
Vol:. (1234567890)

J Urban Health (2023) 100:408–417
https://doi.org/10.1007/s11524-022-00709-4

1 3

ORIGINAL ARTICLE

Trading‑Off Transit and Non‑Transit Physical Activity 
among Older People: Evidence from Longitudinal 
Accelerometer Data of a Natural Experiment Study

Eun Yeong Choe · Dongsheng He · Guibo Sun 

Accepted: 20 December 2022 / Published online: 19 January 2023 
© The New York Academy of Medicine 2023, corrected publication 2023

Abstract This study used a natural experiment of 
a new metro line in Hong Kong to examine trade-
offs between transit-related and non-transit-related 
physical activity (PA) among 104 older people 
(aged ≥ 65 years) based on longitudinal accelerometer 
data that distinguished transit-related and non-transit-
related PA. Difference-in-difference (DID) analysis 
compared PA changes between treatment and control 
groups. We found that new metro stations have trade-
off effects between transit and non-transit PA. After 
opening metro stations, transit-related PA increased 
by 12 min per day on average, but non-transit-related 
PA decreased by 18 min per day. In addition, the pro-
portion of time spent in transit-related PA increased 
by 6%. The results suggested that new metro stations 
could generate transit-related PA, but it might shift 
from non-transit-related PA among older people. Our 
findings revealed trade-off effects of public transit 
interventions and have significant implications for 
transport and healthy ageing studies.

Keywords Metro · Public transport · Healthy 
ageing · ActivityStat · Hong Kong

Introduction

Research has shown that public transit use can promote 
physical activity (PA). Cross-sectional studies found that 
transit users were more likely to walk 30 min or more 
per day than those non-users [1], and light rail transit 
(LRT) ridership is associated with greater moderate to 
vigorous exercise [2]. Longitudinally, bus rapid transit 
(BRT) implementation enhances physical activity by 
walking in catchment areas [3]. As public transit use 
involves walking or bicycling between transit stops and 
destinations, public transit users may be more likely to 
reach the recommended level of PA than non-public 
transit users. Although these studies provided findings 
on PA effects of public transit, such approaches have 
failed to address the impacts of other confounding fac-
tors, such as population density, destination mix, and 
street design.

Natural experiments can infer the causal effects 
of built environment interventions on PA and other 
health-related outcomes [4, 5]. A few natural experi-
ment studies used new public transit lines as inter-
ventions to assess their health effects. By comparing 
the changes in outcomes of the treatment and con-
trol groups, we may infer causal evidence regarding 
PA and health effects [6]. For example, a UK study 
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investigated the effects of the opening of the Cam-
bridgeshire Guided Busway on travel behaviour, PA, 
and wider health impacts [7]. Similarly, US studies 
examined the before-and-after effects of LRT imple-
mentation on walking and PA [8, 9]. A natural experi-
ment of a new metro line investigated the impact of 
new public transit on modal shift and active travel in 
China [10].

More recently, researchers have turned to the effect 
of public transit on specific types of PA, testing if 
changes in a particular domain of PA directly relate 
to public transport use and if there is a substation in 
PA types. For example, a meta-analysis found differ-
ences between changes in transit-related PA and over-
all PA after a new BRT or LRT. They found overall 
PA decreased, but transit-related PA increased after 
the new transit [11]. Another meta-analysis suggests 
that new public transit is associated with a significant 
increase in walking and other light to moderate PA 
by about 30 min per week, but no such effects for the 
moderate to vigorous PA [12]. Further, overall walk-
ing decreased over time, but the proportion of walk-
ing around new stations increased, suggesting a shift 
in walking activity to the station areas of the new 
public transit [13].

Estimating substitution in PA types will assist in a 
fuller health impact assessment of public transit inter-
ventions. For example, if transit users decrease other 
walking but increase the time spent in transit-related 
walking, attempts to increase transit use would 
not increase PA but only shift from one domain to 
another [14]. A US survey showed that some substitu-
tions might occur for individuals with long commutes 
who might engage in less recreational PA than those 
with short commutes [15]. However, studies with 
self-reported PA could be biased due to measurement 
errors [11]. So far, few studies that provided a precise 
estimate of PA related to public transit use have been 
investigated using accelerometer-assessed data [14]. 
Longitudinal accelerometer data before and after a 
new public transit could examine PA substitutions by 
objective measures of type-specific PA.

Recent initiatives in healthy ageing in Asian cit-
ies heightened the need for new public transit infra-
structure to support active travel and PA [16]. How-
ever, most existing evidence is based on working 
age adults from low-density western cities. Metro is 
the major public transit system in Asian cities, and 
most older people use public transport for mobility 

(e.g. Tokyo, Seoul, and Hong Kong) [17]. For 
example, in Hong Kong, over five million trips are 
made on an average weekday. The public transport 
shares (bus and metro) among older adults are over 
93% [16, 18].

This study examined the trade-off effects of the 
new metro on older adults’ PA through a natural 
experiment study in Hong Kong. We hypothesised 
that new metro stations generate transit-related PA, 
but they might be shifted from non-transit-related 
PA. Difference-in-difference (DID) models compared 
changes in type-specific PA between treatment–con-
trol groups for robust inference. The ability to objec-
tively measure PA using accelerometers, and within 
it, to distinguish transit-related from non-transit-
related PA allowed us to examine the trade-off effect.

Method

Study Design

We examined the longitudinal accelerometer data 
from the Metro and Elderly Health in Hong Kong 
study, which is a natural experiment to investigate the 
effects of new metro stations on public transport use, 
PA, and wider health outcomes among older adults 
[19]. The study protocol was published elsewhere to 
describe the details of the study design [19]. In brief, 
the intervention was a new metro line with eight new 
stations in Hong Kong, of which half were newly built 
and the rest as modifications of the existing ones by 
adding new platforms, exits, and transfer connections. 
The treatment groups were from the affected areas 
with new metro stations, and control groups were 
from the areas the metro stations had been operated 
for more than 15 years. The new metro line went into 
operation in June 2021. The baseline survey was con-
ducted in 2019, and a follow-up survey of the cohort 
of older people was conducted in December 2021.

Our analysis for this paper was on the cohort 
data of 104 older adults. Figure  1 shows the treat-
ment–control group assignment. Participants were 
recruited from older adults living within a 400-m 
pedestrian network buffer of two treatment groups 
and two control stations. They wore accelerometers 
for 7  days in both baseline and follow surveys to 
measure their PA before and after the new metro line.
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Participants and Procedure

We recruited participants from neighbourhood elderly 
centres. The government-funded neighbourhood 
elderly centre in Hong Kong provides community 
support services for older people. Participants were 
aged 65 or above, living within four metro station 
areas in Hong Kong, and could walk unassisted for at 
least 15 min.

Trained interviewers administrated the face-to-face 
interview using questionnaires in the elderly neigh-
bourhood centres. At the end of the interview, all 
participants were invited to participate in the study’s 
accelerometer component. The participants who 
agreed were instructed to wear a waist-worn acceler-
ometer for 7 consecutive days during waking hours in 
both baseline and follow-up surveys before and after 
the new metro line. The participants were also asked 
to record the purpose, time, and destination of their 
trips involving public transit use in a travel diary over 
the study period. After completing the baseline sur-
vey, a modest incentive of HK$50 was provided to 
participants. To boost the retention rate for the longi-
tudinal study, HK$100 was offered upon completing 
the follow-up accelerometer data.

Ethical approval for the study was obtained from 
the Human Research Ethics Committee of the Univer-
sity of Hong Kong (reference number: EA1710040), 
and written informed consent was provided by each 
participant.

Measures

Accelerometer‑Assessed PA Outcomes

We used ActiGraph GT3X + accelerometers (Pensa-
cola, FL, USA) to measure the participants’ PA for 
7 consecutive days. All devices were initialized, and 
data were downloaded using ActiLife (v6.13.4). The 
accelerometer was programmed to record vertical 
acceleration in counts and PA data at a sampling fre-
quency of 30 Hz [20].

Following the procedures specified in previous 
studies [21, 22], a wearing-time of ≥ 480  min/day 
was used as the criterion for a valid day, and ≥ 3 days 
per week was used as the criterion for a valid 7-day 
period of accumulated data. Participants who did 
not provide valid data were requested to re-wear the 
accelerometer for another 7 days. Intervals of at least 
60 consecutive min with zero counts were defined as 
non-wear time and excluded from the analyses. We 
described older adults’ PA as a bout with a minimum 
duration of 5  min and a minimum of 25 counts per 
minute (cpm) [23]. Using a self-completed 7-day 
travel diary, PA is categorised into transit-related PA 
and non-transit-related PA.

• Overall PA is PA regardless of its relationship 
with public transit (≥ 25 cpm, ≥ 5 min).

• Transit‑related PA is a PA within a trip involving 
public transport use. This threshold encompasses 

Fig. 1  Treatment–control group assignment
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light to moderate PA (25–1013 cpm, ≥ 5 min) that 
corresponds with walking [8, 24]. Time was con-
verted into transit-related PA if the travel diary 
reported walking involving public transit use.

• Non‑transit‑related PA is PA that does not occur 
within a trip with public transit use. Time was 
converted into non-transit-related PA if the travel 
diary reported walking without public transit 
use (25–1013  cpm, ≥ 5  min), such as walking in 
the park. Non-transit-related PA also includes 
all moderate to vigorous PA minutes exceeding 
1013 cpm [25].

• The proportion of time spent on transit‑related PA 
was applied as the outcome measure. Due to vary-
ing lengths of wear times among participants, we 
calculated the proportion (%) of the total amount 
of time spent on transit-related PA.

Covariates

Covariates included built environment characteristics 
and individual variables. We used a 400-m pedestrian 
network buffer from each participant’s residential 
address to create the built environment variables. The 
400 m is a widely used criterion to define the neigh-
bourhood area in Hong Kong due to the high-density 
built environment [26]. It delineates older people’s 
activity space by a 10-min walking distance from their 
residential places. A geographic information system 
(ArcGIS 10.7, Esri) was used to create the built envi-
ronment variables. We calculated population density 
based on covered blocks of the network buffer. Street 
connectivity was measured as a link-node ratio within 
the buffer. The number of bus stops was measured, 
with a higher number indicating higher public transport 
accessibility. Destination mix was an entropy index 
based on fourteen categories of points of interest (e.g. 
commercial, industrial, recreational facilities, health-
care services, government and institutions, schools, 
restaurants), ranging from 0 (homogeneous destina-
tion) to 1 (equal mix of destinations) [27]. Individual 
variables were extracted from interviewer-administered 
questionnaires with questions regarding age, gender, 
monthly income (below HK$4,000 vs above), educa-
tion level (primary vs secondary level and above), and 
chronic diseases (yes vs no).

Statistical Analysis

We used descriptive statistics and paired t-tests to com-
pare changes in type-specific PA between baseline and 
follow-up data. For the main analyses, difference-in-
difference (DID) analyses were performed to exam-
ine the treatment effects of metro interventions on the 
changes in different types of PA [28]. DID is a statisti-
cal approach that uses longitudinal data from treatment 
and control groups to obtain an appropriate counter-
factual to estimate a causal effect [28]. It is a standard 
statistical tool for analysing natural experiment studies 
[29, 30]. We first included intervention-related vari-
ables for the physical activity in model 1, and we then 
added individual and built environment covariates in 
model 2 to reduce the error variance. The estimates 
held if the interaction term (e.g. treatment × time) 
remained statistically significant after adding covari-
ates. The model specification was as follows:

where PAit is type-specific PA of participant i in time t;  
β1 captures the net difference between participants  
with or without exposure to new metro stations (treat-
ment vs. control); β2 captures the net PA difference 
between participants at baseline and follow-up; and β3 
is an interaction term estimating the treatment effects 
of the metro intervention. Covariatesi  includes indi-
vidual and built environment variables, and μi is the 
error term. If β3 is statistically significant, it means 
that new metro stations have significantly affected the 
type-specific PA of the participants.

In addition, we tested the effect of new metro sta-
tions on the proportion of time spent on transit-related 
PA using the same procedure as above.

Results

Descriptive Statistics

Table 1 shows the descriptive statistics of individual and 
built environment characteristics of the treatment and 
control groups with cohort data of 104 participants. The 
average age of the participants in the treatment and con-
trol groups was 73.38 and 76.28 years old, respectively. 
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There was more female than male in both groups 
(75.40% and 74.40%). Less than 10% of the participants 
attained secondary-level education. Notably, most of 
the participants had chronic diseases, and the ratio in 
the treatment group was higher than that in the control 
group (86.20% vs 64.10%). In terms of the built environ-
ment characteristics, population density and destination 
mix were similar in both groups. The number of street 
intersections and link-node ratio in the treatment group 
were higher, while the number of bus stops was some-
what lower than those in the control group.

Table  2 shows the differences in average min-
utes per day of type-specific PA between baseline 

and follow-up. There was a non-significant increase 
in overall PA in both groups. In terms of transit-
related PA, there was a significant increase of 
14.98  min on average in the treatment group and 
a non-significant reduction of 0.60 min in the con-
trol group. For non-transit-related PA, there was 
an average reduction of 3.91  min in the treatment 
group, and an average increase of 14.42 min in the 
control group, but these changes were not signifi-
cant. There was a significant increase of 4.22% in 
the proportion of time spent on transit-related PA 
in the treatment group after the opening of new 
metro stations.

Table 1  Descriptive 
statistics of participants

Notes: Participants’ 
individual factors and built 
environment characteristics 
were collected at baseline

Variables Treatment group (n = 65) Control group (n = 39)
Mean (SD)/% Mean (SD)/%

Individual characteristics
  Age (years) 73.38 (5.45) 76.28 (6.30)
  Gender (female = 1) 75.40 74.40
  Education level (above secondary level = 1)   9.20   7.70
  Monthly income (above HK$4000 = 1) 32.30 35.90
  Having chronic diseases (yes = 1) 86.20 64.10

Built environment characteristics
  Population density (in 1000 per kilometre) 11.72 (0.52) 11.10 (0.91)
  Number of street intersections 81.11 (9.04) 52.23 (8.70)
  Link-node ratio   3.92 (1.97)   1.54 (0.14)
  Number of bus stops   8.38 (5.14) 12.95 (7.23)
  Destination mix   0.66 (0.14)   0.60 (0.15)

Table 2  Changes in PA 
between baseline and 
follow-up

Notes: (1) Paired t-tests 
were conducted on the 
participants’ PA levels 
compared baseline with 
follow-up periods, and 
the results are labelled 
with asterisks in the rows 
showing the change in 
outcomes (PA at follow-up 
minus PA at baseline). 
(2) *p < 0.05, **p < 0.01, 
***p < 0.001

Variables Baseline Follow-up Change in outcome

Mean (SD) Mean (SD) Mean (SD) t‑value

Overall PA (min) per day
  Treatment group 177.20 (70.61) 188.26 (64.38) 11.07 (87.09) 1.03
  Control group 148.08 (58.59) 161.90 (57.14) 13.82 (78.16) 1.10

Transit PA (min) per day
  Treatment group 31.20 (30.17) 46.18 (31.09) 14.98 (37.85) 3.19**
  Control group 32.29 (27.00) 31.70 (23.18)  − 0.60 (32.02)  − 0.12

Non-transit PA (min) per day
  Treatment group 145.99 (66.27) 142.09 (43.20)  − 3.91 (75.45) 0.42
  Control group 115.79 (45.35) 130.21 (51.25) 14.42 (60.43) 1.49

Proportion (%) of time spent on transit-related PA
  Treatment group 18.28 (16.13) 22.50 (11.77) 4.22 (17.86) 1.90*
  Control group 20.72 (14.29) 19.39 (12.17)  − 1.33 (15.26)  − 0.54
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DID Results of Intervention on Different Physical 
Activities

Overall PA

Table 3 shows the results of DID analysis. The estimated 
interaction terms in model 1 revealed no significant 
effects of the metro intervention on overall PA. After 
adjusting for individual and built environmental covari-
ates, the coefficients remained insignificant (model 2). 
Regarding the covariates, link node ratio and the num-
ber of bus stops were positively related to overall PA, but 

destination mix was negatively associated with overall 
PA. Age was negatively associated with overall PA.

Transit‑Related PA

The treatment effect on transit-related PA was sig-
nificant when unadjusted for covariates in model 
3. The coefficients remained significant after 
adjusting for individual and built environment 
covariates (model 4); this indicates that new metro 
stations increased transit-related PA by 12  min 
(p < 0.05) for the treatment group. Regarding the 

Table 3  DID regression estimates of treatment effects on type-specific PA

Note: *p < 0.10, **p < 0.05, ***p < 0.01

Overall PA Transit PA Non-transit PA

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE)

Intervention-related items
  Treatment   23.10** (10.21)     24.93** (12.38)  − 1.32 (4.77)   − 2.33 (6.60)     25.44*** (8.93)     28.29*** (10.45)
  Time   12.07 (8.77)     12.07 (8.99)     0.34 (4.15)      0.34 (4.26)     11.73 (7.07)     11.73 (7.23)
  Treatment × time  − 4.03 (126.63)    − 4.03 (12.43)   12.09** (5.81)    12.09** (5.96)  − 18.18* (10.07)  − 18.18* (10.32)

Built environment characteristics
  Population density       1.22 (4.67)   − 3.79 (2.77)       5.01 (4.73)
  Number of street 

intersections
   − 0.70 (0.82)      0.20 (0.38)    − 0.90 (0.73)

  Link node ratio       0.18** (0.08)       0.36*** (0.04)       0.18** (0.07)
  Number of bus stops       1.02* (0.55)   − 0.05 (0.27)       1.07** (0.45)
  Destination mix  − 55.73*** (21.09)   − 0.23 (13.77)  − 55.50** (23.78)

Individual characteristics
  Age    − 1.65*** (0.56)   − 0.18 (0.30)    − 1.47*** (0.55)
  Gender (female = 1)    − 4.05 (7.62)   − 1.88 (4.15)    − 2.18 (6.50)
  Monthly income 

(above 
HK$4000 = 1)

         0 (0.00)           0 (0.00)            0 (0.00)

  Education (second-
ary level and 
above = 1)

      1.16 (6.86)   − 0.97 (4.21)       2.12 (6.93)

  Presence of chronic 
diseases (yes = 1)

    13.89* (8.25)     13.79*** (3.95)       0.10 (7.57)

Constant 126.63*** (7.26)   258.01*** (65.46)   27.39*** (3.53)    74.43* (38.25)     99.24*** (5.84)   183.65** (73.75)
R2     0.05       0.14     0.05      0.14       0.05       0.14
N (participants) 104   104 104  104   104   104
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covariates, the link node ratio and the presence of 
chronic diseases were positively associated with 
transit-related PA.

Non‑Transit‑Related PA

The treatment effect on non-transit-related PA was 
significant when unadjusted for covariates (model 5). 
After adjusting for individual and built environment 
covariates, the coefficients remained significant, indi-
cating new metro stations decreased non-transit-related 
PA by 18 min (p < 0.10) for the treatment group (model 
6). Regarding the covariates, link node ratio and the 
number of bus stops were positively associated with 
non-transit-related PA, while destination mix was neg-
atively associated with non-transit-related PA. Age was 
negatively associated with non-transit-related PA.

The Proportion of Time Spent on Transit‑Related PA

Table  4 shows the treatment effect on the proportion 
(%) of time spent on transit-related PA. The interaction 
was significant when unadjusted for covariates (model 

7). After adjusting for individual and environmen-
tal covariates, the coefficients remained significant; 
this indicates that new metro stations increased the 
proportion of time spent on transit-related PA by 6% 
(p < 0.10) (Mode 8). Population density was negatively 
associated with the proportion of transit-related PA, 
and link node ratio was positively associated with the 
proportion of transit-related PA. In addition, the pres-
ence of chronic diseases was positively associated with 
the proportion of transit-related PA.

Discussion

We provided the first natural experiment study on 
causal inference in trade-off effects of new metro sta-
tions on transit and non-transit PA among older adults. 
Using longitudinal accelerometer data, our DID results 
found that new metro stations did not affect overall PA, 
but they increased transit PA while reducing non-tran-
sit PA among older adults in Hong Kong.

We found transit-related PA increased after open-
ing new metro stations, and there is a trade-off effect 

Table 4  DID regression 
estimates of intervention 
effects on the proportion of 
time spent on transit-related 
PA

Note: *p < 0.10, **p < 0.05, 
***p < 0.01

Proportion (%) of time spent in transit-
related PA

Model 7 Model 8

Coef. (SE) Coef. (SE)

Intervention-related items
  Treatment  − 2.68 (3.02)  − 5.20 (3.96)
  Time  − 1.33 (2.44)  − 1.33 (2.50)
  Treatment × time 6.04* (3.29) 6.04* (3.38)

Built environment characteristics
  Population density  − 3.35* (1.73)
  Number of street intersections 0.14 (0.24)
  Link node ratio 0.20*** (0.03)
  Number of bus stops  − 0.23 (0.16)
  Destination mix 11.07 (9.76)

Individual characteristics
  Age 0.12 (0.18)
  Gender (female = 1)  − 0.14 (2.36)
  Monthly income (above HK$4000 = 1) 0 (0)
  Education (secondary level and above = 1)  − 0.26 (3.03)
  Presence of chronic diseases (yes = 1) 8.79*** (2.46)

Constant 20.72 (2.29) 38.46 (24.09)
R2 0.02 0.14
N (participants) 104 104
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between transit and non-transit PA. Our results iden-
tified a 12-min per day  increase in transit-related PA 
but an 18-min per day decrease in non-transit-related 
PA. In addition, we found an increase in transit-related 
PA by 6% for the treatment group after the open-
ing of new metro stations. The new metro increased 
public transit use and physical activity among older 
adults in Hong Kong. The finding is consistent with 
previous studies that showed a significant increase in 
transit-related PA after new public transit [31]. Nota-
bly, they combined walking and cycling activities into 
one measure [6, 10]. Our study identified walking 
(25–1013 cpm, ≥ 5 min) as part of transit-related PA. 
Using accelerometer-assessed data, we provide precise 
information on whether the increase in PA is causally 
attributed to the use of new metro stations.

The finding in trade-offs between transit and non-
transit PA corroborated the concept of ‘ActivityStat’ 
hypothesis [32, 33], which suggests that when PA is 
increased or decreased in one domain, there will be 
a compensatory change in another domain to main-
tain the levels of total PA or energy expenditure over 
time. Similarly, a US study examined individuals’ 
trade-offs between health-related activities and com-
muting time [15]. They found that such substitution 
happened to individuals with longer commutes, often 
characteristic of public transit use, engaged in less 
recreational PA than those with shorter commutes. 
Another cohort study also showed that a given level 
of transit-related PA would partially be compensated 
by reductions in non-transit PA (e.g. occupational or 
leisure) or spontaneous PA among older adults [34]. 
Furthermore, older adults are more likely to com-
pensate PA than younger adults [35]. Older people’s 
energy expenditure or physical activity levels may be 
biologically regulated, thereby limiting the effective-
ness of PA interventions. The trade-off effects on PA 
in different types should be considered when develop-
ing and evaluating interventions aimed at PA promo-
tion among older people.

We found non-significant effects on overall PA 
among older people from new metro stations. The 
result differs from the findings of a previous review 
paper that highlighted that individual’s total physi-
cal activity would decrease after new public tran-
sit [8, 11, 13]. Our findings on trade-off effects on 
transit and non-transit PA did not lead to changes in 
overall PA in our study cohort. Our results based on 
accelerometer data also differ from the new metro’s 

treatment effects on self-reported moderate-to-vigor-
ous physical activity (MVPA) [36]. The overall PA in 
this study included walking as light physical activity, 
while MVPA referred to PA exceeding the moderate 
metabolic level that does not involve walking. We 
surveyed four stations to collect fine-scale accelera-
tor data from the 104 participants, while in He et al. 
(2022)’s study, they covered eight metro stations 
with 449 cohort data. This shows the self-reported 
and validated PA scale (e.g. IPAQ [37]) can survey 
a large and representative sample size, while it might 
easily have inconsistent findings with accelerometer-
assessed PA data. Our results call for more endeav-
ours to collect rigorous evidence on overall PA.

This study has limitations. First, participants’ 
specific PA types (e.g. transit-related or non-transit-
related PA) in this study were generated from a self-
reported travel diary. Future studies could be sup-
plemented using additional objective reference data, 
such as a global positioning system (GPS). Unfortu-
nately, in the high-density city of Hong Kong, GPS 
would easily lose signals making the measure imprac-
tical. Second, the intervention exposure duration was 
around 6 months. Due to delays in the new metro line, 
observing long-term treatment effects was impossible 
in this study within a 3-year funding period. Further 
research could explore the long-term effects of the 
intervention. Third, the COVID-19 pandemic could 
have affected PA changes [38]. Nevertheless, there 
were no local COVID-19 cases in Hong Kong dur-
ing the follow-up survey period because of the zero 
COVID policy at the time (December 2021). We 
mitigated its potential effect by the treatment–control 
group research design.

The study also has several strengths. First, this 
longitudinal study using a natural experiment design 
provided causal estimates of new public transit’s 
effects on different types of PA among older adults. 
Previous cross-sectional studies cannot infer causal-
ity on how new public transport infrastructure would 
change PA among older people. Another strength is 
that we provide objective measures of PA changes 
using longitudinal accelerometer-assessed data. 
Most existing studies relied on self-reported ques-
tionnaires or travel survey data which might suffer 
recall biases. Moreover, this study characterised PA 
as either transit or non-transit PA by accelerometer 
data with travel diary to distinguish the trade-off 
effects on type-specific PA.
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Conclusion

This study used longitudinal accelerometer data to 
examine the treatment effects of new metro stations 
on different types of PA among older adults. Our 
results suggest that new metro stations could generate 
transit-related PA, but it might shift from non-transit-
related PA among older adults. A possible compen-
sation of transit-related PA during non-transit-related 
PA time should be considered in studies analysing PA 
promotion through active transport or other activities. 
This study expands our knowledge of the PA benefits 
of new public transit interventions and has significant 
implications for transport and healthy ageing studies.
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