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Abstract

Background: Latina adolescents in the USA report some of the lowest rates of physical activity of any demographic
subgroup; this is paralleled by a markedly higher lifetime risk of obesity, type 2 diabetes, and other conditions related
to inactivity. Despite this, to date, no fully powered clinical trials have tested physical activity interventions specifically
for this population. High use of mobile technologies (including text messages, smartphone apps, and social media)
suggests this could be an appropriate intervention channel, while also having potential for broad reach. This paper
describes the protocol for Chicas Fuertes, a fully powered randomized trial of a mobile technology-based physical
activity intervention for Latina adolescents.

Methods: We plan to recruit 200 Latina teens (age 13–18) in San Diego, CA, currently engaging in ≤ 150min/week of
moderate-to-vigorous physical activity (MVPA) to be assigned 1:1 to the intervention or control groups. Those
randomly assigned to the intervention group receive a one-on-one goal setting session followed by 6 months of
mobile technology-based intervention, including a personalized website, Fitbit activity tracker and app, individually
tailored text messages based on Fitbit data, and daily intervention content on Instagram. Those randomized to the
control group receive only a Fitbit activity tracker. The main outcome is change in weekly minutes of MVPA from
baseline to 6 months, measured both objectively (ActiGraph accelerometers and Fitbit Inspire HR) and subjectively
(7-Day Physical Activity Recall Interview). Additional outcomes are maintenance of activity change at 12months and
changes in psychosocial constructs, including social support and self-efficacy, engagement with mobile technology
channels, and costs of intervention delivery. We are also examining the potential mediators and moderators of the
intervention. The efficacy of the intervention is analyzed using a mixed effects regression model, adjusting for any
potential confounders not balanced by randomization. All analyses of accelerometer measured MVPA are also adjusted
for wear time.

Discussion: The Chicas Fuertes trial uses widely available mobile technologies to target critical health behavior, physical
activity, in Latina teens, a population with a high lifetime risk of lifestyle-related diseases. The results will speak to the
efficacy and acceptability of the intervention, which has the potential for broad dissemination.
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Introduction
Background and rationale
Adolescent girls report the lowest levels of regular physical
activity of any demographic group, particularly girls from
racial/ethnic minority backgrounds [1–3]. While only 8%
of adolescents in the USA meet the national guidelines of
60min of moderate-to-vigorous physical activity (MVPA)
per day [3], numbers are even worse when examined by
gender and ethnicity, with only 2.9% of Mexican American
adolescent girls meeting the guidelines (compared to
17.9% of Mexican American boys) [2]. These disparities in
adolescents are paralleled by disparities in adulthood, with
Latina women reporting less MVPA than with non-Latino
White and non-Latino Black women and higher rates of
lifestyle-related chronic disease, including overweight/
obesity and diabetes [4–6]. Developing interventions to in-
crease MVPA in Latina adolescents could improve not
only their physical, psychosocial, and cognitive health dur-
ing childhood [7], but also promote lifelong health habits
that can reduce growing health disparities and promote
health equity [8–10]. However, despite the low rates of
MVPA in Latina adolescents and the implications of this
for future health, to date, no large-scale trials of physical
activity interventions specifically for Latina teens have
been reported.
Low levels of MVPA in Latina teens may be partially

due to psychosocial barriers in addition to environmen-
tal ones. Compared to adolescent boys, adolescent girls
report lower self-efficacy, self-perception, social support,
and perceived competence for physical activity, despite
having equal access to facilities [11–16]. Latina teens
have also reported lower support for activity than non-
Latina White (White) girls, more negative support from
boys, and less enjoyment for MVPA [17–19]. Successful
MVPA interventions in this population thus will need to
be grounded in theory and target psychosocial barriers
experienced disproportionately by Latinas.
We conducted a single-arm pilot study of a web-based

MVPA intervention for Latina teens (N = 21), adapted from
an evidence-based web-delivered intervention for adult La-
tinas that was individually tailored based on social cognitive
theory (SCT) [20] and the transtheoretical model [21, 22].
Participants engaged in a one-on-one coaching setting ses-
sion to learn key behavior change techniques, such as goal
setting, self-monitoring, and problem solving, and then filled
out monthly questionnaires online to receive individually tai-
lored MVPA information. The intervention was generally

well-received, and participants increased their self-reported
MVPA from 24.7(26.1) min/week to 79.4 (46.8) min/week
over the 12-week intervention [23]. However, participants
expressed a preference for more mobile technologies, shorter
and more frequent intervention doses, and more visual inter-
vention content.
To develop new intervention content and protocols,

we conducted a series of iterative research, including in-
terviews and focus groups with Latina teens (N = 50)
[24]. Participants expressed a strong preference for an
intervention designed and delivered exclusively for La-
tina girls, featuring images of realistic Latina girls with
content in English but incorporating Spanish phrases.
They also wanted content delivered via text messages
and social media, with Instagram cited as the most
popular platform, and expressed enthusiasm for other
mobile technologies, such as wearable fitness trackers.
Incorporating these technologies into interventions has

good potential for incorporating theory-based elements
and would leverage rather than compete with the perva-
sive use of mobile technologies in teens. Given that 94% of
teens use social media platforms [25], surprisingly few in-
terventions have harnessed this tool to promote health be-
haviors in adolescents. One pilot study found that
reminders and motivational messages posted to Instagram
increased adherence to an MVPA program in female col-
lege students [26]. No large trials to date, however, have
used Instagram as an intervention tool to increase MVPA.
Relatedly, systematic reviews show good feasibility and ac-
ceptability for using text messaging to promote healthy
lifestyles in teens, but only three studies used SMS to tar-
get activity and none with Latina girls [27–30].
There are also limited data on incorporating fitness

trackers and smartwatches into interventions with teens,
despite their growing popularity. Studies highlight that
simply wearing a fitness tracker does not appear suffi-
cient to increase activity [31]; however, trackers do ap-
pear to support increases in MVPA when used to
reinforce more intensive online or in-person counseling
[32, 33]. Again, however, there is limited evidence for
this in adolescents and none in Latina girls.

Objective
To respond to these gaps in the literature, we developed
a multi-technology individually tailored theory-based
MVPA intervention for Latina adolescents. The
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intervention incorporates a modified version of the web-
site from the pilot trial, along with a coaching session, a
wearable fitness tracker (Fitbit Inspire HR), individually
tailored text messages, and Instagram posts. The aim of
the current paper is to detail the study protocol for the
randomized controlled trial testing the efficacy of this
intervention.

Methods: participants, intervention, and
outcomes
Trial design and setting
Chicas Fuertes is a parallel-group randomized trial. Ado-
lescent Latinas (N = 200) living in San Diego County are
randomized 1:1 to receive either the mobile technology-
based MVPA intervention or only a wearable tracker
(control group); analyses will test the superiority of the
intervention over the control condition in increasing
MVPA. Participants assigned to the intervention first re-
ceive a face-to-face counseling session to learn behavior
change techniques. These sessions are conducted in a
number of settings such as local parks, classrooms, and
community-based organizations. They then receive a Fit-
bit and access to a tailored intervention website to
reinforce goal setting and self-monitoring. Participants
also are connected to a study Instagram account and re-
ceive regular text messages automatically generated by
data from wearable trackers that update participants on
goal progress and encourage adaptive goal setting. Activ-
ity is measured at baseline and follow-up via accelerom-
eters and the 7-Day Physical Activity Recall (PAR)
Interview and throughout the study using Fitbits. Mea-
sures are taken again at 12 months to evaluate the main-
tenance of activity gains. The sponsor and funder, the
National Institutes of Health, played no part in study de-
sign. They have no role in the collection, management,
analysis, and interpretation of the data. They played no
part in the writing of the protocol and the decision to
submit the protocol for publication. The study protocol
uses the SPIRIT reporting guidelines [34].

Participants
Eligibility criteria
Potential participants must self-identify as Latina; be
13–18 years old; read, write, and speak English: and be
underactive, defined as regularly participating in MVPA
for less than 150 min per week. Participants must also
have regular (≥ 2 times/week) access to the Internet and
to a cellphone that can receive and send text messages.
Interested participants who do not have access to a
smartphone are provided equipment to sync the Fitbit
with a computer and use the Fitbit website dashboard
rather than the smartphone app.

Intervention
Intervention description
The intervention utilizes the same theory-based inter-
vention strategies we have shown to successfully increase
MVPA in non-Latino White men and women [35], La-
tina adults [36–38], Latino men [39], and which showed
good potential efficacy with Latina adolescents in our
pilot trial [23]. The current intervention focuses on the
same core theoretical components and behavior change
strategies from multiple psychosocial theories, including
social cognitive theory (SCT) and the transtheoretical
model (TTM), i.e., goal setting, self-monitoring, problem
solving barriers, increasing social support, social norms,
and rewarding oneself for meeting goals, which are rein-
forced by various technology channels: the Fitbit Inspire
HR wrist monitor and Fitbit app, interactive automated
text messaging, motivational content on social media
(Instagram), and an interactive website. In order to le-
verage the tools of each channel and avoid fatigue with
the technologies, different channels are emphasized at
different time points. The schedule and content of the
intervention components were refined through an inten-
sive iterative process involving multiple interviews, focus
groups, and design workshops with Latina girls (N = 50)
and beta testing with a Youth Advisory Board; this has
been described in detail elsewhere. Intervention compo-
nents are summarized in Table 1.
At the baseline one-on-one counseling session with a

trained interventionist, the participant learns about
MVPA (e.g. guidelines, benefits, intensity, duration) and
engages in an individual goal setting. This session is
based on principles of motivational interviewing, and
teaches individuals to set realistic, specific short-term
goals to build up to the long-term goal of meeting na-
tional guidelines (300 min/week of MVPA for children
aged 12-17) [40]. The interventionist and the participant
review her activity from the baseline week (measured by
the Fitbit), and the participant selects her own goal for
the following week. The interventionist also helps her
identify personal barriers to activity (e.g., time, motiv-
ation), and teaches problem solving strategies. The par-
ticipant is then oriented to the mHealth technology
channels of the intervention. Health coaching sessions
are recorded (with participant permission); a random
subsample of recordings is evaluated by an external con-
sultant to ensure fidelity of intervention delivery across
participants.

Website
At the baseline study visit, participants assigned to the
intervention group are provided with a unique login and
password for the Chicas Fuertes website, which serves as
a rich resource for MVPA tips and strategies, as well as
the platform for MVPA goal setting and monitoring.

Larsen et al. Trials          (2022) 23:176 Page 3 of 14



The website includes a weekly calendar for planning out
the upcoming week of activity, including which activities
they plan to do, which days and times they plan to do
them, where they plan to do them, and for how long.
The calendar syncs with the participant’s Fitbit so that
actual minutes of MVPA are directly imputed to allow
participants to visualize planned vs. completed activity.
The website also includes a monthly questionnaire,
which measures participants’ attitudes, beliefs, and strat-
egies for increasing MVPA. Responses to monthly ques-
tionnaires are fed into an expert system that
automatically generates personalized reports, drawing
from a bank of 330 messages addressing different levels
of psychosocial and environmental factors affecting
physical activity, such as stages of change, decisional bal-
ance, and self-efficacy, and tailors messages based on
whether scores on these phenomena have increased, de-
creased, or remained stagnant. Tailored reports address
(1) their current stage of motivational readiness for
physical activity, (2) increasing self-efficacy for physical
activity, (3) cognitive and behavioral strategies associated
with physical activity behavior change (processes of
change), (4) how the participant compares to their prior
responses (progress feedback), (5) how the participant
compares to other adolescents who are physically active
(normative feedback), and (6) self-monitoring of MVPA
(use of online activity logging calendars). Participants
complete the questionnaire each month for the first 6
months of the study, and every other month for the
remaining six months, and receive $10 each time they
complete the questionnaire.
Other website features include maps of free or low-

cost places to be active locally, strategies to overcome
common barriers to MVPA, web links to free online
workout videos, and a current activity leaders board that
highlights the three most active participants that week
(measured by Fitbit activity). The website also has an on-
line message board, moderated by the interventionist,
where participants can encourage each other to be

active, congratulate and celebrate each other’s successes,
and seek guidance or support. The website also scrolls
the study Instagram feed (see below). To encourage
regular use of the Chicas Fuertes website, participants
receive “engagement points” for logging on, answering
the weekly pop quiz question, and setting their weekly
MVPA goals. Accrued points can be traded in for a var-
iety of Chicas Fuertes-branded prizes, such as water bot-
tles, power banks, and Bluetooth speakers.

Fitbit Inspire HR monitor and app
Participants in both the intervention and control groups
are provided with a Fitbit Inspire HR monitor and free
Fitbit app for the 1-year study; however, only those in
the intervention group receive coaching on how to navi-
gate the features of the Fitbit App. At baseline, the inter-
ventionist walks the intervention participant through the
Fitbit app, focusing on how to monitor PA metrics, such
as steps, MVPA minutes, and heart rate, as well as how
to set goals for MVPA. Participants are encouraged to
monitor their progress regularly on both the Fitbit wrist-
worn tracker as well as the Fitbit app and to update their
MVPA goals on the Fitbit app gradually over time as
they work toward increasing their weekly MVPA
minutes.

Text messaging
In the first month of the intervention, text messaging is
primarily used to reinforce other intervention media
channels. Participants receive text message reminders to
use the website features, which include a link to take
them directly to the website. They receive additional
weekly texts reminding them to set goals and wear and
sync their Fitbits. In months 2–12, participants also re-
ceive algorithm-derived individually tailored text mes-
sages updating them on their goal progress mid-week
and reviewing MVPA at the end of the week. Data are
sourced from the Fitabase software program that moni-
tors Fitbit data in real time and computes total active

Table 1 Intervention technology channels and content

Website content Instagram posts Fitbit tracker and smartphone App SMS/texting

-New tailored report*
-Goal setting calendar*
-Current activity
graphs*
-Engagement points
tally*
-Activity resource guide
-Activity leaders board
-Message board
-Monthly questionnaires
-Instagram feed
-Daily tip
-Solutions to common
barriers
(*Individually tailored)

-Reminders to wear and sync Fitbits
-Physical activity demonstration
videos/modeling
-Places to be active
-Benefits/outcome expectancies
-Self-efficacy
-Social support
-Behavior change techniques
-Weekly challenge

-Goal setting (daily active minutes, steps, energy
expenditure, standing)
-Activity tracking
-Reminders to move
-Goal achievement reinforcement
-Trophies and badges

-Weekly goal reminder
-Weekly goal update*
-Weekly adaptive goal
setting*
(*Months 2–12 only)
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and very active minutes. Texts encourage adaptive goal
setting, asking participants who meet their activity mi-
nute goal if they can increase their goal by 10% for the
next week until national guidelines are met. Participants
who do not meet their goal receive a text calculating
how many more minutes they need to add per day to
meet their goal and asking if they believe that they can
do it for the coming week.

Instagram posts
Instagram posts are used to deliver short, visual, daily
intervention content based on specified constructs of
psychosocial theories. At baseline, participants assigned
to the intervention group are invited to “follow” the
study’s private Instagram account. Focus group results
prior to the study launch directed the development of
Instagram posts that contain brightly colored images
and videos featuring relatable girls engaging in MVPA,
couched in positive and inspirational messaging. Each
day of the week features one post based on constructs
from the aforementioned psychosocial theories: benefits/
outcomes, social support, modeling, environment, self-
efficacy, and a weekly challenge incorporating behavior
change techniques for participants to try during the
week (see Fig. 3 for sample post). Along with daily posts,
Instagram stories are posted throughout the week, which
include interactive components such as a poll or quiz to
engage users. Participants are encouraged to “like” the
posts, which indicates to the study team that the post
has been seen, and also ensures that Chicas Fuertes posts
remain at the top of the participant’s Instagram feed.

One month call
After 1 month, participants receive a brief (20-min) phone
call from the intervention staff to review progress. The
interventionist reviews their goals and progress and helps
them set new goals for the coming week and address bar-
riers they have experienced so far. The participant is
instructed to fill out their next online questionnaire to
generate an individually tailored report on the website. Re-
minders to fill out questionnaires in subsequent months
are automatically sent via text message.

Six-month visit
During the 6-month assessment, those in the interven-
tion arm also engage in a repeat goal setting session and
learn strategies to maximize MVPA maintenance over
the next 6 months. The interventionist emphasizes con-
tinued self-monitoring using the Fitbit and asks them to
identify sources of support to help them stay active.

Control group
The control group receives a Fitbit Inspire HR wrist-worn
tracker to wear throughout the 12-month intervention.

They are encouraged to wear the Fitbit every day and sync at
least every 4 days. They have access to all features built into
the Fitbit monitor and app (see Table 1) but do not receive
explicit instruction on how to use or personalize them. This
control group is meant to serve as a “real-world” control
group, representing the large, growing population of individ-
uals who purchase commercial fitness trackers and receive
no additional guidance in using them.

Intervention: adherence
We examine adherence to the intervention through
monitoring the frequency of Fitbit wear and syncing,
tracking logins on the website, and monitoring views
and likes on the Instagram account. Participants receive
text messages reminding them to sync their Fitbit if they
have not synced for 4 days. They also receive engage-
ment points for interacting with the website, which can
be traded in for prizes.
To increase enrollment and retention in the study, Fit-

bit devices and incentives in the form of cash payments
and gift cards are provided to all participants. At base-
line, each participant receives a Fitbit Inspire HR activity
tracker to use throughout the study and keep after study
participation is completed. Incentive payments of $25,
$50, and $50 are provided at the baseline and 6- and 12-
month follow-up measurement visits, respectively. Add-
itionally, participants receive an additional $25 bonus if
they complete all measures at the 6- and 12-month
visits. Lastly, while in-person research was suspended at
UC San Diego (March 2020 to August 2020) and is lim-
ited (August 2020 to present) to mitigate the spread of
COVID-19, remote follow-up measurement visits are
offered to participants unable to return in-person. This
includes completing self-report surveys online.

Outcomes
Primary outcome
The primary outcome is change in weekly minutes of
MVPA from baseline to 6 months measured by the Acti-
Graph GT3X+ accelerometer. The ActiGraph GT3X+ is
a hip-worn triaxial accelerometer which measures the
movement and intensity of activity and has been vali-
dated against heart rate telemetry [41] and total energy
expenditure [42], including in children [43]. Participants
wear the ActiGraph for ≥ 12 h/day ≥ 7 days at baseline
and follow-up. Participants receive regular text messages
to remind them to wear the ActiGraph. Valid wear time
is considered ≥ 3000min on ≥ 4 days. Data is processed
using Freedson’s age-specific cut points for children to
identify activity at various intensities [3]. We will evalu-
ate the total minutes of MVPA and total time in 10+
min bouts.
As an additional measure of MVPA change, at baseline

and follow-up, participants also engage in the 7-Day
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PAR Interview. The 7-Day PAR is a semi-structured
interview that assesses the frequency, duration, and in-
tensity of MVPA. It has consistently demonstrated ac-
ceptable reliability, internal consistency, and congruent
validity with objective MVPA measures [44, 45] and sen-
sitivity to changes over time [46, 47]. It has been vali-
dated in children as young as 11 [48]. Administering the
PAR requires annual certification. To ensure fidelity of
PAR measures, a random sample of 5% of PAR inter-
views is recorded and assessed for fidelity by an external
consultant.

Secondary outcomes and covariates
Participant demographic information is measured via a
self-report questionnaire at baseline and includes age,
race, and parents’ education, income, and marital status.
We will also assess the changes in trajectories of daily

MVPA measured by the Fitbit Inspire HR. The Fitbit tracker
measures physical activity intensity, energy expenditure,
bouts of exercise, steps, distance traveled, and flights of stairs
at varying resolutions. We will be evaluating the daily active
minutes and steps recorded by the Fitbit.
We will also measure the technology engagement with

the website, Fitbit, texting interactions, and Instagram.
Engagement with the Chicas Fuertes website measures
the number of logins and use of specific features, includ-
ing goal setting, the weekly quiz, and monthly question-
naire completion. Fitbit use is measured as days worn
and sync frequency, while texting is based on the per-
centage of interactive texts the participants responded
to. Instagram engagement is measured by the number of
views and likes by participants.
Questionnaires on the website are used to create indi-

vidual intervention content and also serve as measures
of psychosocial constructs. Stages of Change for Physical
Activity (SCPA) is used to stage-match participants; it
has been successful in previous trials and has acceptable
reliability (kappa = 0.78; intraclass correlation r = 0.84)
[49]. Processes of Change for Physical Activity (POC)
was also administered monthly; POC contains 10
subscales on a variety of cognitive and behavioral pro-
cesses related to MVPA change. Its subscale internal
consistency ranges from .62 to .96 [50].. Self-Efficacy for
physical activity (SE) was used to measure self-efficacy
to become physically active across diverse contexts. The
SE internal consistency is acceptable (alpha = .82) [49].
We also administered the Social Support for Exercise
(SSE) scale which has three subscales of family, friends,
and rewards and punishments and has acceptable in-
ternal consistency (alphas .61–.91) and criterion validity
[51]. To assess enjoyment for physical activity, the Phys-
ical Activity Enjoyment Scale (PACES) is used to evalu-
ate the level of personal satisfaction from PA. PACES
has high internal consistency (alpha = 0.96) and test-

retest reliability [52]. Lastly, we used the Outcome Ex-
pectations Scale to assess the beliefs regarding the con-
sequences of physical activity participation will be
examined by 9 items with internal consistency (alpha =
.89) and validity based on confirmatory factor analysis
and positive correlations with physical activity and self-
efficacy.
Neighborhood environment is measured using the

Neighborhood Environment Walkability Scale for Youth
(NEWS-Y). The NEWS-Y measures perceptions of
neighborhood environment, including recreation facility
availability, pedestrian traffic safety, and walking facil-
ities. It has shown acceptable reliability and correlations
with objectively measured activity [53].
Participants also fill out the Children’s Depression In-

ventory at baseline and follow-up visits. The Children’s
Depression Inventory (CDI) uses 27 self-report items to
measure affective, cognitive, motivational, and somatic
symptoms and has good reliability and validity [54].
Potential contamination is measured at 6 and 12

months through a contamination measure asking partici-
pants to indicate the number of people they know who
were simultaneously in the study, how much contact
they had with them, and if they changed any of their be-
haviors due to their contact with other participants.
At 12 months, participants in the intervention group

were asked to complete a consumer satisfaction measure
to assess the acceptability of the intervention. This is
modified from our previous studies.

Participant timeline
Figure 1 provides an overview of the flow of participants
through the study.

Screening and consenting
Potential participants may contact the research staff
through Instagram direct message, Facebook, email, or
text/call via the study phone number. Interested partici-
pants are then called to participate in the telephone
screener that includes a description of the study pur-
pose, procedures, risks, benefits, and eligibility require-
ments (Fig. 2). If the participant is under the age of 18,
the research staff first talk with her parent/guardian be-
fore screening her to ask basic eligibility questions and
to receive parental consent to screen the daughter, then
speak to the adolescent to complete screening. If eligible,
interested participants are invited to engage in an orien-
tation session via Zoom.

Orientation visit
Prior to the orientation session, participants are
instructed to download the Fitbit app and set up an ac-
count. They are also provided with an orientation packet
via mail, including a Fitbit Inspire HR, a hip-worn
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accelerometer, and an orientation folder that includes a
consent form, assent form, instructions on how to use
the Fitbit, and instructions for wearing the accelerom-
eter. The girl’s parent/guardian is invited to attend the
first half of the orientation via Zoom to review a Power-
Point presentation that outlines the procedures, benefits,
and expectations of the study. Following the presenta-
tions, the participant and their parent/guardian sign the
written informed consent and assent forms, which are
collected the following week at the baseline visit. The
second half of the orientation is used to set up the Fitbit,
including syncing it with a smartphone, connecting it to
the study’s online Fitabase database, and temporarily
blinding the Fitbit monitor and app to prevent feedback
from influencing baseline activity. We also review the

Fitbit and accelerometer expectations and schedule the
baseline visit for 7 days after the orientation.
Over the next week, participants wear the Fitbit wrist

monitor and a hip-worn GT3X+ accelerometer, with in-
structions to wear it 12 h per day for 7 days. Before the
baseline visit, they also fill out online psychosocial mea-
sures, including self-efficacy, stage of change for activity,
and social support (see Measures).

Baseline visit
One week after the orientation visit, participants attend
an in-person baseline visit. Due to COVID-19 restric-
tions, in-person visits are conducted outdoors at parks
close to the participant’s home. Participants return the
accelerometer, which is assessed for sufficient wear time

Fig. 1 Schedule of enrollment, intervention, and assessment in the Chicas Fuertes study
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(≥ 3000min on ≥ 4 days). After performing a short walk
to demonstrate the activity of a moderate intensity level,
participants complete the 7-Day PAR interview [44, 48].
Once all baseline measures are completed, including all
online psychosocial questionnaires, participants are ran-
domized to either the multi-media MVPA intervention
or to a control group receiving only a Fitbit.

Follow-up visits
The primary outcome is change in MVPA from base-
line to 6 months, with the maintenance of activity at
12 months serving as a secondary outcome. Follow-up
visits are conducted remotely via the Zoom software.
Prior to the 6- and 12-month visits, participants are
mailed the accelerometer for 1 week of wear, similar to
baseline. Accelerometers are mailed back and checked

for wear time, after which participants complete the
PAR interview over Zoom and fill in online psycho-
social questionnaires. Participants also complete a con-
tamination measure at 6 and 12 months to assess the
amount and type of contact with participants in other
conditions. At 12 months, a consumer satisfaction
measure is completed by those in the Intervention arm
to assess the acceptability of the Chicas Fuertes MVPA
intervention, and a subset of participants engage in a
one-on-one interview to give additional feedback about
the program. Participants receive $50 for completing
the baseline, 6- and 12-month measures, $25 for cor-
rectly wearing and returning the accelerometer, and
$25 for completing all other measures. Participants re-
ceive an additional $25 bonus at month 12 if they
complete all measures at all visits.

Fig. 2 Study procedure flowchart
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Sample size
Consistent with expert opinion [55, 56], we integrated
several sources of evidence to determine an expected ef-
fect size for power calculations. First, based on our pilot
findings [23], intervention participants increased their
self-reported MVPA 24.7 (26.11) to 79.4 (11.3) at the
end of treatment. Data from a recent study compared a
Fitbit + texting intervention to Fitbit alone and found
minimal increases in accelerometer-measured MVPA
from baseline to end of treatment in their Fitbit-alone
control group (32.7 (2.9) to 36.9 (3.4)) [31]. Thirdly, data
from our previous study of a culturally and linguistically
tailored web-based intervention among Latinas [37]
showed significant increases in both self-reported and
objectively (accelerometer) measured MVPA from base-
line to 6 months for intervention versus web-based con-
trol. If we only consider the data from the youngest 50th
percentile of participants, we see the effects sizes for
between-group differences in self-reported MVPA from
baseline to 6 months of d = 0.73 and d = 0.39 for object-
ively measured MVPA. Thus, we can consider three po-
tential effect sizes for our power calculations: self-
reported MVPA from pilot versus self-reported web-
based control, self-reported web-based intervention arm
versus self-reported web-based control, and objectively
measured web-based intervention versus objectively
measured Fitbit alone. Effect sizes were d = 0.68, d =
0.73, d = 0.73, respectively. Given these effect sizes and
assuming a two-sided alpha = 0.05, we would need a
total sample size of N = 126 to have 80% power to test
intervention effects on both primary MVPA outcomes.
However, given the potential risk for contamination
from recruiting from schools (for example), and the
known risks of powering on pilot studies, we have
chosen to conservatively inflate our sample size to N =
200. Given a sample size of N = 200 (100/arm), we are
more than adequately powered to detect differences > d
= 0.40, which given our past studies and the state of the
literature is more than reasonable.

Recruitment
Over 3 years, we are recruiting a total of 200 adolescent
girls (age 13–18) who self-identify as Latina and/or be-
long to groups considered Latino by the US Census
Bureau. Recruitment is done through a variety of ap-
proaches including social media advertisements, provid-
ing health presentations in classes at local middle and
high schools in San Diego County, conducting informa-
tion sessions at community organization sites, distribut-
ing flyers through Latino-serving organizations, and
contacting Latina women who have participated in pre-
vious studies and given permission to be contacted again
to ask if they have family or friends who may be inter-
ested in participating (Fig. 3).

Randomization, allocation concealment, and blinding
Randomization is performed using a random number se-
quence (generated based on a stratified block
randomization procedure) programmed into the REDCap
clinical trials software. Randomization is stratified by base-
line stage of change according to the TTM (pre-contem-
plation, contemplation, or preparation) to ensure equal
motivational readiness for MVPA adoption across groups.
Study group assignment is placed in a sealed envelope
based on an order determined by the randomization se-
quence, with different envelopes designated for each base-
line stage of change. Randomization is performed by an
interventionist who is not blinded to the participant study
condition, while the staff members completing baseline
and follow-up measures remain blinded to the condition.
Siblings or close friends who enroll together are yoked to-
gether into a study arm to minimize contamination be-
tween arms; yoked groups are stratified across conditions
to ensure equal distribution. After being randomized, par-
ticipants’ Fitbit monitors and app are unblinded to allow
for normal use. Participants in the intervention group then
undergo a goal-setting session; those in the control group
receive no more direct staff contact until the 6-month
follow-up visit.

Data management and quality assurance
Data management
The principal investigator will be responsible for moni-
toring the data collection, data quality and timeliness,
and participant recruitment, accrual, and retention. All
measures are collected and managed using REDCap, a
secure, HIPAA-compliant web-based tool hosted at
UCSD. REDCap provides an interface for data entry,
audit trails for tracking data manipulation and export
procedures, automated export procedures for data
downloads to a variety of statistical software, and pro-
cesses for importing data from external sources (e.g.,
body measurements and blood pressure).

Confidentiality
Data collected will be kept strictly confidential, accessed
only by members of the trial team, and stored on a se-
cure database on REDCap. Each participant will be allo-
cated an individual trial identification number.

Statistical methods for primary and secondary outcomes
We will examine the effects of intervention vs. control
on change in MVPA from baseline to 6 months (primary
aim), measured both by accelerometers and the 7-Day
PAR. To avoid the effect of outliers, we will apply a nor-
malizing transformation (if necessary) to the outcome
(Yi,j = MVPA for participant i at follow-up j) prior to
analysis. Using a series of mixed effects regression
models, we will regress MVPA at follow-up on baseline,
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group, time, group × time, and confounders identified in
the preliminary step. Objectively measured MVPA
models will additionally adjust for wear time. Models
will include random intercepts to adjust for repeated
measures within participant over time. As an additional
step, we will explore potential clustering by recruitment
site (school or youth group) and control for contamin-
ation (binary risk indicator). The analysis will be

conducted on the intent-to-treat sample with all partici-
pants randomized included in the analysis. Mixed effects
models use a likelihood-based approach to estimation
and thus do not require any direct imputation of missing
outcomes. A similar approach will be used to evaluate
maintenance of MVPA gains at 12 months; group effects
will be parametrized so that a single model can assess
the effects of treatment group on physical activity

Fig. 3 Sample Instagram posts showing (a) a weekly challenge and (b) social support
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adoption (changes from baseline to 6 months) and main-
tenance (changes from 6 to 12 months). Should the data
(MVPA) be skewed and transformations toward normal-
ity not successful, we will use longitudinal quantile re-
gression models (which model median change instead of
the mean).
We will apply two statistical approaches to handling

missing data and compare these to the effect estimates
from the primary outcome analysis (which takes a
likelihood-based approach to estimation but does not
directly impute missing data). The first is inverse prob-
ability weighting with propensity scores. This is a two-
step method: first, we will model the probability of miss-
ingness as a function of baseline covariates and previous
outcomes (using logistic regression). The resulting pre-
dicted probabilities of dropout will serve as the propen-
sity scores. Next, the inverse propensity scores serve as
weights in our regression model of the primary out-
comes (i.e., reported weekly minutes of PA). Provided
the data is missing at random (MAR) or that the prob-
ability of missingness can be fully explained by observ-
able data, this approach produces asymptotically
unbiased estimates. To allow for the possibility that the
MAR assumption may not hold, we also will use pattern
mixture models. In this case, the distribution of the pri-
mary outcome is assumed to follow a mixture of two
distributions: one for those who complete follow-up and
another for those who do not. This method allows us to
quantify the robustness of the study findings to a range
of missing data assumptions.

Statistics: additional analyses
We will explore the potential mediators of the interven-
tion effect (e.g., self-efficacy, engagement, social support)
using a multiple mediation approach, in which all poten-
tial mediators are tested simultaneously, using a product
of coefficients method with bootstrapped standard errors
(5000 samples with replacement). We will estimate the
path coefficients (a path: effects of intervention on the
changes in mediators from baseline to three and 5
months and b path: effects of changes in the mediators
from baseline to three and 5 months on MVPA at 6-
month follow-up, controlling for baseline), as well as the
indirect effect of intervention (ab path: effect of inter-
vention on MVPA through the mediators). Interest is in
estimating the path coefficients, effect sizes, and confi-
dence intervals, rather than strict hypothesis testing.
Using a similar analytic approach to that described for

our primary aims, we will examine the potential modera-
tors of the intervention effect on both MVPA outcomes,
including age and neighborhood environment. Models
will include themain effects of group, moderator, and
group × moderator. A variable will be considered a

moderator of the intervention effect if the interaction
term is significantly different than zero.
Costs will be calculated from a payer perspective and

will include all elements needed to deliver the interven-
tion. A time tracking system will track staff time devoted
to the intervention. Research activities unrelated to
intervention delivery (e.g., obtaining consent) will also
be tracked and removed from the analysis of interven-
tion costs. Tracked costs will include materials (e.g., Fit-
bits), personnel time (for training and intervention
delivery), and overhead (space, Internet, phone, etc.). We
will also track the cost of modifying new technological
features, such as the enhanced website and text messa-
ging system, as well as the staff time needed to imple-
ment these features. Technology costs will be sourced
directly from invoices from Illumina, Inc., which devel-
oped the website for the pilot study. Consistent with our
previous studies, incremental cost-effectiveness ratios
between conditions will be calculated as the differences
in costs per minute increase in weekly physical activity
[57, 58].
To examine patterns of daily MVPA and steps, we will

model daily activity and steps from Fitbit using Gaussian
process regression models [59]. Models will include sep-
arate long- and short-term trends for each of the arms
along with common terms for weekly and monthly peri-
odic trends and indicator variables for holidays. We will
also use the time-varying effect model to examine how
changes in these behaviors over time influence final
MVPA [60].

Oversight and monitoring
Roles and responsibilities: contributors, sponsor, funder,
and committees
The funders have no role in the study design, data col-
lection, analysis, decision to publish, or preparation of
manuscripts. Authorship will follow the ICMJE
guidelines.
A trial steering committee comprising the PI (Dr. Lar-

sen), several co-investigators (Drs. Marcus, Godino, and
Zive), and the study coordinator (Ms. Greenstadt) meets
monthly to review conduct and progress of the trial. An
operations committee comprising the PI (Dr. Larsen),
the study coordinator (Ms. Greenstadt), and the Assess-
ments Director (Ms. Olesen) meets weekly to review
events and day to day operations. The study coordinator
(Ms. Greenstadt) oversees all recruitment activities; con-
sent and assent are gathered by trained research associ-
ates who have completed mandated ethics training for
conducting human subjects research.

Data monitoring: formal committee, harms, and auditing
This is a single-site study that is considered low risk,
and no planned interim analyses for efficacy or futility
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will be conducted. Therefore, a Data Safety and Moni-
toring Board is not appointed. However, adverse events
and unanticipated problems involving risk to partici-
pants will be monitored continuously throughout the
randomized controlled trial and reported to the Human
Research Protections Programs (HRPP) at UC San Diego
within 10 days. Anticipated adverse events include
muscle or bone injury during physical activity and phys-
ical discomfort wearing the Fitbit device. There is no an-
ticipated long-term harm for trial participation; thus, no
provisions for post-trial care have been made. In the en-
tirety of the study, the health and safety of participants
will be held at the highest priority among the research
team. The investigators shall inform participants of in-
formation relevant to their continued participation and
pursue the research objectives with scientific diligence.
The research staff, including the PI and study coordin-
ator, meet weekly to review trial progress and events and
discuss potential adverse events and necessary protocol
amendments. Conduct is reviewed annually at UC San
Diego through the HRPP. Protocol amendments will be
submitted to the HRPP and approved, and will also be
reported to the study sponsor and funder (NIH) and up-
dated on the clinical trials registry. A protocol deviation
form will be used to document any protocol deviations
that occur.

Dissemination plans
After the completion of study analyses, or upon publica-
tion of findings, data will be made available to the scien-
tific research community via a public website and/or
data repository. Any data required to support the proto-
col can be supplied upon request. The results will be
submitted for publication in scientific journals, and all
participants will receive a summary of the findings.

Discussion
The Chicas Fuertes study aims to test the efficacy of a
multi-technology physical activity intervention for Latina
adolescents. The main outcomes are change in minutes
of weekly MVPA, along with daily MVPA measured by
Fitbits, and changes in psychosocial constructs (e.g. self-
efficacy, social support, depression symptoms). We will
evaluate the use of different technology channels and
dose effects on the main outcome, and evaluate potential
moderators and mediators of the intervention to clarify
how the intervention works and for whom.
Few previous physical activity interventions have tar-

geted adolescent girls, and fewer still have targeted ra-
cial/ethnic minority adolescent girls, despite this group
reporting the lowest levels of regular physical activity of
any demographic group [1, 2, 61]. This study will utilize
media channels that have not been used in previous
large-scale trials with teens, such as Instagram and

Fitbits, along with evidence-based channels such as web
and texting [28, 62, 63]. By meeting teens in the digital
space they already frequent, we will increase acceptabil-
ity, maximize reach, and lower costs. Importantly, inter-
vention content on these channels will support
evidence-based theoretical constructs and behavior
change techniques, such as goal setting, self-monitoring,
self-efficacy, social support, and reinforcement [64, 65].
This study has a number of strengths. It targets a

high-risk, underserved population, and was informed by
thorough formative research, including a pilot trial, focus
groups, and a youth advisory board of end-users that
helped develop and refine intervention content and pro-
tocols [24]. It utilizes broad reach, low-cost intervention
channels, maximizing the potential for dissemination,
and will also evaluate cost-effectiveness and projected
costs of implementation. It will use multiple validated
measures of physical activity, including accelerometers,
Fitbits, and the PAR interview, providing a rich longitu-
dinal dataset of MVPA change.
There are also potential limitations to the current

study, including potential contamination across study
arms by recruiting participants from the same schools.
This will be minimized by yoking family members into
the same study condition and measuring and adjusting
for potential contamination. Also, the study does not
target other behaviors associated with chronic disease,
such as diet. However, we felt it was important to first
establish the efficacy of the intervention in increasing
MVPA before targeting additional behaviors.

Conclusion
This study will address a critical gap in public health lit-
erature and practice in promoting preventive health be-
haviors among ethnic minority adolescent girls. The
results will speak to whether a low-touch, remotely de-
livered, home-based mobile technology intervention can
effectively increase MVPA in a population suffering from
low levels of activity. The results could inform the devel-
opment and implementation of broadly reaching inter-
ventions in the community, academic, and clinical
settings and could thus play an important role in the ef-
fort to prevent disease and promote health equity in La-
tinas both during adolescence and throughout their
lifetime.

Trial status
This study is approved by the Human Research Protec-
tions Programs at UCSD (protocol #182070). Recruit-
ment began in August 2019 and is expected to conclude
in March 2023.
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