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Abstract

Background: Physical activity (PA) isknown to improve quality of life (QoL) aswell asreduce mortality and disease progression
in individuals with chronic neurological disorders. However, Latinawomen are less likely to participate in recommended levels
of PA due to common socioeconomic barriers, including limited resources and access to exercise programs. Therefore, we
developed a community-based intervention with activity monitoring and behavioral coaching to target these barriers and facilitate
sustained participation in an exercise program promoting PA.

Objective: The aim of this study was to determine the feasibility and efficacy of a community-based intervention to promote
PA through self-monitoring via a Fitbit and behavioral coaching among L atina participants with chronic neurological disorders.

Methods: We conducted a proof-of-concept study among 21 Spanish-speaking Latina participants recruited from the Los
Angeles County and University of Southern California (LAC+USC) neurology clinic; participants enrolled in the 16-week
intervention at The Wellness Center at The Historic General Hospital in Los Angeles. Demographic datawere assessed at baseline.
Feasibility was defined by participant attrition and Fitbit adherence. PA promotion was determined by examining change in time
spent performing moderate-to-vigorous PA (MVPA) over the 16-week period. The effect of behavioral coaching was assessed
by quantifying the differencein MV PA on dayswhen coaching occurred versus on dayswithout coaching. Changein psychometric
measures (baseline vs postintervention) and medical center visits (16 weeks preintervention vs during the intervention) were also
examined.
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Results: Participants were of low socioeconomic status and acculturation. A total of 19 out of 21 (90%) participants completed
the study (attrition 10%), with high Fitbit wear adherence (mean 90.31%, SD 10.12%). Time performing MVPA gradually
increased by amean of 0.16 (SD 0.23) minutes per day (P<.001), which was equivalent to an increase of approximately 18 minutes
in MVPA over the course of the 16-week study period. Behavioral coaching enhanced intervention effectiveness as evidenced
by a higher time spent on MV PA on days when coaching occurred via phone (37 min/day, P=.02) and in person (45.5 min/day,
P=.01) relative to days without coaching (24 min/day). Participants improved their illness perception (effect size g=0.30) and
self-rated QoL (effect size g=0.32). Additionally, a reduction in the number of medical center visits was observed (effect size
r=0.44), and this reduction was associated with a positive change in step count during the study period (P.=04).

Conclusions:  Self-monitoring with behavioral coaching is a feasible community-based intervention for PA promotion among
L atina women of low socioeconomic status with chronic neurological conditions. PA is known to be important for brain health

in neurological conditions but remains relatively unexplored in minority populations.

Trial Registration:

(IMIR Form Res 2022;6(4):€34312) doi: 10.2196/34312

Clinical Trials.gov NCT04820153; https://clinicaltrials.gov/ct2/show/NCT04820153
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Introduction

Methods

In the last decade, studies have established the vital role of
physical activity (PA), particularly sustained
moderate-to-vigorous PA (MVPA), in chronic neurological
disorders due to its ability to improve neurological outcomes,
quality of life (QoL), and reduce disease progression [1-5].
Currently, the generalizability of these findingsto US minority
populations and different socioeconomic status groups in the
United Statesis unclear given the fact that the vast majority of
clinical research has been predominantly conducted on White
males with affordable access to medical care.

Studies examining individuals who are regularly engaged in
exercise in the United States have indicated that lack of PA is
prevalent in Latinx groups compared to other ethnic groups[6].
In terms of sex, a high percentage (74%) of Latina women do
not participate in exercise activities, and this number increases
with age [7,8]. While there are numerous reasons for this
occurrence, a substantial contributor includes the lack of
resources and accessibility to programs that promote PA and
exercise [9]. Therefore, it is paramount that clinical studies
focus on development of accessible interventions that are
capable of increasing PA in underrepresented communities and
ethnic groups. One potential approach includes the
implementation of a community-based intervention consisting
of activity monitoring by personal activity monitors, such as
wrist-worn Fitbit devices, with behavioral coaching. Numerous
studies have demonstrated that this approach is impactful and
successfully promotes PA among healthy individuals as well
as those with medical conditions, including obesity, diabetes,
and neurological disorders [10-12]. It is yet to be established
whether specific motivational strategies can demonstrate
efficacy in aL atina population among individuals with chronic
neurological conditions.

The purpose of this proof-of-concept study was to examine the
feasibility and efficacy of a community-based wellness center
intervention to promote PA in a L atina population with chronic
neurological disorders.

https://formative.jmir.org/2022/4/€34312

Ethical Considerations

The University of Southern California Institutional Review
Board (IRB) approved all study procedures (IRB No.
HS-18-00993). Thefunder did not require registration; however,
the trial was retrospectively registered at Clinical Trials.gov
(NCT04820153) for publication. The authors confirm that any
related clinical trials have been registered. All study participants
provided written informed consent.

Study Participants

The target sample size for this proof-of-concept study was 20
participants, as thisis similar to sample sizes used in previous
preliminary Fitbit wear studies [11,13]. Inclusion criteria
included the following: (1) diagnosed with a neurological
disorder, (2) ableto usethe Fithit activity monitor as determined
by participant self-report after receiving instructions from a
study coordinator, (3) own asmartphone device, (4) ambulatory
without assistance, (5) able to provide informed consent, (6)
live within commuting distance to The Wellness Center (TWC)
at The Historic General Hospital in Los Angeles, (7) Spanish
speaking, and (8) have internet access. Exclusion criteria
included any physical condition that precluded engagement in
exercise or PA.

Study Design

Recruitment and Community Site

Candidate Latina participants living in Central and East Los
Angeles were identified by bilingual attending neurologistsin
the Department of Neurology; candidateswereidentifiedin the
clinic at the Los Angeles County and University of Southern
Cdlifornia (LAC+USC) Medical Center. The LAC+USC
neurology clinic primarily serves a Latinx population of low
socioeconomi ¢ status who have awide spectrum of neurol ogical
conditions, including epilepsy, chronic headache, migraine,
stroke, Parkinson disease, and multiple sclerosis. A total of 21
individuals consented to participate in the study (Figure 1);
these participants enrolled in the study at TWC, a community
center located within the Boyle Heights community of East Los
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Angeles that offers free health and wellness classes and
programs. TWC wasfounded in 2014 and providesawiderange

Garbinet d

of servicesto patients, caregivers, and their families.

Figure1l. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.
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The study consisted of a 16-week community-based intervention
aimed at promoting PA through behavioral coaching and
self-monitoring viaaFitbit AltaHR activity device (Fitbit, Inc).
Intervention length was based on the success of similar PA
promotion studies using Fitbit devicesamong healthy individuas
and those with various medical disorders [11,12]. Upon
enrollment, individual sreceived Fitbit personal activity monitors
and wereinstructed on their usage and maintenance. Participants
were notified at the commencement of the study that they would
be allowed to keep their Fithit activity monitor upon study
completion.

Fitbit Personal Activity Monitors

Individuals were provided with the Fitbit device and charger
and were asked to wear the Fitbit device every day during the
16-week study except when bathing or swimming. Individuals
had the Fitbit app program set up on their smartphones, thus
allowing for continuous self-monitoring of PA by the Fithit
device and longitudinal monitoring to collect data by the Fithit
app throughout the 16-week study period. Participants’ Fitbit
wear compliance was encouraged by a once-a-week behavioral
coaching phone call. Monitored PA data from the Fitbit were
downloaded weekly.

https://formative.jmir.org/2022/4/€34312
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Behavioral Coaching

Navigators at TWC are L atinawomen who come from Central
and East Los Angeles communities. Their role at the TWC is
to perform outreach, perform health coaching, and guide
members to health resources. Within the study, navigators
provided assistance by motivating participants and providing
support for any technological issues. Behavioral coaching
consisted of the following: (1) 1 hour of Lifestyle Redesign at
baseline and at week 4 with an occupational therapist of Latino
background located at TWC and (2) weekly contacts of 5to 10
minutesin length from TWC navigatorsby telephone. Lifestyle
Redesignisawell-established program for promoting behavioral
modification including PA by addressing physical, psychosocial,
and environmental barriers to health. It incorporates self-care
strategies and goa setting and has been validated in Latinx
populations [14]. For thisintervention, goal setting centered on
supporting increased PA for each participant. This was
accomplished by asking participants at baseline what activities
they wanted to do to increase PA in their lives and by
subsequently collaborating on plans to incorporate these
activities into their daily lives. The weekly contacts from
navigators occurred either in person or via phone and focused
on promation of PA, Fitbit wear, and goal review.
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Study Participant Characteristics

Sociodemographics

Sociodemographic information included age, sex, primary
language, highest education level achieved, health perception,
neurological diagnoses, primary care provider status, insurance
status, housing status, and food insecurity. Zip code data were
collected and subsequently assessed to infer income category
[15]. Specifically, median incomes for participant zip codes
were compared to the Los Angeles County (LAC) median
income and were categorized as very low income (<50% of
LAC median income), low income (50%-80% of LAC median
income), or not low income (>80% of LAC median income)
per the US Department of Housing and Urban Development
recommendations.

Acculturation

Acculturation is defined as the cultural modification of an
individual or group by adapting to or borrowing traits from one
culture and displacing characteristics, habits, attitudes, and mode
of life of another culture. Acculturation was assessed through
the Short Acculturation Scale for Hispanics (SASH), a12-item
guestionnaire where questions are answered using a 5-point
Likert scale. The SASH is used to assess the level to which
participants acculturate or adopt the attitudes, values, customs,
beliefs, and behaviors of another culture. The scale providesan
overall score as well as three subscale scores in language use,
media preference, and ethnic and social relations. A higher score
indicates higher acculturation with the culture of the United
States [16].

Outcomes M easures

Fitbit Data Measures

Objective PA and wear-time data gathered from the Fitbit device
werestored, visualized, and aggregated through acommercially
available service (Fitabase Inc, Small Steps Labs) using Health
Insurance Portability and Accountability Act—compliant
deidentified unique participant emails. PA measures included
step count and time spent on (1) sedentary activity; (2) light,
moderate, and vigorous PA (LMVPA); or (3) MVPA. Activity
intensity was quantified viaaFitbit proprietary algorithm based
on metabolic equivalents of task. To evaluate compliance to
Fitbit device wearing, day wear was calculated as the “total
wear minutes’ (derived from minutes where Fitbit captured
heart rate value) minus the “in-bed minutes’ (derived from the
Fitbit proprietary sleep detection algorithm). Datafor each day
were first inspected for technical adherence, defined as having
accurate sleep data (ie, in-bed minutes greater than 180 minutes
if day wear minutes were greater than 1080 minutes out of the
maximum of 1440 minutes per day) and activity data (ie,
LMVPA minutes greater than O minutes if day wear minutes
were greater than 600 minutes[10 hours]). Personal adherence,
defined as greater than 10 hours of Fitbit wear per day, was
subsequently assessed for days that were technically adherent.
Fitbit-recorded PA measures were only analyzed for days with
valid technical adherence and personal adherence.

https://formative.jmir.org/2022/4/€34312
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Quality of Life Scale

The Quality of Life Scale (QoLS) was used to assess an
individual’s view of their health, how well they feel, and how
well they were able to complete their usual activities[17]. The
QoLS is a 16-item assessment, with items rated on a 7-point
Likert scale, measuring five life domains: (1) materia and
physical well-being; (2) relationships with others; (3) socidl,
community, and civic activities; (4) personal development and
fulfillment; and (5) recreation. A higher score is indicative of
ahigher perceived QoL.

IIness Perception Scale

The Brief Illness Perception Questionnaire (BIPQ) was
administered to assess individuals' perceptions of their health
and well-being [18]. The BIPQ is a 9-item questionnaire, with
questions rated on a 10-point Likert scale. Each question
assesses one dimension of illness perception, including cognitive
and emotional representation, level of personal and treatment
control, and sense of identity and concern. A higher score
indicates a more threatening view of a participant’sillness.

System Usability Scale
The System Usability Scalewas used to ascertain anindividua’s

opinion on the usability of the Fithit phone app, Fitbit activity
monitor, and the combination of the Fitbit device and app [19].

LAC+USC Medical Center Visits

The total number of outpatient and inpatient visits to the
LAC+USC Medical Center was determined during the 16-week
period prior to study initiation and during the period of the study
intervention using electronic medical records. LAC+USC
Medical Center visits were monitored to gather insight into
participants’ overall health behaviors as well asto specifically
understand the impact of PA promotion on health care use.

Data Analysis

Analyseswere completed using the statistical analysis package
R (version 3.6.0; The R Foundation) [20]. The mean and SD of
the data were calculated to describe the sociodemographic
characteristics, scale outcomes, and Fithit-recorded PA.
Individuals' rates of change in Fitbit-recorded PA measures
were quantified by an activity (eg, MVPA) by day regression
slope. Promotion of PA was determined by examining whether
time spent performing MV PA increased throughout the 16-week
intervention period or stayed stationary. To accomplish this, a
Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test was performed
onthetime-series MV PA data. If the KPSStest was significant,
indicating that MVPA data were nonstationary, an MVPA by
time (day) Pearson correlation was caculated to determine
whether time spent performing MV PA significantly increased
or decreased throughout the intervention period. A
Kruskal-Wallis test was employed to evaluate differences in
PA measures on dayswith varying behavioral coaching contact
types (ie, phone, in person, or no contact). When appropriate,
the Dunn test was performed to determine the locus of
significance [21]. Changes in scale outcomes from basdline to
postintervention and medical center visits from baseline to the
study period were assessed by paired t tests (2-tailed) or
Wilcoxon signed-rank tests depending on normality. Hedges g
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was used to calculate effect size when changes were quantified
by paired t tests. The r statistic—obtained from the formular
= Z statistic / sgrt(n)—was used with the Wilcoxon signed-rank
test. A Pearson correlation assessed the relationships between
participant-level rates of change in PA measures and changes
in medical center visits. An a level of less than .05 was
considered statistically significant.

Results

Participant Characteristics

Key demographics of study individuals are presented in Table
1. A total of 21 L atina participantswere enrolled, and 19 (90%)
of them completed the study, giving an attrition rate of 10%.

https://formative.jmir.org/2022/4/€34312
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The mean age of the samplewas 47 years (SD 9.0, range 29-64).
Neurological diagnoses included chronic headaches and
migraines (n=13, 68%), Parkinson disease (n=2, 11%), multiple
sclerosis(n=2, 11%), and trigeminal neuralgia(n=2, 11%). The
majority of individuas were considered to be of low
socioeconomic status. A total of 76% (13/17) of participants
were living in low- or very low—income areas, 63% (12/19)
completed less than a high school-level education; 41% (7/17)
reported housing insecurities, defined as not having housing or
being worried about losing housing; and 53% (9/17) reported
food insecurities, defined as being worried about running out
of food before having money to buy more. Overal, study
participants had low acculturation to United States culture, as
evidenced by a mean acculturation score of 1.81 (SD 0.65).
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Table 1. Sociodemographic characteristics of the study participants.

Characteristics Values (N=19)
Age (years), mean (SD, range) 47 (9.0, 29-64)
Sex (female), n (%) 19 (100)
Neurological diagnosis, n (%)

Chronic headaches and migraines 13 (68)

Parkinson disease 2(1)

Multiple sclerosis 2(11)

Trigeminal neuralgia 2(1)
Primary language, n (%)

Spanish 18 (95)

English 1(5)
Self-reported overall health (n=17), n (%)

Excellent or good 5(29)

Fair or poor 12 (71)

Socioeconomic status (n=17), n (%)

Zip code family income category

Not low income 4(24)
Low income 10 (59)
Very low income 3(18)

Highest education level achieved

<11th grade 12 (63)
>12th grade 7 (37)
Housing status (n=17), n (%)
Have housing 10 (59)
Worried about losing housing or do not have housing 7(41)
I nsurance status
Public insurance 11 (58)
Other, none, or do not know 8(42)

Primary care provider
Yes 13 (68)
No 6(32)
Food insecurity (n=17), n (%)
Yes 9(53)
No 8(47)

Acculturation, as measured by the SASH? mean (SD)

Average score 1.81 (0.56)
Language use score 1.52(0.73)
Media preference score 2.09 (1.10)
Ethnic and socia relations score 1.96 (0.53)

8SASH: Short Acculturation Scale for Hispanics. Total average and subscale scores range from 1 to 5. Higher scores indicate higher acculturation.
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Intervention Adherence and Safety

A total of 19 out of 21 (90%) participants completed the
intervention study, while 2 (10%) participants were lost to
follow-up. No adverse events were reported by participants. A
mean of 93.6% (SD 9.5%) of days during theintervention period
had valid technical adherence. There was also high personal
adherence, as the average participant wore their Fitbit for 10

Garbinet d

hours or greater on a mean of 90.31% (SD 10.12%) of days
throughout the 16-week trial (mean 5.95, SD 1.02 days/week).
Further, while the recommended day wear time was 10 hours,
the average participant wore their Fitbit for a mean of 15.44
(SD 1.06) day waking hours. Participants rated the usability of
the Fitbit device and app asgood (score 71.4) to excellent (score
85.5) [22], potentially reflecting the high adherence (Table 2).

Table 2. Fithit wear adherence, physical activity, and system usability feedback.

Measure Mean (SD)
Adherence
Technical adherence (% days) 93.6 (9.50)
Personal adherence (% days) 90.31(10.12)
Valid personal adherence days per week 5.95 (1.02)
Wear minutes per day waking hour 926.61 (63.27)
Physical activity per day
Number of steps 9859.99 (2616.22)
Sedentary minutes 583.51 (80.15)
LMVPA® minutes 336.84 (80.09)
MVPAP minutes 36.63 (18.26)
Individual rate of change per day
Number of steps —0.91 (27.69)
Sedentary minutes -0.07 (0.62)
LMVPA minutes 0(0.71)
MVPA minutes 0.16 (0.23)
System Usability Scale® feedback (%)
Fitbit device 76.3 (7.4)
Fitbit app 78.4 (8.0)
Fitbit device and app combined 82.9 (10.5)

3_MVPA: light, moderate, and vigorous physical activity.
MV PA: moderate-to-vi gorous physical activity.

CHigher percentages of feedback for the System Usability Scale indicate higher usability.

Promotion of Physical Activity

The average participant increased their time spent performing
MVPA by amean of 0.16 (SD 0.23) minutes per day over the
16-week study period, which was equivalent to a cumulative
increase of approximately 18 minutes. PA was promoted as

https://formative.jmir.org/2022/4/€34312

indicated by a significant KPSS test (P=.01 and subsequent
significant positive Pearson correlation [r=0.457, 95% CI
0.297-0.592]; P<.001) detailing that time spent performing
MV PA increased throughout the 16-week study period (Figure
2). No changes were observed during the intervention period
for other PA measures (Table 2).
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Figure 2. Moderate-to-vigorous physical activity (MVPA) throughout the 16-week intervention. Each dot represents a single week, with the color of
the dot specifying the participant. Numbers beside the colored dots represent participant numbers. The box plots detail weekly medians (horizontal red

lines) and quartile minutes performing MV PA for the group, while the black

lineillustrates the slope of MV PA over time for the group.
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Impact of Behavioral Coaching

Parti cipants were contacted for behavioral coaching an average
of 5.26 (SD 1.88) times by phone and 2.11 (SD 1.63) timesin
person over the 16-week study period. A Kruskal-Wallis test
revealed that median steps and MVPA were greater on days
when individuals were contacted via phone (10,495 steps/day,
IQR 8547.5-12,979.5, P=.03; MV PA: 37 min/day, IQR 10-71.5,
P=.02) and in person (11,3695 sepsdday, IQR
9886.23-14,214.8, P=.01; MVPA: 45.5 min/day, IQR 12.3-69,

https://formative.jmir.org/2022/4/€34312

RenderX

P=.01) compared to days when individual s were not contacted
(10,161 steps/day, IQR 6639-12,371; MVPA: 24 min/day, IQR
0-55; Figure 3). Median sedentary minutes were reduced on
days when participants were contacted by phone (561 min/day,
IQR 470-639.5, P=.04) but not in person (580 min/day, IQR
516.3-637.8, P=.43) relative to days with no contact (580.5
min/day, IQR 493-669). No differences were seen in LMVPA
regardless of contact (contact by phone: 351 min/day, IQR
282-416, P=.10; contact in person: 364.5 min/day, IQR
278.5-422.8, P=.16; no contact: 334 min/day, IQR 255-408).
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Figure 3. The effect of contact type on daily moderate-to-vigorous physical activity (MVPA) minutes. Each dot represents a single day, with the color
of the dot specifying the participant. Numbers beside the colored dots represent participant numbers. The violin outline details the overall distribution
of each contact type condition, while the box plots depict the medians and quartiles. The horizontal dashed line at 30 MVPA minutes illustrates the
recommended number of MV PA minutes per day.
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Small effect sizes were observed for improvement in BIPQ  coefficient r=—0.47, P=.04; Figure 4). Therewas no correlation

scores (g=0.30, P=.19) and increasesin QoL S scores (g=0.32,  between changein medical center visitsand changein other PA

P=.16). A medium effect size was observed for reductionsin  measures,

visits to the LAC+USC Medical Center (effect size r=0.44,

Table 3. Measurements before, during, and after the intervention study period.

Measure First measurement® mean (SD) ~ Second measurement?, mean (SD) Pvdue Effectsize
Brief IlIness Perception Questionnaire score® 43.05(13.11) 39.21(14.32) 19 0.30¢
Quality of Life Scale score® 82.37 (19.05) 87.53 (11.72) 16 0.32¢
Number of medical center visits (4 months) 4.32 (2.43) 3.47 (2.84) .06 0.44

#The first measurements for the scales took place at baseline, whereas those for medical center visits took place during a period 16 weeks prior to the
start of the study.

bThe second measurements for the scales took place after the intervention study period, whereas those for medical center visits took place during the
16-week study.

“Total scores range from 0 to 80; a higher score indicates amore threatening view of a participant'sillness.
HThis effect size was Hedges g.

®Total scores range from 16 to 112; a higher score indicates a higher perceived quality of life.

fThis effect sizewasther statistic.
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Figure 4. The association between change in medical center visits with rate of change in steps. A negative change in medical center visits indicates
that a participant went to the medical center fewer times during the study period than during the period 16 weeks prior to study initiation. Numbers

beside the colored dots represent participant numbers.
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Discussion

Principal Findings

The aim of this proof-of-concept study was to assess the
feasibility and efficacy of a community-based intervention to
promote PA through (1) a wearable Fitbit and (2) behavioral
coaching in a sample of Latina women of low socioeconomic
status with chronic neurological disorders recruited from the
LAC+USC county outpatient neurology clinic. Studies have
demonstrated the importance of PA and exercise in reducing
morbidity and improving QoL for individuals with chronic
neurological disorders, including Parkinson disease, multiple
sclerosis, and chronic pain [1,2,4,23]. However, these studies
typicaly do not include individuals from minority populations
of low socioeconomic status. In general, underserved
populations, particularly Latinawomen, arealso less physically
active due to numerous barriers to exercise, placing them at
high risk for disease burdens associated with chronic illness
[6-8]. These barriers include environmental factors, such as
great distances with limited public transportation; low
socioeconomic status; long working hours; lack of health
literacy; limited social support, including extensive family and
caregiver demands; and lack of facilities, including gym spaces,
outdoor parks, or recreational sites [9]. Hedlth care—related
resources delivered at the community level may remove these
barriers by maximizing accessibility and redesigning lifestyles
[24]. For example, behavioral coaching and encouragement
delivered within the community can help individuals identify
goals and develop strategies to incorporate PA into their daily
lives that otherwise would have not been considered [14].
Additionally, recent personal activity monitoring technology,
such as Fithit devices, enableindividual sto monitor their goals
through continuous and goal-directed real-time feedback
emphasizing self-selected PA rather than structured exercise.

This proof-of-concept study provided preliminary evidencethat
programs designed to promote PA through self-monitoring with
apersonal activity monitor, such as aFithit wearable device, in
conjunction with behavioral coaching arefeasible and impactful

https://formative.jmir.org/2022/4/€34312

among Latina women of low socioeconomic status and
acculturation. Specifically, we observed high adherenceto Fitbit
wear, consistent with similar intervention studies using the same
personal adherence definition (10 waking hours/day) in samples
largely consisting of non-Latina, White females[11]. Potential
motivating factors underlying high adherenceinclude (1) initial
goal setting, (2) frequent contact with wellness center navigators
[25] to motivate the participants and hel p with any technol ogical
issues, and (3) the incentive for individuals to keep the Fitbit
after study completion. Further, it is likely that the
community-based nature of the intervention facilitated adherence
by reducing barriersto exercise commonly experienced by this
population of low socioeconomic status.

Importantly, this study demonstrated the efficacy of the
intervention to promote PA over a 16-week period. In general,
participants experienced an increase of approximately 18
minutesin daily MVPA over the course of the 16-week period,
which nears the World Health Organization recommendations
for approximately 20 minutes of PA per day (150 minutes of
PA/week) to improve general and brain heath [26]. This
increase in MVPA was steady (0.16 minutes/day), which
suggests that these gains in PA are gradual in nature. Taken
together, these findings suggest that reaching recommended
MVPA levels may be an achievable and redlistic goal. While
an increase in MVPA has been observed in similar
self-monitoring intervention studies [12,27], it is notable that
Latina women and individuals with chronic neurological
conditions typically do not achieve recommended levels of PA
[7,28] and report many barriersto exercise [9,29].

Interestingly, this study demonstrates that the observed PA
promotion was significantly influenced by behavioral coaching
within the setting of acommunity wellness center. Specifically,
both behavioral coaching by phone from a wellness center
navigator and by in-person visitswith an occupational therapist
increased individuals' activity as reflected by time spent
performing MVPA and daily step count. This finding is
consistent with previous reports demonstrating that
community-based interventions can promote PA among Latina
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women, particularly when led by those within their own
community [30,31]. While the use of Fitbit wearable devices
as an intervention is rising in popularity and studies have
demonstrated its benefit in promoting PA in the general
population of women [11-13], our results support theimportance
of acommunity-based intervention model that combines Fitbit
wear and behavioral coaching to promote PA for Latinawomen
with low socioeconomic status and accul turation characteristics.

Group-level changes in the number of daily steps, illness
perception, QoL and clinical visitswere not significantly altered
inthis study. However, further analysesrevealed that anincrease
in daily step count during the study period was correlated with
a reduction in clinical visits. Two potential drivers of this
relationship may include either the following: (1) increasing
step count to improve the health of individuals, thus reducing
medical center visits, or (2) the degree of health-related
problemsthat required medical center visitsresulted in reduced
step counts. While the former demonstrates the importance of
interventions that increase step count, both potential drivers
show how monitoring change in daily number of steps may
inform health status and the need for clinica visits. In fact,
previous work has found that increased step count during
inpatient recovery from cancer surgery is predictive of reduced
likelihood for hospital readmission [32]. Results from this
preliminary study suggest that the predictive strength of daily
step count extendsto community-based activities. A larger-scale
study aimed at examining the relationship between steps and
medical center visitsisrequired to better understand the precise
underlying mechanisms of this association.

There are limitations to this study due to its nature as a
proof-of-concept study assessing feasibility and efficacy of an
intervention in a targeted population. The sample size was
relatively small, drawn from a specific geographical area, and
consisted of a narrow range of neurological disorders, thus
limiting our ability to generalize our findings to a larger
population of Latinawomen with chronic neurological disorders.
However, this study can be used as a guide for a future large

Garbinet d

randomized clinical trial examining PA promotion in this
population with specific neurological disorders, including
individuals suffering from chronic pain, Parkinson disease, or
multiple sclerosis. While not alimitation, variability, including
a potential ceiling effect in some individuals, was observed in
activity levels between participants throughout the 16-week
study. Thisvariability isunsurprising given the proof-of-concept
nature of this study focusing on an understudied and
underresourced population commonly at risk for adverse health
conditions in which little is known about PA engagement. As
such, the authors did not use exclusion criteria or stratify based
on preintervention activity levels. An additional limitation
includes a lack of prestudy PA measurements. Due to this
limitation, it isnot possible to determine whether the high initial
activity levels and step counts observed in the study were due
toaninitia increasethat was secondary to Fitbit wear or whether
individuals were aready physicaly active at a high level.
Similarly, PA levels or other outcomes following cessation of
theformal intervention period were not measured, so we cannot
determine whether the long-term benefits of the intervention
persisted. Lastly, participants did not keep sleep or activity logs,
which resulted in an overreliance on Fitbit data to accurately
record these metrics.

Conclusions

This proof-of-concept study supportsthefeasibility and efficacy
of acommunity-based i ntervention consisting of self-monitoring
by a personal activity monitor, such as a Fithit, combined with
behavioral coaching by phone or in person promoting PA in a
sample of Latinawomen with chronic neurological conditions.
Behavioral coaching appears to enhance PA promotion when
delivered by aculturally competent intervention team consisting
of wellness center navigators from the community as well as
an occupational therapist of Latino background. These initial
results support the devel opment of future large-scaleintervention
studies with the goal of providing evidence for the feasibility
and effectiveness of PA promotion in this underrepresented
population.

Acknowledgments

Thank you to Michael Higgins, Margaret Burnett, and Soma Sahai for their contributions to the study. Special thanks go to our
community members for making this study possible, including The Wellness Center navigators, patients, and families of patients.
These studies were supported by a grant awarded to GP from the James H Zumberge Faculty Research and Innovation Fund at

the University of Southern California.

Data Availability

Access to data can be obtained by reasonable request to the contributing or senior authors (AG and GP).

Conflictsof Interest
None declared.

References

1. Mot RW, Sandroff BM. Benefits of exercise training in multiple sclerosis. Curr Neurol Neurosci Rep 2015 Sep;15(9):62.

[doi: 10.1007/s11910-015-0585-6] [Medline: 26223831]

2. Motl RW, McAuley E, Snook EM, Gliottoni RC. Physical activity and quality of lifein multiple sclerosis: Intermediary
roles of disability, fatigue, mood, pain, self-efficacy and social support. Psychol Health Med 2009 Jan; 14(1):111-124 [FREE
Full text] [doi: 10.1080/13548500802241902] [Medline: 19085318]

https://formative.jmir.org/2022/4/e34312

JMIR Form Res 2022 | vol. 6 | iss. 4| €34312 | p. 11
(page number not for citation purposes)


http://dx.doi.org/10.1007/s11910-015-0585-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26223831&dopt=Abstract
http://europepmc.org/abstract/MED/19085318
http://europepmc.org/abstract/MED/19085318
http://dx.doi.org/10.1080/13548500802241902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19085318&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Garbin et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24,

25.

Ahlskog JE. Doesvigorous exercise have aneuroprotective effect in Parkinson disease? Neurology 2011 Jul 19;77(3):288-294
[FREE Full text] [doi: 10.1212/WNL .0b013e318225ab66] [Medline: 21768599]

Crizzle AM, Newhouse 1J. Is physical exercise beneficial for persons with Parkinson's disease? Clin J Sport Med 2006
Sep;16(5):422-425. [doi: 10.1097/01.jsm.0000244612.55550.7d] [Medline: 17016120]

Petzinger GM, Fisher BE, McEwen S, Bedler JA, Walsh JP, Jakowec MW. Exercise-enhanced neuroplasticity targeting
motor and cognitive circuitry in Parkinson's disease. Lancet Neurol 2013 Jul;12(7):716-726 [FREE Full text] [doi:
10.1016/S1474-4422(13)70123-6] [Medline: 23769598]

Watson KB, Carlson SA, Gunn JP, Galuska DA, O'Connor A, Greenlund KJ, et al. Physical inactivity among adults aged
50 years and older - United States, 2014. MMWR Morb Mortal Wkly Rep 2016 Sep 16;65(36):954-958 [FREE Full text]
[doi: 10.15585/mmwr.mm6536a3] [Medline: 27632143]

IckesMJ, Sharma M. A systematic review of physical activity interventionsin Hispanic adults. J Environ Public Health
2012;2012:156435 [FREE Full text] [doi: 10.1155/2012/156435] [Medline: 22496702]

Crespo CJ, Smit E, Carter-Pokras O, Andersen R. Acculturation and leisure-time physical inactivity in Mexican American
adults: Results from NHANES 111, 1988-1994. Am J Public Health 2001 Aug;91(8):1254-1257. [Medline: 11499114]
Larsen BA, Pekmezi D, Marquez B, Benitez TJ, Marcus BH. Physical activity in Latinas: Social and environmental
influences. Womens Health (Lond) 2013 Mar;9(2):201-210 [ FREE Full text] [doi: 10.2217/whe.13.9] [Medline: 23477325]
Hartman SJ, Nelson SH, Weiner LS. Patterns of Fithit use and activity levels throughout a physical activity intervention:
Exploratory analysis from arandomized controlled trial. IMIR Mhealth Uhealth 2018 Mar 05;6(2):€29 [FREE Full text]
[doi: 10.2196/mhealth.8503] [Medline: 29402761]

Cadmus-Bertram L, Marcus BH, Patterson RE, Parker BA, Morey BL. Use of the Fitbit to measure adherenceto a physical
activity intervention among overweight or obese, postmenopausal women: Self-monitoring trajectory during 16 weeks.
JMIR Mhealth Uhealth 2015 Dec 19;3(4):€96 [FREE Full text] [doi: 10.2196/mhealth.4229] [Medline: 26586418]
Cadmus-Bertram LA, Marcus BH, Patterson RE, Parker BA, Morey BL . Randomized trial of aFitbit-based physical activity
intervention for women. Am J Prev Med 2015 Sep;49(3):414-418 [FREE Full text] [doi: 10.1016/j.amepre.2015.01.020]
[Medline: 26071863]

Abrantes AM, Blevins CE, Battle CL, Read JP, Gordon AL, Stein MD. Developing a Fitbit-supported lifestyle physical
activity intervention for depressed alcohol dependent women. J Subst Abuse Treat 2017 Sep;80:88-97 [FREE Full text]
[doi: 10.1016/j.jsat.2017.07.006] [Medline: 28755778]

Clark F, Jackson J, Carlson M, Chou C, Cherry BJ, Jordan-Marsh M, et al. Effectiveness of alifestyle intervention in
promoting the well-being of independently living older people: Results of the Well Elderly 2 randomised controlled trial.
J Epidemiol Community Health 2012 Sep;66(9):782-790 [FREE Full text] [doi: 10.1136/jech.2009.099754] [Medline:
21636614]

Berkowitz SA, Traore CY, Singer DE, Atlas SJ. Evaluating area-based socioeconomic status indicators for monitoring
disparities within health care systems: Results from a primary care network. Health Serv Res 2015 Apr;50(2):398-417
[FREE Full text] [doi: 10.1111/1475-6773.12229] [Medline: 25219917]

Ellison J, Jandorf L, Duhamel K. Assessment of the Short Acculturation Scale for Hispanics (SASH) among |ow-income,
immigrant Hispanics. JCancer Educ 2011 Sep;26(3):478-483 [FREE Full text] [doi: 10.1007/s13187-011-0233-z] [Medline:
21688089]

Burckhardt CS, Anderson KL. The Quality of Life Scale (QOLS): Reliability, validity, and utilization. Health Qual Life
Outcomes 2003 Oct 23;1:60 [FREE Full text] [doi: 10.1186/1477-7525-1-60] [Medline: 14613562]

Broadbent E, Petrie KJ, Main J, Weinman J. The Brief 1lIness Perception Questionnaire. J Psychosom Res 2006
Jun;60(6):631-637. [doi: 10.1016/j.jpsychores.2005.10.020] [Medline: 16731240]

Finstad K. The system usability scale and non-native English speakers. J Usahility Stud 2006 Aug;1(4):185-188 [FREE
Full text]

The R Project for Statistical Computing. URL: https://www.R-project.org/ [accessed 2018-01-31]

Dinno A. Package ‘dunn.test’. The Comprehensive R Archive Network. 2017 Oct 27. URL: http://cran.stat.unipd.it/web/
packages/dunn.test/dunn.test.pdf [accessed 2018-01-30]

Bangor A, Kortum P, Miller J. Determining what individual SUS scores mean: Adding an adjective rating scale. JUsability
Stud 2009 May;4(3):114-123 [FREE Full text]

Amin FM, Aristeidou S, Baraldi C, Czapinska-Ciepiela EK, Ariadni DD, Di Lenola D, European Headache Federation
School of Advanced Studies (EHF-SAS). The association between migraine and physical exercise. J Headache Pain 2018
Sep 10;19(1):83 [FREE Full text] [doi: 10.1186/s10194-018-0902-y] [Medline: 30203180]

Bantham A, Taverno Ross SE, Sebastido E, Hall G. Overcoming barriersto physical activity in underserved populations.
Prog Cardiovasc Dis 2021;64:64-71. [doi: 10.1016/j.pcad.2020.11.002] [Medline: 33159937]

Cleland CL, Tully MA, Kee F, Cupples ME. The effectiveness of physical activity interventions in socio-economically
disadvantaged communities: A systematic review. Prev Med 2012 Jun;54(6):371-380. [doi: 10.1016/j.ypmed.2012.04.004]
[Medline: 22521997]

https:/formative.,jmir.org/2022/4/e34312 JMIR Form Res 2022 | vol. 6 | iss. 4 | €34312 | p. 12

(page number not for citation purposes)


http://europepmc.org/abstract/MED/21768599
http://dx.doi.org/10.1212/WNL.0b013e318225ab66
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21768599&dopt=Abstract
http://dx.doi.org/10.1097/01.jsm.0000244612.55550.7d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17016120&dopt=Abstract
http://europepmc.org/abstract/MED/23769598
http://dx.doi.org/10.1016/S1474-4422(13)70123-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23769598&dopt=Abstract
https://doi.org/10.15585/mmwr.mm6536a3
http://dx.doi.org/10.15585/mmwr.mm6536a3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27632143&dopt=Abstract
https://doi.org/10.1155/2012/156435
http://dx.doi.org/10.1155/2012/156435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22496702&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11499114&dopt=Abstract
https://journals.sagepub.com/doi/10.2217/whe.13.9?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.2217/whe.13.9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23477325&dopt=Abstract
https://mhealth.jmir.org/2018/2/e29/
http://dx.doi.org/10.2196/mhealth.8503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29402761&dopt=Abstract
https://mhealth.jmir.org/2015/4/e96/
http://dx.doi.org/10.2196/mhealth.4229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26586418&dopt=Abstract
http://europepmc.org/abstract/MED/26071863
http://dx.doi.org/10.1016/j.amepre.2015.01.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26071863&dopt=Abstract
http://europepmc.org/abstract/MED/28755778
http://dx.doi.org/10.1016/j.jsat.2017.07.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28755778&dopt=Abstract
http://jech.bmj.com/lookup/pmidlookup?view=long&pmid=21636614
http://dx.doi.org/10.1136/jech.2009.099754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21636614&dopt=Abstract
http://europepmc.org/abstract/MED/25219917
http://dx.doi.org/10.1111/1475-6773.12229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25219917&dopt=Abstract
http://europepmc.org/abstract/MED/21688089
http://dx.doi.org/10.1007/s13187-011-0233-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21688089&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/1477-7525-1-60
http://dx.doi.org/10.1186/1477-7525-1-60
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14613562&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychores.2005.10.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16731240&dopt=Abstract
https://uxpajournal.org/wp-content/uploads/sites/7/pdf/JUS_Finstad_Aug2006.pdf
https://uxpajournal.org/wp-content/uploads/sites/7/pdf/JUS_Finstad_Aug2006.pdf
https://www.R-project.org/
http://cran.stat.unipd.it/web/packages/dunn.test/dunn.test.pdf
http://cran.stat.unipd.it/web/packages/dunn.test/dunn.test.pdf
https://uxpajournal.org/wp-content/uploads/sites/7/pdf/JUS_Bangor_May2009.pdf
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-018-0902-y
http://dx.doi.org/10.1186/s10194-018-0902-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30203180&dopt=Abstract
http://dx.doi.org/10.1016/j.pcad.2020.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33159937&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2012.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22521997&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Garbin et al

26.

27.

28.

29.

30.

31.

32.

Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MPB, Cardon G, et a. World Health Organization 2020 guidelines
on physical activity and sedentary behaviour. Br J Sports Med 2020 Dec;54(24):1451-1462 [FREE Full text] [doi:
10.1136/bjsports-2020-102955] [Medline: 33239350]

Wang JB, Cadmus-Bertram LA, Natargjan L, White MM, Madanat H, Nichols JF, et al. Wearable sensor/device (Fitbit
One) and SM Stext-messaging promptsto increase physical activity in overweight and obese adults: A randomized controlled
trial. Telemed J E Health 2015 Oct;21(10):782-792 [FREE Full text] [doi: 10.1089/tmj.2014.0176] [Medline: 26431257]
Ashe MC, Miller WC, Eng JJ, Noreau L, Physical Activity Chronic Conditions Research Team. Older adults, chronic
disease and leisure-time physical activity. Gerontology 2009;55(1):64-72 [FREE Full text] [doi: 10.1159/000141518]
[Medline: 18566534]

Mulligan HF, Hale LA, Whitehead L, Baxter GD. Barriersto physical activity for people with long-term neurological
conditions: A review study. Adapt PhysActiv Q 2012 Jul;29(3):243-265. [doi: 10.1123/apag.29.3.243] [Medline: 22811565]
Keller CS, Cantue A. Camina por Salud: Walking in Mexican-American women. Appl Nurs Res 2008 May;21(2):110-113
[FREE Full text] [doi: 10.1016/j.apnr.2006.12.003] [Medline: 18457751]

Cherrington AL, Willig AL, Agne AA, Fowler MC, Dutton GR, Scarinci IC. Development of atheory-based, peer support
intervention to promote weight loss among L atinaimmigrants. BMC Obes 2015 Mar 19;2(1):17 [FREE Full text] [doi:
10.1186/s40608-015-0047-3] [Medline: 26217532]

Low CA, Bovbjerg DH, Ahrendt S, Choudry MH, Holtzman M, JonesHL, et al. Fitbit step counts during inpatient recovery
from cancer surgery as a predictor of readmission. Ann Behav Med 2018 Jan 05;52(1):88-92 [FREE Full text] [doi:
10.1093/abm/kax022] [Medline: 29538623]

Abbreviations

BIPQ: Brief lliness Perception Questionnaire

IRB: Ingtitutional Review Board

KPSS: Kwiatkowski-Phillips-Schmidt-Shin

LAC: LosAngeles County

LAC+USC: LosAngeles County and University of Southern California
LMVPA: light, moderate, and vigorous physical activity
MVPA: moderate-to-vigorous physical activity

PA: physica activity

QoL: quality of life

QoL S: Quality of Life Scale

SASH: Short Acculturation Scale for Hispanics

TWC: The Wellness Center

Edited by A Mavragani; submitted 17.10.21; peer-reviewed by S Aguifiaga, K Waters, WF Khaw; comments to author 02.01.22;
revised version received 17.01.22; accepted 19.02.22; published 20.04.22

Please cite as:

Garbin A, Diaz J, Bui V, Morrison J, Fisher BE, Palacios C, Estrada-Darley |, Haase D, Wing D, Amezcua L, Jakowec MW, Kaplan
C, Petzinger G

Promoting Physical Activity in a Spanish-Speaking Latina Population of Low Socioeconomic Status With Chronic Neurological
Disorders. Proof-of-Concept Sudy

JMIR Form Res 2022;6(4):e34312

URL: https://formative.jmir.org/2022/4/e34312

doi: 10.2196/34312

PMID:

©Alexander Garbin, Jesis Diaz, Vy Bui, JaninaMorrison, Beth E Fisher, CarinaPalacios, Ingrid Estrada-Darley, Danielle Haase,
David Wing, Lilyana Amezcua, Michael W Jakowec, Charles Kaplan, Giselle Petzinger. Originally published in IMIR Formative
Research (https.//formative,jmir.org), 20.04.2022. 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 IMIR Formative Research, is properly cited. The
complete bibliographic information, alink to the original publication on https://formative.jmir.org, as well as this copyright and
license information must be included.

https://formative.jmir.org/2022/4/€34312

RenderX

JMIR Form Res 2022 | vol. 6 | iss. 4 | €34312 | p. 13
(page number not for citation purposes)


http://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=33239350
http://dx.doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33239350&dopt=Abstract
http://europepmc.org/abstract/MED/26431257
http://dx.doi.org/10.1089/tmj.2014.0176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26431257&dopt=Abstract
http://europepmc.org/abstract/MED/18566534
http://dx.doi.org/10.1159/000141518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18566534&dopt=Abstract
http://dx.doi.org/10.1123/apaq.29.3.243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22811565&dopt=Abstract
http://europepmc.org/abstract/MED/18457751
http://dx.doi.org/10.1016/j.apnr.2006.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18457751&dopt=Abstract
https://bmcobes.biomedcentral.com/articles/10.1186/s40608-015-0047-3
http://dx.doi.org/10.1186/s40608-015-0047-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26217532&dopt=Abstract
http://europepmc.org/abstract/MED/29538623
http://dx.doi.org/10.1093/abm/kax022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29538623&dopt=Abstract
https://formative.jmir.org/2022/4/e34312
http://dx.doi.org/10.2196/34312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

