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Abstract: Active travel (AT) has gained increasing attention as a way of addressing low levels of
physical activity. However, little is known regarding the relationship between income and AT. The
aim of this study was to investigate characteristics associated with undertaking AT in an adult
population and by low- and high-income groups. Data collected from the Physical Activity and
the Rejuvenation of Connswater (PARC) study in 2017 were used. Participants were categorised
into socio-economic groups according to their weekly household income, and were categorised as
participating in ‘no” AT or ‘some” AT and ‘sufficient” AT. Multivariable logistic regression explored
characteristics associated with AT in the full cohort, and the low- and high-income groups separately.
Variables associated with AT in the low-income group were body mass index (BMI), physical activity
self-efficacy, marital status, long term illness, difficulty walking and housing tenure. For the high-
income group, BMI, marital status, housing tenure and education were associated with AT. For both
income groups, there were consistent positive associations with the action/maintenance phase of the
stage of change model across all AT categories. The findings suggest that population sub-groups
may benefit from targeted initiatives to support engagement in AT and prevent further widening
of inequalities.

Keywords: active travel; income; walking; cycling

1. Introduction

Insufficient physical activity (PA) is the fourth leading cause of mortality globally [1],
and is associated with large direct and indirect economic consequences for society [2-5].
Despite the strong evidence for the health benefits of engaging in PA, such as decreasing
risk of non-communicable diseases and all-cause mortality [1,6-9], it is estimated that 45%
of adults (>16 years) in Northern Ireland [10] do not achieve the current recommended
level of 150 min of PA per week [11]. Furthermore, Hallal and colleagues [12] estimated
that physical inactivity levels (>15 years) in the United Kingdom (UK) were 63.3%, con-
siderably higher than the European average of 34.8%. Understanding more about the
different domains of PA (e.g., active travel (AT), leisure, occupational) can have important
implications for policy, clinical practice and future public health investments [13,14].

AT is walking or cycling as an alternative to motorised transport for the purpose
of making everyday journeys [15]. AT is an accessible method of incorporating PA into
daily life [16,17]. It has been shown to improve health [8,18-22], with individuals who
engage in regular AT being at a lower risk of all-cause mortality and cardiovascular
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disease and diabetes incidence [22]. Engagement in AT also has wider societal benefits,
such as a reduction in transport costs, costs to healthcare services, pollution and traffic
congestion [23,24]. Moreover, adults who engage in AT travel are more likely to meet PA
guidelines than those that use motorised modes of transport [16,25-27]. However, in many
countries, levels of AT are very low [28-31]. Currently, approximately 42% of all journeys
in the UK are under two miles [32]; this is an ideal opportunity to promote engagement in
AT either for the whole or part of the journey in combination with other transport modes.

Socio-economic position (SEP) is a known factor to influence health and engagement
in health promoting behaviours [33,34]. Due to it being easily accessible and having a
low cost, AT could potentially reduce inequalities [35], but there are inconsistent findings
regarding the influence of SEP on engagement in AT. For example, a systematic review
by Beenacker et al. [36] found an inconsistent pattern between SEP and AT, whereas
Adams [37] found a negative association between being sufficiently active through AT and
lower SEP. Furthermore, Olsen et al. [38] found that people living in the most deprived areas
in Scotland were more likely to report AT than those in the least deprived areas. In these
previous studies, SEP has been assessed using information including income (individual
or household), occupation-based social class and area-based deprivation measures [36-38].
Despite this gap in knowledge, previous studies on AT have tended to include populations
living in an area of a single SEP, or it was beyond the realm of the study to investigate
factors related to SEP.

Socio-demographic, health, environmental and psychological factors have been found
to potentially influence AT behaviour. However, most research on these determinants of
AT has also focused exclusively on commuting to work or school, and excluded those not
in employment [16-18,27,39-41]. Approximately 30.7% of the Northern Ireland adult pop-
ulation (>16-64 years) are not in employment [42], and 24.8% in the UK (>16-64 years) are
economically inactive [43]. As AT encompasses non-work-related journeys (e.g., shopping,
errands) [15], AT can be undertaken by those not employed therefore previous studies have
disregarded a sizable proportion of the population. It is also important to investigate AT
specifically, as factors influencing AT may differ compared to other types of PA (e.g., leisure,
occupational, commuter). AT has previously been assessed in studies most frequently using
self-reported measures, such as study-specific questionnaires, validated PA questionnaires,
travel diaries and nationally representative surveys or census data [13,17,18,36—41,44].

Policy makers recognise that the effects of environmental AT interventions vary
between different populations and SEP, and thus this needs to be further understood [44,45].
Recently, AT has gained heightened recognition from policy makers within the UK [46].
For example, Northern Ireland has established AT targets, aiming for 20% of all journeys
less than 1 mile to be cycled by 2025, and 40% by 2040 [47]. The UK’s government has also
set out aims in their ‘Cycling and Walking Investment Strategy’ to increase the number
of stages walked and doubling cycling levels (to 1.6 billion stages) by 2025 [48]. These
ambitious aims strengthen the need for further exploration to identify key sub-populations
that may need targeted AT initiatives and additional support.

This study will help to identify these sub-population groups and contribute evidence
to increase understanding of the relationship between SEP and AT. It will also provide
insights into the influence of socio-demographic, health, environmental and psychological
factors with AT in differing income groups. Understanding of these factors and relation-
ships between SEP and AT can help to inform AT interventions that do not further widen
inequalities and will potentially increase levels of AT and PA. Thus, the aim of this study
was to investigate characteristics associated with undertaking AT in an adult population
and by low and high income.

2. Materials and Methods
2.1. Survey

This paper used data from the Physical Activity and the Rejuvenation of Connswater
(PARC) study [49], a natural experiment investigating the public health impact of the
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creation of the Connswater Community Greenway (CCG). The target area of the survey
was the 29 electoral wards (population of approximately 110,600) within a one-mile radius
of the greenway. This area consists of a wide range of socio-economic positions, with 7 of
these wards being within the top 25% most deprived in Northern Ireland [50].

The survey was completed over a 12-month period after the development of the
Greenway in 2017. The survey was interviewer administered with the sampling strategy
based on evidence of the number of residents in each ward aged 16 or over provided by a
national census in 2011. A random probability sampling framework was utilised to choose
a random selection of addresses from the Royal Mail Postal Address File, stratified by
the proportion of the overall population within each area. The ‘last birthday rule’ (the
individual aged 16 or over who most recently had their birthday) was used to select an
individual from within the household to complete the survey. An information sheet about
the study was posted to each household then followed up 1 to 2 weeks later by a trained
interviewer to gain written consent and administer the questionnaire. All questions were
self-reported by the interviewee.

2.2. Outcome Measures
2.2.1. Dependent Variable

Active travel: Participants were asked about their frequency and duration of PA in a
typical week using the Global Physical Activity Questionnaire (GPAQ) [51,52], creating a
continuous variable of time spent in AT (minutes/week). Using these data, individuals
were also categorised into the groups: those participating in no AT (0 minutes/week); those
who participated in ‘some AT” (>10 minutes/week); those sufficiently active through AT
(>150 minutes/week), i.e., meeting PA recommendations.

2.2.2. Independent Variables

Independent variables were grouped into socio-demographic, health, environmental
and psychological factors. Independent variables were included based on existing literature
suggesting that they may be associated with AT.

Socio-demographic characteristics: Data were collected for gender, age, marital status,
housing tenure, household income per week, education, access to bicycle (‘yes” or ‘no’),
and car ownership. Household income per week was categorised in tertiles: low (£60—-£230
per week), medium (£231-£580/week) and high (£581+ per week). Highest education
achieved was grouped into ‘Primary—none/other qualifications’, ‘Secondary—GCSE/ A-
level” and ‘Tertiary—Degree /higher education’. Employment status was either ‘TEmployed’
or “‘Unemployed/economically inactive’. All variables were categorical apart from age
which was continuous, and access to bicycle was binary (yes/no).

Health variables: Data were collected for BMI, long term illness which limits PA (‘yes’
or ‘no’) and difficulty walking a quarter mile (‘yes’ or 'no’). Self-reported height and weight
was used to calculate BMI (weight (kg)/height (m)?) that was then categorised into under-
weight/normal (<24.9 kg/ m?) and overweight/obese (>25 kg/ m?). Health assessments
included the Short Form-8 Health Survey (SF-8) [53], generating a physical and mental
component score and the Warwick-Edinburgh Mental Wellbeing Scale (WEMWBS) [54],
with higher scores indicating better self-rated physical and mental health, and mental
well-being, respectively.

Environmental factors: The data generated for this variable were the distance travelled
to work daily. These data were categorised into ‘Do not work or study/do not work” and
‘Travel any distance to work’.

Psychological factors: Psychological variables were the Physical Activity Self-Efficacy
mean score [55] and the Physical Activity Stages of Change questionnaire [56], with the
three possible categories of ‘Pre-contemplation’, ‘Contemplation/preparation” and “Ac-
tion/Maintenance’. These were categorised due to low numbers in the contemplation,
preparation and action stages.
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2.2.3. Statistical Analysis

All statistical analyses were completed using STATA version 14. Descriptive statistics
for the full cohort, and low- and high income-groups were calculated. For categorical
variables, the descriptive statistics were the number (1) and percentage (%) of participants
in each category. For continuous variables, the descriptive statistics used were mean and
standard deviation (SD).

The association between variables and each of the three AT participation groups was
explored using separate regression models. In these analyses, all variables were entered
simultaneously. Age, WEMWBS, SF8 Mental Score, SEF8 Physical Score and Physical Activity
Self-Efficacy were entered as continuous variables, with all other variables being binary
or categorical. Multiple logistic regression was used for the binary AT variable (any AT)
and a separate multiple logistic regression was conducted for the binary variable of being
sufficiently active through AT (>150 minutes/week). Multiple linear regression was used
for the continuous AT variable (time spent on AT, if any). Only participants with complete
data were included in the models. This was completed for the full cohort, and low- and
high-income groups separately to enable comparison between the two income groups.

A sensitivity analysis to test for missing data using multiple imputation chain equa-
tions was conducted for the full cohort. Data were imputed for the variables BMI, income,
PA self-efficacy and marital status. This sensitivity analysis was not conducted for the low-
and high-income groups as the amount of data missing was negligible.

3. Results
3.1. Participant Characteristics

The full cohort consisted of 1214 participants, with 916 participants having complete
data. For the full cohort, participants had a mean age of 51.7 years (SD 19.1), and just
over half of the sample were women, had overweight or obesity and were in employment.
Further, 30.6% had access to a bicycle, 72.0% had access to a car and 31.6% had a long-term
illness limiting activities. In this cohort, 64.1% (n = 778) reported doing ‘some AT’ in the
past week and had a median of 90 minutes of AT per week.

The full cohort was divided by income, with 25.1% (n = 244) in the low-income group
and 29.5% (n = 286) in the high-income group. Over half the individuals in both the low-
and high-income groups were women but, some differences in characteristics were evident
between groups. In comparison to the high-income group, the low-income group had
an older sample, a higher number of single/separated /divorced /widowed individuals,
home renters, individuals experiencing a long term illness that limited activities and had
difficulty walking a quarter mile. The high-income group had a higher proportion of
people needing to travel a distance to work, owned at least one car, had access to a bicycle,
had tertiary education and were in employment than the low-income group. Further, the
high-income group had higher mean scores for psychological outcomes and the majority
were in the action/maintenance phase of the stages of change model in contrast to the low-
income group (Table 1). For AT, a larger number in the high-income group reported doing
‘some AT’ in the past week, in comparison to the low-income group (72.7; n = 208 vs. 53.7;
n =131, respectfully) (Table 2). The findings for medium income are in Tables 51-S5.

Differences were found by income group. For the lower income group, being un-
der/normal weight compared to having overweight/obesity and being in the pre-contemp
lation or contemplation/preparation phase of the stages of change model rather than the
action/maintenance phase were associated with decreased likelihood of AT, with variance
of 32.0%. For the high-income group, being in the contemplation/preparation phase com-
pared to the action/maintenance phase was also associated with being less likely to take
part in AT and had a variance of 10.0%.
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Table 1. Participant socio-demographics for full cohort and by low and high income.

Variabl Full Cohort Low Income High Income
ariable (n=1214) (n= 244) (1= 286)
N % N % N %

Sex
Male 531 43.74 85 34.84 132 46.15
Female 683 56.26 159 65.16 154 53.85
Age
16 to 39 years 393 32.37 60 24.59 101 35.31
40 to 64 years 471 38.80 74 30.33 156 54.55
65+ years 350 28.83 110 45.08 29 10.14
Mean (years (SD)): 51.66 (19.07) - 57.66 (20.30) - 46.02 (13.91) -
Range (years): 1699 - 19-96 - 18-88 -
Marital status *
Married/co-habiting 571 47.19 45 18.44 218 76.22
Single/Separated /divorced /widowed 639 52.81 199 81.56 68 23.78
Housing tenure
Owned outright 405 33.36 67 27.46 87 30.42
Mortgage/co-ownership 333 27.43 13 5.33 155 54.20
Rented/other 476 39.21 164 67.21 44 15.38
Weekly household income *
Low Income (£60—£230) 244 25.13 - - - -
Medium Income (£231-£580) 441 45.42 - - - -
High Income (£581+) 286 29.45 - - - -
BMI category *
<24.9 Underweight/Normal 539 46.07 111 47.44 122 43.88
25-29.9 Overweight/> 30 Obese 631 53.93 123 52.56 156 56.12
Highest education
Primary—none/other qualifications 226 18.62 99 40.57 7 2.45
Secondary-GCSE/A-level 472 38.88 118 48.36 69 24.13
Tertiary—degree /higher education 516 42.50 27 11.07 210 73.43
Access to bicycle
Yes 371 30.56 32 13.11 162 56.64
No 843 69.44 212 86.89 124 43.36
Number of cars/vans owned
0 340 28.01 151 61.89 11 3.85
1 543 44.73 84 34.43 111 38.81
2+ 331 27.27 9 3.69 164 57.34
Employment
Employed 608 50.08 38 15.57 233 81.53
Unemployed/economically inactive 606 49.92 206 84.43 53 18.47
Long term illness limiting activities
Yes 383 31.55 148 60.66 44 15.38
No 831 68.45 96 39.34 242 84.62
Difficulty walking a quarter mile
Yes 268 22.08 108 44.26 26 9.09
No 946 77.92 136 55.74 260 90.91
Distance travelled to work daily
Do not work or study/Work at home ~ 599 49.34 206 84.43 61 21.33
Travel any distance to work 615 50.66 38 15.57 225 78.67

Active travel
None 436 35.91 113 46.31 78 27.27
Some 778 64.09 131 53.69 208 72.73
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Table 1. Cont.

Variabl Full Cohort Low Income High Income
anable (n=1214) (n=244) (n= 286)
N % N % N %
Stage of change
Pre-contemplation 394 32.45 125 51.23 49 17.13
Contemplation/Preparation 187 15.40 29 11.89 59 20.63
Action/Maintenance 633 52.14 920 36.89 178 62.24
Mean SD Mean SD Mean SD

WEMWBS 51.21 9.30 45.58 10.05 53.98 7.00
SF8 Mental Summary Score 48.75 10.24 43.94 11.65 50.88 7.35
SF8 Physical Summary Score 48.18 10.84 42.49 11.37 52.14 7.83
Physical Activity Self—Efficacy 238 0.97 193 0.93 271 0.96

Mean *

* Participant data missing, therefore the total does not equal 1214. (N for variables with missing data for full cohort: marital status: n = 1210;
socio-economic position: n = 971; BMI category: n= 1170; physical activity self-efficacy mean: n=1176).

Table 2. Engagement in active travel by participants for full cohort and by low and high income.

Full Cohort Low Income High Income
Median minutes of active travel per week (minutes (IQR)) 90 (0-240) 30 (0-205) 120 (0-240)
i\g)“rg‘;ftssf g:rrtv“jézgzi ‘z;j)r)‘g ‘some’ active travel (over 778 (64.09) 131 (53.69) 208 (72.73)
i\fae“felf&ﬁ?%iomfjfe?;efjvvig’&ﬁS(‘I’gl%t) do’some’active 550 (100315 160 (90-360) 200 (100-300)
Number of participants that achieve over 150 minutes of active 489 (40.28) 75 (30.74) 125 (43.71)

travel per week (1 (%))

IQR: Inter-quartile range.

3.2. Associations with Active Travel
3.2.1. Engaging in Some Active Travel

The multiple logistic regression model exploring the association between socio-
demographic variables and some AT (>10 minutes per week) is summarised in Table 3.
For the full cohort, there was a decreased likelihood of engaging in some AT for those
who were of underweight/normal weight compared to those with overweight/obesity,
having difficulty walking a quarter of a mile, and being in the pre-contemplation or con-
templation/preparation phases of the stages of change model compared to being in the
action/maintenance phase. Not owning a car was associated with increased likelihood of
some AT compared to owning two or more cars. WEMWBS score was also positively asso-
ciated with increased likelihood of some AT. The pseudo-R? value suggests that individual
factors explained 15.0% of the variance in AT.

3.2.2. Amount of Time Engaging in Active Travel

Table 4 summarises the multiple linear regression analysis exploring the relation-
ship between the socio-demographic variables and time spent on AT. For the full co-
hort, being in the pre-contemplation or contemplation/preparation phases of the stage of
change model were significantly associated with less time spent in AT compared to the
action/maintenance phase, and SF8 physical summary score was positively associated with
AT time. The R? value indicated that individual factors explained 11.0% of the variance
in AT.



Int. J. Environ. Res. Public Health 2021, 18, 10360

7 of 17

Table 3. Multiple logistic regression of socio-demographic, health, environmental and psychological associations of

none/some active travel (binary) for full cohort and by low and high income.

Variable Full Cohort (n = 916) * Low Income (n=219) * High Income (n = 277) *
Odds Ratio (95% CI) Odds Ratio (95% CI) Odds Ratio (95% CI)

Sex
Male 0.98 (0.71, 1.36) 1.99 (0.89, 4.45) 1.09 (0.59, 2.01)
Female Ref. Ref. Ref.
Age (continuous, per year)

0.98 (0.97, 1.00) 0.98 (0.96, 1.01) 1.00 (0.97, 1.03)
Marital status
Married/co-habiting 1.07 (0.73, 1.57) 2.95 (0.99, 8.80) 0.46 (0.19, 1.09)
Single/Separated /divorced /widowed Ref. Ref. Ref.
Housing tenure
Owned outright 1.40 (0.86, 2.28) 1.30 (0.51, 3.34) 1.33 (0.38, 4.61)
Mortgage/co-ownership 1.21 (0.75, 1.97) 1.43 (0.24, 8.46) 1.08 (0.40, 2.96)
Rented/other Ref. Ref. Ref.
Weekly household income
Low Income (£60-£230) 1.39 (0.76, 2.54) - -
Medium Income (£231-£580) 1.00 (0.65, 1.53) - -
High Income (£581+) Ref. - -
BMI category
Underweight/Normal 0.65 (0.48, 0.90) 0.38 (0.17, 0.82) 1.35(0.73,2.52)
Overweight/Obese Ref. Ref. Ref.
Highest education
Primary—none/other qualifications 0.65 (0.39, 1.09) 1.31 (0.35, 4.95) 1.29 (0.13, 13.27)
Secondary—GCSE/ A-level 0.84 (0.58, 1.21) 1.43 (0.40, 5.08) 0.72(0.37, 1.38)
Tertiary—degree /higher education Ref. Ref. Ref.

Access to bicycle
Yes
No

1.25 (0.84, 1.84)
Ref.

0.40 (0.10, 1.58)
Ref.

1.70 (0.93, 3.13)
Ref.

Number of cars/vans owned

0 1.91 (1.04, 3.50) 3.41(0.43, 26.71) 5.20 (0.45, 60.33)
1 1.34 (0.87, 2.06) 2.13(0.31, 14.77) 1.49 (0.75, 2.98)
2+ Ref. Ref. Ref.
Employment

Unemployed/economically inactive 1.04 (0.41, 2.60) 0.22 (0.02, 2.57) 1.26 (0.29, 5.54)
Employed Ref. Ref. Ref.

Long term illness limiting activities

Yes 0.99 (0.59, 1.65) 1.54 (0.49, 4.86) 0.69 (0.25, 1.92)
No Ref. Ref. Ref.

Difficulty walking a quarter mile

Yes 0.56 (0.33, 0.94) 0.62 (0.24, 1.58) 1.39 (0.38, 5.04)
No Ref. Ref. Ref.

Distance travelled to work daily

Do not work or study/Work at home 1.12 (0.45, 2.76) 3.00 (0.28, 32.18) 0.98 (0.24, 3.93)
Travel any distance to work Ref. Ref. Ref.

Stage of change

Pre-contemplation 0.49 (0.32, 0.74) 0.33(0.12, 0.92) 0.68 (0.30, 1.52)
Contemplation/Preparation 0.45 (0.29, 0.70) 0.27 (0.08, 0.89) 0.48 (0.23, 0.98)
Action/Maintenance Ref. Ref. Ref.

WEMWRBS (continuous, per unit)

1.04 (1.01, 1.06)

1.05 (1.00, 1.11)

1.05 (0.99, 1.10)
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Table 3. Cont.

Variable

Full Cohort (n = 916) *

Low Income (n = 219) *

High Income (n = 277) *

Odds Ratio (95% CI)

Odds Ratio (95% CI)

Odds Ratio (95% CI)

SF8 Mental Summary Score (continuous,

per unit)

1.01 (0.99, 1.03)

1.01 (0.96, 1.06)

1.02 (0.98, 1.07)

SF8 Physical Summary Score (continuous,

per unit)

1.01 (0.99, 1.04)

1.05 (0.99, 1.11)

0.97 (0.92, 1.01)

Physical Activity Self—Efficacy Mean
(continuous, per unit)

1.13 (0.93, 1.36)

1.61 (0.91, 2.84)

1.12 (0.80, 1.55)

_cons

0.27 (0.05, 1.37)

0.01 (0.00, 1.00)

0.42 (0.01, 12.32)

Pseudo r-squared

0.15

0.32

0.10

* Only participants with no missing data included in analyses.

Table 4. Multiple linear regression of socio-demographic, health, environmental and psychological associations of those

that engage in ‘some” active travel (continuous data) for full cohort and by low and high income.

Variable

Full Cohort
(n = 609) *

Low Income
n=126)*

High Income
(n=202) *

Coef. (95% CI)

Coef. (95% CI)

Coef. (95% CI)

Sex
Male
Female

31.77 (—10.99, 74.54)
Ref.

27.92 (—86.96, 142.80)
Ref.

28.42 (—39.70, 96.55)
Ref.

Age (continuous, per year)

0.58 (-1.16, 2.32)

0.38 (-3.19, 3.95)

1.87 (-1.37,5.11)

Marital status
Married/co-habiting
Single/Separated /divorced /widowed

20.36 (—27.80, 68.53)
Ref.

25.20 (—94.33, 144.72)
Ref.

80.04 (0.16, 159.92)
Ref.

Housing tenure

Owned outright
Mortgage/co-ownership
Rented/other

—48.63 (—115.40, 18.13)
—21.38 (—82.43, 39.67)
Ref.

—10.02 (—162.03, 142.00)
97.13 (—133.36, 327.62)
Ref.

—177.86 (—302.11, —53.61)
—122.72 (—224.50, —20.95)
Ref.

Weekly household income
Low Income (£60—£230)
Medium Income (£231-£580)

2.15 (—73.93, 78.23)
37.17 (—14.30, 88.64)

High Income (£581+) Ref. - -

BMI category

Underweight/Normal 5.02 (—36.63, 46.67) —5.22 (—114.26, 103.82) 22.21 (—44.57, 88.99)
Overweight/Obese Ref. Ref. Ref.

Highest education

Primary—none/other qualifications
Secondary—GCSE/ A-level
Tertiary—degree /higher education

16.86 (—58.12,91.83)
2.11 (—44.47, 48.68)
Ref.

—22.38 (—207.53, 162.77)
12.05 (—147.13,171.24)
Ref.

—111.69 (—300.14, 76.76)
—39.71 (—117.92, 38.49)
Ref.

Access to bicycle
Yes
No

—4.71 (~51.22, 41.81)
Ref.

31.15 (—124.81, 187.12)
Ref.

—52.39 (—119.43, 14.64)
Ref.

Number of cars/vans owned
0

50.54 (—24.73, 125.80)

—71.59 (—355.29, 212.11)

—52.47 (—237.51, 132.58)

1 —9.15 (—63.14, 44.85) —202.40 (—470.54, 65.75) —28.32 (—101.71, 45.08)
2+ Ref. Ref. Ref.
Employment

Unemployed/economically inactive
Employed

73.60 (—41.19, 188.38)
Ref.

130.67 (—206.70, 468.04)
Ref.

136.23 (—17.57, 290.03)
Ref.
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Table 4. Cont.

Variable

Full Cohort
(n =609) *

Low Income
(n=126)*

High Income
(n=202) *

Coef. (95% CI)

Coef. (95% CI)

Coef. (95% CI)

Long term illness limiting activities
Yes
No

45.37 (—22.72,113.46)
Ref.

124.62 (—29.32, 278.56)
Ref.

70.40 (—41.91, 182.71)
Ref.

Difficulty walking a quarter mile
Yes
No

—59.48 (—136.21, 17.25)
Ref.

—77.48 (—223.44, 68.48)
Ref.

—67.39 (—207.98, 73.19)
Ref.

Distance travelled to work daily
Do not work or study/Work at home
Travel any distance to work

—63.65 (—176.99, 49.69)
Ref.

—153.61 (—480.33, 173.11)
Ref.

—73.94 (—225.90, 78.02)
Ref.

Stage of change
Pre-contemplation
Contemplation/Preparation
Action/Maintenance

—96.04 (—151.46, —40.61)
—89.58 (—142.71, —18.46)
Ref.

—55.07 (—194.67, 84.53)
—224.41 (—381.06, —67.75)
Ref.

—70.41 (—157.84, 17.03)
—72.57 (—161.87,16.73)
Ref.

WEMWRBS (continuous, per unit)

—1.55(—4.59, 1.50)

—3.20 (—10.36, 3.95)

—3.86 (—9.23,1.52)

SF8 Mental Summary Score (continuous,
per unit)

1.96 (—1.07, 5.00)

2.84 (—4.67, 10.36)

3.95 (—1.64, 9.53)

SF8 Physical Summary Score (continuous,
per unit)

3.30 (0.30, 6.30)

5.58 (—3.04, 14.19)

3.79 (—0.63, 8.21)

Physical Activity Self—Efficacy Mean
(continuous, per unit)

23.11 (—1.69, 47.91)

88.85 (20.49, 157.21)

26.00 (—10.91, 62.91)

_cons

—11.22 (—229.84, 207.41)

—79.51 (—698.47, 539.46)

—0.59 (—358.09, 356.91)

0.11

0.28

0.18

R-squared

* Only participants with no missing data were included in analyses.

For the low-income group, being in the contemplation/preparation phase was as-
sociated with less time in AT than the maintenance/action phase, but PA self-efficacy
was positively associated with time in AT, with 28.0% variance. For the high-income
group, being married/co-habiting increased time spent in AT compared to being sin-
gle/separated/divorced /widowed, while owning a house outright or having a mortgage/
co-owning a house was associated with less time spent in AT than those who rented/other,
with a variance of 18.0%.

3.2.3. Sufficiently Active through Active Travel

Table 5 summarises the multiple logistic regression analysis exploring the relation-
ship between the socio-demographic variables and being sufficiently active through AT
(>150 minutes per week). For the full cohort, age was negatively associated with being
sufficiently active through AT. Those less likely to be sufficiently active through AT were
those with difficulty walking a quarter mile compared to those without any difficulty,
and those in the pre-contemplation or contemplation/preparation phases of the stage of
change model compared to being in the action/maintenance phase. Not owning a car was
associated with increased likelihood of being sufficiently active through AT compared to
owning more than one car, and SF8-physical summary score was positively associated with
being sufficiently active. The pseudo-R? value suggests that individual factors explained
16.0% of the variance in AT. For lower income group, individuals with a mortgage/co-
owning a house compared to renting/other, those married /co-habiting rather than being
single/separated/divorced /widowed and those reporting a long-term illness limiting
activities were more likely to be sufficiently active through AT. However, those with diffi-
culty walking, and individuals in the pre-completion or contemplation/preparation phases
of the stages of change model rather than in the action/maintenance phase were less
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likely. Variance was 34.0%. For high income, being under/normal weight was associated
with increased likelihood of being sufficiently active through AT compared to those with
overweight/obesity. Those with a decreased likelihood of being sufficiently active through
AT were those with secondary education compared to those with tertiary education, and
those in the contemplation/preparation phase rather than the action/maintenance phase
of the stages of change model. The variance was 11.0%.

Table 5. Multiple logistic regression of socio-demographic, health, environmental and psychological associations of those

engaging in 150 min plus of active travel for full cohort and by low and high income.

Variable

Full Cohort (n = 916) *

Low Income (n = 219) *

High Income (n = 277) *

Odds Ratio (95% CI)

Odds Ratio (95% CI)

Odds Ratio (95% CI)

Sex

Male 1.11 (0.82,1.52) 1.42 (0.63, 3.18) 1.53 (0.87,2.72)
Female Ref. Ref. Ref.

Age (continuous, per year) 0.98 (0.97, 0.99) 0.98 (0.96, 1.01) 0.99 (0.96, 1.02)
Marital status

Married/co-habiting 1.42 (0.98, 2.05) 6.50 (2.15, 19.65) 1.49 (0.73, 3.06)
Single/Separated /divorced /widowed Ref. Ref. Ref.

Housing tenure

Owned outright 1.27 (0.77, 2.07) 1.79 (0.59, 5.44) 0.51(0.17, 1.54)
Mortgage/co-ownership 1.02 (0.65, 1.60) 7.84 (1.22,50.24) 0.45 (0.18,1.11)
Rented /other Ref. Ref. Ref.

Weekly household income

Low Income (£60—£230) 1.08 (0.60, 1.95) - -

Medium Income (£231-£580) 1.33 (0.90, 1.97) - -

High Income (£581+) Ref. - -

BMI category

Underweight/Normal 0.89 (0.66, 1.22) 0.45 (0.20, 1.04) 1.80 (1.02, 3.18)
Overweight/Obese Ref. Ref. Ref.

Highest education

Primary—none/other qualifications 0.79 (0.46, 1.35) 2.34 (0.59, 9.31) 1.03 (0.19, 5.50)
Secondary—GCSE/ A-level 0.87 (0.62, 1.23) 3.41 (0.97, 12.04) 0.47 (0.24,0.91)
Tertiary—degree /higher education Ref. Ref. Ref.

Access to bicycle

Yes 1.06 (0.75, 1.51) 0.68 (0.21, 2.19) 1.13 (0.64, 1.98)
No Ref. Ref. Ref.

Number of cars/vans owned

0 2.26 (1.27,4.03) 4.27 (0.47, 39.07) 1.62 (0.31, 8.38)
1 1.35(0.90, 2.03) 1.19 (0.15, 9.43) 1.27 (0.68, 2.36)
2+ Ref. Ref. Ref.
Employment

Unemployed/economically inactive
Employed

2.32 (1.00, 5.40)
Ref.

1.35(0.16, 11.02)
Ref.

3.11 (0.82, 11.75)
Ref.

Long term illness limiting activities
Yes
No

1.58 (0.95, 2.65)
Ref.

3.64 (1.08, 12.24)
Ref.

0.90 (0.34, 2.36)
Ref.

Difficulty walking a quarter mile
Yes
No

0.41 (0.23, 0.74)
Ref.

0.25 (0.08, 0.76)
Ref.

0.95 (0.28, 3.28)
Ref.

Distance travelled to work daily
Do not work or study/Work at home
Travel any distance to work

0.66 (0.29, 1.51)
Ref.

0.45 (0.06, 3.55)
Ref.

0.67 (0.18, 2.41)
Ref.
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Table 5. Cont.

Variable

Full Cohort (r = 916) * Low Income (1 =219) *  High Income (n = 277) *

Odds Ratio (95% CI) Odds Ratio (95% CI) Odds Ratio (95% CI)

Stage of change

Pre-contemplation 0.36 (0.23, 0.55) 0.23 (0.08, 0.66) 0.73 (0.35, 1.55)
Contemplation/Preparation 0.28 (0.18, 0.44) 0.06 (0.01, 0.24) 0.40 (0.19, 0.84)
Action/Maintenance Ref. Ref. Ref.

WEMWRBS (continuous, per unit) 1.02 (1.00, 1.05) 1.03 (0.98, 1.08) 1.02 (0.97, 1.07)
SF8 Mental Summary Score (continuous, 1.01 (0.99, 1.03) 1.01 (0.95, 1.06) 1.03 (0.98, 1.07)

per unit)

SF8 Physical Summary Score (continuous,

1.03 (1.01, 1.06) 1.06 (0.99, 1.13) 1.01 (0.97, 1.06)

per unit)

Physical Activity Self—Efficacy Mean 1.02 (0.85,1.22) 1.20 (0.72, 1.99) 1.05 (0.77, 1.42)
(continuous, per unit)

_cons 0.06 (0.01, 0.34) 0.00 (0.00, 0.41) 0.05 (0.00, 1.18)
Pseudo R-squared 0.16 0.34 0.11

* Only participants with no missing data included in analyses.

4. Discussion

This study found specific characteristics associated with AT, which differed between
low- and high-income groups. The key variables found to be associated with engaging in
AT in the low-income group were BMI, marital status, housing tenure, having a long-term
illness limiting activities, difficulty walking and PA self-efficacy. For the high-income
group, the results suggest that BMI, marital status, housing tenure and education were
significantly associated with engaging in AT. For both income groups, there were consistent
positive associations with being in the action/maintenance phase of the stage of change
model across all AT categories.

Our study found a large number of people engaging in some AT (64%) (and being suf-
ficiently active through AT (40%))—higher than the findings of other studies [37,38,40,44].
This may be explained by including non-work commuting which has been previously
overlooked in studies, or as we used a self-report questionnaire which can have validity
and reliability issues [57]. The low-income group had a lower median minutes of AT per
week; these respondents were older, included more females, and reported higher levels
of long-term illness and difficulty walking than the high-income group, all of which are
known to decrease engagement in PA [12,58]. Indeed, for the whole cohort, our findings
reflect previous evidence that age is negatively associated with AT and PA [13,18,37-40,44].

Despite the intuitive connection and in contrast to previous research [44], no asso-
ciations between AT and owning a bicycle was evident. However, similar to Northern
Ireland levels [59], almost a third of those surveyed owned a bicycle. This suggests that
cycling may be an acceptable form of AT and many already have the necessary equipment.
However, they may also be only used for leisure and barriers to their use for AT may
exist [60]. Previous studies [61,62] in a similar location in Belfast found that barriers to PA
(including AT) included vandalism, dogs, apathy, poor weather, lack of facilities, urban
infrastructure and paramilitary activity. A range of policies and initiates could overcome
these barriers and encourage using the urban greenway for AT.

Ogilvie et al. [44] previously found in a deprived population that living in owner
occupied accommodation was associated with AT. Our findings suggest for the low-income
group that having a mortgage or co-owning a house increased the likelihood of being
sufficiently active; individuals in this income group may have engaged in AT as it is cost-
free, enabling income to be spent on housing instead. In contrast, for the high-income
group, owning outright, and co-owning or having a mortgage in comparison to renters
decreased the time likely spent in AT, potentially due to more individuals in this income
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group having access to a car. Less evident in previous research, our findings found marital
status to be influential, as well as becoming significantly associated with being sufficiently
active when data were imputed. This suggests that housing tenure and marital status are
important, but often overlooked correlates of AT and warrant further investigation.

Leaving full time education at an older age has previously been positively associated
with AT [37]; for the high-income group, our study found similar findings with those with
a higher level of education being more likely to be sufficiently active through AT. This
association with education is common for multiple health outcomes and behaviours [63],
although our findings suggest that it is most beneficial for AT interventions to target those
with low educational attainment but higher income.

Unlike previous evidence [17,37,39,44], our study did not find any associations be-
tween employment related variables and AT; Adams [37] found using the UK time use
survey that those employed were less likely to be sufficiently active, plus multiple stud-
ies [17,39,44] suggested that living closer to work is associated with AT, although compar-
isons are limited as they excluded those unemployed and only investigated commuting
behaviour. Other employment-related factors beyond the scope of this study may be
important, such as needing a car for work, travelling to other places before/after work
and parking difficulties/cost of parking at work [39,44], and other neighbourhood environ-
mental factors [29]. Furthermore, there is a need for future AT research to consider those
unemployed and how they can be supported.

Consistent with previous findings [17,37,39,44], for the full study cohort, not owning
or having access to a car was found to be a significant predictor of AT. This may be out
of necessity or due to increased use of public transport as users tend to engage in more
walking [64,65]. The findings may suggest that interventions that promote AT as an
alternative to the car, or make car ownership more difficult (e.g., reduced parking, taxes),
could be successful. However, this was not evident by income group; potentially the
analyses may have been underpowered to detect an association.

Income was particularly important when unpicking associations with BMI, with con-
trasting findings between income groups. It is also not possible to define if associations are
cause or effect. Previous evidence has found that those with overweight or obesity was
associated with not engaging in AT [18]. Mytton et al. [66] also found that those who regu-
larly cycled to work or incorporated AT into longer journeys had lower adipose levels; as
this included only work commuters, this may reflect our finding for the high income group
of being sufficiently active as more people were in employment. Further investigation is
potentially needed for the potential of recommending AT for weight management.

For the low-income group, echoing previous evidence [44] and rather intuitively,
difficulty walking was negatively associated with being sufficiently active. However,
our finding that having a long-term illness increased likelihood of engaging in AT may
suggest that it could be an acceptable way to encourage those with chronic conditions
(particularly those without difficulty walking) and a lower income to increase their PA. The
SF8 physical summary score being positively associated with AT for the full cohort aligns
with Bopp et al.’s [18] finding that better perceived health was associated with walking
and cycling. The individual’s perception of their health potentially should therefore be
taken into account when designing interventions, although this was not evident by income
group or for perceived mental health.

Self-efficacy for PA was associated with engaging in AT for the lower income group,
suggesting that interventions that target individuals with high self-efficacy for PA in
low SEP groups are worth exploring. WEMWEBS was only found to be associated with
increased likelihood of doing AT in the full cohort.

Being in the action/maintenance phase of the stages of change model was most
consistently associated with better levels of AT. A slight discrepancy was that there was
no association with increased minutes of AT for the high-income group. This may be due
to engaging in other forms of PA rather than AT, but previous research [67] has found
that engagement in AT was not negatively associated with recreational PA. Our findings
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suggest that interventions to assist people in moving into the action/maintenance phase of
the model could be essential to improving levels of AT.

These results have important public health research, practice and policy implica-
tions [13,14]. The differences in results between the full cohort and different income groups
highlight that when designing interventions there is a need to appreciate that ‘one size
does not fit all’, and the individual and local context should be taken into consideration.
Further, individuals that already engage in ‘some’ AT could be a key group in improving
population levels of PA through AT and should receive targeted support.

Strengths and Limitations

This study provides new insights into the association of high and low income with AT.
This study included respondents currently unemployed or economically inactive which
has been overlooked in other studies, reflecting the population of the area and considering
non-commuting AT. A limitation of this study was that BMI was calculated from subjective
self-reported height and weight data, and PA was also based on self-report, as no objective
assessment was available. The respondents were mostly women, thus future studies should
attempt to include more men in their sample. By dividing the sample into the different
SEP groups, this reduced the power of the sample therefore future studies with larger
sample sizes is warranted. A large number of participants reported they engaged in no
minutes of AT; this may be due to recall bias therefore an objective PA measurement could
improve reliability. Furthermore, some of these participants may have engaged in less
than 10 min bouts, but this was not captured using this questionnaire as at the time of data
collection, the recommendations were for PA to be in bouts of 10 minutes. Furthermore, it
needs to be acknowledged that there may be residual confounding from variables that we
did not include in our models, and that there may be some instances of reverse causality.
Future studies could investigate the impact of different variables on AT by income that
were beyond the realm of our study.

5. Conclusions

This study found that a variety of individual and household, psychological and
environmental factors were associated with AT, with differences between income groups
present. Key variables appeared to be BMI, difficulty walking, having a long-term illness,
PA self-efficacy, marital status, housing tenure, education and phase of stages of change
model. This suggests that many complex, interacting factors influence engagement in
AT that need to be addressed in future initiatives. Our results provide some practical
implications, such as that interventions to promote AT may be most beneficial to those
with high self-efficacy in low SEP groups and those of high income with low educational
attainment, and for individuals of all income levels to be supported to move into the
action/maintenance phase of the stage of change model. The findings also highlight the
need for more investigation in relation to income into how housing and marital status
impact AT, and AT’s relationship with weight management and other factors beyond
the realm of our study that may influence AT (e.g., work-related and environmental).
Further investigation is required to enable the construction of effective interventions
targeting sub-groups of the population, and there is a need for greater understanding of
reasons influencing the choice to engage in AT by income. These findings can inform the
development of future AT interventions and have important implications for public health
policy and practice to address inequalities in AT participation.



Int. J. Environ. Res. Public Health 2021, 18, 10360 14 of 17

References

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph181910360/s1, Table S1. Table of participant socio-demographics for medium income;
Table S2; Engagement in active travel by participants for medium income; Table S3; Multiple logistic
regression of socio-demographic, health, environmental and psychological associations of none/some
active travel (binary) for medium income; Table S4; Multiple linear regression of socio-demographic,
health, environmental and psychological associations of those that engage in ‘some” active travel
(continuous data) for medium income (i.e., those that said they do 10 min or more); Table S5; Multiple
logistic regression of socio-demographic, health, environmental and psychological associations of
those engaging in 150+ min for medium income; Table S6; Multiple imputation chain equation of
socio-demographic, health, environmental and psychological associations of none/some active travel
(binary) for full cohort Table S7; Multiple imputation chain equation of socio-demographic, health,
environmental and psychological associations of those that engage in ‘some’ active travel (continuous
data) for full cohort; Table S8; Multiple imputation chain equation of socio-demographic, health,
environmental and psychological associations of those engaging in 150 minutes plus of active travel
for full cohort.

Author Contributions: Conceptualization, FK., M.A.T., R EH.; Methodology, FX.,, M.A.T., REH.,
E.R.L., D.A,; Software, Not applicable; Validation, Not applicable; Formal Analysis E.R.L.; Investiga-
tion, Not applicable; Resources, Not applicable; Data Curation, Not applicable; Writing—Original
Draft Preparation, E.R.L.; Writing—Review and Editing, ER.L., REH., M.A.T., D.A,, EK.; Visualiza-
tion, Not applicable; Supervision, Not applicable; Project Administration, Not applicable; Funding
Acquisition, FK., M.A.T., REH. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was supported by funding from the National Prevention Research Ini-
tiative (NPRI) (grant number G0802045) and their funding partners (Alzheimer’s Research Trust;
Alzheimer’s Society; Biotechnology and Biological Sciences Research Council; British Heart Founda-
tion; Cancer Research UK; Chief Scientist Office, Scottish Government Health Directorate; Department
of Health; Diabetes UK; Economic and Social Research Council; Engineering and Physical Sciences
Research Council; Health and Social Care Research and Development Division of the Public Health
Agency (HSC R&D Division); Medical Research Council; The Stroke Association; Welsh Assem-
bly Government; and World Cancer Research Fund (http://www.mrc.ac.uk/research/initiatives/
national-prevention-research-initiative-npri/) (accessed on 29 June 2021).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of Queen’s University Belfast
(09/NIR02/66).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author.

Acknowledgments: We would like to thank the participants for their involvement in the study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

1. Lee, I-M,; Shiroma, E.J.; Lobelo, F.; Puska, P,; Blair, S.N.; Katzmarzyk, P.T. Impact of Physical Inactivity on the World’s Major
Non-Communicable Diseases. Lancet 2012, 380, 219-229. [CrossRef]

2. Scarborough, P; Bhatnagar, P.; Wickramasinghe, K.; Allender, S.; Foster, C.; Rayner, M. The economic burden of ill health due
to diet, physical inactivity, smoking, alcohol and obesity in the UK: An update to 2006-07 NHS costs. ]. Public Health 2011,

33, 527-535. [CrossRef]

3. Allender, S.; Foster, C.; Scarborough, P.; Rayner, M. The burden of physical activity-related ill health in the UK. ]. Epidemiol.
Community Health 2007, 61, 344-348. [CrossRef]

4. Heron, L.; O’Neill, C.; McAneney, H.; Kee, E; Tully, M. A. Direct healthcare costs of sedentary behaviour in the UK. |. Epidemiol.
Community Health 2019, 73, 625-629. [CrossRef]

5. Ding, D.; Lawson, K.D.; Kolbe-Alexander, T.L.; Finkelstein, E.A.; Katzmarzyk, P.; van Mechelen, W.; Pratt, M. The economic
burden of physical inactivity: A global analysis of major non-communicable diseases. Lancet 2016, 388, 1311-1324. [CrossRef]


https://www.mdpi.com/article/10.3390/ijerph181910360/s1
https://www.mdpi.com/article/10.3390/ijerph181910360/s1
http://www.mrc.ac.uk/research/initiatives/national-prevention-research-initiative-npri/
http://www.mrc.ac.uk/research/initiatives/national-prevention-research-initiative-npri/
http://doi.org/10.1016/S0140-6736(12)61031-9
http://doi.org/10.1093/pubmed/fdr033
http://doi.org/10.1136/jech.2006.050807
http://doi.org/10.1136/jech-2018-211758
http://doi.org/10.1016/S0140-6736(16)30383-X

Int. J. Environ. Res. Public Health 2021, 18, 10360 15 0f 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Andersen, L.B.; Schnohr, P.; Schroll, M.; Hein, H.O. All-Cause Mortality Associated with Physical Activity during Leisure Time,
Work, Sports, and Cycling to Work. Arch. Intern. Med. 2000, 160, 1621-1628. [CrossRef] [PubMed]

Nocon, M.; Hiemann, T.; Muller-Riemenschneider, F.; Thalau, F.; Roll, S.; Willich, S.N. Association of physical activity with
all-cause and cardiovascular mortality: A systematic review and meta-analysis. Eur. J. Cardiovasc. Prev. Rehabil. 2008, 15, 239-246.
[CrossRef] [PubMed]

Hamer, M.; Chida, Y. Active commuting and cardiovascular risk: A meta-analytic review. Prev. Med. 2008, 46, 9-13. [CrossRef]
Reiner, M.; Niermann, C.; Jekauc, D.; Woll, A. Long-term health benefits of physical activity—a systematic review of longitudinal
studies. BMC Public Health 2013, 13, 813. [CrossRef] [PubMed]

Department of Health. Health Survey (NI) First Results 2016/2017; Department of Health: Washington, DC, USA, 2017.

Davies, D.S.C.; Atherton, F.; McBride, M.; Calderwood, C. UK Chief Medical Officers’ Physical Activity Guidelines. Dep. Health
Soc. Care, no. September 2019. pp. 1-65. Available online: https://www.gov.uk/government/publications/physical-activity-
guidelines-uk-chief-medical-officers-report (accessed on 29 June 2021).

Hallal, P.C.; Andersen, L.B.; Bull, EC.; Guthold, R.; Haskell, W.; Ekelund, U. Global physical activity levels: Surveillance progress,
pitfalls, and prospects. Lancet 2012, 380, 247-257. [CrossRef]

Hunter, R.E; Boeri, M.,; Tully, M.A.; Donnelly, P.; Kee, F. Addressing inequalities in physical activity participation: Implications
for public health policy and practice. Prev. Med. 2015, 72, 64-69. [CrossRef]

Strain, T.; Wijndaele, K.; Garcia, L.; Cowan, M.; Guthold, R.; Brage, S.; Bull, F.C. Levels of domain-specific physical activity at
work, in the household, for travel and for leisure among 327 789 adults from 104 countries. Br. ]. Sports Med. 2020, 54, 1488-1497.
[CrossRef]

Public Health England. Health Matters: Getting Every Adult Active Every Day. 2016. Available online: https://www.gov.uk/
government/publications /health-matters-getting-every-adult-active-every-day/health-matters-getting-every-adult-active-
every-day (accessed on 29 June 2021).

Audrey, S.; Procter, S.; Cooper, A.R. The contribution of walking to work to adult physical activity levels: A cross sectional study.
Int. ]. Behav. Nutr. Phys. Act. 2014, 11, 37. [CrossRef]

Panter, ].R.; Jones, A.P.; Van Sluijs, E.M.; Griffin, S.].; Wareham, N.J. Environmental and Psychological Correlates of Older Adult’s
Active Commuting. Med. Sci. Sports Exerc. 2011, 43, 1235-1243. [CrossRef]

Bopp, M.; Kaczynski, A.T.; Campbell, M.E. Health-Related Factors Associated with Mode of Travel to Work. J. Environ. Public
Health 2013, 2013, 1-9. [CrossRef] [PubMed]

Celis-Morales, C.A.; Lyall, D.M.; Welsh, P.; Anderson, ].; Steell, L.; Guo, Y.; Maldonado, R.; Mackay, D.E; Pell, J.; Sattar, N.; et al.
Association between active commuting and incident cardiovascular disease, cancer, and mortality: Prospective cohort study. BMJ
2017, 357, j1456. [CrossRef]

Laverty, A.A.; Mindell, J.; Webb, E.; Millett, C. Active Travel to Work and Cardiovascular Risk Factors in the United Kingdom.
Am. . Prev. Med. 2013, 45, 282-288. [CrossRef]

Patterson, R.; Panter, J.; Vamos, E.; Cummins, S.; Millett, C.; Laverty, A. Associations between commute mode, cardiovascular
disease, cancer and all-cause mortality in England and Wales: A cohort study using linked Census data over 25 years. Lancet
Planet Health 2020, 4, e186—e194. [CrossRef]

Dinu, M.; Pagliai, G.; Macchi, C.; Sofi, F. Active Commuting and Multiple Health Outcomes: A Systematic Review and
Meta-Analysis. Sports Med. 2018, 49, 437-452. [CrossRef] [PubMed]

Jarrett, J.; Woodcock, J.; Griffiths, U.K.; Chalabi, Z.; Edwards, P; Roberts, I.; Haines, A. Effect of increasing active travel in urban
England and Wales on costs to the National Health Service. Lancet 2012, 379, 2198-2205. [CrossRef]

Department for Transport. Claiming the Health Dividend: A Summary and Discussion of Value for Money Estimates from
Studies of Investment in Walking and Cycling. 2014. Available online: https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/371096/claiming_the_health_dividend.pdf (accessed on 29 June 2021).
Sahlqvist, S.; Song, Y.; Ogilvie, D. Is active travel associated with greater physical activity? The contribution of commuting and
non-commuting active travel to total physical activity in adults. Prev. Med. 2012, 55, 206-211. [CrossRef]

Stewart, G.; Anokye, N.K.; Pokhrel, S. What interventions increase commuter cycling? A systematic review. BM] Open 2015,
5, €007945. [CrossRef]

Yang, L.; Panter, J.; Griffin, S.J.; Ogilvie, D. Associations between active commuting and physical activity in working adults:
Cross-sectional results from the Commuting and Health in Cambridge study. Prev. Med. 2012, 55, 453-457. [CrossRef]

Bassett, D.R.; Pucher, J.; Buehler, R.; Thompson, D.; Crouter, S. Walking, Cycling, and Obesity Rates in Europe, North America,
and Australia. J. Phys. Act. Health 2008, 5, 795-814. [CrossRef]

Kerr, J.; Emond, J.A.; Badland, H.; Reis, R.; Sarmiento, O.; Carlson, J.; Sallis, ].F.; Cerin, E.; Cain, K.; Conway, T.; et al. Perceived
Neighborhood Environmental Attributes Associated with Walking and Cycling for Transport among Adult Residents of 17 Cities
in 12 Countries: The IPEN Study. Environ. Health Perspect. 2016, 124, 290-298. [CrossRef] [PubMed]

Buehler, R.; Pucher, ]. Walking and Cycling in Western Europe and the United States. TR News. 2012, pp. 34-42. Available online:
http:/ /onlinepubs.trb.org/onlinepubs/trnews /trnews280WesternEurope.pdf (accessed on 29 June 2021).

European Commission. Attitudes of Europeans towards urban mobility. Spec. ~Eurobarom. 2013, 406. Available online:
http:/ /ec.europa.eu/public%7B_%7Dopinion/archives/ebs/ebs%7B_%7D406%7B_%7Den.pdf%5Cnhttp:/ /ec.europa.eu/public_
opinion/archives/ebs/ebs_406_en.pdf%5Cnhttp://ec.europa.eu/public_opinion/index_en.htm (accessed on 29 June 2021).


http://doi.org/10.1001/archinte.160.11.1621
http://www.ncbi.nlm.nih.gov/pubmed/10847255
http://doi.org/10.1097/HJR.0b013e3282f55e09
http://www.ncbi.nlm.nih.gov/pubmed/18525377
http://doi.org/10.1016/j.ypmed.2007.03.006
http://doi.org/10.1186/1471-2458-13-813
http://www.ncbi.nlm.nih.gov/pubmed/24010994
https://www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report
https://www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report
http://doi.org/10.1016/S0140-6736(12)60646-1
http://doi.org/10.1016/j.ypmed.2014.12.040
http://doi.org/10.1136/bjsports-2020-102601
https://www.gov.uk/government/publications/health-matters-getting-every-adult-active-every-day/health-matters-getting-every-adult-active-every-day
https://www.gov.uk/government/publications/health-matters-getting-every-adult-active-every-day/health-matters-getting-every-adult-active-every-day
https://www.gov.uk/government/publications/health-matters-getting-every-adult-active-every-day/health-matters-getting-every-adult-active-every-day
http://doi.org/10.1186/1479-5868-11-37
http://doi.org/10.1249/MSS.0b013e3182078532
http://doi.org/10.1155/2013/242383
http://www.ncbi.nlm.nih.gov/pubmed/23533450
http://doi.org/10.1136/bmj.j1456
http://doi.org/10.1016/j.amepre.2013.04.012
http://doi.org/10.1016/S2542-5196(20)30079-6
http://doi.org/10.1007/s40279-018-1023-0
http://www.ncbi.nlm.nih.gov/pubmed/30446905
http://doi.org/10.1016/S0140-6736(12)60766-1
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/371096/claiming_the_health_dividend.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/371096/claiming_the_health_dividend.pdf
http://doi.org/10.1016/j.ypmed.2012.06.028
http://doi.org/10.1136/bmjopen-2015-007945
http://doi.org/10.1016/j.ypmed.2012.08.019
http://doi.org/10.1123/jpah.5.6.795
http://doi.org/10.1289/ehp.1409466
http://www.ncbi.nlm.nih.gov/pubmed/26186801
http://onlinepubs.trb.org/onlinepubs/trnews/trnews280WesternEurope.pdf
http://ec.europa.eu/public%7B_%7Dopinion/archives/ebs/ebs%7B_%7D406%7B_%7Den.pdf%5Cnhttp://ec.europa.eu/public_opinion/archives/ebs/ebs_406_en.pdf%5Cnhttp://ec.europa.eu/public_opinion/index_en.htm
http://ec.europa.eu/public%7B_%7Dopinion/archives/ebs/ebs%7B_%7D406%7B_%7Den.pdf%5Cnhttp://ec.europa.eu/public_opinion/archives/ebs/ebs_406_en.pdf%5Cnhttp://ec.europa.eu/public_opinion/index_en.htm

Int. J. Environ. Res. Public Health 2021, 18, 10360 16 of 17

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Department for Transport. NTS0308: Average Number of Trips by Trip Length and Main Mode: England; 2018. Available online:
https:/ /www.gov.uk/government/statistical-data-sets /nts03-modal-comparisons (accessed on 29 June 2021).

Gidlow, C.; Johnston, L.H.; Crone, D.; Ellis, N.; James, D. A systematic review of the relationship between socio-economic position
and physical activity. Health Educ. ]. 2006, 65, 338-367. [CrossRef]

Sommer, I.; Griebler, U.; Mahlknecht, P.; Thaler, K.; Bouskill, K.; Gartlehner, G.; Mendis, S. Socioeconomic inequalities in
non-communicable diseases and their risk factors: An overview of systematic reviews. BMC Public Health 2015, 15, 914. [CrossRef]
[PubMed]

Ogilvie, D.; Mitchell, R.; Mutrie, N.; Petticrew, M.; Platt, S. Shoe leather epidemiology: Active travel and transport infrastructure
in the urban landscape. Int. ]. Behav. Nutr. Phys. Act. 2010, 7, 43. [CrossRef] [PubMed]

Beenackers, M.A.; Kamphuis, C.B.; Giskes, K.; Brug, J.; Kunst, A.E.; Burdorf, A.; Van Lenthe, EJ. Socioeconomic inequalities in
occupational, leisure-time, and transport related physical activity among European adults: A systematic review. Int. ]. Behav.
Nutr. Phys. Act. 2012, 9, 116. [CrossRef]

Adams, J. Prevalence and socio-demographic correlates of “active transport” in the UK: Analysis of the UK time use survey. Prev.
Med. 2010, 50, 199-203. [CrossRef]

Olsen, ].R.; Mitchell, R.; Mutrie, N.; Foley, L.; Ogilvie, D. Population levels of, and inequalities in, active travel: A national,
cross-sectional study of adults in Scotland. Prev. Med. Rep. 2017, 8, 129-134. [CrossRef] [PubMed]

Adams, E.J.; Esliger, D.W,; Taylor, .M.; Sherar, L.B. Individual, employment and psychosocial factors influencing walking to
work: Implications for intervention design. PLoS ONE 2017, 12, e0171374. [CrossRef]

Bopp, M.; Kaczynski, A.T.; Besenyi, G. Active commuting influences among adults. Prev. Med. 2012, 54, 237-241. [CrossRef]

De Geus, B.; De Bourdeaudhuij, I.; Jannes, C.; Meeusen, R. Psychosocial and environmental factors associated with cycling for
transport among a working population. Health Educ. Res. 2007, 23, 697-708. [CrossRef]

Northern Ireland Statistics and Research Agency. Labour Force Survey: June 2021. Available online: https://www.nisra.gov.uk/
statistics /labour-market-and-social-welfare /labour-force-survey (accessed on 29 June 2021).

Office for National Statistics. Labour market overview, UK: June 2021. Available online: https://www.ons.gov.uk/
employmentandlabourmarket/peopleinwork/employmentandemployeetypes/bulletins /uklabourmarket/june2021 (accessed
on 29 June 2021).

Ogilvie, D.; Mitchell, R.; Mutrie, N.; Petticrew, M.; Platt, S. Personal and environmental correlates of active travel and physical
activity in a deprived urban population. Int. J. Behav. Nutr. Phys. Act. 2008, 5, 43. [CrossRef]

Cruise, S.; Hunter, R.F; Kee, F; Donnelly, M.; Ellis, G.; Tully, M.A. A comparison of road- and footpath-based walkability indices
and their associations with active travel. J. Transp. Health 2017, 6, 119-127. [CrossRef]

Department for Transport. Gear Change. Bold Vision for Cycling and Walking; Department for Transport: Westminster, UK, 2020.
Available online: https:/ /assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/90
4146/ gear-change-a-bold-vision-for-cycling-and-walking.pdf (accessed on 29 June 2021).

Department for Infrastructure. A Bicycle Strategy for Northern Ireland. 2015. Available online: https:/ /www.infrastructure-ni.
gov.uk/publications/bicycle-strategy-northern-ireland (accessed on 29 June 2021).

Department for Transport. Cycling and Walking Investment Strategy. 2017. Available online: https://assets.publishing.service.
gov.uk/government/uploads/system/uploads/attachment_data/file/918442 /cycling-walking-investment-strategy.pdf (ac-
cessed on 29 June 2021).

Tully, M.A.; Hunter, R.E; McAneney, H.; Cupples, M.E.; Donnelly, M.; Ellis, G.; Hutchinson, G.; Prior, L.; Stevenson, M.; Kee, F.
Physical activity and the rejuvenation of Connswater (PARC study): Protocol for a natural experiment investigating the impact of
urban regeneration on public health. BMC Public Health 2013, 13, 774. [CrossRef] [PubMed]

Northern Ireland Statistics and Research Agency. Northern Ireland Multiple Deprivation Measure 2010 (NIMDM2010). Available
online: https:/ /www.nisra.gov.uk/statistics /deprivation/northern-ireland-multiple-deprivation-measure-2010-nimdm?2010
(accessed on 29 June 2021).

Bull, EC.; Maslin, T.S.; Armstrong, T. Global Physical Activity Questionnaire (GPAQ): Nine Country Reliability and Validity
Study. J. Phys. Act. Health 2009, 6, 790-804. [CrossRef]

Cleland, C.L.; Hunter, R E; Kee, E; Cupples, M.E,; Sallis, ].E; Tully, M.A. Validity of the Global Physical Activity Questionnaire
(GPAQ) in assessing levels and change in moderate-vigorous physical activity and sedentary behaviour. BMC Public Health 2014,
14, 1255. [CrossRef]

Ware, J.E.; Kosinski, M.; Dewey, ].E.; Gandek, B. How to Score and Interpret Single-Item Health Status Measures: A Manual for Users of
the SF-8 Health Survey; QualityMetric, Incorporated: Johnston, RI, USA, 2001.

Tennant, R.; Hiller, L.; Fishwick, R.; Platt, S.; Joseph, S.; Weich, S.; Parkinson, J.; Secker, J.; Stewart-Brown, S. The Warwick-
Edinburgh Mental Well-being Scale (WEMWBS): Development and UK validation. Health Qual. Life Outcomes 2007, 5, 63.
[CrossRef]

Marcus, B.H.; Selby, V.C.; Niaura, R.S.; Rossi, ].S. Self-Efficacy and the Stages of Exercise Behavior Change. Res. Q. Exerc. Sport
1992, 63, 60-66. [CrossRef] [PubMed]

Marcus, B.H.; Rossi, ].S.; Selby, V.C.; Niaura, R.S.; Abrams, D.B. The stages and processes of exercise adoption and maintenance in
a worksite sample. Health Psychol. 1992, 11, 386-395. [CrossRef]


https://www.gov.uk/government/statistical-data-sets/nts03-modal-comparisons
http://doi.org/10.1177/0017896906069378
http://doi.org/10.1186/s12889-015-2227-y
http://www.ncbi.nlm.nih.gov/pubmed/26385563
http://doi.org/10.1186/1479-5868-7-43
http://www.ncbi.nlm.nih.gov/pubmed/20459803
http://doi.org/10.1186/1479-5868-9-116
http://doi.org/10.1016/j.ypmed.2010.01.006
http://doi.org/10.1016/j.pmedr.2017.09.008
http://www.ncbi.nlm.nih.gov/pubmed/29021950
http://doi.org/10.1371/journal.pone.0171374
http://doi.org/10.1016/j.ypmed.2012.01.016
http://doi.org/10.1093/her/cym055
https://www.nisra.gov.uk/statistics/labour-market-and-social-welfare/labour-force-survey
https://www.nisra.gov.uk/statistics/labour-market-and-social-welfare/labour-force-survey
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/bulletins/uklabourmarket/june2021
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/bulletins/uklabourmarket/june2021
http://doi.org/10.1186/1479-5868-5-43
http://doi.org/10.1016/j.jth.2017.05.364
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/904146/gear-change-a-bold-vision-for-cycling-and-walking.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/904146/gear-change-a-bold-vision-for-cycling-and-walking.pdf
https://www.infrastructure-ni.gov.uk/publications/bicycle-strategy-northern-ireland
https://www.infrastructure-ni.gov.uk/publications/bicycle-strategy-northern-ireland
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/918442/cycling-walking-investment-strategy.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/918442/cycling-walking-investment-strategy.pdf
http://doi.org/10.1186/1471-2458-13-774
http://www.ncbi.nlm.nih.gov/pubmed/24103381
https://www.nisra.gov.uk/statistics/deprivation/northern-ireland-multiple-deprivation-measure-2010-nimdm2010
http://doi.org/10.1123/jpah.6.6.790
http://doi.org/10.1186/1471-2458-14-1255
http://doi.org/10.1186/1477-7525-5-63
http://doi.org/10.1080/02701367.1992.10607557
http://www.ncbi.nlm.nih.gov/pubmed/1574662
http://doi.org/10.1037/0278-6133.11.6.386

Int. J. Environ. Res. Public Health 2021, 18, 10360 17 of 17

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Helmerhorst, H.H.].; Brage, S.; Warren, J.; Besson, H.; Ekelund, U. A systematic review of reliability and objective criterion-related
validity of physical activity questionnaires. Int. |. Behav. Nutr. Phys. Act. 2012, 9, 103. [CrossRef] [PubMed]

Sun, F; Norman, L.].; While, E.A. Physical activity in older people: A systematic review. BMC Public Health 2013, 13, 449.
[CrossRef] [PubMed]

Department for Infrastructure. Cycling in Northern Ireland 2019/Findings from the Continuous Household Survey 2019/2020.
2021. Available online: https:/ /www.infrastructure-ni.gov.uk/system/files /publications/infrastructure/cycling-in-Northern-
Ireland-201920-report.pdf (accessed on 29 June 2021).

Iwiniska, K.; Blicharska, M.; Pierotti, L.; Tainio, M.; de Nazelle, A. Cycling in Warsaw, Poland—Perceived enablers and barriers
according to cyclists and non-cyclists. Transp. Res. Part A Policy Pract. 2018, 113, 291-301. [CrossRef] [PubMed]

Cleland, C.L.; Hunter, R.E; Tully, M.A.; Scott, D.; Kee, F.; Donnelly, M.; Prior, L.; Cupples, M.E. Identifying solutions to increase
participation in physical activity interventions within a socio-economically disadvantaged community: A qualitative study. Int. J.
Behav. Nutr. Phys. Act. 2014, 11, 68. [CrossRef]

Prior, L.; Scott, D.; Hunter, R.; Donnelly, M.; Tully, M.; Cupples, M.; Kee, E. Exploring lay views on physical activity and their
implications for public health policy. A case study from East Belfast. Soc. Sci. Med. 2014, 114, 73-80. [CrossRef]

Davies, N.M.; Dickson, M.; Smith, G.D.; Berg, G.J.V.D.; Windmeijer, F. The causal effects of education on health outcomes in the
UK Biobank. Nat. Hum. Behav. 2018, 2, 117-125. [CrossRef]

Besser, L.M.; Dannenberg, A.L. Walking to Public Transit: Steps to Help Meet Physical Activity Recommendations. Am. J. Prev.
Med. 2005, 29, 273-280. [CrossRef]

Wener, R.E.; Evans, G.W. A Morning Stroll. Levels of Physical Activity in Car and Mass Transit Commuting. Environ. Behav. 2007,
39, 62-74. [CrossRef]

Mytton, O.T.; Ogilvie, D.; Griffin, S.; Brage, S.; Wareham, N.; Panter, J. Associations of active commuting with body fat and
visceral adipose tissue: A cross-sectional population based study in the UK. Prev. Med. 2017, 106, 86-93. [CrossRef] [PubMed]
Sahlqvist, S.; Goodman, A.; Cooper, A.R; Ogilvie, D. Change in active travel and changes in recreational and total physical
activity in adults: Longitudinal findings from the iConnect study. Int. ]. Behav. Nutr. Phys. Act. 2013, 10, 28. [CrossRef] [PubMed]


http://doi.org/10.1186/1479-5868-9-103
http://www.ncbi.nlm.nih.gov/pubmed/22938557
http://doi.org/10.1186/1471-2458-13-449
http://www.ncbi.nlm.nih.gov/pubmed/23648225
https://www.infrastructure-ni.gov.uk/system/files/publications/infrastructure/cycling-in-Northern-Ireland-201920-report.pdf
https://www.infrastructure-ni.gov.uk/system/files/publications/infrastructure/cycling-in-Northern-Ireland-201920-report.pdf
http://doi.org/10.1016/j.tra.2018.04.014
http://www.ncbi.nlm.nih.gov/pubmed/30008521
http://doi.org/10.1186/1479-5868-11-68
http://doi.org/10.1016/j.socscimed.2014.05.015
http://doi.org/10.1038/s41562-017-0279-y
http://doi.org/10.1016/j.amepre.2005.06.010
http://doi.org/10.1177/0013916506295571
http://doi.org/10.1016/j.ypmed.2017.10.017
http://www.ncbi.nlm.nih.gov/pubmed/29030265
http://doi.org/10.1186/1479-5868-10-28
http://www.ncbi.nlm.nih.gov/pubmed/23445724

	Introduction 
	Materials and Methods 
	Survey 
	Outcome Measures 
	Dependent Variable 
	Independent Variables 
	Statistical Analysis 


	Results 
	Participant Characteristics 
	Associations with Active Travel 
	Engaging in Some Active Travel 
	Amount of Time Engaging in Active Travel 
	Sufficiently Active through Active Travel 


	Discussion 
	Conclusions 
	References

