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ABSTRACT

Introduction The prevalence of overweight and obesity
is increasing worldwide, which could lead to a set of
chronic and metabolic diseases. Physical activity is a
modifiable factor for obesity, which was reported to

be correlated with the built environment. However, the
effects of the built environment on physical activity are
not consistent. Walkability is a convenient way to assess
the built environment. We aim to prospectively explore
the relationship among walkability, physical activity and
obesity in Chinese participants in Chongging, a hilly city
and provide evidence for future urban planning.

Methods and analysis Participants will be recruited
from people who receive health examination in the

Health Management Centre, the First Affiliated Hospital

to Army Medical University. Exposure variables are
WalkScores calculated within the areas around workplace
and residential addresses of participants. The primary
outcomes are body mass index measured through health
examination at baseline and follow-ups, and daily walking
steps recorded by WeChat mini application for 30 days
after every time of health examination. Other health-
related data of the participants will also be collected.
Multivariate regression analysis will be performed to
examine the relationship between exposure variables and
outcomes.

Ethics and dissemination The Protocol is approved by
the Ethics Committee of the First Affiliated Hospital to Army
Medical University (KY201839). The results will be actively
disseminated through peer-review journals and conference
publications.

Registration number Chinese Clinical Trial Registry
(ChiCTR1800017680).

INTRODUCTION

The prevalence of overweight and obesity
has doubled worldwide since 1980, which is
currently 5% in children and 12% in adults."
In 2015, the number of children and adults
who suffered from obesity was 107.7 million
and 603.7million, respectively.” High body
mass index (BMI), an indicator for obesity,
was identified to be a risk factor for various
chronic diseases, including cardiovascular
disease, diabetes, chronic kidney disease
and cancers.” Chinese Health and Nutri-
tion Survey shown the rate of obesity and
overweight in adults increased from 25.1%

Strengths and limitations of this study

» This study innovatively evaluates the effects of
walkability on physical activity and obesity in a hilly
city prospectively.

» The daily walking steps were recorded using a novel
method, WeChat mini application.

» This study combines the data collected from the
health examination and cellphones.

» One limitation is that WeChat mini application would
fail to record daily walking steps during swimming
and other physical activities without cellphones.

» The other limitation is the maximum time for data
collection is 30 days after one authorisation.

to 39.6% from 1997 to 2009.” The updated
prevalence of overweight and obesity were
reported to be 25.8% and 7.9%, respectively,
in 2017.* It is reported that the obesity rate
in Chongqing in Southwestern China is
10.3%.°°

One of the modifiable risk factors of obesity
and chronic diseases is physical inactivity.” ®
Physical activity indicators are correlated with
some metabolic indicators.” Physical inactivity
is partly due to insufficient activity during
leisure time and an increase in sedentary
behaviour during occupational and domestic
activities.'"” Additionally, an increase in the
use of ‘passive’ modes of transport such as
taking a car or a bus has also been associated
with declining physical activity levels, which
means less walking or any human-powered
movement in daily life."” Insufficient phys-
ical activity contributes to 6% of the disease
burden of coronary heart disease, 7% of
that of type 2 diabetes, 10% of that of breast
cancer and 10% of that of colon cancer."
As reported, more than 533000 deaths
and more than 1.3million deaths could be
averted annually by reducing the preva-
lence of physical inactivity by 10% and 25%,
respectively.'' Thus, in order to ameliorate
physical inactivity, it is crucial to understand
its associated factors and determinants. The
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factors associated with physical activity in high-income
countries were reported to be age, sex, health status, self-
efficacy, genetic factors and motivation.'? At the level of
population, the factors outside health sectors have been
identified to be causally related to physical inactivity, for
example, urban planning, transportation system and the
built environment.'*™"*

Walkability is a useful tool in the process of evaluating
the effects of the built environment on physical activi-
ty.”"However, the evidence on the associations among
the built environment, walkability, physical activity and
health is inconsistent. A study published in Naturein 2017
with more than 700 000 participants and 68 million days
recorded revealed that higher walkability was associated
with more daily walking steps, whose effect was stronger
for females."” Porter and colleagues also indicated in a
cohort study with 688 participants that as one aspect of the
neighbourhood environment, walkability was associated
with physical activity among pregnant women.'® Other
studies from Japan and North America also supported
the positive effects of the built environment on phys-
ical activity.'”™"® In a middle size city Bengbu in Eastern
China, researchers observed about at least 30% lower risk
of cardiovascular diseases were associated with moderate
to high levels of WalkScore, compared with controls with
low WalkScore, in which WalkScore is a measure of walk-
ability.® However, a cohort study with 1819 households
investigating moving to the former Olympic athletes’
village in London discovered no effect associated with
this living environment change on daily walking steps,
indicating that ameliorating the built environment might
be insufficient to enhance physical activity.' A study
with 161 older adult participants in Canada also shown
that walkability was not associated with physical activity
volume or intensity.”” A study in a small city in China
called Yuncheng also showed no positive associations of
land-use mix and walking duration.” In addition to these
inconsistent evidence, there is no research on walkability
effects on physical activity and health in China.

The factors of walkability usually include residential
housing units, retail shops, public transportation, street-
level movement density, the distance to behaviorrelated
destinations.”** Residential housing units are a house,
apartment, group of rooms, or a single room for occu-
pancy as a separate living unit, which could predict the
population allocation in an area.” Retail shops are one
kind of points of interest, which serve for non-residential
uses and can enhance the motivation of walking.”
Accessibility, which are represented by the streetlevel
movement density and the distance to behaviorrelated
destinations, as well as the proximate access to public
transportation, are crucial characteristics of a walkable
neighbourhood.”® Some studies also take into account
the population density, the street connectivity, land-use
diversity, infrastructure and safety for walking, aesthetics
and crime influence.?”® WalkScore (www.WalkScore.
com) is a userfriendly open composite walkability index.
It could evaluate the walkability of a mail address or a city

and is widely used in the studies investigating the relation-
ship between walkability and health status.'””!

The evaluation of the walkability of a community and
its effects on physical activity and health status of the resi-
dents in China could shed light on urban design, laying
a foundation for future urban planning policy and phys-
ical activity promotion interventions. Additionally, there
is a gap of research on the influences of walkability on
physical activity in a hilly city. This protocol is an obser-
vational, prospective cohort study of participants who
receive health examination in the First Affiliated Hospital
to Army Medical University. The aim of this study is to
analyse the relationships among walkability, physical
activity and obesity in the residents in Chongqing for
future urban planning reference. Previous literature
shows lower hilliness is associated with enhanced physical
health.” Our research hypothesis is that high WalkScore
will be associated with the decrease of BMI under the
context of a hilly city. The daily walking steps and meta-
bolic profiles will be the mediators through the effect
pathway from WalkScore to BMI.

We illustrate our hypothesis of causal diagram in online
supplemental figure 1. Obesity and overweight as well as
daily walking steps are the primary outcomes. WalkScore
is the exposure variable. Daily walking steps and metabolic
profiles are the mediator from WalkScore to obesity.”** **
Job and education are possible confoundings between
WalkScore and daily walking steps.” Physical activity is
possible confounding between daily walking steps and
metabolic profiles.”*® Online food order habit is possible
confounding between WalkScore and metabolic profiles.
Eating habit, smoking and alcohol consumption are
other factors, which will influence metabolic profiles.””

MATERIALS AND METHODS

Study design and setting

Our protocol is an observational, prospective cohortstudy.
The location of our protocol is Chongqing, a Chinese
city, with multi-commercial centres, which is character-
ised by a unique hilly topology with two rivers, Yangtze
and Jialing.*” A map and photos with the hilly topography
of Chongqing are shown in online supplemental figure 2.
Blood samples, clinical data, addresses and related vari-
ables are collected prospectively from participants who
receive health examination in the Health Management
Centre, First Affiliated Hospital to Army Medical Univer-
sity, Chongqing. Blood samples are examined by the clin-
ical laboratory of the hospital. Clinical and demographic
data are recorded in the hospital’s database. The daily
walking steps of participants are collected by WeChat
mini application. The home and workplace addresses and
the part of listed variables in table 1 will be collected by a
questionnaire referred to a comprehensive cohort study
named China Kadoorie Biobank study.*' Participants will
be recruited from October 2019 to 2020 and followed
up till 2023. The recruitment period will be extended
if necessary. The recruitment process can be referred
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Table 1 All measured variables

Variable Definition of
category Name of variable Normal limits* or categories variablest Sources of data
Primary Body mass index 18.5-24 kg/m? Outcome Calculate from health
outcomes examination data (height
and weight)
Daily walking steps in 1 month Outcome and WeChat mini application
mediator
Secondary Fasting blood glucose 3.6-6.1 (mmol/L) Qutcome Health examination
outcomes Total cholesterol 3.1-5.7 (mmol/L) Outcome Health examination
Triglyceride 0.4-1.73 (mmol/L) Outcome Health examination
Low density lipoprotein 2.07-3.1 (mmol/L) Outcome Health examination
cholesterin
High density lipoprotein 0.9-2 (mmol/L) Outcome Health examination
cholesterin
Body composition Mass percentage of fat Outcome Health examination
Exposure WalkScore corresponding to 0-100 Exposure Calculate from
variables home address questionnaire information
WalkScore corresponding to 0-100 Exposure Calculate from
workplace address questionnaire information
Other variables Height Health examination
Weight Health examination
Age 16-65 years old Possible Questionnaire
confounding
Gender Male; female Possible Questionnaire
confounding
Job Possible Questionnaire
confounding
Education Under primary school; primary Possible Questionnaire

Smoking status

Alcohol consumption

Online food order habit

Eating diet

Physical activity

school, middle school; bachelor;

master and above

Giving up; never; sometimes
smoke; frequently smoke

Giving up; never; sometimes
drink; frequently drink

Never; sometimes order;

frequently order
Not applicable

Not applicable

confounding

Other factors
will influence
outcome

Other factors
will influence
outcome

Possible
confounding
Other factors
will influence
outcome

Possible
confounding

Questionnaire

Questionnaire

Questionnaire

Questionnaire

Questionnaire

**Normal limits’ means in these limits, the corresponding condition is normal, otherwise, it suggests there may be some health concerns or

some errors.

1The definition of variables can be referred to online supplemental figure 1.

to figure 1 and the timeline is shown in online supple-
mental table 1. Moreover, we will include the participants
who decided an examination appointment before health
examination day if he/she meets the inclusion/exclusion
criteria. We need to require this kind of participants to

provide home and workplace addresses on the first visit
and fill the questionnaire on the health examination day.

In the baseline, the specific recruitment and data collec-
tion procedure are as follows. Stage 1: after participants
signed informed consent, we collected demographic data
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. . Participants who receive health

examination in the Health
I w Management Centre

l Inclusion/exclusion criteria

U
I 1 1

Home and workplace Wechat Mini App Health information
addresses: in smartphone: from health examination:
Walkscore Daily steps BMI etc.

Flow chart of study. BMI, body mass index.

Figure 1

and home/workplace addresses information in 2019
October. The recruitment time will be extended to 2020
May. Stage 2: Before or on the health examination day in
2020 March—-May, we will check the inclusion/exclusion
criteria and screen the participants for the first time. Stage
3: collecting questionnaire on the health examination day
in 2020 March—May. Stage 4: requesting participants to
instal WeChat mini application and endow authorisation
on the health examination day in 2020 March—May. Stage
4: health examination including blood sample collec-
tion and height/weight measurement will be conducted.
Stage 5: daily steps in 30 days will be collected after the
day of health examination. Stage 6: the inclusion/exclu-
sion criteria will be checked second after data collection.

In the three times follow-ups in 2021, 2022 and 2023,
the data collection procedure is similar to those in the
baseline. Stage 1: collecting demographic data and
updating home/workplace addresses information. Stage
2: collecting questionnaire. Stage 3: requesting partic-
ipants to instal WeChat mini application and endow
authorisation. Stage 4: health examination including
blood sample collection and height/weight measure-
ment will be conducted. Stage 5: daily steps in 30 days will
be collected after the day of health examination.

Participants

This is an open cohort study. Participants are eligible
for inclusion if they satisfy the following criteria: an age
between 16 and 65, using smartphones, habitual residents
in the downtown area of Chongqing.

The exclusion criteria will be: (1) participants with the
symptoms or signs of cardiovascular and cerebrovascular
diseases, such as chest tightness, shortness of breath and
even chest pain, especially those whose symptoms getworse
when climbing stairs or walking fast; (2) participants with
diagnosed heart diseases, such as coronary heart diseases,
hypertensive heart diseases, valvular heart diseases and
pulmonary heart diseases, who need to exercise based
on principles of cardiac rehabilitation; (3) participants

with other severe complications of diabetes, such as those
with vision severely affected by eye diseases, those with
balancing ability affected by peripheral neuropathy, those
with diabetic foot and those with renal dysfunction; (4)
participants whose movement is affected by musculoskel-
etal disorders, for example, patients with musculoskeletal
disorders and cardiopulmonary dysfunction; (5) partici-
pants who refuse to provide corresponding information,
or are not able to complete the questionnaire and health
examination (this item should also be checked in data
cleaning stage); (6) participants who plan to migrate to
other areas or leave for a long time (more than lyear);
(7) participants with secondary morbid obesity caused
by congenital diseases, metabolic diseases, neurologic
diseases and endocrine diseases. After checking the inclu-
sion/exclusion criteria, the participants are planned to
be recruited. Participants must be able to sign written
informed consent after acknowledging the benefits
and risks of this study. Participants information will be
checked and the follow-ups will be traced by the health
managers and nurses in the Health Management Centre.

The number of the sample size was calculated using the
following formula:

= 2
(20 /225 VoW1 )
(=)

The parameters used in the calculation are: Py, (the
obesity prevalence in control group) as 10.3%,° the
supposed risk ratio (RR) between groups with hlgh
WalkScore and low WalkScore as 0.5, ¢=0.05 and 1-=0.9.
In this formula, p,=p xRR=5.15%, p=(p,+p,)/2,q=1—p
» q,=1-p, and q,=1-p,, Z =1.96, and Zﬁ:1.282. Based on
these parameters, the sample size in exposure group and
control group should be 400, respectively. Concerning the
possibility of loss of follow-up, we increased the sample
size by 10% to 440 participants in each group. The final
sample size is 880 in total.

Measures

The questionnaire (full version of the questionnaire is

attached in online supplemental file 1) filled by partici-

pants under nurses’ guidance includes the questions of
participant demographics, exposure and lifestyle factors.

The measured variables, primary outcome and secondary

outcomes, exposure variables, as well as possible

confoundings are listed in table 1. The variables in detail
are shown in online supplemental file 2. The relation-
ships among different variables are illustrated in a causal

diagram in online supplemental figure 1.

During the process of data collection, the following data
were collected by the questionnaire and health examina-
tion procedure as well as WeChat mini application:

1. Primary outcomes: BMI, and everyday walking steps
are recorded by a WeChat mini application. Every year,
the daily walking steps in 30 days will be collected after
health examination in the hospital. BMI was calculated
by the weight in kilograms divided by the square of the
height in metres. Overweight and obesity were defined

4

Zhang Y, et al. BMJ Open 2020;10:034882. doi:10.1136/bmjopen-2019-034882


https://dx.doi.org/10.1136/bmjopen-2019-034882
https://dx.doi.org/10.1136/bmjopen-2019-034882
https://dx.doi.org/10.1136/bmjopen-2019-034882

as a BMI of 24-27.9 kg/mg and a BMIZQSkg/mQ, re-
spectively.* The participants will authorise the applica-
tion in order to allow the researchers in this study to
obtain the daily walking steps in 30 days collected by
the WeChat mini application. (They only need to re-
cord walking steps of 30 days once a year.)

2. Secondary outcomes: metabolic profiles by blood tests;
for example, cholesterol levels and blood glucose.
Body composition was measured by a machine named
inbody 220, when doing the measurement in which,
the participants will stand on the machine without
shoes and hold the two poles of the machine for 5min.

3. Exposure variables: Walkscores, which will be calcu-
lated based on the workplace address and residential
address of the participants.

4. Participant demographics: age, gender, height, marital
status and education.

5. Lifestyle factors: smoking status, alcohol consumption,
online food order habit, eating diet and physical ac-
tivity.

6. Identification of non-communicable diseases: for ex-
ample, hypertension, coronary artery disease and
diabetes.

Biological samples and assay methods

The blood samples are collected by nurses in the Health
Management Centre in the morning. The participants
should be fasting for 12-14hours before health exam-
ination. A sum of 5mL blood was collected in the yellow
tube with inert separating gel for cholesterol and glucose
testing. A total of 2mL blood for blood routine test was
stored in a purple tube with EDTA as anticoagulant. The
blood samples are analysed by automated biochemical
analyser, with the series number of Beckman AUb5811.
Total cholesterol was tested by the cholesteroloxidase
enzyme method. Triglyceride was tested by the glycerol
phosphate dehydrogenase and peroxidase method.

Physical examination

The physical examination included the measurement of
height, body weight, blood pressure and body compo-
nent following the guidelines of the Health Management
Centre. The blood pressure was evaluated by electronic
sphygmomanometer (Omron, type: B-203RV III C). The
machine Inbody 220 was used to analyse body compo-
nent, including the proportion of water, protein, mineral
salt and fat.

WalkScore

WalkScore measures pedestrian friendliness by analysing
the distance to points of interest and the weights of points
of interest. Data sources are from Google, Factual, Great
Schools, Open Street Map, the US Census, Localeze and
places added by the WalkScore user community.42 The
algorithm of WalkScore is not disclosed in its official
website. The formula®® of WalkScore illustrated in Tsin-
ghua University is

Table 2 Weights of different amenities

Amenity’s Amenity’s Amenity’s

name Weight name Weight name Weight
Convenience 3 Café/ 2 School 1
store teahouse

Restaurant 3 Bank 1 Bookstore 1
Shop 2 Park 1 Entertainment 1

places

m,h (Wi*SiJ *DDJ) * %

i=1,j=1

W, is the weight of one kind of amenity. Table 2 shows
the weights of different amenities.

The letter of i stands for different kinds of amenities.
The letter of j stands for different walking distance. S,
stands for service scope of a specific amenity. DD. stands
for the attenuation coefficient based on distance from the
calculated point to an amenity. Table 3 shows the attenu-
ation coefficients based on the distances from the calcu-
lated point to an amenity.

The calculation of WalkScore is free, to obtain which
we could type the name of calculated point into the offi-
cial website /cellphone application and wait for the score
(www.WalkScore.com). The limit of the score is 0-100.
The WalkScore of residential address and workplace
address will be calculated separately.

The following table 4 describes the meanings of
different WalkScore.

WeChat mini application

WeChat is a cellphone application for communication
used by more than a billion people.** The customers of
it can send voice, video, photos and text. On the basis
of WeChat and its great number of users, the company
of WeChat opens the resources to the public of devel-
oping different kinds of WeChat mini applications. Users
could link its WeChat ID to WeChat mini application
without download instalment package and achieve data
sharing through WeChat mini application. WeChat could
also record daily step data from users’ cellphones after
user’s agreement. Through WeChat mini application, we
could extract the daily walking steps of WeChat users in
I month after customer agreement. After we develop the
WeChat mini application following the guideline from

Table 3 Attenuation coefficients based on the distances

Distances (m) Attenuation coefficients

<400 1

400-800 0.9

800-1200 0.55

1200-1600 0.25

1600-2400 0.08

>2400 Out of distance scope, which will not be

calculated.
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Table 4 Interpretations of different WalkScore

WalkScore Description

90-100 Walker’s paradise: daily errands do not require
acar.

70-89 Very walkable: most errands can be
accomplished on foot.

50-69 Somewhat Walkable: some errands can be
accomplished on foot.

25-49 Car-dependent: most errands require a car.

0-24 Almost all errands require a car.

WeChat and publish it, the participants could open the
WeChat mini application in their WeChat and signed a
second consent to agree that they are willing to allow us to
extract daily steps on the platform of WeChat. Then, the
customers’ daily step information will be delivered to our
datasets automatically. The obtained data will be consis-
tent with the records in participants’ cell phones.

Statistical methods

The data analysis will be conducted after data collection
in 2020. The prospective analysis will be implemented in
2023. Stata (V.14.0, Stata Corp., College Station, Texas,
USA) and R (V.4.0.2) will be used for data analysis.
Descriptive statistics will be performed to analyse the
distribution of the data. Missing data will be addressed
by deletion or last observation carried forward based
on specific case status. Single variable analysis will be
implemented to analyse the correlations between expo-
sures, possible confoundings (ie, online food order
habit, education, job, physical activity) and outcomes.
The participants will be divided into five groups by the
categories of the WalkScore with regard to workplace
address and residential address, respectively. The lifestyle
factors and outcomes will be compared among groups.
All the variables in causal diagrams will be compared
between baseline and follow-ups. T-test will be used for
comparing the difference of the continuous variables
in two groups and * test or analysis of variance will be
used for comparing the difference of categorial variables
in different groups. Multivariate linear regression will be
conducted taken BMI and daily walking steps as depen-
dent variables, respectively, as cross-sectional analyses,
after data collection in 2020. Sensitivity analysis will be
implemented by bootstrap method. With replacement
from the original dataset, the bootstrap method enables
estimation of the accuracy of an estimator by random
sampling. Further longitudinal analyses with G estimation
and inverse probability weight analysis will be conducted
after data collection in 2023 in order to take into account
the effects of confounders whose conditions may change
over time. The first step is to determine the ranges and
variations of the independent variables, which are input
into our multivariate linear regression. The second step
is to generate independent variables based on the Sobol
sequence by R package ‘randtoolbox’. The final step is to

collect and process the simulation results, which can be
used in sensitivity analysis through conducting multivar-
iate linear regression.*

PATIENT AND PUBLIC INVOLVEMENT

Our study is an observational study without intervention
on participants. The development of the research ques-
tion and outcome measures were informed by partici-
pants’ priorities, experience and preferences on the basis
of informed consents. There is no participants’ involve-
ment in the study design. We recruit participants when
conducting the study, but participants would not be the
conductor of the study. The results are planned to dissem-
inate to study participants.

ETHICS AND DISSEMINATION

The Protocol is approved by the Ethics Committee of
the First Affiliated Hospital to Army Medical University
(KY201839). All the participants will receive consulta-
tion about the benefits and possible risks of the study
from health managers and nurses, and endow written
informed consent before enrollment. All the participants
will be informed that they can withdraw from the study
at any time for any reason. The withdrawal cases will be
discarded and related information will be deleted from
the database of the study.

The sample volume of blood for the study is 11 per
participant-visit and maximum 55 for 5years. The blood
sampling process is part of the procedure of health exam-
ination and this study acquires the data use authority
after the recruitment. The participants will be contacted
and informed the results of the health examination.
The researchers of this study will be responsible for
implementing the study adhering to the Declaration of
Helsinki.

We plan to analyse and publish study results according
to the Strengthening the Reporting of Observational
Studies in Epidemiology guidelines. Results will be
published in international and peerreviewed scientific
journals. Negative, positive, conclusive or inconclusive
results will be published.

STUDY STATUS

We collected demographic data, home addresses and
workplace addresses of participants in October 2019.
We plan to check previous data and collect the data of
health examination and questionnaire of participants
in March—-May 2020 and daily walking steps of partici-
pants by WeChat mini application in 2020 (in 1 month
after health examination). We will continue follow-up in
2021-2023. The follow-up will be sustained by contacting
participants and requiring health examination by phone.
Currently, the daily walking steps collector of the WeChat
mini application has been developed. The study was regis-
tered in Chinese clinical trial registration. The date of the

6

Zhang Y, et al. BMJ Open 2020;10:034882. doi:10.1136/bmjopen-2019-034882



study in a timeline is shown in online supplemental table
1. There will be six waves of data collection.

DISCUSSION AND POTENTIAL LIMITATIONS

This observational and prospective study could innova-
tively provide evidence of the relationship among walk-
ability, obesity and physical activity in China. It will also
provide evidence of the influence of the built environ-
ment on physical activity in a hilly city, Chongqing. We
hypothesised that the walkability, physical activity and
obesity status are strongly associated with each other.
The use of WeChat mini application in data collection
process has a lot of advantages. Through extracting data
from cellphones’ records, the data collection is very
convenient and cost-effective, which eliminates the errors
of manual typing. The participants will sign informed
consents before recruitment and sign an agreement to
endow WeChat mini application to collect their daily
steps before the use of WeChat, in which way we could
ensure the process meets the ethic requirements.

There are some limitations in the collection of phys-
ical activity. The WeChat mini application can only record
the daily walking steps when the participants walk with
their phone. Like other studies, activities without carrying
phones such as swimming and ball games will not be
recorded in the data collection procedure.15 Moreover,
more than 30 days’ collection needs second authori-
sation (the maximum data collection time is 30 days
after one authorisation) which is less adherent; thus the
researchers could only collect the data of 30 days in 1year
for convenience. In order to compensate for this limita-
tion, the participants will be recruited all year round
and the researchers will ask for a second authorisation
of daily step collection in the follow-up visit. In terms of
season, the season when we do the data collection may
also influence the number of daily steps. We will consider
the season as a confounder in future data analysis.

Moreover, WalkScore is based on an online calculation
website which has not opened the algorithm officially.
Other walkability evaluation tools such as Pedestrian
Environment Quality Index depend on the evaluation
of geographic information system, the score process of
which is relatively clean; however, the practice is more
complex.*™ Thus, we decide to choose WalkScore for
the exploratory study. If the results could indicate a
strong relationship between walkability and obesity, we
could further analyse the specific component factors such
as the diversity of points of interests of walkability in the
following analysis.
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