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Abstract

Background: Innovative analyses of cardiovascular (CV) risk markers and health behaviors linked to neighborhood stressors
are essential to further elucidate the mechanisms by which adverse neighborhood social conditions lead to poor CV outcomes.
We propose to objectively measure physical activity (PA), sedentary behavior, and neighborhood stress using accelerometers,
GPS, and real-time perceived ecological momentary assessment via smartphone apps and to link these to biological measuresin
asample of White and African American women in Washington, DC, neighborhoods.

Objective:  The primary aim of this study is to test the hypothesis that living in adverse neighborhood socia conditions is
associated with higher stress-related neural activity among 60 healthy women living in high or low socioeconomic status
neighborhoodsin Washington, DC. Sub-aim 1 of this study isto test the hypothesis that the association is moderated by objectively
measured PA using an accel erometer. A secondary objective isto test the hypothesis that residing in adverse neighborhood social
environment conditions is related to differences in vascular function. Sub-aim 2 of this study is to test the hypothesis that the
association ismoderated by objectively measured PA. Thethird aim of thisstudy isto test the hypothesi s that adverse neighborhood
social environment conditions are related to differencesin immune system activation.
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Methods: The proposed study will be cross-sectional, with a sample of at least 60 women (30 healthy White women and 30
healthy Black women) from Wards 3 and 5 in Washington, DC. A sample of thewomen (n=30) will berecruited from high-income
areasin Ward 3 from census tracts within a 15% of Ward 3's range for median household income. The other participants (n=30)
will be recruited from low-income areas in Wards 5 from census tracts within a 15% of Ward 5's range for median household
income. Finally, participants from Wards 3 and 5 will be matched based on age, race, and BMI. Participants will wear a GPS unit
and accelerometer and report their stressand mood in real time using asmartphone. We will then examine the associations between
GPS-derived neighborhood variables, stress-related neural activity measures, and adverse biological markers.

Results:. The National Institutes of Health Institutional Review Board has approved this study. Recruitment will begin in the
summer of 2021.

Conclusions:  Findings from this research could inform the devel opment of multilevel behavioral interventions and policiesto
better manage environmental factors that promote immune system activation or psychosocia stress while concurrently working

to increase PA, thereby influencing CV health.
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(7):€29191) doi: 10.2196/29191
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Introduction

Background

Promoting physical activity (PA) isacritical public health goal
because insufficient PA participation affects all age groups and
various racial and ethnic groups in the United States (US) [1].
Approximately 10% of deaths are attributed to insufficient PA
inthe US [2], and engaging in regular PA (ie, meeting the PA
guidelinesof at least 150 min/week of at least moderateintensity
PA) can reduce the risk of numerous chronic diseases (eg,
cardiovascular disease [CVD]) [3]. Furthermore, in 2018, the
newly released Physical Activity Guidelines for Americans,
2nd edition documented that regular PA has immediate health
benefits, including lowering blood pressure, increasing sleep
quality, decreasing anxiety, and improving cognitive function
and insulin sensitivity [4]. Despite the well-demonstrated PA
benefits, most US adults do not engage in sufficient PA, when
measured by accelerometers [5,6]. In particular, African
American adults have a lower PA level than their White
counterparts, with 7.7% of African American adults and 8.2%
of White adults meeting the PA guidelines[6].

The application of amultilevel social-ecological framework to
determine changes in the environment and policy that would
promote PA participation has been supported by authoritative
US health ingtitutions and international organizations over the
past two decades [7-9]. This conceptua framework identifies
relevant factors at multiple levels, ranging from genetic,
intrapersonal, interpersonal, social, and cultural, to
environmental factors [10]. The key principle of the
social-ecological model posits that each level can impact
behavior, and individual s can impact and areinfluenced by their
environment, particularly when considering psychosocial effects
[11]. Recent interventions are increasingly focusing on therole
that the neighborhood social environment (eg, poverty, social
disorder, and crime [12]) may play as a source of stressors that
shape low levels of PA at the population level [8,13].

Although the neighborhood social environment isan important
factor in promoting PA [13], a key limitation in neighborhood
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social environment research isthat the majority of such research
systematically focuses on residential areas (ie, home) when
investigating relationships between objectively measured
environmental exposures via geographic information system
(GIS) and PA [13]. However, individuals are generally mobile
and engage in daily activities that are not restricted to places
close to residential areas (eg, workplace) [14]. This generates
ageospatial mismatch between exposures to the neighborhood
socia environment and |ocations where health behaviors occur
[13,15,16]. Previous studies have also used self-reported PA,
resulting in potential recall and social desirability bias[17].

When coupled with the neighborhood social environment as a
source of stressors, psychosocial factors, such as chronic stress
and depression, have an inverse relationship with PA and
ultimately CVD [18]. Furthermore, a recent study in adults
without CVD and our research in African American womenin
Washington, DC, demonstrated that amygdala activity (ie,
chronic stressrelated neural activity) assessed via
18-fluorodeoxyglucose (FDG) positron emission
tomography-computed tomography (PET/CT) were significantly
associated with subsequent CVD events [19] and vascular
inflammation, a subclinical marker of atherosclerosis [20,21].
In addition, another recent study showed that neighborhood-level
socioeconomic status (SES) was inversely associated with
amygdalaactivity and arterial inflammation [22]. Thesefindings
are important for validating the relationship between chronic
stress because of neighborhood factors and CVD events.
However, the mgjor limitations of the previous study were that
they did not account for individual-level SES in the analytic
models. Instead, they used neighborhood-level SES as a proxy
for individual-level SES and examined the associ ations between
neighborhood SES and amygdala activity. Furthermore,
participants were chosen from a clinical database, which was
not representative of the general US adults, and they were
predominantly White adults[22]. Further research is needed to
elucidate the associations between psychosocial factors,
amygdala activity, and biological markers of adverse cardiac
eventsin diverse populations and to assess both individual- and
neighborhood-level SES.
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Objectives

To addressthese limitations, researchers haveincreasingly used
an objective PA monitor (ie, accelerometer) linked to datafrom
GPS units to track locations where PA occurs [23,24]. GPS
units are often used to quantify an individual’s daily activity
space (ie, defined aslocationswhere individual stravel or move
throughout the day) [23-28]. Ecological momentary assessment
(EMA) also helpsresearchersto better understand psychosocial
factors (eg, stressors and mood) in rea time and
psychosocial-environment contexts for health behaviors [29],
such as PA and sedentary behavior. Therefore, the simultaneous
use of three distinct methods (accel erometer, GPS, and EMA)
reduces recall bias and the geospatial mismatch between
exposuresto the neighborhood social environment and PA [13].
In our study, we plan to measure both individual- and
neighborhood-level SES among a diverse sample of adult
women.

This pilot research will address current gaps in understanding
the determinants of health disparitiesfor populations from both
high- and low-SES neighborhoods in Washington, DC, by
applying geospatial tools and methods (ie, accelerometer, GPS,
and EMA) and by linking to biomarkers of stressors. This
research isinnovative because it will apply geospatial toolsand
methods for tracking individual daily mobility and examine
their linkage with biological measures, integration of
neighborhood social measures for more comprehensive and
objective assessment of factors that may lead to stress-related
neural activity and poor CV outcomes. Therefore, the aims of
this pilot study are as follows:

Aim 1. To test the hypothesis that living in adverse
neighborhood social environment conditionsis associated with
higher stress-related neural activity among 60 healthy women
living in high- or low-SES areas in Washington, DC.

Sub-aim 1: To test the hypothesis that the association is
moderated by objectively measured PA via an accelerometer
and psychosocial factorsviaEMA.

Aim 2. To test the hypothesis that residing in adverse
neighborhood social environment conditions is related to
differencesin vascular function.
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Sub-aim 2: To test the hypothesis that the association is
moderated by objectively measured PA and psychosocial factors
viaEMA.

Aim 3: To test the hypothesis that adverse neighborhood social
environment conditions are related to differences in immune
system activation.

Implications

This geospatial pilot study has a strong impact because the
associations between neighborhood social contexts and
stress-related neurd activity (ie, marker of chronic stress—related
neural activity) are highly understudied. Thisstudy isalso novel
because the linkages between neighborhood factors, detailed
immune markers related to amygdala activity, and vascular
function arelimited. In addition, this geospatial pilot study will
be among thefirst to includeinnovative geospatial technologies
and tools to further characterize exposure to adverse
neighborhood contexts within an individual’s daily mobility
and link these data to an individual’s stress and mood through
EMA data. Findings from this research could accelerate the
development of multilevel behavioral interventions and
environmental policies to better manage environmental factors
that promote psychosocial stress or interventions that increase
PA, which in turn can promote cardiovascular health.

Methods

Study Design

Thisisacross-sectional study designed to investigate theimpact
of neighborhood environment on cardiovascular health and PA
in African American and White women residing in Washington,
DC, neighborhoods. Study participants will first visit the
National Institutes of Health (NIH) Clinical Center where
baseline health information will be collected and three devices
will be distributed (accel erometer, GPS, and EMA app; Figure
1). After 14 days, participants will return to the Clinical Center
for afinal blood draw and cardiovascular examination. The NIH
Institutional Review Board (IRB) approved this study, and this
study hasbeen registered on Clinical Trial.gov (NCT04014348).
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Figure 1. Flowchart of events.
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Total N=60: Enrollmentbased on eligibility criteria

l

l

n=30 High-income census
tracts in Ward 3 (15 Black
and 15 White women)

n=30 Low-income census
tracts in Ward 5 (15 Black
and 15 White women)

l

Y

1st Clinical Center Visit
Days 1-2

* Blood draw and psychosocial questionnaires, brain and
vascularimaging, and physiologic measures

l

At least 14 days of
monitoring

* Objective environment-activity measures via GPS,
accelerometer, and EMA

v

2nd Clinical Center Visit

* 2nd baseline blood draw (ie, no later than 15 days from 1st
Clinical Center Visit)

Study Participants

A sample of women (at least n=30; 15 White women and 15
African American women) will be recruited from higher SES
census tracts within a 15% range of the median household
income in Ward 3 (median household income=US $126,184)
[30]. The other participants (at least n=30; 15 White women
and 15 African American women) will be recruited from lower
SES census tracts within a 15% range of the median household
income in Ward 5 (median household income=US $68,375)
[31]. Participants from Wards 3 and 5 will be matched based
on age, race, and BMI.

Eligibility

Individuals eligible for this protocol will meet the following
inclusion criteria: (1) a healthy White female or healthy Black
female of African descent; (2) must be aged between 19 and 45
years; (3) must not have any chronic health condition, including
lung disease or active infection; (4) must be living in
Washington, DC, Wards 3 or 5; (5) must have access to a
smartphone; (6) must be able to provide informed consent; and
(7) must speak English. Individuals who meet the following
criteria will be excluded from this study: (1) pregnant or
breastfeeding; (2) physically unable to perform PA for any
reason; (3) weight changes greater than 20% over the past 3
months; (4) obesity (measured BMI=30.0 kg/m?); (5) high or
low blood pressure; (6) diabetes; (7) history of mental illnesses,
treated with medication and therapy; (8) history or evidence of
hyper or hypothyroidism; (9) current medication usefor chronic
illness; (10) HIV; and (11) food allergies or highly restrictive
diets that may prevent the ability to consume a controlled
metabolic diet.

Recruitment

Recruitment strategies include (1) distribution of recruitment
flyers targeting potential participants in public locations
throughout Wards 3 and 5, concentrating on areasin or near the
targeted census tracts; (2) inclusion of study information on
Clinical Trials.gov, NIH Search the Studies, and a dedicated
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recruitment website on the Clinical Center Office of Peatient
Recruitment website (Current Protocols area); (3) use of
ResearchMatch. for identification of healthy volunteers meeting
criteria; (4) use of NIH (National Heart, Lung, and Blood
Ingtitute  [NHLBI]/Clinicall  Center) social  media
accounts—Facebook, Twitter, and Craigdist with IRB-approved
messages; and (5) distribution of recruitment messageson NIH
listservs. This study was approved by the NIH Intramural IRB
(NCT 04014348). Before enrollment in this study, our trained
research staff will obtain written informed consent from all
participants.

Devices

Participantswill receive an accelerometer (ie, objective activity
monitor; ActiGraph wGT3X-BT) to measure PA, sedentary
time, and sleep duration for at least 14 days. The ActiGraph
accelerometer has been previously used to objectively assess
PA [23,24], sedentary time [23,24], and sleep duration [32]
among adults. The data will be collected at 1-minute epochs.
Two distinct cut-points based on approaches by Troiano [5] and
Matthews [33] will be used to determine the intensity of PA.
Participants will be instructed to wear the monitor on their
dominant wrist with a wristband at all times, except when
bathing or swimming. A valid day of accelerometer monitoring
is defined as =10 hours of wear time [33]. The time-stamped
recordings from the accelerometers will be linked with GPS
data

Participants will also receive a GPS unit (ie, tracking device,
Qstarz BT-Q1000eX GPS Logger). The GPS unit receives a
satellite signal to identify latitude and longitude coordinatesfor
a given period. GPS units will monitor participants daily
activitiesvialocationswhere they travel throughout the day for
at least 14 monitoring days. GPS unitswill also record distance,
speed, elevation, and time. Thedatawill be collected at 1-minute
intervals. This device has been used successfully in a recent
study [34]. This GPS device is small and can be worn on a belt
or placed in abackpack or bag. It will provide atimestamp and
GPS coordinates. A valid day of GPStracking isdefined as=10
hours of wear time [35].
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Wewill use asmartphone app to record EMA dataviaamobile
phone; these methods have been previously used for adults
[36,37]. We will use two approaches for participants to record
their PA, neighborhood environment, and stress. Thefirstisan
event contingency assessment. With this assessment, participants
will be expected to record within the smartphone app when they
engage in a certain behavior (eg, PA) within 15 minutes of the
event occurring. The other type of assessment involves random
survey prompts. Participantswill respond to aseries of questions
on each day of the week. They will receive EMA random
prompts for each assessment for that day (up to three random
promptsfor each assessment [morning, afternoon, and evening]
and a maximum of nine prompts each day). The survey may
take approximately 2-3 minutes to complete each time. Each
item assesses the type of neighborhood context for the physical
environment (eg, home, work, and outdoor), vegetation (amount
of trees), traffic (amount of traffic), and safety (feeling safe and
violence). Mood (positive and negative affect) and stressors
(eg, daily hassles) from the EMA survey will be used
specifically as psychosocial factorsfor each sub-aim. Previously
validated EMA surveys and protocols for adultswill beused in
the proposed study [36,37].

Compliance

EMA compliance rates will be based on answered surveys
divided by thetotal number of scheduled EMA surveysfor each
participant. We will also monitor participation rate, missing
data, latency period (defined as the time between receiving
EMA prompts and the items answered), and attrition rate [38].
In additionally, we will follow up each participant daily,
irrespective of the compliance rate, to ensure that they do not
have issues with device use. Basic statistical analyses will be
performed to better understand participant compliance, such as
compliance rate, missingness, participation rate, and latency
period. In addition, as an exploratory analysis, the missingness
of EMA surveys will be examined using pattern mixture
random-effects modeling [39]. Furthermore, mindless EMA
responses to surveys may occur. To address thisissue, we have
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selected survey items that are crucial to our study aims to
minimize participants burden.

Preliminary Study

Before this pilot study, we conducted the DC CV Health and
Needs Assessment (DC-CHNA) study (NCT019227783) to
investigate bio-psychosocial and neighborhood conditions
resulting in poor CV health. The objective of the previouswork
was to determine ways to use mobile health technology to
promote CV health for populationsin lower SES DC Wards 5,
7, and 8 [40-44]. First, the DC-CHNA created a community
advisory board, the DC Cardiovascular Health and Obesity
Caollaborative (DC-CHOC), to give feedback on developing and
implementing the DC-CHNA and subsequent community-based
projects. The DC-CHOC consists of representatives from the
DC faith-based community, US government agencies, academia,
and health advocacy organizations, all of whom are devoted to
addressing obesity and CV hedlth in at-risk DC communities
[44-47]. In this study, 11 participants from DC-CHNA were
asked to carry GPS units and use the EMA app and then test
thefeasibility of both a GPS device and an EMA app for African
American women.

Schedule of Events

Participants will visit the NIH Clinical Center where we will
instruct them on how to use the devices and measurement tools
(accelerometer, GPS, and EMA; Table 1). During the inpatient
visit, wewill conduct acardiovascular examination, draw blood,
and conduct a vascular stiffness test. Participants will aso
undergo 18F-FDG-PET/CT testing to measure chronic
stress—related neural activity (ie, amygdala brain activity) and
vascular inflammation. On the first day of the inpatient visit,
study volunteers will follow a controlled eucaloric diet
containing 55% carbohydrate, 15% protein, and 30% fat and
providing 150% of their estimated resting energy needs in
preparation for testing to accurately measure energy expenditure
on inpatient day 2. Resting energy expenditure has not been
included in the aims of this study. However, this measure can
be evaluated as a moderator for the sub-aims of aims 1 and 2.
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Table 1. Schedule of events.
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Events

First Clinical Center visit

Day 1

At least 14-day 2nd Clinical Center
monitoring visit

Recruitment

Informed consent

Vital signs
Anthropometric measures
Clinical blood testing
Cardiovascular examination
Blood pressure

Blood glucose
Hemoglobin Ay

Lipid panel

Resting energy expenditure

18-fluorodeoxyglucose positron emission tomography-

computed tomography

Pulse wave velocity

Survey assessments®
Sociodemographic characteristics
Medical history
Health behaviors

Self-rated health
Smoking status
Alcohol use
General physical activity level
Ilicit drug use
Sleep duration and quality
Dietary intake
Perceived Stress Scale

Center for Epidemiological Studies-Depression Scale

Hamilton Anxiety Rating Scale
Adverse Childhood Experiences

Physical activity, sedentary behavior, sleep, and neighborhood disor der assessments

Life Orientation Test-Revised (ameasure of optimism)
MacArthur Scale of Subjective Socia Status

Perceived Ethnic Discrimination Questionnaire Com-
munity Version

Positive and Negative Affect Schedule
Superwoman Schema

Perceived Neighborhood Environment
COVID-19 surveys

Physical activity and sedentary behavior viaaccel erom-
eters

Sleep duration via accelerometers

Ongoing

O o o oooo o d

O ooo0o0 o0 oooo o 4googogoo o -g

O o O

O

Ongoing

O o o o o g

OO0 o0oo0oo0ooooooooogoogoog
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Events First Clinical Center visit At Ie_ast_14—day 2_n<_j Clinica Center
monitoring visit
Day 1 Day 2
GPS monitoring O
Ecological momentary assessment o
Engagement with the DC Cardiovascular Healthand  Ongoing Ongoing Ongoing Ongoing

Obesity Collaborative Community Advisory Board

&The surveys can be completed at the first or second clinical visit and will not be repeated.

During their baseline visit, participants will also undergo
anthropometric measurements, including height, weight, waist
circumference, and hip circumference for weight-related
outcomes, complete questionnaires to measure demographics
and medical history, health behaviors (eg, PA [48]), perceived
neighborhood measures, psychosocia factors (eg, perceived
general stress[49]), and COVID-19 questionnaires[50,51]. The
majority of the participants will complete the survey
guestionnaires during the baseline visit (visit 1). For some
reason, if participants do not complete the surveys during visit
1, we allow them to complete surveys during the 2nd visit to
avoid protocol deviation. A second blood draw will be
performed within 14 days from the first draw, as a second
baseline to account for the variability of sensitive biological
measures. This study follows a tiered compensation format
wheretotal compensation depends on the number of assessments
the participant completes.

After the baseline assessment (ie, clinical visit days 1 and 2),
participants will wear an accelerometer to objectively measure
PA and carry a GPS unit to assess |ocations where they engage
in PA for a least a 14-day period [52]. Concurrently,
participants will carry a smartphone to receive EMA surveys
that have been previously validated to measure psychosocial
factors, including mood and stress, for a 14-day period.

https://www.researchprotocols.org/2021/7/€29191

Subsequently, we will create GlS-derived neighborhood
environmental variables, psychosocial variables (EMA), PA or
sedentary behavior, and diet outcomes using data from the
surveys, EMA, accelerometers, and GIS unit. We will then
examine associations between environmental exposures and
biologica measures, psychosocial factors, PA or sedentary
behavior, and dietary intake.

M easures

Outcomes

Participants will visit the NIH Clinical Center for 18-FDG
PET/CT to measure stress-related neural activity. In brief, we
will assess amygdala uptake as published [19,53]. Immune
activation testing from collected blood will be performed within
the NIH Clinical Center.

Two measures of vascular inflammation and function will be
used (Table 2). First, the target-to-background ratio for aortic
vascular inflammation will be measured through the whole body
FDG PET/CT to examine amygdala activity [54]. Second, the
pulse wave velocity and augmentation index as a measure of
large-vessel vascular function will be determined by the
Sphygmocor system (AtCor Medical), anoninvasive tool [55].
The noninvasive measure of vascular function has been validated
and used widely.
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Table 2. Biological measures, physical activity, residential and GPS activity space, and ecological momentary assessment measures.

Measures Description
Outcomes
Stress-related neurdl activity *  Amygdalaactivity (18F-FDG? PET/CT?)

Vascular inflammation and function «  Vascular inflammation: arterial Inflammation (18F-FDG PET/CT)

testing «  Vascular function: pulse wave velocity and augmentation index (Sphygmocor)

Immune system activation «  Flow cytometry-based characterization of immune cell populations and their receptor expression profile
(two flow cytometry panels) [56]: (1) CD3, CD14, CD15, CD16, CD19, CD42b, CD45, CD56, CD203c,
and CD193 and (2) CD3, CD14, CD16, CD56, CD98 heavy chain, CD64, CCR2°, CCR5, and TLR2

Immune cell function « Natura killer cell function profiling by detecting degranulation and cytolytic activity [57,58]

«  Monocytefunction profiling [59], including ability of monocytesto perform chemotaxisand migration,
aswell as determination of inflammasome activity

Biomarker-based immune system  «  cytokine and chemokine profiling [60] eg, TNF-a©, IL-6f, IL-10, IL-8, IL-1B, IFN-a9, IFN-y, MCP-

activation 1" VEGF-Al, IL-RAJ, IL-18, TGF-B¥
«  Stress-induced neurotransmitter profiling, including epinephrine, norepinephrine, dopamine, and cor-
tisol [61]
Exposures

Residential and GPS activity space -«
(model: BT-Q1000XT)

Neighborhood Degprivation Index [62,63] based on US census [62], social disorder based on virtual
neighborhood audits[41,64], crime rate around GPS activity space based on police crime report [65],
and modified retail food environment index. All measureswill be created based on GPS activity space
[66]

«  Count and density of parks, gyms, and recreation facilities [67] around GPS activity space

Moderators

A minute-by-minute PA (A™), daily mean moderate-to-vigorous PA minutes (A), total PA minutes
(A), active transportation PA, and leisure-time PA minutes [46] (S)

PA! via accelerometer or survey *

Psychosocial factors viaecological  «
momentary assessment

Perceived neighborhood social environment [68,69]; mood states[70], perceived stress[49], and daily
hassles[71]

3FDG: fluorodeoxyglucose.

bPET/CT: positron emission tomography-computed tomography.
®CCR2: C-C chemokine receptor type 2.
4TLR2: toll like receptor 2.

®TNF-a: tumor necrosis factor o

fIL-6: interleukin-6.

9FN-a: interferon-a.

hMcp-1: monocyte chemoattractant protein-1.
'VEGF-A: vascular endothelia growth factor-A.
IIL-RA: receptor antagonist.

kTGF-B: transforming growth factor f3.

'PA: physical activity.

MA: assessed by accelerometer.

NS: assessed by survey.

The outcomes for immune cell activation studies will be the perform chemotaxis, migrate toward the monocyte

proportion of each detected immune cell, their receptor
expression, and platelet adhesion (eg, proportion of classical
clusters of differentiation, such as CD14+CD16- monocytes of
all monocytes, or proportion of natural killer cellsof all CD45+
cells; Table 2). Immune cell function for purified and isolated
monocytes and natural killer cells will also be determined for
each participant. For instance, the ability of monocytes to

https://www.researchprotocols.org/2021/7/€29191
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chemoattractant protein-1 gradient, will be determined based
on a chemotaxis coefficient, as well as the activity of the
inflammasome by measurement of interleukin (IL)-13 and IL-18
release by enzymelinked immunosorbent assay upon
appropriate stimulation. In biomarker profiling, plasmaor serum
levels of the proposed cytokines, chemokines, and stress-rel ated
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neurotransmitters, and hormones will
concentrationsin pg/mL.

be measured as

Exposures

Two distinct types of neighborhood exposures will be created
(Table 2): (1) residential neighborhood variables around
participants' homes [25-27] and (2) GPS activity space (ie,
places where participants travel throughout the day) [25-27].
Each type of measure will be linked to accel erometer datawith
respective time and measured intensity of PA levels (Figure 2;
Table 2). Both residential and GPS activity space measureswill
include neighborhood poverty (eg, neighborhood deprivation
index from US census [62,63]), physical disorder (by virtual
neighborhood audits[41,64]), police-reported crime (from DC
databases [65,72]), and the modified retail food environment

Tamuraet al

index (defined as the ratio of healthy to unhealthy food stores)
[73]. In addition, parks, gyms, and recreation facilities will be
used to create the count and density of these PA facilities to
better understand how participants engage in PA [67]. As a
measure of feasibility and practicality, we used 11 participants
from a protocol (Clinical Trials.gov identifier NCT03288207)
to create residential buffers around participants homes (ie,
circular [25-27] and line-based road network buffers; Figure 3
[74]) and GPS activity space buffers based on SD ellipses
[66,75] (Figure 4) and individuals' daily paths (Figure 5) [66].
Figures 2-5 were based on hypothetical data to show each
different buffer and buffer type (actual study participant data
are not shown). Some points occurring around residential areas
will be weighted.

Figure 2. Minute-by-minute accelerometer data linked to GPS coordinates. Note: each point represents a minute of physical activity, ranging from

sedentary to vigorous intensity levels.
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Figure 3. Residential buffers around participants home based on circular and line-based road network buffers.
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Figure 4. GPS activity space buffers based on SD ellipses.
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Figure5. GPS activity space buffers based on individuals' daily paths.
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In Table 3, real-time EMA measures will include perceived
neighborhood social environment (eg, violence and safety),
mood states (positive or negative affect [70]), perceived stress
(eg, stressed and irritated [49]), and daily hassles (eg, work load
[71]) with three random prompts within defined timeframes
(7-9AM, 11 AM-1PM, and 5-7 PM) throughout the day (Table
3; Figure 6) [36]. Participants will initiate their own EMA
recording when they start engaging in a certain activity (ie,
event contingency; Table 3; Figure 6) [68,69]. The event
contingency approach is based on a self-initiated response to

https://www.researchprotocols.org/2021/7/€29191

behaviors and contexts. Participants will be instructed on how
to initiate the EMA recording and respond to a certain activity
and when to initiate their EMA recording. For example, when
participants commute to work by car, they initiate it by
themselves and record their mode of activity in the smartphone
app. EMA measures will be merged with GPS activity space
measures with the respective timestamps. Before the full pilot
study, we tested GPS units and EMA using a smartphone app
(ilumivu, Inc) to identify any potential barriers to use.
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Table 3. Random prompts and event contingency items for ecological momentary assessment.
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Variable

Item

Response options

Itemsfor random prompts

Positive and negative affect [70]

Perceived stress scale [49]

Perceived stress scale [49]

Daily hassles [71]

Daily hassles[71]

Itemsfor event contingency [68,69]

Physical activity behavior

Physical context

Physical context

Physical context

Physical context

“Since the last EMA? signal, how much of the time did you
fed...?

o  Cheerful

« Ingood spirits

«  Extremely happy

«  Cam and peaceful

. Satisfied

o  Full of life

. 3) m

« Nervous

« Restlessor fidgety
» Hopeless

«  Worthless
«  Everything was an effort

“How certain do you fedl that you can deal with al thethings

that you have to do right now?”

“How confident do you feel about your ability to handle all of

the demands on you right now?”’

“Have you experienced astressful event sinceyour last entry?’

“Have you experienced a stressful or problematic socia inter-

action since last entry?’

“What type of physical activity/exercise are you doing?’

“WHERE are you?’

“WHERE are you AT HOME?" (Indoors)

“WHERE are you AT HOME?" (Outdoors)

“Where are you OUTDOORS?" (Outdoors not at home)

«  Very dightly or not at all

. Alittle

«  Moderately
o Quiteabit
o  Extremely

Not at all
« Alittle
o Quiteabit
o  Extremely
Not at all
« Alittle
o Quiteabit
«  Extremely
Yes or no
Yes or no
«  Walking

«  Running or jogging

«  Weightlifting or strength training
« Using cardiovascular equipment
« Bicycling

o Other (writein)

«  Home (indoors)

«  Home (outdoor)

o Work (indoor)

«  Outdoors (not at home)
o Car, van, or truck

o Other (writein)

« Bedroom

«  Family or living room
« Kitchen

« Garage

o Other (writein)

«  Pool

«  Deck, patio, or balcony
« Yad

o  Driveway

o Other (writein)

e Park or trail
« Road

o  Sidewak

o  Parking lot

o Other (writein)
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Variable Item Response options
Vegetation “How many TREESAND PLANTSarethereintheareawhere «  No treesor plants
you are right now?’ « Afewtreesand plants

. Sometreesand plants
« Alotof treesand plants

Traffic “How much TRAFFIC ison the closest street towhereyouare «  Notraffic
right now?’ o Alittletraffic
«  Sometraffic

« Alotof traffic

Litter “How much LITTER or GARBAGE isonthegroundwhere «  Nolitter
you are right now?’ o Alittlelitter
«  Somelitter
o Alotof litter

Safety “Do you fed safein your current location?’ « Yesorno

Safety “Isviolence aproblem in your current location?’ « Yesorno

8EMA.: ecological momentary assessment.
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Figure 6. Selected random prompts ecological momentary assessment and event contingency ecological momentary assessment. EMA: ecological

momentary assessment.
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Merging Multiple Data

Complete master data will be created based on multiple data
sources, including PA viaaccelerometers (ie, 1-minute epochs),
GPS units (1-minute epochs), and EMA via a smartphone app
(3 timeg/day). First, each recording of the GPS points will be
linked to the respective time-stamped accelerometer data for
each minute. Then, EMA data (three times through morning,
afternoon, and evening assessments) will be linked to the
corresponding GPS and accel erometer data. The complete data
will then be collapsed by hours, time of day (morning, afternoon,
and evening), and days.

Statistical Analysis

To test aim 1 hypothesis, we will first test the differences in
stress-related neural activity by Wards 3 and 5. Subsequently,
wewill examine associations between each neighborhood social

https://www.researchprotocols.org/2021/7/€29191

RenderX

environment variable based on residential and GPS-derived
measures aswell asEM A measures separately and stress-rel ated
neural activity, adjusting for all covariates. Covariates will
include sociodemographic variables (eg, age, race [White or
Black adults], and individual-level income) and health-related
variables (eg, PA). Each model will be assessed based on the
value of the Akaike information criterion (AIC) to select the
most parsimoniousmodel. Third (sub-aim 1), after determining
a dtatistically significant neighborhood exposure variable, we
will test for an interaction between the specific neighborhood
exposure variable and objectively measured PA  and
psychosocial factors (a potential moderator). If the interaction
term is significant, we will stratify the association by high or
low objectively measured PA based on the mean and by high
or low psychosocial factors (eg, perceived stress scale scores)
based on the mean.
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To test aim 2 hypothesis, we will first test the differencesin the
measures of vascular inflammation and function (Table 2) by
Wards 3 and 5. Second, we will examine associations between
each neighborhood social environment variable based on
residential and GPS-derived measures as well as EMA
separately and each vascular measure, adjusting for all
covariates. The same covariates will be used asin aim 1. Each
model will be assessed based on the value of the AIC to select
the best-fit model. Third (sub-aim 2), after we identify a
statistically significant exposure variable, we will test for an
interaction between the specific exposure variable and
objectively measured PA and psychosocial factors. If the
interaction term is significant, we will then stratify the
association by high or low objectively measured PA based on
the mean and by high or low psychosocial factors (eg, perceived
stress scal e scores) based on the mean.

To test aim 3 hypothesis, we will first test the differences in
immune cell activation, immune cell function, and
biomarker-based immune activation (Table 2) by Wards 3 and
5. Second, we will examine associations between each
neighborhood social environment variable based on residential
and GPS-derived measures as well as EMA separately and the
measures of immune system activation, adjusting for all
covariates. The covariates are described in am 1. Each
generalized linear mixed model will be assessed based on the
value of the AIC to select the best-fit model.

Sample Size Calculation

This pilot study (n=30 in each of the two groups) will examine
the differences in biological measures to perform power
calculations for a larger study. This will aso serve as a
feasibility study to determine the feasibility of applying GPS,
GIS, and EMA for alarger sample of adults. A sample size of
30 per group allows for estimation of the SD of the amygdala
FDG in each group, with an upper bound on the SD 20% larger
than the estimate, based on the normal distribution large sample
90% upper confidence bound of:

n— 1)s2
L= DS gy,
X(1,n-1)

where X(1,n-1) isthe 10% quantile of the chi-squared distribution
with n—1 degrees of freedom and sisthe SD estimate. We plan
to recruit approximately 90 participants, assuming that
approximately 20% of participants will be lost to follow-up
during the study.

https://www.researchprotocols.org/2021/7/€29191
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Plansfor Data M anagement

The NHLBI IRB has approved this protocol. The data with
patient identifiers will be securely stored in the eHealth and
data management systems at the NIH, which are protected by
passwords and data encryption. These datawill be shared only
with approved members of the research team. The entire data
set for the participants included the clinical information, GPS
or accelerometer data, data through the EMA mobile app, and
survey data.

A Food and Drug Administration—approved biospecimen
tracking inventory system will be used to securely store all
collected biological specimens at the NIH. The NIH IRB will
review and approve any future testing of undefined
biospecimens in the protocol before any data collection. The
participants are allowed to refuse future use.

This research is scheduled to begin in 2021, with plans for
completion by 2023. However, because of the COVID-19
pandemic, it may be delayed depending on the current pandemic
situation. Participants who receive unintended consequences
from study participation will be treated according to best
practices under the NIH Clinical Center. Thisstudy islow risk;
thus, it does not require a data monitoring committee. The
principal investigator will monitor accrual and safety data. The
protocol will be reviewed and monitored annually by the IRB
and the NHLBI Office of the Clinical Director’s Protocol Audit
Team, along with any amendmentsrequiring |RB approval. The
results and conclusions of this research will be disseminated to
community members through DC-CHOC meetings and a
quarterly newsletter as well as at national and international
conferences and in peer-reviewed publications.

Results

Feasibility of GPS Use

We tested the feasibility of using a GPS device and an EMA
app with 11 participantsfrom a PA-related study among African
American women (Clinical Trial s.gov identifier NCT03288207).
The mean age of the women was 56 years, and most of the
participants had at least a high school education (Table 4). The
majority of participants had a total household income of US
$60,000-89,999; were employed part-time; and resided in Prince
George's County, Maryland.
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Table 4. Sociodemographic characteristics of participants (N=11).
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Participant characteristics Values
Age (years), mean (SD) 56.3 (12.3)
Gender (female), n (%) 11 (100)
Race, n (%)
Black or African American 11 (100)
Education, n (%)
College degree 4 (36)
Graduate or professional school degree 3(27)
Some college degree 2(18)
High school diploma or Tests of General Education Development 1(9)
Some graduate or professional school 1(9)
Total household income (US $), n (%)
20,000-59,000 3(27)
60,000-89,999 5 (46)
90,000-99,999 0(0)
>100,000 3(27)
Employment status, n (%)
Yes, full-time 3(9
Yes, part-time 4(12)
No, retired 3(9
Other 13
Participant’sresidence (county, Maryland or Ward, Washington, DC), n (%)
Prince George's County 6 (54)
Ward 5 3(27)
Ward 7 2(18)

Mean areas varied by the size of the buffers (200 m, 400 m, and
800 m) and types of buffers based on residential (circular and
line-based road network buffers) and GPS activity space (Table
5). As expected, the areas for aline-based road network buffer

weresmaller than that for acircular buffer. Areasfor residential
buffers (circular and network buffers) were also smaller than
the GPS activity space areas. We plan to explore different sizes
and types of buffers.

Table 5. Mean areas for participants’ residential (circular and network) and GPS activity space buffers (N=11).

Type of buffer

Size (km?), mean (SD)

200 m 400 m 800 m
Circular buffer 0.13(0) 0.50 (0) 2.01(0)
Network buffer? 0.05 (0.02) 0.17 (0.08) 0.64 (0.33)
GPS activity space 20.48 (8.09) 53.32 (20.77) 123.02 (46.72)
30n the basis of aline-based road network buffer around the residence of a participant.
Protocol Approval Discussion

Full support for this study has been received from the NIH IRB
(Clinical Trial.gov identifier NCT04014348).

https://www.researchprotocols.org/2021/7/€29191

RenderX

Principal Findings

This pilot study would contribute significantly to scholarship
regarding the association between neighborhood social
environment (eg, poverty and crime) and stress-related neural
activity, a measure of chronic stress—related neural activity.
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Thisisimportant because thereislimited research on thistopic.
This study is also novel because the relationships between
neighborhood social environment conditions, detailed immune
markers linked to physiological stress—related neural activity
response, and vascular function are extremely understudied.

L essons L earned From Feasibility of GPS Use

When 11 participants from our study (ClinicalTrials.gov
identifier NCT03288207) returned the GPS units to research
staff members, GPS tracking was generally accepted. Pilot
device testing revealed severa concerns that will be addressed
in this study. For instance, participants mentioned that they
often forgot to charge the GPS device each night, as required
by their limited battery life. They also sometimesforgot to bring
the GPS with them when they left the house each morning.

For the overall study, we plan to address these device issues
using the EMA app. The morning EMA prompt will include a
message reminding participants to bring al of their devices,
and the evening prompt will include a message reminding
participants to charge their GPS units. These messages will
hopefully curtail user errors and increase device compliance.

Strengths, Limitations, and Expectations

Strengths

One strength of this study is that it focuses on both healthy
White and African American adult women who reside in high-
and low-SES neighborhoods in Washington, DC This study
accounts for biological phenotyping based on age, race, and
BMI to elucidate the differences in biomarkers of amygdala
activity in relation to differential exposure to neighborhood
socia environment and PA. Furthermore, this pilot study may
be one of the first to use three distinct geospatial wearable and
activity monitoring devices for real-time assessment of
environmental exposures via GPS, activity levels through
accelerometers, and perceptions by the EMA smartphone app,
followed by linkage to biomarkers of stress (ie, amygdala
activity).

Limitations

This study had several limitations that need to be addressed.
We may have somedifficultiesin recruiting African Americans
residing in Ward 3, asthe number of African American women
living in Ward 3 is lower than that in Ward 5 in Washington,
DC. However, our research group has strong rel ationships with
organizations throughout Washington, DC, which will allow
us to help with recruitment effortsin Ward 3. Furthermore, we
will closely work with the recruitment liaison at the NHLBI at
the NIH to resolve thisissue. We should be able to recruit both
White and African American female participants from Ward 5
from low-SES (househol d income of US $50,000-74,999 [about
15% of total residentsin Ward 5]) to high-SES neighborhoods
(household income of US $100,000-149,999 [about 15% of
total residents in Ward 5]). In addition, this study has a
cross-sectional design, thus limiting causal inference. Another
limitation is that this study has a relatively small sample size
(approximately 60 women) to assess differences in vascular
function and immune cell activation based on exposure to
adverse neighborhood social environment in Washington, DC.

https://www.researchprotocols.org/2021/7/€29191
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Note that the intent of this study is to establish feasibility and
sample size needs for alarger study. We will also compare the
extremes of neighborhood socia factors to see if there are
differencesin vascular measures (eg, 5% highest poverty vs 5%
lowest poverty) and assess racial differences in vascular
inflammation and function within each ward. Finally, our
analyses are at the person level, which do not intend to elucidate
the within-day variability of PA and psychosocial factors in
relation to biomarkers of stress. For a larger study, we plan to
investigate the associations between within-day variability and
outcomes.

Expectations

We anticipate that aim 1 will improve our current knowledge
of the links between adverse neighborhood socia environment
features (eg, physical disorder) and stress-related neura activity
(ie, amygdala activity), based on our prior experience
demonstrating differences in amygdala activity between the
DC-CHNA cohort and age- or sex-matched healthy volunteers
[53]. Throughout this pilot study, we will disseminate the
findings to the DC-CHOC members to gather input on the
relevance of study findings to city practitioners and policy
makers. These data will provide new insights into the role of
the neighborhood socia environment as a source of chronic
psychosocial stressthat can impact CV health.

In aim 2, we will be able to compare differences in vascular
function between participants from Ward 3 (high-SES
neighborhood) and Ward 5 (low-SES neighborhood). In
addition, we will test the moderation effects of objectively
measured PA using accelerometers because it is well known
that PA influences vascular structure and function [76]. We
expect that those living in adverse neighborhood social
environments may have worse vascular function, which can be
moderated by levels of PA. Those engaging in higher PA may
have better vascular function, even if they reside in adverse
neighborhood socia environments.

In aim 3, we will be able to compare differences in immune
activation between populations from two distinct neighborhood
conditions (Wards 3 vs 5). We will also determine precise
neighborhood social environment exposures within one's
residential and GPS activity spacesthat relate to immune system
activation, while adjusting for objective PA levels. Onthe basis
of our previous data showing differences in inflammatory
biomarkers between the DC-CHNA cohort and heathy
volunteers [20], we expect that aim 3 will also be
hypothesis-generating and will identify potential pathways
involved in immune cell activation and function along the
neural-hematopoietic-inflammatory axis, influenced by adverse
environmental conditions.

Conclusions

Thispilot study will contributeto limited research on biomarkers
of stress in relation to neighborhood social environment by
applying geospatial methods and wearable devices, such as
GPS, EMA, and accelerometers, to elucidate the mechanism
by which adverse neighborhood social environment conditions
impact the differences in stress-related neural activity by high
and low SES in Washington, DC. If this pilot study can lead to
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an explicit understanding of biomarkers of stress, we may areas of the Washington, DC, metropolitan area.
expand this study to other at-risk large populations in other

Acknowledgments

The views of this study are those of the authors and do not necessarily represent the views of the NHLBI, the National Institute
on Minority Health and Health Disparities, the NIH, and the US Department of Health and Human Services. Funding for the
Social Determinants of Obesity and Cardiovascular Risk Laboratory is provided through the Division of Intramural Research of
the NHLBI of the NIH and through the Intramural Research Program of the National Institute on Minority Health and Health
Disparities of the NIH. KT is supported by the 2019 Lenfant Biomedical Fellowship Award from the NHLBI. This research was
made possible through the NIH Medical Research Scholars Program and a public-private partnership that were supported jointly
by the NIH and generous contributions to the Foundation for the NIH from the Doris Duke Charitable Foundation, Genentech;
the American Association for Dental Research; the Colgate-Palmolive Company, Elsevier; alumni of student research programs;
and other individual supporters via contributions to the Foundation for the NIH.

Authors Contributions

KT and TMPW made substantial contributions to the conceptualization of the work. KT drafted the initial manuscript. KC and
SIN created the tables and figures. All authors (KT, KC, SIN, NPV, VMM, BSC, CGH, JFT, YB, FOB, BST, VG, BAT, EOC,
DB, NNM, VV, SNZ, and TMPW) provided feedback on the study design and editorial revisions of the manuscript. All authors
read and approved the final manuscript.

Conflictsof Interest
None declared.

References

1. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, et a. The physical activity guidelines for
Americans. JAm Med Assoc 2018;320(19):2020-2028. [doi: 10.1001/jama.2018.14854] [Medline: 30418471]

2. Carlson SA, AdamsEK, Yang Z, Fulton JE. Percentage of deaths associated with inadequate physical activity in the United
States. Prev Chronic Dis 2018;15:E38 [FREE Full text] [doi: 10.5888/pcd18.170354] [Medline: 29602315]

3. 2018 Physicd Activity Guidelines Advisory Committee Scientific Report. Physical Activity Guidelines Advisory Committee,
U.S. Department of Health and Human Services. 2018. URL : https://health.gov/sites/defaul t/files/2019-09/
PAG_Advisory Committee Report.pdf [accessed 2021-06-22]

4.  Physical activity guidelinesfor Americans 2nd Edition. U.S. Department of Health and Human Services. 2018. URL: https./
[health.gov/sites/defaul t/files/2019-09/Physical_Activity Guidelines 2nd_edition.pdf [accessed 2021-06-22)

5. Troiano R, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical activity in the United States measured by
accelerometer. Med Sci Sports Exerc 2008;40(1):181-188. [doi: 10.1249/mss.0b013e31815a51b3] [Medline: 18091006]

6.  Tucker J, Welk GJ, Beyler NK. Physical activity in U.S.: adults compliance with the physical activity guidelines for
Americans. Am J Prev Med 2011;40(4):454-461. [doi: 10.1016/j.amepre.2010.12.016] [Medline: 21406280]

7. StokolsD. Establishing and maintaining healthy environments: toward a social ecology of health promotion. Am Psychol
1992;47(1):6-22. [doi: 10.1037/0003-066x.47.1.6]

8.  SdlisJF, Floyd MF, Rodriguez DA, Saelens BE. Role of built environmentsin physical activity, obesity, and cardiovascular
disease. Circulation 2012;125(5):729-737. [doi: 10.1161/circul ationaha.110.969022]

9. Ceasar N, Ayers C, Andrews MR, Claudel SE, TamuraK, Das S, et a. Unfavorable perceived neighborhood environment
associates with lessroutine healthcare utilization: datafrom the Dallas Heart Study. PL oS One 2020;15(3):e0230041 [FREE
Full text] [doi: 10.1371/journal.pone.0230041] [Medline: 32163470]

10. SallisJF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological approach to cresting active living
communities. Annu Rev Public Health 2006;27(1):297-322. [doi: 10.1146/annurev.publ health.27.021405.102100] [Medline:
16533119]

11. Glanz K, Rimer BK, Viswanath K, editors. Health Behavior and Health Education 5th edition. San Francisco, CA:
Jossey-Bass; 2015.

12. TamuraK, Orstad SL, Cromley EK, Neally SJ, Claudel SE, Andrews MR, et a. The mediating role of perceived
discrimination and stress in the associations between neighborhood social environment and TV Viewing among Jackson
Heart Study participants. SSM Popul Health 2021;13:100760 [ FREE Full text] [doi: 10.1016/j.ssmph.2021.100760] [Medline:
33681448]

13. TamuraK, Langerman SD, Ceasar JN, Andrews MR, Agrawal M, Powell-Wiley TM. Neighborhood social environment
and cardiovascular disease risk. Curr Cardiovasc Risk Rep 2019;13(4):1-13 [FREE Full text] [doi:
10.1007/s12170-019-0601-5] [Medline: 31482004]

14. CumminsS, Curtis S, Diez-Roux AV, Macintyre S. Understanding and representing 'place’ in health research: arelational
approach. Soc Sci Med 2007;65(9):1825-1838. [doi: 10.1016/j.socscimed.2007.05.036] [Medline: 17706331]

https://www.researchprotocols.org/2021/7/e29191 JMIR Res Protoc 2021 | vol. 10 | iss. 7| €29191 | p. 19
(page number not for citation purposes)


http://dx.doi.org/10.1001/jama.2018.14854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30418471&dopt=Abstract
https://www.cdc.gov/pcd/issues/2018/17_0354.htm
http://dx.doi.org/10.5888/pcd18.170354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29602315&dopt=Abstract
https://health.gov/sites/default/files/2019-09/PAG_Advisory_Committee_Report.pdf
https://health.gov/sites/default/files/2019-09/PAG_Advisory_Committee_Report.pdf
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
http://dx.doi.org/10.1249/mss.0b013e31815a51b3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18091006&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2010.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21406280&dopt=Abstract
http://dx.doi.org/10.1037/0003-066x.47.1.6
http://dx.doi.org/10.1161/circulationaha.110.969022
https://dx.plos.org/10.1371/journal.pone.0230041
https://dx.plos.org/10.1371/journal.pone.0230041
http://dx.doi.org/10.1371/journal.pone.0230041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32163470&dopt=Abstract
http://dx.doi.org/10.1146/annurev.publhealth.27.021405.102100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16533119&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-8273(21)00035-5
http://dx.doi.org/10.1016/j.ssmph.2021.100760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33681448&dopt=Abstract
http://europepmc.org/abstract/MED/31482004
http://dx.doi.org/10.1007/s12170-019-0601-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31482004&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2007.05.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17706331&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Tamuraet al

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Perchoux C, Chaix B, Cummins S, Kestens Y. Conceptualization and measurement of environmental exposure in
epidemiology: accounting for activity space related to daily mobility. Health Place 2013;21:86-93. [doi:
10.1016/j.healthplace.2013.01.005] [Medline: 23454664]

Rainham D, McDowell |, Krewski D, Sawada M. Conceptualizing the healthscape: contributions of time geography, location
technologies and spatial ecology to place and health research. Soc Sci Med 2010;70(5):668-676. [doi:
10.1016/j.socscimed.2009.10.035] [Medline: 19963310]

Adlakha D, Hipp AJ, Marx C, Yang L, Tabak R, Dodson EA, et a. Home and workplace built environment supports for
physical activity. Am J Prev Med 2015;48(1):104-107 [EREE Full text] [doi: 10.1016/j.amepre.2014.08.023] [Medline:
25442233]

Hamer M. Psychosocial stress and cardiovascular disease risk: the role of physical activity. Psychosom Med
2012;74(9):896-903. [doi: 10.1097/PSY.0b013e31827457f4] [Medline: 23107839]

Tawakol A, Ishai A, Takx RA, Figueroa AL, Ali A, Kaiser Y, et a. Relation between resting amygdalar activity and
cardiovascular events: alongitudinal and cohort study. Lancet 2017;389(10071):834-845. [doi:
10.1016/s0140-6736(16)31714-7]

Rivers JP, Mitchell V, Chaturvedi A, Joshi AA, Dey AK, Grant F, et a. Abstract 15598: Brain activity within regions
involved in stress perception associates directly with vascular inflammation by 18-FDG PET/CT in aresource-limited,
community-based population. Circulation 2017;136(suppl_1):A15598. [doi: 10.1161/circ.136.suppl_1.15598]
Powell-Wiley TM, Dey AK, Rivers JP, Chaturvedi A, Andrews MR, Ceasar JN, et a. Chronic stress-related neural activity
associates with subclinical cardiovascular disease in a community-based cohort: data from the Washington, D.C.
Cardiovascular Health and Needs Assessment. Front Cardiovasc Med 2021;8:599341 [FREE Full text] [doi:
10.3389/fcvm.2021.599341] [Medline: 33778019]

Tawakol A, Osborne MT, Wang Y, Hammed B, Tung B, Patrich T, et al. Stress-associated neurobiological pathway linking
socioeconomic disparities to cardiovascular disease. JAm Coll Cardiol 2019;73(25):3243-3255 [FREE Full text] [doi:
10.1016/j.jacc.2019.04.042] [Medline; 31248544]

Tamura K, Wilson JS, Puett RC, Klenosky DB, Harper WA, Troped PJ. Accelerometer and GPS analysis of trail use and
associations with physical activity. J Phys Act Health 2018;15(7):523-530 [EREE Full text] [doi: 10.1123/jpah.2016-0667]
[Medline: 29580165]

Tamura K, Wilson JS, Goldfeld K, Puett RC, Klenosky DB, Harper WA, et al. Accelerometer and GPS datato analyze
built environments and physical activity. Res Q Exerc Sport 2019;90(3):395-402 [ FREE Full text] [doi:
10.1080/02701367.2019.1609649] [Medline: 31199713]

Duncan DT, Tamura K, Regan SD, Athens J, Elbel B, Meline J, et al. Quantifying spatial misclassification in exposure to
noise complaints among low-income housing residents across New York City neighborhoods: a Global Positioning System
(GPS) study. Ann Epidemiol 2017;27(1):67-75 [FREE Full text] [doi: 10.1016/j.annepidem.2016.09.017] [Medline:
28063754]

Tamura K, Elbel B, Athens JK, Rummo PE, Chaix B, Regan SD, et a. Assessments of residential and global positioning
system activity space for food environments, body massindex and blood pressure among low-income housing residentsin
New York City. Geospat Health 2018;13:712 [FREE Full text] [doi: 10.4081/gh.2018.712] [Medline: 30451471]
Tamura K, Elbel B, Chaix B, Regan SD, Al-Ajlouni YA, Athens JK, et al. Residential and GPS-defined activity space
neighborhood noise complaints, body massindex and blood pressure among low-income housing residentsin New York
City. I Community Health 2017;42(5):974-982. [doi: 10.1007/s10900-017-0344-5] [Medline: 28386706]

James P, Jankowska M, Marx C, Hart JE, Berrigan D, Kerr J, et al. "Spatial Energetics': Integrating data from GPS,
accelerometry, and GI S to address obesity and inactivity. Am J Prev Med 2016;51(5):792-800 [FREE Full text] [doi:
10.1016/j.amepre.2016.06.006] [Medline: 27528538]

Ginexi EM, Riley W, Atienza AA, Mabry PL. The promise of intensive longitudinal data capture for behavioral health
research. Nicotine Tob Res 2014;16 Suppl 2(Suppl 2):73-75 [FREE Full text] [doi: 10.1093/ntr/ntt273] [Medline: 24711629]
American Community Survey 5-year estimates. Retrieved from Census Reporter Profile page for Ward 3, DC. U.S. Census
Bureau. 2019. URL: http://censusreporter.org/profiles/61000U S11003-ward-3-dc/ [accessed 2021-06-22]

American Community Survey 5-year estimates. Retrieved from Census Reporter Profile page for Ward 5, DC. U.S. Census
Bureau. 2019. URL: http://censusreporter.org/profiles/61000U S11005-ward-5-dc/ [accessed 2021-06-22]

Full KM, Kerr J, Grandner MA, Malhotra A, Moran K, Godoble S, et al. Validation of a physical activity accelerometer
device worn on the hip and wrist against polysomnography. Sleep Health 2018;4(2):209-216 [FREE Full text] [doi:
10.1016/j.91eh.2017.12.007] [Medline; 29555136]

Matthew CE. Calibration of accelerometer output for adults. Med Sci Sports Exerc 2005;37(11 Suppl):512-522. [doi:
10.1249/01.mss.0000185659.11982.3d] [Medline: 16294114]

Pearce M, Saunders DH, Allison P, Turner AP. Indoor and outdoor context-specific contributions to early adolescent
moderate to vigorous physical activity as measured by combined diary, accelerometer, and GPS. J Phys Act Health
2018;15(1):40-45. [doi: 10.1123/jpah.2016-0638] [Medline: 28682656]

https://www.researchprotocols.org/2021/7/e29191 JMIR Res Protoc 2021 | vol. 10 | iss. 7| €29191 | p. 20

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.healthplace.2013.01.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23454664&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2009.10.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19963310&dopt=Abstract
http://europepmc.org/abstract/MED/25442233
http://dx.doi.org/10.1016/j.amepre.2014.08.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25442233&dopt=Abstract
http://dx.doi.org/10.1097/PSY.0b013e31827457f4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23107839&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(16)31714-7
http://dx.doi.org/10.1161/circ.136.suppl_1.15598
https://doi.org/10.3389/fcvm.2021.599341
http://dx.doi.org/10.3389/fcvm.2021.599341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33778019&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(19)35079-X
http://dx.doi.org/10.1016/j.jacc.2019.04.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31248544&dopt=Abstract
http://europepmc.org/abstract/MED/29580165
http://dx.doi.org/10.1123/jpah.2016-0667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29580165&dopt=Abstract
http://europepmc.org/abstract/MED/31199713
http://dx.doi.org/10.1080/02701367.2019.1609649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31199713&dopt=Abstract
http://europepmc.org/abstract/MED/28063754
http://dx.doi.org/10.1016/j.annepidem.2016.09.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28063754&dopt=Abstract
https://doi.org/10.4081/gh.2018.712
http://dx.doi.org/10.4081/gh.2018.712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30451471&dopt=Abstract
http://dx.doi.org/10.1007/s10900-017-0344-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28386706&dopt=Abstract
http://europepmc.org/abstract/MED/27528538
http://dx.doi.org/10.1016/j.amepre.2016.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27528538&dopt=Abstract
http://europepmc.org/abstract/MED/24711629
http://dx.doi.org/10.1093/ntr/ntt273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24711629&dopt=Abstract
http://censusreporter.org/profiles/61000US11003-ward-3-dc/
http://censusreporter.org/profiles/61000US11005-ward-5-dc/
https://linkinghub.elsevier.com/retrieve/pii/S2352-7218(17)30240-1
http://dx.doi.org/10.1016/j.sleh.2017.12.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29555136&dopt=Abstract
http://dx.doi.org/10.1249/01.mss.0000185659.11982.3d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16294114&dopt=Abstract
http://dx.doi.org/10.1123/jpah.2016-0638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28682656&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Tamuraet al

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

James P, Hart JE, Hipp JA, Mitchell JA, Kerr J, Hurvitz PM, et a. GPS-based exposure to greenness and walkability and
accelerometry-based physical activity. Cancer Epidemiol Biomarkers Prev 2017;26(4):525-532. [doi:
10.1158/1055-9965.€epi-16-0925]

Zenk SN, Horoi I, JonesKK, Finnegan L, Corte C, Riley B, et al. Environmental and personal correlates of physical activity
and sedentary behavior in African American women: an ecological momentary assessment study. \Women Health
2017;57(4):446-462. [doi: 10.1080/03630242.2016.1170093] [Medline: 27014957]

Zenk SN, Horoi I, McDonald A, Corte C, Riley B, Odoms-Young AM. Ecological momentary assessment of environmental
and personal factors and snack food intake in African American women. Appetite 2014;83:333-341 [FREE Full text] [doi:
10.1016/j.appet.2014.09.008] [Medline: 25239402]

Liao Y, Skelton K, Dunton G, Bruening M. A systematic review of methods and procedures used in ecological momentary
assessments of diet and physical activity research in youth: an adapted STROBE checklist for reporting EMA studies
(CREMAYS). JMed Internet Res 2016;18(6):€151 [FREE Full text] [doi: 10.2196/jmir.4954] [Medline: 27328833]
Hedeker D, Gibbons RD. Application of random-effects pattern-mixture models for missing datain longitudinal studies.
Psychol Methods 1997;2(1):64-78. [doi: 10.1037/1082-989x.2.1.64]

Yingling LR, Mitchell V, Ayers CR, Peters-Lawrence M, Wallen GR, Brooks AT, et a. Adherence with physical activity
monitoring wearable devices in acommunity-based population: observations from the Washington, D.C., Cardiovascular
Health and Needs Assessment. Transl Behav Med 2017;7(4):719-730. [doi: 10.1007/s13142-016-0454-0] [Medline:
28097627)

Adu-Brimpong J, Coffey N, Ayers C, Berrigan D, Yingling L, Thomas S, et a. Optimizing scoring and sampling methods
for assessing built neighborhood environment quality in residential areas. Int J Environ Res Public Health 2017;14(3):273
[EREE Full text] [doi: 10.3390/ijerph14030273] [Medline: 28282878]

Clauddl S, TamuraK, Troendle J, Andrews MR, Ceasar JN, Mitchell VM, et al. Comparing methods to identify wear-time
intervalsfor physical activity with the Fitbit Charge 2. JAging Phys Act 2020;29(3):529-535. [doi: 10.1123/japa.2020-0059]
[Medline: 33326935]

Tamura K, Vijayakumar NP, Troendle JF, Curlin K, Neally SJ, Mitchell VM, et al. Multilevel mobile health approach to
improve cardiovascular health in resource-limited communities with Step It Up: arandomised controlled trial protocol
targeting physical activity. BMJ Open 2020;10(12):€040702. [doi: 10.1136/bmjopen-2020-040702]

Claudel SE, Ceasar N, Andrews MR, El-Toukhy S, Farmer N, Middleton KR, et a. Time to listen: a mixed-method study
examining community-based views of mobile technology for interventions to promote physical activity. BMJ Health Care
Inform 2020;27(3):€100140 [FREE Full text] [doi: 10.1136/bmjhci-2020-100140] [Medline: 32830106]

Ceasar N, Claudel SE, Andrews MR, TamuraK, Mitchell V, Brooks AT, et al. Community engagement in the devel opment
of an mHealth-enabled Physical Activity and Cardiovascular Health Intervention (Step It Up): pilot focus group study.
JMIR Form Res 2019;3(1):€10944 [FREE Full text] [doi: 10.2196/10944] [Medline: 30684422]

Andrews MR, Ceasar J, TamuraK, Langerman SD, Mitchell VM, Collins BS, et al. Neighborhood environment perceptions
associate with depression levels and cardiovascular risk among middle-aged and older adults: data from the Washington,
DC cardiovascular health and needs assessment. Aging Ment Health 2020:1-12. [doi: 10.1080/13607863.2020.1793898]
[Medline: 32691611]

Ceasar J, Peters-Lawrence M, Mitchell V, Powell-Wiley T. The Communi cation, Awareness, Rel ationships and Empowerment
(C.A.R.E.) Modd: an effective tool for engaging urban communities in community-based participatory research. Int J
Environ Res Public Health 2017;14(11):1422 [FREE Full text] [doi: 10.3390/ijerph14111422] [Medline: 29160826]
Danquah IH, Petersen CB, Skov SS, Tolstrup JS. Validation of the NPAQ-short - a brief questionnaire to monitor physical
activity and compliance with the WHO recommendations. BMC Public Health 2018;18(1):601 [FREE Full text] [doi:
10.1186/s12889-018-5538-y] [Medline: 29739383]

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav 1983;24(4):385. [doi:
10.2307/2136404]

Oelsner MESA COVID-19 Questionnaire Completion Guidance. MESA. 2020. URL : https://www.phenxtoolKkit.org/
toolkit _content/PDF/MESA_Questionnaire Annotated.pdf [accessed 2021-06-22]

Conway |11 LG, Woodard SR, Zubrod A. Social Psychological Measurements of COVID-19: Coronavirus perceived threat,
government response, impacts, and experiences questionnaires. PsyArXiv 2020:A. [doi: 10.31234/osf.io/z2x9a]

Zenk SN, Matthews SA, Kraft AN, Jones KK. How many days of global positioning system (GPS) monitoring do you need
to measure activity space environments in health research? Health Place 2018;51:52-60 [FREE Full text] [doi:
10.1016/j.healthplace.2018.02.004] [Medline: 29549754]

Goyal A, Dey AK, Chaturvedi A, Elnabawi YA, AberraTM, Chung JH, et al. Chronic stress-related neural activity associates
with subclinical cardiovascular diseasein psoriasis: aprospective cohort study. JACC Cardiovasc |maging 2020;13:465-477
[FREE Full text] [doi: 10.1016/j.jcmg.2018.08.038] [Medline: 30448131]

Bremner JD, Mishra S, CampanellaC, Shah M, Kasher N, Evans S, et a. A pilot study of the effects of mindful ness-based
stress reduction on post-traumatic stress disorder symptoms and brain response to traumatic reminders of combat in operation
enduring freedom/operation iragi freedom combat veterans with post-traumatic stress disorder. Front Psychiatry 2017;8:157
[FREE Full text] [doi: 10.3389/fpsyt.2017.00157] [Medline: 28890702]

https://www.researchprotocols.org/2021/7/e29191 JMIR Res Protoc 2021 | vol. 10 | iss. 7| €29191 | p. 21

(page number not for citation purposes)


http://dx.doi.org/10.1158/1055-9965.epi-16-0925
http://dx.doi.org/10.1080/03630242.2016.1170093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27014957&dopt=Abstract
http://europepmc.org/abstract/MED/25239402
http://dx.doi.org/10.1016/j.appet.2014.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25239402&dopt=Abstract
https://www.jmir.org/2016/6/e151/
http://dx.doi.org/10.2196/jmir.4954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27328833&dopt=Abstract
http://dx.doi.org/10.1037/1082-989x.2.1.64
http://dx.doi.org/10.1007/s13142-016-0454-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28097627&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph14030273
http://dx.doi.org/10.3390/ijerph14030273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28282878&dopt=Abstract
http://dx.doi.org/10.1123/japa.2020-0059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33326935&dopt=Abstract
http://dx.doi.org/10.1136/bmjopen-2020-040702
https://informatics.bmj.com/lookup/pmidlookup?view=long&pmid=32830106
http://dx.doi.org/10.1136/bmjhci-2020-100140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32830106&dopt=Abstract
https://formative.jmir.org/2019/1/e10944/
http://dx.doi.org/10.2196/10944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30684422&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2020.1793898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32691611&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph14111422
http://dx.doi.org/10.3390/ijerph14111422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29160826&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5538-y
http://dx.doi.org/10.1186/s12889-018-5538-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29739383&dopt=Abstract
http://dx.doi.org/10.2307/2136404
https://www.phenxtoolkit.org/toolkit_content/PDF/MESA_Questionnaire_Annotated.pdf
https://www.phenxtoolkit.org/toolkit_content/PDF/MESA_Questionnaire_Annotated.pdf
http://dx.doi.org/10.31234/osf.io/z2x9a
http://europepmc.org/abstract/MED/29549754
http://dx.doi.org/10.1016/j.healthplace.2018.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29549754&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1936-878X(18)30920-3
http://dx.doi.org/10.1016/j.jcmg.2018.08.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30448131&dopt=Abstract
https://doi.org/10.3389/fpsyt.2017.00157
http://dx.doi.org/10.3389/fpsyt.2017.00157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28890702&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Tamuraet al

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Shen J, Poole JC, Topel ML, Bidulescu A, Morris AA, Patel RS, et al. Subclinical vascular dysfunction associated with
metabolic syndrome in African Americans and Whites. J Clin Endocrinol Metab 2015;100(11):4231-4239. [doi:
10.1210/jc.2014-4344]

Baumer Y, Gutierrez-Huerta CA, Saxena A, Dagur PK, Langerman SD, TamuraK, et a. Immune cell phenotyping in low
blood volumes for assessment of cardiovascular disease risk, development, and progression: a pilot study. J Trans Med
2020;18(1):29 [FREE Full text] [doi: 10.1186/s12967-020-02207-0] [Medline: 31952533]

Somanchi SS, McCulley KJ, Somanchi A, ChanLL, LeeDA. A novel method for assessment of natural killer cell cytotoxicity
using image cytometry. PLoS One 2015;10(10):e0141074 [FREE Full text] [doi: 10.1371/journal .pone.0141074] [Medline:
26492577)

Snyder-Mackler N, Sanz J, Kohn JN, Brinkworth JF, Morrow S, Shaver AO, et al. Socia status alters immune regulation
and responseto infection in macagues. Science 2016;354(6315):1041-1045 [FREE Full text] [doi: 10.1126/science.aah3580]
[Medline: 27885030]

Baumer Y, Ng Q, Sanda GE, Dey AK, Teague HL, Sorokin AV, et a. Chronic skin inflammation accel erates macrophage
cholesterol crystal formation and atherosclerosis. JCI Insight 2018;3(1):€97179 [FREE Full text] [doi:
10.1172/jci.insight.97179] [Medline: 29321372]

Jalbert E, Crawford TQ, D'Antoni ML, Keating SM, Norris PJ, Nakamoto BK, et al. IL-1B enriched monocytes mount
massive |L-6 responsesto common inflammatory triggers among chronically HIV-1 infected adults on stable anti-retroviral
therapy at risk for cardiovascular disease. PL0oS One 2013;8(9):e75500 [ FREE Full text] [doi: 10.1371/journal.pone.0075500]
[Medline: 24086545]

Hilding A. Altered relation between circulating levels of insulin-like growth factor-binding protein-1 and insulin in growth
hormone-deficient patients and insulin-dependent diabetic patients compared to that in healthy subjects. J Clin Endocrinol
Metab 1995;80(9):2646-2652. [doi: 10.1210/j¢.80.9.2646]

Income and poverty in the United States: 2018. United States Census Bureau. 2019. URL : https://www.census.gov/library/
publications/2019/demo/p60-266.html [accessed 2021-06-22]

Saelens BE, Arteaga SS, Berrigan D, Ballard RM, Gorin AA, Powell-Wiley TM, et a. Accumulating Data to Optimally
Predict Obesity Treatment (ADOPT) Core Measures: environmental domain. Obesity (Silver Spring) 2018;26 Suppl 2:35-44
[FREE Full text] [doi: 10.1002/0by.22159] [Medline: 29575779]

Mayne S, Jose A, Mo A, Vo L, Rachapalli S, Ali H, et al. Neighborhood disorder and obesity-related outcomes among
women in Chicago. Int J Environ Res Public Health 2018;15(7): 1395 [ FREE Full text] [doi: 10.3390/ijerph15071395]
[Medline: 29970797]

DC police crime mapping. Metropolican Police Department. 2018. URL : http://crimemap.dc.gov/CrimeM apSearch.aspx
[accessed 2021-06-22]

Zenk SN, Schulz AJ, Matthews SA, Odoms-Young A, Wilbur J, Wegrzyn L, et a. Activity space environment and dietary
and physical activity behaviors: apilot study. Health Place 2011;17(5):1150-1161 [FREE Full text] [doi:
10.1016/j.healthplace.2011.05.001] [Medline: 21696995]

Parks and recreation areas. Government of District of Columbia Muriel Bowser, Mayor. URL: https://opendata.dc.gov/
datasets/287eaa?ecbff4d699762bbc6795ffdca 9/about [accessed 2021-06-22]

LiaoY, Intille SS, Dunton GF. Using ecol ogical momentary assessment to understand where and with whom adults' physical
and sedentary activity occur. Int JBehav Med 2015;22(1):51-61. [doi: 10.1007/s12529-014-9400-z] [Medline: 24639067]
Dunton GF, Liao Y, Kawabata K, Intille S. Momentary assessment of adults physical activity and sedentary behavior:
feasibility and validity. Front Psychol 2012;3:260 [FREE Full text] [doi: 10.3389/fpsyq.2012.00260] [Medline: 22866046]
Merz EL, Malcarne VL, Roesch SC, Ko CM, Emerson M, RomaV G, et al. Psychometric properties of Positive and Negative
Affect Schedule (PANAS) original and short formsin an African American community sample. J Affect Disord
2013;151(3):942-949 [FREE Full text] [doi: 10.1016/j.jad.2013.08.011] [Medline: 24051099]

DelLongis A, Folkman S, Lazarus RS. The impact of daily stress on health and mood: psychological and socia resources
as mediators. J Pers Soc Psychol 1988;54(3):486-495. [doi: 10.1037/0022-3514.54.3.486]

Powell-Wiley TM, Wong M S, Adu-Brimpong J, Brown ST, Hertenstein DL, Zenkov E, et a. Simulating the impact of
crime on African American women's physical activity and obesity. Obesity (Silver Spring) 2017;25(12):2149-2155. [doi:
10.1002/0by.22040] [Medline: 29086471]

Greer S, Schieb L, Schwartz G, Onufrak S, Park S. Association of the neighborhood retail food environment with sodium
and potassium intake among US adults. Prev Chronic Dis 2014;11:E70 [FREE Full text] [doi: 10.5888/pcd11.130340]
[Medline: 24784906]

Troped P, Starnes HA, Puett RC, Tamura K, Cromley EK, James P, et al. Relationships between the built environment and
walking and weight status among older women in three U.S. States. J Aging Phys Act 2014;22(1):114-125 [EREE Full
text] [doi: 10.1123/japa.2012-0137] [Medline: 23538637]

Hirsch JA, Winters M, Clarke P, McKay H. Generating GPS activity spaces that shed light upon the mobility habits of
older adults: adescriptive analysis. Int JHealth Geogr 2014;13(1):51. [doi: 10.1186/1476-072x-13-51]

Green DJ, Smith KJ. Effects of exercise on vascular function, structure, and health in humans. Cold Spring Harb Perspect
Med 2018;8(4):a029819 [FREE Full text] [doi: 10.1101/cshperspect.a029819] [Medline: 28432115]

https://www.researchprotocols.org/2021/7/e29191 JMIR Res Protoc 2021 | vol. 10 | iss. 7| €29191 | p. 22

(page number not for citation purposes)


http://dx.doi.org/10.1210/jc.2014-4344
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-020-02207-0
http://dx.doi.org/10.1186/s12967-020-02207-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31952533&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0141074
http://dx.doi.org/10.1371/journal.pone.0141074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26492577&dopt=Abstract
http://europepmc.org/abstract/MED/27885030
http://dx.doi.org/10.1126/science.aah3580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27885030&dopt=Abstract
https://doi.org/10.1172/jci.insight.97179
http://dx.doi.org/10.1172/jci.insight.97179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29321372&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0075500
http://dx.doi.org/10.1371/journal.pone.0075500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24086545&dopt=Abstract
http://dx.doi.org/10.1210/jc.80.9.2646
https://www.census.gov/library/publications/2019/demo/p60-266.html
https://www.census.gov/library/publications/2019/demo/p60-266.html
http://europepmc.org/abstract/MED/29575779
http://dx.doi.org/10.1002/oby.22159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29575779&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph15071395
http://dx.doi.org/10.3390/ijerph15071395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29970797&dopt=Abstract
http://crimemap.dc.gov/CrimeMapSearch.aspx
http://europepmc.org/abstract/MED/21696995
http://dx.doi.org/10.1016/j.healthplace.2011.05.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21696995&dopt=Abstract
https://opendata.dc.gov/datasets/287eaa2ecbff4d699762bbc6795ffdca_9/about
https://opendata.dc.gov/datasets/287eaa2ecbff4d699762bbc6795ffdca_9/about
http://dx.doi.org/10.1007/s12529-014-9400-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24639067&dopt=Abstract
https://doi.org/10.3389/fpsyg.2012.00260
http://dx.doi.org/10.3389/fpsyg.2012.00260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22866046&dopt=Abstract
http://europepmc.org/abstract/MED/24051099
http://dx.doi.org/10.1016/j.jad.2013.08.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24051099&dopt=Abstract
http://dx.doi.org/10.1037/0022-3514.54.3.486
http://dx.doi.org/10.1002/oby.22040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29086471&dopt=Abstract
https://www.cdc.gov/pcd/issues/2014/13_0340.htm
http://dx.doi.org/10.5888/pcd11.130340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24784906&dopt=Abstract
http://europepmc.org/abstract/MED/23538637
http://europepmc.org/abstract/MED/23538637
http://dx.doi.org/10.1123/japa.2012-0137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23538637&dopt=Abstract
http://dx.doi.org/10.1186/1476-072x-13-51
http://europepmc.org/abstract/MED/28432115
http://dx.doi.org/10.1101/cshperspect.a029819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28432115&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Tamuraet al

Abbreviations

AIC: Akaike information criterion

CVD: cardiovascular disease

DC-CHNA: DC CV Health and Needs Assessment
DC-CHOC: DC Cardiovascular Health and Obesity Collaborative
EMA: ecological momentary assessment

FDG: fluorodeoxyglucose

GIS: geographic information system

IL: interleukin

IRB: Ingtitutional Review Board

NHLBI: Nationa Heart, Lung, and Blood Institute

NIH: National Institutes of Health

PA: physica activity

PET/CT: positron emission tomography-computed tomography
SES: socioeconomic status

Edited by G Eysenbach; submitted 31.03.21; peer-reviewed by N Maglaveras, J Zink; comments to author 25.05.21; revised version
received 07.06.21; accepted 08.06.21; published 22.07.21

Please cite as:

Tamura K, Curlin K, Neally SJ, Vijayakumar NP, Mitchell VM, Collins BS, Gutierrez-Huerta C, Troendle JF, Baumer Y, Osei Baah
F, Turner BS, Gray V, Tirado BA, Ortiz-Chaparro E, Berrigan D, Mehta NN, Vaccarino V, Zenk SN, Powell-Wiley TM

Geospatial Analysis of Neighborhood Environmental Stress in Relation to Biological Markers of Cardiovascular Health and Health
Behaviorsin Women: Protocol for a Pilot Study

JMIR Res Protoc 2021;10(7):€29191

URL: https://www.researchprotocols.org/2021/7/€29191

doi: 10.2196/29191

PMID: 34292168

©Kosuke Tamura, Kaveri Curlin, Sam J Nealy, Nithya P Vijayakumar, Valerie M Mitchell, Billy S Collins, Cristhian
Gutierrez-Huerta, James F Troendle, Y vonne Baumer, Foster Osei Baah, Briana S Turner, Veronica Gray, Brian A Tirado, Erika
Ortiz-Chaparro, David Berrigan, Nehal N Mehta, Viola Vaccarino, Shannon N Zenk, Tiffany M Powell-Wiley. Originally
published in IMIR Research Protocols (https.//www.researchprotocol s.org), 22.07.2021. Thisis 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 IMIR 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/2021/7/e29191 JMIR Res Protoc 2021 | vol. 10 | iss. 7| €29191 | p. 23
(page number not for citation purposes)

RenderX


https://www.researchprotocols.org/2021/7/e29191
http://dx.doi.org/10.2196/29191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34292168&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

