physical fitness between school-
children who engage in active and passive commuting to school; and (2)
to explore the associations between active commuting to school and both
aspects of health-related physical fitness of schoolchildren — cardiorespir-
atory and muscular fitness, respectively. We agree with the notion that
school, with its teachers, institutional role, and authority can contribute to
the promotion of healthy habits among schoolchildren (Petrovi¢, Mom¢i-
lovi¢, and Pelemis, 2022), and that our findings will be a valuable addi-
tion to the current knowledge on the matter.
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METHODOLOGY
Sample

A total of 152 school children participated in the study. The sample
consists of 58 girls and 94 boys. The mean age for the girls was 12.43
(SD 0.50), and the mean age for the boys was 12.21 (SD 0.41). The sam-
ple includes children from four schools (urban and suburban) in a wide
range of socio-economic backgrounds, and reflects the population of chil-
dren attending schools in the Kraljevo area.

Measures

The physical fitness of schoolchildren was assessed through eight
tests: (1) the single leg stance; (2) hand tapping; (3) leg tapping; (4) for-
ward bend; (5) standing broad jump; (6) sit-ups; (7) bent arm hang, and
(8) 6 min lap run (reduced Cooper test). The first seven tests were select-
ed from the test battery of Kureli¢ et al. (1975). The reduced Cooper test
was used as a recommended test of the cardiorespiratory fitness of chil-
dren (Fjgrtoft, Pedersen, Sigmundsson, & Vereijken, 2011). The anthro-
pometric measures taken include height, weight, and BMI, which was
calculated using the standard equation (BMI = weight (kg)/height (m2)).
Commuting to school was measured through a supervised questionnaire
at school. Active commuting was assessed through responses to the ques-
tion: “How do you typically get to and from school?” Participants had on-
ly the option of selecting one main mode, meaning that information on
multimode trips, such as walking to or from public transport hubs, was
not obtained. This variable was used to derive a two-category exposure
variable for the purposes of this study: (1) passive transport (private car,
taxi/minicab, motorcycle/moped/scooter, bus); and (2) active transport
(walking or cycling). Measurements were taken during the last week of
May, before the end of the academic year. The description of the partici-
pants is presented in Table 1.

Table 1. Descriptive statistics of participants

Characteristics Boys Girls
Number of active commuters (%) 60 (63.8) 34 (58.6)
Number of passive commuters (%) 34 (36.7) 24 (41.3)
Age (years), Mean (SD) 12.21 (0.41) 12.43 (0.50)
N 94 58

Data Analysis

The normality of the variables was assessed using the Kolmogo-
rov-Smirnov test. Differences between participants that use active and
passive transport of non-normal variables were tested by using the non-
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parametric Mann-Whitney U-test. The Student’s t-test was used for nor-
mal variables. For the statistical processing of the results of using active
transport to and from school, linear regression analysis was conducted in
the statistical programme IBM SPSS v.23. The dependent variable was
the type of transport to and from school (1 = walking or cycling; 0 = pri-
vate car, taxi/minicab, motorcycle/moped/scooter, bus). Independent var-
iables were the eight fitness tests (the single leg stance, hand tapping, leg
tapping, forward bend, standing broad jump, sit-ups, bent arm hang, and 6
min lap run (reduced Cooper test), along with BMI.

RESULTS

The male participants’ characteristics and mean differences can be
found in Table 2. The mean values for BMI indicate that boys who com-
mute actively and passively all fall into the category of a healthy weight
for their age and sex, with BMI cut-off points ranging between 15.47 and
21.37 (Cole & Lobstein, 2012). The results of the Mann-Whitney U-test
and the Student’s t-test revealed differences between boys who commute
actively and passively, and these differences are reflected in weight,
height, and BMI (p<0.01). Boys who commute passively were signifi-
cantly heavier, taller, and had a higher BMI. Among the physical fitness
tests, significant differences were found in the bent arm hang, and the re-
duced Cooper test, on which boys who commute actively had better re-
sults (p<0.05).

Table 2. Descriptive characteristics (mean * sd) of the study sample
variables stratified by means of commuting for boys
(AC — active commuting; PC — passive commuting)

Variable AC Boys PC Boys p
Mean (SD) Mean (SD)

Weight (kg) 4825 (8.83) 55.25 (11.88) 0.01™
Height (cm) 156.38 (6.75) 160.60 (7.37) 0.01"
BMI (kg/m2) 1963 (2.77) 21.30 (3.63) 0.01"
Single leg stance 18.39 (13.49) 16.70 (9.30) 0.84
Hand tapping 3578 (3.77) 3659 (4.65) 0.36
Leg tapping 2940 (299) 2941 (3.17) 0.74
Forward bend 3456 (6.93) 3219 (6.93) 0.11
Standing broad jump 166.20 (23.21) 162.13 (27.88) 0.81
Sit-ups 21.67 (4.34) 18.79 (7.15) 0.09
Bent arm hang 2851 (19.21) 2158 (15.28) 0.05™

Reduced Cooper test 1077.67 (126.33) 1016.18 (161.09)  0.05"
*Significant difference between active and passive commuters
Mann-Whitney U-test, p<0.05.
*Significant difference between active and passive commuters
Student’s t-test, p<0.05.
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The female participants’ characteristics and mean differences are
presented in Table 3. The mean values for BMI indicate that girls who
commute actively and passively all fit in the category of a healthy weight
for their age and sex, with BMI cut-off points ranging between 15.86 and
21.97 (Cole & Lobstein, 2012). No significant differences existed in
weight, height, and BMI between girls who commute actively and pas-
sively. Significant differences in three physical fitness tests were found
between girls who commute actively and passively. Girls who commute
actively had better results in the forward bend, standing broad jump, bent
arm hang, and the reduced Cooper test (p<0.05 in all four tests).

Table 3. Descriptive characteristics (mean * sd) of the study sample
variables stratified by means of commuting for girls
(AC — active commuting; PC — passive commuting)

Variable AC Girls PC Girls p
Mean (SD) Mean (SD)

Weight (kg) 50.26 (8.35) 50.34 (9.65) 0.97
Height (cm) 159.35 (6.38) 158.56 (8.39) 0.68
BMI (kg/m2) 19.75 (2.66) 199 (2.52) 0.83
Single leg stance 26.78 (17.61) 20.90 (11.83) 0.32
Hand tapping 3565 (4.05) 3654 (550) 042
Leg tapping 29.15 (3.46) 30.33 (4.20) 0.25
Forward bend 40.41 (7.21) 36,50 (8.06) 0.05
Standing broad jump 152.67 (17.60) 142.68 (20.50) 0.05™
Sit-ups 18.88 (4.47) 1829 (3.66) 0.94
Bent arm hang 17.29 (10.50) 12.44 (6.38) 0.05
Reduced Cooper test  991.18 (102.53) 927.08 (127.02)  0.05™

*Significant difference between active and passive commuters Mann-Whitney U-test,

p<0.05/

"Significant difference between active and passive commuters Student’s t-test, p<0.05.

Table 4. Results of linear regression analysis for active commuting,
BMI and physical fitness tests of boys and girls

Variable Active commuting
Boys Girls

B SE p R SE p
BMI 0.03 0.02 0.32 0.03 0.03 0.51
Single leg stance -0.03 0.02 0.23 -0.07 0.02 0.01
Hand tapping 0.06 0.07 0.43 -0.05 0.18 0.64
Leg tapping 0.18 0.10 0.08 0.21 0.13 0.11
Forward bend 0.01 0.04 0.98 0.06 0.06 0.33
Standing broad jump -0.03 0.01 0.06 0.05 0.03 0.20
Sit-ups -0.21 0.06 0.01 0.10 0.10 0.32
Bent arm hang -0.01 0.02 0.93 -0.12 0.05 0.03
Reduced Cooper test -0.01 0.01 0.05 -0.01 0.01 0.82

Furthermore, higher scores in the single leg stance (B = -0.07; p<0.01) and bent arm
hang (8 =-0.12; p<0.03) were detected in girls. The results remained consistent when
an analysis excluding BMI was performed.
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The associations between active commuting to school, BMI, and
health-related physical fitness are shown in Table 4. Active commuting to
school was associated with abdominal muscle strength (Sit-ups; 8 =-0.21;
p<0.01), and cardiorespiratory fitness (Reduced Cooper test; R = -0.01;
p<0.05) in boys.

DISCUSSION

The primary aim of this study was to explore the differences be-
tween school children who commute actively and passively. Boys and
girls who are active school commuters had better results in several physi-
cal fitness tests. Boys who are active commuters showed greater shoulder
girdle muscular endurance (bent arm hang) and cardiorespiratory fitness
(reduced Cooper test), while girls who are active commuters outper-
formed their less active peers in flexibility (forward bend), explosive
power (standing broad jump), shoulder girdle muscular endurance (bent
arm hang), and cardiorespiratory fitness (reduced Cooper test). These
findings are similar to the results of the study conducted by Villa-
Gonzalez, Ruiz, and Chillén (2015), which note that boys and girls who
commute actively had greater speed-agility (although a slight difference)
and muscle strength of the lower body, respectively, than boys and girls
who were less active school commuters. Basic anthropometric measures
(height, weight, and BMI) were significantly higher in boys who are pas-
sive commuters, and that can be a plausible explanation for the better re-
sults in muscular endurance and cardiorespiratory fitness of boys who are
active commuters. That is in agreement with literature showing that sub-
jects (7-12 years old) with a higher BMI and body mass had lower per-
formances on all tests requiring propulsion, or lifting of the body mass,
and endurance (Casajus, Leiva, Villarroya, Legaz, & Moreno, 2007).
Similar to the results of this study, the findings of another study con-
firmed significant differences between girls who are active and passive
commuters in the following: standing broad jump, bent arm hang, 10x5 m
sprint, plate tapping, sit-ups, and 20-m shuttle run (Van de Kop, Tous-
saint, Janssen, Busch, & Verhoeff, 2021).

Furthermore, the present study found more differences in favour of
active commuters in relation to cardiorespiratory fitness (Reduced Cooper
test) for both boys and girls, which is in concordance with the study con-
ducted on a sample of Danish and Norwegian children who were active
commuters and cycled to school (Cooper et al., 2006; Ostergaard, Kolle,
Steene-Johannessen, Anderssen, & Andersen, 2013). These findings sup-
port the notion that incorporating more walking into the daily routine
should be seen as an important goal in the long-term maintenance of the
initial increases in physical activity (Ekblom & Astrand, 2000; Owen,
Leslie, Salmon, & Fotheringham, 2000).
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The second intent of this study was to explore the associations be-
tween active commuting to school and health-related physical fitness
(cardiorespiratory and muscular fitness) of schoolchildren. A significant
association was detected between active commuting to school, and ab-
dominal muscle strength and cardiorespiratory fitness in boys, which is
consistent with other studies (Chillén et al., 2010; Sandercock & Ogun-
leye, 2012). The results of the study showed that a significant association
exists between active commuting to school, and balance (Single leg
stance) and shoulder girdle muscular endurance (Bent arm hang) in girls.
Other authors found significant correlations between physical fitness,
measured by eight physical fitness tests, and the overall level of physical
activity, objectively measured with the accelerometer (57,1% active
commuters) in girls ages 11 and 12 (Puri¢, Bogataj, Zovko & Sember, 2021).

A strong point of this study is the fact that the sample included
children from four schools (urban and suburban), from a wide range of
socio-economic backgrounds and, thus, reflected the population of chil-
dren attending schools in the Kraljevo area. However, there are several
limitations that should be considered when interpreting the findings of
this study. The first limitation is the relatively small sample of partici-
pants. The cross-sectional nature of the study design limits causal infer-
ences. Active commuting was not assessed and analysed separately
(walking, cycling), but categorically (active or passive commuters). Other
studies have found smaller effects for walking than for cycling (Flint &
Cummins, 2016). Data from this study did not include the separate body
weight status of the participants (underweight, healthy weight, over-
weight and obese). Further studies, those with more objective measures,
should be considered.

CONCLUSION

The present study indicates that boys and girls who are active
commuters have an advantage in several health-related fitness parameters
over their peers who are passive commuters. The most apparent ad-
vantage was in cardiorespiratory fitness, in both boys and girls. It is a fact
that children have to travel to and from school in some manner every day,
and that should be viewed as an opportunity to gain multiple benefits
from physical activity. To the best of our knowledge, no organised educa-
tional campaign in our country encourages active commuting to and from
school. Considering its low-cost, high-gain potential, that should be a pri-
ority for our educational authorities.
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AKTUBHHU TPAHCHIOPT 10 HIKOJIE,
BMMU U 3IPABCTBEHO YCMEPEHHU ®UTHEC
YYEHUKA OCHOBHE HIKOJIE

Aaexcangap l'apuh', WUrop Byukosnh?
'Yuugepsurer Cunruayrym, Oaxkynrer 3a GU3MUKY KyITypy ¥ MEHAIMEHT Y CTIOPTY,
Beorpan, Cpouja
2yuuBepsuter y bamoj Jlyuu, GaxyiareT GU3MUKOT BACIIMTakba U CopTa, bama JIyka,
Bbocha u Xeprierosuna

Pe3ume

AKTHBHHM TPaHCIOPT IO ILIKOJIE, IIOpe]] PeJOBHUX 4acoBa (JM3MYKOr BACIIUTaEba, BaH-
HACTaBHUX (DMB3UYKHX aKTUBHOCTH M pa3sHUX OOJHKa CIIOPTa, CMAaTpa ce jeAHHM OJ MHO-
X o0NMKa (pU3MUKe aKTHBHOCTH KOjH OM MOITIM OMTH yCMepeHH Ka IUbYy roBehama Hu-
BOa (pu3MUKe aKTUBHOCTH IIKOJICKe Jierie. LInib oBor HCTTpaXkuBama O1o je 11a ce HCITHTajy
pasnuke n3Mel)y IIKoicke Jielie Koja KOpUCTe aKTUBHH WM TIACHBHU TPAHCIIOPT Yy 37IpaB-
CTBEHO ycMepeHOM (hr3nuKoM (DUTHECY, Kao U Jia ce HCIIUTA MOBE3aHOCT n3Mel)y akTHB-
HOT TpaHCIopTa ca 00a acreKTa 3paBCTBEHO YCMEPEHOT (PH3HYKOT (puTHECA — KapIHope-
CIIMPATOPHOT U MUIIKHIHOT - KOJI y4EHHKa OCHOBHE IIIKOJE. Y HCTPAXHBAIY j& YUeCTBO-
BaJio yKynHO 152 nmeme (58 nmeBojumna m 94 nedaka) y3pacta ox 12 roawHa U3 4eTHPH
OCHOBHe I1IKoJIe ca mozpydja KpasbeBa. V3MepeHe Cy OCHOBHE aHTPOIIOMETPHjCKE Mepe
(Bucuna, Texxuna, BMU) u ocam TectoBa (husmkor (uTHeca (CTajambe Ha jeTHOj HO3H, Ta-
IIMHT PyKOM, TaITHT HOTOM, yOOKH HPETKIIOH, CKOK Y JiaJb, TI0JM3atbe TPyIIa, U3piKaj y
3ruly u pexykoBaHH KymepoB Tect (Tpuame y Kpyr ox 6 MuHyTa). Jlonuio ce 10 ca3Hama
Jia Cy Jiedaltyl, KOju Cy KOPUCTHIIM aKTHBAH TPAHCIIOPT, UMM 00JbY MHUIIMNHY W3IP>KIbHU-
BOCT paMEHOT Tojaca M KapIHOpecMpaTopHu (UTHEC, a 1a Cy JEBOjUYHIIEC KOje CY KOpH-
CTHUJIE aKTUBHH TPAHCTIOPT Ouiie 00Jbe Y (PIIeKCHOMITHOCTH, €KCIUIO3UBHO]j CHA3H, MUIIHH-
HOj M3/IPKJBHBOCTH PaMEHOT TI0jaca M KapIHOpecupaTopHoM puTHecy. Pesynraru nmiHe-
apHe perpecuje 3a aKTUBHH TPaHCIOpT J1o Ikone, BMU u TecroBe dhm3udakor ¢putHECa 1e-
YaKa M JIeBOjYMIla TIOTBPJWIM Cy CTaTHCTHYKY 3HA4ajHy IOBE3aHOCT n3Mely aKTUBHOT
TpaHCIOpTa ¥ CHare TpOyIIHe MyCKyJIaType U KapAHOPECIIHPaTopHOr (hUTHECA KOJ Jieua-
Ka, Kao U Be3y UCTOT ca (hIeKCHOMITHOCTH M M3APKIJbUBOCTH MHIIIKha paMeHOoT 1ojaca KoJ
neBojunna. Y3umajyhu y 003up oBe MO3WTHBHE pe3yJrare, mpernopy4dyjy ce oymyhe cry-
Jje ca 00jeKTUBHUjUM MepehiMa M OpraHM30BaHOM 00pa30BHOM KaMITAHOM 3a IOJICTH-
I[abe aKTHBHOT ITyTOBAba 10 U OJf IIKOJIC Y HAIIIOj 3eMJBH.



