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Background: Stakeholders from multiple sectors are increasingly aware of the critical
need for identifying sustainable interventions that promote healthy lifestyle behaviors.
Activity-friendly communities (AFCs) have been known to provide opportunities for
engaging in physical activity (PA) across the life course, which is a key to healthy living
and healthy aging.

Purpose: Our purpose is to describe the study protocol developed for a research
project that examines: (a) the short- and long-term changes in total levels and spatial
and temporal patterns of PA after individuals move from non-AFCs to an AFC; and (b)
what built and natural environmental factors lead to changes in PA resulting from such a
move, either directly or indirectly (e.g., by affecting psychosocial factors related to PA).

Methods: This protocol is for a longitudinal, case-comparison study utilizing a unique
natural experiment opportunity in Austin, Texas, USA. Case participants were those
adults who moved from non-AFCs to an AFC. Matching comparison participants
were residents from similar non-AFCs who did not move during the study period.
Recruitment venues included local businesses, social and print media, community
events, and individual referrals. Objectively measured moderate-to-vigorous PA and
associated spatial and temporal patterns served as the key outcomes of interest.
Independent (e.g., physical environments), confounding (e.g., demographic factors),
and mediating variables (e.g., psychosocial factors) were captured using a combination
of objective (e.g., GIS, GPS, Tanita scale) and subjective measures (e.g., survey,
travel diary). Statistical analyses will be conducted using multiple methods, including
difference-in-differences models, repeated-measures linear mixed models, hierarchical
marked space-time Poisson point pattern analysis, and hierarchical linear mixed models.
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Conclusion: Natural experiment studies help investigate causal relationships between
health and place. However, multiple challenges associated with participant recruitment,
extensive and extended data collection activities, and unpredictable intervention
schedules have discouraged many researchers from implementing such studies in
community-based populations. This detailed study protocol will inform the execution of
future studies to explore how AFCs impact population health across the life course.

Keywords: physical activity, obesity, activity-friendly community, natural experiment, healthy aging, healthy
community, active living, study protocol

INTRODUCTION

Policy-relevant and sustainable health-promoting interventions
have the potential to improve population health and support
healthy living across the life course leading to healthy aging.
However, it is not always feasible to conduct experimental studies
on such interventions (e.g., policy changes, environmental
modifications), especially when the intervention involves large-
scale changes in community environments (e.g., residential
relocation). Natural experiments allow researchers to overcome
such feasibility challenges and better understand the effectiveness
of such interventions using advanced research designs and
methodological approaches that aim to strengthen cases for
causal inference (1, 2). This paper presents the study protocols
used to execute a natural experiment that assessed a policy-
relevant and health-promoting intervention, the implementation
of an activity-friendly community (AFC) design, to assess its
impact on residents’ physical activity (PA).

Obesity is a growing public health problem globally, with
nearly a third of the world population being overweight or obese
(3). In the USA, obesity has increased even more dramatically,
now reaching over 40% of American adults (4). Obesity is a
major risk factor for the onset or exacerbation of many chronic
conditions such as heart diseases, diabetes, and cancer (5, 6). PA
can help combat the obesity epidemic and brings many other
health benefits (7). Guidelines from the US Centers for Disease
Control and Prevention (CDC) recommend most adults engage
in at least 150 min of moderate-intensity or 75 min of vigorous-
intensity aerobic PA per week, or a combined equivalent to at
least 150 min of moderate-to-vigorous physical activity (MVPA)
per week (7). Staying physically active throughout the life course
is also a key factor for healthy aging (8). However, in 2018, 46% of
American adults did not meet these PA guidelines (9), and older
adults (65+ years of age) are among the least likely to meet PA
guidelines with less than a quarter meeting the recommendation
as 0of 2019 (10, 11).

There has been a recent paradigm shift from individual-
focused behavior change models to ecological models
that consider the complex system of personal, social, and
physical environmental factors that affect ones decision
and ability to be physically active (12-16). Moderate and
utilitarian/lifestyle PA (e.g., walking for transportation)
integrated into the daily routine is often more attractive,
sustainable, and cost-effective than purely recreational
or structured PA, especially among those at high risk for

obesity (16-19). That stated, lifestyle PA requires supportive
living environments for viability. This is especially true
for children and older adults and people with limited
resources to access other PA amenities (e.g., paid gym
membership) (16, 20).

The built and natural environments of residential
communities have become increasingly recognized as important
venues for promoting PA at the population level (20, 21). Living
in AFCs with mixed and compact land uses, well-connected
street networks, complete pedestrian and bicycle infrastructure,
diverse recreational facilities, and slow/managed traffic has been
associated with increased PA among adults (15, 17, 21-27). Such
communities bring everyday destinations and homes closer to
each other and make physically active travel modes (e.g., walking)
viable and attractive. The natural environmental features of the
neighborhood such as parks, lakes, trails, trees along streets,
and visually appealing natural scenery, have also been linked
with health benefits such as increased PA, reduced stress and
depression, and improved overall well-being (12, 23, 28-31).

Personal attitudes (e.g., personal beliefs, self-efficacy, and
perceived barriers) and social influences related to social support,
social capital, safety, and social norms, have also been linked
to PA (32-39). Social support for PA (e.g., having someone
to exercise with) has been reported to be the most clearly
established interpersonal determinant of PA (36-39). Limited
studies have also suggested that AFCs facilitate social interactions
among neighbors and help increase a sense of community (40—
44). Perceived safety is recognized as an important barrier
to PA, with safety concerns constraining PA (35, 45). More
recent ecological models are positing a host of psychosocial
factors as mediators between the physical environment and PA
(32, 46-48).

Despite the substantial body of evidence on the association
between the physical environment and PA, most cross-sectional
studies do not address the potential self-selection bias (e.g.,
residents interested in PA intentionally choosing to live in an
AFC). A limited number of studies have utilized proxies of self-
selection (attitudinal and residential preference variables) and
provided promising results supporting the significant roles of the
built environment on PA even after accounting for self-selection
(49, 50). Moreover, a systematic review identified 23 studies on
the effects of residential relocation on PA, walking, and travel
behavior (51). The findings were encouraging, especially for
the relationship between residential relocation to more activity-
friendly locations and increased walking, but somewhat weak
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among prospective studies or other outcomes (e.g., total PA,
cycling, transit use, and driving).

Overall, despite the growing body of literature, most previous
studies on environment-PA relationships are cross-sectional,
thus limiting the ability to understand complex pathways among
multi-level factors and establish causal relationships between
environmental interventions and increases in PA (17, 52-56).
Also, many studies on PA promotion have focused on the
changes in the total amount of PA, but did not explore the
“when,” “where,” and “why” of those changes for total and
specific types of PA, and the potential short- and long-term PA
impacts of environmental interventions (52-55, 57). Another
key limitation of some prior studies is the sole reliance on
self-reports of PA, which have been shown to have significant
measurement errors (58). These methodological limitations
and unanswered questions prevent a full understanding of
underlying mechanisms about how environmental interventions
may promote PA (12, 15, 57).

On the other hand, the demands and market acceptance
for AFCs have been growing. Urban planning trends such as
New Urbanism, Smart Growth, and the Leadership in Energy
and Environmental Design-Neighborhood Development (LEED-
ND) advocate AFCs for their benefits not only on health but
also on sustainability, economy, and equity (59-61). However,
the traditional urban planning and land development process
does not fully integrate the health benefits of their practices
into the decision-making process. Recently, there have been
growing efforts to overcome policy barriers to the development
of AFCs. Agencies such as the Environmental Protection Agency
and the American Planning Association have identified possible
policy solutions such as revisions of local zoning codes (62-
64). More research is needed to provide more confirmatory
evidence about the health benefits of AFCs, and thereby help
inform future environmental/policy interventions and overcome
existing regulatory barriers.

To help address the relative gaps in the existing literature
identified above and support rigorous environment-PA studies,
this paper provides a comprehensive description of the study
protocol developed to execute a quasi-experimental study
(natural experiment) using a pre-post, case-control design.
This approach allows researchers to assess the implementation
of an AFC design, and to test causal inference using a
difference-in-differences framework (65, 66). We also summarize
lessons learned from a transdisciplinary team approach used in
this study, which allowed us to formulate research questions
and implement the research with insights from multiple
disciplines, informed by the diverse methods and approaches
from different fields.

METHODS AND ANALYSIS

Study Design and Aims

This paper describes the study protocol for the Active Living
Austin (ALA) study, which is funded by the National Institutes of
Health (Grant ID: RO1CA197761, 2015-2022). ALA investigates a
timely and understudied topic—the causal relationships between
changes in physical environments and PA, utilizing a natural

experiment with residents moving to and living in an AFC
(Mueller community in Austin, Texas, USA). It is designed
to make several substantive and methodological innovations
in studying environmental approaches toward PA promotion
across the life course. With a longitudinal, case-comparison
study design, ALA aimed to examine the short- and long-
term impacts of the residential relocation, while capturing
both the total amount and the spatial and temporal patterns
(frequency, timing, type, location) of PA. To better understand
the complex causal pathways at multiple levels (personal, social,
physical environment), ALA examines both the direct and
indirect impacts (through the psychosocial mediators) of the
residential relocation on PA. A common challenge for these
types of real-life studies is the possible self-selection bias because
researchers cannot randomly assign participants to different
living environments. To assess and reduce the impact of self-
selection bias, we also included validated self-selection-related
items (e.g., residential preferences, reasons for the household
relocation, and attitudes and preferences related to PA) in the
survey component of this study.

The specific aims and corresponding hypotheses are drawn
from existing literature and practice and summarized below.

Aim 1

Examine the short- and long-term changes in total PA levels and
spatial and temporal patterns of PA, after individuals move from
non-AFCs to an AFC.

Hypothesis 1

Compared to the pre-move baseline and comparison
participants, case participants will (1A) achieve greater short-
term increases in PA levels after moving to the AFC; (1B)
maintain increased PA levels over baseline at long-term, post-
move follow-ups; and (1C) have a higher proportion out of total
PA that takes place within the community, a higher proportion of
walking out of total PA, and more PA bouts/sessions throughout
the day indicating PA is more integrated into daily routines, at
post-move follow-ups.

Aim 2

Determine what built and natural environmental factors lead to
changes in PA among individuals moving from non-AFCs to
an AFC, either directly or indirectly (by affecting psychosocial
factors related to PA).

Hypothesis 2

Environmental factors in the AFC such as increased density,
land use mix, sidewalks, walking/hiking paths, water features,
and parks, will lead to increased PA both directly and
indirectly (by improving attitudes toward and community
support for PA) among case participants, while the absence of
such environmental changes for comparison participants (non-
movers staying in their non-AFCs) is associated with lack of
increases in their PA levels.

Conceptual Framework
Drawing on the ecological model as the conceptual basis
to understand PA behaviors (54), we developed a logic
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FIGURE 1 | Logic model for the Active Living Austin study.

model (Figure 1) to illustrate the relationships among the
resources (input), program activities (interventions), outputs,
and short- and long-term outcomes of the intervention
(moving to an AFC) (67-70). Psychosocial factors, including
personal attitudes and social influences, are the hypothesized
mediators between the environmental intervention and
PA changes.

Study Setting: Case and Comparison

Communities

The case community (AFC) is the 700-acre Mueller community
in Austin, Texas, USA. It will accommodate about 16,400
residents and 16,000 employees upon completion (estimated to
be around the end of 2024). The community has reserved about
25% of the housing units as affordable homes for households with
incomes lower than the area’s median. Mueller’s activity-friendly
environment represents a departure from typical community
developments in the city. Compact and mixed land uses,
well-connected street networks, complete sidewalks, and rich
PA amenities (e.g., green/open spaces, trails, and greenways),
as well as diverse housing types, are notable features (see
Figure 2 and Table 1).

Examining available data during our pilot study (2013)
revealed a similarity in Mueller’s population characteristics at that
time to the citywide average (Table 1) (71). As of February 2014,
when we started planning this study, Mueller had approximately
one-quarter of its construction completed, with about 4,750
residents living in its 1,900+ homes (859 single-family homes
and 1,000+ apartments), and about 4,850 employees working
in the community. According to the latest Mueller Community
Report from December 2018 (mid-point of our study period),
Mueller housed about 8,500 residents in 3,500 housing units and
served as a workplace for about 5,500 employees. Comparison
communities for this study are non-AFCs where case participants
lived before moving to Mueller and other similar non-AFCs
in Austin.

Study Population

Two types of participants were recruited for the study: case
and comparison participants. Case participants are those moving
from non-AFCs to this AFC and additional inclusion criteria
include: (a) being 214 years of age; (b) not a full-time student;
(c) having no physical impairment or disability preventing
engagement in PA; and (d) planning to live in this AFC for at
least 1 year. Utilizing similar inclusionary criteria, comparison
participants were recruited from case participants’ pre-move
communities and other communities in Austin with similar
physical environmental features in terms of lack of support for
PA. They were matched with case participants in the data analysis
stage using propensity score matching considering covariates
such as sex, age, race, ethnicity, income, baseline weekly minutes
of MVPA, and Walk Score of the participant’s home location.

Recruitment

Recruitment presented one of the most significant challenges
due to the need to recruit case participants before they moved
to Mueller for the baseline data collection. We developed a
multi-channel recruitment strategy based on our experiences
from the pilot study (75). Considering the varying locations
from which case participants moved and the unpredictable
times of move, we had to maintain a flexible, multi-
phased approach, recruiting participants on a rolling basis.
Venues for the case participant recruitment included local
businesses such as the leasing offices of apartment buildings
and the developer’s office, home builders, and realtors; online
messaging via social media, community online newsletters,
and project website; print media (e.g., study flyers, local
newspaper); individual referral by local residents who knew
of someone moving to Mueller; and community venues such
as the Mueller Neighborhood Association meetings and local
events. Comparison participants were recruited through case
participants’ referrals, local neighborhood organizations, and
media advertisements.
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Study Variables and Data Collection

Table 2 lists the study variables and their corresponding data
sources and measurement methods. One baseline and two
follow-up assessments were conducted. For case participants,
the baseline was operationally defined as 0.5-6 months before
moving to the AFC, and follow-up was operationally defined as
short-term (first follow-up at about 6-12 months post-move) and
long-term (about 12-24 months post-move) (Figure 3). Follow-
up measurements for comparison participants were conducted
at about 6-12 months and 12-24 months from their baseline
measurement, respectively, to approximate the time intervals

for case participants’ baseline and follow-up assessments. In
addition to this main study with a pre-post, case-control design,
a supplemental study—Community Survey of current Mueller
residents—was conducted between December 2016 and August
2017 to assess current Mueller residents’ PA patterns within
and outside Mueller and the perceptions of their neighborhood
environment. A follow-up qualitative study was carried out
with a subgroup of Community Survey participants to identify
factors serving as barriers and facilitators to physical and social
health among these Mueller community residents. Data for
this qualitative study were collected via focus group sessions
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TABLE 1 | Physical environment and population characteristics of the activity-friendly community (AFC) (Mueller community) and City of Austin (71)? at the time of the pilot

study (2013).

Features

City of Austin Mueller Community

Physical
Environment®

Population density (persons/acre)

Land use mix

Street connectivity
(intersections/100 acres)

Sidewalk coverage (%)

Parks and open space coverage (%)

Population® Hispanic or Latino (of any race)
White (one race)
Population under the age of 18

Mean household income

Mean: 6.8 (SD°: 3.7) 14

Mean: 0.45 (SD: 0.24) 10,000 employees, 10,000

(range: 0-1)4 residents, and 366,000 square
feet of retail space on the
711-acre site

Mean: 19.7 (SD: 11.3) 66

Mean: 23.7 (SD: 13.7) 100

Mean: 8.9 (SD: 9.6) 20 (Each household has green

space within 600 feet.)

31.4% 35.1%
68.3% 71.4%
22.1% 21.9%
$68,659 $66,923

aThis table was first published in the journal of World Health Design and republished here with permission (71).

bphysical environmental measures for the City of Austin were based on the authors’ previous measures of 74 neighborhoods (defined as public elementary schools’ attendance areas)
in Austin (72). Physical environmental features of the Mueller community in this table represent the master plan at time of our pilot study (2013). As of May 2022, Mueller has about
750,000 square feet of retails space, and is projected to accommodate about 16,400 residents and 16,000 employees upon completion by the end of 2024.

¢SD: Standard deviation.

9The land-use mix measure describes the evenness of land use distribution based on the square footage of residential, commercial, and office land uses (73). The value ranges from 0

(single land use) to 1 (a perfectly even mix).

©The population information was obtained from the 2010 Census and the 2005-2009 American Community Survey (74).

between November 2018 and February 2019 with the subgroup
of residents, who resided in senior living or affordable housing
units, or self-identified as members of an ethnic/minority group
within the Mueller community.

Measurement of PA Using Accelerometer, GPS, and
Travel Log
PA level was captured through a self-report survey (conducted
online via Qualtrics or using a paper copy) for all participants
and objectively through accelerometer and GPS units for the
sub-group of participants willing to join the objective measure.
Surveys were distributed to all participants via email or during
the introductory in-person meeting. The survey instrument
was composed of standardized items adopted or adapted from
published work to ensure both practicality and psychometric
quality (Table2) (75, 76, 78-84), and was designed to be
completed in ~20-30 min. In terms of PA measures, the self-
reported survey was used to identify the minutes per day and
days per week of PA for three intensity levels (light, moderate, and
vigorous) as well as transportation and recreation walking within
and outside respondents’ neighborhoods. Relevant survey items
were adapted and/or modified from the International Physical
Activity Questionnaire (IPAQ) to measure hours and minutes of
MVPA on a typical day of the week which can also be translated
to weekly measures of MVPA for comparisons to PA guidelines.
For objective measures, the ActiGraph GT3X+ accelerometer
was used to capture the total minutes of PA by intensity levels
(light, moderate, and vigorous). Additionally, participants were
asked to wear a Qstarz BT Q1000 XT GPS unit to provide the

location data for all outdoor PA and the speed of movement
data to help more accurately detect walking activities (85, 86).
In addition, a travel log was used to record the origin and
destination, start and end times, the purpose of each trip, and
PA type and duration at destinations on a small paper booklet.
This information provided complementary data to help confirm
the trip purpose and validate the data captured from the devices
(87). The combination of the accelerometer and GPS data,
supplemented by the information from the travel log, allowed for
accurate measures of the PA outcome variables.

Participant training manuals for objective measures helped
participants follow standard protocols for the use of devices
and travel logs. A field manager delivered the devices with
an instruction card and contact information and personally
demonstrated how and when to wear the devices and charge the
GPS unit. When completed, the devices were picked up by our
field manager or dropped off at a designated location. The data
from the devices were downloaded immediately after the devices
were returned, and those who failed to provide minimally valid
data (i.e., 4 days with 10+ h of valid data per day) were asked
to re-wear the devices. Respondents were offered incentives (i.e.,
gift cards) for participation, including the chance to win more
substantial gift cards through a raffle mechanism at the end of
data collection.

For each participant, accelerometer data were processed using
a bout of 74 consecutive minutes with a two-minute tolerance.
The total counts of bouts were averaged over the total wear time,
and more than 90 consecutive minutes of zero activity counts
were considered non-wear time. Standard/accepted activity
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TABLE 2 | Study variables and measurement methods.

Measurement details

Measurement source

Variables
Outcome Ha-1A; H-1B Change in total
variables physical activity (PA)
H-1C Change in spatial and
temporal patterns for
specific types of PA
Mediators/ H-2 Change in
Intermediate psycho-social factors
outcomes

Independent and Personal factors
control variables

Household factors

Physical environment

Daily minutes of moderate-to-vigorous PA
(MVPA)

Percentage of MVPA taking place within the
0.25-, 0.5-, and 1-mile street network buffers
around home

Number of PA bouts/sessions per day
Percentage of total PA accounted by walking
Attitudinal factors: PA beliefs and attitudes,
perceived barriers and facilitators, reasons for
moving

Social influence: social support, neighborhood
cohesion, and perceived safety

Age, sex, ethnicity, education, health status,
marital status

Quality of life

Weight, height, body composition

Household income, number of children

Built: Population density (persons/acre), land
use mix entropy (0-1), proximity to and density
of PA facilities and utilitarian destinations, street
connectivity (intersection density), sidewalk
completeness, transit stop density, traffic speed

Natural: Proximity to, coverage of, and density
of parks, trails/paths, water features, and other
open spaces; tree canopy (%); mean slope (%)

Accelerometer: ActiGraph GT3X+
Self-reported PA: Items adapted and/or
modified from the International Physical Activity
Questionnaire (IPAQ) to measure hours and
minutes of MVPA in a typical week

Accelerometer: ActiGraph GT3X or GT3X
GPS: Qstarz BT Q1000 XT
Travel log

Survey: Items adapted and/or modified from
the “Healthy Community Survey” (75), which
was adapted in part from the “Twin City
Walking Study,” the “Active Where Survey,” and
the “Neighborhood Environment Walkability
Scale (NEWS)” (76-79)

Survey: Items adapted and/or modified from
the BRFSS Questionnaire (80)

Survey: Items adapted and/or modified from
the “EQ-5D-5L" (81, 82) and the BRFSS

Tanita Scale: TBF-400 Total Body
Composition Analyzer

Height measure: HM-200P
Portstad Stadiometer

Survey: Items adapted and/or modified from
the BRFSS Questionnaire (80)

GIS: proximity and buffer (0.5-mile airline,
network, and sausage buffer) measures around
each respondent’s home, using ArcGIS version
10.6; raw GIS data for land use, density,
streets, traffic, sidewalks, bike lanes, transit
stops, etc. from City of Austin, ESRI, Austin
Transit Authority, Capital Area Metropolitan
Planning Organization, etc.

GIS: Proximity and buffer (0.5-mile airline,
network, and sausage buffer) measures around
each respondent’s home, using ArcGIS version
10.6; raw GIS data from Austin Parks &
Recreation Department, Digital Orthophoto
Quadrangle (DOQQ) images, and Digital
Elevation Model (DEM) data from US
Geological Survey.

aH, Hypothesis.

count thresholds (e.g., 2,691-6,166 counts/min for moderate
intensity and >6,166 counts/min for vigorous intensity based
on recommendations from previous studies) (88) were used to
determine the PA intensity level, and to estimate the total MVPA.

Spatial and temporal patterns of PA were captured by (a) the
percentage of PA that takes place within the Mueller community
or their comparison neighborhoods among the total PA, (b)
the percentage of PA that is accounted for by walking, and (c)
the frequency and distribution of PA episodes per day (as an
indicator for the extent PA is integrated into daily routines).

One of the challenging prerequisites to obtain these measures
was to detect PA types/modes. We used a machine learning

approach (e.g., two-phase recognition, Tree-Structured Parzen
Estimator, Random Forest) to detect target PA modes including
walking, biking, driving, and sedentary behavior, and to estimate
the hourly, daily, and weekly minutes of each mode within
and outside each participant’s neighborhood. The final training,
validation, and test sets achieved an accuracy of 96.7% for
the training data in detecting walking, and 77.3% for the test
data in detecting walking, utilizing the data collected from
the specific accelerometer and GPS devices and the travel log
template that this study used. The variables generated from
the machine-learning algorithms will be used with the detailed
geospatial data generated from GIS, GPS, travel logs, and street
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Baseline

out the travel log for a week.

FIGURE 3 | Data collection process of the Active Living Austin study.
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audits to explore the spatial and temporal patterns of PA as
described above.

Measurement of Demographic and Psychosocial
Factors Using Survey ltems

Demographic and psychosocial factors were captured through
the survey. If participants needed assistance filling out the
survey, the fieldworker provided such assistance. Control
variables in the survey include demographic factors such
as age, sex, race, ethnicity, education, marital status, and
household composition; general self-assessed health (including
number and type of co-morbid conditions); and quality of
life (Table 2). The follow-up survey also assessed intermediate
psychosocial outcomes/mediators such as attitudes toward PA
(e.g., self-efficacy, beliefs about PA), and social influences
(e.g., social support, neighborhood cohesion, perceived
safety) (Table 2).

Measurement of Physical Environment Using GIS and
Field Audits

Analyses of objectively measured neighborhood environments
included the use of GIS software, ArcGIS, as well as field
audits (89). GIS measures include proximity measures (distance
from home to the closest destination) and buffer measures
(characteristics within 0.5-mile of three types of buffers—airline,
network, and sausage buffers—around each survey respondent’s
home). Proximity measures include distances to both utilitarian
(grocery stores, restaurants, retail stores, banks, post offices,
education, and community facilities, religious facilities, etc.)
and recreational (parks, trails, gyms, etc.) destinations. Buffer

measures include: (a) overall land use characteristics (percent
of different land uses, number of utilitarian and recreational
destinations, residential density, land use mix/diversity); (b)
street characteristics and walkability (street connectivity, sidewalk
completeness, marked crosswalks, bike lane, traffic signals and
stop signs, and transit stop); (c) safety (crime and crash
density, posted speed); (d) natural environment (tree canopy
coverage, greenery coverage, water coverage, mean slope);
and (5) others (socio-demographic characteristics, affordable
housings, residential appraisal value, number of jobs, and
construction permits).

Measurement of Weight, Height, and Body
Composition

Our trained research staff also measured participants’ weight and
body composition using a portable Tanita Scale (TBF-400 Total
Body Composition Analyzer) and height measure, which has
been tested for validity/accuracy and has been used in several
studies to obtain clinical measures of body composition (90—
93). Height was measured by a portable stadiometer (HM-200P
Portstad) (94, 95). These measures were collected during the
research staff’s home visits to deliver the objective measurement
devices. Measurements were taken twice, and their mean values
were used for the analysis.

Analysis Plan

A standard data management protocol will be used, including
detailed coding manuals and pre-processing protocols such as
data cleaning, integration, reduction, and transformation, to
ensure data quality and accuracy. Results of preliminary analyses
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will then be applied to determine appropriate statistical models
to be applied.

Analyses of data will include descriptive statistics, graphical
exploratory data analytic techniques to (a) describe distributions
of the data, (b) identify outliers and missing values, and
(c) check for the violation of assumptions necessary for
the planned statistical methods. If statistical assumptions are
severely violated, variables may be transformed, or analogous
non-parametric tests may be used. Further analyses will
include evaluating the population representativeness of the
sample because of exclusions or dropouts while checking the
comparability of treatment groups and the need for covariate
adjustment using bivariate analyses. Statistical software for
analyses will include but is not limited to SAS (version 9.4)
(96), SPSS (97), STATA (98), R (99), R packages Ime4, mediation,
and SpatStat, for exploratory analysis, visualization of spatial-
temporal point patterns data, patterns and mechanisms of
missing data, and sensitivity analyses to assess the robustness
of the analysis methods, including addressing any missing data
problems (100).

For Hypothesis 1A, analyses will include paired t-tests and
difference-in-differences methods to test pre-post changes and
case-comparison differences in total MVPA per week. First, t-
tests will be conducted using the pwr.t.test function of R software
and follow Cohen’s method (101). Required sample sizes were
calculated by assuming two-tailed paired sample f-test and a
0.05 significance level to achieve the power of 0.8. We referred
to the effect sizes in (a) our preliminary study (75) on self-
reported PA among insufficiently active residents moving to
Mueller from non-AFCs (effect size: 0.95), and (b) the effect
size (0.50) from another study (84) of accelerometer-measured
MVPA for residents from communities with different levels of
walkability. The smaller effect size (0.50) was selected to reach
a conservative estimate. The target sample sizes to detect pre-
post differences in total MVPA per week in Hypothesis 1A using
t tests are 34 pairs at first follow-up for a power of 0.8. In
addition, we will also use the difference-in-differences method
to test the significance of the pre-post differences between the
case and comparison participants. This method will help reduce
the impact of uncaptured confounding factors and isolate the
treatment (i.e., moving to Mueller in this case) effect (102, 103).
For Hypothesis 1B, analyses will include repeated-measures linear
mixed models to compare PA levels at 1st and 2nd follow-up with
baseline levels. This method has the advantage of allowing an
unequal number of repeated measurements over time. Analyses
will also include the use of the Ime4 function in R software. We
will use G*Power software to compute the conservative power
estimates for a repeated measure ANOVA analysis with three
repeated measures and two case and control groups. Assuming
a 0.05 significance level, a small effect size of Cohen’s f =
0.1, a moderate correlation of 0.6 among repeated measures,
and an attrition rate of 20% at the 2nd follow-up, the target
sample sizes for the smallest group to detect changes of PA
levels for Hypothesis 1B are 82 pairs at 2nd follow-up to reach
a power of 0.8.

For Hypothesis 1C, analyses will include machine learning,
artificial intelligence, and pattern recognition techniques to

characterize activities with respect to the exact type of PA
(walking, running, etc.) as well as for the classification of
activity spaces and purposes (e.g., exercise or utilitarian) using
a combination of location (GPS), time (GPS + accelerometer),
and activity intensity information (accelerometer). These
classification techniques are based on the individual patterns
of each study participant and are learned automatically as the
participants wear the devices over the study period. These
classifications of activities within specific activity spaces provide
the ability to independently assess the roles that each of the
built and natural environmental factors play in promoting
or hindering PA around the participant’s home, workplace,
and other activity spaces. They also help quantify the effects
of these drivers on observed changes in levels of PA for both
exercise/recreational and utilitarian purposes. These high-
level, per-individual activity patterns can then be integrated
with the static GIS data layers that characterize aspects of
the built and natural environments and for utilization within
spatial-temporal data analysis techniques. Spatial-temporal
patterns of specific types of PA will then be examined using
the marked space-time Poisson point pattern analysis (104).
The observed locations and times of specific PA are treated as
random points from a Poisson process and the corresponding
types of PA are treated as marks. For each type of PA, the
random space-time point of PA is assumed to follow a Poisson
process with a space-time varying intensity, which we estimate
by nonparametric intensity estimation approaches in the
R package SpatStat. This point process model will allow
for describing, visualizing, and evaluating spatial-temporal
patterns of PA.

For Hypothesis 2, analyses will include hierarchical linear
mixed models to describe longitudinal repeated measurements of
PA in the presence of mediator effects (105). Variables of built and
natural environmental factors and latent mediator variables of
psychosocial factors are incorporated into linear mixed models as
fixed effects and mediation effects, respectively, to investigate the
direct and indirect associations between physical environmental
explanatory variables and increased PA. We will also incorporate
random effects into our model to account for dependence among
repeated measures. Specifically, let PA;; denote the total PA
levels measured on individual i at time point ¢, for t = 1, 2, 3.
Let BN;; denote a vector of physical environmental explanatory
variables, and PS;; denote a vector of psychosocial variables.
Our linear mixed model consists of two model equations:
PAiy = XiBen + Misfu + L + &ip, Miy =
PS; typs + BNj yBN + ni 1, where M; ; are latent psychosocial
mediators that are modeled as linear regressions with explanatory
variables as measurements of psychosocial factors and built and
environmental factors, X;j; is a vector of covariates for fixed
effects including physical environmental factors, temporal trend,
and treatment effect, and L; is modeled as a random effect to
account for dependence between repeated measurements within
the same participant.

Linear mixed models deal with unbalanced repeated measures
due to attrition. We will use functions in R package Ime4 for
fitting, analyzing, and testing longitudinal fixed and random
effects in linear mixed-effects models, and use functions in R
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package mediation for the mediation analysis. Missing values,
as needed, can be handled by following the multiple imputation
approach by Schafer to improve efficiency and correct potential
bias in parameter estimations (106).

DISCUSSION

Summary of Major Changes to the Original

Protocol

During the process of implementing this study, some adjustments
were made to the initial study protocol due to the unique
yet commonly occurring challenges in natural experiment
studies (107). The procedures reported above reflect the
final/actual protocol that was implemented, while this section
summarizes major adjustments made to the original protocol.
The lessons from this process represent typical challenges in
natural experiments when researchers cannot randomly assign
participants to treatment. As a result, research teams should be
ready and able to implement alternative strategies as needed
to ensure the success of the overall project. We hope the
lessons learned from implementing this study can inform
future planning efforts in similar community-based natural
experimental studies in community settings.

The major challenge emerged from difficulties in recruitment
as we needed to identify case participants before their move
from various locations that were not known to the researchers
in advance and the contact information of these target
participants was not directly accessible. This challenge was
further complicated by the fact the baseline assessment was
limited to a fleeting time window as case participants, especially
apartment residents, were often identified and recruited shortly
before their move. In response to these challenges, several
adjustments were made to our original protocol. First, we
expanded our recruitment criteria to include not only those who
were insufficiently active at baseline (as originally proposed) but
also those meeting the PA guidelines, to increase the sample size
for the analysis. Second, the difficulty and the corresponding
delay in recruitment also made it necessary to reduce the total
of four waves of follow-up assessments (originally planned at ~6,
~12, ~18, and ~24 months post-move) to two waves (at about
6-12 and 12-24 months post-move).

Furthermore, we had to employ additional recruitment
sources such as advertisements on local media and referrals
through the social network of local residents and leasing agents
at apartment complexes, for which a modest amount of cash
incentive was provided. In addition, like many other studies,
our recruitment and follow-up challenges were amplified by the
COVID-19 pandemic, which made face-to-face recruitment and
objective assessments more challenging.

We will also face a challenge in population representativeness
that will need to be addressed as a potential limitation. Although
the population characteristics of Mueller and other Austin
neighborhoods were similar at the early stage of our research,
some differences have emerged over time. More up-to-date
information from the 2019 American Community Survey (108)
5-year summary data showed that compared with the City of

Austin, the Mueller population has a higher percentage of White
(59.0% vs. 48.3% for Mueller vs. citywide mean), non-Hispanic,
or Latino (79.6% vs. 66.1%), and residents with graduate or
professional degree (36.2% vs. 19.4%). In terms of the household
annual income, the Mueller population has a higher percentage of
both high-income households (28.8% vs. 19.0% with $150,000+)
and low-income households (19.2% vs. 15.1% with <$25,000).
Covariate analyses can help mitigate these differences.

Advantages of the Transdisciplinary Team
The transdisciplinary nature of our team was a major asset.
We had members from urban planning, landscape architecture,
architecture, public health (health behavior, health policy),
exercise physiology, statistics, and computer sciences. The
unique training and research experience gained from a diverse
and transdisciplinary team allowed us to approach research
questions that might not otherwise have been asked in
a more siloed approach, and as such, this was a major
strength. For example, the team engaged in the development
of data collection protocols, surveys, planning for knowledge
dissemination, engaging key stakeholders, and so forth, all
informed collectively by the interactions of multiple disciplines,
but in an integrative team approach that might not otherwise
have been available. This approach also allowed us to go
beyond the traditional boundaries of a field-specific approach,
and to capture items that may not be common in a single
field. We recommend taking multidisciplinary, interdisciplinary,
and/or transdisciplinary approaches where possible, realizing
these approaches are not identical (109). Given the value added
in the current study and that the National Institutes of Health
(NIH) (110) and others (111) have embraced this approach, we
believe this was of significant value in the current study.

CONCLUSIONS

This study’s longitudinal design and inclusion of case and matched
comparison participants allow us to better specify the impact
of moving to an AFC on population-level behavior changes
toward more physically active lifestyles. Moving into an AFC
provides a proxy test for the health effects of innovative land-
use policies that facilitate the development of AFCs. Using this
timely opportunity for gaining longitudinal assessments for this
natural experiment is of critical importance to advancing the
status of knowledge on the intersection of health and place,
as it relates to promoting PA as a means to enhance healthy
living/aging by reducing the risk for chronic conditions such as
cancer, diabetes, and heart disease. Not only do we expect more
favorable health outcomes for AFC residents, but we also expect
that this research may have positive effects on the community and
private development investment in AFC environmental features.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Texas A&M University Institutional Review Board.
The participants provided their written informed consent to
participate in this study.

Frontiers in Public Health | www.frontiersin.org

June 2022 | Volume 10 | Article 929331


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Zhu et al.

Study Protocol of a Natural Experiment

AUTHOR CONTRIBUTIONS

XZ, CL, and MO co-led the development of the Active Living
Austin study protocol presented in this manuscript, with
other co-authors providing assistance for their specific area of
expertise. XZ led the writing of this manuscript. CL and MO
oversaw the overall protocol and writing, all other co-authors
helped with the writing and review. MO and ST assisted with
the section about surveys. MX and JL aided with the section
about objective measures of physical activity. CL, HL, and ZL
helped with the description of environmental measures. TH,
MX, and CL helped with the section about machine learning.
EM and LS helped with the qualitative section of the study

REFERENCES

10.

11.
12.

13.

14.

15.

16.

. Lee

. Craig P, Katikireddi SV, Leyland A, Popham F. Natural experiments:

an overview of methods, approaches, and contributions to public
health intervention research. Annu Rev Public Health. (2017) 38:39-
56. doi: 10.1146/annurev-publhealth-031816-044327

C, Newman G, Jourdan D, Ye X, Zandt
Experiments in Planning Research. ] Plan Educ
42:6-8. doi: 10.1177/0739456X211061763

SV. Natural
Res.  (2022)

. Chooi YC, Ding C, Magkos F. The epidemiology of obesity. Metab Clin Exp.

(2019) 92:6-10. doi: 10.1016/j.metabol.2018.09.005

. Overweight & Obesity Statistics: National Institute of Diabetes and Digestive

Kidney Diseases. (2022). Available from: https://www.niddk.nih.gov/health-
information/health-statistics/overweight- obesity (cited March 11, 2022).

. Health Effects of Overweight and Obesity in 195 Countries over 25 Years. N

Engl ] Med. (2017) 377:13-27. doi: 10.1056/NEJMoal614362

. National Diabetes Statistics Report: Centers for Disease Control and

Prevention website. (2017). Available from: https://www.cdc.gov/diabetes/
data/statistics/statistics-report.html (accessed April 25, 2022).

. U.S. Department of Health and Human Services. Physical Activity Guidelines

for Americans. Washington, DC: U.S. Department of Health and Human
Services (2008). Contract No.: July 9.

. Eckstrom E, Neukam S, Kalin L, Wright J. Physical activity and healthy aging.

Clin Geriatr Med. (2020) 36:671-83. doi: 10.1016/j.cger.2020.06.009

. Centers for Disease Control and Prevention. State Indicator Report on

Physical Activity, 2014. Atlanta, GA: US Department of Health and Human
Services (2014).

Centers for Disease Control and Prevention. Participation in Leisure-Time
Aerobic and Muscle-Strengthening Activities that Meet the Federal. Physical
Activity Guidelines for Americans Among Adults Aged 18 and Over, by
Selected Characteristics. United States, selected years 1998-2018 (2019).
America’s Health Rankings Senior Report. United Health Foundation (2021).

Sallis JE  Cervero RB, Ascher W, Henderson KA, Kraft
MK, Kerr J. An ecological approach to creating active
living communities. Annu Rev  Public Health. (2006) 27:297-

322. doi: 10.1146/annurev.publhealth.27.021405.102100

McLeroy KR, Bibeau D, Steckler A, Glanz K. An ecological perspective
on health promotion programs. Health Educ Behav. (1988) 15:351-
77. doi: 10.1177/109019818801500401

Sallis JE, Owen N, Fisher EB. Ecological Models of Health Behavior. San
Francisco: Jossey-Bass (2008).

Sallis JE Glanz K. Physical activity and food
solutions to the obesity epidemic. Milbank Q.
54. doi: 10.1111/j.1468-0009.2009.00550.x

Young DR, Cradock AL, Eyler AA, Fenton M, Pedroso M,
Sallis JE et al. Creating built environments that expand active
transportation and active living across the United States: A Policy
Statement From the American Heart Association. Circulation. (2020)
142:e167-€83. doi: 10.1161/CIR.0000000000000878

environments:
(2009) 87:123-

protocol. HS provided the description of the data analysis
plan. All authors contributed to the article and approved the
submitted version.

FUNDING

This study is funded by the National Institutes of Health (Grant
ID: RO1CA197761).

ACKNOWLEDGMENTS

The authors would like to thank all the community partners and
study participants of this project for their tremendous support.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Saelens

correlates  of
(2008)  40:5550—

BE, Handy SL. Built environment
walking: a review. Med Sci Sports
66. doi: 10.1249/MSS.0b013e31817c67a4

Exer.

. Sevick MA, Dunn AL, Morrow MS, Marcus BH, Chen GJ, Blair SN.

Cost-effectiveness of lifestyle and structured exercise interventions in
sedentary adults: results of project ACTIVE. Am ] Prev Med. (2000) 19:1-
8. doi: 10.1016/S0749-3797(00)00154-9

. Andersen RE, Wadden TA, Bartlett S], Zemel B, Verde TJ, Franckowiak SC.

Effects of lifestyle activity vs structured aerobic exercise in obese women: a
randomized trial. JAMA. (1999) 281:335-40. doi: 10.1001/jama.281.4.335
Sallis JE, Floyd ME, Rodriguez DA, Saelens BE. Role of built environments
in physical activity, obesity, and cardiovascular disease. Circulation. (2012)
125:729-37. doi: 10.1161/CIRCULATIONAHA.110.969022

Durand CP, Andalib M, Dunton GE Wolch ], Pentz MA, A. systematic review
of built environment factors related to physical activity and obesity risk:
implications for smart growth urban planning. Obes Rev. (2011) 12:e173-
82. doi: 10.1111/j.1467-789X.2010.00826.x

Rahman T, Cushing RA, Jackson R]. Contributions of built environment to
childhood obesity. Mt Sinai ] Med. (2011) 78:49-57. doi: 10.1002/ms;j.20235
Humpel N, Owen N, Leslie E. Environmental factors associated with adults’
participation in physical activity: a review. Am ] Prev Med. (2002) 22:188-
99. doi: 10.1016/S0749-3797(01)00426-3

Frank LD, Andresen MA, Schmid TL. Obesity relationships with community
design, physical activity, and time spent in cars. Am ] Prev Med. (2004)
27:87-96. doi: 10.1016/j.amepre.2004.04.011

Black JL, Macinko J. Neighborhoods and obesity. Nutr Rev. (2008) 66:2-
20. doi: 10.1111/j.1753-4887.2007.00001.x

Bauman AE, Bull FC. Environmental Correlates of Physical Activity and
Walking in Adults and Children: A Review of Reviews. London: National
Institute of Health and Clinical Excellence (2007). Available from: http://
www.nice.org.uk/guidance/index.jsp?action=download&o=34740 (accessed
June 5,2011)

Heath GW, Brownson RC, Kruger J, Miles R, Powell KE, Ramsey LT, et al.
The effectiveness of urban design and land use and transport policies and
practices to increase physical activity: a systematic review. J Phys Activity
Health. (2006) 3:55-76. doi: 10.1123/jpah.3.s1.s55

Hartig T, Mang M, Evans GW. Restorative effects of natural environment
experiences. Environ Behav. (1991) 23:3-26. doi: 10.1177/00139165912
31001

Ulrich RS, Simons RE Losito BD, Fiorito E, Miles MA, Zelson M. Stress
recovery during exposure to natural and urban environments. J Environ
Psychol. (1991) 11:201-30. doi: 10.1016/S0272-4944(05)80184-7

Kaplan R, Kaplan S. The Experience of Nature: A Psychological Perspective.
CUP Archive (1989).

Kaczynski AT, Henderson KA. Environmental correlates of physical activity:
a review of evidence about parks and recreation. Leisure Sci. (2007)
29:315. doi: 10.1080/01490400701394865

McNeill LH, Wyrwich KW, Brownson RC, Clark EM, Kreuter MW.
Individual, social environmental, and physical environmental influences on

Frontiers in Public Health | www.frontiersin.org

11

June 2022 | Volume 10 | Article 929331


https://doi.org/10.1146/annurev-publhealth-031816-044327
https://doi.org/10.1177/0739456X211061763
https://doi.org/10.1016/j.metabol.2018.09.005
https://www.niddk.nih.gov/health-information/health-statistics/overweight-obesity
https://www.niddk.nih.gov/health-information/health-statistics/overweight-obesity
https://doi.org/10.1056/NEJMoa1614362
https://www.cdc.gov/diabetes/data/statistics/statistics-report.html
https://www.cdc.gov/diabetes/data/statistics/statistics-report.html
https://doi.org/10.1016/j.cger.2020.06.009
https://doi.org/10.1146/annurev.publhealth.27.021405.102100
https://doi.org/10.1177/109019818801500401
https://doi.org/10.1111/j.1468-0009.2009.00550.x
https://doi.org/10.1161/CIR.0000000000000878
https://doi.org/10.1249/MSS.0b013e31817c67a4
https://doi.org/10.1016/S0749-3797(00)00154-9
https://doi.org/10.1001/jama.281.4.335
https://doi.org/10.1161/CIRCULATIONAHA.110.969022
https://doi.org/10.1111/j.1467-789X.2010.00826.x
https://doi.org/10.1002/msj.20235
https://doi.org/10.1016/S0749-3797(01)00426-3
https://doi.org/10.1016/j.amepre.2004.04.011
https://doi.org/10.1111/j.1753-4887.2007.00001.x
http://www.nice.org.uk/guidance/index.jsp?action=download&o=34740
http://www.nice.org.uk/guidance/index.jsp?action=download&o=34740
https://doi.org/10.1123/jpah.3.s1.s55
https://doi.org/10.1177/0013916591231001
https://doi.org/10.1016/S0272-4944(05)80184-7
https://doi.org/10.1080/01490400701394865
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Zhu et al.

Study Protocol of a Natural Experiment

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

physical activity among black and white adults: a structural equation analysis.
Ann Behav Med. (2006) 31:36-44. doi: 10.1207/s15324796abm3101_7

Clark DO. Age, socioeconomic status, and exercise self-efficacy.
Gerontologist. (1996) 36:157-64. doi: 10.1093/geront/36.2.157

Conn VS. Older women’s beliefs about physical activity. Public Health Nurs
(Boston, Mass). (1998) 15:370-8. doi: 10.1111/j.1525-1446.1998.tb00362.x
Schutzer KA, Graves BS. Barriers and motivations to exercise in older adults.
Prev Med. (2004) 39:1056-61. doi: 10.1016/j.ypmed.2004.04.003

Sallis JE, Owen N. Physical Activity & Behavioral Medicine. Thousand Oaks,
CA: Sage (1999).

Anderson E, Wojcik ], Winett R, Williams D. Social-cognitive
determinants of physical activity: the influence of social support, self-
efficacy, outcome expectations, and self-regulation among participants
in a church-based health promotion study. Health Psychol. (2006)
25:510. doi: 10.1037/0278-6133.25.4.510

Cleland V, Ball K, Hume C, Timperio A, King A, Crawford D.
Individual, social and environmental correlates of physical activity
among women living in socioeconomically disadvantaged neighbourhoods.
Social Sci Med. (1982). (2010) 70:2011. doi: 10.1016/j.socscimed.2010.
02.028

Brownson RC, Baker EA, Housemann RA, Brennan LK,
Bacak §J. Environmental and policy determinants of physical
activity in the United States. Am ] Public Health. (2001)

91:1995-2003. doi: 10.2105/AJPH.91.12.1995
Lund H. Pedestrian environments and sense of community. ] Plan Educ Res.
(2002) 21:301-12. doi: 10.1177/0739456X0202100307

Nasar JL, Julian DA. The psychological sense of community
in the neighborhood. ] Am Plann Assoc. (1995) 61:178-
84. doi: 10.1080/01944369508975631

Kim J, Kaplan R. Physical and psychological factors in sense
of community—New urbanist Kentlands and nearby orchard

village. Environ Behav. (2004) 36:313-40. doi: 10.1177/00139165032
60236

Kuo FE, Sullivan WC, Coley RL, Brunson L. Fertile ground for community:
Inner-city neighborhood common spaces. Am J Community Psychol. (1998)
26:823-51. doi: 10.1023/A:1022294028903

Leyden K. Social capital and the built environment: the importance
of walkable neighbourhoods. Am ] Public Health. (2003) 93:1546-
51. doi: 10.2105/AJPH.93.9.1546

Foster S, Giles-Corti B. The built environment, neighborhood crime and
constrained physical activity: an exploration of inconsistent findings. Prev
Med. (2008) 47:241-51. doi: 10.1016/j.ypmed.2008.03.017

Rhodes RE, Pfaeffli LA. Mediators of physical activity behaviour change
among adult non-clinical populations: a review update. Int ] Behav Nutr Phys
Act. (2010) 7:37. doi: 10.1186/1479-5868-7-37

Lewis BA, Marcus BH, Pate RR, Dunn AL. Psychosocial mediators of physical
activity behavior among adults and children. Am ] Prev Med. (2002) 23:26—
35. doi: 10.1016/S0749-3797(02)00471-3

Ory MG. Planned and Built Environments in Public Health. Public Health for
an Aging Society. (2012). p. 327.

Cao XY, Handy SL, Mokhtarian PL. The in?uences of the built environment
and residential self-selection on pedestrian behavior: evidence from Austin,
TX. Transportation. (2006) 33. doi: 10.1007/s11116-005-7027-2

Handy S, Cao X, Mokhtarian PL. Self-Selection in the Relationship
between  the Built Environment and  Walking:  Empirical
Evidence from Northern California. | Am Plann Assoc. (2006)
72:55-74. doi: 10.1080/01944360608976724

Ding D, Nguyen B, Learnihan V, Bauman AE, Davey R, Jalaludin B, et al.
Moving to an active lifestyle? A systematic review of the effects of residential
relocation on walking, physical activity and travel behavior. Br ] Sports Med.
(2018) 52:789. doi: 10.1136/bjsports-2017-098833

Handy SL, Cao X, Mokhtarian PL. The of
neighborhood design on physical activity within the neighborhood:
evidence from Northern California. Am ] Health Promot. (2008)
22:350-8. doi: 10.4278/ajhp.22.5.350

Frank LD, Saelens BE, Powell KE, Chapman JE. Stepping towards causation:
Do built environments or neighborhood and travel preferences explain

causal influence

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

physical activity, driving, and obesity? Soc Sci Med. (2007) 65:1898-
914. doi: 10.1016/j.socscimed.2007.05.053

Huang TT, Drewnosksi A, Kumanyika S, Glass TA, A. systems-oriented
multilevel framework for addressing obesity in the 21st century. Prev Chronic
Dis. (2009) 6:A82.

Ding D, Gebel K. Built environment, physical activity, and obesity: What
have we learned from reviewing the literature? Health Place. (2012) 18:100-
5. doi: 10.1016/j.healthplace.2011.08.021

Zhu X, Sallis JF. Designing for healthy communities: Active living, healthy
eating, and comprehensive community development. J Inst Comprehens
Commun Dev. (2011) 2:9-20.

Giles-Corti B, Timperio A, Bull F, Pikora T. Understanding physical activity
environmental correlates: increased specificity for ecological models. Exerc
Sport Sci Rev. (2005) 33:175-81. doi: 10.1097/00003677-200510000-00005
Prince SA, Adamo KB, Hamel ME, Hardt J, Gorber SC, Tremblay M, et
al. comparison of direct versus self-report measures for assessing physical
activity in adults: a systematic review. International Journal of Behavioral
Nutrition and Physical Activity. (2008) 5:56. doi: 10.1186/1479-5868-5-56
Sobel L, Anderson W, Shipman J. Market Acceptance of Smart Growth. US
Environmental Protection Agency. (2011).

Handy SL, Sallis JE Weber D, Maibach E, Hollander M.
Is support for traditionally designed communities growing?
Evidence from two national surveys. J Am Plan Assoc. (2008)

74:209-21. doi: 10.1080/01944360802010418

Levine J, Inam A. The market for transportation-land use integration: do
developers want smarter growth than regulations allow? Transportation.
(2004) 31:409-27. doi: 10.1023/B:PORT.0000037086.33893.9f

American Planning Association. Comprehensive planning for public health:
results of the Planning and Community Health Research Center Survey.
Planning & Community Health Research Center, American Planning
Association (2011).

U.S. Green Building Council. Local Governments & LEED for Neighborhood
Development: USGBC. (2011). Available from: http://www.usgbc.org/
DisplayPage.aspx?CMSPageIlD=2471 (accessed April 25, 2022).

Bogaerts M. Manager, Neighborhood Development, U.S. Green Building
Council. Email communication ed2011.

Lechner M. The Estimation of Causal Effects by Difference-in-Difference
Methods. Now Hanover, MA (2011).

Gertler PJ, Martinez S, Premand P, Rawlings LB, Vermeersch CM. Impact
Evaluation in Practice. 2nd ed: International Bank for Reconstrution and
Development / The World Bank (2016).

W K. Kellogg Foundation. Logic Model Development Guide. Battle Creek. MI:
W.K. Kellogg Foundation (2004).

Leischow SJ, Best A, Trochim WM, Clark PI, Gallagher RS, Marcus SE, et
al. Systems thinking to improve the public’s health. Am ] Prev Med. (2008)
35:5196-203. doi: 10.1016/j.amepre.2008.05.014
Leischow §J, Milstein B. Systems thinking
public health practice. Am ] Public Health.
5. doi: 10.2105/AJPH.2005.082842

Huhman M, Heitzler C, Wong F. The VERB™ campaign logic model: a tool
for planning and evaluation. Prevent Chron Dis. (2004) 1:A11.

Zhu X, Lu Z, Yu C, Lee C, Mann G. Walkable communities: Impacts
on residents’ physical and social health. World Health Des. (2013)
6:68-75.

Zhu X, Lee C. Walkability and safety around elementary schools
economic and ethnic disparities. Am ] Prev Med. (2008) 34:282-
90. doi: 10.1016/j.amepre.2008.01.024

Frank LD, Schmid TL, Sallis JE Chapman ], Saelens BE. Linking
objectively measured physical activity with objectively measured urban
form: findings from SMARTRAQ. Am ] Prev Med. (2005) 28:117-
25. doi: 10.1016/j.amepre.2004.11.001

American Fact Finder. (2011). Available from: http://factfinder2.census.gov/
faces/nav/jsf/pages/index.xhtml (accessed July 21, 2011)

Zhu X, Yu CY, Lee C, Lu Z, Mann G, A. retrospective study
on changes in residents physical activities, social interactions, and
neighborhood cohesion after moving to a walkable community. Prev Med.
(2014). doi: 10.1016/j.ypmed.2014.08.013

and modeling for
(2006)  96:403—

Frontiers in Public Health | www.frontiersin.org

12

June 2022 | Volume 10 | Article 929331


https://doi.org/10.1207/s15324796abm3101_7
https://doi.org/10.1093/geront/36.2.157
https://doi.org/10.1111/j.1525-1446.1998.tb00362.x
https://doi.org/10.1016/j.ypmed.2004.04.003
https://doi.org/10.1037/0278-6133.25.4.510
https://doi.org/10.1016/j.socscimed.2010.02.028
https://doi.org/10.2105/AJPH.91.12.1995
https://doi.org/10.1177/0739456X0202100307
https://doi.org/10.1080/01944369508975631
https://doi.org/10.1177/0013916503260236
https://doi.org/10.1023/A:1022294028903
https://doi.org/10.2105/AJPH.93.9.1546
https://doi.org/10.1016/j.ypmed.2008.03.017
https://doi.org/10.1186/1479-5868-7-37
https://doi.org/10.1016/S0749-3797(02)00471-3
https://doi.org/10.1007/s11116-005-7027-2
https://doi.org/10.1080/01944360608976724
https://doi.org/10.1136/bjsports-2017-098833
https://doi.org/10.4278/ajhp.22.5.350
https://doi.org/10.1016/j.socscimed.2007.05.053
https://doi.org/10.1016/j.healthplace.2011.08.021
https://doi.org/10.1097/00003677-200510000-00005
https://doi.org/10.1186/1479-5868-5-56
https://doi.org/10.1080/01944360802010418
https://doi.org/10.1023/B:PORT.0000037086.33893.9f
http://www.usgbc.org/DisplayPage.aspx?CMSPageID=2471
http://www.usgbc.org/DisplayPage.aspx?CMSPageID=2471
https://doi.org/10.1016/j.amepre.2008.05.014
https://doi.org/10.2105/AJPH.2005.082842
https://doi.org/10.1016/j.amepre.2008.01.024
https://doi.org/10.1016/j.amepre.2004.11.001
http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml
http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml
https://doi.org/10.1016/j.ypmed.2014.08.013
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Zhu et al.

Study Protocol of a Natural Experiment

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Forsyth A, Oakes JM, Schmitz KH. Test-retest
the Twin Cities Walking Survey. ] Phys Act
6:119-31. doi: 10.1123/jpah.6.1.119

Durant N, Kerr J, Harris SK, Saelens BE, Norman GJ, Sallis JF. Environmental
and safety barriers to youth physical activity in neighborhood parks
and streets: reliability and validity. Pediatr Exerc Sci. (2009) 21:86-
99. doi: 10.1123/pes.21.1.86

Adams MA, Ryan S, Kerr ], Sallis JE Patrick K, Frank LD, et al.
Validation of the Neighborhood Environment Walkability Scale (NEWS)
items using geographic information systems. J Phys Act Health. (2009)
6:5113-23. doi: 10.1123/jpah.6.s1.s113

Cerin E, Conway TL, Saelens BE, Frank LD, Sallis JF. Cross-validation of
the factorial structure of the Neighborhood Environment Walkability Scale
(NEWS) and its abbreviated form (NEWS-A). Int ] Behav Nutr Phys Act.
(2009) 6:32. doi: 10.1186/1479-5868-6-32

Centers for Disease Control and Prevention (CDC). Behavioral Risk
Factor Surveillance System Survey Questionnaire. Atlanta, Georgia: U.S.
Department of Health and Human Services, Centers for Disease Control and
Prevention (2013).

Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin
D, et al. Development and preliminary testing of the new five-
level version of EQ-5D (EQ-5D-5L). Qual Life Res. (2011)
20:1727-36. doi: 10.1007/s11136-011-9903-x

Janssen M, Pickard AS, Golicki D, Gudex C, Niewada M, Scalone L, et
al. Measurement properties of the EQ-5D-5L compared to the EQ-5D-3L
across eight patient groups: a multi-country study. Qual Life Res. (2013)
22:1717-27. doi: 10.1007/s11136-012-0322-4

Dunton GE, Schneider M. Reliability and validity of a scale to measure self-
efficacy to overcome barriers to walking for transportation. ] Phys Act Health.
(2006) 3:48. doi: 10.1123/jpah.3.1.48

Saelens BE, Sallis JE Black JB, Chen D. Neighborhood-based differences in
physical activity: an environment scale evaluation. Am J Public Health. (2003)
93:1552-8. doi: 10.2105/AJPH.93.9.1552

Le Faucheur A, Abraham P, Jaquinandi V, Bouyé P, Saumet ], Noury-
Desvaux B. Study of human outdoor walking with a low-cost
GPS and simple spreadsheet analysis. Med Sci Sports Exerc. (2007)
39:1570. doi: 10.1249/mss.0b013e3180cc20c7

reliability  of
Health. (2009)

Kang B, Moudon AV, Hurvitz PM, Reichley L, Saelens BE.
Walking  objectively ~ measured:  classifying  accelerometer  data
with GPS and travel diaries. Med Sci Sports Exerc. (2013)

45:1419-28. doi: 10.1249/MSS.0b013e318285f202

Lee C, Li L. Demographic, physical activity, and route characteristics related
to school transportation: An exploratory study. Am J Health Promo. (2014)
28:577-88. doi: 10.4278/ajhp.130430-QUAN-211

Freedson PS, Melanson E, Sirard J. Calibration of the computer science
and applications, Inc. accelerometer. Med Sci Sports Exer. (1998) 30:777-
81. doi: 10.1097/00005768-199805000-00021

Esri. ArcGIS. Redlands, CA (2013).

Fain JN, Madan AK, Hiler ML, Cheema P, Bahouth SW. Comparison of
the release of adipokines by adipose tissue, adipose tissue matrix, and
adipocytes from visceral and subcutaneous abdominal adipose tissues of
obese humans. Endocrinology. (2004) 145:2273-82. doi: 10.1210/en.2003-
1336

Fain JN, Tichansky DS, Madan AK. Transforming growth factor betal
release by human adipose tissue is enhanced in obesity. Metabolism. (2005)
54:1546-51. doi: 10.1016/j.metabol.2005.05.024

Guajardo-Salinas  GE, Hilmy A, Martinez-Ugarte ML. Predictors of
weight loss and effectiveness of Roux-en-Y gastric bypass in the
morbidly obese Hispano-American population. Obes Surg. (2008) 18:1369—
75. doi: 10.1007/s11695-008-9461-7

Pietrobelli A, Rubiano F, St-Onge MP, Heymsfield SB. New bioimpedance
analysis system: improved phenotyping with whole-body analysis. Eur J Clin
Nutr. (2004) 58:1479-84. doi: 10.1038/sj.ejcn.1601993

Centers for Disease Control and Prevention: National Health and Nutrition
Examination Survey (NHANES) Anthropometry Procedure Manual. (2007).
Available http://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/
manual_an.pdf (accessed April 25, 2022).

from:

96.
97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

. Paez KA, Griffey SJ, Thompson J, Gillman MW. Validation of self-reported

weights and heights in the avoiding diabetes after pregnancy trial (ADAPT).
BMC Med Res Methodol. (2014) 14:65. doi: 10.1186/1471-2288-14-65

SAS Institute Inc. SAS®) Software. 9.4 ed. Cary, NC (2013).

IBM Corp. IBM SPSS. Statistics for Windows. 2801 ed. Armonk, NY: IBM
Corp (2021).

StataCorp. Stata Statistical Software. 17 ed. College Station, TX: StataCorp
LLC (2021).

R Development Core Team. R: A Language and Environment for Statistical
Computing. Vienna, Austria: R Foundation for Statistical Computing (2013).
Available from: http://www.R-project.org/ (accessed April 25, 2022).
Daniels MJ, Hogan JW. Missing Data in Longitudinal Studies:
Strategies for Bayesian Modeling and Sensitivity Analysis. CRC Press
(2008). doi: 10.1201/9781420011180

Cohen J. Statistical Power Analysis for the Behavioral Sciencies. 2 ed:
Routledge (1988).

Dimick JB, Ryan AM. Methods for evaluating changes in health care
policy: the difference-in-differences approach. JAMA. (2014) 312:2401-
2. doi: 10.1001/jama.2014.16153

Zhou H, Taber C, Arcona S, Li
method in  comparative effectiveness
unbalanced  groups. Appl Health Econ
14:419-29. doi: 10.1007/s40258-016-0249-y
Brix A, Diggle PJ]. Spatiotemporal prediction for log-Gaussian Cox
processes. | Royal Stat Soc Ser B (Stat Methodol). (2001) 63:823-
41. doi: 10.1111/1467-9868.00315

Bauer DJ, Preacher KJ, Gil KM. Conceptualizing and testing random
indirect effects and moderated mediation in multilevel models:
new procedures and recommendations. Psychol Methods. (2006)
11:142. doi: 10.1037/1082-989X.11.2.142

Schafer JL. Analysis of Incomplete Multivariate Data: CRC press (2010).
Leatherdale ST. Natural experiment methodology for research: a review
of how different methods can support real-world research. Int J Soc Res
Methodol. (2019) 22:19-35. doi: 10.1080/13645579.2018.1488449

American Community Survey United States Census Bureau. Available from:
https://www.census.gov/programs-surveys/acs (accessed April 25, 2022)
Choi BC, Pak AW. Multidisciplinarity, interdisciplinarity —and
transdisciplinarity in health research, services, education and policy:
Definitions, objectives, and evidence of effectiveness. Clin Invest Med.
(2006) 29:351-64.

Transdisciplinary Collaborative Centers for Health Disparities Research
Program (TCC): National Institute of Minority Health and Health Disparities.
Available from: https://www.nimhd.nih.gov/programs/extramural/research-
centers/tcc/index.html (accessed April 16, 2022)

Pineo H, Turnbull ER, Davies M, Rowson M, Hayward AC, Hart
G, et al. A new transdisciplinary research model to investigate and
improve the health of the public. Health Promot Int. (2021) 36:481-
92. doi: 10.1093/heapro/daaal25

Y. Difference-in-differences
research:  utility ~ with
Health  Policy.  (2016)

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Zhu, Ory, Xu, Towne, Lu, Hammond, Sang, Lightfoot, McKyer,
Lee, Sherman and Lee. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Public Health | www.frontiersin.org

13

June 2022 | Volume 10 | Article 929331


https://doi.org/10.1123/jpah.6.1.119
https://doi.org/10.1123/pes.21.1.86
https://doi.org/10.1123/jpah.6.s1.s113
https://doi.org/10.1186/1479-5868-6-32
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1007/s11136-012-0322-4
https://doi.org/10.1123/jpah.3.1.48
https://doi.org/10.2105/AJPH.93.9.1552
https://doi.org/10.1249/mss.0b013e3180cc20c7
https://doi.org/10.1249/MSS.0b013e318285f202
https://doi.org/10.4278/ajhp.130430-QUAN-211
https://doi.org/10.1097/00005768-199805000-00021
https://doi.org/10.1210/en.2003-1336
https://doi.org/10.1016/j.metabol.2005.05.024
https://doi.org/10.1007/s11695-008-9461-7
https://doi.org/10.1038/sj.ejcn.1601993
http://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/manual_an.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/manual_an.pdf
https://doi.org/10.1186/1471-2288-14-65
http://www.R-project.org/
https://doi.org/10.1201/9781420011180
https://doi.org/10.1001/jama.2014.16153
https://doi.org/10.1007/s40258-016-0249-y
https://doi.org/10.1111/1467-9868.00315
https://doi.org/10.1037/1082-989X.11.2.142
https://doi.org/10.1080/13645579.2018.1488449
https://www.census.gov/programs-surveys/acs
https://www.nimhd.nih.gov/programs/extramural/research-centers/tcc/index.html
https://www.nimhd.nih.gov/programs/extramural/research-centers/tcc/index.html
https://doi.org/10.1093/heapro/daaa125
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Physical Activity Impacts of an Activity-Friendly Community: A Natural Experiment Study Protocol
	Introduction
	Methods and Analysis
	Study Design and Aims
	Aim 1
	Hypothesis 1

	Aim 2
	Hypothesis 2


	Conceptual Framework
	Study Setting: Case and Comparison Communities
	Study Population
	Recruitment
	Study Variables and Data Collection
	Measurement of PA Using Accelerometer, GPS, and Travel Log
	Measurement of Demographic and Psychosocial Factors Using Survey Items
	Measurement of Physical Environment Using GIS and Field Audits
	Measurement of Weight, Height, and Body Composition

	Analysis Plan

	Discussion
	Summary of Major Changes to the Original Protocol
	Advantages of the Transdisciplinary Team

	Conclusions
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


