THE JoURNAL OF TRANSPORT AND LaND Use  jtu.org
VoL. 15 No. 1 [2022] pp. 729-753

JTLU

Transit-oriented development for older people: Does using
multiple public transport options improve their physical and

mental health?

Yao Du Guibo Sun (corresponding
Urban Analytics and author)

Interventions Research Lab, Urban Analytics and
Department of Urban Planning Interventions Research Lab,
and Design, The University of Department of Urban Planning
Hong Kong;The University of and Design, The University of
Hong Kong Shenzhen Institute Hong Kong; The University of
of Research and Innovation Hong Kong Shenzhen Institute

of Research and Innovation
gbsun@hku.hk

Abstract: Transit-oriented cities often use urban rail transit (e.g., metro) to lead public
transport development (TOD), which might overlook other public transport options
(e.g., bus) that matter for the health and wellbeing of older people. We investigate
older people’s public transport use patterns and how multiple public transport options
are related to the physical and mental health of older people.

In the case city of Hong Kong, which is well-known for its metro-led transit-
oriented development, we collected questionnaire data from 826 older people on their
public transport use behaviors, route environment to normally used stops/stations, and
physical and mental health. We used univariate analysis to measure explanatory factors
(P<0.25). We applied multivariable linear regression models with several sensitivity
analyses to test the associations among public transport use, route environment, and
health outcomes, adjusting for covariates of individual factors, physical activity, and
self-reported chronic disease.

We found that (1) using multiple public transport options was positively associated
with better physical health (p<0.001); (2) mixed metro and bus users had the highest
physical activity (high level with MET-mins/week>3,000, 75%) as well as the best
physical health (physical component summary (PCS) >50, 41.42%) and mental health
(mental component summary (MCS) > 50, 68.28%), compared to bus-only or metro-
only users; and (3) for mixed-mode users, pedestrian crowdedness was negatively
associated with physical health (p < 0.01), while satisfaction in sidewalk width was
positively related to mental health (p=0.038).

We found that older people prefer multiple public transport options rather than
the metro-dominated single-mode, and this travel preference benefits the physical and
mental health of this population. Our research helps deepen the understanding of
public transport use and associated health outcomes among older people and has policy
implications for TOD planning concerning the aging population.
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1 Introduction

The rapid growth of the aging population poses a great challenge for offering travel options that consider
older people’s mobility needs (Musselwhite et al., 2015). Older people have different travel patterns
from other age groups as the aging process is accompanied by changes in daily activities due to retire-
ment, income reduction, and physical limitations (Kendrick et al., 2015; Ryan & Wretstrand, 2019;
Shrestha et al., 2017). As people get older, they prefer public transport over driving cars (Bocker et al.,
2017; Cui et al., 2017; Shrestha et al., 2017; Simons et al., 2013; Sundling et al., 2016). Understand-
ing the travel patterns of older people is crucial in developing and implementing measures to fulfil their
mobility needs, which in turn increases their social inclusion, health, wellbeing, and quality of life (Avila-
Palencia et al., 2018; He et al., 2020; Mackett & Thoreau, 2015; Satariano et al., 2012).

One way to tackle the aging population’s travel challenge is transit-oriented development (TOD),
which refers to the practice of developing areas around transit stations into higher density, mixed land-use
neighborhoods and walking-friendly street environments (Pan et al., 2017). Compared to car-dominant
cities, TOD cities can fulfil the travel requirements of older people by providing a better-organized pub-
lic transport network, with accessible, frequent and reliable public transport services (Wong et al., 2018).
Older people can reach destinations outside their neighborhoods easily and independently, thus more
likely to stay mobile and maintain physical and mental health. However, TOD is usually not designed
to meet the specific needs of older people but to encourage its use by the general population (Duncan et
al., 2021). Most TOD planning often ignores the complex travel requirements of older people.

There are mismatches between TOD designs and the needs of older people. One is that TOD cities
rely on the metro as the public transport system’s backbone and adjust bus lines to be metro stations’
feeder rides. With a continued expansion of the metro system, such as in Hong Kong, there are cancella-
tions, truncations, and reductions of existing bus services. Previous studies showed that bus trips take up
the highest proportion of daily trips made by older people in the metro-led TODs in high-density cities
(Szeto et al., 2017). Little research has been focused on the mismatch between the provision of public
transport services and the demand of older people, and how this might be associated with their behavior
and health outcomes. Another mismatch is that TOD often assumes that the criteria for pedestrian-
friendly environments are the same for everyone. However, older people might have a different percep-
tion (Duncan et al., 2021). The high-density mixture of land use in TOD areas’ development brings
accessibility benefits. Still, it may also bring difficulties to older people by sidewalk barriers, pedestrian
crowdedness, and insufficient rest areas along the way to the stations (Simons et al., 2013; Wong et al.,
2017). Few studies have explored the role of route environment for different public transport modes and
how it may affect the relationship between public transport use and health outcomes for older people.

In this study, we investigate the public transport use patterns of older people and how the use of
multiple public transport modes is related to their physical and mental health to understand the mis-
matches between TOD and the needs of older people and their impacts (See Figure 1). We hypothesize
that mixed-mode use of public transport can lead to better physical and mental health. The route envi-
ronment characteristics can change the above associations. Our study area is Hong Kong, with a reputa-
ble metro-led transit-oriented development and a rapidly aging population. We aim to understand how
vital it could be to maintain public bus services in a metro-led city by answering the following questions:

1. How do multiple public transport options associate with their physical and mental health?

2. How do route environments for public transport use change the above relationships?
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Figure 1. Conceptual model

2 Literature review

2.1 TOD and travel behavior of older people

TOD is a sustainable urban planning strategy for reducing car reliance and promoting transit use for
people of all ages (He et al., 2018; Kamruzzaman et al., 2015; Langlois et al., 2016; Pan et al., 2017).
Cities with TOD usually have well-organized urban rail transit networks (Zhu et al., 2020). Older
people living in these TOD cities rely less on car use and make more daily trips (Duncan et al., 2021). A
study in the United States found older people living in TOD neighborhoods substantially decreased car
use, with a 61% increase in non-car trips than those living in non-TOD neighborhoods (Boschmann
& Brady, 2013). In Hong Kong, older people are highly dependent on public transport for travelling
(Szeto et al., 2017; Wong et al., 2018). People make over 90% of their daily trips via the metro and
public buses (Transport Department, 2014).

However, older people’s specific needs and preferences are not considered in the design and imple-
mentation of TODs (Duncan et al., 2021). TOD is simply treated as a method for generating metro
ridership in many contexts (He et al., 2018; Kamruzzaman et al., 2015; Xue & Sun, 2018). It assumes
that people living in transit-oriented neighborhoods usually use the metro for travelling, but overlooks
older people’s travel patterns and preferences (Kamruzzaman et al., 2015). Previous research demon-
strated that older adults prefer to use public buses rather than the metro (Szeto et al., 2017). The main
reason is that, in contrast to accessing bus services, accessing metro services requires more physical ef-
fort, such as having to walk through extensive underground networks with level connectors linked with
metro stations (Sun et al., 2019). Bus lines have been gradually reduced, adjusted, or cancelled with the
expansion of the metro systems in metro-led and transit-oriented cities such as Hong Kong. The restric-
tion of bus services might reduce public transport use among older adults, thus impacting their health.

Little is known about how travel preferences and requirements may affect physical and mental
health and how TOD can be better planned by providing multiple public transport options for older
people. Previous studies assumed public transport to be one undifferentiated mode, ignoring the het-
erogeneity of multiple modes under the public transport category. They have not compared the health
effects of single and multiple public transport options, which is a more realistic concern on the public
transport use of older people in TOD cities.
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2.2 Public transport use and health

Numerous studies have shown evidence that public transport use can bring health benefits to the aging
population (Avila-Palencia et al., 2018; He et al., 2020; Laverty et al., 2018; Mackett, 2017; Mussel-
white et al., 2015; Reinhard et al., 2018; Ryan & Wretstrand, 2019).

Public transport use can impact physical health through several pathways. First, there is always a
need to walk when using public transport, including first-mile and last-mile trips and making trans-
fers during the journey (Sun et al., 2017). The additional walking can help achieve the World Health
Organization’s (WHO) recommended physical activity level for older people (Rissel et al., 2012), thus
reducing the risk of obesity, cancer, cardiovascular disease, and other chronic diseases (Cerin et al., 2016;
Forsyth et al., 2009; Mackett & Thoreau, 2015; Nieuwenhuijsen et al., 2016; Stefansdottir et al., 2019).
Second, public transport use can decrease the mortality rate associated with vehicle collisions (Green et
al., 2016). Moreover, public transport use can also reduce air pollution and urban heat island effects,
which may cause physical health problems such as lung disease (Khreis et al., 2016; Nieuwenhuijsen et
al., 2017).

Public transport use can also influence mental health and wellbeing among older people (Ettema et
al., 2010; Friman et al., 2018; Friman & Olsson, 2020; McCarthy & Habib, 2018; Mokhtarian, 2019).
First, public transport use can link to mental health by directly affecting older people’s moods and feel-
ings during travel. The travelling itself could be relaxing and refreshing, which increases energy and
improves mood. Previous studies found that regular physical activity associated with public transport
use can reduce stress and anxiety among older people (Paluska & Schwenk, 2000; Windle et al., 2010).
Moreover, public transport use can benefit mental health by enabling activities that satisfy the basic or
social needs of older people (Du et al., 2022). This helps prevent depression caused by social exclusion
(Reinhard et al., 2018). Improving public transport services could thus enhance older people’s mental
health (Mackett, 2017).

2.3 The role of the route environment

A walking-friendly route environment would support mobility and thus affect older people’s physical
and mental health. The travel willingness of older people is related to built-environment characteristics
such as density, street connectivity, overall access to destinations and services, and quality of walking
facilities and infrastructure (Barnett et al., 2017). The proximity to a stop/station is one of the most
important predictors of whether older people would make a trip or not. A survey in Hong Kong found
that older people were less willing to walk more than 12 minutes to access public transport (Transport
Department, 2014). Physical barriers such as slopes, obstacles, and curb height might decrease public
transport use due to age-related physical constraints (Moran et al., 2014; Van Cauwenberg et al., 2011).
Narrow sidewalks and the associated pedestrian crowdedness have become a growing concern in high-
density cities. Worries about bumping or falling can lead to a decline in public transport use among
older adults (Jiao et al., 2017; Li & Hensher, 2013; Loo & Lam, 2012; Van Holle et al., 2012; Yen et al.,
2014). Rest areas (e.g., available seats) at bus stops or metro stations also determine the mode choice for
older people (Wong et al., 2018). Previous studies show that a lack of seating and insufficient sidewalk
width might reduce older Hong Kong residents’ willingness to make a trip (Lau, 2019).

1 A 750m buffer effectively covers the majority of the upper east side area and the adjacent existing metro line. Additionally,
it excludes the properties directly located at the edge of the Central Park, which can maintain price premium from the view
to the park that we have no variables to control for.
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3 Methods

3.1 Study design

The study city of Hong Kong is one of the most densely populated places in the world. Over 7 million
people live within its area of 1,068 square kilometers, but more than 75% of the land is non-built-up
area (Census and Statistics Department, 2020). It is a well-known TOD city (Shelton et al., 2011).
Walking in the city is shaped by over 800 footbridges and 60 km of pedestrian undergrounds that con-
nected with metro stations (Sun et al., 2015; Sun et al., 2019). Over 90% of the daily trips in the city
are made by public transport, mainly the metro and public buses (Transport Department, 2014). Public
transport focuses on metro development to sustain the high-density built environment. The metro has
expanded from 212 km and 84 stations in 2007 to over 270 km and 98 stations by 2019 (Sun et al.,
2021), and the government plans to double its size. The public bus has been reduced or adjusted along
with the metro expansion.

This research is part of the Metro and Elderly Health in Hong Kong Study, a natural experiment
to investigate the before and after effects of a new metro line on public transport use, physical activity
and wider health outcomes of older people. A study protocol paper was published elsewhere (Sun et al.,
2021). For this paper, we report the baseline data consisting of 826 participants aged 65 or above, living
within 400 meters pedestrian-network buffers of 9 metro stations across Hong Kong, and able to walk
unassisted for at least 15 minutes. The 9 study sites consisted of metro and non-metro areas (See Figure
2). Metro areas referred to the study sites where metro stations had been in operation, while non-metro
areas included those sites with stations that had been built but were not yet open in the baseline survey.
Participants were recruited through neighborhood elderly centers in the study sites (Sun et al., 2021).
Note that in Hong Kong, 170 neighborhood elderly centers cover the territory to provide the Govern-
ments community services for older people at the neighborhood level, and elderly center-based recruit-
ment can guarantee a retention rate for follow-up surveys (Cerin et al., 2016).
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Participants answered questions of validated 12-item Short-Form Health Survey (SF-12) (Lam
et al., 2005), public transport mode choice and route environment assessment, International Physical
Activity Questionnaire for Chinese Seniors (IPAQ-C) (Cerin etal., 2012), self-reported chronic diseases
and their mobility impact, and individual factors. Table 1 shows the variable descriptions, response scales
and coding,

'The baseline data were collected in 2019. The survey was conducted in an interviewer-administered
way, with each taking 40-60 minutes. Ethical approval for the study was obtained from the Research
Ethics Committee of the University of Hong Kong (Reference Number: EA1710040), and written

informed consent was provided by each participant.

Table 1. Questionnaire items used in the survey

(SF-12) (e.g., “During the past week,
have you had any of the following
problems with your regular daily
activities as a result of any emotional
problems (such as feeling depressed or
anxious)?”)

Variables Item description Response scale and coding
Physical and mental health
Physical component summary (PCS) 12-Item Short Form Health Survey 0-100
(SF-12) (e.g., “During the past week,
have you had any of the following
problems with your regular daily
activities as a result of your physical
health?”)
Mental component summary (MCS) | 12-Item Short Form Health Survey 0-100

Mode choice and route environment

Public transport mode choice

You ‘always’, ‘sometimes’ or ‘never’
travel by the options of the bus, mini-
bus, and metro (Only one mode can
be marked as ‘always’)

1. Bus use only (if participants always
used the bus and/or minibus but never
used the metro)

2. Metro use only (if participants
always used the metro but never used
the bus and/or minibus)

3. Mixed mode (participants who
‘always used the bus/minibus and
sometimes used the metro’ and ‘always
used the metro and sometimes used
the bus/minibus)

station?

Walking barrier Are there any walking barriers when No,
you access the normally used bus stop | Yes
or metro station?

Walking time from home to the nor- Is the bus stop (or metro station) ac- No,

mally used stop/station cessible within 10 minutes of walking | Yes
from your home?

Rest area condition Are you satisfied with the resting 1. Low,
facilities at the normally used bus stop/ | 2. Moderate,
metro station? 3. High

Pedestrian crowdedness How do you evaluate the pedestrian 1. Low,
crowdedness of the route environment | 2. Moderate,
to the normally used bus stop/metro 3. High
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Variables Item description Response scale and coding
Sidewalk width satisfaction Are you satisfied with the sidewalk 1. Low,
width of the route environment to the | 2. Moderate,
normally used bus stop/metro station? | 3. High

Physical activity, chronic disease and
other individual factors

Physical activity

IPAQ-C is used for older adults to as-
sess physical activity (e.g., “During the
last seven days, on how many days did
you walk for at least 10 minutes at a
time? How much time did you usually
spend walking on one of those days?”)

1. low (<600 MET-mins/week),

2. moderate (600-3,000 MET-mins/
week with at least five days of any
combination of activities),

3. high (>3,000 MET-mins/week with
at least seven days of any combination
of activities)

If having a chronic disease

Do you have any chronic diseases?
(e.g., heart disease, lung disease,
hypertension, high cholesterol, hyper-
glycemia, cancer, theumatoid arthritis,
stroke sequelae, dementia, respiratory
diseases, and mood disorders)

No,
Yes, answer the following question

Impact of chronic disease on mobility

'The chronic disease you have impact
your ability to make a trip.

1. Not at all,
2. A little,

3. Some,

4. Alot,

5. Extremely

Gender

1. Man,
2. Woman

Age

1. 65-69
2.70-79
3. 80-89
4.>90

Monthly income

1. <2000
2.2000-4000
3. 4001-6000
4. 6001-10000
5.>10000

3.2 Variables

3.2.1 Health outcomes

We used the validated SF-12 to assess participants’ physical and mental health over the past four weeks
(Lam etal., 2005). The SF-12 is a widely used, self-reported measure of health status that measures eight
domains: physical functioning, physical role limitations, bodily pain, general health perceptions, energy,
social functioning, emotional role limitations, and mental health. The results are two scores, the physical
component score (PCS) and the mental component score (MCS), following the methods outlined by
Ware et al. (Ware et al., 1995). The PCS and MCS scores each range from 0 to 100, with a higher score
indicating a better health status. In this study, the PCS and MCS were assessed as continuous variables.

3.2.2 Mode choice and route environment

Participants had three public transport mode choices: bus only for participants who only used the public
bus for travel, metro only for those who only used the metro, and mixed modes for those who used both
metro and bus.
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Route-environment features included walking barriers, walking time, rest area conditions at the
normally used bus stop or metro station, pedestrian crowdedness and sidewalk width satisfaction.

3.23 Covariates

Our covariates included physical activity assessed by IPAQ-C, self-reported chronic diseases and their
mobility impact. Gender, age and monthly income were collected as individual factors.

33 Statistical analysis

We conducted descriptive statistics to provide a profile of participants. Multivariable linear regression
models were then used to analyze the relationships between public transport mode choice, route envi-
ronment and physical and mental health.
All statistical analyses were conducted in Stata (v. 17, StataCorp).
* Analysis 1: Association between public transport mode choice and health outcomes
We assessed the health impact of the public transport mode choice. The models were fitted in
three steps. First, we used univariate analysis to assess the associations of mode choice and covariates on
health outcomes. We only included those variables with a significance level (p<0.25) in later multivari-
able models. Secondly, we tested the associations between health outcomes and public transport mode
choices, adjusting for individual factors (e.g., gender, age and monthly income). Thirdly, we added self-
reported health status variables (e.g., physical activity and chronic disease) to the models.
* Analysis 2: Association between route environment and health outcomes
We modelled the health impact of the route environment for each mode choice (e.g., bus, metro,
mixed mode). We followed the above progressively modelling approach to include covariates. The route
environment variables were included in the models according to the mode choice of participants. We
separately ran models with data for bus-only, metro-only and mixed-mode groups.
* Analysis 3: Sensitivity tests
We conducted sensitivity tests by assessing subgroup data from metro areas and non-metro areas.
We applied the multivariable linear regression models to each subgroup to observe the stability of the
models.

4 Results

4.1 Participants

Table 2 shows descriptive statistics of the study sample. Overall, we had more women (63.08%) than
men, which was higher than the female ratio of people aged over 65 (53.40%) in Hong Kong (Census
and Statistics Department, 2020). Of the 826 participants, 51.09% were aged 70 to 79 years; 45.52%
had a monthly income between 2,000 and 4,000 HKD; 82.93% had chronic diseases, 40.29% reported
chronic diseases to impact their mobility, and 68.77% had a high level of physical activity.

Among the participants, 64.89% used multiple public transport modes (bus and metro). These
mixed-mode users had the highest level of physical activity and physical health among the three groups
(bus-only, metro-only, and mixed-mode). The percentage of people who engaged in a high level of
physical activity was highest in the mixed-mode group at 75%, compared to 60.93% and 46.67% in the
bus-only and metro-only groups, respectively. Scores for physical health were highest in the mixed-mode
group (mean = 46.04) compared to mean scores of 42.19 and 44.16 in the bus-only and metro-only
groups, respectively. However, the metro-only users had relatively higher mental health scores (mean =
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52.51) than the mixed-mode (mean = 51.92) and bus-only users (mean = 51.65), with mean scores of
51.92 and 51.65, respectively.

Table 2. Descriptive statistics of the participants

All participants Bus-only group Metro-only group Mixed-mode group
(n=826) (n=215) (n=75) (n=536)
Mean (SD)/ N (%) Mean (SD)/ N (%) Mean (SD)/ N (%) Mean (SD)/ N (%)
PCS 44.87 (8.50) 42.19 (8.82) 44.16 (8.12) 46.04 (8.17)
MCS 51.91 (9.09) 51.65 (9.21) 52.51 (8.14) 51.92 (9.18)
Mode choice
Bus use only 215 (26.03)
Metro use only 75 (9.08)
Mixed mode 536 (64.89)
Route environment
(to bus stop)
Walking barrier 149 (18.04) 49 (22.79) 12 (16.00) 88 (16.42)
Walking time < 10 690 (83.54) 179 (83.26) 60 (80.00) 451 (84.14)
mins
Rest area condition
Low 180 (21.79) 60 (27.91) 22(29.33) 98(18.28)
Moderate 199 (24.09) 42 (19.53) 22 (29.33) 135 (25.19)
High 447 (54.12) 113 (52.56) 31 (41.33) 303 (56.53)
Pedestrian crowded-
ness
Low 358 (43.34) 101 (46.98) 27 (36.00) 230 (42.91)
Moderate 343 (41.53) 82 (38.14) 26 (34.67) 235 (43.84)
High 125 (15.13) 32 (14.88) 22 (29.33) 71 (13.25)
Sidewalk width
satisfaction
Low 63 (7.63) 22 (10.23) 4(5.33) 37 (6.90)
Moderate 548 (66.34) 135 (62.79) 53 (70.67) 360 (67.16)
High 215 (26.03) 58 (26.98) 18 (24.00) 139 (25.93)
Route environment
(to metro station)
Walking barrier 70 (8.47) 16 (7.44) 6 (8.00) 48 (8.96)
Walking time < 10 353 (45.26) 40 (22.47) 40 (54.79) 273 (51.61)
mins
Rest area condition
Low 278 (33.66) 84 (39.07) 23 (30.67) 171 (31.90)
Moderate 334 (40.44) 82 (38.14) 20 (26.67) 232 (43.28)
High 214 (25.91) 49 (22.79) 32 (42.67) 133 (24.81)
Pedestrian crowded-
ness
Low 192 (23.24) 42 (19.53) 18 (24.00) 132 (24.63)
Moderate 241 (29.18) 49 (22.79) 27 (36.00) 165 (30.78)

High 393 (47.58) 124 (57.67) 30 (40.00) 239 (44.59)
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All participants Bus-only group Metro-only group ~ Mixed-mode group
(n=826) (n=215) (n=75) (n=536)
Mean (SD)/N (%)  Mean (SD)/N (%)  Mean (SD)/N (%)  Mean (SD)/ N (%)
Sidewalk width
satisfaction
Low 199 (24.09) 56 (26.05) 18 (24.00) 125 (23.32)
Moderate 412 (49.88) 101 (46.98) 39 (52.00) 272 (50.75)
High 215 (26.03) 58 (26.98) 24 (24.00) 139 (25.93)
Physical activity
Low 9 (1.09) 1(0.47) 8 (1.49)
Moderate 249 (30.15) 83 (38.60) 40 (53.33) 126 (23.51)
High 568 (68.77) 131 (60.93) 35 (46.67) 402 (75.00)
Have chronic disease 685 (82.93) 186 (86.51) 60 (80.00) 439 (81.90)
Perceived mobility 1.76 (1.08) 1.90 (1.19) 1.80 (1.16) 1.71 (1.02)
impacts
Female 521 (63.08) 137 (63.72) 51 (68.00) 333 (62.13)
Age
65-69 149 (18.04) 35(16.28) 11 (14.67) 103 (19.22)
70-79 422 (51.09) 87 (56.74) 39 (52.00) 296 (55.22)
80-89 223 (27.00) 79 (36.74) 25 (33.33) 119 (22.20)
290 32 (3.87) 14 (6.51) 18 (3.36)
Monthly income
(HKD)
<2000 83 (10.05) 28 (13.02) 6 (8.00) 49 (9.14)
2000-4000 376 (45.52) 107 (49.77) 34 (45.33) 235 (43.84)
4001-6000 155 (18.77) 37 (17.21) 8(10.67) 110 (20.52)
6001-10000 88 (10.65) 19 (8.84) 10 (13.33) 59 (11.01)
>10000 124 (15.01) 24 (11.16) 17 (22.67) 83 (15.49)
4.2 Public transport mode choice and physical and mental health

Table 3 shows the modelling results of public transport mode choices and physical and mental health
outcomes. Model 1 and Model 2 showed that PCS increased for mixed-mode users, and the results
remained significant after adjusting for the self-reported health status variables (N=826, Model 1:
p=0.005; Model 2: p=0.003). Model 3 and Model 4 were models assessing the relationships of public
transport mode choices with MCS, but no significant association was found.

In the sensitivity test, the results on the above relationships persisted (Appendix table Al, A2).
Physical health was positively associated with mixed-mode users in metro and non-metro areas, adjust-
ing for all covariates (Metro areas: N=631, p=0.018; Non-metro areas: N=195, p=0.039). The associa-
tion between mode choice and mental health remained insignificant in the two sensitivity tests.
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4.3 The route environment and physical and mental health

43.1 Mixed-mode users

Table 4 shows the modelling results of the relationship between route environment and physical and
mental health for mixed-mode users (N=536). For physical health, walking less than 10 minutes to
the normally used metro station predicted a higher PCS (Model 5: p=0.002, Model 6: p=0.028). Both
moderate and high levels of pedestrian crowdedness were negatively associated with PCS in Model 5
(»<0.051), and the high level of pedestrian crowdedness remained significant after adjusting for the self-
reported health status variables in Model 6 (p=0.016). High satisfaction in sidewalk width was positively
associated with PCS in Model 5 (p<0.043), but became insignificant after adjusting for the self-reported
health status variables. For mental health, walking less than 10 minutes to the normally used bus stop in-
creased MCS (Model 7: p=0.026, Model 8: p=0.021). A moderate level of satisfaction in sidewalk width
was positively associated with MCS in Model 7 (p<0.016). A high level of sidewalk width satisfaction
had a greater likelihood with better MCS in Model 7 and Model 8 (p<0.078).

Table 5 shows the sensitivity test results for mixed-mode participants in metro areas (N=456 out
of 631). A shorter walking time to the normally used metro station was associated with a higher PCS
(Model 9: p=0.031; Model 10: p=0.057). Pedestrian crowdedness had a persistent negative associa-
tion with PCS (p < 0.055). Higher satisfaction in sidewalk width was associated with a higher MCS
(»<0.020). Shorter walking time to the normally used bus stop was associated with better mental health
(»=0.056). Participants who reported a moderate degree of pedestrian crowdedness to the metro station
were more likely to have lower MCS (Model 11: p=0.026; Model 12: p=0.036). We put the sensitivity
test results of mixed-mode users in the non-metro area in the Appendix (Table A3, N=83 out of 195). A
higher level of satisfaction in sidewalk width could increase participants’ PCS (p<0.049). Shorter walk-
ing time to the normally used bus station was associated with a higher MCS (p=0.056), but this effect
was not observed after adjusting for the self-reported health status variables.
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43.2  Single-mode choices of public transport use

As single-mode choices were not significantly associated with physical and mental health outcomes, we
thus put all modelling results on the health impacts of the route environment for single-mode choices
(e.g., bus-only, metro-only) into Appendix (Table A4 and A5). For bus-only users (N=215), participants
with higher satisfaction in sidewalk width had better physical health (p<0.022). No significant associa-
tion was found between the route environment and mental health. For metro-only users (N = 75), high
satisfaction in sidewalk width was positively associated with PCS (p<0.034), while pedestrian crowded-
ness was negatively associated with MCS (p=0.001).

In the sensitivity test, higher satisfaction in sidewalk width was associated with better PCS (p<0.004)
for bus-only users in metro areas (N=103). No significant association was found between route environ-
ment and mental health. Similar results were found in the metro-only group in metro areas (N=72).
Moreover, high satisfaction in sidewalk width persistently contributed to improved health by increasing
PCS (p<0.014) for the bus-only users in non-metro areas (N=112). Pedestrian crowdedness was a steady
predictor of mental health, with an adverse effect for the respondents who reported a high degree of
crowdedness (p<0.022). As no participants were solely dependent on the metro in this area, we did not
run the models for the metro-only group.

5 Discussion

In this paper, we investigated the travel-related health effects of multiple public transport mode choices
and the route environments in a metro-led TOD city. As expected, older people preferred to use mul-
tiple public transport options rather than single-mode usage, such as metro use only. This travel prefer-
ence was positively associated with their physical and mental health. We also expected that the route-
environment characteristics in the TOD city might modify the relationships between modal choice and
health outcomes among these people. The findings somewhat confirmed this hypothesis, revealing that
shortening walking time, widening sidewalk width and reducing crowdedness could effectively promote
health among older adults. However, we did not find walking barriers and rest area conditions associated
with health outcomes.

5.1 The importance of multiple public transport options in TOD cities

We found that using multiple public transport modes was the most popular travel choice among older
people, and their mode preferences decreased to bus-only and then to metro-only. Mixed-mode users
had better physical and mental health compared to single-mode users. This result coincides with that of
Wong’s (2018) research, demonstrating that a combination of bus and metro was most frequently cho-
sen for daily travel among older people for reasons of convenience, reliability and travel stability. A study
conducted by Muley (2009) confirmed that combined trips made by train and bus were most common
in Australian TOD neighborhoods.

Our study provided evidence on the central role of multiple mode choices regarding older people’s
public transport use patterns. It further showed a different distribution under the single-mode-usage
category — there were more bus-only users than metro-only users. Our result suggested that older
people prefer public buses to the metro, while combining the usage of bus and metro may better meet
their travel needs and preferences. Our descriptive results also imply a linkage between using multiple
public transport options and health outcomes among older people. Although public bus services gradu-
ally become metro feeders, the findings suggested that the public bus remains an indispensable transport
option for older people living in a metro-led TOD city.
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5.2 Association between multiple public transport options and health outcomes

Our models found an association between mixed-mode usage and physical health. Mixed usage of bus
and metro was associated with better physical health than those who rely on a single mode. This result
persisted in several sensitivity tests. Using survey data collected in seven American TOD cities, Langlois
etal. (2016) explored the public health benefits of public transport use (e.g., bus, metro and other public
transport options). They found that the participants with higher levels of public transport use were more
likely to achieve an increase in physical activity. A study in England demonstrated that bus use was as-
sociated with healthy aging, including lower Body Mass Index (Webb et al., 2016). Daniele et al. (2021)
found better physical conditions correlated to frequent use of local public transport.

Our analyses directly compared the health outcomes between multiple and single mode choices,
which was rarely explored in previous studies. The results confirmed the significant role of multiple pub-
lic transport options. We offer evidence on the association between multiple mode choices and health
outcomes, supporting the assumption that using multiple public transport options is crucial for older
people in TOD cities. Meanwhile, our study area is a transit-oriented city in Hong Kong, which is a rep-
resentative of Asian high-density cities. The city relies on the metro as the backbone of the public trans-
port system to sustain its built environment, and, like other cities in Asia, its population is experiencing
rapid aging (Sun et al., 2021). This study provided empirical evidence on how TOD development
can affect older people’s health. Although increasing attention is given to the travel pattern and health
outcomes of older people worldwide, most research has been conducted in Western cities (e.g., United
States, Australia, and Europe) (Yang, 2018; Szeto et al., 2017). A study in California (United States) sug-
gested new light rail transit line could significantly increase people’s physical activity and health (Hong et
al., 2016). The older people’s free bus pass scheme in the United Kingdom effectively increased their use
of public transport and thus improved physical and mental health (Webb et al., 2012; 2016). However,
it is speculated that these results were restricted to travel experiences in the Western context, where the
residents depend on driving as the main travel mode rather than on public transport systems, and poor
transport systems and connections may hinder older people’s ability to get out of the home. The limited
studies conducted in other Asian cities, such as Shanghai (Chen et al., 2017) and Singapore (Song et al.,
2020), focused on the relationship between general public transport use, access to public transport and
physical health. Little attention has been paid to how different public transport options influence older
adults’ physical and mental health. Therefore, evidence from a case city of Hong Kong may provide
insights into how multiple public transport options can contribute to older people’s overall health.

5.3 The role of the route environment under specific mode use

Among the mixed-mode users, we found that short walking time to the normally used bus stop or
metro station was positively associated with physical and mental health. Specifically, walking less than
10 minutes from home to the bus stop was associated with better mental health, while walking less than
10 minutes from home to the metro station was associated with better physical health. A cross-sectional
study by Wong et al. (2018) proved that walking time is one of the main determinants of daily travel
and physical activity. Schorr and Khalaila (2015) found that proximity to service and transport could be
associated with better mental wellbeing and quality of life. Our results detailed how walking time is as-
sociated with health outcomes for different mode choices and found that mixed-mode users were more
likely to report health benefits brought by short walking time than single-mode users.

We also found that a higher level of satisfaction in sidewalk width was positively associated with
older people’s physical and mental health. The findings are consistent with a previous study indicating
that low effective sidewalk width is a significant obstacle to the mobility of older people (Titheridge
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et al., 2009), and that ample sidewalk widths may encourage older people to increase physical activity
(Duncan et al., 2021). Our results suggested that the association between satisfaction in sidewalk width
and health outcomes persisted, whether in the access to bus stops or metro stations. We also examined
the associations between route environments with different travel modes. The results are heterogeneous:
sidewalk width satisfaction tends to affect the mental health of mixed-mode users, while it affects the
physical health of single-mode users; this association is also robust in the sensitivity tests.

Moreover, we found that pedestrian crowdedness on the route to the normally used metro station
was negatively associated with health outcomes. Previous findings showed crowdedness during travelling
is a major issue that increases the health risks of older people (e.g., psychological or emotional distress),
especially when taking the metro (Li & Hensher, 2013). Mouratidis and Yiannakou (2022) also found
lower density and crowdedness were associated with better health and wellbeing outcomes. Our research
focuses on the health effects of pedestrian crowdedness. It implies that overcrowded sidewalks might
discourage mobility and thus negatively affect the health of older people. Our findings further unravel
a differentiated health effect of pedestrian crowdedness among different mode choices: such health im-
pact is mainly on the physical health of mixed-mode users, while it is mainly on the mental health of
metro-only users.

54 Limitations and strengths

Our study has several limitations. First, we measured multiple public transport options as a combination
of bus and metro, as bus and metro services are preferred over other transport options in Hong Kong;
but other combinations such as “bus and trams” and “metro and taxi” were not discussed. Second, we
used baseline data in this study, which restricted the ability to make causal inferences between public
transport use and health outcomes of older people from this cross-sectional data. Comparing before-
and-after data within the natural experiment design will help the causal inference further (Sun et al.,
2021). Third, qualitative data might help to explain the finding of our current quantitative baseline data
alone. Finally, we used Hong Kong as the case city. The results may not apply to other contexts. Finding
generalizability needs caution.

This study also has several strengths. The study provided new evidence regarding mode choice and
health outcomes of older people in a TOD city. Previous research mainly focused on comparing public
transport and other modes (e.g., car, walking and cycling). In contrast, we examined how multiple pub-
lic transport options related to the health of older people, offering insights into the relationship between
travel behavior and health. This information might contribute to the design and implementation of
TODs that could better support actively aging. Another strength lies in the statistical analysis method
used in this study, which is robust. We conducted the multivariable linear regression analyses, with sev-
eral sensitive tests, to assess the associations between route environment and health outcomes stratified
by different mode choices, which increased our results’ credibility.

6 Conclusion

Population aging poses a significant challenge in creating age-friendly environments which encourage
older people to stay active and healthy. This study focuses on multiple public transport options and the
associated route environments, which can affect the mobility of older people and, hence, are related to
their physical and mental health in transit-oriented cities. When an older person adopts multiple public
transport modes and is satisfied with the route environment, it could help with healthy aging. As such,
it is critical to consider the travel requirements of older people when implementing TODs, to provide a
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well-organized multimodal public transport system and pedestrian-friendly route environments and, in
so doing, to improve the health of older people. Our results will help policymakers, urban planners, and
other stakeholders evaluate the quality of public transport systems and associated route environments
concerning the specific needs of older people and develop strategies for advancing age-friendly urban
development in transit-oriented cities.

Acknowledgements

This research is supported by GRF17600818 and NSFC52078446.

Appendix

Appendix available as a supplemental file at https://jtlu.org/index.php/jtu/article/view/2152


https://jtlu.org/index.php/jtlu/article/view/2152

TOD for older people: Does using multiple public transport modes improve their health? 749

References

Avila-Palencia, 1., Int Panis, L., Dons, E., Gaupp-Berghausen, M., Raser, E., Gotschi, T., ... & Nieu-
wenhuijsen, M. J. (2018). The effects of transport mode use on self-perceived health, mental health,
and social contact measures: A cross-sectional and longitudinal study. Environment International,
120, 199-2006. https://doi.org/10.1016/j.envint.2018.08.002

Barnett, D. W., Barnett, A., Nathan, A., Van Cauwenberg, J., & Cerin, E. (2017). Built environmen-
tal correlates of older adults’ total physical activity and walking: A systematic review and meta-
analysis. International Journal of Behavioral Nutrition and Physical Activity, 14(1), 1-24. https://doi.
org/10.1186/5s12966-017-0558-z

Bocker, L., van Amen, P, & Helbich, M. (2017). Elderly travel frequencies and transport mode choices
in Greater Rotterdam, the Netherlands. Transportation, 44(4), 831-852. https://doi.org/10.1007/
s11116-016-9680-z

Boschmann, E. E., & Brady, S. A. (2013). Travel behaviors, sustainable mobility, and transit-oriented
developments: A travel counts analysis of older adults in the Denver, Colorado, metropolitan area.
Journal of Transport Geography, 33, 1-11. https://doi.org/10.1016/j.jtrange0.2013.09.001

Census and Statistics Department. (2020). Hong Kong annual digest of statistics. Hong Kong: Census
and Statistics Department.

Cerin, E., Barnett, A., Cheung, M., Sit, C. H. P, Macfarlane, D. J., & Chan, W. (2012). Reliability
and validity of the IPAQ-L in a sample of Hong Kong urban older adults: Does neighborhood of
residence matter? Journal of Aging and Physical Activity, 20(4), 402—420. http://www.ncbi.nlm.nih.
gov/pubmed/16684797

Cerin, E., Sit, C. H. B, Zhang, C. J. P, Barnett, A., Cheung, M. M. C,, Lai, P, ... & Lee, R. S. Y.
(2016). Neighborhood environment, physical activity, quality of life and depressive symptoms in
Hong Kong older adults: A protocol for an observational study. BMJ Open, 6(1), €010384. htps://
doi.org/10.1136/bmjopen-2015-010384

Chen, E, W, J., Chen, X., Zegras, P. C., & Wang, ]. (2017). Vehicle kilometers traveled reduction
impacts of transit-oriented development: Evidence from Shanghai City. Transportation Research Part
D: Transport and Environment, 55, 227-245. https://doi.org/10.1016/j.trd.2017.07.006

Cui, J., Loo, B. P'Y,, & Lin, D. (2017). Travel behavior and mobility needs of older adults in an aging
and car-dependent society. International Journal of Urban Sciences, 21(2), 109-128. https://doi.org/
10.1080/12265934.2016.1262785

Du, Y., Sun, G., Choe, E. Y., & Kwan, M. P. (2022). Mediation effects of social isolation on pathways
connecting public transport use with subjective wellbeing among older people. journal of Transport
and Health, 25. https://doi.org/10.1016/}.jth.2022.101378

Duncan, M., Horner, M., Valdez-Torres, Y., & Wood, B. (2021). Promoting transit-oriented develop-
ment for older adults: A survey of current practices among transit agencies and governments in the
U.S. The Journal of Transport and Land Use, 14(1), 255-276.

Ettema, D., Gitling, T., Olsson, L. E., & Friman, M. (2010). Out-of-home activities, daily travel, and
subjective well-being. Transportation Research Part A: Policy and Practice, 44(9), 723-732. https://doi.
0rg/10.1016/}.tr2.2010.07.005

Forsyth, A., Oakes, J. M., Lee, B., & Schmitz, K. H. (2009). The built environment, walking, and
physical activity: Is the environment more important to some people than others? Transportation Re-
search Part D: Transport and Environment, 14(1), 42—49. https://doi.org/10.1016/j.trd.2008.10.003

Friman, M., & Olsson, L. E. (2020). Daily travel and wellbeing among the elderly. International Journal
of Environmental Research and Public Health, 17(7). https://doi.org/10.3390/ijerph17072342



750 JOURNAL OF TRANSPORT AND LAND USE 15.1

Green, C. P, Heywood, J. S., & Navarro, M. (2016). Traffic accidents and the London congestion
charge. Journal of Public Economics, 133, 11-22. https://doi.org/10.1016/j.jpubeco.2015.10.005
He, S. Y, Tao, S., Hou, Y., & Jiang, W. (2018). Mass transit railway, transit-oriented development and
spatial justice: The competition for prime residential locations in Hong Kong since the 1980s. 7own

Planning Review, 89(5), 467—493. https://doi.org/10.3828/tpr.2018.31

He, S. Y., Thegersen, J., Cheung, Y. H. Y., & Yu, A. H. Y. (2020). Aging in a transit-oriented city:
Satisfaction with transport, social inclusion and wellbeing. Transport Policy 97, 85-94. https://doi.
org/10.1016/j.tranpol.2020.06.016

Hong, A., Boarnet, M. G., & Houston, D. (2016). New light rail transit and active travel: A longitudi-
nal study. Transportation Research Part A: Policy and Practice, 92, 131-144.

Jiao, L., Shen, L., Shuai, C., Tan, Y., & He, B. (2017). Measuring crowdedness between adjacent
stations in an urban metro system: A Chinese case study. Sustainabiliry, 9(12), 1-14. hteps://doi.
org/10.3390/5u9122325

Kamruzzaman, M., Shatu, E M., Hine, J., & Turrell, G. (2015). Commuting mode choice in transit-
oriented development: Disentangling the effects of competitive neighborhoods, travel attitudes, and
self-selection. Transport Policy, 42, 187-196. https://doi.org/10.1016/j.tranpol.2015.06.003

Kendrick, D., Drummond, A., Logan, P, Barnes, J., & Worthington, E. (2015). Systematic review of
the epidemiology of non-collision injuries occurring to older people during use of public buses in
high income countries. Journal of Transport and Health, 2(3), 394—405. https://doi.org/10.1016/j.
jth.2015.06.002

Khreis, H., Warsow, K. M., Verlinghieri, E., Guzman, A., Pellecuer, L., Ferreira, A., ... & Nieuwen-
huijsen, M. (2016). The health impacts of trafhic-related exposures in urban areas: Understanding
real effects, underlying driving forces and co-producing future directions. journal of Transport and
Health, 3(3), 249-267. https://doi.org/10.1016/}.jth.2016.07.002

Lam, C. L. K., Tse, E. Y. Y., & Gandek, B. (2005). Is the standard SF-12 Health Survey valid and equiv-
alent for a Chinese population? Quality of Life Research, 14(2), 539-547. https://doi.org/10.1007/
s11136-004-0704-3

Langlois, M., Wasfi, R. A., Ross, N. A., & El-Geneidy, A. M. (2016). Can transit-oriented develop-
ments help achieve the recommended weekly level of physical activity? Journal of Transport and
Health, 3, 181-190. hueps://doi.org/10.1016/j.jth.2016.02.006

Lau, C. Y. (2019). Approaching the public transport: An elderly view. Hong Kong: University of Hong
Kong.

Laverty, A. A., Webb, E., Vamos, E. P, & Millett, C. (2018). Associations of increases in public trans-
port use with physical activity and adiposity in older adults. nternational Journal of Behavioral Nutri-
tion and Physical Activity, 15(31), 1-10. https://doi.org/10.1186/s12966-018-0660-x

Li, Z., & Hensher, D. A. (2013). Crowding in public transport: A review of objective and subjective mea-
sures. Journal of Public Transportation, 16(2), 107—-134. https://doi.org/10.5038/2375-0901.16.2.6

Loo, B.P'Y., & Lam, W. W. Y. (2012). Geographic accessibility around health care facilities for elderly
residents in Hong Kong: A microscale walkability assessment. Environment and Planning B: Plan-
ning and Design, 39(4), 629-646. https://doi.org/10.1068/b36146

Mackett, R. (2017). Older people’s travel and its relationship to their health and wellbeing. Zransport
and Sustainability, 10, 15-36. https://doi.org/10.1108/5S2044-994120170000010001

Mackett, R. L., & Thoreau, R. (2015). Transport, social exclusion and health. journal of Transport and
Health, 2(4), 610—617. https://doi.org/10.1016/}.jth.2015.07.006

McCarthy, S., & Habib, M. A. (2018). Investigation of life satisfaction, travel, built environment and
atticudes. Journal of Transport and Health, 11, 15-24. https://doi.org/10.1016/j.jth.2018.09.007



TOD for older people: Does using multiple public transport modes improve their health? 751

Mokhtarian, P. L. (2019). Subjective well-being and travel: Retrospect and prospect. Transportation, 46,
493-513. https://doi.org/10.1007/s11116-018-9935-y

Moran, M., Van Cauwenberg, ]J., Hercky-Linnewiel, R., Cerin, E., Deforche, B., & Plaut, P. (2014).
Understanding the relationships between the physical environment and physical activity in older
adults: A systematic review of qualitative studies. /nternational Journal of Behavioral Nutrition and
Physical Activity, 11(1), 1-12. https://doi.org/10.1186/1479-5868-11-79

Mouratidis, K., & Yiannakou, A. (2022). COVID-19 and urban planning: Built environment, health,
and well-being in Greek cities before and during the pandemic. Cizes, 121, 103491.

Muley, D., Bunker, J., & Ferreira, L. (2009). Investigation into travel modes of TOD users: Impacts of
personal and transit characteristics. /nternational Journal of ITS Research, 7(1), 3—13.

Musselwhite, C., Holland, C., & Walker, 1. (2015). The role of transport and mobility in the health
of older people. Journal of Transport and Health, 2, 1-4. https://doi.org/10.1016/j.jth.2015.02.001

Nieuwenhuijsen, M. J., Khreis, H., Verlinghieri, E., Mueller, N., & Rojas-Rueda, D. (2017). Participa-
tory quantitative health impact assessment of urban and transport planning in cities: A review and re-
search needs. Environment International, 103, 61-72. https://doi.org/10.1016/j.envint.2017.03.022

Nieuwenhuijsen, M. J., Khreis, H., Verlinghieri, E., & Rojas-Rueda, D. (2016). Transport and health:
A marriage of convenience or an absolute necessity. Environment International, 88, 150—152. https://
doi.org/10.1016/j.envint.2015.12.030

Paluska, S., & Schwenk, T. (2000). Physical activity and mental health. Sports Medicine, 29(3), 167—
180. https://doi.org/10.1108/13666282200000029

Pan, H., Li, J., Shen, Q., & Shi, C. (2017). What determines rail transit passenger volume? Implications
for transit-oriented development planning. Transportation Research Part D: Transport and Environ-
ment, 57, 52—63. https://doi.org/10.1016/j.trd.2017.09.016

Rambaldini-Gooding, D., Molloy, L., Parrish, A. M., Strahilevitz, M., Clarke, R., Dubrau, J. M. L.,
& Perez, P. (2021). Exploring the impact of public transport including free and subsidised on the
physical, mental and social well-being of older adults: A literature review. Transport Reviews, 41(5),
600-616. https://doi.org/10.1080/01441647.2021.1872731

Reinhard, E., Courtin, E., Van Lenthe, E J., & Avendano, M. (2018). Public transport policy, social
engagement and mental health in older age: A quasi-experimental evaluation of free bus passes in
England. Epidemiol Community Health, 72, 361-368. https://doi.org/10.1136/jech-2017-210038

Rissel, C., Curac, N., Greenway, M., & Bauman, A. (2012). Key health benefits associated with public
transport: A rapid review. Glebe, Australia: Sax Institute.

Ryan, J., & Wretstrand, A. (2019). What's mode got to do with it? Exploring the links between public
transport and car access and opportunities for everyday activities among older people. Travel Behav-
ior and Society, 14(October), 107-118. https://doi.org/10.1016/j.tbs.2018.10.003

Satariano, W. A., Guralnik, J. M., Jackson, R. J., Marottoli, R. A., Phelan, E. A., & Prohaska, T. R.
(2012). Mobility and aging: New directions for public health action. American Journal of Public
Health, 102(8), 1508-1515. https://doi.org/10.2105/A]JPH.2011.300631

Schorr, A. V., & Khalaila, R. (2018). Aging in place and quality of life among the elderly in Europe: A
moderated mediation model. Archives of Gerontology and Geriatrics, 77, 196-204.

Shelton, B., Karakiewicz, J., & Kvan, T. (2011). 7he making of Hong Kong: From vertical to volumetric.
London: Routledge. https://doi.org/10.4324/9780203835609

Shrestha, B. P, Millonig, A., Hounsell, N. B., & McDonald, M. (2017). Review of public transport
needs of older people in European context. Population Aging, 10, 343-361. https://doi.org/10.1007/
$12062-016-9168-9



752 JOURNAL OF TRANSPORT AND LAND USE 15.1

Simons, D., Clarys, P, de Bourdeaudhuij, I., de Geus, B., Vandelanotte, C., & Deforche, B. (2013).
Factors influencing mode of transport in older adolescents: A qualitative study. BMC Public Health,
13(323), 1-10. https://doi.org/10.1186/1471-2458-13-323

Song, S., Yap, W., Hou, Y., & Yuen, B. (2020). Neighbourhood built environment, physical activity,
and physical health among older adults in Singapore: A simultaneous equations approach. Journal of
Transport and Health, 18(May), 100881. https://doi.org/10.1016/.jth.2020.100881

Stefansdottir, H., Ness, P, & Ihlebzk, C. M. (2019). Built environment, non-motorized travel and
overall physical activity. Zravel Behavior and Society, 16(1432), 201-213. https://doi.org/10.1016/j.
tbs.2018.08.004

Sun, G, Du, Y., Ni, M. Y., Zhao, ]J., & Webster, C. (2021). Metro and elderly health in Hong Kong;:
Protocol for a natural experiment study in a high-density city. BMJ Open, 11, €043983. https://doi.
org/10.1136/bmjopen-2020-043983

Sun, G., Haining, R., Lin, H., Oreskovic, N. M., & He, J. (2015). Comparing the perception with the
reality of walking in a hilly environment: An accessibility method applied to a university campus in
Hong Kong. Geospatial Health, 10(1), 340. https://doi.org/10.4081/gh.2015.340

Sun, G., Webster, C., & Chiaradia, A. (2017). Objective assessment of station approach routes: Devel-
opment and reliability of an audit for walking environments around metro stations in China. journal
of Transport and Health, 4, 191-207. https://doi.org/10.1016/j.jth.2017.01.010

Sun, G., Webster, C., & Zhang, X. (2019). Connecting the city: A three-dimensional pedestrian net-
work of Hong Kong. Environment and Planning B: Urban Analytics and City Science, 48(1), 1-16.
https://doi.org/10.1177/2399808319847204

Sundling, C., Nilsson, M. E., Hellgvist, S., Pendrill, L. R., Emardson, R., & Berglund, B. (2016). Travel
behavior change in old age: The role of critical incidents in public transport. European Journal of Ag-
ing, 13, 75-83. https://doi.org/10.1007/s10433-015-0358-8

Szeto, W. Y., Yang, L., Wong, R. C. P, Li, Y. C., & Wong, S. C. (2017). Spatio-temporal travel char-
acteristics of the elderly in an aging society. Travel Behavior and Society 9, 10-20. https://doi.
0rg/10.1016/}.tbs.2017.07.005

Titheridge, H., Achuthan, K., Mackett, R., Solomon, J., Journal, S., ... & Mackett, R. (2009). Assess-
ing the extent of transport social exclusion among the elderly. Journal of Transport and Land Use,
2(2), 31-48.

Transport Department. (2014). Travel characteristics survey 2011 final report. Hong Kong: Transport
Department. http://www.td.gov.hk/filemanager/en/content_4652/tcs2011_eng. pdf

Van Cauwenberg, ]., de Bourdeaudhuij, I., de Meester, E, van Dyck, D., Salmon, J., Clarys, P, &
Deforche, B. (2011). Relationship between the physical environment and physical activity in older
adults: A systematic review. Health and Place, 17(2), 458-469. https://doi.org/10.1016/j.health-
place.2010.11.010

van Holle, V., van Cauwenberg, J., Simons, D., Clarys, P, Goubert, L., Nasar, J., ... & Deforche, B.
(2012). A study using walk-along interviews to explore the environmental factors related to older
adults’ walking for transportation. Journal of Science and Medicine in Sport, 15, S269. https://doi.
org/10.1016/j.jsams.2012.11.652

Ware, J., Kosinski, M., & Keller, S. (1995). SF-12: How to score the SF-12 physical and mental health
summary scales. Boston: The Health Institute, New England Medical Center.

Webb, E., Laverty, A., Mindell, J., & Millett, C. (2016). Free bus travel and physical activity, gait speed,
and adiposity in the English longitudinal study of ageing. American Journal of Public Health, 106(1),
136-142.



TOD for older people: Does using multiple public transport modes improve their health? 753

Windle, G., Hughes, D., Linck, P, Russell, I., & Woods, B. (2010). Is exercise effective in promoting
mental well-being in older age? A systematic review. Aging and Mental Health, 14(6), 652—669.
hetps://doi.org/10.1080/13607861003713232

Wong, R. C. P, Szeto, W. Y., Yang, L., Li, Y. C., & Wong, S. C. (2017). Elderly users’ level of satisfac-
tion with public transport services in a high-density and transit-oriented city. Journal of Transport and
Health, 7, 209-217. hetps://doi.org/10.1016/j.jth.2017.10.004

Wong, R. C. P, Szeto, W. Y,, Yang, L., Li, Y. C., & Wong, S. C. (2018). Public transport policy mea-
sures for improving elderly mobility. ZTransport Policy, 63, 73-79. https://doi.org/10.1016/j.tran-
pol.2017.12.015

Xue, C. Q., & Sun, C. (2018). How much development can a rail station lead? A case study of Hong
Kong. International Journal of High-Rise Buildings, 7(2), 95-109. https://doi.org/10.21022/
IJHRB.2018.7.2.95

Yang, L. (2018). Modeling the mobility choices of older people in a transit-oriented city: Policy insights.
Habitat International, 76(February), 10-18. https://doi.org/10.1016/j.habitatint.2018.05.007

Yen, I. H., Flood, J. E, Thompson, H., Anderson, L. A., & Wong, G. (2014). How design of places
promotes or inhibits mobility of older adults: Realist synthesis of 20 years of research. journal of Ag-
ing and Health, 26(8), 1340—1372. https://doi.org/10.1177/0898264314527610

Zhu, P, Ho, S. N,, Jiang, Y., & Tan, X. (2020). Built environment, commuting behavior and job ac-
cessibility in a rail-based dense urban context. Transportation Research Part D: Transport and Environ-
ment, 87, 102438. https://doi.org/10.1016/j.trd.2020.102438



