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Abstract

Background: Physical activity (PA) interventions can increase levels of PA to help participants meet recommended levels.
The impact of PA interventions may be affected by an individual’s neighborhood environment, including attributes such
as walkability, crime rates, or greenspace availability, but research to date has lacked the power and geographic spread to
adequately assess the role of the environment.

Objective: The Interventions Supporting Physical Activity and the Environment (InSPACE) study used the Automatic
Context Measurement Tool (ACMT) to gather environmental measures for participants around their home address in comple-
ted lifestyle intervention trials across the United States, then pooled and harmonized demographic and device-based activity
data, creating a dataset for use in assessing the moderation effect of neighborhood attributes on interventions to increase PA.

Methods: PA intervention trials were recruited from across the United States, and trialists were instructed in the use of the
ACMT to geocode and collect prespecified environmental measures. The InNSPACE research team gathered deidentified data
from trialists, including demographics, raw accelerometry data, and ACMT-generated environmental measures and harmonized
data to create a pooled dataset of PA intervention trial participants.

Results: As of August 2025, a total of 39 PA intervention trials have been recruited and data from 31 of these trials have been
processed and harmonized, creating a current pooled dataset of 4471 participants with any harmonized data, of whom 4360
(97.5%) have linked environmental data and 2208 (49.4%) have specified (3 days of at least 8 hours per day) accelerometry
data for both baseline and postintervention. Results from the primary analysis for the InNSPACE project are expected to be
published in late 2026.

Conclusion: InSPACE will contribute to understanding the role of the environment in moderating the effect of interventions
to increase PA. The protocols and processes of INSPACE can inform future projects in pooled data harmonization and analysis.
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Introduction

Background

Physical activity (PA) is linked to metabolic health, diabe-
tes, cardiovascular disease, and some types of cancer [I-
4]. Getting adequate daily PA may also improve cognitive
function and bone strength, reduce depression, and improve
overall well-being [2,5,6]. Most adults and youth in the
United States do not meet the recommended guidelines for
PA [7.8].

PA interventions have the potential to increase PA in
youth and adults. Such interventions can include goal setting,
supervised instructor-led exercise, educational sessions and
information sharing, or peer support [9-17]. Meta-analyses
have shown a positive mean effect of PA interventions,
but the effect size varies significantly between types of
interventions and population attributes [18-20]. Researchers
have examined some potential modifiers of PA interven-
tion effectiveness, including participant demographics and
intervention type, but there has yet to be an extensive
examination of environmental attributes as a moderator of PA
intervention effectiveness, in part due to the lack of adequate
data for such a study.

An individual’s neighborhood environment may affect
their level of PA [21-23]. For example, a more walkable
area around one’s home, as measured by land use, street
connectivity and density, and greater access to sidewalks
around one’s home is associated with more time spent in
PA, specifically walking [24,25]. Living near a park or other
urban green space can also promote more PA, especially for
higher-income residents [26-28]. Physical disorder, such as
vacant homes, litter, or vandalism, may reduce PA levels
among residents [29]. Despite existing research on neighbor-
hood environment and PA, and the growing prevalence of
ecological models of behavior change that consider multiple
levels of influence, there remains a gap in research examin-
ing how the neighborhood environment may influence the
effectiveness of PA intervention outcomes.

A few studies have considered the moderating role of
neighborhood attributes on PA intervention effectiveness,
but these have been limited to perceptions of walkability
and the National Walkability score and have shown mixed
results [30-32]. These studies were significantly limited by
small sample sizes, limited access to objective neighborhood
attribute measures, and lack of geographic and demographic
heterogeneity. The lack of substantial research in this area
emphasizes the need for a large, diverse pooled dataset of PA
intervention trials with standardized environmental measures
that can be more rigorously examined for their potential
modifying effect. The goal of the Interventions Supporting
Physical Activity and the Environment (InSPACE) project
was to help fill this gap and create opportunities for research
on the modifying effect of the built environment on PA
intervention effectiveness.
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Objective

The InSPACE study seeks to assess the modifying effect
of the neighborhood environment on the impact of inter-
ventions in increasing PA by pooling and analyzing data
from completed PA intervention trials of varied geographies,
contexts, and populations. The InSPACE team provided and
instructed trialists to use the Automatic Context Measure-
ment Tool (ACMT) to geocode participant address data
and generate environmental data specific to the neighbor-
hood around the home address of pooled trial participants
[33]. This paper describes the protocols used to gather
and harmonize demographic and accelerometry data across
trials in the InSPACE study and the use of the ACMT to
estimate residential environment measures for participants
in InSPACE trials. These protocols may not only guide
future research on environmental effect modification of PA
intervention effectiveness, but also more broadly inform
future pooling studies examining environmental, individual
demographic, and device-based measurement of PA.

Methods

Scientific Advisory Council

The InSPACE study team is advised by a scientific advi-
sory council (SAC) comprised of 7 PA intervention research
experts who provided ongoing feedback on trial inclusion
criteria, trial recruitment strategies, and data harmonization
processes. SAC members also shared expertise regarding
intervention research (in PA as well as other health behaviors)
in diverse populations, including across income, race and
ethnicity, urban and rural geography, and among youth and
older adults. Finally, SAC members assisted with recruitment
by reaching out to potential trialists in their professional
networks and informed individual-level demographic variable
harmonization.

Inclusion Criteria

Initial trial inclusion criteria required trials to have at least
50 free-living participants 6 years of age and older, and
have targeted increasing PA as part of an intervention.
For data collection and harmonization purposes, trials must
have collected PA data using accelerometers or pedometers,
retained individual participant address data, linked participant
demographic and PA data, and have participants in the United
States. We included only trials conducted fully or mostly
between 2010 and 2020 to align better with the timing of
the available environment data and to avoid potential impacts
from the COVID-19 pandemic. The intervention must have
had an anticipated effect on PA, although PA did not
necessarily have to be the primary or only target of change.
For example, if a trialist hypothesized that an increase in
PA would improve mental health and therefore developed
a trial intervention that aimed to increase participants’ PA
to improve their mental health, this trial would be eligible
for InSPACE, provided all other inclusion criteria were met.
Trials must have also had a control condition, expected at the
time of trial design to be less effective in promoting PA than
the intervention. The InSPACE investigator team examined
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the plausibility that the intervention could be affected by
the neighborhood environment before confirming the trial
eligibility for inclusion. All trials must have collected PA
data for at least two time points: (1) at least once prior to the
intervention and (2) at least once after the intervention was
complete (postintervention), such that any activity occurring
as part of the intervention (eg, an exercise class facilitated by
the research team to which participants were encouraged to
attend) was not included in either activity collection. Initial
criteria excluded trials with any PA intervention facilitated
by the intervention team or that took place at a prescribed
location (eg, in a fitness center).

After the initial trial recruitment and in consultation
with the SAC, eligibility criteria were expanded to include
interventions with intervention team—facilitated PA interven-
tions at prescribed locations, to reflect an ecological theory
of behavior change that any PA may increase other self-
initiated community-based PA as well, particularly if the
community environment supports PA [34]. Additionally,
criteria were expanded to include trials with control groups
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that were not inert but were different from the intervention
in that the trialists hypothesized there would be differences
in PA between intervention and controls at postintervention.
Ultimately, if the trialist hypothesized that the intervention
group would have a greater increase in PA than the con-
trol group, the trial was eligible regardless of the amount
of intervention team—facilitated PA within the intervention,
or the content or intensity of the control group. With the
inclusion of intervention-team or instructor-led PA trials, it
was important to ensure that postintervention accelerometry
data did not overlap with any intervention-team or instructor-
led PA.

Our final trial inclusion change, adopted to broaden our
trial population after an initial trial recruitment pass exhausted
our trial list, was to lower the minimum number of partici-
pants per trial from 50 to 30. The full list of the final inclusion
and exclusion criteria, as well as changes that were made
in inclusion or exclusion criteria, is listed in Table 1. As
the inclusion criteria evolved, literature was rereviewed and
investigator teams from newly eligible trials were contacted.

Table 1. Interventions Supporting Physical Activity and the Environment trial inclusion and exclusion criteria.

Inclusion criteria

category Final inclusion and exclusion criteria details Changes to inclusion and exclusion criteria
Population ¢ Inclusion: Free-living humans in the contiguous United States with an ¢ Original criteria did not specify the contiguous
available geocodable home address who are 6 years of age or older. United States. This was changed as we realized
¢ Exclusion: Animal trials or populations that reside outside of the some of our national measures do not include
contiguous United States. data for AK? and HIP.
Sample size ¢ Inclusion: Trial must have enrolled 30 or more participants (or 30 or ¢ Original criteria only included trials with 50 or
more dyads). more participants (or 50 or more dyads). After
¢ Exclusion: Trials with fewer than 30 participants (or fewer than 30 exhausting the list of trials with 50 or more, we
dyads) enrolled. adjusted our criteria to include smaller trials.
Interventions « Inclusion: (1) PAC is targeted for increases, regardless of whether PA ¢ Trials that included any investigative team or
is one of the primary aims of the trial. (2) Focus is on manipulating instructor-led PA were not originally included
PA through variation in intervention delivery, content, and other and were added at the encouragement of our
factors, including those that target other issues or health outcomes and sacd.
include PA. (3) Interventions can include some intervention-team or
instructor-led PA that participants are able to, or are expected to attend.
¢ Exclusion: Intervention is very specific to single systems or parts of the
body.
Trial design ¢ Inclusion: (1) There should be an expectation of superiority for ¢ Original criteria limited to inert control groups
the intervention arm and NOT just noninferiority. (2) There is an (waitlists, no-contact, etc).
expectation that the delta in PA between study arms could be influenced
by the neighborhood environment. (3) Trial must be a randomized
controlled trial. (4) Some control arm that is not only a different dose of
prescribed physical activity.
Physical activity ¢ Inclusion: Free-living PA both before and after the intervention, and in  Trials with instructor-led PA were not initially

measurement timing

with some intervention time.

¢ Inclusion: (1) PA outcome is measured outside of intervention team—

any follow-ups after the intervention. Okay if PA measurement overlaps

included. They were later included at the
encouragement of our SAC only if the timing of

their PA measurement met criteria.

facilitated PA time both at baseline, post, and other fo]low—ups.f

(2) Measurement captures self-initiated activity that might be in the

s f
community.

¢ Exclusion: PA is measured only within specific intervention settings.t

Data collected and o
available

Pedometer measured PA or steps if collected data per minute (eg, not

Inclusion: (1) Device measured PA- Accelerometer measured PA OR .

Initially excluded trials that assessed PA via

pedometer.

by week or day) AND in adults 18 years or older. (2) Address data. (3)

Minimum demographic data (age, race, and sex).
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Inclusion criteria

category Final inclusion and exclusion criteria details

Changes to inclusion and exclusion criteria

¢ Exclusion: Self-report PA only. (2) Trials using pedometer

measurement in those younger than 18 years or pedometer trials with

steps aggregated by day or larger unit. Data are no longer available.

Trial dates

pre-COVID-19.

¢ Inclusion: Intervention began in 2010 or later and mostly completed

* Did not change.

¢ Exclusion: (1) Intervention began prior to 2010. (2) Participants were

still receiving the intervention during COVID-19. Follow-ups after

March 2020 allowed.

3AK: Alaska.

PHI: Hawaii.

€PA: physical activity.

dSAC: scientific advisory council.

€Qutcomes for trials without an instructor-led component.
fOutcomes for trials with an instructor-led component.

Trial Recruitment

The InSPACE research team used the National Institutes
of Health (NIH) eReporter and ClinicalTrials.gov websites,
as well as word-of-mouth, to identify potentially eligible
intervention trials. ClinicalTrials.gov searches were conduc-
ted by Seattle Children’s librarians and reviewed by the
InSPACE team. The principal investigators or leads of trials
considered potentially eligible by the InSPACE team were
contacted by the InSPACE principal investigator by email.
The initial email included a one-page document describing
the study and a brief introduction. If other members of the
investigator team or SAC had previously collaborated with
the trialist, these colleagues were CC’d on the introduction
email and asked to “bump” the initial contact by respond-
ing and prompting the trialist to consider learning more
about and engaging in InSPACE. If trialists responded with
interest, basic eligibility questions were asked via email (eg,
whether the participant’s home address and accelerometry
data were still available). If still eligible, a conference call
was organized to further describe InNSPACE participation and
further screen for eligibility and interest. Thereafter, trial
information was brought back to the investigative team for
review and to confirm eligibility. After confirmation, trialists
were reapproached with a participation inclusion offer.

Offers included a contract to be established between the
trialist’s institution and Seattle Children’s Research Institute.
These contracts typically established a 6-month contract
period and paid US $6000 in direct costs plus facilities and
administrative costs for the first trial and US $2000 in direct
costs for each additional trial for teams who contributed
data from multiple trials. Contracts were milestone-based
(eg, contract in place, Institutional Review Board [IRB]
approval, ACMT training completed, and data transferred).
Because of the unusual nature of these small subawards,
the Seattle Children’s contracts team offered meetings with
partner institutions early in the contracting process to answer
questions ahead of time and prevent avoidable delays.

https://www .researchprotocols.org/2026/1/e83151

Measures

Measures of Environmental Context

Participating trialists worked with the InSPACE team to
generate residential environmental measures for each trial
participant. This measurement collaboration leveraged the
ACMT, an open-source tool for linking environmental data
to any point in the United States (eg, participant addresses
for InSPACE) that was provided to each trial team. The
ACMT includes an RShiny-driven user-friendly interface
that does not require prior geospatial software experience to
link environmental measures. The ACMT’s geocoding and
linkage occur locally such that trial teams can generate and
share the measures without sharing personally identifiable
participant data with the InSPACE team or a third-party
geocoding site [35]. The ACMT is described more fully
elsewhere [33].

To run the ACMT, a user must have administrative
privileges on their computer. In some cases, our trialist
partners were not administrators on their computers or
encountered institutional firewalls that prevented them from
installing and running the ACMT without IT assistance.
Additionally, because geocoding and data linkage involve
large geographic files, ACMT-driven linkage often requires
considerable disk space and memory resources. While
requirements depended on the number of state files that
needed to be downloaded, in most cases, 100 GB of availa-
ble disk space and 8 GB of memory were adequate for the
ACMT to function properly on trialists’ computers. Despite
challenges in working through firewalls and administrator
privileges, none of the recruited trials dropped out of the
InSPACE study due to technical issues with the ACMT.

Trialists who had not already used their own geocoding
systems to identify participants’ home locations (this was
rare) used the geocoder embedded in the ACMT to gener-
ate the latitude and longitude values for each participant’s
address. Trialists who used the ACMT geocoder were asked
to update addresses that received geocode ratings higher than
0 (the PostGIS geocoder embedded in the ACMT uses 0O to
indicate the highest level of confidence in the accuracy of
the geocode; Corti et al [36]). To improve the geocoding
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accuracy, trialists used the ACMT to edit and improve the
address text, including removing apartment numbers, fixing
obvious typos, and spelling out street names and cardinal
directions. If these initial edits did not improve the geocode
to a rating of 0, the ACMT mapping tool provided the user
a way to view geocoded locations on an OpenStreet map
(embedded within the ACMT so as not to reveal addresses
to third parties) and to document a note as to whether the
geocode appeared accurate (mapped to the correct street and
city) or not. This geocode checking process helped improve
the quality of the geocodes and deterred trialists from using
web-based third-party mapping tools to verify addresses and
geocodes.

Next, trialists used the ACMT to link environmental data
from the datasets listed in the table below (Table 2) to the
geocoded home addresses. For most datasets, only 1 year
of data was available. Notable exceptions include American
Community Survey (ACS) S-year estimates, for which data
are provided in 5-year increments, starting with 2005-2009.
The National Land Cover Database (NLCD) includes data
every 2-3 years from 2004 through 2019, regional price parity
was available for all years between 2008 and 2018, and
gentrification was available for 2000 (indicating gentrification
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from 1990 through 2000) and 2010 (indicating gentrification
status from 2000 to 2010). For datasets with multiple years
of data, we chose 2015 as the a priori estimated midpoint of
enrollment years for all recruited trials and linked environ-
mental data for the year of available data closest to 2015 (ie,
default year for NLCD data was 2016 —the closest to 2015
of the available years of data; for ACS this meant pulling the
5-year span of data with a midpoint of 2015 [2013-2017]).
In addition to the default year(s) of data, trialists were asked
to pull environmental data that most closely aligned with
the trial’s first year of enrollment. For example, if a trial
enrolled participants from 2018to 2019, they would pull data
for ACS for both the 5-year span of data with a midpoint of
2015 (ACS 5-year data for 2014-2018; ie, the default year
for environmental data), as well as the 5-year span whose
midpoint most closely aligned with their enrollment (ACS
S-year data for 2016-2020; ie, ACS data with a midpoint of
2018). The same trial would also pull NLCD data for both
2016 and 2019 (data for 2018 are not available for NLCD),
CDC (Centers for Disease Control and Prevention) Places
data for 2017 (closest available year to the default year of
2015) and 2018, and Regional Price Parity data for 2015 and
2018.

Table 2. Environmental measure datasets pulled for Interventions Supporting Physical Activity and the Environment trials.

Dataset Description

Years available Data summary method

American Community
Survey [37]

Modified Retail Food
Environment Index [38]

National Walkability Index

Five-year pooled sociodemographic census data.

outlets.

CDC Places [40]
responses to BRFSS P

National Land Cover
Database [41]

ParkServe [42]

and the proportion of buffers that is park land.

CrimeRisk [43]
various types of crime.

Sidewalk and Crosswalk
Availability [44]
level estimates of the prevalence of sidewalks.

Regional Price Parity [45]

Gentrification [46]

Census tract estimates of the ratio of healthy food outlets to total food

Block group level ranking (1 to 20) of walkability, based on street
[39] intersection density, proximity to transit stops, and diversity of land use.

Census tract-level estimates of population behaviors taken from survey

Satellite imagery is used to create pixel-by-pixel maps of land cover
features, including forest, developed areas, open space, etc.

Geographical information of parks throughout the United States. Used
to calculate the distance to the nearest park (nonradial buffer measure),

From Applied Geographic Systems, block group level risk ratio of

National sidewalk and crosswalk presence dataset, created by applying
machine learning to Google Street View images to create census tract-

Price indices measuring geographic differences in the cost of housing,
services, and more for a given metropolitan or state-wide area.

Developed by the Urban Health Collaborative at Drexel University, this

2009 through 2021 Radial buffer interpolation (500 m,
(default 2013-2017) 1000 m, 5000 m)

20112 Radial buffer interpolation (500 m,
1000 m, 5000 m)

20192 Radial buffer interpolation (500 m,
1000 m, 5000 m)

20172,2018 Radial buffer interpolation (500 m,

1000 m, 5000 m)

2004, 2006, 2008, 2011,
2013,2016%,2019

Radial buffer interpolation (500 m,
1000 m, 5000 m)

2022 Radial buffer interpolation (500 m,
1000 m, 5000 m) for proportion of
park land measure

2022 Radial buffer interpolation (500 m,

1000 m, 5000 m)

Latest imagery as of
2017

Radial buffer interpolation (500 m,
1000 m, 5000 m)

Linked via MSAS GEOIDY or state
GEOID if participant resided
outside of an MSA.

Linked via census tract

2008-2018 (default year:
2015%)

20002, 20102

dataset categorizes each census tract as ineligible to gentrify, not

gentrified, gentrified, intensely gentrified.

4Default year, pulled by all trialists, regardless of enrollment year.
PBRFSS: Behavioral Risk Factor Surveillance System.

°MSA: metropolitan statistical area.

dGEOID: geographic identifier.

Due to the limited availability of many of the environmental
datasets, there is not perfect temporal alignment between the
year of participant enrollment and the year of environmental
measures. We do not expect that this temporal misalignment
will create significant bias, particularly given the evidence
that environmental attributes, such as sidewalk availability,
greenspace, and gentrification change very slowly [47-49].
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Study metadata, including year of enrollment for participants,
length of intervention, and year of follow-up, will also
be available in the pooled data to allow for more precise
temporal alignment so that future sensitivity analyses may
assess potential bias due to temporal misalignment.
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For most environmental data linkages, radial buffers were
used to define a participant’s neighborhood, and environmen-
tal measures were computed using area-weighted averaging
for the buffered area. For example, to calculate the walka-
bility index for a buffer around a participant’s house that
was comprised 50% of Block group A, 20% of Block group
B, and 30% of Block group C, the ACMT calculates the
weighted mean of the walkability score for Block groups A,
B, and C using the proportion of the buffer that is comprised
each Block group as that tract’s weight.

Across the lifespan, a substantial amount of physical
activity occurs or originates near or around one’s home or
neighborhood, with walking in particular most commonly
occurring within 500 to 1000 m of the home [50,51].
Larger buffers may be necessary to more accurately capture
neighborhood attributes in more suburban or rural areas,
particularly for attributes such as green space and park access
[52-54]. No buffer size fully captures the bandwidth at which
neighborhood factors might influence PA; the most appro-
priate buffer to use may vary by age, urbanicity, and by
the neighborhood environment factor [24,55-57]. Because
all linkage was performed at one time, but future analyses
might want to consider different buffer sizes, we selected 3
sizes for all area-buffered environmental data: 500, 1000, and
5000 m. Notable exceptions to the buffering approach include
gentrification and Regional Price Parity (Table 2).

Demographic Harmonization

Trialists provided individual-level participant demographic
data. While we anticipated that the available demographic
variables would differ across trials, we requested that trials
share baseline demographic data, including gender or sex,
age, race, ethnicity, household size, or other variables that
could help us determine household size, any measure or
indicator of income and socioeconomic status, including

Table 3. Harmonized race values.
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income, educational level, insurance status, etc, and a variable
to indicate which group the participant was randomized
to. For trials where more than one household member
was included (ie, parent-child dyads), we requested that a
household ID be included.

A set of principles was developed to inform the harmo-
nization of race and ethnic identity categories across trials.
Race harmonization categories were based in part on review
of trialists’ collection of race and ethnicity data and were
further informed by racial harmonization methods used in
prior research [58]. Race values were not assumed or assigned
unless a participant was specifically asked and self-selected
or affirmed in the race or ethnicity category. For example,
in cases where a trial asked about race and ethnicity in a
single question, participants’ ethnicity was marked as missing
if they selected a race or ethnicity category other than
Hispanic, and participants’ race was marked as missing if
they selected only Hispanic. Participants who selected more
than one race category were categorized as multiracial, and
participants who selected “Other” for their race but did not
specify any specific races or specified a race other than
the designated categories were marked as Other for their
race. Ultimately, the harmonized racial categories included:
American Indian or Alaska Native, Asian, Black, Native
Hawaiian or Other Pacific Islander, White, Multiracial, Other,
or Missing (Table 3). Ethnicity categories were Hispanic or
Latino or not Hispanic or Latino. In trials where a specific
demographic population was recruited, and only individuals
from that specific demographic group were eligible for the
study, trialists typically did not record this information in
their demographic dataset. For such cases, we imputed the
relevant data (eg, for a trial whose inclusion criteria required
participants to self-identify as Black women, we imputed
their race as Black and their gender as female).

Harmonized race value Raw race values

American Indian Alaska Native « Native American

¢ American Indian or Alaskan Native

Asian ¢ South Asian

» Asian (having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent,

including Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and

Vietnam)
¢ Asian Indian
¢ Chinese
* Filipino
¢ Japanese
* Korean
¢ Vietnamese

¢ Other Asian

Black ¢ African American
¢ Black
Native Hawaiian or Other Pacific Islander .

Native Hawaiian or Other Pacific Islander (having origins in any of the original peoples of Hawaii, Guam,

Samoa, or other Pacific Islands)

¢ Pacific or Hawaiian

* Native Hawaiian or Pacific Islander
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Harmonized race value

Raw race values

White

Multiple

Other

¢ Guamanian or Chamorro

e Samoan

¢ Other Pacific Islander

¢ Caucasian
e White

* Non-Hispanic White

¢ More than one race

e Multiple

* Multiple selected race categories

¢ Multiracial

* Other race or origin

¢ Other

Education harmonization was informed by the education
categories used by trials in the pool. Education level for
adults was combined and collapsed as needed to create
six categories: (1) no schooling; (2) less than high school
degree; (3) high school degree or General Educational

Table 4. Education harmonization mapping.

Development; (4) some college, including technical school or
associate’s degree; (5) bachelor’s degree; (6) some postgrad-
uate education or more (Table 4). For trials that recruited
children and collected data on parent education, we harmon-
ized parent education according to these same 6 categories.

Harmonized education value

Raw education values from trial data

No schooling

Less than high school degree

High school degree or GED

Some college, technical, or associate school

Bachelor’s degree

No schooling

Less than 7th grade
8th grade or less
Less than 8th grade
Grades 0-8

Grades 1-8

Less than high school
Some high school

Junior high or middle school

8th grade or more, but less than high school

Grades 9-11

11th grade or less

Partial high school

12-13 years

High school degree or GED*
Completed high school

High school degree

High school diploma or GED
High school or equivalent (9-12)
High school graduate

High school

Some college

14-15 years

Trade or technical school

Some college or vocational training
1-3 years of college

Associate’s degree

Technical school certificate

Some college or technical school

2 years of college, AAP or technical school

College (13-16)

College or vocational or technical school

2-year college
College graduate
16-17 years

Completed college or university
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Harmonized education value

Raw education values from trial data

e Bachelor’s degree
¢ College (BSC or BAd)

¢ College degree

¢ College or university

¢ Graduated from college

* 4-year college

Some postgraduate education

¢ Graduate degree

* 18 or more years

* Postgraduate training

* Completed graduate degree

* Postgraduate or professional degree

* Graduate work or higher

¢ Master’s degree

¢ Doctoral degree

* Postgraduate degree

e PhD or equivalent

» Postgraduate or advanced degree

3GED: General Educational Development.
PAA: Associate of Arts.

°BS: Bachelor of Science.

dBA: Bachelor of Arts.

Harmonizing participant-reported income data was challeng-
ing. Preharmonization tables provided no clear options for
harmonizing income by collapsing or combining categories
(as having categories was the common practice, such as <US
$20,000, US $20,001-US $40,000, etc) due to vastly different
ranges of income categories across trials. It was particu-
larly problematic to determine how to harmonize across the
highest income category option, given the variability across
trials and the open-ended nature of the highest category (eg,
>US $75,000 vs >US $300,000). Furthermore, because the
purchasing power of income varies across regions, the same
income level might represent substantially different economic
resources for participants in trials in different geographic
regions. Due to these complexities, we chose to use not
to harmonize income at all for primary aims analyses, but
rather to use a nonharmonized within-trial categorical income
variable for confounding adjustment in analyses.

Physical Activity Harmonization

Each InSPACE trial and the associated intervention took
place over its own distinct amount of time (eg, some trials
lasted weeks and some months or years). Trialists provided
individual-level accelerometry files for each data collection
period. We defined baseline accelerometry data to include
all accelerometry data collected prior to the start of the
intervention. We defined the postintervention accelerometry
data to be the first tranche of data collected after the end
of the intervention period. Some trialists shared additional
follow-up accelerometry data (eg, after noncontact follow-up
periods), which we harmonized for use in future analyses.
We processed the data using established definitions of valid
accelerometry data, based on existing literature. Our primary
definition of valid accelerometry data requires 8 hours of
wear time per day for a given day to be valid, and 3 days of
valid wear time for a given time period of data collection to
be considered valid [59]. Baseline, postintervention, and any
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additional follow-up after postintervention accelerometry data
were processed using R (R Core Team) as detailed below.

We requested accelerometry data in the rawest form
available. For example, in most cases, Actigraph accelerome-
ter (most common device used in pooled trials) files were
shared in ActiLife’s native file format (agd), or as a csv file
aggregated at no more than the 1-minute epoch level to ensure
that the InSPACE team could implement consistent wear
time and conversion to physical activity minutes processing
protocols across all participants from different trials. Most
(31/39, 79%) of trialists used hip-worn Actigraph accelerom-
eters (models 7146, GT3X, or GT9X). However, data from
wrist-worn Actigraph, thigh-worn activPAL3, and wrist-worn
Actical and GENEactiv accelerometers were also included in
the pooled accelerometry data (see below for differences in
processing dependent on wear site).

While trials with only day-level accelerometry data were
not considered eligible during screening, there were 2 trials
that were recruited and entered into a contract believing
that they had minute-level accelerometry data but ultimately
were only able to locate day-level accelerometry data. In
these cases, we confirmed with the trialists’ study team the
specific wear time algorithm used as well as the activity count
thresholds to determine whether these could rigorously be
combined with the other harmonized and processed acceler-
ometry data.

Due to varying accelerometer types, wear locations,
and file types, we developed a process to derive minute-
and day-level accelerometry summaries for each participant
in each study at baseline and postintervention. First, we
summarized axis counts for each individual at each data
collection time point by 1-minute epochs and derived a
wear-time indicator variable using a previously validated
wear-time algorithm [60]. Next, an indicator variable was
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derived that categorized each minute as moderate-to-vigorous
physical activity (MVPA) based on the axis count threshold
that aligned with the accelerometer type, wear location, and
age of the participant [61-66]. Because we did not consis-
tently have triaxial data across all trials, we chose to use only
the vertical axis counts to determine wear time and MVPA.

One trial used wrist-worn GENEActiv devices and
provided the raw accelerometry data in gravitational units.
For this study, wear time was determined using an SD-based
approach developed by van Hees et al [67,68]. This approach
uses a 60-minute time window with 15-minute overlapping
increments. Physical activity thresholds for this study were
based on the mean acceleration per epoch rather than counts
per minute to be consistent with available validation studies
for GENEActiv accelerometry data [69].

To establish MVPA thresholds used for examining
physical activity, we conducted a literature review of MVPA
threshold validation studies for all types of accelerometers
across all participant ages represented in participating trials,
as well as thresholds used by participating trialists. Using
this information, we chose appropriate MVPA thresholds that
(1) considered vertical axis counts only (as opposed to a
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triaxial vector magnitude measure), (2) were most frequently
used by InSPACE trialists, and (3) were well established and
commonly used in other physical activity studies (Table 5).
Once a threshold was chosen for each accelerometer type,
wear location, and age group combination represented the
pooled dataset, we applied the chosen thresholds to the pooled
accelerometry data to create harmonized PA measures across
trials. In cases where age was missing for an individual, study
population information was used to categorize the individual
as adult, child, or older adult to choose an appropriate MVPA
cut point. The current process has documented the accelerom-
eter types, wear location, and age group combinations that are
present across all currently recruited trials. If additional trials
were to be recruited, the InSPACE investigator team would
conduct a similar process for establishing the appropriate
MVPA threshold, using existing validation studies that are
relevant for the accelerometer type, wear location, and age
group as well as the MVPA threshold used by the trial to
inform the decision-making process. Raw accelerometry data
for all studies will also be available to researchers to allow
for different processing and harmonization approaches or to
conduct sensitivity analyses.

Table 5. Moderate-to-vigorous physical activity thresholds by accelerometer type, wear location, and participant age.

Accelerometer MVPA? threshold
Actigraph
Wrist
Adults (18 - 65) 4730 cpm®
Hip
Children (<18) 2296 cpm®
Adults (18-65) 1952 cpmd
Older adults (>65) 1041 cpm®
Actical
Hip
Adults (=18) 1535 cpm!
Children (<18) 1600 cpm!
ActivPAL
Thigh
Adults (18-65) 12,028 cpm&
GeneActiv
Wrist
Adults (18-65) 93.2 mgh
Children (<18) 191.6 mgh

AMVPA: moderate-to-vigorous physical activity.

bCounts per minute; weighted average of calibrated thresholds [64,66].
CCalibrated on uniaxial counts on children 5-8 years old [62].
dCalibration of uniaxial counts [63].

€Calibration of uniaxial counts [61].

fCalibration of uniaxial counts [70].

gBased on 3007 counts per 15-second epoch [65].

M Threshold based on average gravitational units (mg) [69,71].

Day-level summaries for each participant provided the total
wear minutes per day, which were used to determine whether
a given day was valid. Accelerometry days were consid-
ered valid if the day included 8 or more hours of wear
time [59]. Of the included trials, 95% (n=37) trials reques-
ted that participants wear the accelerometer for 7 days
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at each assessment time point. One trial had participants
wear accelerometers continuously throughout the interven-
tion and into the postintervention period, so we extracted 7
days postintervention from the continuous data collection.
Participants with fewer than 3 days of valid accelerome-
try data at baseline or postintervention were excluded. An
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exception was made for data from one trial that collected
only 2 days of accelerometry data at each time point. For
this trial, any participant with at least 2 valid days with 8
or more hours of wear time for baseline and postintervention
was included. A final wide-format InSPACE accelerometry
dataset was created that included a variable for the mean

Youngbloom et al

minutes of MVPA per valid baseline day, mean minutes of
MVPA per valid postintervention day, the type of accelerom-
eter and the specific threshold used to define MVPA, total
valid days at baseline, and total valid days at postintervention.
Figure 1 shows the full cycle of trial recruitment and data
collection and processing.

Figure 1. Interventions Supporting Physical Activity and the Environment data workflow diagram. ACMT: Automatic Context Measurement Tool;
InSPACE: Interventions Supporting Physical Activity and the Environment; IRB: institutional review board; MVPA: moderate-to-vigorous physical

activity.
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*» Combine initial wear and rewear or replace initial wear data with rewear if
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time periods with expected time period, examination of outliers, and
inspection of potential delivery days.
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» Generate participant-level summaries describing total valid days for
baseline and postintervention, total minutes MVPA per valid day for
baseline and postintervention.

\
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Accelerometry Rewear Data

In some cases, trialists recontacted individuals whose initial
accelerometry data did not provide adequate data (ie, not
enough valid wear days) and asked participants to wear the
accelerometer again. For these “rewear” scenarios, we applied
the following logic: if valid rewear data were available and
initial wear data did not have any valid days, only the rewear
data were used. If both the initial wear data and rewear data
contained valid wear days, we used the initial wear data up to
the first valid rewear day and combined the initial wear data
with all valid rewear days.

Visual Inspection of Delivery Days

Several quality assurance reports were generated to help
us validate accelerometry data. We did not have complete
data from trialists about when and if accelerometers were
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delivered or returned via mail. Some trials gave acceler-
ometers to participants in person, and some mailed them,
and at least 1 trial removed delivery days prior to sharing
their accelerometry with the InSPACE team. While previous
studies have used machine learning to develop algorithms for
identifying delivery days (Moore et al [72]), the inconsisten-
cies in expected delivery days and the lack of triaxial data
across all InSPACE trials required us to use a combination
of algorithm and manual review to identify potential delivery
days.

In reviewing the pooled accelerometry data, we were
primarily concerned with days that were marked as a valid
wear day (ie, 480 or more minutes of wear time) but were
capturing movement of the accelerometer in transit. Days that
were already marked as invalid due to insufficient wear time
were not reviewed as potential delivery days, given that they
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were already excluded from analysis. In a manual review
of data from 2 trials, we identified patterns that resembled
potential delivery days. Participants were expected to wear
devices for 7 consecutive days, so we identified deviations
from this pattern, such as 1 or 2 days marked as a valid
wear day, followed by or preceded by 2 or more invalid days
(Figure 2), potentially indicating the device was in transit.
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When this pattern was identified for individuals who had 4 or
more consecutive days of valid wear time, we flagged these
individuals for manual review. Flagged days were visually
inspected using a plot of accelerometer counts (refer to Figure
2 for a visual of marked possible delivery days) and con-
firmed as likely delivery (nonwear) days.

Figure 2. Plot of potential delivery days for an individual baseline data collection period with wear minutes per day at the top.

1010 1440 1242 1055 1440 996 927
Tu We Th Fr Sa Su Mo

Accel counts

Time

Accelerometer Data Collection Dates

Additional QA reports were created to examine the time
elapsed between the baseline accelerometry data collection
and postintervention data collection. Time between data
collection periods was compared to expected time elapsed
based on trial metadata (eg, the planned length of time of
the intervention) to ensure that accelerometry data files were
properly sorted into baseline and postintervention files, and
that there were no accelerometry data that were potentially
overlapping in time with the trial intervention period for
the participant, particularly for interventions that included
an intervention team-facilitated physical activity component.
In cases where baseline and postintervention accelerometry
data overlapped, accelerometry start dates were compared
to expected start dates for accelerometry data collection for
baseline and postintervention, and only one set of acceler-
ometry data was retained, while the other was omitted due
to overlapping data collection period. If no other accelerom-
etry data were available for the individual for the missing
data collection period, the individual was omitted from the
analysis.

Ethical Considerations

The InSPACE project was approved by Seattle Children’s
IRB (STUDY00002955). Because of the nature of InSPACE
and the fact that the trials whose data were contributed to
the data pool were already covered under the IRB of the
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Day type
Invalid day
2 valid day
A Valid day, possible delivery

L

trialist’s institution, this study was determined not to require a
single-site IRB. The InSPACE study team provided boiler-
plate IRB language to study teams and offered individual
consultation regarding approaches for seeking IRB approval
at the trial site. These template documents were updated
throughout the recruitment period in response to patterns and
common questions that emerged from working with many
teams over time. Given that all recruited trials chose to
have their own trial team geocode and generate environmen-
tal measures, only deidentified data were shared with the
InSPACE team, allowing for a much simpler IRB process at
the pooled level.

il 'M

Dec a1

IRB review and approval for participating trials generally
followed one of four patterns: (1) Most commonly, the site
IRB considered the InSPACE work exempt, and no modifica-
tions were required. (2) The trial had existing data sharing
language in its protocol or consent documents and had to
create a modification and get IRB approval for the new use
of the data as a part of InSPACE. (3) The site did not have
data sharing language already in their protocol or consent
documents and had to create and get IRB approval for a
modification requesting a waiver of reconsent and adding data
sharing to the protocol. (4) The IRB did not approve the use
of the participants’ home address data. This fourth scenario
arose most often when the trial’s investigator had changed
institutions and was not allowed to transfer identifiable data
as part of the move. In some cases, trials were closed with

JMIR Res Protoc 2026 | vol. 15 1e83151 I p. 11
(page number not for citation purposes)


https://www.researchprotocols.org/2026/1/e83151

JMIR RESEARCH PROTOCOLS

their IRB and needed to be reopened before modification
requests and approvals could be made.

Results

As part of the InSPACE project, we recruited 39 physical
activity intervention trials across the United States as of
August 2025. Trial sample sizes ranged from 32 participants
to over 500 participants. Nine of the trials explicitly recruited
children (<18 years old), 2 of which recruited parent-child
dyads. Trials with parent-child or 2-adult (couple-dyads)
are identified by household or family IDs to account for
their identical environmental exposures. Trial recruitment is
completed as of August 2025, and analysis of the additional
8 recruited trials will be completed in 2026, with results
expected to be published in late 2026.

One initially recruited trial was ultimately unable to locate
accelerometry data and was thus omitted. Two participating
trials discovered after entering into a contract with InSPACE
that they only had accelerometry data available at the day
level, summarized using trial-specific wear-time validation
and MVPA thresholds. These data were retained in the
InSPACE pool but flagged due to the potential lack of
consistency in PA summarization. Additionally, we omitted

Table 6. Availability of demographic variables across trials (N=31).
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participants from one trial whose postintervention accelerom-
etry data were collected after March 2020, due to the potential
influence of COVID-19 restrictions on physical activity.

All recruited trials collected data on age and either
collected data on sex/gender or explicitly recruited only
participants of a particular sex/gender. In 94% of the trials,
race was either explicitly collected or recruitment was
restricted to a particular racial group. The availability of
additional demographic variables across the recruited trials
is shown in Table 6.

Of the 39 recruited trials as of August 2025, we have
completed data processing and harmonization for 31 trials.
Some trials provided some data for all potential participants,
including those who were not ultimately randomized, while
others only included randomized participants. A total of 4471
participants who had been randomized to an intervention were
included in the pooled data. Of those randomized, 97.5%
(4360) of participants had addressed that InSPACE trialists
were able to geocode and link to environmental measures,
and 76.4% (3417) of randomized participants had at least 1
valid day of accelerometry data, with 49.4% (2208) of the
randomized participants having complete, valid baseline and
postintervention data.

Demographic variable

Trials that collected data, n (%)

Age 31 (100)
Race? 29 (94)
Ethnicity? 29 (94)
Gender? 31 (100)
Education (adult trials) 22 (71)
Parent education (trials with children) 31 (100)
Income 24 (77)
Household size 15 (48)

4ncludes trials that did not explicitly collect the demographic variable, but whose study population was selected based on a specific demographic

characteristic.

Discussion

Data Pooling

To date, research on whether the built environment can
modify the effectiveness of physical activity interventions
has been limited by small sample sizes and the limited
geographic spread of participants. The InSPACE project is
creating a pooled dataset of physical activity intervention trial
participants along with derived individual participant home
neighborhood environmental attributes to be used in studying
the role of the environment in influencing physical activity
promotion. We have also documented our processes of data
collection and harmonization for use in future work.

Strengths and Challenges

There are numerous strengths of the pooled InSPACE
dataset. We used standardized methods to analyze all
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accelerometry data to ensure consistency in defining wear
time and operationalizing MVPA. We also linked standar-
dized environmental measures using our own standardized
interpolation methods to ensure consistency across all pooled
trials, rather than harmonizing any trial-specific measures.
Trialists themselves used the ACMT to geocode and generate
environmental measures, so no sharing of address or other
identifying data was required, greatly streamlining the IRB
process for the InSPACE team and for participating tria-
lists. We included numerous environmental measures of
interest, including attributes of the social, economic, and
built environment allowing us to explore several potential
pathways through which the environment may affect physical
activity changes within intervention trials.

The InSPACE study is further strengthened by the input
of numerous experts in the field of physical intervention
trials who made up the SAC. These individuals assisted us
in identifying and recruiting trials across the country to help
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ensure the diversity of participants in the pooled trial and a
variety of intervention types.

We also faced several challenges both in recruiting trials
and in harmonizing trial data. Due to the challenges of
harmonizing income data across trials and the considera-
bly different income categories captured across trials, we
do not have a consistent measure of income or socioeco-
nomic status for participants in the pooled data but rather
maintain the study-specific income variables. This approach
reduces potential bias that may be introduced in harmonizing
vastly different income groups but also makes comparisons
by individual income levels more complex. Despite these
limitations in harmonizing income, we do have harmonized
education level for participants themselves (for adults) or for
the parent of the participant (for children) in 94% of the
pooled trials, which may provide a proxy for socioeconomic
status.

Additionally, while we created standard measures of
MVPA across trials using existing validation studies for
the specific accelerometry type and wear location, there is
potential for error in using standardized uniaxial count-based
measures of physical activity, and there remains a lack
of consensus on the accurate count threshold for hip-worn
accelerometers among older adults and for wrist-worn devices
among all ages. Different thresholds or approaches to
measuring MVPA with accelerometry data can result in vastly
different measures of physical activity [73,74]. However,
uniaxial count-based measures are a convenient and well-
studied method of measuring physical activity that can be
applied to numerous types of devices, including both uniaxial
and triaxial.

Next Steps

Since we anticipate that the InSPACE data pool might be
usable to address questions outside of the primary aims of
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InSPACE, we developed a process for the use of pooled
data outside of the scope of InSPACE. Language regarding
this process was included in the data use agreement with
consortium trials. Proposals from the InSPACE consortium
trialists or from anyone outside the InSPACE Investigator
team are first reviewed by the InSPACE Investigator team
where they determine whether the proposed research question
(1) provides an important contribution to the field and is
addressable using InSPACE data, (2) is outside of the original
InSPACE aims, and (3) is within the scope of InSPACE
(ie, focuses on environmental factors related to physical
activity). Once approval from the InSPACE investigators’
team is obtained, the proposal is brought to the SAC for
final approval. For proposals that fall outside the scope of
InSPACE, additional consent from all participating trialists
is required for access to their data. Proposals brought
from the InSPACE Investigators team do not require SAC
approval if the proposed research question falls within the
scope of the InNSPACE. We are hopeful that the InSPACE
data pool will provide opportunities to address additional
interesting questions around physical activity and neighbor-
hood environment.

Conclusion

Despite the challenges in gathering and harmonizing data
across InSPACE trials, the resulting pooled dataset provides
a unique opportunity to examine the potential effect of the
environment on physical activity changes in the context of
interventions seeking to increase this behavior.

Acknowledgments

Map data are copyrighted by OpenStreetMap contributors and available from [75].

Thank you to all the members of the Scientific Advisory Committee for their contributions to our evolving trial eligibility
criteria and the development of our data harmonization protocols. Members include Jim Sallis, PhD (SAC Chair); Marc
Adams, PhD; Monica Baskin, PhD; Ross Brownson, PhD; Abby King, PhD; David X. Marquez, PhD; Tiffany Powell-Wiley,
PhD.

Funding

Research reported in this publication was supported in part by the National Heart Lung and Blood Institute of the National
Institutes of Health (NIH) under award number ROIHL157188. It is subject to the NIH Public Access Policy. Through
acceptance of this federal funding, NIH has been given a right to make this manuscript publicly available in PubMed Central
upon the Official Date of Publication, as defined by NIH. The content is solely the responsibility of the authors and does not
necessarily represent official views of the NIH.

Data Availability

The datasets generated during this study are available from the corresponding author upon reasonable request and approval (see
Next Steps section for further description of the data request process).

Authors’ Contributions

Funding acquisition: BES, AS, SIM
Project administration: MR, BES

Data curation and software: AJY, SIM, KS

JMIR Res Protoc 2026 | vol. 15 1e83151 | p. 13
(page number not for citation purposes)

https://www .researchprotocols.org/2026/1/e83151


https://www.researchprotocols.org/2026/1/e83151

JMIR RESEARCH PROTOCOLS Youngbloom et al

Writing — original draft: MR, AJY
Writing — review & editing: BES, MR, SIM, AS, KS, AJY

Conflicts of Interest
None declared.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Abell B, Glasziou P, Hoffmann T. The contribution of individual exercise training components to clinical outcomes in
randomised controlled trials of cardiac rehabilitation: a systematic review and meta-regression. Sports Med Open. Dec
2017;3(1):19. [doi: 10.1186/s40798-017-0086-z] [Medline: 28477308]

Anderson D, Seib C, Rasmussen L. Can physical activity prevent physical and cognitive decline in postmenopausal
women? A systematic review of the literature. Maturitas. Sep 2014;79(1):14-33. [doi: 10.1016/j.maturitas.2014.06.010]
[Medline: 25008420]

Kyu HH, Bachman VF, Alexander LT, et al. Physical activity and risk of breast cancer, colon cancer, diabetes, ischemic
heart disease, and ischemic stroke events: systematic review and dose-response meta-analysis for the Global Burden of
Disease Study 2013. BMJ. Aug 9, 2016;354:13857. [doi: 10.1136/bmj.i3857] [Medline: 27510511]

Warburton DER, Bredin SSD. Health benefits of physical activity: a systematic review of current systematic reviews.
Curr Opin Cardiol. Sep 2017;32(5):541-556. [doi: 10.1097/HCO.0000000000000437] [Medline: 28708630]

Abdin S, Welch RK, Byron-Daniel J, Meyrick J. The effectiveness of physical activity interventions in improving well-
being across office-based workplace settings: a systematic review. Public Health (Fairfax). Jul 2018;160:70-76. [doi: 10.
1016/j.puhe.2018.03.029] [Medline: 29751224]

Adamson BC, Ensari I, Motl RW. Effect of exercise on depressive symptoms in adults with neurologic disorders: a
systematic review and meta-analysis. Arch Phys Med Rehabil. Jul 2015;96(7):1329-1338. [doi: 10.1016/j.apmr.2015.01.
005] [Medline: 25596001]

Elgaddal N, Kramarow EA, Reuben C. Physical activity among adults aged 18 and over: United States 2020. Centers for
Disease Control and Prevention. 2022. URL.: https://stacks.cdc.gov/view/cdc/120213 [Accessed 2025-03-14]

Piercy KL, Troiano RP, Ballard RM, et al. The physical activity guidelines for Americans. JAMA. Nov 20,
2018;320(19):2020-2028. [doi: 10.1001/jama.2018.14854] [Medline: 30418471]

Adams MA, Hurley JC, Phillips CB, et al. Rationale, design, and baseline characteristics of WalkIT Arizona: a factorial
randomized trial testing adaptive goals and financial reinforcement to increase walking across higher and lower walkable
neighborhoods. Contemp Clin Trials. Jun 2019;81:87-101. [doi: 10.1016/j.cct.2019.05.001] [Medline: 31063868]
Chasan-Taber L, Marcus BH, Rosal MC, et al. Proyecto Mama: a lifestyle intervention in overweight and obese Hispanic
women: a randomised controlled trial--study protocol. BMC Pregnancy Childbirth. Jul 30,2015;15(1):157. [doi: 10.
1186/s12884-015-0575-3] [Medline: 26223246]

Crist K, Full KM, Linke S, et al. Health effects and cost-effectiveness of a multilevel physical activity intervention in
low-income older adults; results from the PEP4PA cluster randomized controlled trial. Int J Behav Nutr Phys Act. Jun
27,2022;19(1):75. [doi: 10.1186/s12966-022-01309-w] [Medline: 35761363]

Gell NM, Grover KW, Savard L, Dittus K. Outcomes of a text message, Fitbit, and coaching intervention on physical
activity maintenance among cancer survivors: a randomized control pilot trial. J Cancer Surviv. Feb 2020;14(1):80-88.
[doi: 10.1007/s11764-019-00831-4] [Medline: 31776849]

Jake-Schoffman DE, Turner-McGrievy G, Wilcox S, Moore JB, Hussey JR, Kaczynski AT. The mFIT (Motivating
Families with Interactive Technology) Study: a randomized pilot to promote physical activity and healthy eating through
mobile technology. J technol behav sci. Sep 2018;3(3):179-189. [doi: 10.1007/s41347-018-0052-8]

Keadle SK, Meuter L, Phelan S, Phillips SM. Charity-based incentives motivate young adult cancer survivors to increase
physical activity: a pilot randomized clinical trial. J Behav Med. Oct 2021;44(5):682-693. [doi: 10.1007/s10865-021-
00218-w] [Medline: 33825070]

King AC, Campero I, Sheats JL, et al. Testing the effectiveness of physical activity advice delivered via text messaging
vs. human phone advisors in a Latino population: the On The Move randomized controlled trial design and methods.
Contemp Clin Trials. Aug 2020;95:106084. [doi: 10.1016/j.cct.2020.106084] [Medline: 32659437]

Mendoza JA, Baker KS, Moreno MA, et al. A Fitbit and Facebook mHealth intervention for promoting physical activity
among adolescent and young adult childhood cancer survivors: a pilot study. Pediatr Blood Cancer. Dec
2017;64(12):e26660. [doi: 10.1002/pbc.26660] [Medline: 28618158]

Pekmezi D, Ainsworth C, Joseph R, et al. Rationale, design, and baseline findings from HIPP: a randomized controlled
trial testing a home-based, individually-tailored physical activity print intervention for African American women in the
Deep South. Contemp Clin Trials. Mar 2016;47:340-348. [doi: 10.1016/j.cct.2016.02.009] [Medline: 26944022]

Conn VS, Hafdahl AR, Mehr DR. Interventions to increase physical activity among healthy adults: meta-analysis of
outcomes. Am J Public Health. Apr 2011;101(4):751-758. [doi: 10.2105/AJPH.2010.194381] [Medline: 21330590]

https://www .researchprotocols.org/2026/1/e83151 JMIR Res Protoc 2026 | vol. 15 1e83151 | p. 14

(page number not for citation purposes)


https://doi.org/10.1186/s40798-017-0086-z
http://www.ncbi.nlm.nih.gov/pubmed/28477308
https://doi.org/10.1016/j.maturitas.2014.06.010
http://www.ncbi.nlm.nih.gov/pubmed/25008420
https://doi.org/10.1136/bmj.i3857
http://www.ncbi.nlm.nih.gov/pubmed/27510511
https://doi.org/10.1097/HCO.0000000000000437
http://www.ncbi.nlm.nih.gov/pubmed/28708630
https://doi.org/10.1016/j.puhe.2018.03.029
https://doi.org/10.1016/j.puhe.2018.03.029
http://www.ncbi.nlm.nih.gov/pubmed/29751224
https://doi.org/10.1016/j.apmr.2015.01.005
https://doi.org/10.1016/j.apmr.2015.01.005
http://www.ncbi.nlm.nih.gov/pubmed/25596001
https://stacks.cdc.gov/view/cdc/120213
https://doi.org/10.1001/jama.2018.14854
http://www.ncbi.nlm.nih.gov/pubmed/30418471
https://doi.org/10.1016/j.cct.2019.05.001
http://www.ncbi.nlm.nih.gov/pubmed/31063868
https://doi.org/10.1186/s12884-015-0575-3
https://doi.org/10.1186/s12884-015-0575-3
http://www.ncbi.nlm.nih.gov/pubmed/26223246
https://doi.org/10.1186/s12966-022-01309-w
http://www.ncbi.nlm.nih.gov/pubmed/35761363
https://doi.org/10.1007/s11764-019-00831-4
http://www.ncbi.nlm.nih.gov/pubmed/31776849
https://doi.org/10.1007/s41347-018-0052-8
https://doi.org/10.1007/s10865-021-00218-w
https://doi.org/10.1007/s10865-021-00218-w
http://www.ncbi.nlm.nih.gov/pubmed/33825070
https://doi.org/10.1016/j.cct.2020.106084
http://www.ncbi.nlm.nih.gov/pubmed/32659437
https://doi.org/10.1002/pbc.26660
http://www.ncbi.nlm.nih.gov/pubmed/28618158
https://doi.org/10.1016/j.cct.2016.02.009
http://www.ncbi.nlm.nih.gov/pubmed/26944022
https://doi.org/10.2105/AJPH.2010.194381
http://www.ncbi.nlm.nih.gov/pubmed/21330590
https://www.researchprotocols.org/2026/1/e83151

JMIR RESEARCH PROTOCOLS Youngbloom et al

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Gasana J, O’Keeffe T, Withers TM, Greaves CJ. A systematic review and meta-analysis of the long-term effects of
physical activity interventions on objectively measured outcomes. BMC Public Health. Sep 2, 2023;23(1):1697. [doi: 10.
1186/s12889-023-16541-7] [Medline: 37660119]

Murray JM, Brennan SF, French DP, Patterson CC, Kee F, Hunter RF. Effectiveness of physical activity interventions in
achieving behaviour change maintenance in young and middle aged adults: a systematic review and meta-analysis. Soc
Sci Med. Nov 2017;192:125-133. [doi: 10.1016/j.socscimed.2017.09.021] [Medline: 28965003]

Akwo EA, Kabagambe EK, Harrell FE Jr, et al. Neighborhood deprivation predicts heart failure risk in a low-income
population of Blacks and Whites in the Southeastern United States. Circ Cardiovasc Qual Outcomes. Jan
2018;11(1):e004052. [doi: 10.1161/CIRCOUTCOMES.117.004052] [Medline: 29317456]

Frank LD, Iroz-Elardo N, MacLeod KE, Hong A. Pathways from built environment to health: a conceptual framework
linking behavior and exposure-based impacts. J Transp Health. Mar 2019;12:319-335. [doi: 10.1016/j.jth.2018.11.008]
Laddu D, Paluch AE, LaMonte MJ. The role of the built environment in promoting movement and physical activity
across the lifespan: implications for public health. Prog Cardiovasc Dis. 2021;64:33-40. [doi: 10.1016/j.pcad.2020.12.
009] [Medline: 33428966]

Villanueva K, Knuiman M, Nathan A, et al. The impact of neighborhood walkability on walking: does it differ across
adult life stage and does neighborhood buffer size matter? Health Place. Jan 2014;25:43-46. [doi: 10.1016/j.healthplace.
2013.10.005] [Medline: 24239702]

WeiJ, Wu Y, Zheng J, Nie P, Jia P, Wang Y. Neighborhood sidewalk access and childhood obesity. Obes Rev. Feb
2021;22 Suppl 1(Suppl 1):e13057. [doi: 10.1111/0br.13057] [Medline: 32638457]

Cohen DA, Han B, Nagel CJ, et al. The first national study of neighborhood parks: implications for physical activity. Am
J Prev Med. Oct 2016;51(4):419-426. URL: https://www.rand.org/pubs/external publications/EP66493 .html [Accessed
2024-08-27] [doi: 10.1016/j.amepre.2016.03.021] [Medline: 27209496]

Cohen DA, Leuschner KJ. How can neighborhood parks be used to increase physical activity? Rand Health Q. May
2019;8(3):4. [Medline: 31205804]

Schipperijn J, Bentsen P, Troelsen J, Toftager M, Stigsdotter UK. Associations between physical activity and
characteristics of urban green space. Urban For Urban Green. Jan 2013;12(1):109-116. [doi: 10.1016/j.ufug.2012.12.002]
Douglas JA, Briones MD, Bauer EZ, Trujillo M, Lopez M, Subica AM. Social and environmental determinants of
physical activity in urban parks: testing a neighborhood disorder model. Prev Med. Apr 2018;109:119-124. [doi: 10.
1016/j.ypmed.2018.01.013] [Medline: 29366818]

Kerr J, Norman GJ, Adams MA, et al. Do neighborhood environments moderate the effect of physical activity lifestyle
interventions in adults? Health Place. Sep 2010;16(5):903-908. [doi: 10.1016/j.healthplace.2010.05.002] [Medline:
20510642]

King AC, Toobert D, Ahn D, et al. Perceived environments as physical activity correlates and moderators of intervention
in five studies. Am J Health Promot. 2006;21(1):24-35. [doi: 10.1177/089011710602100106] [Medline: 16977910]
Sallis JF, 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]
[Medline: 16533119]

Zhou W, Youngbloom A, Ren X, Saelens BE, Mooney SD, Mooney SJ. The Automatic Context Measurement Tool
(ACMT) to compile participant-specific built and social environment measures for health research: development and
usability study. JMIR Form Res. Oct 4, 2024;8:¢56510. [doi: 10.2196/56510] [Medline: 39365663]

Glanz K, Rimer BK, Viswanath K. Health Behavior and Health Education: Theory, Research, and Practice. 4th ed.
Jossey-Bass/Wiley; 2008. ISBN: 978-0-7879-9614-7

Rundle AG, Bader MDM, Mooney SJ. The disclosure of personally identifiable information in studies of neighborhood
contexts and patient outcomes. J Med Internet Res. Mar 17, 2022;24(3):e30619. [doi: 10.2196/30619] [Medline:
35103610]

Corti P, Kraft TJ, Mather SV, Park B. PostGIS Cookbook: Over 80 Task-Based Recipes to Store, Organize, Manipulate,
and Analyze Spatial Data in a PostGIS Database Reprint. Packt Publishing; 2014. ISBN: 978-1849518666

American Community Survey (ACS). US Census Bureau. URL: https://www.census.gov/programs-surveys/acs
[Accessed 2025-03-27]

Census tract level state maps of the modified food environment index (mRFEI). Centers for Disease Control and
Prevention. National Center for Chronic Disease Prevention and Health Promotion (U.S. Division of Nutrition, Physical
Activity, and Obesity); Apr 2012. URL: https://stacks.cdc.gov/view/cdc/61367 [Accessed 2026-01-06]

National walkability index. US Environmental Protection Agency. Jun 2021. URL: https://www.epa.gov/smartgrowth/
smart-location-mapping#walkability [Accessed 2026-01-06]

https://www researchprotocols.org/2026/1/e83151 JMIR Res Protoc 2026 | vol. 15 1e83151 I p. 15

(page number not for citation purposes)


https://doi.org/10.1186/s12889-023-16541-7
https://doi.org/10.1186/s12889-023-16541-7
http://www.ncbi.nlm.nih.gov/pubmed/37660119
https://doi.org/10.1016/j.socscimed.2017.09.021
http://www.ncbi.nlm.nih.gov/pubmed/28965003
https://doi.org/10.1161/CIRCOUTCOMES.117.004052
http://www.ncbi.nlm.nih.gov/pubmed/29317456
https://doi.org/10.1016/j.jth.2018.11.008
https://doi.org/10.1016/j.pcad.2020.12.009
https://doi.org/10.1016/j.pcad.2020.12.009
http://www.ncbi.nlm.nih.gov/pubmed/33428966
https://doi.org/10.1016/j.healthplace.2013.10.005
https://doi.org/10.1016/j.healthplace.2013.10.005
http://www.ncbi.nlm.nih.gov/pubmed/24239702
https://doi.org/10.1111/obr.13057
http://www.ncbi.nlm.nih.gov/pubmed/32638457
https://www.rand.org/pubs/external_publications/EP66493.html
https://doi.org/10.1016/j.amepre.2016.03.021
http://www.ncbi.nlm.nih.gov/pubmed/27209496
http://www.ncbi.nlm.nih.gov/pubmed/31205804
https://doi.org/10.1016/j.ufug.2012.12.002
https://doi.org/10.1016/j.ypmed.2018.01.013
https://doi.org/10.1016/j.ypmed.2018.01.013
http://www.ncbi.nlm.nih.gov/pubmed/29366818
https://doi.org/10.1016/j.healthplace.2010.05.002
http://www.ncbi.nlm.nih.gov/pubmed/20510642
https://doi.org/10.1177/089011710602100106
http://www.ncbi.nlm.nih.gov/pubmed/16977910
https://doi.org/10.1146/annurev.publhealth.27.021405.102100
http://www.ncbi.nlm.nih.gov/pubmed/16533119
https://doi.org/10.2196/56510
http://www.ncbi.nlm.nih.gov/pubmed/39365663
https://doi.org/10.2196/30619
http://www.ncbi.nlm.nih.gov/pubmed/35103610
https://www.census.gov/programs-surveys/acs
https://stacks.cdc.gov/view/cdc/61367
https://www.epa.gov/smartgrowth/smart-location-mapping#walkability
https://www.epa.gov/smartgrowth/smart-location-mapping#walkability
https://www.researchprotocols.org/2026/1/e83151

JMIR RESEARCH PROTOCOLS Youngbloom et al

40.

41.

42.
43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

About PLACES: local data for better health. Centers for Disease Control and Prevention. 2024. URL: https://www.cdc.
gov/places/about/index.html [Accessed 2025-03-27]

About annual NLCD. USGS. URL: https://www.usgs.gov/centers/eros/science/about-annual-nlcd [Accessed
2025-03-27]

Park data downloads. Trust for Public Land. URL: https://www.tpl.org/parkserve/downloads [Accessed 2023-02-21]
AGS CrimeRisk methdology. Applied Geographic Solutions. 2022. URL.: https://appliedgeographic.com/crimerisk/
[Accessed 2023-03-21]

Nguyen QC, Keralis JM, Dwivedi P, et al. Leveraging 31 million Google Street View images to characterize built
environments and examine county health outcomes. Public Health Rep. 2021;136(2):201-211. [doi: 10.1177/
0033354920968799] [Medline: 33211991]

Methodology for regional price parities, real personal consumption expenditures, and real personal income. Beureau of
Economic Analysis. Apr 2023. URL: https://www.bea.gov/data/prices-inflation/regional-price-parities-state-and-metro-
area [Accessed 2025-03-27]

Hirsch JA, Schinasi LH. A measure of gentrification for use in longitudinal public health studies in the US. Drexel
University Urban Health Collaborative; Aug 2019. URL: https://drexel.edu/uhc/resources/briefs/Measure-of-
Gentrification-for-Use-in-Longitudinal-Public-Health-Studies-in-the-US [Accessed 2025-12-04]

Finio N. Measurement and definition of gentrification in urban studies and planning. J Plan Lit. May
2022;37(2):249-264. [doi: 10.1177/08854122211051603]

Homer C, Dewitz J, Jin S, et al. Conterminous United States land cover change patterns 2001-2016 from the 2016
National Land Cover Database. ISPRS J Photogramm Remote Sens. Apr 2020;162:184-199. [doi: 10.1016/].isprsjprs.
2020.02.019] [Medline: 35746921]

Mooney SJ, Smith CM, Spalt EW, et al. Built environment change over time using Google Street View assessments of
Hispanic Community Health Study/Study of Latinos (HCHS/SOL) cities. J Urban Health. Jun 2025;102(3):670-679.
[doi: 10.1007/s11524-025-00980-1] [Medline: 40467920]

Hurvitz PM, Moudon AV, Kang B, Fesinmeyer MD, Saelens BE. How far from home? The locations of physical activity
in an urban U.S. setting. Prev Med. Dec 2014;69:181-186. [doi: 10.1016/j.ypmed.2014.08.034] [Medline: 25285750]
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. Jul 2013;45(7):1419-1428. [doi: 10.1249/MSS.
0b013e318285f202] [Medline: 23439414]

Addy CL, Wilson DK, Kirtland KA, Ainsworth BE, Sharpe P, Kimsey D. Associations of perceived social and physical
environmental supports with physical activity and walking behavior. Am J Public Health. Mar 2004;94(3):440-443. [doi:
10.2105/ajph.94.3.440] [Medline: 14998810]

Banda JA, Wilcox S, Colabianchi N, Hooker SP, Kaczynski AT, Hussey J. The associations between park environments
and park use in southern US communities. J Rural Health. 2014;30(4):369-378. [doi: 10.1111/jrh.12071] [Medline:
24717017]

Wilson DK, Kirtland KA, Ainsworth BE, Addy CL. Socioeconomic status and perceptions of access and safety for
physical activity. Ann Behav Med. Aug 2004;28(1):20-28. [doi: 10.1207/s15324796abm2801 4] [Medline: 15249256]
Brownson RC, Hoehner CM, Day K, Forsyth A, Sallis JF. Measuring the built environment for physical activity: state of
the science. Am J Prev Med. Apr 2009;36(4 Suppl):S99-123. [doi: 10.1016/j.amepre.2009.01.005] [Medline: 19285216]
Diez Roux AV, Evenson KR, McGinn AP, et al. Availability of recreational resources and physical activity in adults.
Am J Public Health. Mar 2007;97(3):493-499. [doi: 10.2105/AJPH.2006.087734] [Medline: 17267710]

Fotheringham AS, Wong DWS. The modifiable areal unit problem in multivariate statistical analysis. Environ Plan A.
Jul 1991;23(7):1025-1044. [doi: 10.1068/a231025]

Lyren A, Haines E, Fanta M, et al. Racial and ethnic disparities in common inpatient safety outcomes in a children’s
hospital cohort. BMJ Qual Saf. Jan 19, 2024;33(2):86-97. [doi: 10.1136/bmjgs-2022-015786] [Medline: 37460119]
Evenson KR, Wen F, Herring AH. Associations of accelerometry-assessed and self-reported physical activity and
sedentary behavior with all-cause and cardiovascular mortality among US adults. Am J Epidemiol. Nov 1,
2016;184(9):621-632. [doi: 10.1093/aje/kww070] [Medline: 27760774]

Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accelerometer wear and nonwear time classification
algorithm. Med Sci Sports Exerc. Feb 2011;43(2):357-364. [doi: 10.1249/MSS.0b013e3181ed61a3] [Medline:
20581716]

Copeland JL, Esliger DW. Accelerometer assessment of physical activity in active, healthy older adults. J] Aging Phys
Act. Jan 2009;17(1):17-30. [doi: 10.1123/japa.17.1.17] [Medline: 19299836]

Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of two objective measures of physical activity
for children. J Sports Sci. Dec 2008;26(14):1557-1565. [doi: 10.1080/02640410802334196] [Medline: 18949660]

https://www researchprotocols.org/2026/1/e83151 JMIR Res Protoc 2026 | vol. 15 1e83151 I p. 16

(page number not for citation purposes)


https://www.cdc.gov/places/about/index.html
https://www.cdc.gov/places/about/index.html
https://www.usgs.gov/centers/eros/science/about-annual-nlcd
https://www.tpl.org/parkserve/downloads
https://appliedgeographic.com/crimerisk/
https://doi.org/10.1177/0033354920968799
https://doi.org/10.1177/0033354920968799
http://www.ncbi.nlm.nih.gov/pubmed/33211991
https://www.bea.gov/data/prices-inflation/regional-price-parities-state-and-metro-area
https://www.bea.gov/data/prices-inflation/regional-price-parities-state-and-metro-area
https://drexel.edu/uhc/resources/briefs/Measure-of-Gentrification-for-Use-in-Longitudinal-Public-Health-Studies-in-the-US
https://drexel.edu/uhc/resources/briefs/Measure-of-Gentrification-for-Use-in-Longitudinal-Public-Health-Studies-in-the-US
https://doi.org/10.1177/08854122211051603
https://doi.org/10.1016/j.isprsjprs.2020.02.019
https://doi.org/10.1016/j.isprsjprs.2020.02.019
http://www.ncbi.nlm.nih.gov/pubmed/35746921
https://doi.org/10.1007/s11524-025-00980-1
http://www.ncbi.nlm.nih.gov/pubmed/40467920
https://doi.org/10.1016/j.ypmed.2014.08.034
http://www.ncbi.nlm.nih.gov/pubmed/25285750
https://doi.org/10.1249/MSS.0b013e318285f202
https://doi.org/10.1249/MSS.0b013e318285f202
http://www.ncbi.nlm.nih.gov/pubmed/23439414
https://doi.org/10.2105/ajph.94.3.440
http://www.ncbi.nlm.nih.gov/pubmed/14998810
https://doi.org/10.1111/jrh.12071
http://www.ncbi.nlm.nih.gov/pubmed/24717017
https://doi.org/10.1207/s15324796abm2801_4
http://www.ncbi.nlm.nih.gov/pubmed/15249256
https://doi.org/10.1016/j.amepre.2009.01.005
http://www.ncbi.nlm.nih.gov/pubmed/19285216
https://doi.org/10.2105/AJPH.2006.087734
http://www.ncbi.nlm.nih.gov/pubmed/17267710
https://doi.org/10.1068/a231025
https://doi.org/10.1136/bmjqs-2022-015786
http://www.ncbi.nlm.nih.gov/pubmed/37460119
https://doi.org/10.1093/aje/kww070
http://www.ncbi.nlm.nih.gov/pubmed/27760774
https://doi.org/10.1249/MSS.0b013e3181ed61a3
http://www.ncbi.nlm.nih.gov/pubmed/20581716
https://doi.org/10.1123/japa.17.1.17
http://www.ncbi.nlm.nih.gov/pubmed/19299836
https://doi.org/10.1080/02640410802334196
http://www.ncbi.nlm.nih.gov/pubmed/18949660
https://www.researchprotocols.org/2026/1/e83151

JMIR RESEARCH PROTOCOLS Youngbloom et al

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and Applications, Inc. accelerometer. Med Sci
Sports Exerc. May 1998;30(5):777-781. [doi: 10.1097/00005768-199805000-00021] [Medline: 9588623]

Lee P, Tse CY. Calibration of wrist-worn ActiWatch 2 and ActiGraph wGT3X for assessment of physical activity in
young adults. Gait Posture. Feb 2019;68:141-149. [doi: 10.1016/j.gaitpost.2018.11.023] [Medline: 30476691]

Powell C, Carson BP, Dowd KP, Donnelly AE. Simultaneous validation of five activity monitors for use in adult
populations. Scand J Med Sci Sports. Dec 2017;27(12):1881-1892. [doi: 10.1111/sms.12813] [Medline: 27905148]
Rhudy MB, Dreisbach SB, Moran MD, Ruggiero MJ, Veerabhadrappa P. Cut points of the Actigraph GT9X for
moderate and vigorous intensity physical activity at four different wear locations. J Sports Sci. Mar 2020;38(5):503-510.
[doi: 10.1080/02640414.2019.1707956] [Medline: 31865845]

van Hees VT, Gorzelniak L, Dean Le6n EC, et al. Separating movement and gravity components in an acceleration
signal and implications for the assessment of human daily physical activity. PLoS One. 2013;8(4):¢61691. [doi: 10.1371/
journal.pone.0061691] [Medline: 23626718]

van Hees VT, Renstrom F, Wright A, et al. Estimation of daily energy expenditure in pregnant and non-pregnant women
using a wrist-worn tri-axial accelerometer. PLoS One. 2011;6(7):e22922. [doi: 10.1371/journal.pone.0022922] [Medline:
21829556]

Hildebrand M, VAN Hees VT, Hansen BH, Ekelund U. Age group comparability of raw accelerometer output from
wrist- and hip-worn monitors. Med Sci Sports Exerc. Sep 2014;46(9):1816-1824. [doi: 10.1249/MSS.
0000000000000289] [Medline: 24887173]

Colley RC, Tremblay MS. Moderate and vigorous physical activity intensity cut-points for the Actical accelerometer. J
Sports Sci. May 2011;29(8):783-789. [doi: 10.1080/02640414.2011.557744] [Medline: 21424979]

Hildebrand M, Hansen BH, van Hees VT, Ekelund U. Evaluation of raw acceleration sedentary thresholds in children
and adults. Scand J Med Sci Sports. Dec 2017;27(12):1814-1823. [doi: 10.1111/sms.12795] [Medline: 27878845]
Moore R, Archer KR, Choi L. Statistical and machine learning models for classification of human wear and delivery
days in accelerometry data. Sensors (Basel). Apr 13, 2021;21(8):2726. [doi: 10.3390/s21082726] [Medline: 33924388]
Migueles JH, Cadenas-Sanchez C, Ekelund U, et al. Accelerometer data collection and processing criteria to assess
physical activity and other outcomes: a systematic review and practical considerations. Sports Med. Sep
2017;47(9):1821-1845. [doi: 10.1007/s40279-017-0716-0] [Medline: 28303543]

Migueles JH, Cadenas-Sanchez C, Tudor-Locke C, et al. Comparability of published cut-points for the assessment of
physical activity: implications for data harmonization. Scand J Med Sci Sports. Apr 2019;29(4):566-574. [doi: 10.1111/
sms.13356] [Medline: 30548545]

Welcome to OpenStreetMap! OpenStreetMap. URL: https://www .openstreetmap.org [Accessed 2025-12-19]

Abbreviations

ACMT: Automatic Context Measurement Tool

ACS: American Community Survey

CDC: Centers for Disease Control and Prevention

InSPACE : Interventions Supporting Physical Activity and the Environment
IRB: institutional review board

MVPA: moderate-to-vigorous physical activity

NIH: National Institutes of Health

NLCD: National Land Cover Database

PA: physical activity

SAC: scientific advisory council

Edited by Javad Sarvestan; peer-reviewed by Rui-qi Wang, Tyler Prochnow; submitted 28.Aug.2025; final revised version
received 04.Dec.2025; accepted 05.Dec.2025; published 22 .Jan.2026

Please cite as:

Youngbloom AJ, Rowland M, Mooney SJ, Singer K, Szpiro A, Saelens BE

Investigating the Role of the Environment on Physical Activity Interventions (the InNSPACE Project): Protocol for a Pooled
Secondary Analysis of Randomized Controlled Trials

JMIR Res Protoc 2026;15:e83151

URL: hitps://www.researchprotocols.org/2026/1/e83151

doi: 10.2196/83151

https://www .researchprotocols.org/2026/1/e83151 JMIR Res Protoc 2026 | vol. 15 1e83151 I p. 17

(page number not for citation purposes)


https://doi.org/10.1097/00005768-199805000-00021
http://www.ncbi.nlm.nih.gov/pubmed/9588623
https://doi.org/10.1016/j.gaitpost.2018.11.023
http://www.ncbi.nlm.nih.gov/pubmed/30476691
https://doi.org/10.1111/sms.12813
http://www.ncbi.nlm.nih.gov/pubmed/27905148
https://doi.org/10.1080/02640414.2019.1707956
http://www.ncbi.nlm.nih.gov/pubmed/31865845
https://doi.org/10.1371/journal.pone.0061691
https://doi.org/10.1371/journal.pone.0061691
http://www.ncbi.nlm.nih.gov/pubmed/23626718
https://doi.org/10.1371/journal.pone.0022922
http://www.ncbi.nlm.nih.gov/pubmed/21829556
https://doi.org/10.1249/MSS.0000000000000289
https://doi.org/10.1249/MSS.0000000000000289
http://www.ncbi.nlm.nih.gov/pubmed/24887173
https://doi.org/10.1080/02640414.2011.557744
http://www.ncbi.nlm.nih.gov/pubmed/21424979
https://doi.org/10.1111/sms.12795
http://www.ncbi.nlm.nih.gov/pubmed/27878845
https://doi.org/10.3390/s21082726
http://www.ncbi.nlm.nih.gov/pubmed/33924388
https://doi.org/10.1007/s40279-017-0716-0
http://www.ncbi.nlm.nih.gov/pubmed/28303543
https://doi.org/10.1111/sms.13356
https://doi.org/10.1111/sms.13356
http://www.ncbi.nlm.nih.gov/pubmed/30548545
https://www.openstreetmap.org
https://www.researchprotocols.org/2026/1/e83151
https://doi.org/10.2196/83151
https://www.researchprotocols.org/2026/1/e83151

JMIR RESEARCH PROTOCOLS Youngbloom et al

© Amy J Youngbloom, Maya Rowland, Stephen J Mooney, Kaitlin Singer, Adam Szpiro, Brian E Saelens. Originally
published in JMIR Research Protocols (https://www.researchprotocols.org), 22.Jan.2026. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in
JMIR Research Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https://www researchprotocols.org, as well as this copyright and license information must be included.

https://www .researchprotocols.org/2026/1/e83151 JMIR Res Protoc 2026 | vol. 15 1e83151 I p. 18
(page number not for citation purposes)


https://www.researchprotocols.org
https://creativecommons.org/licenses/by/4.0/
https://www.researchprotocols.org
https://www.researchprotocols.org/2026/1/e83151

	Investigating the Role of the Environment on Physical Activity Interventions (the InSPACE Project): Protocol for a Pooled Secondary Analysis of Randomized Controlled Trials
	Introduction
	Background
	Objective

	Methods
	Scientific Advisory Council
	Inclusion Criteria
	Trial Recruitment
	Measures

	Results
	Discussion
	Data Pooling
	Strengths and Challenges
	Next Steps
	Conclusion



