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ABSTRACT
Introduction Public transport accessible to older people 
may offer a transformative solution to achieving healthy 
ageing. However, the evidence to support such transport 
infrastructure modifications is unclear. Previous studies 
on public transport use and elderly health were mostly 
observational studies using cross- sectional data. Few 
studies have examined the before- and- after effects of 
a new metro, for example, to see if it leads to improved 
elderly health.
Methods and analysis We use a new metro line in Hong 
Kong as a natural experiment to examine the impact of the 
metro- led public transport intervention on elderly health. 
In Hong Kong, more than 90% of daily travels are made by 
public transport. The public transport modifications consist 
of the new metro line with eight stations and changes 
in the walking environment and bus services around the 
stations. We will look at the before- and- after differences in 
public transport use and health outcomes between elderly 
participants living in treatment neighbourhoods (400 m 
walking buffered areas of the new metro stations) and in 
control groups (living in comparable areas but unaffected 
by the new metro). Questionnaire- based baseline data 
were collected in 2019 before the COVID-19 pandemic, 
while some qualitative interviews are ongoing. Amid the 
pandemic, we conducted a quick telephone- based survey 
of COVID-19’s potential impact on public transport use 
behaviours of our elderly cohort in September 2020. Note 
there is no lockdown in Hong Kong until the writing of the 
paper (January 2021). After the new metro opens, we will 
conduct a follow- up survey, tentatively in late 2022. We 
aim to investigate if the new metro and the associated 
changes in the built environment have any effects on 
public transport use behaviours, physical activity and wider 
health outcomes among the elderly (eg, social inclusion, 
quality of life, subjective well- being).
Ethics and dissemination The Human Research Ethics 
Committee of the University of Hong Kong reviewed and 
approved the study procedures and materials (reference 
number: EA1710040). Results will be communicated 
through scientific papers and research reports.

INTRODUCTION
Public transport use may influence phys-
ical activity, social inclusion and well- being 
of the elderly.1 The rapid growth in the 
ageing population poses a great challenge 
to offering travel options that consider the 

usage patterns of the elderly. As people get 
older, without specific interventions aimed at 
the elderly, there is a gap between demand 
and supply for public transport. For example, 
in Hong Kong, an ageing society, public trans-
port focuses on expanding its metro system to 
sustain the high- density city. However, a travel 
characteristics survey revealed that elders are 
reluctant to use the metro.2 This demand–
supply gap in providing public transport 
for the elderly is becoming a problem in 
achieving healthy ageing.3 4

However, we do not have much scientific 
evidence to support transport infrastructure 
modifications that improve health outcomes 
of older people. The associations between 
public transport use and elderly health 
effects are mostly based on observational 
studies with cross- sectional data. Few studies 
have examined the before- and- after effects of 
a new metro, for example, to see if it leads 
to meaningful health improvements for the 
older people.5 6 We cannot manipulate trans-
port modifications experimentally to test 

Strengths and limitations of this study

 ► This study will investigate how the new metro and 
the associated changes in the built environments 
can be used as a source of public health interven-
tions for the elderly.

 ► We investigate a more specific set of research 
questions linking the new metro and the associat-
ed changes in built environment with public trans-
port use, physical activity and wider health impact 
among the elderly cohort in a high- density city.

 ► Our natural experiment research design with mul-
tiple treatment–control groups will provide robust 
estimates of the health impact of public transport.

 ► Although the natural experiment research design 
is insightful, this type of large- scale study may 
encounter financial and time constraints due to 
risk of postponement and other uncertainties (eg, 
COVID-19) during the infrastructure modifications; 
hence, research design needs to be adaptive.
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what works and how it works; the public transport system 
changes are usually out of researchers’ control.7

A natural experiment can use public transport changes 
that ‘naturally occurred’, such as a new bus route, to 
examine health effects among older people.8 Studies are 
emerging in using built environment changes as public 
health interventions.9 10 A few review papers include a 
broad range of built environment changes such as park 
improvements, new walking and cycling greenways, 
busways and light rail transit.11–16 They found that new 
public bus and light rail transit may encourage uptake 
of active travel, and participants who adopted the new 
transport have better health performance (eg, phys-
ical activity and well- being).17–20 For example, Ogilvie 
and colleagues17–20 examined the travel behaviours and 
their health impact among working commuters using a 
natural experiment of a new bus line, Cambridgeshire 
Guided Busway. Their studies provided insights that a 
new busway might be associated with an increase in the 
use of active travel modes on the commuting journey and 
better mental health among users. However, the relation-
ship was rather complicated.20–23 Designated treatment–
control groups were both exposed to the new busway, 
and participants’ retention ratio was relatively low in the 
follow- up survey partially because the busway opening was 
delayed for more than 2 years.20 21 A longitudinal study 
in Seattle, with only treatment groups included, found 
that light rail transit leads to increased walking activities 
in station areas.22 Panel data were also used to investigate 
the impact on walking and physical activity before and 
after a new light rail transit line in California. A differen-
tial effect of public transit on active travel was revealed 
in a quasi- experimental design; for example, sedentary 
groups were affected more than the others.23 Both the 
light rail transit studies had relatively small sample sizes 
(eg, 73 participants in a follow- up survey), limiting the 
capacity to infer the complicated effects of the interven-
tions. The existing natural experiment studies on public 
transport use and health effects focused on adult groups, 
public bus or light rail transit as the transport modifica-
tions, or health outcomes relating to work commuting 
behaviours. More importantly, most natural experiment 
studies were in low- density cities.7

We present a natural experiment study of metro and 
elderly health in Hong Kong to investigate the plausible 
effects of the new metro and the associated changes in the 
built environment on public transport use, physical activity 
and wider health outcomes among older people. Our aim 
is not to evaluate the new metro against a comprehensive 
set of health outcomes, but rather to use the opportu-
nity presented by this natural experiment to investigate 
a more specific set of research questions linking associ-
ated changes in built environment with changes in public 
transport use, physical activity and wider health outcomes 
among older people in high- density cities. The study will 
address a few issues in previous research7 24–28: (1) There 
is a lack of longitudinal, treatment–control research 
design that investigates causal inference between a new 

metro, built environment changes and elderly health. (2) 
There is a lack of accurate measures of built environment 
and its changes related to public transport use in high- 
density cities. (3) There is a lack of research that takes a 
holistic view of qualitative and quantitative data to investi-
gate metro- led transport infrastructure modifications and 
their health effects among older people.

Research objectives
Main research objective

 ► We aim to investigate if the new metro and the associ-
ated changes in the built environment have any effects 
on public transport use and wider health outcomes 
among a cohort of elderly in Hong Kong.

Secondary research questions/objectives
 ► Has the new metro changed the public transport 

mode share of the elderly?
 ► What are the built environment characteristics related 

to the uptake of (or decrease in) active travel and 
related physical activity of the elderly?

 ► What is the impact of changes in public transport use 
on wider health outcomes (eg, social inclusion, quality 
of life, mental health and subjective well- being)?

METHODS AND ANALYSIS
Overall research design
Quantitative cohort

 ► A cohort of older people (age ≥65) to study the 
changes in public transport use behaviours, physical 
activity and wider health outcomes, using repeated 
interviewer- administrated questionnaires and objec-
tive measurements (eg, accelerometer, map, walking 
diary).

From the quantitative cohort, we invite a proportion of 
participants to form a qualitative cohort:

 ► A semistructured interview on the attitudes and 
concerns towards the new metro, the associated 
changes in the built environment and bus service 
adjustment, and how the interventions would influ-
ence their public transport use and wider health 
behaviours.

 ► A go- along interview of the walking environment of 
routes to bus stops and metro stations before and 
after the new metro.

Setting: Hong Kong
Hong Kong is one of the most densely populated places in 
the world. Over seven million people live within 1068 km2, 
but more than 75% of the land is non- built- up area. Addi-
tionally, the population is rapidly ageing. In 2018, older 
people aged 65 or above counted towards 17.9% of the 
population and are expected to reach 31.9% by 2038.29

The city focuses on using a metro system to sustain 
the high- density built environment. Around half of the 
population live within 500 m from a metro station. The 
metro carries an average of 4.69 million passengers per 
day.30 31 The system is also expanding: three line exten-
sions entered into operation between 2015 and 2016, and 
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the metro expanded from 212 km with 84 stations in 2007 
to over 270 km with 98 stations in 2019. The government 
plans to double its size. With the continued expansion 
of the metro system, bus services are being cancelled, 
reduced or truncated because transport planning in 
Hong Kong uses buses as the metro’s rider feeders.32

Hong Kong is a three- dimensional (3D) city with high- 
rises connected by elevated walkways and undergrounds.33 
Walking and public transport accessibilities are shaped 
by a 3D pedestrian network,31 34 35 which connects over 
2000 footbridges, 400 tunnels and 60 km walking under-
ground at all metro stations.31 It means that even if living 
at a metro station entrance above ground, older people 
may still need to walk more than 10 min underground to 
access the train.

Intervention
The intervention includes (1) a new metro line with eight 
stations, of which half are newly built and the rest as modi-
fications of the existing ones by adding new platforms, 
exits and transfer connections; (2) associated changes in 
the built environment, such as 3D pedestrian networks, 
open spaces and amenities around the stations; and (3) 
changes in nearby bus services.

The new metro line was scheduled to open in May 2019, 
but concrete structures of the newly built platforms at 
Hung Hom station failed the safety inspection. The line 
was thus postponed. The government decided that the 
new line will open in two phases (figure 1). The first phase 
was in February 2020, when four stations were opened, 
with the second phase being postponed to late 2021 after 
the reinforcement work at Hung Hom is completed.

Comparisons: the treatment-control groups
Figure 2 shows the treatment–control groups for inves-
tigating the effects of the interventions. Paired treat-
ment–control groups are based on comparability in 
neighbourhood types, regional accessibility, socioeco-
nomic status and demographics. Three treatment groups 
were picked from the new line (groups 1- T, 2- T and 3- T). 
Participants are older people living within a neighbour-
hood around the treatment station exits, delineated by 
a 400 m buffer zone from the exits, based on the pedes-
trian network. This selection method ensures that they 
will experience the changes brought by a new station. We 
selected three control groups (groups 1- C, 2- C and 3- C). 
Participants in the control groups live in comparable 
station catchments, but the metro stations have been 
in operation for more than 5 years. We aim to conduct 
a difference- in- difference analysis between the treat-
ment and control groups by validating that confounders 
varying across the groups are time- invariant, and time- 
varying confounders are group- invariant.36

We will also conduct a longitudinal study of another 
two lines that entered into operation recently. Sites were 
selected from sections between Sheung Wan and Kennedy 
Town stations of the Island Line (opened in March 2015, 
group 1- E) and from Admiralty to South Horizons stations 

of the South Island Line (opened in December 2016, 
group 2- E). Their comparable groups are 4- C and 1- C, 
respectively. Besides the survey instruments we describe 
in the following sections, we will also ask participants to 
recall their travel behaviours before metro extensions in 
1- E and 2- E.

Questionnaire- based baseline data were collected in 
2019 before the COVID-19 pandemic, while some qual-
itative interviews are ongoing. Amid the pandemic, we 
conducted a quick telephone- based survey of COVID-
19’s potential impact on public transport use behaviours 
among our elderly cohort in September 2020. Note 
there is no lockdown in Hong Kong until the writing of 
the paper (January 2021). After the new metro opens, 
we will conduct a follow- up survey, tentatively in late 
2022.

Participants
Inclusion criteria
Participants are (1) 65 years of age or older, (2) 
Cantonese- speaking, (3) residents in the neighbour-
hoods for at least 3 years (to control potential self- 
selection bias37) and (4) able to walk independently for 
at least 15 min.

Figure 1 The new metro line from Tai Wai to Hung Hom 
stations. The line will open in two phases: the first phase 
was in February 2020 with four stations opened (Tai Wai, Hin 
Keng, Diamond Hill and Kai Tak); the second phase will be 
in 2021 (including Sung Wong Toi, To Kwa Wan, Ho Man Tin 
and Hung Hom stations). The map was adapted under free 
art licence from Wikimedia. Retrieved from https://commons.
wikimedia.org/wiki/File:SCL_ga_map.png.
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Recruitment
Participants were recruited from the neighbourhood 
elderly centres (NEC) located within the study areas indi-
cated in figure 2. In Hong Kong, 170 NECs cover the terri-
tory to provide government community services for the 
elderly at the neighbourhood level. Elderly centre- based 
recruitment can guarantee retention rate for follow- up 
surveys.25 The principal investigator (PI) visited the 
NECs to brief on the research design and got the centre’s 
agreement to participate in the research. We used quota 
sampling, with considerations of age distribution, gender 
balance and home locations, to systematically recruit 
participants from the centre’s database. An NEC could 
have more than 800 members. Invitations will be sent 
both by phone call and during the centre’s monthly gath-
ering events. The NEC helped verify if the candidates 
meet our criteria, and the PI and the research assistants 
conducted further scrutiny before data collection.

Each questionnaire survey or interview will take around 
1 hour. A modest incentive of HK$50 was provided to 
participants after completing the baseline questionnaire 
survey. The elders participating in the go- along interview 

or accelerometer component will receive an extra HK$50. 
To boost the retention rate for the follow- up survey, 
another HK$100 will be provided on completion of the 
follow- up survey.

Sample size estimation
To ensure the explanatory power of the panel data 
models, we aim to achieve a cohort of 720 elderly partic-
ipants for the main questionnaire survey. It can provide 
80% power to detect a significant difference between 
the treatment and control groups, and 0.05 significance 
levels of statistical modelling with multiple (>12) built 
environment independent variables. The retention rate 
is expected to be 70%–80%. We thus anticipate a need to 
obtain a baseline survey of 900 participants, with each of 
the nine study sites recruiting 100 participants. We aim 
to get the following age distributions: 65–74 years: 75%; 
75–84 years: 20%; 85+ years: 5%.

All participants will join the main questionnaire survey, 
with a proportion of them being invited to the qualita-
tive interview. The interview involves semistructured 
interviews (n=135 participants) to assess mental health 

Figure 2 Treatment–control groups represent pairing treatment–control groups for investigating the health impact of public 
transport among the elderly. Three treatment groups are selected from the new line (groups 1- T, 2- T and 3- T), compared with 
control groups (groups 1- C, 2- C and 3- C) from lines in operation for more than 5 years. Groups 1- E and 2- E are selected from 
two lines that entered into operation in March 2015 and December 2016, and their comparable groups are 4- C and 1- C. The 
background metro map was adapted under Creative Commons Attribution ShareAlike 3.0 from Wikimedia. Retrieved from 
https://upload.wikimedia.org/wikipedia/commons/f/f1/Shatin_to_Central_Link_proposal_final.svg.
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and well- being effects and go- along interviews (n=60) to 
conduct walking environment situational analysis. We will 
consider an even distribution of participants’ gender, age 
range, home location, travel mode preference and health 
conditions.

The follow- up study will be conducted in similar forms 
as the baseline, and participants will be contacted for the 
follow- up survey assisted by the NECs.

Patient and public involvement
No patients were involved.

Core questionnaire survey
Travel behaviours, social norms and attitudes, and covariates
For general travel behaviours, we will:

 ► Collect the most frequently used travel mode, 
frequent destinations and self- efficacy of using each 
mode (including walking, bus, minibus, metro, tram, 
light rail and car).

For travel mode share and route environment to stop/
station of each travel mode, we will:

 ► Collect the usage frequency of each travel mode, 
mostly used stops/stations, travel destinations, walking 
time to the stops/stations, sidewalk condition, crowd-
edness and other barriers (in Likert scale).

 ► Ask open questions on the pros and cons of using 
each travel mode.

For perceived neighbourhood environment and 3D 
walking environment, we will:

 ► Ask questions adapted from the Neighborhood Envi-
ronment Walkability Scale for Chinese Seniors38 
on the walking condition, route choice, sidewalk 
width, lighting, shelter, traffic, speed, safety and road 
crossing (in Likert scale), and other concerns (open 
question).

 ► Measure social inclusiveness and discriminations 
when using metro.

 ► Collect data on perceived difficulties in using the foot-
bridge, metro underground path and pedestrian facil-
ities for elderly (eg, resting areas, escalators, moving 
walkaway and lift); two questions are about bus stop 
environment on bench and shelter provisions, and 
other concerns (open question).

Covariates
Covariates include self- rated economic condition, health 
status (chronic diseases and types) and their perceived 
impact on mobility and sociodemographics.

Wider health outcomes
For physical activity and walking diary, we will:

 ► Use the Chinese version of the International Phys-
ical Activity Questionnaire- Short (past 7 days) for the 
elderly to measure weekly minutes of physical activity 
and daily minutes of sitting.

 ► Provide accelerometers (ActiGraph GT3X+) for those 
elders who wish to wear it for 7 days (estimating a 
quarter of the sample) to measure the intensity of 
physical activity and sedentary behaviours.

 ► Maintain a 7- day walking diary to record the time, dura-
tion, origin and destination of each trip, and activities 
when participants are wearing the accelerometers.

For health- related quality of life and depressive symp-
toms, we will:

 ► Use the Short- Form Health Survey-12 scale to assess 
general physical and mental health.

 ► Use Patient Health Questionnaire-9 to assess depres-
sive symptoms.

For social network and loneliness, we will:
 ► Use the Lubben Social Network Scale-6 to measure 

social networking.
 ► Use the University of California, Los Angeles, Lone-

liness Scale -Version 3 (UCLA LS3) to measure 
loneliness.

For subjective well- being, we will:
 ► Measure three aspects of subjective well- being,39 

namely evaluative well- being (life satisfaction), 
hedonic well- being (feelings of happiness, sadness, 
anger, stress and pain) and eudaimonic well- being (a 
sense of purpose and meaning in life).
Evaluative well- being will be measured using the 
‘Cantril Ladder’.40

Hedonic well- being will be measured using the Scale 
of Positive and Negative Experience, assessing subjec-
tive feelings of well- being and ill- being. This 12- item 
questionnaire includes 6 items to assess positive feel-
ings and 6 items to determine negative feelings. For 
both positive and negative items, three of the items 
are generic (eg, positive, negative) and three subscales 
are more specific (eg, joyful, sad).41

Eudaimonic well- being will be measured using the 
18- item scale of the 6 dimensions of well- being, namely 
self- acceptance, purpose in life, personal growth, posi-
tive relations with others, environmental mastery and 
autonomy.42

Built environment changes: measures and 3D pedestrian 
network data
We will use geographical information system to measure 
changes in neighbourhood and route environments. We 
will design indicators related to the neighbourhood’s 
density, diversity, design, destination accessibility and 
distance to transit using the complete built environment 
data collected from the Buildings Department, Lands 
Department and Transport Department in Hong Kong.43 
In addition, we will incorporate geocoded amenities 
data to enrich the built environment indicators. We have 
extracted such data from points of interest (POI) data 
sources and will retrieve time- series POIs (eg, 329 644 
amenities in 2017) from a location- based navigation 
company. The government amenities data will validate 
the third- party data.

Route environment will be modelled on the 3D pedes-
trian network.31 Our Hong Kong 3D pedestrian network 
data (segments=269 242) include 23 types of pedestrian 
paths, encompassing 5 height levels: surface level (eg, 
sidewalk), underground paths (eg, metro stations), 
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footbridge, underground linkage level that connects 
surface and underground paths, and above- ground 
linkage level that connects surface and footbridges. The 
linkage infrastructure for all levels includes stairs, ramps, 
escalators and elevators. The 3D pedestrian network data 
enable us to gather various route options available to 
pedestrians when accessing public transport in the high- 
density city of Hong Kong.

Qualitative data
We will use qualitative data to understand and address 
multiple facets of the metro- led public transport inter-
ventions. Previous studies suggested that relying only on 
quantitative data would be insufficient for elucidating the 
understanding of how the interventions and associated 
built environment changes matter for elderly health.20 44 
We will use semistructured interviews to investigate the 
potential effects of metro interventions on elderly health. 
In the baseline interview, we will explore participants’ 
experience using different travel modes, mode choice 
rationales and effects on their mental health and well- 
being. In the follow- up interview, we will examine how 
and why participants’ travel behaviours, mental health 
and well- being have been changed by the metro- led public 
transport intervention and evaluate the potential impact 
pathways of the changes. In addition, micro- scale char-
acteristics of the route environment when approaching 
public transport are context- specific.45 Therefore, we will 
apply a go- along interview,46 a mobile method to under-
stand interactions between individual and built environ-
ment interventions.47 48 We will collect concerns, walking 
barriers and areas of improvement from older people’s 
views by walking along with participants on predesigned 
walking paths towards metro stations and bus stops. We 
aim to obtain detailed and context- specific information 
concerning the elderly to produce insights into how and 
why the interventions matter.49–51

Analysis
We will use various analysis methods to improve our 
understanding of the changing patterns of public trans-
port use behaviours in our cohort before and after the 
metro intervention, investigating the impact of the new 
metro and associated changes in built environment on 
wider health outcomes.

Qualitative analysis
We will apply content analysis to organise and elicit quali-
tative data.52 Cantonese will be the language in the inter-
view. Audio records will be translated into English scripts. 
We will use built- in coding and analysis tools in NVivo 
(V.12) to extract word frequency and topic intersection. 
Recurring ideas in the scripts can be obtained as counts 
in the word frequency analysis. We will read the transcript 
carefully to investigate recurring topics and ideas. We will 
design a framework to analyse the interview scripts. We 
will also extract participants’ quotes and present them 
according to the analysis framework.51 The qualitative 

results will work with quantitative ones to investigate the 
new metro’s health effects among older people.

Quantitative analysis
We will use difference- in- difference analysis to study 
the public transport use behaviours and wider health 
outcomes between the treatment and control groups 
before and after the intervention periods. We will inte-
grate data to strengthen causal inferences of the natural 
experiment, such as using multiple pre–post measures 
to control for singular changes and multiple treatment–
control groups that differ according to some variables.

We will also use multivariable regression models to 
estimate the associations between dependent and inde-
pendent variables. We will build up these models by 
progressively adjusting them for various individual, 
geographical and covariates that potentially confound 
the relationships. We will stratify some models by prespec-
ified effect modifiers, for example, by gender and age in 
the analysis of the correlates of physical activity and wider 
health outcomes, and by baseline public transport use 
behaviour in the longitudinal data analysis. Several rela-
tionships will be tested. For example:

 ► Changes in route environment: changes in public 
transport use. We will examine the effects of the 3D 
pedestrian network (eg, elements, lengths), neigh-
bourhood walkability and perceived difficulties 
of walking in the 3D city on public transport use 
behaviours.

 ► Changes in public transport mode: changes in 
physical activity. We will examine how the different 
mode choice and use would impact physical activity, 
controlling objective and perceived route environ-
ment and distance to station/stops.

 ► Changes in physical activity: changes in quality of 
life and subjective well- being. We will investigate how 
physical activity related to public transport use impacts 
physical and mental health and subjective well- being, 
controlling public transport mode choice and use.

 ► Changes in social inclusion: changes in mental health 
and depressive symptom. We will examine how the 
social inclusion enabled by public transport impacts 
mental health and depressive symptoms by controlling 
public transport use and social environment.

ETHICS AND DISSEMINATION
The Human Research Ethics Committee of the University 
of Hong Kong reviewed and approved the study proce-
dures and materials (reference number: EA1710040). We 
will give participants detailed verbal and written informa-
tion on the study after their eligibility is assessed. We will 
provide written consent to participants before data collec-
tion. Private and confidential data will be accessed by the 
named researchers and will be stored with the university’s 
secured measures for 20 years and permanently destroyed 
after.

We will generate academic papers and research report 
based on robust evidence on public transport use, built 
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environment and health effects from the project. We will 
report anonymised and aggregated results to the scientific 
community through publications in academic journals. 
We will also present results in international conferences. 
The project’s PI and Co- Investigators, coauthored in this 
paper, will coordinate all aspects of the papers, from the 
initial proposal to analysis plans through quality control of 
the manuscript. The aim is to use practice- based evidence 
to guide evidence- based practices in urban design and 
transport policy making to achieve healthy ageing. The 
report will provide additional design recommendations 
for building a more comfortable and safe walking envi-
ronment to enable the elderly to use public transport. We 
will submit the report to government sectors for making 
the built environment conducive to elderly metro use. 
In the mean time, the report can also be a reference for 
future public transport system planning, in advance of 
the irreversible metro infrastructure investment in Hong 
Kong.

DISCUSSION
In this paper, we presented a study protocol for the first 
natural experiment study that uses a new metro line in 
the high- density city of Hong Kong as an intervention to 
investigate causal inference on elderly health. Few studies 
that investigated transport infrastructural modifications 
were concerned about the changes in public transport use 
brought by a new metro or have estimated the changes in 
physical activity and wider health outcomes of the elderly.

Although the natural experiment research design is 
insightful, this type of large- scale study may encounter 
financial and time constraints due to the high risk of post-
ponements and other uncertainties during the infrastruc-
ture modifications.7 In our case, the schedule of opening 
the new metro had been postponed a year, with the new 
line being rearranged to two phases, and it would need 
another year to open the second phase. The postponed 
time could be a severe challenge to the follow- up survey, 
for example, a low retention ratio that would jeopardise 
the explanatory power of the study results. The treat-
ment–control research design using longitudinal data 
could help rule out most confounders, but other unob-
servable factors could intervene during the prolonged 
research period. Multiple follow- ups might reduce such 
effects if funding allows.

Another challenge lies in analysing a cohort data set 
with repeated and varying measures of both exposures 
and outcomes.20 The new metro represents a local metro- 
based public transport that is continually evolving. This is 
especially the case in a high- density city, with a complex 
transport system and a 3D pedestrian network.31 We aim 
to use the opportunity presented by this natural experi-
ment to investigate a more specific set of research ques-
tions linking the new metro, associated changes in the 
built environment and changes in bus service with public 
transport use, physical activity and wider health impact. 
Therefore, we need to adopt a flexible approach to study 

design due to the complex and unpredictable situations 
of the interventions. In addition, there are less established 
analytical methods for evaluation of transport infrastruc-
tural interventions.8 We need to develop our methods 
for understanding the effects of transport modifications 
and associated changes in built environment on elderly 
health in a high- density city.
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