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Abstract

Adolescent active travel (AT) can contribute to health-enhancing physical activity, sense of 

community, social interactions, spatial and navigational skills and is a sustainable form of 

transport. Data analysed were from surveys with validated scales, translated and adapted for 

Chinese speaking Hong Kong adolescents and their parents, and administered to 1,299 adolescent/

parent dyads. Using hierarchical modelling, this study examined independent associations of 

socio-demographic, perceived environmental, social and psychological factors (in that order) with 

adolescent AT to/from school (ATS) and AT to other destinations in Hong Kong. Moderation by 

gender and age on perceived environmental and social factors and number of household vehicles 

on proximity to destinations with AT were also estimated. The adolescents participating in ATS 

(58%), averaged 7.93 trips and 139.79 min per week. Adolescents averaged 7.68 trips/week to 

destinations other than school. Perceived proximity of school to home and social support for PA 

from peers were independently associated with higher odds of engaging in ATS. Social support for 

PA from household adults was associated with lower odds of engaging in ATS, especially in older 

adolescents. Trip frequency in those who engaged in ATS was positively associated with perceived 

proximity of school, access to services and parental transport-related PA. Perceived proximity of 

school was negatively associated with weekly minutes of ATS. Gender modified the association 

between social support for PA from peers and ATS frequency, and that of perceived proximity to 

public transport from home with weekly minutes of ATS. Perceived environmental, social and 

psychological factors were independently associated with AT to destinations other than school. In 
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conclusion, Hong Kong adolescents appear to have high frequencies of ATS and AT to other 

destinations than reported elsewhere. Social support from peers, parental AT and having schools 

and other destinations within walking distance from home may independently contribute to 

adolescents’ AT.

Keywords

physical activity; social support; socio-ecological model; environmental psychology; 
transportation; walkability

1. Introduction

Adolescent engagement in active travel (AT) has been shown to substantially contribute to 

the accumulation of health-enhancing levels of moderate-to-vigorous physical activity 

(MVPA) (Larouche et al., 2014; Pizarro et al., 2017; Stewart et al., 2017) and to meeting 

globally recommended amounts of physical activity (PA) (WHO, 2010). Furthermore, in 

children, changes in MVPA have been positively associated with changes from passive to 

active travel to/from school (ATS) (Huang et al., 2017). AT is also a sustainable transport 

mode with broader health and economic benefits (Cerin et al., 2017a). Unfortunately, 

adolescent engagement in AT has been decreasing over time in many countries (Dygrýn et 

al., 2015; McDonald et al., 2011; Pabayo et al., 2011; van der Ploeg., 2008; Yang et al., 

2017). To reverse this trend, it is important to identify modifiable factors influencing 

adolescent AT.

Socio-ecological models posit there are a number of levels of influence on AT, 

encompassing socio-demographic non-modifiable factors (e.g., age and gender) and 

psychological (e.g., self-efficacy), social (e.g., parental support for AT) and environmental 

modifiable factors (e.g., walking and cycling infrastructure) (Sallis et al., 2006). Findings to 

date endorse the use of these models when examining AT in adolescents. For non-modifiable 

socio-demographic factors, there is evidence supporting a negative association between age 

(Babey et al., 2009; Pabayo et al., 2011; Yang et al., 2017) and ATS and for boys being more 

likely to undertake AT than girls (Babey et al., 2009; Bungum et al., 2009; De Meester et al., 

2015; Larsen et al., 2009; Nelson et al., 2008; Wang et al., 2017). With reference to 

psychological attributes, enjoyment of PA has been positively related to higher frequency of 

AT (Wang et al., 2017). Also, self-efficacy has been positively related to AT, both to/from 

school and to other destinations (Silva et al., 2014; Verhoeven et al., 2016; Wang et al., 

2017). In contrast, one study found a negative association between self-efficacy towards 

external barriers and non-school walking for transport (De Meester et al., 2013). With regard 

to social factors, peer support has been positively associated with ATS (Mandic et al., 2015), 

total AT (Wang et al., 2017) and non-school walking for transport (De Meester et al., 2013), 

and social support from parents positively related to ATS (Mah et al, 2017; Silva et al., 

2014). Lastly, among environmental characteristics, perceived traffic safety and safety from 

crime have both been positively associated with AT (Carver et al., 2005; Esteban-Cornejo et 

al., 2016; Hume 2009), as have street connectivity (Bungum et al., 2009; De Meester et al., 

2015; Schlossberg et al., 2006) and perceived or objectively-assessed proximity of school 
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from home (Babey et al., 2009; Carlson et al., 2013; Deweese et al., 2013; Kallio et al., 

2016; Larsen et al., 2009; Loucaides et al., 2010; Nelson et al., 2008; Mandic et al., 2015; 

Mah et al, 2017; Schlossberg et al., 2006; Wong et al., 2011).

Most previous studies of potential determinants of adolescent AT have adopted a socio- 

ecological approach whereby socio-demographic/socio-economic status, psychological, 

social and environmental variables were considered hierarchically in that order. However, 

hierarchical modelling from the non-modifiable to the most distal (and modifiable), to the 

most proximal (and modifiable) may be more appropriate, as it allows detection of more 

distal influences (environmental factors) that could otherwise be masked by more proximal 

influences (psychological factors) that may mediate environment-outcome relationships 

(Singh-Manoux et al., 2002). Few adolescent AT studies to date appear to have used the 

distal-to-proximal hierarchical modelling approach (De Meester et al., 2013). Additionally, 

despite being one of the fundamental premises of socio-ecological models of health 

behaviour and able to provide evidence for multi-level interventions to increase AT in 

adolescents, few studies have assessed interactive effects of various levels of influence on 

AT in adolescents (Carlson et al., 2014; Hume et al., 2009; Oyeyemi et al., 2014; Wang et 

al., 2017). Recently, Wang et al. (2017) found an interaction between self-efficacy and 

walkability on adolescent AT, highlighting the importance of examining interactive effects.

The vast majority of studies investigating factors associated with AT in adolescents have 

been undertaken in relatively low-density cities and rural areas in North America, Europe 

and Australia. High-density cities are common in Asia, the home of most of the world’s 

population, and, as urban populations are forecasted to increase worldwide (United Nations, 

2014), likely to reflect the future density of cities across the world. Therefore, understanding 

factors contributing to adolescent AT in such cities is pertinent and this paper investigates 

adolescent AT in Hong Kong, a high-density, sub-tropical, East Asian city. Also, only a few 

studies on adolescents’ AT have examined AT to destinations other than school (De Meester 

et al., 2013; Verhoeven et al., 2016; Wang et al., 2017).

In light of the above, this study employed hierarchical modelling to examine the independent 

associations of socio-demographic, perceived environmental, social and psychological 

factors (in this order) with AT to/from school and to other destinations in Hong Kong 

adolescents. We hypothesized that all four sets of factors would be independently associated 

with AT in Hong Kong adolescents. A secondary aim of the study was to examine age and 

gender as moderators of the associations of perceived social and environmental factors with 

AT, and number of motor vehicles in the household as a moderator of the associations 

between perceived proximity of school/destinations to home and AT. As parents determine 

the neighbourhood in which their children live and influence adolescents’ AT (Carver et al., 

2010; Loucaides et al., 2010; Mah et al., 2017; Silva et al., 2014), unlike most studies in this 

field, we adjusted for parent-reported neighbourhood selection (Cerin et al., 2007b). We also 

adjusted for adolescents’ social desirability given that it may be associated with the 

provision of inflated self-reports of AT. In fact, social desirability has been found to be 

positively associated with adolescents’ self-reported self-efficacy for PA and PA (Jago et al., 

2008).
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2. Material and methods

This article was based on data from the international Healthy environments and active living 

in teenagers – (Hong Kong) [iHealt(H)] study, a contributor to the International Physical 

Activity and the Environment Network (IPEN) - Adolescent study looking at associations of 

the built environment with PA and sedentary behaviour. To enable inter-country comparison 

of data, where relevant, the iHealt(H) data collection mirrored that of for the IPEN 

Adolescent project. Ethical approval for the iHealt(H) study was obtained from the Human 

Research Ethics Committee for Non-Clinical Faculties of The University of Hong Kong. 

Data were collected in 2013–2015.

Adolescents and one of their parents/primary caregivers were recruited from Tertiary 

Planning Units (TPUs) (the smallest census units in Hong Kong) stratified by census-based 

medium household income and transport-related walkability (an index of environmental 

attributes associated with utilitarian forms of walking, i.e., to destinations, and comprising of 

the sum of z-scores of residential density, street intersection density and land use mix, see 

Supplementary file for detail (Owen, et al., 2007)). To maximize the variability in potential 

social and environmental correlates of the study outcome measures, which included AT, 

TPUs were stratified into high walkable/high income, high walkable/low income, low 

walkable/high income and low walkable/low income categories with ‘low’ and’ high’ based 

on the bottom and top four deciles. Assuming a maximal cluster effect equivalent to an 

Intraclass Correlation Coefficient of 0.10 (based on data from our studies on adults and 

adolescents and studies conducted elsewhere), a sample of 1280 participants living in 128 

TPUs would allow us to detect a ~1%-2% change in explained variance (small effect 

observed in environmental-PA studies) with 80% power under conditions of p-level of 0.05, 

two-tailed significance tests and >10 covariates in a regression model. This large sample size 

was also needed to assess multilevel interactive effects of various factors on the outcomes. 

Thirty secondary schools each located in one of the 128 selected TPUs were contacted and 

recruitment was undertaken in the 20 who agreed to participate in the study (school response 

rate 67%). Participant adolescent – parent/primary caregiver dyad eligibility requirements 

were having lived in a study TPU for at least the last 6 months and planning to reside there 

for at least the following 8 months, and for the adolescent to be 11–18 years of age, 

attending secondary school, and to not have disability/illness precluding participation in 

moderate-intensity PA. Students in randomly selected classes from each school were 

screened for eligibility, including obtaining written parental consent and student assent for 

participation. A total of 2840 dyads were contacted (students were contacted in person by 

research and school staff; parents/caregivers were contacted in writing by school staff via 

students). Twenty-six percent of these (n=738) were not eligible due to residing outside of 

the selected TPUs, having moved to their residence within the last 6 months or the student 

having a disability/illness precluding participation in moderate-intensity PA. Only 4% of our 

sample reported living in the neighbourhood for less than 1 year and only 15 out of 2840 

contacted dyads were not eligible to participate in the study because they reported living in 

the neighbourhood for less than 6 months. Of the remaining 2002 dyads, 1363 participated 

in the study; 321 from high walkable/high income, 345 from high income/low walkable, 341 

from low walkable/high income and 356 from low walkable/low income TPUs. Thus, the 

Barnett et al. Page 4

J Transp Health. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



effective response rate was 68%, with 21% students and 11% parent/primary caregivers 

declining to participate. Within a week of receipt of the surveys, research staff screened all 

survey items for invalid and missing data and contacted the participants to rectify mistakes 

or fill in missing information. At the end of the study, 64 dyads provided invalid surveys that 

could not be corrected. Valid surveys, with no missing data, were obtained from 1299 dyads 

and used in the analysis.

2.1 Measures

Data analysed in this paper were from paper-based surveys completed by adolescents and 

one of their parents /caregivers without supervision at home and in their own time. Surveys 

were adapted and translated for Chinese speaking Hong Kong adolescents and parents. The 

adolescent survey included validated scales translated and adapted for Hong Kong 

adolescents measuring PA-related psychological, social and environmental correlates, social 

desirability and AT. The parent survey included validated items and psychometric scales 

covering household and participating adolescent socio-demographics, parental PA, parental 

practices and rules related to PA, perceived neighbourhood and household environment, and 

reasons for living in the neighbourhood. The psychometric characteristics of self-report 

measures of AT and correlates of AT used in the iHealt(H) study have been reported 

elsewhere (Cerin et al., 2014, Cerin et al., 2017b). Participants’ neighbourhoods were 

defined in parent/caregiver surveys as an area encompassed by a 10–15 minute walking 

distance from home (Cerin et al., 2007b).

2.1.1 Outcomes—Three AT outcome measures were used in this study. First, self-

reported weekly frequency of ATS (walking and cycling) during an average school week 

was determined from adolescent responses on 6-point frequency (0 to 5 days per week) to- 

and from-school items (ATS total frequency range: 0 – 10) (Cerin et al., 2014). Second, 

weekly time spent in ATS was determined as the product of ATS weekly frequency and 

adolescent-reported walking time between home and school. Last, weekly frequency of AT 

to/from destinations other than school was computed from the sum of adolescent reported 

frequency of walking or cycling to/from nine destinations over the past year (Cerin et al., 

2014). Adolescents responded to the question “How often do you usually walk or bike to or 

from the following?” on a 6-point response scale ranging from “never” (coded as 0) to “4 or 

more times per week” (coded as 5). The destinations included indoor recreation or exercise 

facilities, food stores or restaurants/cafés, and public transportation stops.

2.1.2 Environmental variables—Parent-reported perceived environmental variables 

were assessed using the Chinese version of the Neighbourhood Environment Walkability 

Scale for Youth (NEWS-Y) (Cerin et al., 2007b; Rosenberg et al., 2009). These included 

perceived proximity of school (excluded from the analysis of AT to other destinations) (1 

item subscale), commercial facilities (11 items), the nearest transit stop (1 item), recreational 

facilities (15 items) and food outlets to home (6 items); neighbourhood street connectivity (3 

items), residential density (6 items), traffic safety (6 items), safety from crime (8 items), 

aesthetics (3 items), access to services (3 items), barriers to walking (2 items), and 

pedestrian infrastructure in the neighbourhood (3 items). Perceived proximity-of- 

destinations subscales were rated by time to walk from home to the closest destination using 
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a 5point scale (1 = 1–5 min, 2 = 6–10 min, 3 = 11–20 min, 4 = 21–30 min, 5 = 31+ min). 

These items were subsequently reverse-coded to reflect proximity rather than distance. 

Scores for each proximity-of-destination subscale were computed by averaging the reverse-

coded values across all items included in the subscale. Perceived neighbourhood residential 

density was assessed by asking how common 6 types of residences, ranging from detached 

single residences to ≥20storey apartment blocks, were in the neighbourhood using a 6-point 

scale from “none” to “all”. Scores on this NEWS-Y subscale represented the weighted sum 

of the ratings across the 6 items reflecting perceived density of housing and computed using 

algorithms developed for the IPEN studies (Cerin et al., 2013a). All other NEWS-Y 

perceived environmental variables were quantified by computing the average ratings across 

multiple (relevant) items assessed using a 4point Likert scale (1 = strongly disagree; 2 = 

disagree; 3 = agree; 4 = strongly agree).

2.1.3 Social variables—Social variables were adolescent perceived social support for 

PA from peers, perceived social support for PA from household adults, parental rules about 

activity and parental transport-related PA. Social support was assessed with 2 items related 

to peers and 3 to household adults using a 5-point rating scale from “never” (coded as 0) to 

“very often” (coded as 5) (Cerin et al., 2017b; Norman et al., 2005). Ratings on the items of 

the two subscales were averaged. For parental rules about activity, the parent/caregiver 

responded “yes” or “no” to “Do you have the following rule for your child, whether you tell 

them often or not?” for 18 activity-related rules. Example statements are "do not go to places 

alone”, “do homework before going out” and “check in frequently” (Cerin et al., 2017b). 

Positive answers on each of the 18 items were summed to create a total score. Parental 

transport-related PA (min/week) was measured using relevant items from the Chinese 

version of the International Physical Activity Questionnaire – Long (Macfarlane et al., 2011) 

asking to report the number of days in a typical week and time in a typical day spent 

travelling by walking or cycling.

2.1.4 Psychological variables—Three potential psychological correlates were 

examined in relation to each of the three AT outcomes (Cerin et al., 2017b; Norman et al., 

2005). Self-efficacy for PA was assessed by 6 items, each rated on a 5-point scale ranging 

from “I’m sure I can’t” to “I’m sure I can”, and ratings on these items were averaged to 

obtain a total score. Enjoyment of PA was assessed by a 5-point Likert-like scale with 

responses to the statement “I enjoy doing physical activity” ranging from “strongly 

disagree” (coded as 1) to “strongly agree” (coded as 5). Adolescents responded to 5 positive 

and 5 negative statements regarding attitude to PA on a 4-point Likert scale ranging from 

“strongly disagree” (coded as 1) to “strongly agree” (coded as 4). The items included “I 

would feel embarrassed if people saw me doing physical activity” and “I would have fun 

doing physical activity or playing sports with my friends”. Scores on negative statements 

were reverse-coded and then all ratings on the 10 items were averaged to obtain a total score 

for attitude towards PA.

2.1.5 Socio-demographic and other potential confounders—Potential 

confounders of associations between perceived psychological, social and environmental 

variables and AT outcomes included in the analysis were parent-reported adolescent age and 
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gender, PA-related reasons for living in the neighbourhood (accounting for neighbourhood 

self-selection related to factors that may likely impact on the adolescents’ levels of PA) 

(Cerin et al., 2007a), length of residence at current address, number of children in the 

household, number of motor vehicles in the household, highest level of education in the 

household (post-high school and high school or below), monthly household income and 

adolescent-reported social desirability. Parents rated 18 reasons for choosing their current 

neighbourhood on a 5-point scale from “not at all important” to “very important” 

(Supplementary Table 4). Seven of these were possible indicators of parental bias towards 

self-selecting to live in a neighbourhood likely to encourage adolescent PA. Due to their 

potential confounding effect, these 7 items were combined to comprise a scale, which was 

included as a covariate in all models. Social desirability was assessed using the 9-Item Lie 

Scale in the Children’s Manifest Anxiety Scale (Reynolds and Richmond, 1978).

2.2 Data analyses

Descriptive statistics were computed for all variables. To examine associations between 

explanatory variables (perceived environmental, social and psychological factors) and AT 

outcomes and interaction effects, we used generalised linear models and zero-inflated 

negative binomial models with robust standard errors accounting for TPU- and school-level 

clustering. Generalised linear models with negative binomial variance and logarithmic link 

functions were used to model weekly frequency of AT to destinations other than school 

given that this outcome was positively skewed. Apart from being positively skewed, ATS 

outcomes had also a larger number of zero values (adolescents who reported not walking or 

cycling to school at least once a week) than expected by a negative binomial distribution. 

Hence, ATS were modelled using zero-inflated negative binomial models. These models 

generate two sets of regression estimates. One, the odds ratios of reporting zero frequency/

minutes of ATS associated with a one unit increase in the correlates and, two, the 

proportional difference in non-zero frequency of ATS associated with a one unit increase in 

the correlates (Cerin et al., 2010). We first ran baseline models containing socio-

demographic characteristics (age and gender) and other potential confounders (social 

desirability, parent self-selection of neighbourhood based on PA, length of residence, 

number of children in the household, number of motor vehicles in the household, highest 

level of education (adults) in the household, neighbourhood SES, household income) as the 

explanatory variables. A second set of models estimated the confounder-adjusted 

associations of single perceived environmental, social and psychological correlates of AT 

outcomes. We also estimated the moderating effects of adolescent gender and age on the 

associations of perceived social and environmental factors with AT as well as the moderating 

effects of the number of motor vehicles in the household on the relationships between 

perceived proximity to destinations and AT outcomes. We then undertook hierarchical 

modelling and specified multiple-factor models of AT. Only single factors found to be 

associated with specific AT outcomes at a probability level of 0.10 were initially entered into 

the multiple-factor models. Environmental factors were first added to the ‘baseline’ models 

(with socio-demographic and other potential confounders) and backward stepwise deletion 

was applied. Only perceived environmental variables significant at a probability level of 0.05 

were retained. This process was repeated for perceived social factors, which were added to 

models including ‘baseline’ predictors and environmental factors, and then again with 
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psychological factors and, finally, with interaction terms to determine a fully-adjusted 

model. All perceived environmental, social and psychological correlates were entered in the 

final regression models as continuous variables for several reasons. All correlates were 

assessed using validated quantitative psychometric (sub)scales. Most or all perceived 

environmental (12 of 14 variables), social (4 of 4) and psychological (2 of 3) variables 

represented either ratio data (min/week of PA) or non-discrete composite scores (scores with 

decimal points) based on ratings from multiple items. Also, most of the latter type of 

variables were based on Likert or Likert-like rating scales with response points assumed to 

be perceived as equidistant by participants (Thurstone, 1929). The only variables that could 

have been modelled as categorical were perceived proximity to school and proximity to the 

nearest transit stop from home because they were quantified using a single item ordinal 

scale. Following recommended practice, preliminary testing for linearity of effects, indicated 

that these two variables could be treated as continuous predictors (Long and Freese, 2006). 

Potential curvilinear effects of other correlates were examined using locally-weighted 

scatterplot smoothing and restricted cubic splines. All analyses were conducted using Stata 

15.0 (StataCorp LLC, 2017).

3. Results

The Hong Kong adolescents (n = 1,299) who participated in the study were 57% girls with a 

mean age of 14.74 years (Table 1). Reported weekly frequency of ATS for the sample was 

4.59± 4.56 trips/week and, for those adolescents who participated in ATS (n = 752; 58% of 

sample), 7.93±3.07 trips/week. Adolescents who participated in ATS spent 139.79±149.53 

minutes/week in ATS, while the overall weekly mean for the whole sample was 

80.93±133.06 minutes/week. The average number of weekly trips to destinations other than 

school was 7.68±5.76. The majority of ATS was walking, with only 9 students reporting 

riding bicycles to and from school 5 days per week in a normal week and only 42 any 

cycling to or from school. Sixty-nine percent of adolescents’ households had no motorised 

vehicle. The above characteristics were similar for boys and girls (Supplementary Table 1).

Highest levels of education in the household and number of motor vehicles in the household 

were positively associated, and social desirability negatively associated, with not engaging in 

ATS (Supplementary Table 2). In other words, adolescents from households with higher 

educational attainment and more motor vehicles were less likely to engage in ATS, while 

adolescents with higher social desirability scores were more likely to report engaging in 

ATS. In those who participated in ATS, age was positively associated with frequency of ATS 

and the highest level of education in the household was positively associated with the total 

weekly minutes of ATS. In contrast, length of residence was negatively associated with the 

latter ATS outcome. Finally, household income was positively associated, and number of 

motor vehicles in the household negatively associated, with weekly frequency of non-school 

AT (Supplementary Table 2).

3.1 Associations of perceived environmental, social and psychological factors with ATS

In the multi-factor models, perceived proximity of school to home was the only 

environmental factor associated with the odds of not engaging in ATS (Tables 2 and 3), 
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while four other environmental factors were identified as potential correlates of this AT 

outcome in the single-factor models (Supplementary Table 3). As expected, greater 

perceived proximity of school was associated with lower odds of not engaging in any ATS 

(i.e., higher odds of participation in ATS). Social support for PA from household adults and 

peers were the only other significant correlates of the odds of not engaging in ATS in the 

multi-factor models (Tables 2 and 3). Higher levels of social support from peers were 

associated with lower odds of not engaging in ATS, while the opposite was observed for 

social support for PA from household adults. The effect of social support for PA from 

household adults on the odds of not engaging in ATS was influenced by the adolescent’s 

age. No significant association was observed in adolescents with an age 1 SD below the 

sample mean, whereas, for a one unit increase in social support for PA from household 

adults at mean age and mean age + 1 SD, there was an increase in the odds of not 

participating in ATS of 33% and 59%, respectively (Tables 2 and 3). No evidence was found 

of moderating effects of gender and number of motor vehicles in the household on the 

associations of specific perceived environmental and social factors with the odds of 

participating in ATS.

Perceived proximity of school to home and access to services were the environmental 

factors, and parental transport-related PA the social factor, positively associated with ATS 

frequency in those who undertook ATS (Table 2). Each unit increase in perceived proximity 

of school to home was associated with an 8% increase in frequency of ATS. In contrast, 

perceived proximity to school was negatively associated with weekly minutes of ATS in 

those who undertook ATS (Table 3). Gender but not age or number of motor vehicles in the 

household moderated a couple of associations with non-zero ATS frequency or weekly 

minutes. While in girls the association between social support for PA from peers and ATS 

frequency tended to be positive (p=0.066), in boys it was not significant with a trend towards 

being negative (Table 2). Perceived proximity of public transport stop from home was 

positively related to weekly minutes of ATS only in boys (Table 3).

3.2 Associations of perceived environmental, social and psychological factors with AT 
frequency to other destinations.

In the single-factor models, substantially more factors were significantly associated with AT 

frequency to other destinations than with ATS (Supplementary Table 3). All three 

psychological factors (self-efficacy for PA, enjoyment of PA and attitude towards PA) were 

significantly positively associated with AT to other destinations (Table 4), whereas none 

were associated with either ATS outcomes. AT frequency to other destinations was also 

significantly positively associated with two social factors (social support for PA from peers 

and social support from household adults) and seven of the 12 environmental factors 

(perceived proximity to food outlets, proximity to facilities, proximity to transit stop, 

proximity to recreational PA destination, access to services, street connectivity and crime 

safety). The four proximity-to-destination variables were all significantly associated with AT 

frequency to other destinations (proximity to food outlets (p<.001), facilities (p<.001), 

recreational PA destination (p=.003) and transit stop (p=.044)) and highly correlated with 

each other (average r = 0.53, range 0.39 to 0.86). Therefore, we created a composite 

perceived proximity variable (proximity to destinations (composite index)), which was also 
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significantly associated AT frequency to other destinations, and substituted it for the 

individual proximity variables in the multi-factor models. In the final multifactor model, 

perceived proximity of school to home and social support for PA from peers were associated 

with higher odds of engaging in ATS. In contrast, social support for PA from household 

adults with lower odds of engaging in ATS, especially in older adolescents. Also, social 

support for PA from household adults was positively related to this AT outcome before 

adjustment for psychological factors suggesting that psychological factors may mediate the 

effect of social support for PA from household adults on AT frequency to other destinations. 

This finding supports the value of hierarchical modelling from more distal to more proximal 

modifiable independent variables. No significant negative associations or interactions of 

possible correlates of AT frequency and adolescent gender, age or number of motor vehicles 

in the household were found.

4. Discussion

Perceived environmental and social factors were found to be significant correlates of both 

ATS and AT to other destinations, while significant correlates of AT to other destinations 

also included psychological variables. These findings highlight the importance of applying a 

socioecological approach when examining potential correlates of AT in adolescents.

4.1 ATS

Fifty-eight percent of the adolescent participants reported engaging in ATS. Our use of 

stratified sampling to maximize the variability in potential environmental and social 

correlates of the outcome measures involved 50% of the sample being drawn from high SES 

neighbourhoods where households were more likely to have access to private vehicles. This 

oversampling probably resulted in our adolescent ATS participation rate being an 

underestimation of that in Hong Kong overall. However, while lower than observed in a 

Finnish study where prevalence was 79% in spring and fall and 63% in winter (Kallio et al., 

2016), it was at the high end of adolescent participation rates reported elsewhere, with, for 

example, USA ATS participation rate of 12–14 year-old school children being 11.8% in 

2009 (McDonald et al., 2011).

The average amount of ATS of 140 minutes/week in those who undertook ATS may provide 

a substantial contribution to achieving positive health outcomes. As intensity of ATS was not 

assessed in this study, time spent undertaking MVPA, the intensity recommended in PA 

guidelines (Granger et al., 2017), cannot be determined. However, like other localities 

(Spiteri et al., 2017), Hong Kong students are known to carry heavy school bags to and from 

school (Education Bureau, Hong Kong, 2015), which suggests a considerable amount of 

MVPA may have taken place. In any case, a recent review on PA in adolescents concluded 

that levels of PA below recommended intensity can improve self-reported health status 

(Granger et al., 2017). This is supported by a review of systematic reviews, largely on adult 

populations, concluding that PA below current intensity guidelines has numerous health 

benefits (Warburton and Bredin, 2017).

4.1.1 Perceived environmental factors—While a number of perceived environmental 

attributes were related to ATS in the single-factor models, only perceived proximity to 
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school and access to services were present in the final multifactor models. The other 

environmental factors did not independently contribute to the explanation of ATS probably 

due to them being positively correlated (i.e., co-occurring) with proximity to school or 

access to services. Consistent with earlier research on ATS mentioned above, perceived 

proximity to school was a very strong positive correlate of both engagement in and amount 

of ATS. However, in those who participated, proximity was negatively related to weekly 

minutes of ATS, likely due to the decrease in distance walked with increased proximity. 

Although having the school closer to home can lead to a lower amount of accumulated ATS 

by the individual adolescent, it encourages students to participate in ATS, potentially 

increasing population levels of PA. Also participation in ATS has additional benefits, such as 

reduction in traffic and associated air and noise pollution. Access to services in the 

neighbourhood may be an additional incentive to engaging in ATS due to potential of the 

trip being multi-purpose.

The only observed interaction involving perceived environmental factors was found with 

respect to weekly minutes of ATS. While there was no significant relationship in girls, 

perceived proximity of a transit stop to home was positively associated with weekly minutes 

of ATS in boys. This unexpected finding is difficult to explain since it is plausible to assume 

that proximity to public transport may act as a disincentive to ATS. It is possible that the 

observed interaction effect might be due to chance given that all other moderating effects of 

gender on the associations between environmental factors and ATS were not significant. 

Alternatively, access to transport stops may be an indicator of neighbourhood walkability 

that may encourage engagement in ATS even in cases when the school is located further 

from home. These effects may apply more to boys than girls because the former may have 

higher levels of independent mobility. Based on parent and adolescent fear and safety 

concerns in other countries, boys may be allowed by parents to walk further from home than 

girls and feel safer doing so (Carver et al., 2010; Esteban-Cornejo et al., 2016 ).

4.1.2 Social factors—After adjustment for proximity to school, children from a 

household where parents engaged in higher amounts of transport-related PA were more 

likely to engage in ATS more frequently (Table 2). This may be due to enculturation of a 

positive attitude to walking for transport, or parental encouragement of ATS independent of 

the adolescent’s attitude. While there is some evidence that parent modelling of PA may 

influence adolescent PA (Laird et al., 2016; Edwardson and Gorley, 2010), only one other 

study to date appears to have examined associations between parent transport-related PA and 

adolescent AT. Compared to not undertaking ATS, Carlson et al. (2014), who excluded 

adolescents living more than 2 miles from their school, found parent transport-related PA 

was associated with undertaking 5–10, but not 1–4, ATS trips/ week.

It is interesting that while parental transportation-PA behaviour appeared to have a positive 

effect on adolescents’ ATS, social support for PA from household adults was not related to 

the likelihood of engaging in ATS in those under 14.7 years and negatively related in those 

over 14.7 years. This was consistent with findings in 12–15 year-old USA adolescents, 

where social support for PA from household adults was not associated with ATS frequency 

(Carlson et al 2014). In data from our sample of adolescents presented elsewhere, there was 

a significant positive association between social support for PA from household adults and 
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days/week with ≥60 min of PA outside school (Cerin et al., 2013b). The different results for 

AT and overall PA reflected the nature of items in the measure of social support for PA from 

household adults used in this study, which focussed on sport/exercise (e.g., “provide 

transportation to a place where you can do physical activity or play sports) rather than 

transportation PA. Together, our findings suggest that parents of older adolescents offering 

high levels of social support for PA may support their children’s participation in organised 

PA at the expense of ATS. Also, older adolescents engaging in other PA outside of school 

would likely spend time travelling to other destinations to participate, which, may lead to 

less ATS due to it not being as time convenient as other forms of transport to and from 

school. In China, children (6–17 years) living in metropolitan areas where less likely to 

undertake ATS if they accumulated >40 min of total PA per day (Yang et al., 2017). One of 

the strengths of AT as a type of PA with potential influence at a population level is the notion 

of it often being incidental (Cerin et al., 2017a), and less affected by enjoyment of and 

attitude towards being physically active than are engagement in sporting and recreational 

activities. For this reason, high levels of parental social support for PA affecting adolescents’ 

attitude towards PA may have limited influence on adolescent ATS.

Having friends with whom there are both positive relationships and engagement with when 

undertaking PA promotes engagement in PA (Salvy et al., 2012; Fitzgerald et al., 2012). In 

this study, social support for PA from peers was positively associated with engagement in 

ATS (Table 2). Similar findings have been reported in 12–16 year-old New Zealand 

adolescents where low peer support was associated with reduced odds of ATS (Hohepa et 

al., 2007). In contrast, no relationships between social support for PA from peers and 

engagement in ATS were found in Portuguese and USA adolescents, while in Australian 

adolescents the relationship was positive for boys, but not for girls (Carlson et al., 2014). In 

those participating, we also found increased levels of social support for PA from peers was 

more likely to be associated with increased frequency of ATS in girls than in boys (Table 2). 

Similarly, in Australian adolescent girls, but not boys, ‘having many friends in the 

neighbourhood’ and ‘lots of boys/girls to hang out with’ were positively associated with 

frequency of ATS (Carver et al., 2005).

4.1.3 Psychological factors—No significant associations between psychological 

factors and ATS were found. This suggests that ATS is potentially influenced by 

environmental and social factors, with individual predispositions playing a lesser role. This 

is an important finding for the promotion of PA in adolescents, showing the potential for 

proximity to school from home to impact across the whole adolescent population, not only 

those with a predisposition for being active (those who enjoy PA and those who feel they can 

engage in PA). In China, a substantial increase in distance from home to school occurred 

concurrently with the prevalence of ATS in 6–17 year olds dropping from 95.8% in 1997 to 

69.3% in 2011(Yang et al., 2017). For health benefits associated with adequate PA and to 

reduce the negative environmental impacts of non-walking modes of transport to school, 

adolescents should be able to walk to school and urban planning decisions should consider 

the value of local schools being accessible by walking from home.
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4.2 Associations of perceived environmental, social and psychological factors with AT to 
destinations other than school

Few studies have investigated adolescent AT to destinations other than school (Carver et al., 

2005). In one study, young Australian adolescents reported that the mean frequency of 

walking for transport other than to school was once every 10 days, with similar frequencies 

for walking for exercise (Carver et al., 2005), while a study on USA adolescents reported 

mean frequency of AT to various destinations other than school of between “once every 

other week” and “once a month or less” (Esteban-Cornejo et al., 2016). In contrast, 39.4 % 

and 51.7% of Belgian older adolescents reported at least some walking or cycling to other 

destinations at least one day per week, with average amounts of 106 and 125 min.week−1 

(Verhoeven et al., 2016). In the current study, adolescents reported a mean weekly frequency 

of 7.68 AT trips to destinations other than school. Perceived proximity to destinations was a 

strong predictor of Hong Kong adolescents’ AT to destinations other than school. In the 

single variable models, all four variables comprising the composite perceived proximity to 

destination index were significantly positively associated with AT to destinations other than 

school, highlighting the importance of the proximity of a range of destinations on this 

outcome. The lack of any moderating effects of age, gender and number of vehicles in the 

household also suggests that access to these destinations appears to be equally relevant to 

boys and girls, to ages across the adolescent range, and households with or without motor 

vehicles, that is, to the majority of the Hong Kong adolescent population, with a potentially 

important effect on total PA. Due to the high density, very high levels of safety from crime 

(UNODC Statistics, 2017), easy access to destinations/services, difficulty and cost 

associated with parking and, therefore, inconvenience associated with using motor vehicles, 

the level of independent mobility in Hong Kong adolescents is likely to be greater than for 

those in many other cities.

In line with socio-ecological models of PA, perceived environmental factors were not the 

only significant correlates of AT to other destinations. Both social and psychological factors 

independently contributed to the explanation of this AT outcome. The positive associations 

found for social support from peers, and the psychological variables self-efficacy for PA and 

enjoyment of PA with AT to destinations other than school in Hong Kong adolescents have 

support in the literature. In Belgian adolescents, social support from friends and self-efficacy 

were associated with non-school walking for transport (De Meester et al., 2013). Findings 

that social support from friends is associated with PA directly and also indirectly via 

mediation by self-efficacy further support the potential importance of these correlates of AT 

to other destinations (Cheng et al., 2014). Also, US adolescent walking for transport (school 

plus other) was positively associated with all three correlates, although the strength of 

associations were lower for self-efficacy for PA and enjoyment of PA than in the current 

study (Wang et al., 2017). The similarity of associations across three continents, suggests 

these three variables may be important determinants of AT, independent of place and culture.

While, in the present study, parental social support for PA was negatively related to ATS, it 

was positively associated with AT to other destinations. This may be due to AT to other 

destinations including walking to recreational facilities where adolescents undertake sport 

and exercise activities. Furthermore, parents that support adolescent engagement in sporting 
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activities may also support their engagement in other types of activities. If these are close to 

home, adolescents are likely to walk to these destinations.

4.3 Strengths and limitations

This study had a number of strengths: adjustment for an extensive number of confounders 

including reasons for living in the neighbourhood (neighbourhood self-selection) and social 

desirability; stratification by walkability and area-level SES to maximise variability in 

exposures; use of validated and internationally comparable measures; the application of 

hierarchical distal-to-proximal-factor modelling; the use of parental-reported perceptions of 

the neighbourhood environment addressing same-source bias present in studies exclusively 

relying on surveys of environmental exposures and AT outcomes administered to the same 

participants; the treatment of outcome and exposure measures as ‘continuous’ where 

possible, reducing the likelihood of reporting biased findings due to artificial categorisation 

of exposure and/or outcome variables (Lamb and White, 2015). This study also had 

limitations. It was cross-sectional in nature and, therefore, cannot imply causality. While 

randomised controlled trials are not feasible when examining the effect of neighbourhood 

environmental characteristics on PA outcomes, longitudinal studies may provide more robust 

causal evidence in this area. All measurements in this study were reported by adolescents or 

their parents are, therefore, subjective. Future studies would need to examine objectively-

assessed neighbourhood characteristics as correlates of ATS and AT to destinations. 

Frequency, duration and destinations measurements associated with AT in this study are, 

hence, unlikely to be as accurate as appropriate objective measures. Objective measurement 

of context specific PA, such as AT, is complex. Measurement of AT to destinations, as 

examined in this study, would require GPS and GIS data to determine frequency, distance 

and duration of trips, as well as types of destinations visited. Due to the high density of tall 

buildings in Hong Kong, GPS is not functional in many areas. Therefore, it was not possible 

to collect accurate objective data on AT in this study. For comparison with other studies, we 

have estimated the distance to school based on parent-reported walking duration: 18.5% of 

parents reported the school being 1–10 minutes from home (at 4km/hr this corresponds to 

within ~700m from home); 40% of parents reported the school being up to 20 min walk 

from home (~1400m from home); 45% of parents reported the school being more than 30 

min walk from home (>~2km). Frequency of travel modes to and from school in an average 

school week was assessed by the options of 0 to 5 days in each direction. This does not 

capture the possibility of multi-modal transport on a trip in one direction. However, school 

buses and taxis in Hong Kong typically collect students at their apartment complex, as 

would family cars. Parent-reported walking time to the nearest public transit stop from home 

was ~6–10 minutes (corresponding to an average proximity score of 3.91 in Table 1), 

somewhat higher than the objectively-assessed mean walking time of ~4 minutes from trip 

origin to a mechanised transport and vice versa reported by the Transport Department of the 

HKSAR (Transport Department, HKSAR, 2011). This suggests that adolescents travelling to 

and from school by public transport may, on average, accumulate in the range of 20–28 

minutes of walking per school day. We examined associations between adolescents’ 

neighbourhood environmental characteristics and their AT. The environment around 

destinations may have also influenced their AT behaviour (Carlson et al., 2014).
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5. Conclusions

Our findings supported the importance of a multi-level socio-ecological approach when 

examining correlates of AT in Hong Kong adolescents. ATS was positively associated with 

perceived environmental and social factors, but not the examined psychological factors. In 

contrast, AT to other destinations was also associated with psychological factors. Also, 

unlike ATS, no moderation by socio-demographic characteristics was observed, supporting a 

broad population effect of the examined perceived environmental, social and psychological 

factors on this outcome in Hong Kong adolescents.

Hong Kong adolescents appear to have frequencies of ATS amongst the highest in the world 

and higher levels of AT to other destinations than reported elsewhere. Proximity to 

destinations (actual or perceived), school or other, has been consistently, strongly positively 

associated with adolescent AT. As AT has numerous benefits for adolescents and their 

community (e.g., health benefits associated with PA, development of spatial and navigational 

skills and sense of community (Carver et al., 2013), social interactions (Panter et al., 2008), 

and, not the least, it being a sustainable form of transport), policy makers and urban planners 

should ensure that adolescents can access schools and other destinations from home on foot. 

The findings of this study suggest that, to foster ATS, Hong Kong students should be 

encouraged to attend schools in their local catchment area. Furthermore, based on the 

observed positive association between parental transportation PA and frequency of ATS, 

promoting AT in the overall Hong Kong population should positively affect ATS in 

adolescents. In addition, the finding that access to services (as perceived by parents) can 

result in higher prevalence of adolescent AT, Hong Kong may provide a template for 

adolescent activity enhancing development of East Asian cities, which are increasing in 

density (World Bank, 2015).
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Highlights

• The sample of Hong Kong adolescents had a high frequency of active travel 

trips.

• Proximity of destinations from home matters for adolescent active travel.

• Environmental, social and psychological correlates of adolescent active travel 

were examined.

• Hierarchical distal-to-proximal factor modeling enables capturing the more 

distal associations.
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Table 1.

Sample characteristics (N = 1,299)

Variables [theoretical range]

Sociodemographic characteristics and other covariates %

Adolescent’s gender (girls) 57.04

Mean (SD) Median (IQR)

Adolescent’s age (years)
P

14.70 (1.57)

PA-related reasons for living in the neighbourhood
P

 (neighbourhood self-selection) [1 – 5] 3.38 (0.74)

Social desirability
A

 [0 – 9] 4.65 (2.15)

Length of residence at current address
P

 (years) 9.68 (6.62) 10 (10.00)

Number of children in the household
P

1.66 (0.75)

Number of motorised vehicles in the household
P % n

        0 69 898

        1 23 298

        2 or more 8 103

Highest level of education in the household

        High school or below 54 703

        Post-high school 46 596

Monthly household income (HKD)
P

        <15,000 29 380

        15,000 – 29,999 30 390

        30,000 – 59,999 19 248

        >60,000 22 281

Perceived environmental correlates
P Mean (SD) Median (IQR)

Proximity to school [1 – 5] 2.19 (1.28)

Proximity of commercial facilities to home [1 – 5] 3.17 (0.90)

Proximity of nearest transit stop to home [1 – 5] 3.91 (1.08)

Proximity of recreational PA facility to home [1 – 5] 2.73 (0.72)

Proximity of food outlets (restaurants/food stores) to home [1 – 5] 3.69 (0.90)

Proximity to destinations (composite index) [1 – 5] 3.09 (0.70)

Barriers to walking in the neighbourhood [1 – 4] 1.84 (0.70)

Neighbourhood street connectivity [1 – 4] 2.93 (0.60)

Neighbourhood residential density [0 – 1048] 468.07 (203.30)

Neighbourhood traffic safety [1 – 4] 2.83 (0.40)

Neighbourhood safety from crime [1 – 4] 2.81 (0.61)

Neighbourhood aesthetics [1 – 4] 2.65 (0.60)

Access to services [1 – 4] 3.26 (0.67)

Pedestrian infrastructure in the neighbourhood [1 – 4] 2.88 (0.61)
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Variables [theoretical range]

Social correlates

Social support for PA from peers
A

 [0 – 4] 1.15 (1.04) 1.00 (2.00)

Social support for PA from household adults
A

 [0 – 4] 1.46 (0.94)

Parental rules about activity
P

 [0 – 18] 9.24 (3.61)

Parental transport-related PA
P

 (min/week) 166.61 (284.60) 60.00 (210.00)

Psychological correlates
A

Self-efficacy for PA [1 – 5] 2.72 (0.97)

Enjoyment of PA [1 – 5] 3.73 (1.03)

Attitude towards PA [1 – 4] 3.17 (0.41)

Outcomes: active travel

Self-reported weekly frequency of ATS [0 – 10] 4.59 (4.56) 4.00 (10)

Weekly time spent in ATS (min) 80.93 (133.06) 30.00 (105.00)

Weekly frequency of AT to destinations other than school 7.68 (5.76) 6.75 (8.00)

% n

Adolescent participation in ATS 57.89 752

Notes: AT = active travel; ATS = active travel to/from school; PA = physical activity; SD = standard deviation; IQR = interquartile range; HKD = 
Hong Kong dollars;

A
= adolescent survey;

P
= parent/caregiver survey
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Table 2.

Associations of perceived environmental, social and psychological factors with frequency of active travel to/

from school in Hong Kong adolescents (multiple-factor models)

Factors

Model 1 (main effects) Model 2 (main effects) Model 3 (including interactions)

Zero vs non-
zero 
frequency 
OR (95% 
CI) pvalue

Non-zero 
frequency eb 

(95% CI) p-
value

Zero vs non-
zero 
frequency OR 
(95% CI) 
pvalue

Non-zero 
frequency eb 

(95% CI) p-
value

Zero vs non-
zero frequency 
OR (95% CI) 
pvalue

Non-zero 
frequency eb 

(95% CI) p-
value

Environmental

Proximity of school to home 0.482 1.080 0.489 1.081 0.487 1.080

(0.402, 
0.578)

(1.055, 1.104) (0.408, 0.586) (1.057, 1.105) (0.407, 0.584) (1.056, 1.105)

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Access to services 1.050 1.048 1.048

(1.010, 1.093) (1.007, 1.091) (1.006, 1.091)

0.015 0.022 0.024

Social

Parental transport-related PA 
(100 min.wk−1)

1.011 1.011

(1.006, 1.016) (1.005, 1.016)

<0.001 <0.001

Social support for PA from 
peers

0.813 0.805

(0.689, 0.958) (0.686, 0.945)

0.014 0.008

Social support for PA from 
household adults

1.301

(1.112, 1.522)

0.001

Interactions: Factor * 
Moderator [subgroup 
specific associations]

Social support for PA from 
peers * gender

    In girls 1.033

(0.998, 1.070)

0.066

    In boys 0.976

(0.942, 1.011)

0.171

Social support for PA from 
household adults * Adolescent 
age

    mean – 1 SD (13.13 years) 1.115

(0.901, 1.378)

0.316
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Factors

Model 1 (main effects) Model 2 (main effects) Model 3 (including interactions)

Zero vs non-
zero 
frequency 
OR (95% 
CI) pvalue

Non-zero 
frequency eb 

(95% CI) p-
value

Zero vs non-
zero 
frequency OR 
(95% CI) 
pvalue

Non-zero 
frequency eb 

(95% CI) p-
value

Zero vs non-
zero frequency 
OR (95% CI) 
pvalue

Non-zero 
frequency eb 

(95% CI) p-
value

    mean (14.70 years) 1.333

(1.140, 1.559)

<0.001

    mean + 1 SD (16.27 years) 1.594

(1.312, 1.937)

<0.001

Notes. PA = physical activity; OR = odds ratio; eb = antilogarithm of regression coefficient; CI = confidence interval; SD = standard deviation. In 
bold = statistically significant associations (p<.05); Results are based on zero-inflated negative binomial models with robust standard errors 
accounting for clustering; All models were adjusted for adolescent gender and age, social desirability, parent-reported neighbourhood self-selection 
and length of residence, number of children in the household, highest education level in the household, number of motorised vehicles in the 
household, neighbourhood-level socio-economic status and monthly household income.
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Table 3.

Associations of perceived environmental, social and psychological factors with weekly minutes of active travel 

to/from school in Hong Kong adolescents (multiple-factor models)

Factors

Model 1 (main effects) Model 2 (main effects) Model 3 (including interactions)

Zero vs non-
zero 
minutes OR 
(95% CI) p-
value

Non-zero 
minutes eb 

(95% CI) p-
value

Zero vs non-
zero minutes 
OR (95% CI) 
p-value

Non-zero 
minutes eb 

(95% CI) p-
value

Zero vs non-zero 
minutes OR 
(95% CI) p-
value

Non-zero 
minutes eb 

(95% CI) p-
value

Environmental

Proximity of school to home 0.481 0.773 0.487 0.773 0.485 0.771

(0.401, 
0.576)

(0.728, 
0.822)

(0.407, 0.584) (0.728, 
0.822)

(0.405, 0.582) (0.725, 0.821)

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Social

Social support for PA from peers 0.812 0.804

(0.689, 0.958) (0.686, 0.944)

0.013 0.008

Social support for PA from 
household adults

1.301
(1.112, 1.522)
0.001

(1.112, 1.522)

0.001

Interactions: Factor * 
Moderator [subgroup specific 
associations]

Proximity of transit stop to 
home*gender

    In girls 0.951

(0.864, 1.046)

0.298

    In boys 1.116

(1.014, 1.229)

0.025

Social support for PA from 
household adults * age

    Mean – 1 SD (13.13 years) 1.115

(0.901, 1.378)

0.316

    Mean (14.70 years) 1.333

(1.140, 1.559)

<0.001

    Mean + 1 SD (16.27 years) 1.595

(1.312, 1.938)

<0.001

Notes. PA = physical activity; OR = odds ratio; eb = antilogarithm of regression coefficient; CI = confidence interval; SD = standard deviation. In 
bold = statistically significant associations (p<.05); Results are based on zero-inflated negative binomial models with robust standard errors 
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accounting for clustering; All models were adjusted for adolescent gender and age, social desirability, parent-reported neighbourhood self-selection 
and length of residence, number of children in the household, highest education level in the household, number of motorised vehicles in the 
household, neighbourhood-level socio-economic status and monthly household income.
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Table 4.

Associations of perceived environmental, social and psychological factors with active travel frequency to other 

destinations in Hong Kong adolescents (multiple-factor models)

Factor
Model 1 Model 2 Model 3

eb (95% CI) p-value eb (95% CI) p-value eb (95% CI) p-value

Environmental

Proximity to destinations (composite index)a 1.004 1.004 1.004

(1.002, 1.006) (1.002, 1.006) (1.002, 1.006)

p<0.001 p<0.001 p<0.001

Social

Social support for PA from peers 1.114 1.084

(1.078, 1.151) (1.049, 1.121)

p<0.001 p<0.001

Social support for PA from household adults 1.088

(1.041, 1.138)

p<0.001

Psychological

Self-efficacy for PA 1.160

(1.091, 1.233)

p<0.001

Enjoyment of PA 1.082

(1.028, 1.139)

0.002

Notes. PA = physical activity; eb = antilogarithm of regression coefficient; CI = confidence interval. In bold = statistically significant associations 

(p<.05); aThis factor is a composite measure of Proximity to food outlets, facilities, transit stop and recreational PA destinations; (Results are based 
on generalised linear models with negative binomial variance and logarithmic link functions with robust standard errors accounting for clustering; 
All models were adjusted for adolescent gender and age, social desirability, parent-reported neighbourhood self-selection and length of residence, 
number of children in the household, highest education level in the household, number of motorised vehicles in the household, neighbourhood-level 
socio-economic status and monthly household income.
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