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Background: Travel outside the local area allows people to meet others and access a wide selection
of services and opportunities. However, travel can be constrained by the lack of good transport or
by personal factors. This paper investigates whether these constraints are associated with poor
self-rated health, and the extent to which the association is mediated by reduced social
participation.

Method: Respondents in a survey in the North of England (n = 2747) stated levels of constraints to
trip frequency, number of places visited, travel distance, and travel mode for trips more than 15
miles (24 km) away from home. Path analysis tested associations between these constraints, in-
dicators of social participation (seeing family and friends frequently and being a member of clubs

Health or societies), and self-rated health.

Self-rated health Results: Constraints to the number of places visited were associated with self-rated health via

Path analysis reduced social participation. Constraints to trip frequency had a negative association with self-
rated health via pathways other than social participation. Constraints to travel distance were
not significant and constraints to car use and public transport use were associated with self-rated
health via other constraints. The results varied by age group and were robust to changes in
variable specification and treatment of missing data.
Conclusions: The results confirm the importance of being able to travel outside the local area for
social participation and health and emphasize the need for public policies that reduce constraints
to travel, by providing better conditions for the use of both private and public transport and for
the realization of more frequent trips to a wider set of places.

1. Introduction

Travel allows people to reach places where they can access opportunities (e.g. employment, education, leisure), go to shops, use
services (e.g. healthcare), meet other people, or just see things. The ability to travel is especially important for older people, as it
provides the freedom to do things independently, contribute to society, and feel connected to others (Musselwhite and Haddad 2010;
Pantelaki et al. 2021). In theory, travel outside one’s local area provides extra benefits, as it allows people to reach more places, access
more opportunities, meet more people, and see more things. However, some people are constrained in their ability to travel outside
their local area. This can be because of long travel times and costs, lack of good transport, or personal factors. Constraints to travel may
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lead to reduced social participation. This has possible negative consequences on health. In fact, constraints to travel, and associated
unmet travel needs, may be more important than the actual number of trips in determining people’s quality of life (Kolodinsky et al.
2013).

This paper looks at the pathways between perceived constraints to travel outside the local area and self-rated health, considering
five aspects of travel: trip frequency, number of different places visited, travel distance, use of car, and use of public transport. We
hypothesize that stronger constraints to travel are related to poorer self-rated health, via reduced social participation or other, un-
specified, pathways (Fig. 1). In addition, transport constraints, social participation, and self-rated health are related to demographic
factors (e.g. gender, age, household characteristics, income) and location (urban or rural).

The paper makes four contributions to the literature:

1. It analyses constraints to travel outside the local area (defined as more than 15 miles or 24 km from home), an issue with little
research. Most previous studies on constraints to travel have either not specified distance or analysed shorter trips (Bergstad et al.
2011; Friman et al. 2017).

2. It looks at pathways between constraints to travel and self-rated health. Most previous studies focused on pathways to subjective
wellbeing (Currie and Delbosc 2010; Stanley et al. 2011; Bergstad et al. 2011; Delbosc and Currie 2012; Friman et al. 2017).

3. It separates associations between constraints to travel, social participation, and self-rated health. Previously, social participation
and health have been aggregated, together with economic participation, under an overarching concept of social exclusion (Delbosc
and Currie 2011a, 2012; Stanley et al. 2011).

4. It uses a representative sample of the whole population. Most previous studies have focused on individuals that have constraints to
travel or are at disadvantage in terms of income, employment, or mobility (Dobbs 2005; Casas 2007; Lucas et al. 2018).

The case study is the North of England. This region has had persistently worse health outcomes than the rest of England. For
example, Buchan et al. (2017) found that the North had excess mortality among people aged <25 and 45+ in the period 1965-2015,
and has seen an increase in excess mortality among those aged 25-44 since 1990. Constraints to travel have been identified as a factor
contributing to economic disadvantage and lower subjective wellbeing in the North (Palacin et al. 2016; Lucas et al. 2018; Crisp et al.
2018), but there is little evidence on negative impacts on health. Large urban areas (e.g. Manchester) have good road and rail links with
the rest of the North and beyond. However, many suburban and rural areas have poor accessibility, especially by public transport, due
to the lack of frequent and regular services. Large investments are planned to reduce these constraints, including new and improved
inter-city rail links, as a part of a larger economic development strategy (TfN 2019). These investments require evidence on the benefits
of medium and long distance travel on population health. This paper provides this evidence, by using the results of a survey of residents
in the North to assess the links shown in Fig. 1.

2. Existing evidence
2.1. Concept definition and measurement

Constraints to travel are limitations to the choices that individuals can make regarding travel, because of geographic isolation, lack
of good transport, or personal factors (Nyaupane and Andereck 2008; Nasrin and Bunker 2021; Zhou et al. 2022). Related concepts in
the literature include travel or transport (dis)satisfaction (Bergstad et al. 2011; Friman et al. 2017) or disadvantage (Currie and Delbosc
2010; Delbosc and Currie 2011a, 2012).

Social participation has been defined as “involvement in activities that provide interaction with others” (Levasseur et al. 2010). The
concept has been measured in different ways, varying in the components of the definition above (e.g. levels of involvement, types of
activity, types of interaction, and types of previous relationships with others). The frequency of meeting family and friends, and
membership in clubs and societies, are commonly used indicators in academic studies and official national and international surveys
on social participation (Guillen et al., 2011).

Self-rated health is a subjective indicator of health, usually collected in surveys by asking respondents about their overall health
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Fig. 1. Pathways between constraints to travel and self-rated health.
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status, with some variations in the reference period, scales used, and wording of questions and possible answers. Self-rated health is
influenced by contextual, demographic, and cultural factors (Baidin et al. 2021), but it tends to be a good predictor of mortality (Jylha
2009; Benyamini 2011; Schnittker and Bacak 2014). As such, it has become a commonly used indicator in academic studies in various
fields (not only medical but also social and economic) and in official health surveys (Jylha 2009).

2.2. Travel constraints vs. social participation

Studies in several countries have found that some individuals make fewer trips to visit family and/or friends due to lack of access to
a car (Van den Berg et al. 2011; Shergold 2019; Shirgaokar et al. 2020) or not holding a driving licence (Luiu et al. 2018; Pristavec
2018). The provision of public transport has also been linked to increased visits to family and friends in a Japanese region (Utsunomiya
2016). In a study in Switzerland, social networks were significantly smaller for individuals who lacked a public transport pass and
narrower (in space) for those who lacked a car (Frei et al. 2009).

There is also consistent evidence that not having access to a car, driving licence, or public transport, reduce participation in out-of-
home social activities such as taking a course or attending sport or cultural events (Richard et al., 2009; Adeel et al. 2016; Spinney et al.
2020). The ability to travel also affects community engagement, including volunteering work (Curl et al., 2014; Utsunomiya 2016;
Shergold 2019), and membership and participation in organizations (Utsunomiya 2016).

Finally, not being able to travel limits opportunities for social interaction while travelling. This applies mostly to public transport
trips (Green et al. 2014), but improvement on interpersonal relationships has also been reported by individuals sharing cars/vans to go
to work (Robbins et al. 2015).

2.3. Social participation vs. health

The hypothesis that social participation contributes to better health is supported by many studies, as listed in the reviews of Silva
et al. (2005) for mental health, Holt-Lunstad et al. (2010) for mortality, and Choi et al. (2014) for cancer, cardiovascular disease, and
mortality. These effects can often been explained by the mediating role of increased social support, which influences health-promotion
behaviours related to the prevention, diagnosis, and treatment of diseases.

Social participation tends to have a particularly noticeable effect on the health outcomes of older people, being associated with
better self-rated health (Lee et al. 2008; Sirven and Debrand 2008; Gilmour 2012), cognitive functioning (Kelly et al. 2017), psy-
chological well-being (Thanakwang et al. 2012) and reduced probability of depression (Chiao et al., 2011). These associations are
usually estimated with cross-sectional datasets but also apply across time (Kim et al. 2016).

2.4. Travel constraints vs. health

A direct link between composite measures of travel constraints and poor self-rated health has been reported by Delbosc and Currie
(2011b) and Ma et al. (2018). Haustein and Siren (2014) also found an association between lack of a driving licence and poorer
self-rated health. However, in these studies, causes and effects were not ascertained. The link is probably bidirectional. Poorer
self-rated health constrains individuals because it affects physical accessibility to vehicles and the ability to walk and cycle (Luiu and
Tight 2021). In the current study, we isolate the analysis from this effect, as explained in the next section. Travel constraints can also
lead to poorer health - as hypothesized in the current study. Several explanations are plausible, as detailed below.

Travel constraints affect health when they limit access to health-supportive destinations. 77% of 108 studies reviewed by Kelly
et al. (2016) found that patients living at longer travel distances or times from healthcare facilities had worse health outcomes (e.g.
survival rates, length of stay in hospital, missing appointments, late diagnoses). The same rationale could apply to travel distances or
times to green areas or to food shops, but in this case, there is little evidence on negative health outcomes (see for example Haw-
kesworth et al. 2017).

Travel constraints also affect health by limiting the use of some travel modes and forcing individuals to use other, less healthy,
modes. Evidence exists mostly for commuting trips. In a study in Sweden, Mattisson et al. (2018) found that commuting by public
transport was linked to fewer walking difficulties and lower probability of being obese, compared to commuting by car. Car travel has
also been identified as the most stressful commuting mode (Rissel et al. 2014; Legrain et al. 2015), while public transport users have the
health benefits of walking and cycling to access stations/stops and for interchange (Lachapelle and Noland 2012). While this evidence
points to better health outcomes for public transport users, Jacob et al. (2021) found no significant effect of shifts from car to public
transport or vice-versa and Tajalli and Hajbabaie (2017) found differences among the various types of public transport (with better
outcomes for underground users and worse for bus users, compared with car users). Different travel modes also have different degrees
of exposure to air pollution. A review of ten studies found that car users to be the most exposed road users (De Nazelle et al. 2017),
although other studies have shown that users in cars with windows closed or good ventilation are the least exposed (Qiu et al., 2017;
Onat et al. 2019).

Finally, constraints to travel can affect health through its intermediate negative effects on employment, income, and social
exclusion (Mackett and Thoreau 2015).

2.5. Main gaps

As detailed above, there is strong evidence on each of the separate links shown in Fig. 1. Most of the evidence, however, is for short
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trips, especially commuting trips. Furthermore, no study has integrated the three types of links.
3. Data

We conducted an online survey of 3014 residents in the North of England. Respondents were recruited via e-mail from a nationally
representative panel. No quotas were imposed. The survey was conducted under the terms of the Code of Conduct of the Market
Research Society. Names and addresses were not collected. No problems were encountered on a pilot with 53 interviews. The main
stage was conducted in January 2019.

Respondents were asked about the level to which they feel constrained in relation to travel outside their local area, defined as more
than 15 miles (24 km) from home. This was asked as the level of agreement with five statements, from 1 (disagree strongly) to 5 (agree
strongly):

“I travel beyond my local area less often than I would ideally like to” — henceforth treated as constraints to trip frequency.

“I travel to fewer places (e.g. cities or towns outside my local area) than I would ideally like to” — constraints to number of places
“I travel to places that are nearer than the ones I would ideally like to go” — constraints to travel distance.

“I travel by public transport to places I would ideally like to go by car” — constraints to the use of car.

“I travel by car to places I would ideally like to go by public transport” — constraints to the use of public transport.

The questions referred to general travel behaviour, not trips made for specific trip purposes. Respondents who stated that they
agree or agree strongly with a statement (i.e. levels 4 or 5 on the scale) were asked about the reason. They could choose one or more
from a list of possible reasons (compiled from the literature) or add their own reason.

Table 1
Sample composition, compared with population.
Sample Population Sample (weighted)

Gender (sample)* or Sex (population) Male 38% 49% 49%
Female 62% 51% 51%

Age group 18-24 8% 12% 12%
25-34 18% 16% 16%
35-44 19% 17% 17%
45-54 20% 18% 18%
55-64 18% 15% 15%
65-74 15% 11% 11%
75+ 2% 10% 10%

Self-rated health Very good 18% 46% 47%
Good 43% 33% 33%
Fair 28% 14% 14%
Bad 8% 5% 5%
Very bad 2% 1% 1%

Employment status Self-employed 7% 8% 7%
Employed full-time 38% 37% 40%
Employed part-time 14% 14% 13%
Student 3% 9% 3%
Unemployed 4% 5% 4%
Carer or looking after the home/children 8% 4% 6%
Retired or unable to work 26% 22% 26%

Type of area Urban 87% 85% 87%
Rural 13% 15% 13%

County Cheshire 6% 7% 5%
Cumbria 3% 3% 3%
Derbyshire 1% 2% 1%
Durham 6% 6% 6%
East Riding of Yorkshire 4% 4% 4%
Greater Manchester 19% 17% 20%
Lancashire 11% 10% 11%
Lincolnshire 3% 2% 3%
Merseyside 9% 9% 8%
North Yorkshire 8% 7% 8%
Northumberland 2% 2% 2%
South Yorkshire 7% 9% 7%
Tyne and Wear 8% 7% 8%
West Yorkshire 13% 15% 13%

Notes: Population proportions calculated from 2011 census, except type of area, from ONS rural-urban classification dataset. *: Other = 0.1% of
sample.
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Self-rated health status was assessed on a 5-point scale: very good, good, fair, bad, and very bad, as possible answers to the question
“How would you describe your health in general?”

Social participation was collected through three variables. The first two variables were how often respondents met family and
friends (never, less than once a year, about once a year, 2-3 times a year, about once a month, about once a week, 2-3 days a week, 5
days a week or more, and ‘I live with them’). The third variable was membership in clubs or societies (choosing one or more from:
education; arts or music groups or evening classes; sports clubs, gyms, or exercise classes; and other). Memberships in other types of
organizations (e.g. resident groups) were also probed, but the answers were not used in the analyses that follow, as it is likely that these
memberships do not involve travelling outside the local area.

The following demographic variables were collected: gender; age group (nine categories); how long the respondent has lived in the
local area and in the United Kingdom; ethnic group (White, Mixed, Asian, Black, Other); number of adults and children in the
household; number of hours of unpaid care provided for an adult relative/partner, disabled child or friend/neighbour (0, 0-20,20-50,
or 50-+); household income (nine categories); employment status; educational qualifications; housing tenure; number of bedrooms;
and whether the respondent or any other member of the household receives state benefits (choosing one or more from a list of 13
possible types of benefits).

We also linked the respondents’ postcode area to two other datasets, using a geographic information system (GIS). Postcode areas
were first geo-coded, using Ordnance Survey Open Data. We then identified: 1) respondents living in urban areas with a population
over 10,000, using data from the 2013 Office for National Statistics rural-urban classification of census areas; and 2) the decile of the
respondent’s census area in the country’s income distribution, using data from the 2015 Index of Multiple Deprivation dataset,
published by the Ministry of Housing, Communities and Local Government (MHCLG).

Respondents could skip questions, choosing a “don’t know” or “would rather not say” option. This led to incomplete data for 240
respondents, who were excluded from further analysis. We also excluded 27 respondents who stated that the reason for the constraints
to travel was poor health. This was to mitigate reverse causality problems in the models, as the hypothesized links in this study are from
travel constraints to self-rated health. The final dataset, used in all analyses, has 2747 respondents, i.e. 91.1% of the original dataset.

Income was missing for 195 of the remaining respondents. These respondents were retained in the analysis for two reasons: 1) to
prevent data loss on a key variable explaining self-rated health, and 2) to avoid bias, since nonresponse in income questions tends to be
related to income levels themselves, which leads to bias when excluding missing data (Valet et al. 2019). Household income was first
converted into per-person income, based on the number of adults and children in the household. We then defined a low-income dummy
variable representing per-person income below £7500 per year. Missing values were inputted from the forecasts of a logit model
relating low income with the following variables: being unemployed, working part time, being a student, looking after the home/-
children full-time, having no qualifications, living in social housing, bedrooms per person, not receiving any benefits, number of
benefits received, and the decile of the respondent’s census output area in the country’s income distribution (entered as a continuous
variable). This model gave 80% correct predictions. In Section 7, we test the sensitivity of the results to the definition of a cut-off value
for low income and the inputation of missing income data.

Table 2
Incidence of bad and very bad self-rated health, by group.
Group % of sample Self-rated health (% of group)
Very bad Bad
All 1.5 4.9
Social participation
See family at least once a month Yes 88 1.3 4.6
No 12 3.0 e 7.0 Hrk
See friends at least once a month Yes 84 1.0 4.2
No 16 3.9 e 8.6 ok
Memberships in clubs/societies Yes 35 0.5 2.6
No 65 2.0 i 6.2 e
Constraints to travel > 4
Trip frequency Yes 43 2.0 ok 7.0 ok
No 57 1.1 3.5
Number of places Yes 49 2.0 o 6.4 e
No 51 1.0 3.6
Travel distance Yes 42 1.7 * 6.5 sk
No 58 1.3 3.8
Use of car Yes 24 1.6 4.7
No 76 1.4 5.0
Use of public transport Yes 25 1.2 5.0
No 75 1.6 4.9

Note: Chi-square test. Significance levels: ***0.1, **1%, *5%.
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4. Descriptive analysis

As shown in Table 1, the distribution of the sample according to employment status, type of area, and region (county) are aligned
with those of the population of the North of England. The majority of respondents are employed (59%) and live in urban areas (87%).
The sample has a lower proportion of men, individuals aged above 75, and those rating their health as ‘very good’, compared with the
population. We thus estimated a set of weights, using a raking (i.e. iterative proportional fitting) procedure (Sarndal 2007, Kott, 2006).
This ensured that the sample-weighted proportions of genders, age groups, and health status categories (last column of Table 1)
matched those in the population. The weights were applied in all subsequent analyses.

Table 2 shows the proportions of respondents reporting bad and very bad health, for key groups in the sample, compared with the
rest of the sample. The statistical significance of differences in proportions was tested with chi-square tests of proportions. The key
groups are respondents who see family less than once a month (12% of the sample), see friends less than once a month (16%), have no
memberships in clubs and societies (65%), and reported the two highest levels of constraints to travel (from 24% to 49%, for con-
straints to car use and number of places, respectively). The hypothesis is that these groups have higher proportions of respondents
reporting bad or very bad health.

The proportions of respondents reporting bad or very bad health were significantly higher among respondents who see family or
friends less than once a month, have no memberships, and reported the two highest levels of constraints to trip frequency, number of
places, and travel distance. There were no significant differences between the proportions among respondents who reported the two
highest levels of constraints to use of car or public transport and other respondents. The proportion reporting bad health was
significantly higher among respondents who did not report the two highest levels of constraints to the use of public transport.

5. Model specification

We used path analysis to analyse our dataset as this method allows the simultaneous modelling of direct and indirect relationships
among exogenous and (several) endogenous variables. We tested whether travel constraints are related to poorer self-rated health,
either directly (i.e., via unspecified pathways other than social participation) or indirectly (via lower social participation) (Fig. 2), Self-
rated health was treated as a continuous variable, with values from 1 (very bad) to 5 (very good). Approximating ordinal variables with
continuous variables tends to perform well, if the number of categories is above four, which is the case (Rhemtulla et al. 2012). This is
common in studies of self-rated health, with studies finding comparable results using continuous variables and ordinal or binary
variables (Garbarski et al. 2015; Assari et al. 2016; Bozick 2021).

Three binary indicators of social participation were defined: seeing family frequently (at least once a month); seeing friends
frequently (at least once a month); and being a member of at least one club or society. In Section 8, we test the sensitivity of the results
to other variable specifications (seeing friends/family at least once a week or 2/3 times a year, memberships in two or more clubs and
societies, and number of memberships). It should be noted that the indicators were not approximated as continuous variables using the
mid-point of the intervals defined in each category because one of the intervals was open (e.g. “less than once a year™). Using the
original ordinal variable would lead to convergence issues in the model estimation.

We hypothesized that self-rated health is positively associated with social participation and negatively associated with constraints
to trip frequency, number of places, and travel distance. In addition, social participation is negatively associated with these three types
of constraints.

CONSTRAINTS TO TRAVEL OUTSIDE LOCAL AREA SOCIAL PARTICIPATION

[ 1 [ 1 See family
| Caruse | Frequency | H
7'y v’y once/month | |

. ' i
See friends '
Places ' once/month | !

Public e ] Membership in|_:
Distance <~
transport use clubs/societies

Self-rated
health

Dependency
Correlation between error terms

Note: All equations control for demographics and location

Fig. 2. Model specification.
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Constraints to the use of travel modes (car or public transport) are not assumed to be directly associated with social participation.
The constraints were formulated in the respective survey questions in relation to an alternative mode that the respondent uses, so the
constraints do not directly affect the ability to travel. However, these constraints may have a negative effect on social participation via
their effect on constraints to trip frequency, number of places, or travel distance. This is because being forced to use a given mode may
mean that an individual is not able to travel as often as desired, or to travel to as many places as desired, at the desired distance. That
may be the case of constraints to car use that force individuals to use public transport, which may have long travel times and unsuitable
routes and schedules. We also allow a possible direct association between constraints to the use of car or public transport and self-rated
health. This association may be positive or negative. As mentioned in Section 2 of the paper, the choice of a particular travel mode may
lead to a variety of different health outcomes, positive or negative.

Social participation and self-rated health also depend on location (urban or rural) and on the following binary demographic
variables: 1) gender (female); 2) age (<25, 25-34 45-54, 55-64, 65-74, or 75+, with 35-44 as omitted category); 3) living in the local
area for less than a year; 4) living in the United Kingdom for less than a year; 5) ethnicity (ethnic minority, i.e., not identifying as
“white™); 6) household type (single household, single parent, couple with children); 7) providing 20+ hours of unpaid care; and 8) low
income. Variables that were used to input missing values in the low-income variable were not entered in the model.

Path analysis is a special case of structural equation modelling that contains no latent variables. We tested treating the five types of
constraints to travel and the three social participation variables as components of two latent variables. However, these latent variables
were weakly related to the components. This suggests the existence of separate dimensions of travel constraints (which is probably due
to the characteristics of the available transport in relation to the places where individuals would like to go) and social participation
(which is probably due to personality characteristics and the location of friends, family, and clubs/societies). We therefore treated the
five types of constraints and three social participation variables separately. However, we assume correlation among the error terms of
the equations of constraints to trip frequency, number of places, and travel distance, and among the error terms of the equations of the
three social participation variables.

The models were estimated in STATA SE15, using maximum likelihood. The model was run on the whole dataset and then
separately on data for respondents aged below and above 55 years of age, using the same specification. Models using different age cut-
off values (below and above 65) are reported as part of sensitivity analysis in Section 7.

Goodness of fit was assessed by five statistics commonly used in structural equation models: relative y2, root mean square error of
approximation, standardised root mean square residual, goodness of fit index, and comparative fit index.

6. Model results
6.1. Goodness of fit

As shown in Table 3, the models met almost all the criteria that are usually accepted in the literature as defining a good model fit,
with only slightly lower than desirable goodness of fit indices.

6.2. Main model

Fig. 3 shows the results of the main model. The figure shows only the associations significant at the 5% level. The values are
standardised on a 0-1 scale. Grey lines represent direct relationships. Orange dotted lines represent co-variances between error terms.
As hypothesized, self-rated health was significantly and positively associated with all three social participation variables. The strongest
association was with seeing friends frequently (0.106), followed by memberships (0.080) and seeing family frequently (0.040). Only
one type of travel constraint (trip frequency) was directly associated with self-rated health, with a negative effect, as expected
(—0.083).

Constraints to trip frequency and travel distance were not significant associated with any of the social participation variables.
Constraints to the number of places visited were negatively associated with seeing family and friends frequently (effect of —0.081 and
—0.104, respectively). Constraints to the use of car and public transport contribute positively to each of the other three types of
constraints.

Table 3
Goodness of fit measures.
Statistic Model Scale Criteria
Main (n = 2747)  Age<55 (n = Age 55+ (n = ][)‘2’;;“'
1783) 964)

Relative 2 4.17 3.39 1.78 - <5 (Wheaton et al., 1977)

Root mean square error of 0.034 0.037 0.029 [1-0] <0.06 (Hu and Bentler 1999), <0.07 (
approximation (90% confidence (0.030-0.038) (0.032-0.041) (0.021-0.036) Steiger 2007), <0.08 (MacCallum et al.,
interval) 1996)

Standardised root mean square 0.02 0.02 0.02 [1-0] <0.08 (Hu and Bentler 1999)
residual

Goodness of fit index 0.94 0.93 0.94 [0-1] >0.95 (Shevlin and Miles 1998)

Comparative fit index 0.95 0.95 0.97 [0-1] >0.95 (Hu and Bentler 1999)
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CONSTRAINTS TO TRAVEL OUTSIDE LOCAL AREA SOCIAL PARTICIPATION
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Note: All equations control for demographics and location

Fig. 3. Path analysis: significant associations.

The co-variances between the error terms of the equations of seeing friends and the other two social participation variables were
both significant and positive. The co-variances between the error terms of seeing family frequently and memberships in clubs/societies
were negative. The co-variances among the error terms of constraints to frequency, places, and distance, were all significant and
positive.

The full results of the model are in appendix. The results obtained for the control (demographic and locational) variables were in
line with previous expectations. As an example, self-rated health was highest for the youngest age groups (<25) and lowest for the
oldest age group (>75 m), with an almost linear progression between these groups. Respondents with low income and those living
alone also had worse health.

6.3. Models by age group

Fig. 4 shows the significant associations (on a 0-1 scale) in the models segmented by age. In the model for respondents aged below
55, seeing family frequently was not significantly associated with self-rated health. The other two social participation variables were
significant and positive. Only constraints to public transport were associated with self-rated health, with a positive effect (0.060).
Constraints to number of places were negatively associated to seeing family frequently (—0.085).
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Fig. 4. Path analysis (age<55): significant associations.
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In the model for respondents aged 55+ (Fig. 5), self-rated health was positively associated with seeing family frequently (0.054).
Constraints to trip frequency were directly associated to self-rated health, with a negative effect (—0.175). Constraints to the number of
places visited were negatively associated with seeing friends frequently and memberships (—0.222 and —0.119, respectively). Contrary
to expectations, constraints to trip frequency had a positive association with seeing friends frequently.

In both models, constraints to the use of car and public transport contributed positively to each of the other three types of
constraints.

The co-variances between the error terms of the equations of seeing friends frequently and the other two social participation
variables were both significant and positive in both models. The co-variance between the error terms of seeing family frequently and
memberships was negative for the 55+ group and insignificant for the <55 group. The co-variances between the error terms of
constraints to frequency, places, and distance, were all significant and positive.

6.4. Direct and indirect effects

Table 4 shows the estimated direct and indirect effects on self-rated health of a 1-level increase in travel constraints (in a 1-5 scale),
for the whole sample and the two age groups. The direct effects are equal to the coefficient of the constraints in the self-rated health
equation. For constraints to trip frequency, places, and distance, the indirect effect is the sum of the products of the coefficients in the
equations of the three social interaction variables and the coefficients of these variables in the self-rated health equation. For con-
straints to car and public transport use, the indirect effects also factor in the associations between those constraints and constraints to
trip frequency, number of places, and travel distance.

For the whole sample, four impacts were significant, all negative. The strongest was the direct impact of constraints to trip fre-
quency (—0.083), followed by the indirect impact of constraints to car use (—0.027), number of places (—0.017), and public transport
use (—0.017).

For the <55 group, the direct effect of constraints to trip frequency and the indirect effect of constraints to number of places became
insignificant and the direct effect of constraints to public transport became significant, with a positive sign. The indirect effects of
constraints to car use and public transport use were significant, as in the main model.

For the 55+ group, the indirect effects of constraints to number of places and car use became insignificant. Only two effects were
significant: the direct effect of constraints to trip frequency and the indirect effect of constraints to public transport use, both as in the
main model.

7. Sensitivity analysis

The impact of the various choices made in variable specification and treatment of missing data was tested by comparing direct and
indirect effects of travel constraints on self-rated health for the main model and for models using alternative methods.

Eleven alternatives were tested. Alternatives 1-4 used different cut-off values for frequency of seeing family and friends (once a
week or more or 2-3 times a year or more, rather than once a month), membership in two or more clubs or societies (rather than one or
more), and number of memberships (rather than a dummy for a cut-off value of memberships). Alternatives 5-7 used different
transformations of the self-rated health variable, aggregating respondents reporting bad and very bad health and defining dummy
variables for health statuses of good or better and fair or better. Alternatives 8-9 used different cut-off values to define the low-income
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Table 4
Direct and indirect effects on self-rated health, overall and by age.
All Age<55 Age 55+
n = 2747 n=1783 n = 964
Direct Indirect Direct Indirect Direct Indirect
Travel constraints
Trip frequency —0.083%** 0.004 —0.032 —0.005 —0.175%%* 0.001
Number of places -0.019 —0.017%** —0.045 -0.014 0.039 —0.009
Travel distance —0.020 0.005 —0.021 0.001 —0.036 0.003
Car use 0.025 —0.027%** 0.022 —0.029%** —0.019 —0.015
Public transport use 0.017 —0.017%** 0.060* —0.013** —0.052 —0.032%**

Significance levels: ***0.1%, **1%, *5%.

variable and Alternative 10 did not input missing values for the low-income variable (thus excluding respondents with missing income
data). Alternatives 11-12 used a different cut-off point for age-segmented models (above/below 65 years of age, rather than 55).

Table 5 shows the results. The impacts of alternatives 1-10 on the set of significant effects were minimal. The only difference is that
the indirect effect of constraints to travel distance became significant in Alternatives 3 and 10, with a positive sign. In Alternative 11
(respondents below 65 years of age), the significant direct and indirect effects were the same as the ones for respondents aged below 55
(reported in Table 5), with the same sign. In Alternative 12 (respondents above 65), the direct effect of constraints to public transport
became significant (and negative), comparing to the ones for respondents above 55.

8. Discussion and directions for further work

This paper found evidence that constraints to travel outside the local area (>15 miles from home, or 24 km) are related to poorer
self-rated health, both via reduced social participation and other, unspecified paths. The results were robust to altering assumptions
about variable specification and treatment of missing data.

Different aspects of travel had different associations with social participation and self-rated health. Constraints to travel distance
did not have any significant association. Constraints to the number of places visited outside the local area were linked to reduced social
participation, overall and among the two age groups considered. Among respondents aged less than 55, those constraints were linked
to seeing family infrequently. Among those older than 55+, the constraints were linked to seeing friends infrequently and not being a
member of clubs and societies. Constraints to trip frequency also had a negative association with self-rated health through pathways
other than social participation, overall and among the 55+ age group.

Constraints to car use (i.e., having to make trips by public transport) were only linked with self-rated health via other constraints.
This was also the case of constraints to the use of public transport (i.e., having to make trips by car), in the overall sample and among
the <55 age group. However, among the <55 age group there was a positive link between constraints to public transport and self-rated
health. This does not contradict the literature. As mentioned in Section 2, while some studies suggest that the use of public transport is
linked to better health outcomes than the use of car, the associations between mode choice and health are complex.

The use of a larger sample size could uncover further associations and determine how the associations vary by age group and
interact with other demographic factors. In particular, our sample had a relatively small number of respondents in the 75+ age group.
While this aspect was mitigated by weighting data, the small sample may not cover all relevant combinations of demographic factors
related to social participation and self-rated health within this age group.

The key concepts analysed in this study could also be extended. For example, we investigated constraints to general travel outside
the local area. Future work could distinguish between constraints to trips made for different purposes. However, this would require
strategies to account for multi-purpose trips.

In addition, we looked at social participation, not at social capital (which implies trust and reciprocity in social relationships).
Social capital may show stronger links with both travel constraints and health. We also did not consider contacts with family and
friends via phone or internet and local contacts with neighbours and acquaintances, which are means of social participation and can
contribute to better health outcomes. In addition, membership in clubs and societies can generate non-local, local, and online ac-
tivities. We excluded from analysis the clubs and societies that are likely to be local, but future work could ask about the location of
activities, for a more accurate classification. Other possibilities include asking about combinations of social activities (e.g., meeting
family and friends at the same time), and other unobserved aspects that are now accounted in the correlations between the error terms
of the social participation equations.

The use of self-rated health also has some caveats. As mentioned in Section 2.1, self-rated health is a subjective indicator of health
condition. Individuals may not be aware of some health issues. They may also perceive the scale presented in the survey in different
ways (e.g. “very good” may mean different things for different people, depending on age, culture, past experience, and comparison
with others). The concept also aggregates physical and mental health, losing potentially relevant information (e.g., lack of social
participation may be related to mental health but not to physical health, or vice-versa). As an alternative, health status could be
specified as a latent variable composed of several indicators.

We mitigated reverse causality from self-rated health to travel constraints by excluding respondents who reported being con-
strained because of poor health. However, reverse causality cannot be completely ruled out, as it is possible that poor health reduces
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Table 5

Direct and indirect effects on self-rated health: sensitivity analysis.

Modification to model Main model Alternative 1 Alternative 2 Alternative 3 Alternative 4
See family/friends > once/week See family/friends > 2-3 times/year Membership in more than 1 club/society Number of memberships

Direct Indirect Direct Indirect Direct Indirect Direct Indirect Direct Indirect
Travel constraints
Trip frequency 5 0.004 —0.085*** 0.007 —0.081** 0.001 —0.086 0.007 X 0.007
Number of places —0.019 —0.017%** -0.019 —0.016%*** —0.025 —-0.011* —-0.019 —0.018%** —0.018 —0.019%**
Travel distance —0.020 0.005 —0.018 0.005 —-0.017 0.003 —-0.023 0.007* —0.021 0.006
Car use 0.025 —0.027%%* 0.020 —0.026%** 0.022 —0.027%** 0.022 —0.027%** 0.022 —0.027%**
Public transport use 0.017 —0.017%** 0.016 —0.017 0.020 —0.017*** 0.022 —0.018%*** 0.018 —0.017

Modification to model

Alternative 5
Aggregate ‘bad’ and ‘very bad’ health

Alternative 6
Health at least good vs. not

Alternative 7
Health at least fair vs. not

Alternative 8
Low income: <£5000

Alternative 9
Low income: <£10,000

Direct Indirect Direct Indirect Direct Indirect Direct Indirect Direct Indirect
Travel constraints
Trip frequency —0.084*** 0.003 —0.086%** 0.003 —0.060* 0.003 —0.080** 0.004 —0.085%** 0.003
Number of places -0.017 —0.017%** —0.005 —0.014 —-0.027 —0.013*** —0.022 —0.017%*** —0.025 —0.019%**
Travel distance —0.020 0.004 —0.011 0.004 —0.038 0.003 —0.022 0.004 —0.021 0.004
Car use 0.024 —0.026%** 0.003 —0.001 —0.027%** 0.022 0.013 —0.029%**
Public transport use 0.015 —0.017%** 0.022 0.017 —0.018%** 0.013 0.016 —0.019%**

Modification to model

Alternative 10
No low-income imputation (n = 2507)

Alternative 11
<65 age group (n = 2283)

Alternative 12
65+ age group (n = 464)

Direct Indirect Direct Indirect Direct Indirect
Travel constraints
Trip frequency —0.090%** 0.003 —0.034 —0.003 —0.258%** 0.001
Number of places —0.016 —0.016%** —0.049 —0.012 0.112 —0.006
Travel distance —0.033 0.008* —0.038 0.002 0.037 —0.005
Car use 0.030 —0.031 —0.001 —0.032 0.042 0.008
Public transport use 0.033 —0.020 0.068%** —0.016 —0.181%** —0.022*
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social participation for reasons other than the impact on travelling (e.g., fatigue). Reduced social participation may also become a
constraint to travel (e.g., limiting the possibility of ridesharing). However, there are no obvious instrumental variables that could be
used to minimize the problem of reverse causality.

The set of pathways modelled could also be extended. This study did not specify pathways between constraints to travel and self-
rated health other than through social participation. These were treated as direct links and were found to be significant in the case of
constraints to trip frequency, in the overall sample and in the 55+ age group. Economic participation is a possible pathway. While data
on income and employment was available, we did not model these variables in relation to travel constraints and self-rated health as it
was not possible to ascertain causality (individuals with poor health are possibly more likely to have low income and then more likely
to be constrained to travel because of economic reasons). A direction for further research is therefore to disentangle the links that in
this study we specified as direct links between constraints to travel and self-rated health. This could be either through further surveys
collecting more variables on constraints to travel, economic participation, and health conditions, or qualitative studies probing the
causes and effects of not making trips outside the local area.

It should be noted that the collection of the information we suggest in this section would clarify the results found in this study and
address some of its limitations. However, it would also increase survey duration and could increase non-responses, as respondents
could be reluctant to provide detailed information about their travel behaviour, economic and social activities, and health condition.

Overall, this study provides evidence on the importance of being able to travel outside the local area for social participation and
self-rated health. This adds to a literature that so far had focused on local trips and subjective wellbeing (rather than self-rated health)
or analysed the problem in terms of an overarching concept of social exclusion aggregating both social participation and health. The
results suggest that this aggregation masks important detail, as travel constraints are related to self-rated health both directly and
indirectly, via social participation.

The results also emphasize the need for policies that reduce constraints to travel, by providing better conditions for the use of both
private and public transport and for the realization of more frequent trips to a wider set of places. The existence of a possible reverse
path from health to travel constraints, to ascertain in future research, reinforces those implications: policies should reduce travel
constraints as these can lead to poorer health outcomes, which in some cases may lead to even more constraints.
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Appendix. Path analysis full results

Travel constraints

Car use Public transport use Trip frequency Number of places Travel distance
Coefficient Standard Coefficient Standard Coefficient Standard Coefficient Standard Coefficient Standard
error error error error error
Travel constraints
Trip frequency
Number of places
Travel distance
Car use 0.205 0.019%** 0.198 0.019%** 0.222 0.019%**
Public transport use 0.135 0.019%** 0.107 0.019%* 0.183 0.019%*
Demographics
Female —0.039 - - - - 0.056 0.014%** 0.054 0.016%**
Age<25 0.142 - - 0.088 0.018%*** 0.060 0.019** 0.054 0.018**
Age 25-34 0.077 0.055 0.019** - - - - — _
Age 45-54 —0.053 - - - - - - — —
Age 55-64 —0.151 - - - - — - — —
Age 65-74 —0.102 —0.058 0.019** - - - - — _
Age 75+ —0.066 0.023** - - - - - - _ _
<1 year in area —0.042 0.019* —0.052 - - - - — _
<1 year in UK 0.044 0.019* 0.043 - - - - — _
Ethnic minority 0.043 0.019% 0.101 0.019%*+ - - 0.031 0.014* 0.035 0.016*
Single household - - - - 0.029 0.013* - - — _
Single parent - - - - 0.069 0.013%** - - _ _
Couple with children —0.045 - - - - —0.035 0.013%* - _
20+ hours care 0.067 0.102 0.018%*** 0.060 0.013%*** - - 0.052 0.015%**
Low income 0.098 - - - - 0.035 0.013** - -
Urban 0.046 - - 0.099 0.018%*** 0.113 0.018%*** 0.061 0.018***
Constant 1.649 0.077%*** 1.720 0.034%*** 1.550 0.071%*** 1.737 0.074%** 1.776 0.074%***
Notes: Significance levels: ***0.1%, **1%, *5%. “-": insignificant at 5% level in preliminary runs, not included in final model. Co-variances of error

terms: constraints to frequency vs. places: 0.669***, frequency vs. distance: 0.491***; distance vs. places: 0.540***.
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Social participation and self-rated health

See family once a month ormore  See friends once amonth ormore ~ Membership in clubs Self-rated health

Coefficient  Standard error Coefficient ~ Standard error Coefficient ~ Standard error ~ Coefficient ~ Standard error
Social participation
See family 1/month 0.040 0.018*
See friends 1/month 0.106 0.018%***
Membership in clubs 0.080 0.018%***
Travel constraints
Trip frequency 0.010 0.026 0.031 0.027 —0.002 0.027 —0.083 0.025%**
Number of places —0.081 0.027%* —0.104 0.028%** —0.039 0.028 —0.019 0.026
Travel distance 0.029 0.023 0.037 0.023 —0.006 0.024 —0.020 0.023
Car use 0.025 0.020
Public transport use 0.017 0.019
Demographics
Female 0.054 0.019%* 0.053 0.019%* - - - -
Age<25 0.043 0.019* - - 0.083 0.019%** 0.088 0.020%*
Age 25-34 - - - - - - 0.075 0.020%**
Age 45-54 - - —0.058 0.019** - - —0.088 0.020%**
Age 55-64 - - —0.099 0.019%** - - - -
Age 65-74 - - - - - - —0.081 0.020%**
Age 75+ - - —0.096 0.019%** 0.062 0.019%** —0.133 0.019%**
<1 year in area —0.055 0.018%* —0.055 0.018%* - -
<1 year in UK - - - - - - —0.055 0.018**
Ethnic minority —0.049 0.019%* - - - - 0.066 0.018%***
Single household —0.184 0.019%** - - 0.043 0.019* —0.064 0.019%**
Single parent - - - - - - - -
Couple with children  0.067 0.019%** - - 0.050 0.020* 0.071 0.020%**
20+ hours care - - - - —0.050 0.019%* - -
Low income - - —0.084 0.019%** —0.078 0.019%** —0.141 0.018%***
Urban - - - - - - - -
Constant 2.776 0.071%** 2.459 0.072%** 0.815 0.063%** 4.342 0.108%***

Notes: Significance levels: ***0.1%, **1%, *5%. “-": insignificant at 5% level in preliminary runs, not included in final model. Co-variances of error
terms: See family vs. see friends: 0.120%**; see family vs. memberships: —0.040*: see friends vs. memberships: 0.182***,

References

Adeel, M., Gar-On Yeh, A., Zhang, F., 2016. Transportation disadvantage and activity participation in the cities of Rawalpindi and Islamabad, Pakistan. Transport Pol.
47, 1-12.

Assari, S., Lankarani, M.M., Burgard, S., 2016. Black-white difference in long-term predictive power of self-rated health on all-cause mortality in United States. Ann.
Epidemiol. 26, 106-114.

Baidin, V., Gerry, C.J., Kaneva, M., 2021. How self-rated is self-rated health? Exploring the role of individual and institutional factors in reporting heterogeneity in
Russia. Soc. Indicat. Res. 675-696.

Benyamini, Y., 2011. Why does self-rated health predict mortality? An update on current knowledge and a research agenda for psychologists. Psychol. Health 26,
1407-1413.

Bergstad, C.J., Gamble, A., Gérling, T., Hagman, O., Polk, M., Ettema, D., Friman, M., Olsson, L.E., 2011. Subjective well-being related to satisfaction with daily travel.
Transportation 38, 1-15.

Bozick, R., 2021. The utility of self-rated health in population surveys: the role of bodyweight. Popul. Health Metrics 19, 23.

Buchan, LE., Kontopantelis, E., Sperrin, M., Chandola, T., Doran, T., 2017. North-South disparities in English mortality 1965-2015: longitudinal population study.
J. Epidemiol. Community Health 71, 928-936.

Casas, 1., 2007. Social exclusion and the disabled: an accessibility approach. Prof. Geogr. 59, 463-477.

Chiao, C., Weng, L.J., Botticello, A.L., 2011. Social participation reduces depressive symptoms among older adults: an 18-year longitudinal analysis in Taiwan. BMC
Publ. Health 11, 292.

Choi, M., Mesa-Frias, M., Niiesch, E., Hargreaves, J., Prieto-Merino, D., Bowling, A., Casas, J.P., 2014. Social capital, mortality, cardiovascular events and cancer: a
systematic review of prospective studies. Int. J. Epidemiol. 43, 1895-1920.

Crisp, R., Ferrari, E., Gore, T., Green, S., McCarthy, L., Rae, A., Reeve, K., Stevens, M., 2018. Tackling Transport-Related Barriers to Employment in Low-Income
Neighbourhoods. Joseph Rowntree Foundation. https://www.jrf.org.uk/file/51446/download?token—e_ZpTzVF&filetype—full-report.

Curl, A.L., Stowe, J.D., Cooney, T.M., Proulx, C.M., 2014. Giving up the keys: how driving cessation affects engagement in later life. Gerontol. 54, 423-433.

Currie, G., Delbosc, A., 2010. Modelling the social and psychological impacts of transport disadvantage. Transportation 37, 953-966.

Delbosc, A., Currie, G., 2011a. Exploring the relative influences of transport disadvantage and social exclusion on well-being. Transport Pol. 18, 555-562.

Delbosc, A., Currie, G., 2011b. Transport problems that matter - social and psychological links to transport disadvantage. J. Transport Geogr. 19, 170-178.

Delbosc, A., Currie, G., 2012. Choice and disadvantage in low-car ownership households. Transport Pol. 23, 8-14.

De Nazelle, A., Bode, O., Orjuela, J.P., 2017. Comparison of air pollution exposures in active vs. passive travel modes in European cities: a quantitative review.
Environ. Int. 99, 151-160.

Dobbs, L., 2005. Wedded to the car: women, employment and the importance of private transport. Transport Pol. 12, 266-278.

Frei, A., Axhausen, K.W., Ohnmacht, T., 2009. Mobilities and social network geography: size and spatial dispersion - the Zurich Case Study. In: Ohnmacht, T.,
Maksim, H., Bergman, M.M. (Eds.), Mobilities and Inequalities. Ashgate, Aldershot.

Friman, M., Garling, T., Ettema, D., Olsson, L.E., 2017. How does travel affect emotional well-being and life satisfaction? Transport. Res. A Pol. Pract. 106, 170-180.

Garbarski, D., Schaeffer, N.C., Dykema, J., 2015. The effects of response option order and question order on self-rated health. Qual. Life Res. 24, 1443-1453.

13


http://refhub.elsevier.com/S2214-1405(22)00207-9/sref1
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref1
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref2
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref2
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref3
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref3
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref4
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref4
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref5
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref5
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref6
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref7
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref7
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref8
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref9
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref9
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref10
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref10
https://www.jrf.org.uk/file/51446/download?token=e_ZpTzVF&amp;filetype=full-report
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref12
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref13
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref14
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref15
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref16
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref17
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref17
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref18
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref19
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref19
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref20
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref21

P. Anciaes and P. Metcalfe Journal of Transport & Health 28 (2023) 101535

Gilmour, H., 2012. Social participation and the health and well-being of Canadian seniors. Health Rep. 23, 23-32.

Green, J., Jones, A., Roberts, H., 2014. More than a to b: the role of free bus travel for the mobility and wellbeing of older citizens in London. Ageing Soc. 34, 472-494.

Guillen, L., Coromina, L., Saris, W.E., 2011. Measurement of social participation and its place in social capital theory. Soc. Indicat. Res. 100, 331-350.

Haustein, S., Siren, A., 2014. Seniors’ unmet mobility needs - how important is a driving licence? J. Transport Geogr. 41, 45-52.

Hawkesworth, S., Silverwood, R.J., Armstrong, B., Pliakas, T., Nanchahal, K., Sartini, C., Amuzu, A., Wannamethee, G., Atkins, J., Ramsay, S.E., Casas, J.P., Morris, R.
W., Whincup, P.H., Lock, K., 2017. Investigating the importance of the local food environment for fruit and vegetable intake in older men and women in 20 UK
towns: a cross-sectional analysis of two national cohorts using novel methods. Int. J. Behav. Nutr. Phys. Activ. 14, 128.

Holt-Lunstad, J., Smith, T.B., Layton, J.B., 2010. Social relationships and mortality risk: a meta-analytic review. PLoS Med. 7, e1000316.

Hu, L., Bentler, P.M., 1999. Cutoff criteria for fit indexes in covariance structure analysis: conventional criteria versus new alternatives. Struct. Equ. Model. 6, 1-55.

Jacob, N., Munford, L., Rice, N., Roberts, J., 2021. Does commuting mode choice impact health? Health Econ. 30, 207-230.

Jylhd, M., 2009. What is self-rated health and why does it predict mortality? Towards a unified conceptual model. Soc. Sci. Med. 69, 307-316.

Kelly, C., Hulme, C., Farragher, T., 2016. Are differences in travel time or distance to healthcare for adults in global north countries associated with an impact on
health outcomes? A systematic review. BMJ Open 6, e013059.

Kelly, M.E., Duff, H., Kelly, S., McHugh Power, J.E., Brennan, S., Lawlor, B.A., Loughrey, D.G., 2017. The impact of social activities, social networks, social support
and social relationships on the cognitive functioning of healthy older adults: a systematic review. Syst. Rev. 6, 259.

Kim, B., Park, S., Antonucci, T., 2016. Longitudinal changes in social networks, health and wellbeing among older Koreans. Ageing Soc. 36, 1915-1936.

Kolodinsky, J.M., De Sisto, T.P., Propen, D., Putnam, M.E., Roche, E., Sawyer, W.R., 2013. It is not how far you go, it is whether you can get there: modeling the effects
of mobility on quality of life in rural New England. J. Transport Geogr. 31, 113-122.

Kott, P.S., 2006. Using calibration weighting to adjust for nonresponse and coverage errors. Surv. Methodol. 32, 133-142.

Lachapelle, U., Noland, R.B., 2012. Does the commute mode affect the frequency of walking behavior? The public transit link. Transport Pol. 21, 26-36.

Lee, H.Y., Jang, S.-N., Lee, S., Cho, S.-I., Park, E.-O., 2008. The relationship between social participation and self-rated health by sex and age: a cross-sectional survey.
Int. J. Nurs. Stud. 45, 1042-1054.

Legrain, A., Eluru, N., El-Geneidy, A.M., 2015. Am stressed, must travel: the relationship between mode choice and commuting stress. Transport. Res. F Traffic
Psychol. Behav. 34, 141-151.

Levasseur, M., Richard, L., Gauvin, L., Raymond, E., 2010. Inventory and analysis of definitions of social participation found in the aging literature: proposed
taxonomy of social activities. Soc. Sci. Med. 71, 2141-2149.

Lucas, K., Philips, 1., Mulley, C., Ma, L., 2018. Is transport poverty socially or environmentally driven? Comparing the travel behaviours of two low-income
populations living in central and peripheral locations in the same city. Transport. Res. A Pol. Pract. 116, 622-634.

Luiu, C., Tight, M., 2021. Travel difficulties and barriers during later life: evidence from the National Travel Survey in England. J. Transport Geogr. 91, 102973.

Luiu, C., Tight, M., Burrow, M., 2018. An investigation into the factors influencing travel needs during later life. J. Transport Health 11, 86-99.

Ma, L., Kent, J.L., Mulley, C., 2018. Transport disadvantage, social exclusion, and subjective well-being. The role of the neighborhood environment - evidence from
Sydney, Australia. J. Transp. Land Use 11, 31-47.

MacCallum, R.C., Browne, M.W., Sugawara, H., 1996. Power analysis and determination of sample size for covariance structure modeling. Psychol. Methods 1,
130-149.

Mackett, R.L., Thoreau, R., 2015. Transport, social exclusion and health. J. Transport Health 2, 610-617.

Mattisson, K., Idris, A.O., Cromley, E., Hikansson, C., Ostergren, P.-O., Jakobsson, K., 2018. Modelling the association between health indicators and commute mode
choice: a cross-sectional study in southern Sweden. J. Transport Health 11, 110-121.

Musselwhite, C., Haddad, H., 2010. Mobility, accessibility and quality of later life. Qual. Ageing 11, 25-37.

Nasrin, S., Bunker, J., 2021. Analyzing significant variables for choosing different modes by female travelers. Transport Pol. 114, 312-329.

Nyaupane, G.P., Andereck, K.L., 2008. Understanding travel constraints: application and extension of a leisure constraints model. J. Trav. Res. 46, 433-439.

Onat, B., Sahin, U.A., Uzun, B., Akin, O., Ozkaya, F., Ayvaz, C., 2019. Determinants of exposure to ultrafine particulate matter, black carbon, and PM2.5 in common
travel modes in Istanbul. Atmos. Environ. 206, 258-270.

Palacin, R., Vigar, G., Peacock, S., 2016. Transport poverty and urban mobility. In: Davoudi, S., Bell, D. (Eds.), Justice and Fairness in the City - A Multi-Disciplinary
Approach to *Ordinary’ Cities. Policy Press, Bristol, pp. 69-84. Ch.4.

Pantelaki, E., Maggi, E., Crotti, D., 2021. Mobility impact and well-being in later life: a multidisciplinary systematic review. Res. Transport. Econ. 86, 100975.

Pristavec, T., 2018. Social participation in later years: the role of driving mobility. J. Gerontol.: Ser. Bibliogr. 73, 1457-1469.

Qiu, Z., Song, J., Xu, X., Luo, Y., Zhao, R., Zhou, W., Xiang, B., Hao, Y., 2017. Commuter exposure to particulate matter for different transportation modes in Xi’an,
China. Atmos. Poll. Res. 8, 940-948.

Rhemtulla, M., Brosseau-Liard, P.E., Savalei, V., 2012. When can categorical variables be treated as continuous? A comparison of robust continuous and categorical
SEM estimation methods under suboptimal conditions. Psychol. Methods 17, 354-373.

Richard, L., Gauvin, L., Gosselin, C., Laforest, S., 2009. Staying connected: neighbourhood correlates of social participation among older adults living in an urban
environment in Montréal, Québec. Health Promot. Int. 24, 46-57.

Rissel, C., Petrunoff, N., Wen, L.M., Crane, M., 2014. Travel to work and self-reported stress: findings from a workplace survey in south west Sydney, Australia.

J. Transport Health 1, 50-53.

Robbins, W.A., Berman, B.A., Stone, D.S., 2015. Health effects of vanpooling to work. Workplace Health & Saf. 63, 554-563.

Sarndal, C.-E., 2007. The calibration approach in survey theory and practice. Surv. Methodol. 33, 99-119.

Schnittker, J., Bacak, V., 2014. The increasing predictive validity of self-rated health. PLoS One. https://doi.org/10.1371/journal.pone.0084933.

Shergold, 1., 2019. Taking part in activities, an exploration of the role of discretionary travel in older people’s wellbeing. J. Transport Health 12, 195-205.

Shevlin, M., Miles, J., 1998. Effects of sample size, model specification and factor loadings on the GFI in confirmatory factor analysis. Pers. Indiv. Differ. 25, 85-90.

Shirgaokar, M., Dobbs, B., Anderson, L., Hussey, E., 2020. Do rural older adults take fewer trips than their urban counterparts for lack of a ride? J. Transport Geogr.
87, 102819.

Silva, M.J., McKenzie, K., Harpham, T., Huttly, S.R.A., 2005. Social capital and mental illness: a systematic review. J. Epidemiol. Community Health 59. https://doi.
org/10.1136/jech.2004.029678.

Sirven, N., Debrand, T., 2008. Social participation and healthy ageing: an international comparison using SHARE data. Soc. Sci. Med. 67, 2017-2026.

Spinney, J.E.L., Newbold, K.B., Scott, D.M., Vrkljan, B., Grenier, A., 2020. The impact of driving status on out-of-home and social activity engagement among older
Canadians. J. Transport Geogr. 85, 102698.

Stanley, J.K., Hensher, D.A., Stanley, J.R., Vella-Brodrick, D., 2011. Mobility, social exclusion and well-being: exploring the links. Transp. Res. A Pol. Pract. 45,
789-801.

Steiger, J.H., 2007. Understanding the limitations of global fit assessment in structural equation modeling. Pers. Indiv. Differ. 42, 893-898.

Tajalli, M., Hajbabaie, A., 2017. On the relationships between commuting mode choice and public health. J. Transport Health 4, 267-277.

TN (Transport for the North), 2019. Strategic transport plan. https://transportforthenorth.com/wp-content/uploads/TfN-final-strategic-transport-plan-2019.pdf.

Thanakwang, K., Ingersoll-Dayton, B., Soonthorndhada, K., 2012. The relationships among family, friends, and psychological well-being for Thai elderly. Aging Ment.
Health 16, 993-1003.

Utsunomiya, K., 2016. Social capital and local public transportation in Japan. Res. Transport. Econ. 59, 434-440.

Valet, P., Adriaans, J., Leibig, S., 2019. Comparing survey data and administrative records on gross earnings: nonreporting, misreporting, interviewer presence and
earnings inequality. Qual. Quantity 53, 471-491.

14


http://refhub.elsevier.com/S2214-1405(22)00207-9/sref22
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref23
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref24
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref25
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref26
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref26
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref26
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref27
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref28
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref29
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref30
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref31
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref31
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref32
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref32
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref33
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref34
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref34
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref35
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref36
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref37
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref37
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref38
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref38
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref39
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref39
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref40
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref40
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref41
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref42
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref43
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref43
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref44
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref44
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref45
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref46
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref46
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref47
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref48
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref49
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref50
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref50
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref51
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref51
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref52
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref53
http://refhub.elsevier.com/S2214-1405(22)00207-9/optg6KcK8e9Hz
http://refhub.elsevier.com/S2214-1405(22)00207-9/optg6KcK8e9Hz
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref54
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref54
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref55
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref55
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref56
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref56
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref57
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref58
https://doi.org/10.1371/journal.pone.0084933
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref60
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref61
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref62
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref62
https://doi.org/10.1136/jech.2004.029678
https://doi.org/10.1136/jech.2004.029678
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref64
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref65
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref65
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref66
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref66
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref67
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref68
https://transportforthenorth.com/wp-content/uploads/TfN-final-strategic-transport-plan-2019.pdf
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref70
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref70
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref71
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref72
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref72

P. Anciaes and P. Metcalfe Journal of Transport & Health 28 (2023) 101535

Van den Berg, P., Arentze, T., Timmermans, H., 2011. Estimating social travel demand of senior citizens in The Netherlands. J. Transport Geogr. 19, 323-331.
Wheaton, B., Muthén, B., Alwin, D.F., Summers, G., 1977. Assessing reliability and stability in panel models. Socio. Methodol. 8, 84-136.

Zhou, Y., Yuan, Q., Ding, F., Chen, M., Yang, C., Guo, T., 2022. Demand, mobility, and constraints: exploring travel behaviors and mode choices of older adults using a
facility-based framework. J. Transport Geogr. 102, 103368.

15


http://refhub.elsevier.com/S2214-1405(22)00207-9/sref73
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref74
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref75
http://refhub.elsevier.com/S2214-1405(22)00207-9/sref75

	Constraints to travel outside the local area: Effect on social participation and self-rated health
	1 Introduction
	2 Existing evidence
	2.1 Concept definition and measurement
	2.2 Travel constraints vs. social participation
	2.3 Social participation vs. health
	2.4 Travel constraints vs. health
	2.5 Main gaps

	3 Data
	4 Descriptive analysis
	5 Model specification
	6 Model results
	6.1 Goodness of fit
	6.2 Main model
	6.3 Models by age group
	6.4 Direct and indirect effects

	7 Sensitivity analysis
	8 Discussion and directions for further work
	Acknowledgements
	Appendix Path analysis full results
	Travel constraints
	Social participation and self-rated health

	References


