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Abstract

Background: Commercial off-the-shelf activity trackers (eg, Fitbit) allow users to self-monitor their daily physical activity
(PA), including the number of steps, type of PA, amount of sleep, and other features. Fitbits have been used as both measurement
and intervention tools. However, it is not clear how they are being incorporated into PA intervention studies, and their use in
specific age groups across the life course is not well understood.

Objective: This narrative review aims to characterize how PA intervention studies across the life course use Fithit devices by
synthesizing and summarizing information on device selection, intended use (intervention vs measurement tool), participant wear
instructions, rates of adherence to device wear, strategies used to boost adherence, and the complementary use of other PA
measures. This review provides intervention scientists with a synthesis of information that may inform future trials involving
Fitbit devices.

Methods: We conducted a search of the Fitabase Fitbit Research Library, a database of studies published between 2012 and
2018. Of the 682 studies available on the Fitabase research library, 60 interventions met the eligibility criteria and were included
in this review. A supplemental search in PubMed resulted in the inclusion of 15 additional articles published between 2019 and
2020. A total of 75 articles were reviewed, which represented interventions conducted in childhood; adolescence; and early,
middle, and older adulthood.

Results. There was considerable heterogeneity in the use of Fitbit within and between developmental stages. Interventions for
adults typically required longer wear periods, whereas studies on children and adolescents tended to have more limited device
wear periods. Most studies used devel opmentally appropriate behavior change techniques and device wear instructions. Regardless
of the developmental stage and intended Fitbit use (ie, measurement vs intervention tool), the most common strategies used to
enhance wear time included sending participants reminders through texts or emails and asking participants to log their steps or
synchronize their Fitbit data daily. The rates of adherence to the wear time criteria were reported using varying metrics. Most
studies supplemented the use of Fithit with additional objective or self-reported measures for PA.

Conclusions: Overall, the heterogeneity in Fitbit use across PA intervention studies reflects its relative novelty in the field of
research. As the use of monitoring devices continues to expand in PA research, the lack of uniformity in study protocols and
metrics of reported measures represents a major issue for comparability purposes. There is aneed for increased transparency in
the prospective registration of PA intervention studies. Researchers need to provide a clear rationale for the use of several PA
measures and specify the source of their main PA outcome and how additional measureswill be used in the context of Fitbit-based
interventions.
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Introduction

Background

Insufficient physical activity (PA) in all stages of life, from
early childhood to older adulthood, isawell-documented public
health issue [1]. Between 2001 and 2016, although the levels
of insufficient PA decreased marginally globally, high-income
Western countries, such as the United States, reported a 5%
increase in the preval ence of physical inactivity [2]. Insufficient
PA is associated with increased risk for a variety of chronic
diseases including cardiovascular disease, hypertension, and
type 2 diabetes [3,4]. Although the current PA guidelines for
Americans recommend at |east 60 minutes per day of moderate-
to vigorous-intensity PA for children and adolescents and 150
minutes per week of moderate-intensity PA for adults, more
than 80% of youth and adults do not meet these guidelines[5].

Advances in 21st century technology have introduced the use
of commercia off-the-shelf activity trackers (eg, Fithit and
Apple Watch) that allow users to self-monitor their daily PA.
As one of the top 5 wearable companies based on shipment
volume, Fithit has produced some of the most popular fitness
trackers that are currently available on the market [6]. These
devices allow usersto track their daily activities, including the
number of steps, type of PA, and amount of sleep, among other
features [7]. Fitbit released its first device in 2009 and its first
wrist-worn tracker in 2012 [8]. The brand quickly gained
popularity and saw a substantial increase in the use of activity
trackersin arelatively short time. In 2014, Fitbit reported only
6.7 million active users compared with 29.6 million in 2019
[9]. In November 2019, Google announced its purchase of Fithit
for US $2.1 billion and publicly committed to accelerating
innovation of these devices[7].

In the last decade, researchers have begun to take advantage of
Fitbit's public appeal, prominence, and relatively low cost
compared with that of other commercial off-the-shelf activity
trackers such asthe Apple Watch, by incorporating these devices
into their studies. This has been facilitated by Fithit's open
application programming interface (API), which alows
programmers to collect and store data across multiple devices
[7]. Fitabase is an example of a company that capitalizes on
Fitbit'sopen APl and workswith researchersto collect, manage,
and analyze data from participants' Fitbit devices [10Q]. In
addition to being adata management platform, Fitabase provides
the general public with accessto an extensive library containing
hundreds of published studies, protocols, and methods papers
that report their use of Fitbit devices[11]. Asof January 7, 2021,
682 articles published between 2012 and 2018 were available
on the Fitabase research library [11].

Objectives
Early studies involving Fitbit focused on establishing its
accuracy as an objective PA measurement tool, especially in

comparison with existing gold standard measurement devices
[12,13]. The first study using a Fitbit device to assess PA was
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published in 2012 and assessed its validity in measuring steps
taken during self-paced and prescribed PA [14]. Overall, there
have been mixed findings about the accuracy of Fitbit
measurements, with some studiesindicating step count accuracy
50% of the time compared with research-grade accel erometers
[15] and others reporting high validity in step count
measurements [16,17]. In addition to their ability to serve asa
PA measurement tool, Fitbit devicesareincreasingly being used
to support self-monitoring and goal setting as a way of
promoting PA in intervention studies across the life course
[18-21]. However, it is not clear how these commercialy
available devices are being incorporated into PA intervention
studies. This gap severely hinders the creation of standardized
procedures that operationalize Fitbit use in PA intervention
studies (eg, wear time protocols, strategies to boost wear time,
and analysis implications) [22]. An overview of the ways in
which Fitbit devices can be used to measure or help achieve the
desired intervention effects can further contribute to the evidence
base. Notably, Fitbit devices have been used in PA interventions
targeting children through older adults. However, differences
in use protocols across age groups (eg, models and strategies
to boost wear time) are not known. In thiscontext, thisnarrative
review aimsto characterize how PA intervention studies across
the life course use Fitbit in terms of device selection, intended
use (intervention vs measurement tool ), wear instructions, rates
of adherenceto devicewear, strategies used to boost adherence,
and potential use of additional PA measures. This review
provides intervention scientists with asynthesis of information
that may inform future trials involving Fitbit devices.

Methods

Search Strategy and Eligibility Criteria

Given that it serves as arepository of Fitbit-related studies, we
first conducted a search of the Fitabase Fitbit Research Library
[11]. As of January 7, 2021, the Fitabase research library
included studies published between 2012 and 2018 and retrieved
from PubMed, Google Scholar, the Association for Computing
Machinery, IMIR, Science Direct, and IEEE. Approximately
twice aweek during this period, the Fitabase team conducted
searches of those sources using the keyword Fitbit. The studies
identified in the search were then put through a screening
process wherein they were deemed eligible for inclusion in the
library only if aFitbit device was used as a key element of the
study (ie, for measurement or intervention purposes) [11]. In
the Fitabase library, we applied preexisting filters to limit
eligible studies to those that were (1) intervention studies, (2)
focused on and reported PA as a main study outcome, and (3)
conducted in one of five developmental stages of interest (ie,
childhood [9-12 yearsold], adolescence[13-17 yearsold], early
adulthood [18-40 years old], middle adulthood [41-64 years
old], or older adulthood [>65 years old]). We excluded
nonintervention studies, those that did not report a specific target
population, and those that did not have full-text articles
available. We a so excluded intervention studiesthat used Fithit
devices exclusively to monitor sleep. To capture studies

IMIR Mhealth Uhealth 2021 | vol. 9| iss. 5 | €23411 | p. 2
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

published between 2019 and 2020, we conducted a search of
PubMed using the following string search: “(physica
activity[Title/Abstract]) AND (Fitbit[Title/Abstract]) AND
(intervention*[Title/Abstract]).” In addition to applying the
inclusion and exclusion criteria specified earlier, we excluded
protocol and review papers and qualitative studies.

Data Collection

The first 2 authors created a standardized form for data
extraction by using Microsoft Excel. The items on this form,
which were all open-ended, captured (1) genera study
characteristics (ie, sample size, study design, and intervention
description) and (2) Fitbit use (ie, model, wear time and
adherence, strategiesto boost wear time, and other measures of
PA). After finalizing the form, the first author read all the
eligible studies and extracted the relevant data. To enhance the
reliability of the extracted information, 3 additional coders (RL,
MK, and YA) subsequently read the articles and reviewed the

Figure 1. Study selection flow diagram.
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extracted data. As part of our protocol, disagreements between
authorswere resolved through discussion, with the final decision
being made by the senior author.

Results

Overview

Of the 682 studies available on the Fitabase Fitbit Research
Library, 60 interventions met the eligibility criteria for this
review. An additional 15 €ligible studies resulting from the
PubMed search were included. A total of 75 studies were
reviewed (n=6 in childhood, n=11 in adolescence, n=20in early
adulthood, n=28 in middle adulthood, and n=10 in older
adulthood). Figure 1 shows the flow diagram of the study.
Tables 1 and 2 show the study characteristics and Fitbit use by
developmental stagefor included studies, organized by intended
Fitbit use (ie, intervention vs measurement).

Records identified through Fitbit
Fitabase Research Library
(n=682)
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Table 1. Genera study characteristics.
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Developmental stage

Study design and intervention description

Participant characteristics at baseline

Vaue, Age Female, Raceor ethnicity Weight sta-
N (years), % tus (eg,
mean (SD) BMI,
or range weight)
Childhood
I ntervention only
Evanset a, »  Quasi-experimental design with 3 conditions: (1) 42 123(0.3) 470 NRS 42% over-
2017 [23] Fitbit+intervention, (2) Fitbit only, and (3) control weight or
o  6-week classroom-based intervention obese
«  One session per week lasting 40 min and led by
teachers and study staff
« Individua and group-level achievements
*  BCTs™ goal setting, self-monitoring, and rewards
Mackintoshet «  Single-group pre-post design 30 10.1(0.3) 40 NR BMI: mean
a,2016[24] «  4-week intervention with teams designing and 19.9 (SD 4)
completing week-long missions kg/m2
«  Teachersequipped with aguideand DVD outlining
various missions
« BCTs: god setting, self-monitoring, and rewards
Measurement only
Walthereta, «  Single-group pre-post design 24 9.58 (NR) 83 30% White; 29% NR
2018 [25] o  12-week afterschool program with two 60-min Black; 25% His-

sessions per week (24 total)
12 sessions focused on nutrition and increasing

PAY and 12 sessions taught safe food preparation
while preparing simple, healthful recipes
BCTs: shaping knowledge and self-monitoring

I ntervention and measurement

BucheleHar- «
risand Chen,
2018 [18]

Harriset al, .

2018° [26]
Hayes and .
Van Camp, .
2015[27]
Adolescence

I ntervention only

Quasi-experimental design with 2 conditions: (1)
PA engaging the brain+Fitbit challenge (PAEB-C)
or (2) Fitbit only

4-week school-based intervention

Participants in PAEB-C condition followed a 6-
min video once a day

BCTs: behavioral rehearsal and self-monitoring

Quasi-experimental design with 2 conditions: (1)

coordinated-bilateral PA intervention or (2) Fitbit
only

4-week school-based intervention

Repetitive coordinated-bilateral motor movements
performed while following a 6-min video instruc-
tion once a day

BCTs: behavioral rehearsal and self-monitoring

Single-group pre-post design

22 sessions of 20 min, 1 to 4 days per week on an
elementary school playground during regularly
scheduled, unstructured recess

BCTs: self-monitoring

panic; 16% Na-
tive American

116 10-11 49 60% reported NR
race other than
White, with 30%

Black?

116 NR 50 60% reported NR
race other than
White, with 30%

Black?

6 NR 100 NR 66% normal
weight
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Developmental stage

Study design and intervention description

Participant characteristics at baseline

Vaue, Age Female, Raceor ethnicity Weight sta-
N (years), % tus (eg,
mean (SD) BMI,
or range weight)
Chenet al, *  RCT®with 2 conditions 40 149(17) 42 90% Chinese BMI: mean
2017 [28] . Phone-based 3-monthintervention for adolescents American 28.3(SD
who are overweight and obese 4.7) kg/m2
«  8modulesfocused on lifestyle modification, weight
management, nutrition, and stress
« BCTs: shaping knowledge and self-monitoring
Gandrudeta, « Paralel-group RCT with 2 conditions 117 127(25) 54 NR BMI z-score:
2018 [29] «  6-monthintervention using intensive remotethera- mean 0.5
py for pediatric patients with type 1 diabetes (SD 0.9)
«  Content focused on recommendationsfor diabetes
management, glucose control, and PA
«  BCT: shaping knowledge and self-monitoring
Mendozaeta, o  Pilot RCT with 2 conditions 60 166 (1.5 59 66% non-Hispan- NR
2017 [30] «  10-week intervention for adolescent and young ic White; 14%
adult survivors of cancer using awearable device, Hispanic; 7%
mobile health app, and Facebook support group non-Hispanic
for reaching PA goals Black; 14% Oth-
«  BCTs: shaping knowledge, self-monitoring, and er
social support
Measurement only
Haegeleand .«  Single-group pre-post design 6 NR NR NR NR
Porretta, 2016 .  Socia cognitive theory—based PA intervention for
[31] adolescents with visual impairments
«  9lessonsdelivered during PA classesthat included
curricular concepts, in-class activities, and home-
work
«  BCTs: shaping knowledge, behaviora rehearsal,
and self-monitoring
Meng et a, +  Quasi-experimental design 388 153(1.1) 58 62% non-Latino; BMI %:
2018[32] «  2-yearintervention for soccer playersdelivered by 38% Latino mean 62.8
coaches (SD 25.0)
«  Content focused on addressing exercise, body im-
age, and nutrition
«  BCTs: shaping knowledge and self-monitoring
Walther etal, «  Pre-post study design 30 958(NR) 83 30% White; 29% NR
2018 [25] o 12-week intervention with fourth and fifth graders Black or African

that focused on proper nutrition and safe food
preparation techniques and promoted PA viainter-
active games

BCTs: self-monitoring, shaping knowledge, and
social support

I ntervention and measurement

American; 25%
Hispanic; 16%
Native American
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Developmental stage  Study design and intervention description Participant characteristics at baseline

Vaue, Age Female, Raceor ethnicity Weight sta-
N (years), % tus (eg,
mean (SD) BMI,
or range weight)
Gaudet et al, Quasi-experimental crossover design 46 13.0(0.3) 52% NR NR
2017 [19] 7-week classroom-based intervention to increase
students’ PA
BCTs: self-monitoring, self-regulation, and goal
setting
Pope et d, Multiphase mixed methods consisting of an RCT 105 170(NR) 71 67% White; 16% NR
2018 [33] 12-week intervention for high school students Black; 12% His-
where partici pants assigned to the game group were panic or Latino;
rewarded based on the number of daily stepstaken 12% Asian; 5%
BCTs: goal setting, self-monitoring, and rewards Other
Remmertetal, Quasi-experimental pilot study 20 12.0(0.0) 60 55% Latino; 25% BMI: mean
2019 [34] 12-week school-based ABT' intervention to in- non-Latino 21.7(SDb
crease PA in adolescents with low activity White; 20% Oth- 3 6) kg/m?
Weekly sessions conducted by project coordinator er
consisted of acceptance-based behavioral counsel-
ing combined with preferred-intensity exercisefor
30 min
BCTs: behavioral counseling, behavioral practice,
and self-monitoring
Short et a, RCT with 2 conditions 7 140(22) NR 100% American  BMI1%:
2018 [35] 48-week exercise intervention subdivided into 3 Indian mean 98 (SD
consecutive 16-week phases 3)
Tested how different incentive schemes influence
exercise frequency and duration among youth
Self-monitoring and rewards
Van Wouden- RCT with 2 conditions 190 12.2(05) 54 NR NR
berg et a, 7-day classroom-based intervention that used a
2018 [36] social network model to select and traininfluential

adolescents (using smartphones)
BCTs: social facilitation, behavior modeling, im-
pression management, and self-persuasion

Early adulthood (18-40 years)

I ntervention only
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Developmental stage  Study design and intervention description Participant characteristics at baseline
Vaue, Age Female, Raceor ethnicity Weight sta-
N (years), % tus (eg,
mean (SD) BMI,
or range weight)
Bang et a, «  Quasi-experimental design 99 24.8 (4_7)b 49b NR BMI: mean
2017 [37] «  6-week campus-based program with one session 21.9(Sb
per week during lunch 2.9) kg/m2b

«  Participants walked together through the campus
forest for approximately 40 min and received one
lecture on stress management

«  Encouraged to walk at least once per week at their
leisure

« BCTs: self-monitoring, behaviora practice, and
social support

Baruthetal, «  Quasi-experimental pilot study with 2 conditions: 45 28.4 (4_5)b 100 81.8% White? BMI: mean

2019 [38] (1) intervention and (2) control 269 (SD
«  Weekly PA intervention for pregnant women until 7.2) kg/m2b
35-week gestation

« BCTs: goal setting, behavior counseling, self-
monitoring, and social support

Losinaeta, .  Singlecondition feasibility study 292 38.0(11.0) 83 62% White; 14%  32% normal

2017 [39] «  6-monthworkplace program to increase PA among Black; 10% weight; 30%
sedentary hospital employees through individual Asian; 7% His-  overweight;
and team-based financial incentives panic; 7% Other  38% obese

« BCTs: self-monitoring, goal setting, and rewards

Mahareta, « RCT with2 conditions: (1) Fitbit and (2) no Fithit 75 19.4(12) NR NR NR
2015 [40] «  10-week intervention examined effects of move-
ment technology on college students’ PA
« BCTs: self-monitoring

M easurement only
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Developmental stage  Study design and intervention description Participant characteristics at baseline
Vaue, Age Female, Raceor ethnicity Weight sta-
N (years), % tus (eg,
mean (SD) BMI,
or range weight)
ChenandPu, . RCT with 3 conditions: (1) competition, (2) coop- 36 20-30 58 NR 2.8% under-
2014 [41] eration or (3) hybrid weight, 94%
«  One-week mobile app intervention to help promote normal
exercisein pairs and earn badges based on perfor- weight, 2.8%
mance obese
« BCTs sdf-monitoring, social support, goal setting,
and rewards
Pagkalosetal, « RCT with 2 conditions: (1) interventionand (2) 49 240(7.0) NR NR BMI: mean
2017 [42] control 225 (SD
«  5-week pilot study to monitor young adults’ exer- 3.0) kg/m?
cise viaa custom-built Facebook app for activity
self-reporting
« BCTs: self-monitoring and social support
Ptomey etal, « RCT with 2 conditions: (1) exercise onceaweek 27 279(71) 41 10% ethnic mi- ~ Group 1
2018 [43] and (2) exercise twice aweek norities BMI: mean
*  12-week at-homeintervention to increase MV PAY 35.4(SD
using videoconferencing for groups of adultswith 9.7) kg/mz;
Down syndrome Group 2
« BCTs: self-monitoring, behaviora practice, and BMI: mean
social support 31.4(SD
6.8) kg/m?
Walsh and o Within-subject crossover study with 3 conditions: 74 37.7(10.2) 59 NR NR
Golbeck, 2014 (1) social game using Fitbit steps as currency, (2)
[44] social interaction experience, and (3) control

«  30-day web-based intervention
«  Participantsinthe social interaction could interact
or communicate and share their PA levels with

friends
« BCTs: self-monitoring, social support, and social
comparison
Yoon et a, o  RCT with 2 conditions: (1) interventionand (2) 79 31.9(96) 59 29.2% Hispanic  NR
2018 [45] control

«  Observational PA data collected from participants
over first 6 months

«  Participants were sent a personalized email mes-
sage about their activity to inform them of current
PA levels and encourage increase in the last 6
months

«  BCTs: self-monitoring and feedback on behavior

I ntervention and measurement
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Developmental stage  Study design and intervention description Participant characteristics at baseline
Vaue, Age Female, Raceor ethnicity Weight sta-
N (years), % tus (eg,
mean (SD) BMI,
or range weight)
Choi, 2016 «  RCT with 2 conditions: (1) intervention mobile 30 33.7(2.6) 100 43% White; 40% BMI
[46] app+Fitbit and (2) Fitbit Asian; 10% His-  (prepregnan-
«  12-week intervention with pregnant women be- panic; 7% Black  cy): mean
tween 10 and 20 weeks of gestation 27.7 (SD
«  After aninitial 30-min in-person intervention ses- 37) kg/m2

sion, participants received daily message or video,
encouragement, and activity diary through the app

«  BCTs: self-monitoring, shaping knowledge, and
written persuasion to boost self-efficacy

Chungeta, «  Single-group pre-post design stratified into 2 12 19-20 67 50% White; 33% Group 1
2017 [47] groups: (1) overweight or obese group and (2) Black; 8% Asian; BMI range:
healthy weight group 8% AmericanIn- 25-35
«  2-month intervention where participants received dian kg/mz;
Twitter messages to encourage PA and healthy Group 2
eating, photo-based messages, infographics, and BMI range:
website links related to healthy lifestyle behaviors 22-24.9

« BCTs: self-monitoring, shaping knowledge, and

2
written persuasion to boost self-efficacy kg/m

Gilmoreeta, « RCT for postpartum womenwith 2 conditions: (1) 35 26.0(5.4) 100 74% African BMI: mean

2017 [48] WIC" standard care (WIC Moms) and (2) WIC American 32(SD3)
standard care and personalized weight management kg/m2 (range
viaasmartphone (E-Moms) 25.6-37.0

« E-Momsgroup was given access to the SmartLoss kg/mz)

SmartPhone app that included near real-timeweight
and activity monitoring, scheduled delivery of
health information, and interventionist feedback

« BCTs: self-monitoring, feedback on behavior

Halliday etal, « Pre-post study design 15 38.3(6.4) 60 80% Caucasian  BMI: mean
2017 [49] « A god-focused exercise program that included 30.4 (SD
weekly phone or face-to-face coaching to reinforce 6.4) kg/m2

walking godls, aswell asan optional 1-h supervised
group walk on 2 occasions per week

« BCTs: self-monitoring, socia support, behavioral
practice, behavior counseling, goal setting

Florenceeta, o RCT with 3 conditions: (1) group 1 (Fitbit+mod- 300 18-19 58 NR NR
2016 [50] ules), (2) group 2 (Fitbit+modules+asocial media-

based game), (3) control group with just education-

a modules

« l4-weekinterventionfor first-year medica students
where daily steps and sleep hours were monitored
in groups 1 and 2 during weeks 1-8

o  Fromweek 9, all 3 groupshad accessto Fithit Flex
and the game platform, and students’ daily steps
and sleep time were monitored until week 14 by
Fithit Flex

«  BCTs: self-monitoring and social support

Miragall etal, «  RCT with 3 conditions: (1) IMI'+PED condition 76 222(37) & NR BMI: meen
2017[51] (accessto IMI and use of a pedometer), (2) IMI 21.7(SDb
condition (accessto IMI and use of a blinded pe- 3.2) kg/m2

dometer), and (3) control condition (use of a
blinded pedometer)

o 3-week IMI conducted with sedentary or low-active
students to increase motivation and set individual-
ized PA goals

« BCTs: self-monitoring, goa setting, and verbal
persuasion about self-efficacy
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Developmental stage

Study design and intervention description

Participant characteristics at baseline

Vaue, Age Female, Raceor ethnicity Weight sta-
N (years), % tus (eg,
mean (SD) BMI,
or range weight)
Schrageretal, «  Pre-post cohort study 30 Median 47 NR NR
2017 [52] « 1-month intervention where emergency medicine age: 28
residents were asked to wear a Fitbit to assess its
effects on their PA levels
« BCTs: self-monitoring
Thorndikeet o  2-phaseintervention: phase 1 was a6-week RCT 108 29(23-37) 54 66% White BMI: mean
al, 2014 [53] and phase 2 was a 6-week nonrandomized team 24.1 (range
steps competition 17.8-35.6)
«  12-week intervention that provided medical resi- kg/mz
dents with free access to a fitness center, weekly
one-hour personal training sessions, and up to 2
individua appointments with a Be Fit staff nutri-
tionist
«  BCTs: self-monitoring and shaping knowledge
Washingtonet «  Pre-post study design 13 18-26 67 NR NR
al,2014[54] «  3-week intervention in which participants won
prizes for wearing their Fitbit and meeting experi-
menter-determined step criteria
« BCTs: self-monitoring, goal setting, and rewards
West et al, «  Quasi-experimental study design 58 216222 81 90% White BMI: mean
2016 [55] «  9-week intervention where undergraduate students 24.0 (SD
were assigned to either (1) abehavioral weight gain 5.1) kg/m?
prevention intervention (healthy weight) or (2) an
HPV! awareness intervention
«  8lessonson behavioral strategiesto maintain
weight and avoid obesity were delivered via elec-
tronic newsletters and Facebook postings
«  BCTs: self-monitoring and shaping knowledge
Zhang and «  Pilot RCT with 2 conditions: (1) interventionand 91 26.8(5.1) 100 100% African BMI: mean
Jemmott, (2) control American 31.6 (SD
2019 [56] «  3-monthintervention in small groups with mobile 8.2) kg/m?

app to track group’s PA data and engage with oth-
ers

BCTs: self-monitoring, social support, and social
comparison

Middle adulthood (41-64 years)

I ntervention only
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Developmental stage

Study design and intervention description

Participant characteristics at baseline

Value, Female, Raceor ethnicity Weight sta-
N % tus (eg,
mean (SD) BMI,
weight)
Amorim et a, Pilot RCT with 2 conditions: (1) interventionand 68 58.4(13.4) 50 NR BMI: mean
2019 [57] (2) control 28 (SD 5.5)
6-month intervention with PA booklet, health kg/mz
coaching sessions, app, and Fitbit
BCTs: self-monitoring, behavioral counseling, and
shaping knowledge
Butryn et d, Single-group pre-post design 36 54 (7.18) 100 62% Caucasian  BMI: mean
2014 [58] 6 months group-based intervention with aweb 32.7 (SD
platform component to facilitate social connectivity 7.32) kg/m2
BCTs: self-monitoring and social support
Cadmus- RCT with 2 conditions: (1) intervention (2) com- 51 60.0(7.1) 100 92% non-Hispan- BMI: mean
Bertram dl e, parison (standard pedometer only) ic White® 29.2 (SD
2015 [59] 16-week web-based self-monitoring intervention 3.5) kg/m2
for inactive, postmenopausal women
Content combined self-monitoring with self-regu-
latory skills, such as goal setting and frequent
feedback
BCTs: self-monitoring, knowledge shaping, self-
regulation, goal setting, and feedback
Cadmus- Pilot RCT with 2 conditions: (1) interventionand 50 54.4(11.2) 96 94%non-Hispan- BMI: mean
Bertram et a, (2) comparison ic White; 2% 32.2(SD
2019 [60] 12-week multi-component intervention for cancer Hispanic; 2% 7.4) kg/m?
survivors and support partners with Fitbit linked Black; 2% Mul-
to electronic health records tiracial
BCTs: self-monitoring and social support
Deanet d, Quasi-experimental pilot study 40 469098 O 100% African 67% obese
2018 [20] 8 weekly small group sessions American
Each 90-min session had a group discussion and
an exercise component
BCTs: self-monitoring, knowledge shaping, and
social support
Duncan et a, RCT with 3 conditions: (1) enhanced, (2) tradition- 116 445(10.5) 70.7 NR BMI: mean
2020 [61] al, and (3) control 31.7 (SD
6-month intervention for adults with overweight 3.9) kg/m?
or obesity delivered via the app with educational
content, dietary consultation, Fitbit, and scales
Enhanced group received additional sleep interven-
tion content via the app
BCTs: self-monitoring, knowledge shaping, goal
setting, and behavioral counseling
Ellingson et Randomized feasibility trial with 2 conditions: (1) 91 41.7(9.3) 53 79% White BMI: mean
al, 2019 [62] intervention with Fitbit and (2) Fitbit only 29.6 (SD
12-week intervention with motivational interview- 6.3) kg/m2
ing, habit education, and Fitbit
BCTs: self-monitoring and verbal persuasion to
boost self-efficacy
Kandulaet al, 16-week community-based, pre-post intervention 30 100 100% South BMI: mean
2017 [63] Twice weekly group exercise classes, Fitbit Zip Asian 30(SD 3)
and web-based platform, goal setting, and classes kg/mz
on healthy esting
BCTs: sdlf-monitoring, social support, goal setting,
and knowledge shaping
80 51.1(11.7) 86
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Developmental stage  Study design and intervention description Participant characteristics at baseline
Vaue, Age Female, Raceor ethnicity Weight sta-
N (years), % tus (eg,
mean (SD) BMI,
or range weight)
Ross and «  Randomized pilot trial with 3 conditions: (1) tech, 84%Non-Hispan- BMI: mean
Wing, 2016 (2) tech+phone, and (3) self-monitoring ic White 33(SD 34)
[64] «  6-month intervention with one group receiving kg/mz
self-monitoring tools (eg, booklets or scale)
«  Tech group received Fitbit and tracked caloric in-
take through Fitbit app
«  Tech+phone group received same materials along
with 14 calls regarding behavioral weight loss
techniques
«  BCTs: sdlf-monitoring, behavioral counseling, and
knowledge shaping
Singh et d, « RCT with 2 conditions: (1) PA counseling, (2) PA 52 Group 1: 100 NR Group 1:
2020 [65] counseling and Fitbit 52.8 (9.5); BMI: mean
o 12-week intervention for women with breast cancer Group 2: 28.5(SD
that included aPA counseling session with exercise 49,5 (8.6) 5.2) kg/mz;
physiologist and educational booklet Group 2:
«  BCTs: self-monitoring, behavioral counseling, and BMI: mean
knowledge shaping 28.7 (SD 6)
kg/m2
VanBlarigan «  Pilot RCT with 2 conditions: (1) interventionand 42 54 (11) 59 73% White, 12% BMI: mean
etal, 2019 (2) control Asian, 12% Na=  28.4(SD
[66] o 12-week intervention for cancer survivors with tive Americanor - 5 g) kg/m?
daily text messaging other, 2% Black
« BCTs: self-monitoring and cues
M easurement only
Patel et dl, o 12-week family-based RCT intervention 200 554 (NR) 56 100% Caucasian BMI: mean
2017 [67] «  Onthebasis of behavioral economics and gamifi- 27.2(SD
cation principles, the intervention used points and 5.1) kg/m?®
levels (bronze, silver, gold, and platinum) to encour-
age families to change their behavior and increase
their PA levels
« BCTs: self-monitoring, rewards, and socia support
Robinsonet «  Pilot RCT with 2 conditions: (1) interventionand 63 49.4(83) 726 NR NR
al, 2019 [68] (2) control
«  5-week study using implementation intentions to
establish PA habits using personalized materials
«  BCTs: self-monitoring and knowledge shaping
Schumacheret «  Single-group pre-post trial study 20 50(7.2) 100 95% Caucasian  BMI: mean
a,2017[69] «  Partner-based PA program for women examining 30.9 (sb
PA lapses, cognitive-affective responses to lapses, 8.9) kg/mz

and therole of social support in PA
BCTs: self-monitoring and social support

I ntervention and measurement
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Developmental stage  Study design and intervention description Participant characteristics at baseline
Vaue, Age Female, Raceor ethnicity Weight sta-
N (years), % tus (eg,
mean (SD) BMI,
or range weight)
Adamseta, .« 2x2factoria, 4-month RCT with goal setting 96 41(9.5) 77 81.3% Caucasian BMI: mean
2017 [70] (adaptive vs static goals) and rewards (immediate 34.1(SD
vs delayed) 6.18) kg/m?
o WAKIT tria delivered intervention components by
SMSS text messages on adaily basis with prompt-
to-action messages (eg, tips, questions, or motiva-
tional or inspirational messages)
« BCTs: self-monitoring, goal setting, shaping
knowledge, persuasion to boost self-efficacy, and
cues
Arigo, 2015 .  Single-group pre-post design 12 46 (13.1) 100 75% Caucasian  BMI: mean
[71] o 4-week web-based intervention in pairs 32.6(SD
«  Participants have accessto web-based modulesand 5.7) kg/m2
worksheets guiding them through seeking support
and setting weekly PA goals
« BCTs: self-monitoring, social support, and goal
setting
Arigoet al, «  Single-group pre-post design 20 50(7.2) 100 90% Caucasian  BMI: mean
2015b [72] «  6-week program predominantly web-based with a 30.9 (SD
single face-to-face session introducing PA promo- 8.9) kg/m?
tion skills
«  Participantswere encouraged to communicate with
their PA dyad partner and other participants
« BCTs: self-monitoring, goal setting, and social
support
Finkelsteinet «  Randomized crossover design with 2 conditions: 27 52(12.0) 100 47% White; 47% BMI: mean
al, 2015 [73] (1) message-on and (2) message-off African Ameri-  37.0(SD
«  4-week web-based intervention targeted inactivity can 6.0) kg/m?
level with tailored text messages about sedentary
time
« BCTs: self-monitoring and cues
Fukuokaetal, «  Single-group pre-posttrial, uncontrolled pilot study 54 45.3(10.8) 685 100% Latino BMI: mean
2018 [74] «  8-week weight loss program for Latino 31.4(SD
adults at risk for type 2 diabetes 4.1) kg/m?
«  Participants were provided with 2 in-person coun-
seling sessions, Fitbit, use of the Fitbit app, and a
Facebook group and were asked to track diet daily
and weight twice per week
« BCTs: self-monitoring, behavioral practice, and
social support
Gell et al, « Pilot RCT with 2 conditions: (1) interventionand 59 61.4 (9) 81 98.5% non-His-  BMI: mean
2020[75] (2) control with Fitbit panic White, 304 (SD7)
o  8-week intervention for cancer survivors with 1.2% Black or kg/m2
health coaching, text messaging, and Fitbit Hispanic
«  BCTs: sdlf-monitoring, behavioral counseling, and
cues
Gremaudetd, .  10-week RCT intervention comparing2arms: (1) 146 40g(11.7)° 79.2°  91.7% Cau- BMI: mean
2018 [76] Fithit only and (2) Fitbit+MapTrek casian® 29.9(SD
»  MapTrek, mobile phone-based walking game 6.6) kg/m?®
leverages Fithit to track users' PA and motivate
usersto engage in virtual walking races in numer-
ous places around the globe
«  BCTs: self-monitoring and feedback
11 59.53(117) 100 NR
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Developmental stage

Study design and intervention description

Participant characteristics at baseline

Vaue, Age Female, Raceor ethnicity Weight sta-
N (years), % tus (eg,
mean (SD) BMI,
or range weight)
Grossman et 16-week behavioral pre-post pilot program for BMI: mean
a, 2017 [77] postmenopausal women 32(SD 2.53)
The program consisted of face-to-face group kg/mz
meetings every month, weekly weigh-ins, electron-
ic check-ins, calorie-restricted diet, and high-inten-
sity interval training
BCTs: self-monitoring, social support, and behav-
ioral practice
Linkeet al, One-arm pilot study 15 45 (9.7) 13 60% non-Hispan- NR
2019 (78] 12-week intervention for veteransrecovering from ic White, 27%
substance use disorder that included psychoeduca- Black, 13% His-
tion classes, gym membership, and Fitbit panic
BCTs: self-monitoring, social support, and knowl-
edge shaping
Meintset d, Prospective cohort study 225 Black par-- 84 81% White; 19% Black partici-
2019 [79] 26-week intervention for hospital employees to ticipants: Black pants: 84%
increase PA with financial incentives 43 (10); had over-
Groups of 3 were formed and financial incentives White par- weight or
were given if team members met goals ticipants: obesity;
BCTs: self-monitoring, social support, rewards, 39(12) White partic-
and goal setting ipants. 68%
had over-
weight or
obesity
Painter et al, Retrospective analyses of 6 weight loss programs 2113 44.54 59 NR BMI: mean
2017 [80] Participantswere taught self-management strategies (10.72) 33.8(SD
and were given aFitbit, Wi-Fi-enabled scale, digital 6.9) kg/m2
food and exercise log, and access to expert coach
via electronic messages
BCTs: self-monitoring and behavioral counseling
Reed et al, Randomized repeated-measures study with 2 con- 59 48 (NR) 79.3° 93.2% White? Weight:
2019 [81] ditions: (1) intervention and (2) control mean 92.47
12-week intervention with self-regulatory PA (SD 22.8)
strategies, weekly text messaging, and Fitbit kgb
BCTs: self-monitoring, self-regulation, and cues
Wang et d, RCT with 2 conditions: (1) text messaging+Fitbit 67 482(11.7) 91 67% White; 16% BMI: mean
2015[82] and (2) Fithit only Hispanic; 4% 31(SD 3.7)
6-week intervention for adultswith overweight and African Ameri- | /m2
obesity receiving Fitbit and 3 daily SMStext mes- can; 3% Asian;
sages prompting PA 3% Other
BCTs: self-monitoring and cues
Williset al, Randomized feasibility study with 2 conditions: 70 47(124) 84 24.3% minorities  BMI: mean
2017 [83] (1) web-based social network delivery and (2) 36.2 (SD 4)
conference call delivery kg/m?

Older adulthood (=65 years)

I ntervention only

6-month weight loss intervention

Web-based social network condition had 24
weekly web-based modulesled by health educators
Conference call condition consisted of 24 weekly
60-min phone conferences

BCTs: self-monitoring, social support, and knowl-
edge shaping
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Study design and intervention description

Participant characteristics at baseline

Vaue, Age Female, Raceor ethnicity Weight sta-
N (years), % tus (eg,
mean (SD) BMI,
or range weight)
Asheet d, »  Randomized pilot trial with 2 conditions: (1) inter- 25 64.1(4.6) 100 NR BMI: mean
2015 [84] vention and (2) comparison (educational sessions) 26.9 (SD
»  6-monthinterventiontoincrease PA through social 6.9) kg/m2b
support, group-based education, and individualized
PA prescription
« BCTs: self-monitoring, knowledge shaping, and
social support
Christiansen «  RCT with 2 conditions: (1) interventionand (2) 43 67 (7) 53.4 91% White BMI: mean
et a, 2020 control 31.5(SD
[85] «  6-monthintervention for total knee replacement 5.9) kg/m?
patients that included physical therapy, Fitbit, step
goals, and monthly call with physical therapist
«  BCTs sdf-monitoring, goa setting, and behavioral
counseling
Kenfieldeta, «  Pilot RCT with 2 conditions: (1) interventionand 76 65 (NR) 0 84% White 41% over-
2019 [86] (2) control weight, 35%
« 12-week intervention for men with prostate cancer with obesity
that included personalized health recommendations,
Fitbit, study website, and text messages
« BCTs: self-monitoring, knowledge shaping and
cues
Thompsonet «  Randomized controlled crossover trial with 2 con- 48 795(7.0) 81 NR Weight:
al, 2014 [21] ditions: (1) immediateintervention and (2) delayed mean 75.7
intervention (SD 13.4)
o 48-week total: 24-week intervention that combined kgb

M easurement only

Rossi et al,
2018 [87]

Schmidt et al,
201888

Streber et al,
2017 [89]

accelerometers with exercise counseling and 24
weeks without intervention

Content included materials on exercise, goa set-
ting, and tracking PA

BCTs: self-monitoring, goa setting, behavioral
counseling, and knowledge shaping

Single-group study (survey and qualitative inter- 25 62 (9) 100
views)

Participants wore Fithit for 30 days to evaluate

acceptability and validity of the devicein diverse

cancer survivors

BCTs: self-monitoring

Single-group study 40 66.3(3.19) 625
Participants wore Fitbit for 14 consecutive days

and socia cognitive factors, health issues, and

views on aging were assessed

BCTs: self-monitoring

RCT with 2 conditions: (1) intervention and (2) 87 76 (9.2) 78
control with weekly gymnastics or cognitive

training

12-week intervention with 90-min weekly sessions

including PA program with social and cognitive

activities and PA coaching program

BCTs: self-monitoring, social support, knowledge

shaping, and behaviora counseling

Intervention and measurement

36% non-Hispan- BMI: mean
ic White; 36% 32(sb 9
Hispanic; 16% kg/mz

non-Hispanic

Black; 12%

Asian

NR BMI: mean
25.19 (SD
3.52) kg/m?

NR NR
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Developmental stage  Study design and intervention description Participant characteristics at baseline
Vaue, Age Female, Raceor ethnicity Weight sta-
N (years), % tus (eg,
mean (SD) BMI,
or range weight)
Harkinseta, « RCT with4 conditions: (1) financial incentive, (2) 94 80.3 74 98% Caucasian  NR
2017 [90] social goals, (3) combined, and (4) control

« 16-weekinterventiontotest use of financial incen-
tives and donations on PA increase with 4-week
follow-up that included pedometer, goal setting,
and weekly feedback on goal attainment

« BCTs: self-monitoring, rewards, goal setting, and

feedback
McMahonet .«  2x2randomized factorial experiment with4 condi- 102 79 (NR) 75 75% White; 25% NR
al, 2017 [91] tionsreceiving PA protocol and Fitbit: (1) interper- Black

sonal BCSk, (2) intrapersonal BCS, (3) interperson-
al and intrapersonal BCS, and (4) control based on
receipt of interpersonal and intrapersonal behavior
change strategies

«  8-weekintervention with weekly 90-min meetings
with all conditions receiving PA protocol, Fithit,
and workbook

« BCTs: self-monitoring, knowledge shaping, and
social support

Vidoni eta, « Randomized crossover trial with 2 conditions: (1) 30 Withcogni- With With cognitive BMI (with

2016 [92] immediateintervention and (2) delayed intervention tiveimpair- cogni-  impairment: 90% cognitiveim-
o 16-week trial divided into 8-week intervention and ment: 72.3 tiveim- White; 10% pairment):
8-week baseline or maintenance phase data collec- (5.2); with-  pair- African- Ameri- mean 29.4
tion out cogni-  ment: can; without cog- (SD 3.8)
«  Interventionincluded the use of aFitbit device and tiveimpair- 43, nitive impair- kg/m?; BMI
PA prescription ment: 69.6 without ment: 100% (without
«  BCTs: self-monitoring and goal setting (5.8) cogni-  White cognitiveim-
tiveim- pairment):
par- mean 27.8
ment: (SD 4.3)
8 kg/m2

3BCT: behavior change technique.

bOnIy intervention condition data reported.
°NR: not reported.

Ipa: physical activity.

®RCT: randomized controlled trial.

fABT: acceptance-based therapy.

I9MV PA: moderate-to-vigorous physical activity.
P\WIC: women, infants, and children.

'IMI: internet-based motivational intervention.
IHPV: human papillomavirus.

KBCS: behavior change strategy.
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Table 2. Description of Fitbit use.
Study Fitbit Wear instruc-  Fitbit use adherence Fitbit used in Other PA% mea-
tions comparison sures
group?
Minimum Rate Strategies to boost
wear time adherence
criteria
Childhood
I ntervention only
Evanset a, Zip Phase 1. dl Minimum of Days participants ~ After-session meet-  Yes, same for Sensewear,
2017 [23] (phase 1) waking hours 8 h/day were adherentin  ingswith study staff ~ Fitbit-only com-  Armband Mini,
and 7 days/week; phase 1: 64.8%; to sync their Fithit  parison condi- and Jawbone
charge phase 2: 24 h, daysparticipants  data tion; no device
(phase2) 7 days/week were adherent in for control group
phase 2: 73.4%
Mackintoshet Zip Durationof in-  Entiredura-  100% adherence  \RC N/AY Accelerometry
al, 2016 [24] tervention tionof ses-  (with staff monitor-
sion ing)
Measurement only
Walther et al, Charge 24 hfor7 NR NR NR N/A Self-reporting
2018 [25] HR days, includ-
ing one week-
end
I ntervention and measurement
BucheleHar- Charge Daily; 5 Minimum of Averagelossof 1- Log sheets record No NR
risand Chen, HR school 14 h/day day dataper person  PA
2018 (18] days/week for per week
4 weeks
Harriset d, Charge Daily; 5 NR NR Deviceswere Yes, same use NR
2018P [26] HR school charged at the end of
days/week for the week
4 weeks
Hayes and Classic Durationof in- Entiredura- 100% adherence NR N/A Second Fitbit
Van Camp, terventionre-  tion of 20- (with staff monitor-
2015 [27] Cess Session minrecess  ing)
session
Adolescence
I ntervention only
Chenetal, Flex Daily for 3 NR NR Weekly text re- No Self-reporting
2017 [28] months minders and phone of PA using the
cals Cdlifornia
Hedlth Inter-
view Survey
Gandrudeta, NR NR NR NR Weekly reminders  Yes NR
2018 [29] sent to upload data
Mendozaeta, Flex Daily for 10  Minimumof Daysparticipants Text reminderssent No Accelerometry
2017 [30] weeks 500 were adherent: every other day to
steps/day 72% encourage PA goals
Measurement only
Haegeleand  Zip NR NR NR NR N/A NR
Porretta, 2016
[31]
Meng et a, Zip 7daysweekat Minimumof NR Daily textsor email  Yes;, device NR
2018[32] baselineand 8 h/day reminders masked with
post measures duct-tape
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Study Fitbit Wear instruc-  Fitbit use adherence Fitbit used in Other PA% mea-
tions comparison sures
group?
Minimum Rate Strategies to boost
wear time adherence
criteria
Walther etal, Charge  Wearonthe 24h NR NR N/A Self-reported
2018 [25] 2nd and 10th days of 60-min
week of the PA
intervention
for 7 days, in-
cluding 1
weekend
I ntervention and measurement
Gaudeteta, Charge Daily for 7 Minimum of Medianparticipant NR Yes Accelerometry
2017 [19] HR weeks 10 h/day adherent 67% of and self-report-
intervention days ing
Pope et dl, Flex Daily for12 NR 15% of students Weekly lottery to Yes NR
2018 [33] weeks wore their Fithit win US$10 Amazon
for <10 days; 36% gift cards, weekly
never wore their email reminders, and
Fitbit in-person trou-
bleshooting at
school once aweek
Remmerteta, Flex2 Daily for12  NR Averagenumber of NR Yes Accelerometry
2019 [34] weeks days of valid Fitbit
wear: 78 (out of 84
days)®
Short et a, Zip Daily for 7 NR NR NR Yes NR
2018 [35] days
Van Wouden-  Flex Daily for 7 Minimumof Daysparticipants NR Yes NR
berg et a, days 1000 were adherent:
2018 [36] steps/day 73.4%
Early adulthood (18-40 years)
I ntervention only
Bang et al, Zip NR NR NR NR No IPAQS
2017 [37]
Barutheta, Charge Daily fordura  Minimum Fitbitwornon93% NR No Accelerometry
2019 [38] tionof inter-  oneday per  of intervention
vention week weeks
Losinaeta, Flex Daily fordura Minimumof NR NR N/A Self-reporting
2017 [39] tionof inter- 10 h/day
vention
Mahar et a, Flex Daily forduraa NR NR NR No Self-reporting
2015 [40] tion of inter-
vention
Measurement only
Chenand Pu, Ultraand Daily for2 NR NR Daily reminder to No NR
2014 [41] One weeks share experience of
wearing Fitbit
Pagkalosetal, Zip Daily fordura NR NR NR No Self-reporting
2017 [42] tion of inter-
vention
Ptomey etal, Charge Duringinter- NR 100% (with staff ~ NR No NR
2018 [43] HR vention ses- supervision)
sions
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St Fleur et d

Study Fitbit Wear instruc-  Fitbit use adherence Fitbit used in Other PA% mea-
tions comparison sures
group?
Minimum Rate Strategies to boost
wear time adherence
criteria
Walsh and Classic Daily for10 NR 73% of participants NR Yes, same use IPAQ
Golbeck, 2014 days were adherent
(44]
Yoon et al, Flex Daily fordura NR Daysparticipants NR Yes; same use Self-reporting
2018 [45] tion of inter- were adherent:
vention 66%
I ntervention and measurement
Choi et al, Ultra Daily for at Minimum of Daysparticipants  Participantsentered  Yes; same use Self-reporting
2016 [46] least 10 h 1000 were adherent: in-  stepsinto their daily
steps/day tervention: 78%;  activity diary
comparison: 80%
Chungeta, Zip Daily fordura NR Days participants  Study team sent N/A NR
2016 [47] tion of inter- were adherent: Twitter message re-
vention overweight group:  minders
99%; normal
weight group: 78%
Gilmoreetal, Zip Daily NR NR NR No NR
2017 [48]
Halliday et al, NR Daily for dura- 100 or more  50.5%-82.9% of Participantswerein-  N/A NR
2017 [49] tionof inter-  stepsperday participants ad- vited to join apri-
vention hered towearing  vate group on the
Fitbit on aweekly Fitbit website that
basis allowed for data
sharing
Florenceeta Flex Daily forduraa NR NR NR Yes; control IPAQ
2016 [50] tion of inter- group started Fit-
vention bit Flex on week
8
Miragall etal, One Dailyfordura= NR N/A N/A Yes, blinded NR
2017 [51] tion of inter-
vention
Schrager etal, Flex Daily fordura= 100 or more Median number of  Participants were N/A Self-reporting
2017 [52] tionof inter-  stepsperday eligibledayswhere given a2-week ac- of PA
vention the participant climatization period
recorded at least ~ to wear and use the
100 stepswas 27.5 device
(IQR¥Y)
Thorndikeet  Classic Durationof in- 500 or more Percentageof worn  Weekly reminder Yes; blinded NR
al, 2014 [53] tervention steps/day daysineach phase: emailsto charge de-
T7%inphaseland vice and monetary
60% in phase 2 incentives for high
compliance rates
Washingtonet Classic Daily fordura= NR 2 subjects had Participantsearned ~ N/A Self-reporting
al, 2014 [54] tion of inter- missing Fitbit data opportunitiesto of PA
vention draw prizes and
brought the device
tothelab 3timesa
week for charging
and retrieving data
West et al, Zipand Dallyfordura NR Studentsused their NR No NR
2016 [55] Aria tion of inter- Fitbit for an aver-
vention age of 23.7 days

(SD 15.2 days)
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Study Fitbit Wear instruc-  Fitbit use adherence Fitbit used in Other PA% mea-
tions comparison sures
group?
Minimum Rate Strategies to boost
wear time adherence
criteria
Zhang and Zip Daily fordura= NR 16% of Fitbit data Daily notifications  Yes, same use NR
Jemmott, tion of inter- were missing dur-  to wear Fithit and
2019 [56] vention ing intervention log PA
period
Middle adulthood (41-64 years)
I ntervention only
Amorimetal, NR Daily N/A 96% reported NR No Accelerometry
2019 [57] wearing every day and IPAQ
or most days
Butryneta, Flex Daily fordura NR Participantswore  Publicdisplay of PA  N/A GT3X+ac-
2014 [58] tion of inter- 86% of daysdur-  data celerometers
vention ing intervention
Cadmus- One Dailyfordura=  Minimumof NR NR No Accelerometry
Bertramet d, tion of inter- 2000
2015 [59] vention steps/day
Cadmus- Charhe Daily N/A NR In-personinstruction No Accelerometry
Bertrametal, HRor on Fitbit use
2019 [60] Charge 2
Deanetd, Flex Daily; dura=  NR Participantswho  Participantsreceived N/A Community
2018 [20] tion of inter- wereadherentto 3 text messages Health Activi-
vention wear instructions.  weekly tiesModel Pro-
70% gram for Se-
niors Question-
naire
Duncaneta, Alta NR NR NR NR Yes, for bothin-  Accelerometry
2020 [61] tervention and Active Aus-
groups, no, for  tralia Survey
control group
Ellingsonet  Charge Useat partici- Minimumof NR Intervention group  Yes; same use Accelerometry
al, 2019 [62] pants discre- 10 h/day determined cues to
tion for dura- remember to wear
tion of inter- Fitbit and check data
vention
Kandulaeta, Zip Daily NR NR NR N/A Actigraph Ac-
2017 [63] celerometer and
self-reported
questionnaire
Ross and Zipand  Daily NR Days participants  Fitbit sent weekly Fitbitusedinone NR
Wing, 2016 Aria were adherent: emails updating comparison
[64] Tech: 76%; progress group but not the
Tech+phone: 86% other (pedometer
used)
Singh et d, Charge  Asdesiredto NR Average h worn: Basicinstructionon No Accelerometry
2020 [65] self-monitor 17.3h(SD 5.7h)  using and setting up and Active Aus-
and manage per 6.1days(SD  Fithit tralia Survey
PA 0.8 days) per week
Van Blarigan  Flex Daily NR Participantswore ~ N/A No Accelerometry
et a, 2019 Fitbit for 88% of
[66] study days

Measurement only
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Study Fitbit Wear instruc-  Fitbit use adherence Fitbit used in Other PA% mea-
tions comparison sures
group?
Minimum Rate Strategies to boost
wear time adherence
criteria
Patel et al, Flex Daily At least 10.1% of missing NR Yes NR
2017 [67] 1000 observation daysin
steps/day intervention arm
and 12.7% in con-
trol arm
Robinson et Zip Daily during NR NR Participantsaskedto  Yes; same use NR
al, 2019 [68] waking hours sync Fitbit datadaily
Schumacheret  Flex Daily Minimum of  97% adherent to NR N/A NR
al, 2017 [69] 100 wesr time criteria
steps/day
I ntervention and measurement
Adamseta, Zip Daily during NR NR Text step countsdai- Yes IPAQ
2017 [70] waking hours ly and random selec-
tion for monthly in-
centivesfor wearing
their Fitbit regularly
Arigo, 2015 Flex Daily; dura- NR Daysparticipants  Badgesfor achiev-  N/A NR
[71] tion of inter- were adherent: ing PA milestones;
vention 93% participantswere ad-
vised to check step
progress daily
Arigoet d, Flex Dailyfordura= Definedas  Participantswore  Instructionsonde-  NA NR
2015b [72] tionof inter-  >100steps  97% of daysdur-  vice use, public dis-
vention in aday ing intervention play of stepsdata,
and PA partner ac-
countability
Finkelsteinet One Daily NR 3 partticipantsdid  Instructionsand use  Yes Self-reporting
al, 2015 [73] not provide Fitbit  of device before
data study for comfort
and familiarity
Fukuokaetal, Zip Daily Minimumof NR NR N/A IPAQ short ver-
2018 [74] 8 h/day sion
Gell et a, One Daily fordura  Minimumof Averagedayspar- NR Yes, same use Accelerometry
2020[75] tionof inter- 10 h/day ticipants were ad-
vention herent: 6
days/week
Gremaudeta, Zip Daily during NR 64.6% wear timein Reminder system, Yes NR
2018[76] waking hours Fitbitarmwitha  which prompted
16.5% increasefor each user to wear
Fitbit+Map Trek  their Fitbit following
am nonwear days
Grossman, et Charge Durationofin- NR NR NR Yes NR
al 2017 [77] HR tervention
Linkeet al, Charge Daily fordura NR NR Participants met N/A Godin Leisure-
2019 [78] HR tion of inter- with study team to Time Exercise
vention sync Fitbit weekly Questionnaire
and problem-solve
Fitbit-related issues
Meintseta, Flex Durationof in- Minimumof 18 (out of 26) aver- Participantsearned  N/A NR
2019[79] tervention 10h/day and age valid weeks of monetary reward for
4 days/week Fitbit wear accurate use of Fithit
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Study Fitbit Wear instruc-  Fitbit use adherence Fitbit used in Other PA% mea-
tions comparison sures
group?
Minimum Rate Strategies to boost
wear time adherence
criteria
Painter et al, NR Daily use NR NR NR NR NR
2017 [80]
Reed et a, Charge2 Dailyduring NR NR Basicinstructionon  Yes; same use Godin Leisure-
2019 [81] waking hours using and setting up Time Exercise
Fitbit Questionnaire
Wang et al, One Durationofin- Minimumof Nontypical days NR Yes Accelerometry
2015[82] tervention 10 h/day (not meeting wear
time criteria)
ranged from 5%-
9%
Williset d, Flex Daily NR NR NR Yes Accelerometry
2017 [83] and self-report-
ing
Older adulthood (=65 years)
I ntervention only
Asheet d, One Dailyfor26  NR NR NR No Accelerometry
2015 [84] weeks
Christiansen  Zip Daily during NR 60% of interven-  In-personinstruction  No Accelerometry
et a, 2020 waking hours tion group moni-  of Fitbit use
[85] tored steps at least
80% of study time
Kenfieldeta, One Durationofin- NR Fitbitsworn98% NR No Accelerometry
2019 [86] tervention of daysduring in- and self-report-
tervention ing
Thompsonet NR Daily for48  NR NR NR Yes, same use Accelerometry
al, 2014 [21] weeks
M easurement only
Rossi et a, Alta At al times NR Participantswore  Staff called partici-  N/A Godin Leisure-
2018 [87] for 30 days, median of 93% of  pants after 1 week Time Exercise
remove only 30 days Questionnaire
for bathing
and sleeping
Schmidt et al, Charge 14 consecu- NR 2 participantsex- 3 home visits N/A NR
2018 [88] HR tive days dur- cluded for not
ing waking wearing the device
hours for aweek
Strebereta, Zip Duringwak- ~ Minimumof NR No chargingand no  Yes, same use Self-reporting
2017 [89] ing hoursfor 8 h/day turning off and on
7 consecutive
days
I ntervention and measurement
Harkinseta, Ultra Daily NR NR Daily email or text  Yes; same use Self-reporting
2017 [90] message and finan-
cial incentivesfor
meeting goal
McMahonet One Duringwak- NR Average hours Participantsaskedto Yes; same use Community
al, 2017 [91] ing hours for worn at baseline:  document days or Health Activi-
7 consecutive 13.01 (SD 1.87) times monitor was ties Model Pro-
days used; staff reviewed gram for Se-

documentation and
data

niors Question-
naire
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Study Fitbit Wear instruc-  Fitbit use adherence Fitbit used in Other PA% mea-
tions comparison sures
group?
Minimum Rate Strategies to boost
wear time adherence
criteria
Vidoni etal,  Zip Duringwak-  NR NR Staff madebiweekly  Yes; device 6-minwalk test,
2016 [92] ing hours phonecalsandaddi- masked for 8 mini-physical
tional calsif noac- weeksversus1l  performance
tivity for 3 days week test, and battery
of timed physi-
cal tasks

3PA: physical activity.

bOnIy the reported intervention condition data.

°NR: not reported.

IN/A: not applicable.

€IPAQ: International Physical Activity Questionnaire.

Childhood (9-12 Years)

General Study Characteristics

The 6 childhood studies had sample sizesranging from 6 to 116
participants and were either single-group (n=3) or
quasi-experimental designs (n=3). All studies were conducted
in aschool setting, and when appropriate, tried to integrate the
intervention sessions into regular, daily school activities,
including class sessions and recess periods. The most commonly
used behavior change techniques were goal setting (through
individual and group challenges) and positive reinforcement
(through rewards). The duration of the intervention ranged
between 4 and 12 weeks.

Fitbit Use

The most commonly used Fitbit model was the Fitbit Charge,
which was used in 4 of the 6 interventions [18,23,25,26]. A
total of 3 studies used Fitbits for both intervention and
measurement purposes, 2 for intervention only, and 1 for
measurement only. Participants in the comparison condition
used Fitbit devices in only one of the 3 quasi-experimental
studies.

Wear Time and Adherence

In total, 5 of the 6 interventions instructed participants to wear
the device for a specific period. A total of 2 studies restricted
device wear time to in-school supervised intervention sessions
and reported that 100% of participants adhered to the device
wear protocol, largely because of study staff monitoring [24,27].
The 2 interventions instructed participants to wear their Fitbits
only during school days for the duration of the intervention
[18,26]. In one study, participants were asked to wear the device
for 24 hours during a 7-day period [25]. Applying awear time
criterion of 8 hours per day, one study reported that participants
were adherent on 65%-73% of intervention days[23].

Adolescence (13-17 Years)

General Study Characteristics

The 11 adolescent studies had sample sizes ranging from 6 to
388 participants. In total, 6 of the interventions used a

https://mhealth.jmir.org/2021/5/€23411

randomized controlled trial design, 3 were quasi-experimental,
and 2 used a single-group design. In total, 4 studies used an
electronic or web-based platform for intervention delivery,
including 3 that used mabile apps for data collection and the
delivery of intervention content [28,29,33,36] and 1 that used
Facebook as a web-based platform to encourage interactions
between participants [30]. A total of 7 studies were delivered
inaschool setting [19,25,31-34,36]. Acrossall studies, the most
commonly used behavioral change techniqueswere goal setting,
self-monitoring, and knowledge shaping. The study duration
varied between 4 weeks and 24 months.

Fitbit Use

The most commonly used Fithit model was the Fitbit Flex,
which was used in 5 of the 12 interventions [28,30,33,34,36].
The Fitbit Zip was the second most commonly used device (in
3 studies [31,32,35]). A total of 5 studies used Fithits for both
i ntervention and measurement purposes, 3 for intervention only,
and 3 for measurement only. In 7 of the 10 studieswith multiple
conditions, participantsin the comparison condition used Fitbit
devices.

Wear Time and Adherence

Overall, 5 studies instructed participants to wear the device
daily for the entire duration of the study [19,28,30,33,34], 4
studiesinstructed participants to wear the device for 7-day data
collection periods only [25,32,35,36], and the remaining 2
studies did not report wear instructions [29,31,48]. Moreover,
5 studies used a minimum wear time criterion that was defined
by either the number of hours (eg, 8 hours, 10 hours, or 24 hours
per day) or steps (eg, 500 or 1000 steps per day)
[19,30,32,35,36]. In addition, 3 studies reported the percentage
of intervention days on which a specific minimum wear criterion
was met (67.3% [19], 71.5% [30], and 73.4% [36]). One study
excluded participants from the analysis who did not meet the
wear time criterion [32]. One intervention that did not use the
minimum wear time criterion was able to report an average
number of days of valid Fitbit wear of 78.1 (SD 8.6; of a
maximum of 84 days) for intervention participants[34]. Another
study without aminimum wear time criterion reported that 36%
of participants never wore their Fitbit [33].
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Strategies to Boost Wear Time

Strategies to boost wear time included providing participants
with oral and written instructions for Fitbit use [19,32]. Some
studies also sent participants daily or weekly text messages or
emails to encourage consistent use, meeting PA goals, or data
upload [28-30,32]. In one study, a weekly lottery was used to
reward participants with gift cards [33].

Other Measures of PA

Furthermore, 3 studies assessed PA with accelerometers at data
collection time points[19,30,34], and 3 studies used self-report
measures of PA [19,25,28].

Early Adulthood (18-40 Years)

General Study Characteristics

The 20 eligible studies for adults aged 18-40 years had arange
of sample sizes of participants. Randomized controlled trials
(RCTs) were the most commonly used study design (11/20,
55% studies), followed by single-group study designs (5/20,
25% studies). In total, 12 of the 20 studies used mobile apps,
web-based platforms, emails, or text messages for intervention
delivery [41-44,46-51,55,56]. Of these studies, 3 encouraged
web-based interactions between participants [41,44,47]. Intotal,
8 of the 20 studies used a campus- or workpl ace-based approach
to intervention delivery [37,39,40,50-53,55]. Strategies for
behavioral change included competition or challenges, both at
the individual and group levels, and self-monitoring, social
support, and goal setting. The study duration ranged from 1
week to 12 months.

Fitbit Use

The most commonly used Fitbit models were Fitbit Zip and
Flex, which were used in 11 of the 20 studies
[37,39,40,42,45,47,48,50,52,55,56]. Furthermore, 10 studies
used Fithits for both intervention and measurement purposes,
4 for intervention only, and 5 for measurement only. In 6 of the
15 studies with multiple conditions, participants in the
comparison condition used Fitbit devices.

Wear Time and Adherence

All but 3 studies [37,41,44] instructed participants to wear the
device daily, either at al times or during waking hours, for the
duration of the intervention. Furthermore, 2 studies instructed
participants to wear the device for a specific data collection
period [41,44]. Different metrics were used to report adherence
to daily wear instructions. There were 3 studies that reported
the percentage of intervention days in which participants were
adherent: 66% [45], 73% [44], and 78%-99% [47]. Another
study reported that, on average, participants were adherent on
23.7 (SD 15.2) days (of 63 days) [55]. One study instructed
participantsto wear the device only during intervention sessions,
and 100% of the participants were adherent [43]. Minimum
wear time criteriawere al so used to report adherence. One study
with a minimum wear time criterion of 1000 steps per day
reported that participants met the criterion on 78% of
intervention days [46], whereas another study in which the
minimum wear time criterion was set at 500 steps per day
reported that participants met the criterion on 60%-70% of
intervention days [53]. A minimum criterion of 100 steps per
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day allowed one study to report a median number of 27.5 days
(of 30) onwhich participants were adherent [52]. Another study
with the same minimum wear time criterion reported that
51%-83% of participants were adherent [49]. With aminimum
wear criterion of one day per week, one study reported that
participants were adherent on 93% of intervention weeks on
average [38].

Strategies to Boost Wear Time

Strategies to boost wear time included sending daily emailsto
inquire about Fitbit use experience[41], prompting participants
to enter daily Fithit datainto an app [46], asking participantsto
share Fithit data publicly [49], or sending daily reminder
messages and instructions on Fitbit use [47]. Some studies
provided participants with opportunitiesto win incentives based
on compliance rates [53,54].

Other Measures of PA

A total of 10 studies asked participants to self-report their PA
using instruments such as the International PA Questionnaire,
the Stanford Brief PA Survey, and the 30-day PA Recall
[37,39,40,42,44-46,50-52,54-56]. Only 1 study used an
additional objective measure of PA (ie, accelerometer [38]).

Middle Adulthood (41-64 Years)

General Study Characteristics

The sample sizes in the 28 middle adulthood studies ranged
from 11 to 2113 participants. Most of the studies were RCTs
(17/28, 61%), and 20 interventions used technology (eg, texts,
apps, and social media) for intervention delivery
[57,58,61,63,64,66,67,70-77,80-83,93]. The most common
behavior change techniques used were self-monitoring, social
support, behavioral counseling, and goal setting. The study
duration ranged from 4 weeks to 6 months.

Fitbit Use

The most commonly used device was the Fitbit Flex, which
wasusedin 9 studies[20,58,66,67,69,71,72,79,83]. Therewere
14 studiesthat used Fitbit for both intervention and measurement
purposes, 11 for intervention only, and 3 for measurement only.
Of the 18 studies with multiple conditions, 13 provided
participants in the comparison condition with Fitbit devices.

Wear Time and Adherence

All but 3 studies [61,62,65] instructed participants to wear the
device daily, either at al times or during waking hours, for the
duration of the intervention. Among them, 2 studies reported
the percentage of participants who were adherent to daily wear
instructions: 96% [57] and 70% [20]. Other studiesreported the
percentage of days on which participantswere adherent to wear
instructions. 86% [58], 88% [66], 97% [71], 93% [72], and
76%-86% [64]. Furthermore, 9 studies also used a minimum
wear time criterion defined by either the number of hours (eg,
8 or 10 hours per day) or steps (eg, 100 or 2000 steps per day)
[59,62,67,69,71,74,75,79,82]. With a minimum wear time
criterion of 100 steps per day, 1 study reported that 97% of the
participants were adherent [69]. A minimum wear criterion of
10 hours per day allowed another study to report 18 of 26
average valid weeks of Fithit wear [79], whereas another study

IMIR Mhealth Uhealth 2021 | vol. 9 | iss. 5 | €23411 | p. 24
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

used the same criterion to report that participantswere adherent
to the criterion on 6 days per week on average[75]. A minimum
criterion of 10 hours per day was also used in another study to
report 5%-9% of days on which participants did not meet the
criterion on average[82]. Similarly, with aminimum wear time
criterion of 1000 steps per day, another study reported
10.1%-12.7% of missing observation days [67]. Allowing
participants to self-monitor PA as desired, one study reported
the average hoursworn of 17.3 (SD 5.7) hours per 6.1 (SD 0.8)
days per week [65]. Another study excluded 3 participants who
provided no Fitbit data[73].

Strategies to Boost Wear Time

Various strategies were used to promote Fitbit wear, including
weekly textsto encourage PA based on Fitbit data[20], weekly
emails providing activities' progress summaries [64], asking
participants to sync Fitbit data daily [68], providing incentives
for wearing Fitbit regularly [70], public display of Fithit data
[58,71], and instructions on device use [71,73].

Other Measures of PA

Objective measures to assess PA were used in 12 studies
[57-63,65,66,75,82,83], whereas self-reported measures were
used in 11 studies [20,57,61,63,65,70,73,74,78,81,83].

Older Adulthood

General Study Characteristics

The 10 older adulthood studies had sample sizes ranging from
2510102 participants, and most (8/10, 80%) were RCTs. Studies
with older adults used individual and group-based approaches
for intervention delivery. In addition to encouraging
individualized PA goal setting or prescribing exercises, 3 studies
involved regular phone cals made by study counselors or
coaches[21,85,92]. One study provided participantswith access
to a study website and used text messages for intervention
delivery [86]. Interventions providing PA education were often
delivered in a group setting through a community-based
approach, which alowed for the use of socia support as a
behavioral change technique [84,89,91]. Other behavioral
change techniquesincluded goal setting, behavioral counseling,
and self-monitoring.

Fitbit Use

Different Fitbit devices were used across studies, including
Classic, Zip, Ultra, Charge HR, and One, with none being
predominant. In addition, 3 studies used Fitbit for both
i ntervention and measurement purposes, 4 for intervention only,
and 3 for measurement only. Of the 8 studies with multiple
conditions, 5 provided participantsin the comparison condition
with Fitbit devices.

Wear Time and Adherence

All but 2 studies [89,91] instructed participants to wear the
device daily, either at al times or during waking hours, for the
duration of the intervention. Using daily wear instructions, the
number of days the device worn was commonly reported either
as an average (6.6, SD 1.1 over 7 days) [91] or as a median
(93% over 30 days) [94]. One study reported that 60% of
participants in the intervention group used Fitbit at least 80%
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of the study time [85], whereas another study simply reported
that Fitbit was worn on 98% of days during the intervention
[86]. One study used a minimum wear time criterion (8 hours
per day) but did not report adherence to the criterion [89]. One
study excluded 2 participants who did not wear the device for
at least half of the instructed wear period (14 days) [88].

Strategies to Boost Wear Time

Strategies used to promote wear time adherence included
providing participantswith wear instructionsand remindersvia
phone calls and text messages[85,87,90,92]. Some studiesalso
asked participants to upload PA data on a daily basis or to
document the device wear time and day [89,91].

Other Measures of PA

All but one study [88] used an additional measure of PA.
Although self-reporting (using different scales) was the most
common measure, which was used in 6 studies [86,89-92,94],
accelerometers were used in 4 studies [21,84-86]. One study
used a physical performance test along with awalk test [92].

Discussion

Principal Findings

This study reviewed the use of Fitbit devicesin PA intervention
studies acrossthelife course. In addition to differencesin study
designs and intervention delivery methods, our resultsindicate
considerable heterogeneity in Fitbit use within and between
developmental stages. From early to older adulthood, most
studies instructed participants to wear their Fitbit daily, either
at al times or during waking hours, for the duration of the
intervention. Studies conducted among children and adolescents
tended to specify more limited device wear periods (eg, 24 hours
for 7 days). Within developmental stages, our findings also
suggest a lack of consistency in the definition of wear time
criteria, which sometimes were used to report different
adherence metrics or to exclude incomplete data from study
analyses. A total of 8 different types of Fithit deviceswere used
across all age groups, with Fitbit Flex and Zip being the most
predominant and some seemingly discontinuing use as newer
devices became available. Regardless of intended Fithit use (ie,
measurement vsintervention tool), strategiesto boost wear time
were similar across stages, and the most commonly used
strategiesincluded sending participants remindersthrough texts
or emails and asking participantsto log their steps or sync their
Fitbit data daily. Overall, the heterogeneity in Fitbit use across
PA intervention studies reflects its relative novelty in the field
of research.

Across all stages, based on the taxonomy devel oped by Lyons
et a [95], the most common behavior change techniques used
were self-monitoring and god setting, regardless of theintended
device use. This aligns with previous findings indicating goal
setting and self-monitoring asthe most commonly used behavior
change techniques in studies with activity trackers [96]. As a
self-monitoring technology, Fitbit devices provide real-time
feedback that has the potential to stimulate behavior change.
Self-monitoring allows participantsto establish and track goals
that were commonly operationalized through individual or group
step count challenges. For example, a classroom-based study
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in children used individual step goals consistent with achieving
60 minutes of moderate-to-vigorous physical activity (MVPA)
per day [23]. Additional behavioral change techniques appeared
to be developmentally targeted. For example, among children,
rewardsfor meeting step goal swere often provided (eg, accruing
pointstoward gift card balance). Through the use of social media
platforms, adolescents and adults were provided with
performance-based, web-based badges [41,97]. Among older
adults, group-based PA education along with individual PA
coaching or counseling provided social support to encourage
the initiation and maintenance of behavior change [89].

Similar to behavior change techniques, the heterogeneity we
observed regarding wear instructions and criteria also seemed
to be because of developmental considerations. Most studies
conducted among children and adol escents opted for instructions
that required the device to be worn daily (8-24 hours) for a set
data collection period (5-14 days); these studies did not set
specific wear time criteria for inclusion in the analyses. Our
findings align with previous results indicating a considerable
reduction in the use of wearable trackersin youth following the
first 2 weeks [19,98]. As such, limited device wear time in
children and adolescents could potentially be a strategy that
aims at capitalizing on wear patterns and usability trends in
these groups. Studies conducted during early and middle
adulthood tended to specify aminimum wear time criterion for
inclusion in analyses based on specific numbers of steps or
hours, in addition to daily wear instructions. However, studies
conducted in older adults did not set minimum wear timecriteria
and instructed participants to wear the device daily during
waking hours. The less rigid guidelines for device wear
adherence among older adults could potentially be a way of
increasing feasibility in populations who are less able to meet
strict criteria and are less proficient in the use of technology
[99].

Degspite the importance of meeting a minimum threshold of
wear time criteria to calculate a reliable estimate of PA, the
results from this review also indicated a lack of consistency in
the criteria used to define adherence to device wear within
developmental stages. A systematic review that examined the
length of device wear time required in PA interventions found
that most studies conducted among adults did not report
minimum device wear and that there was significant variation
among studies reporting these criteria [22]. Corresponding to
the lack of uniformity in wear time criteria, different metrics
(eg, percentage, mean, and median) were used to report rates
of adherence to wear instructions. If not met, the wear time
criterion was sometimes used to exclude participants from the
dataanalysis. However, many studies used the wear time criteria
to report different metrics of adherence. Overall, the absence
of clear reporting with standardized metrics significantly
impaired efforts to assess overall adherence rates within
developmental stages.

The most common pattern that emerged across studies was the
use of reminder strategies to boost wear time, which did not
differ by the intended device use (ie, intervention or
measurement). Generally, texts and emailswere sent on adaily
or weekly basis as PA and Fitbit wear reminders. Manually
logging or syncing Fithit dataon adaily basiswas also astrategy
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to indirectly promote Fitbit wear on adaily basis. Results from
previous studies indicate that, in addition to forgetting to wear
their trackers [100], approximately 2% of study participants
stopped using their devices each week altogether [101], and
study participants also reported using their Fitbit less than 10%
of the time following the end of wear-based incentives [102].
Therefore, these strategies are particularly essential given the
evidence regarding decreasein Fitbit wear adherence over time
in users and the need for reminder strategiesto boost wear time
[103].

Despite questions regarding the validity of Fitbitsfor assessing
PA [104], most interventionsin this review used Fitbit devices
for both intervention and measurement purposes (39/75, 52%)
or for data measurement purposes exclusively (15/75, 20%).
Most studies (45/75, 63%) that were reviewed supplemented
the use of Fitbit with additional objective (eg, accelerometers)
or self-reported (eg, International PA Questionnaire) measures
of PA. It is possible that the addition of other PA measures,
even in studies that used Fitbit devices primarily as a
measurement or data collection tool, was because of concerns
about the uncertainty around the accuracy of measures provided
by Fitbit devices [104]. In addition, the use of other measures
(ie, accelerometry or self-reporting) to collect baseline or
habitual activity [48] could also point to the perceived
inaccuracy of data collected from commercialy available
trackers, which could have a potential impact on activity.
Previous studies have also shown that commercially available
trackers such asFitbit devices often overestimate the time spent
in MV PA compared with research-grade monitors[15,104,105].

However, the use of additional PA measures is not limited to
addressing the accuracy issues. Resultsfrom arecent systematic
review and metaanalysis of Fitbit-based interventions
highlighted that the use of accelerometers and self-report, in
addition to Fithit, is often done to capture PA outcomes other
than steps[106]. With the expansion of the use of Fitbit devices
in PA intervention studies, previous studies have raised issues
regarding their inability to capture PA constructs such as
nonambulatory activities or energy expenditure [107]. In a
recently published paper, Balbim et al [108] summarized the
challenges and possible solutionsto use Fitbit devicesin mobile
health intervention research. They described challenges and
solutions at four different study phases: preparation, intervention
delivery, data collection and analysis, and study closeout. For
example, during the data collection phase, they point to the
inaccuracy or unavailability of wear time data through Fitbit's
web API. They then discussed the potential solution of using
heart rate data and pre-established rules for determining wear
time and manually identifying gapsin heart rate data, indicating
nonwear time. They also highlight the tedious and challenging
nature of such an endeavor [108]. Thus, the use of additional
PA measures (objective and subjective), despite increased
burden on participants, alows for the efficient collection of
different types of data, including valid wear time, information
about body positions, sedentary behaviors, postural allocation,
and the type of activity being performed [107,109-111].
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Strengths and Limitations

The primary limitation of this review is that the search for
articleswasrestricted to articles available in the Fitabase library
between 2012 and 2018 or on PubM ed between 2019 and 2020.
Given that the Fitabase library uses the systematic searching
procedures of several databases (eg, PubMed, Google Scholar,
and Science Direct), searching only PubMed for articles from
2019 to 2020 could have resulted in missed literature. In
addition, this review was limited to intervention studies
published in English and likely missed formative work that
could provide important information regarding the design of
Fitbit-based studies. Despite these limitations, this review
provides insight into the current state of affairsin Fitbit usein
research by focusing on different developmental stagesand how
the use of the device differs acrossthose stages. Describing both
study characteristics and the use of Fithbit devices provides
insight into PA study designs across the lifespan and the
different ways in which these monitoring devices are used.

Conclusions

Insufficient PA across the lifespan is associated with an
increased risk of numerous chronic diseases and is a major
public health issue [1]. The prominence and relatively low cost
of Fitbit devices have increased their use by the public and
researchers as PA trackers. Although behavior change
techniques and strategiesto boost Fitbit wear time were similar
across all studies reviewed, our findings indicate significant
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differences in wear instructions and metrics for reporting
adherence rates. Although between-stage differences appear to
be based on developmental considerationsthat aim to maximize
device use in each age group, within-group differences appear
toresult from alack of uniformity in metrics used to report rates
of adherence and minimum wear time criteria. The use of
additional PA data collection tools in most studies that were
reviewed points to the accuracy issues raised by previous
research focusing on Fitbitsin PA interventions [104,105] and
areluctanceto rely on Fitbits asthe primary measurement device
or for the assessment of habitual activity. However, additional
PA measures are also used to capture PA constructs not
measured by Fitbit devices (eg, MVPA, sedentary behaviors,
and types of activity). As the use of monitoring devices
continues to expand in the field of PA research, the lack of
uniformity in study protocols and metrics of reported measures
represents a major issue for purposes of comparison [112].
Given that clinical trial registries serve as a repository for
researchers[113], thereis aneed for increased transparency in
the prospective registration of PA intervention studies. This
paper serves as a call for researchers using Fitbit devices to
provide aclear rationale for the use of several PA measures and
to specify the metrics that will be reported for each. By
providing researchers with a synthesis of information on the
use of Fitbit devicesin PA intervention studies across the life
coursg, this narrative review serves as a resource that may be
used to inform the design of futuretrialsinvolving Fitbit devices.
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