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Abstract  10 

Background: Physical inactivity among adolescents is a major public health concern and is associated with increased 11 
risk of obesity, cardiometabolic disorders, and poorer psychological health. Active commuting to school, such as walking 12 
or cycling, may represent an accessible strategy to increase daily movement and promote broader health benefits. 13 
However, the relationship between active commuting, body composition, physical activity level, and subjective well- 14 
being remains insufficiently explored, particularly in adolescent populations. Objective: To investigate the association 15 
between active commuting to school and indicators of physical health, physical activity level, and subjective well-being 16 
in adolescents. Methods: This prospective analytical observational pilot study included 20 adolescents aged 14 to 17 17 
years from a school in Anápolis, Goiás, Brazil. Participants were classified into two groups according to their home– 18 
school commuting mode: Active Commuting Group (ACG; n = 10) and Non-Active Commuting Group (NACG; n = 10). 19 
The groups were balanced by sex, with five girls and five boys in each group. Active commuting was assessed based 20 
on commuting mode, travel time, and home–school distance, which was estimated using Google Maps. Physical activity 21 
level was assessed using the Physical Activity Questionnaire for Adolescents (PAQ-A), and body composition was 22 
evaluated by multifrequency bioelectrical impedance analysis. Subjective well-being was assessed through positive 23 
affect, negative affect, life satisfaction, and global subjective well-being. Descriptive statistics were presented as mean 24 
and standard deviation. Between-group comparisons and association analyses were performed adopting a significance 25 
level of p < 0.05. Results: No statistically significant differences were observed between the ACG and NACG for age, 26 
body mass index, body fat percentage, PAQ-A score, or commuting distance. The ACG presented slightly lower mean 27 
body mass index and body fat percentage than the NACG, although these differences were not statistically significant. 28 
Walking was the only active commuting mode reported, with a mean home–school distance of approximately 2 km. 29 
Adolescents in the ACG showed higher positive affect (3.9 ± 0.5 vs. 3.3 ± 0.6), higher life satisfaction (3.8 ± 0.6 vs. 3.2 30 
± 0.7), and lower negative affect (2.1 ± 0.6 vs. 2.7 ± 0.7) compared with the NACG. Global subjective well-being was 31 
significantly higher in the ACG than in the NACG (3.53 ± 0.42 vs. 3.07 ± 0.48; t = 2.37; p = 0.029; d = 0.84). Conclusion: 32 
Active commuting to school was associated with higher subjective well-being in adolescents, particularly through higher 33 
positive affect, greater life satisfaction, and lower negative affect. Although no significant differences were observed for 34 
body composition or physical activity level, the findings suggest that active school commuting may contribute to psycho- 35 
logical well-being. 36 

Keywords: Active commuting; Adolescents; Physical activity; Body composition; Subjective well-being; School trans- 37 
portation 38 

 39 

1. Introduction 40 

The decline in physical activity levels among children and adolescents has been recognized as a major global 41 
public health concern. It is estimated that more than 80% of adolescents worldwide do not meet the minimum physical 42 
activity recommendations proposed by the World Health Organization, substantially increasing the risk of early devel- 43 
opment of noncommunicable chronic diseases, including obesity, type 2 diabetes, and cardiovascular diseases (Guthold 44 
et al., 2020; World Health Organization, 2020). This scenario has contributed to the growing prevalence of overweight 45 
and obesity among young people in different regions of the world, representing an important challenge for public health 46 
systems (Abarca-Gómez et al., 2017). 47 

Among the strategies proposed to promote more active lifestyles in children and adolescents, active commuting 48 
stands out as a promising approach. Active commuting is defined as any form of non-motorized transportation that 49 
requires energy expenditure through bodily movement, such as walking or cycling as a means of transportation (Andrade 50 
et al., 2016). In the school context, active commuting between home and school represents an important opportunity to 51 
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increase daily physical activity levels, contributing to the accumulation of moderate-to-vigorous physical activity through- 52 
out the day (Chillón et al., 2010; Peralta et al., 2020). 53 

The adoption of active commuting has been associated with multiple health benefits, including greater daily energy 54 
expenditure, better cardiorespiratory fitness, and lower risk of overweight among children and adolescents when com- 55 
pared with those who use motorized transportation (Ikeda et al., 2021; Larouche et al., 2022). In addition, this form of 56 
mobility may contribute to reducing sedentary behavior and fostering healthy habits from childhood and adolescence 57 
onward (Peralta et al., 2020). 58 

Several factors have been identified as determinants of physical activity and active commuting among young 59 
people. Individual, social, and environmental aspects, including characteristics of the urban environment, traffic safety, 60 
pedestrian and cycling infrastructure, family support, and socioeconomic conditions, may directly influence students’ 61 
choice of transportation mode (Bauman et al., 2012; Loureiro et al., 2022; Wangzom et al., 2023). In Brazil, previous 62 
studies have also identified important socioeconomic and regional inequalities in active transportation, highlighting the 63 
influence of structural and environmental factors on this behavior (Sá et al., 2016). 64 

Among the factors associated with active commuting, the distance between home and school has been consist- 65 
ently described as one of the main predictors of active mobility. International studies have shown that the probability of 66 
active commuting decreases substantially when the distance exceeds approximately three kilometers, favoring the use 67 
of motorized transportation (Rodrigues et al., 2022; Sandretto et al., 2024). Therefore, understanding the characteristics 68 
of school mobility is essential for developing strategies aimed at encouraging more active lifestyles among adolescents. 69 

Beyond physiological benefits, recent evidence suggests that physical activity also plays an important role in pro- 70 
moting mental health and psychological well-being among young people. Studies indicate that higher levels of physical 71 
activity are associated with improved mood, greater self-esteem, and reduced symptoms of anxiety and depression in 72 
children and adolescents (Rodriguez-Ayllon et al., 2019; Biddle et al., 2019). In this context, active commuting may 73 
contribute to these positive effects by promoting greater exposure to outdoor environments, social interaction, and a 74 
stronger sense of autonomy during the journey between home and school (Smith et al., 2021). 75 

Despite the growing body of research on active mobility, important gaps remain in the scientific literature. Most 76 
studies have focused primarily on physical indicators, such as total physical activity levels, cardiorespiratory fitness, and 77 
body composition. In contrast, the relationship between active mobility and psychological health indicators, such as 78 
subjective well-being, remains less explored, particularly among adolescents and in Latin American contexts (Larouche 79 
et al., 2022; Smith et al., 2021). Furthermore, studies simultaneously examining mobility-related factors, physical activity, 80 
body composition, and psychological well-being in school-aged populations are still relatively scarce. 81 

Given this context, further research is needed to clarify the role of active mobility as a strategy for promoting 82 
comprehensive health among adolescents. Therefore, the present study aimed to investigate the association between 83 
the use of active commuting modes for home–school travel and indicators of physical health, physical activity level, and 84 
subjective well-being in adolescents. 85 

2. Methods 86 

2.1 Study Design 87 
This was a prospective analytical observational pilot study. Participants were classified according to their mode of 88 

commuting between home and school. Students who reported walking or cycling to school were allocated to the Active 89 
Commuting Group (ACG), whereas those who used motorized or non-active transportation were allocated to the Non- 90 
Active Commuting Group (NACG). 91 
 92 
2.2 Sample 93 

A convenience sample of 20 schoolchildren was recruited, with equal distribution by sex: 50% girls and 50% boys. 94 
As this was a pilot study, the groups were intentionally balanced according to sex and commuting mode. Thus, the 95 
sample included five girls in the ACG and five girls in the NACG, as well as five boys in the ACG and five boys in the 96 
NACG. Students from a single school located in Anápolis, Goiás, Brazil, were included. All participants were between 97 
14 and 17 years of age. Participation was authorized by parents or legal guardians, and all students provided individual 98 
assent, in accordance with Resolution 466/2012 of the Brazilian National Health Council. 99 
 100 
2.3 Procedures 101 

Selected students completed an electronic questionnaire in the school setting. The questionnaire included infor- 102 
mation on active commuting indicators and habitual physical activity level, which was assessed using the Physical 103 
Activity Questionnaire for Adolescents (PAQ-A) (Guedes & Guedes, 2015). Based on the reported mode of commuting 104 
between home and school, participants were stratified into two groups: the Active Commuting Group (ACG) and the 105 
Non-Active Commuting Group (NACG). 106 

Subsequently, body composition was assessed using multifrequency bioelectrical impedance analysis (TeraSci- 107 
ence). This method was selected because it is non-invasive, practical, rapid, and has shown good accuracy and strong 108 
correlation with dual-energy X-ray absorptiometry (DXA) for estimating fat-free mass in adolescents (Castillo-Martínez 109 
et al., 2018). 110 
 111 
2.4 Study Variables 112 
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The main study variables were active commuting, physical activity level, and body composition. For logistical 113 
feasibility, active commuting was assessed through the reported mode of transportation, commuting time, and distance 114 
traveled between home and school. Physical activity level was assessed using the PAQ-A. Body composition was as- 115 
sessed using bioelectrical impedance analysis (Castillo-Martínez et al., 2018). 116 
 117 
2.4.1 Active Commuting 118 

Active commuting was assessed using a questionnaire in which participants reported the mode of transportation 119 
used for commuting between home and school, the average commuting time, and the distance traveled. Participants 120 
also provided their address and neighborhood to allow confirmation of the commuting distance. 121 

Google Maps was used to georeference the home and school locations and to estimate the distance between 122 
both points in meters. 123 
 124 
2.4.2 Physical Activity Level 125 

Habitual physical activity level was assessed using the Physical Activity Questionnaire for Adolescents (PAQ-A) 126 
(Bervoets et al., 2014). This self-report instrument recalls activities performed during the previous seven days and in- 127 
cludes items related to leisure-time activities, sports participation, physical education classes, and activities performed 128 
during different periods of the day, including morning, afternoon, evening, and weekends. 129 

Each item is scored on a scale from 1 to 5, where 1 indicates a low level of physical activity and 5 indicates a high 130 
level of physical activity. The final score is calculated as the arithmetic mean of the scored items, allowing classification 131 
of the participants according to their overall physical activity level. The PAQ-A has been validated for use in the Brazilian 132 
population (Guedes & Guedes, 2015). Participants with scores <3 were classified as sedentary/inactive, whereas those 133 
with scores ≥3 were classified as active (Guedes & Guedes, 2015). 134 
 135 
2.4.3 Body Composition 136 

Body composition was assessed using bioelectrical impedance analysis, a non-invasive, rapid, practical, and pain- 137 
less method based on the passage of a low-intensity electrical current through the body. The impedance (Z), defined 138 
as the opposition to current flow, was measured using a tetrapolar BIA analyzer. 139 

Four electrodes were placed on the hand, wrist, foot, and ankle. An electrical current was applied through the 140 
distal source electrodes, and the voltage drop caused by body impedance was detected by the proximal electrodes. 141 
This procedure allowed the estimation of body composition parameters, including indicators related to fat mass and fat- 142 
free mass. 143 
 144 
2.5 Statistical Analysis 145 

Statistical analyses were performed using SPSS software, version 27.0 (IBM Corp., Armonk, NY, USA). Descrip- 146 
tive data were expressed as mean and standard deviation for continuous variables, and as absolute and relative fre- 147 
quencies for categorical variables. The Shapiro–Wilk test was used to assess data normality. 148 

The Mann–Whitney U test was applied to compare continuous variables between the Active Commuting Group 149 
and the Non-Active Commuting Group. The chi-square test was used to examine associations between categorical 150 
variables and to compare frequencies across groups. 151 

Multiple linear regression was performed to examine the association between commuting distance and health- 152 
related parameters, including body composition, physical activity level, and commuting mode. Models were adjusted for 153 
age and overweight status. Logistic regression was also performed for binary dichotomous outcomes. Spearman’s cor- 154 
relation coefficients were used to assess associations between non-normally distributed variables. The significance level 155 
was set at p < 0.05. 156 

3. Results 157 

As shown in Table 1, no statistically significant differences were observed between the Active Commuting Group 158 
(ACG) and the Non-Active Commuting Group (NACG) for age, BMI, body fat percentage, PAQ-A score, or commuting 159 
distance. Although adolescents in the NACG showed a higher mean commuting distance than those in the ACG, this 160 
difference did not reach statistical significance. Overall, these findings indicate that both groups presented comparable 161 
baseline characteristics, allowing subsequent comparisons between commuting mode and health-related outcomes. 162 

As shown in Table 2, walking was the only active commuting mode reported by the adolescents, representing the 163 
Active Commuting Group (ACG; n = 10), with a mean home–school distance of 2.04 ± 1.41 km. Among the non-active 164 
commuting modes, bus transportation was the most frequent (n = 6), followed by car transportation (n = 4). The bus 165 
group presented the longest mean commuting distance (9.94 ± 11.54 km), whereas adolescents who traveled by car 166 
covered a mean distance of 3.42 ± 2.40 km. These findings indicate that longer home–school distances were more 167 
commonly associated with passive transportation modes. 168 

Adolescents who used active commuting for school transportation presented higher levels of subjective well-being 169 
when compared with those who used passive transportation. The active commuting group showed higher positive affect 170 
(3.9 ± 0.5 vs. 3.3 ± 0.6) and greater life satisfaction (3.8 ± 0.6 vs. 3.2 ± 0.7), as well as lower negative affect (2.1 ± 0.6 171 
vs. 2.7 ± 0.7). Consequently, global subjective well-being was significantly higher in the active commuting group (3.53 172 
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± 0.42) than in the non-active commuting group (3.07 ± 0.48), with a large effect size (t = 2.37; p = 0.029; d = 0.84) 173 
(Table 3). 174 

These findings suggest that active commuting may be positively associated with psychological well-being in ado- 175 
lescents, possibly reflecting the beneficial role of active mobility in promoting positive emotional experiences, life satis- 176 
faction, and overall mental health. 177 

 178 
Table 1. Descriptive Characteristics of Adolescents According to School Commuting Mode 179 

Variable ACG Mean ± SD Min–Max NACG Mean ± SD Min–Max p 

Age (years) 15.80 ± 0.79 15–17 16.20 ± 0.79 15–17 0.272 

BMI (kg/m²) 22.90 ± 2.71 19.53–26.78 23.85 ± 2.05 19.22–26.40 0.388 

Body fat (%) 22.10 ± 6.98 8–30 24.20 ± 7.48 14–35 0.525 

PAQ-A 1.01 ± 0.20 0.78–1.17 1.05 ± 0.26 0.39–1.17 0.714 

Distance (km) 2.04 ± 1.42 0.5–5.0 7.34 ± 9.27 1.5–33 0.106 

Data are presented as mean ± standard deviation and minimum–maximum values. The p-values refer to between-group comparisons 180 
between the Active Commuting Group and the Non-Active Commuting Group. No statistically significant differences were observed 181 
between groups for age, body mass index, body fat percentage, PAQ-A score, or commuting distance. ACG = Active Commuting 182 
Group; NACG = Non-Active Commuting Group; SD = standard deviation; BMI = body mass index; PAQ-A = Physical Activity Ques- 183 
tionnaire for Adolescents; Min–Max = minimum and maximum values. 184 
 185 
Table 2. Distribution of Commuting Modes and Mean Distance. 186 

Commuting Mode n Distance (km) Classification 

Walking 10 2.04 ± 1.41 ACG 

Bus 6 9.94 ± 11.5 NACG 

Car 4 3.42 ± 2.40 NACG 

Note: Data are presented as mean ± standard deviation. ACG = Active Commuting Group; NACG = Non-Active Commuting Group; 187 
n = number of participants. 188 
 189 
Table 3. Subjective Well-Being Results Between Groups 190 

Group PA NA LS GSWB 

ACG 3.9 ± 0.5* 2.1 ± 0.6* 3.8 ± 0.6* 3.5 ± 0.4 

NACG 3.3 ± 0.6 2.7 ± 0.7 3.2 ± 0.7 3.0 ± 0.4 

Note: Data are presented as mean ± standard deviation. PA = Positive Affect; NA = Negative Affect; LS = Life Satisfaction; GSWB 191 
= Global Subjective Well-Being; ACG = Active Commuting Group; NACG = Non-Active Commuting Group. *Indicates statistically 192 
significant difference between groups. 193 

4. Discussion 194 

The main finding of the present pilot study was that adolescents who used active commuting for home–school 195 
transportation showed significantly higher subjective well-being than those who used passive commuting modes. Spe- 196 
cifically, the active commuting group presented higher positive affect and life satisfaction, lower negative affect, and a 197 
higher global subjective well-being score. In contrast, no statistically significant differences were observed between 198 
groups for age, BMI, body fat percentage, physical activity level, or commuting distance. Therefore, although the active 199 
commuting group showed a tendency toward better body composition indicators, the most consistent difference ob- 200 
served in this pilot sample was related to psychological well-being. 201 

At baseline, both groups presented similar demographic and health-related characteristics, including age, BMI, 202 
body fat percentage, PAQ-A score, and home–school distance. This initial comparability is important because it sug- 203 
gests that the differences observed in subjective well-being were less likely to be explained by major anthropometric or 204 
demographic imbalances between groups. Although this does not allow causal inference due to the observational de- 205 
sign, it strengthens the interpretation that commuting mode may be associated with psychological indicators in adoles- 206 
cents. 207 

Regarding body composition, adolescents in the active commuting group presented lower mean BMI and body fat 208 
percentage than those in the non-active commuting group. However, these differences were not statistically significant. 209 
This result should be interpreted cautiously, particularly because of the small sample size and the pilot nature of the 210 
study. Even so, the direction of the findings is consistent with previous evidence suggesting that active commuting may 211 
contribute to greater daily energy expenditure and lower risk of overweight among children and adolescents, especially 212 
when performed regularly throughout the week (Andersen et al., 2011). Active commuting may be understood as a form 213 
of incidental physical activity, since it is incorporated into the daily routine and may contribute to a more active lifestyle 214 
without requiring structured exercise sessions (Peralta et al., 2020). 215 

The distribution of commuting modes also provides relevant information. In the present study, all adolescents in 216 
the active commuting group walked to school, covering a mean distance of approximately 2 km. In contrast, adolescents 217 
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in the non-active commuting group used either bus or car transportation and generally covered longer distances. This 218 
pattern supports the idea that distance between home and school is one of the main determinants of school commuting 219 
behavior. Previous studies have shown that the likelihood of active commuting decreases as distance increases, par- 220 
ticularly when the home–school distance exceeds approximately 3 km (Østergaard et al., 2013; Nunes Júnior et al., 221 
2022). Thus, the present findings reinforce that distance may act as an important barrier to walking or cycling to school, 222 
especially in urban contexts where safety, infrastructure, and accessibility may also influence transportation choices 223 
(Loureiro et al., 2022; Sandretto et al., 2024). 224 

No significant differences were observed between groups for physical activity level assessed by the PAQ-A. This 225 
finding may be partially explained by the small sample size, the low variability in PAQ-A scores, and the use of a self- 226 
reported instrument. It is also possible that active commuting alone was not sufficient to produce detectable differences 227 
in overall physical activity level in this sample, particularly if the walking distance, intensity, or frequency was not high 228 
enough to substantially affect the total weekly activity score. Nevertheless, previous studies indicate that adolescents 229 
who use active commuting are more likely to accumulate moderate-to-vigorous physical activity throughout the day and 230 
may have better cardiorespiratory fitness when active transportation is performed frequently and at sufficient intensity 231 
(Ikeda et al., 2021; Huang et al., 2021; Peralta et al., 2020; Rodrigues et al., 2022). 232 

The most relevant result of the present study was the difference in subjective well-being between groups. Adoles- 233 
cents who actively commuted to school showed higher global subjective well-being, with a large effect size. This sug- 234 
gests that active commuting may be related not only to physical health, but also to psychological health. Several mech- 235 
anisms may help explain this association. Walking to school may increase exposure to outdoor environments, provide 236 
opportunities for social interaction, enhance autonomy, and promote a sense of independence during the daily routine. 237 
These factors may contribute to higher positive affect and life satisfaction, as observed in the present study. In addition, 238 
regular movement, even at light or moderate intensity, may have favorable effects on mood regulation and emotional 239 
well-being, which is consistent with evidence linking physical activity to better mental health, higher self-esteem, and 240 
lower symptoms of anxiety and depression in young people (Silva et al., 2018; Liu et al., 2025). 241 

From a public health perspective, these findings are relevant because active commuting is a low-cost and acces- 242 
sible behavior that may be encouraged through school-based and community strategies. However, promoting active 243 
commuting requires attention to environmental and social conditions. Distance, route safety, traffic exposure, urban 244 
infrastructure, availability of sidewalks and bike lanes, family support, and neighborhood characteristics may all influence 245 
whether adolescents are able or allowed to walk or cycle to school. Therefore, interventions aimed at increasing active 246 
commuting should not focus only on individual behavior, but also on structural conditions that make active mobility safer 247 
and more feasible. 248 

This study has limitations that should be considered. First, the sample was small and homogeneous, which limits 249 
the generalizability of the findings. Second, the observational design does not allow causal conclusions. Third, physical 250 
activity and commuting behavior were assessed through self-report, which may be affected by recall bias or social 251 
desirability bias. Finally, although distance was estimated using georeferencing, the study did not include objective 252 
monitoring of the actual route, walking intensity, or total daily movement. 253 

Future studies should include larger and more diverse samples, longitudinal designs, and objective methods such 254 
as accelerometry and GPS tracking. These approaches may help clarify whether active commuting contributes inde- 255 
pendently to physical activity level, body composition, and psychological well-being. It would also be relevant to inves- 256 
tigate how environmental and social factors, such as traffic safety, urban infrastructure, perceived neighborhood safety, 257 
family support, and school policies, influence active commuting among adolescents. 258 

5. Conclusions 259 

The present pilot study suggests that active commuting to school may be positively associated with subjective 260 
well-being in adolescents. Although no statistically significant differences were observed between groups for age, body 261 
mass index, body fat percentage, PAQ-A score, or commuting distance, adolescents who used active commuting 262 
showed higher positive affect, greater life satisfaction, lower negative affect, and higher global subjective well-being 263 
than those who used passive transportation. 264 

These findings indicate that the potential benefits of active commuting may extend beyond physical health indica- 265 
tors, also involving psychological and emotional dimensions of adolescent health. Walking to school may contribute to 266 
greater autonomy, outdoor exposure, social interaction, and daily movement, which may help explain the better subjec- 267 
tive well-being observed among active commuters. 268 

However, given the pilot and observational nature of the study, the findings should be interpreted with caution. 269 
Future studies with larger samples, longitudinal designs, and objective measures of physical activity and commuting 270 
behavior, such as accelerometry and GPS tracking, are needed to confirm these associations. In addition, environmental 271 
and social factors, including route safety, distance, family support, and urban infrastructure, should be further investi- 272 
gated to better understand the determinants and health implications of active school commuting among adolescents. 273 
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