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Abstract
Background: There has been a rapid increase in the use of commercially available activity trackers, such as Fitbit, in physical
activity intervention research. However, little is known about the long-term sustained use of trackers and behavior change after
short-term interventions.
Objective: This study aims to use minute-level data collected from a Fitbit tracker for up to 2 years after the end of a randomized
controlled trial to examine patterns of Fitbit use and activity over time.
Methods: Participants in this secondary data analysis were 75 female breast cancer survivors who had been enrolled in a 12-week
physical activity randomized controlled trial. Participants randomized to the exercise intervention (full intervention arm) received
a Fitbit One, which was worn daily throughout the 12-week intervention, and then were followed for 2 years after the intervention.
Participants randomized to the waitlist arm, after completing the randomized controlled trial, received a Fitbit One and a minimal
version of the exercise intervention (light intervention arm), and then were followed for 2 years after the intervention. Average
and daily adherence and MVPA were compared between the 2 groups in the interventional and postinterventional periods using
both linear and generalized additive mixed effects models.
Results: Adherence to wearing the Fitbit during the 12-week intervention period was significantly higher in the full intervention
arm than in the light intervention arm (85% vs 60%; P<.001). Average adherence was significantly lower for both study arms
during the follow-up period than in the intervention period; however, there were statistically different patterns of adherence during
the follow-up period, with the light intervention arm having steeper declines than the full intervention arm over time (P<.001).
Similar to the adherence results, mean minutes of Fitbit-measured MVPA was higher for the full intervention arm than for the
light intervention arm during the 12-week intervention period (mean MVPA 27.89 minutes/day, SD 16.38 minutes/day vs 18.35
minutes/day, SD 12.64 minutes/day; P<.001). During the follow-up period, average MVPA was significantly lower than the
12-week intervention period for both the full intervention arm (21.74 minutes/day, SD 24.65 minutes/day; P=.002) and the light
intervention arm (15.03 minutes/day, SD 13.27 minutes/day; P=.004). Although the mean MVPA in each arm was similar across
the follow-up period (P=.33), the pattern of daily MVPA was significantly different between the 2 groups (P<.001).
Conclusions: While adherence to wearing activity trackers and maintaining physical activities declined after completion of a
12-week exercise intervention, a more active interventional strategy resulted in greater wear time and activity levels during the
intervention and more stable patterns of adherence and activity in the long term. An improved understanding of long-term
maintenance patterns may inform improved exercise interventions that result in sustained increases in physical activity.
Trial Registration: ClinicalTrials.gov NCT02332876; https://clinicaltrials.gov/ct2/show/NCT02332876
(JMIR Mhealth Uhealth 2022;10(6):e37086) doi: 10.2196/37086
https://mhealth.jmir.org/2022/6/e37086
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Introduction
There are currently 3.9 million breast cancer survivors in the
United States; most of whom do not engage in sufficient
physical activity to meet current recommendations [1]. Greater
physical activity in breast cancer survivors is associated with
better quality of life, lower risk of all-cause and breast
cancer–specific mortality, and lower risk of recurrent breast
cancer [2-6], but 34% of cancer survivors report no physical
activity in their leisure time [7,8]. An abundance of evidence
demonstrates that interventions to increase physical activity in
breast cancer survivors can be effective in the short term [4,5].
However, there are few studies examining maintenance of
longer-term physical activity behavior beyond the intervention
period [9] and those that do suggest that physical activity
declines over time [10-12]. An improved understanding of
maintenance behaviors is needed to optimize interventions to
sustain increases in physical activity over the long term.
Wearable trackers, such as Fitbit, capture physical activity
behaviors and provide self-monitoring feedback, thereby
offering both greater insight into maintenance behaviors and a
potential method to facilitate sustained improvements in
long-term maintenance.
Self-monitoring is one of the key skills to promote behavior
changes [13], and may have a role in promoting sustained
increases in physical activity in breast cancer survivors. The
behavior change techniques framework proposed by Michie
and colleagues [13,14] suggests that self-monitoring is the skill
most strongly associated with intervention success when
combined with at least one other self-regulatory technique from
Control Theory (eg, receiving feedback on performance and
reviewing progress toward goals) [15,16]. According to Control
Theory, feedback loops provide awareness of discrepancies
between performance and goals that can encourage behavior
change [15]. Wearable trackers facilitate self-monitoring and
feedback loops by passively collecting and providing
information and feedback on progress toward individual goals.
Initial studies on Fitbit adoption have demonstrated that they
are effective in increasing physical activity levels when coupled
with other interventions [17-21], but the novelty of wearing the
tracker wears off over time [22]. Additionally, prior studies
have either been short term or had continued contacts with the
participants in their maintenance phase [22-24]. Studies that
have only utilized Fitbit as a means of behavior change show
no significant changes in physical activity [25-27]. This decline
in novelty, short interventional period, and variable additional
support throughout the intervention may negatively affect use
of the wearable technology when external accountability from
the research study is removed [28-31].
This analysis explored adherence to wearing the Fitbit and
physical activity 2 years after the end of a 3-month randomized
controlled trial comparing a physical activity intervention (full
intervention arm) with a waitlist control that received a “light”
https://mhealth.jmir.org/2022/6/e37086
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intervention (light intervention arm) after completing the
12-week assessments [24]. The aims of this study were to (1)
examine patterns of adherence to wearing the Fitbit between
the full intervention arm and the light intervention arm during
their respective 3-month intervention periods and up to 2 years’
follow-up; (2) examine patterns of Fitbit-measured physical
activity between the full intervention arm and the light
intervention arm during their respective 3-month intervention
periods and up to 2 years’ follow-up.

Methods
Participants and Design
Participants in this secondary data analysis were originally
randomized to a 12-week physical activity intervention group
or a waitlist control group. After completing final measures for
the randomized trial at week 12, participants were invited to
enroll in a maintenance study where their Fitbit data would be
collected for the next 2 years and they would complete online
questionnaires every 6 months over the next 2 years (4 times
total). Participants were asked to provide written informed
consent for participating in the maintenance study. Data from
the original randomized trial and the 2-year follow-up were
collected from February 2015 to July 2018. The intervention
trial was registered with Clinicaltrials.gov (NCT02332876).
Eligible participants were female breast cancer survivors, aged
21-85 years, who were diagnosed less than 5 years prior to study
enrollment, had completed chemotherapy or radiation treatment,
were sedentary (defined as self-reporting <60 minutes of
moderate-to-vigorous physical activity [MVPA] in 10-minute
bouts per week), and had access to the internet and a
Fitbit-compatible computer, tablet, or phone. Exclusion criteria
included any medical condition that could make it potentially
unsafe to be in an unsupervised physical activity intervention
(determined by the Physical Activity Readiness Questionnaire
[32]), other primary or recurrent invasive cancer within the last
10 years, and inability to commit to a 12-week intervention. All
participants who returned for the 12-week assessment were
eligible to enroll in the maintenance study.
A detailed description of the original trial’s protocol was
previously published [33]. Briefly, potential participants were
telephone screened, with interested and eligible women
scheduled for an in-person visit to provide signed informed
consent and complete baseline measures. Participants returned
about 1 week later for their second visit where they were
randomly assigned to 1 of 2 groups, an exercise intervention or
waitlist control, in a 1:1 ratio. After randomization, participants
in both groups reviewed the expectations and requirements of
their group assignment with study staff.

Physical Activity Intervention (Full Intervention Arm)
Participants randomized to the full intervention arm had a 30to 45-minute in-person meeting where they went on a 10-minute
walk at moderate intensity and set personalized physical activity
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goals with a researcher trained in motivational interviewing
aimed at gradually working up to 150 minutes/week of MVPA.
Participants were given a Fitbit One (Fitbit, Inc./Google) to
self-monitor their physical activity, set up the Fitbit with their
coach, taught how to use it, and taken on a 10-minute walk.
Participants were also informed that their health coach would
be reviewing their Fitbit activity data weekly and that they
would receive feedback on the Fitbit data during the scheduled
phone calls and between calls as needed. Participants received
2 scheduled phone calls (2- and 6-week time points) and emails
every 3 days throughout the 12-week intervention. The
intervention was delivered by a clinical psychologist with
extensive training and experience in promoting behavior change
(SJH) and by a staff member who was trained by SJH. For
further details on the intervention, see Hartman et al [33]. No
additional intervention content and support were received during
the 2-year follow-up period.

Waitlist Plus Light Physical Activity Intervention
(Light Intervention Arm)
After completion of measures at the final visit, participants in
the light intervention arm were provided with a “light” version
of the exercise intervention. In a 15-20-minute in-person
meeting, participants in the light intervention arm worked with
a measurement research assistant to set personalized physical
activity goals. The research assistant had received training on
goal setting from SJH, with a brief introduction to using
motivational interviewing. Participants received the Fitbit One
with instructions on how to use it to support self-monitoring.
Different from the full intervention arm, participants did not set
up the Fitbit with their health coach, they were not told that
their health coach could see their data nor that they would
receive any feedback on their Fitbit data. Participants were also
not taken on the 10-minute walk to demonstrate moderate
intensity. Participants were offered the same 2 phone calls (2
and 6 weeks later), but these calls were framed as optional.
Participants received the same automated emails every 3 days
for the next 12 weeks that the full intervention arm received.

Two-Year Maintenance Study Assessments
At the completion of their respective intervention, participants
in both arms were asked to sync and charge their Fitbit at least
once per week. When participants had not synced their Fitbit
for 2 weeks, study staff would contact them to ask them to sync
and provide any tech support if there were challenges syncing.
Participants also received 4 online questionnaires to complete
every 6 months across the 2-year follow-up.

Measures
The Fitbit One, a commercially available accelerometer-based
activity tracker, was used to examine patterns of physical
activity throughout the 12-week intervention. Fitbit uses a
proprietary algorithm to classify each minute as being in
sedentary, light, moderate, or vigorous activity, and provides
metabolic equivalents (METs) for each minute. Data were
wirelessly uploaded to the user’s Fitbit account online and then
downloaded by the research team through a database called
Fitabase (Small Steps Lab), which allows for collecting data at
the minute level. Daily adherence to wearing the Fitbit tracker
https://mhealth.jmir.org/2022/6/e37086
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was defined as wearing the tracker for over 10 hours in a day
or logging at least some activity (over 1 minute of MVPA). This
definition for a valid Fitbit wear day was used because
participants were not instructed to wear the Fitbit all day; rather
they were instructed to use the Fitbit to track activity. Thus,
wearing the tracker specifically to log MVPA was deemed to
be valid wear based on these instructions. Fitbit wear time was
determined by processing of minute-level Fitbit data using the
R function accel.weartime within the “accelerometry” package
[34]. Nonwear was classified using both steps and METs.
Consistent with standard protocols for ActiGraph accelerometry
wear time [35], greater than 90 consecutive minutes of 0
steps/METs with 2-minute tolerance (ie, for 2 minutes with
nonzero counts during nonwear intervals) was deemed nonwear.
Both groups wore the ActiGraph for 7 days prior to receiving
the Fitbit and starting the full or light intervention. The
ActiGraph GT3X+, a well-validated research-grade
accelerometer [36], provided frequency, duration, and intensity
of physical activity. Using standard guidelines, sufficient
ActiGraph wear time was classified as over 10 hours of wear a
day for at least 5 days or over 50 hours across 4 days and
screened for in the ActiLife software using guidelines outlined
by Choi et al [35]. All complete and valid data were processed
in the ActiLife software using the low-frequency extension and
aggregated to 60-second epochs so that published physical
activity cut points could be applied [37]. MVPA was defined
as 1952 or more counts per minute (3.00-7.00 METs). The full
intervention arm wore the Fitbit and ActiGraph concurrently
for 7 days to assess validity of Fitbit-measured MVPA.
Fitbit-measured MVPA was highly correlated with
ActiGraph-measured MVPA collected on overlapping days
(r=0.81: ActiGraph MVPA/day mean 29.9 minutes, SD 25.90
minutes; Fitbit MVPA/day mean 25.8 minutes, SD 28.76
minutes), as we have previously reported [24].
On the questionnaire administered at 6, 12, 18, and 24 months,
participants were asked if they were still wearing their Fitbit.
If they reported they were not wearing it, they were asked the
reason they stopped wearing the Fitbit.

Statistical Analysis
Participants who did not consent for 2-year maintenance study
were excluded from the analysis. Group differences in baseline
characteristics between those who consented to the 2-year study
and those who did not were assessed using 2-sample independent
t test (unpaired) and chi-square test. Baseline characteristics
were summarized between the full intervention arm and the
light intervention arm.

Adherence to Wearing the Fitbit and Daily MVPA
During the 12-Week Intervention Period and 2-Year
Follow-Up
The mean weekly rolling average adherence to wearing the
Fitbit and mean MVPA were calculated by averaging the
outcomes over the first 12-week period and over the 2-year
follow-up period separately for each individual. Descriptive
statistics and boxplots were used to summarize the adherence
to wearing the Fitbit and MVPA at 12-week and 2-year
follow-up as well as the change from 12 weeks to 2 years.
JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e37086 | p. 3
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Comparison of Adherence to Wearing the Fitbit and
MVPA Between the Full Intervention Arm and the
Light Intervention Arm

examined the model’s deviance and the adjusted R2. Graph of
the best fit was used to display the trends of adherence and
MVPA over the study period.

For comparing mean outcomes and mean change in outcomes
between the 2 intervention groups, we used the following linear
mixed effects model:

Comparison of MVPA Between Preintervention and
Postintervention

E(Y) = β0 + β1 × Arm + β2 × Period + β3 × Arm ×
Period + b0 + b1 × Period
where Arm and Period are binary variables for the study arm
(full or light intervention) and study period (12-week or 2-year
follow-up), respectively; random intercept b0 and random slope
b1 are included to account for correlation among repeated
measures within each individual. The coefficient β1 indicates
the mean outcome difference between the full intervention arm
and the light intervention arm at the first 12 weeks; β1 + β3
indicates the mean outcome difference between the 2 arms at
2-year follow-up; β2 indicates the mean outcome change from
the first 12-week and 2-year follow-up for the light intervention
arm; β2 + β3 indicates the mean outcome change between the
first 12-week and 2-year follow-up for the full intervention arm;
β3 indicates the difference in mean outcome change from the
first 12-week and 2-year follow-up between the full intervention
arm and the light intervention arm. The P value for testing the
significance was calculated based on the estimated coefficient
and estimated covariance from the linear mixed effects model.
To compare the trend of adherence and MVPA between the full
intervention arm and the light intervention arm, we used the
generalized additive mixed effects model (GAMM):
g(y) = β0 + β1 × Arm + s(Time) + s(Time) × Arm
where Time is a continuous variable for the study day (day 1,
day 2, …); s(Time) is the smooth term for “Time”; and s(Time)
× Arm is the interaction term between “Time” and “Arm.”
Models with and without prespecified knots were assessed.
We used the minimized generalized cross-validation score for
smoothness selection. To select the best fitted model, in terms
of the interaction term between time and group and knots
specification in the GAMM, we conducted model comparisons
using analysis of variance and model’s Akaike information
criteria. For the goodness of fit of the chosen models, we

https://mhealth.jmir.org/2022/6/e37086

XSL• FO
RenderX

We also used paired t test to compare the MVPA during the
preintervention period (measured by ActiGraph) with MVPA
during the 12-week intervention, and MVPA during the 2-year
follow-up period for both the full intervention arm and the light
intervention arm. We also compared the preintervention MVPA
between the 2 study groups using the 2-sample independent t
test (unpaired).

Ethics Approval
All procedures were approved by the University of California
San Diego Human Subjects Protection Program (IRB#140694).

Results
Participant Characteristics
Of the 911 women who were screened for eligibility, 97 were
eligible and scheduled for a visit, and 87 participants were
randomized. Most common reasons for being ineligible were
being too active (n=225), unable/unwilling to attend clinic visits
(n=106), breast cancer surgery more than 5 years ago (n=81),
and medical exclusion (n=36). Of the 87 randomized, 75 agreed
to enroll in the 2-year maintenance study: 37/43 in the full
intervention arm (86%) and 38/44 in the light intervention arm
(86%). The current analyses comprise data from the 75
participants who enrolled in the maintenance study. There were
no significant (P>.05) differences in demographic or clinical
variables between participants who did and did not enroll in the
maintenance study.
Participants in the 2-year follow-up study were 75 female breast
cancer survivors who were predominantly diagnosed at stage
1. A little more than half had received chemotherapy and at the
start of the original trial they were on average 2.6 years from
the diagnosis. The average age of participants was 57 years (SD
10.4 years), with the majority being non-Hispanic, White, and
having a college education or greater (Table 1). There were no
significant (P>.05) differences between the 2 arms.
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Table 1. Baseline characteristics by intervention group.
Characteristics

Full intervention (n=37)

Light intervention (n=38)

All (n=75)

Age (years), mean (SD)

58.2 (11.5)

56.2 (9.1)

57.2 (10.4)

Married status, n (%)

27 (72.9)

27 (71.1)

54 (72.0)

BMI (kg/m2), mean (SD)

26.7 (6.4)

27.7 (6.4)

27.2 (6.4)

Some college or less

11 (29.7)

9 (23.7)

20 (26.7)

College graduate

15 (40.6)

20 (52.6)

35 (46.7)

Master or higher

11 (29.7)

9 (23.7)

20 (26.7)

Not Hispanic/Latino

30 (81.1)

33 (86.8)

63 (84.0)

Hispanic/Latino

7 (18.9)

5 (13.2)

12 (16.0)

White

30 (80.1)

31 (81.6)

61 (81.3)

Non-White

7 (18.9)

7 (18.4)

14 (18.7)

Stage 1

22 (59.4)

22 (57.9)

44 (58.7)

Stage 2

11 (29.7)

13 (34.2)

24 (32.0)

Stage 3

4 (10.8)

3 (7.9)

7 (9.3)

Received chemotherapy, n (%)

21 (56.7)

20 (52.6)

41 (54.7)

Time since surgery (months), mean (SD)

31.4 (17.0)

30.6 (16.0)

30.9 (16.4)

Education, n (%)

Ethnicity, n (%)

Race, n (%)

Cancer stage, n (%)

Patterns of Adherence to Wearing the Fitbit
Average adherence to wearing the Fitbit was significantly higher
for the full intervention arm during the 12-week intervention
period compared with the light intervention arm during the
12-week intervention period—mean adherence 85% (SD 23%)
for the full intervention arm versus 60% (SD 34%) for the light
intervention arm (P<.001). In addition, average adherence from
the postintervention to 2-year follow-up period significantly
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dropped from the 12-week intervention period for both the full
intervention arm (45%, SD 33%; P<.001) and the light
intervention arm (30%, SD 31%; P<.001). However, during the
postintervention to 2-year period there were no significant
differences in average adherence between the 2 groups (Figure
1)—mean adherence 40% (SD 35%) for the full intervention
arm versus 30% (SD 32%) for the light intervention arm
(P=.71).
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Figure 1. Box-plots of median and interquartile range of adherence to wearing the Fitbit during the 12-week exercise intervention or “light” intervention
period for each study group, and during the post-intervention to 2-year follow-up period for each study group.

We then compared the temporal patterns of adherence between
the 2 groups during the 12-week intervention period and the
postintervention to 2-year period using the GAMM. While
participants in the full intervention arm had significantly higher

(P<.001) average adherence during the 12-week interventional
period (Figure 2), there was no significant difference in the
temporal pattern of adherence across the 12-week period
(P=.24), with both groups having stable adherence over time.

Figure 2. Weekly rolling average adherence to wearing the Fitbit during the 12-week intervention period for the Full Intervention arm and the 12-week
“light” intervention period for the Light Intervention arm, by group.

By contrast, in the postintervention to 2-year period (Figure 3),
although the average adherence across the entire postintervention
period was similar, the daily adherence over time was
significantly different between the 2 groups (P<.001). While
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there were steep initial declines in both arms, adherence in the
full intervention arm declined more gradually over the remainder
of the study period in comparison with the light intervention
arm.

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e37086 | p. 6
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Hartman et al

Figure 3. Weekly rolling average adherence to wearing the Fitbit after completion of the 12-week intervention period, by group.

A total of 67 participants answered the self-report question of
whether or not they were still wearing their Fitbit. Of these, 32
participants reported that they had stopped wearing their Fitbit:
13 (41%) stated that their Fitbit broke, 12 (38%) reported that
they lost their Fitbit or their charger, 6 (19%) stated that they
were no longer interested in wearing the Fitbit, and 3 (9%)
indicated a health issue that stopped them from being active.
Several participants replaced lost or broken Fitbits during the
follow-up years and then subsequently had a lost or broken
Fitbit a second time or lost interest in wearing it.

Patterns of Fitbit-Measured MVPA
Participants in the full intervention arm significantly increased
average minutes of MVPA from preintervention to across the
12-week intervention period (13.95 minutes/week to 27.89
minutes/week; P<.001) and participants in the light intervention
arm showed a trend for increased average minutes of MVPA
from preintervention to across the 12 weeks (14.64
minutes/week to 18.35 minutes/week; P=.07; Table 2). Although
both arms increased MVPA during the 12-week intervention

period, the full intervention arm had significantly higher average
minutes of MVPA than the light intervention arm (27.89
minutes/week versus 18.35 minutes/week, respectively; P<.001;
Table 2). Similar to the adherence results, during the 2-year
postintervention period the average MVPA significantly dropped
from the 12-week intervention period for both the full
intervention arm (21.74 minutes/week at the 2-year follow-up
vs 27.89 minutes/week at the 12-week intervention; P=.002)
and the light intervention arm (15.03 minutes/week at the 2-year
follow-up vs 18.35 minutes/week at the 12-week intervention;
P=.004), but there was no significant difference in average
MVPA between the 2 groups (P=.33). Although average MVPA
decreased during the 2-year follow-up in comparison to
preintervention MVPA, there was a trend for greater average
MVPA for participants in the full intervention arm (21.74
minutes/week at the 2-year follow-up vs 13.95 minutes/week
preintervention; P=.08), but no difference from preintervention
for the light intervention arm (15.03 minutes/week at the 2-year
follow-up vs 14.64 minutes/week preintervention; P=.26).

Table 2. Minutes per day of moderate-to-vigorous physical activity, by group (N=75).

a

Physical activity

Full intervention
MVPA (minutes/week), mean
(SD)

P value for comparison
of preintervention with
postintervention within
the full intervention
group

Light intervention
MVPA (minutes/week), mean
(SD)

P value for compari- P value for
son of preinterven- comparison betion with postinter- tween groups
vention within the
light intervention
group

Preintervention (ActiGraph)

13.95 (11.96)

N/Aa

14.64 (13.46)

N/A

.83

12-week intervention period (Fitbit)

27.89 (16.38)

<.001

18.35 (12.64)

.07

<.001

2-year follow-up (Fitbit)

21.74 (24.65)

.08

15.03 (13.27)

.26

.33

N/A: not applicable.
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We then compared the temporal patterns of activity between
the 2 groups during the 12-week intervention period and from
the postintervention to 2-year period (Figure 4). Similar to the
adherence results, while the full intervention arm had
significantly higher (P=.002) daily MVPA than the light

Hartman et al
intervention arm during the intervention, there was no difference
in the temporal pattern of daily MVPA across the 12-week
period (P=.99), with both groups having relatively stable daily
MVPA.

Figure 4. Daily Fitbit measured MVPA during the 12-week intervention period for the Full Intervention arm and the 12-week “light” intervention
period for the Light Intervention arm, by group.

While the average MVPA for the entire postintervention period
was similar between groups, the daily MVPA over time was
significantly different between the 2 groups (Figure 5; P<.001).
Among participants who continued to adhere to wearing the
Fitbit, the full intervention arm had a relatively stable trend with
a gradual decline in daily MVPA, while the light intervention
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arm had an irregular temporal pattern with fluctuations in MVPA
over time. Of note, with the relatively low level of adherence
that continued to decline over the follow-up period, the curvature
trend of the daily MVPA in the light intervention arm was
measured in a small number of individuals.
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Figure 5. Daily Fitbit measured MVPA after completion of the 12-week intervention period, by group.

Discussion
Principal Findings
This study examined patterns of wearing an activity tracker and
engaging in MVPA during and after completion of a 12-week
randomized trial of a full exercise intervention in comparison
with a light intervention, through 2 years of follow-up. Our
study yielded several key findings. First, the exercise
intervention, which entailed more comprehensive feedback and
external accountability, resulted in greater adherence to wearing
the Fitbit and minutes of MVPA than the light intervention.
Second, both full and light interventional groups had significant
reductions in adherence and physical activity during the
long-term follow-up. Finally, while both groups had similar
average adherence and MVPA during the postintervention to
2-year period, the full intervention group had a more stable
temporal pattern of adherence and daily MVPA during this time
than the light intervention group, in addition to a trend toward
maintaining some gains in MVPA over preintervention levels.
These results provide new insight into wearable technology and
activity patterns during and after completion of an exercise
intervention and suggest the potential importance of sustained
self-monitoring and feedback interventions to maintain increased
activity levels over time.
We found that the full exercise intervention resulted in greater
daily MVPA in comparison with the light intervention during
the 12-week interventional period. The primary added feature
of the full exercise intervention was external accountability,
where participants were aware that their activity would be
checked by their health coach, discussed with them at planned
phone calls, and would receive additional contacts in between
calls based on their Fitbit data. Our results suggest that this
accountability led to greater adherence to wearing the Fitbit and
https://mhealth.jmir.org/2022/6/e37086
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MVPA during the intervention period. Wearing the Fitbit did
not decrease over time during the 12-week intervention period
for either study arm. This may have been due to the external
cues and reminders to wear and sync their Fitbit that participants
received from the emails that came 2-3 times a week during
that period, but stopped at 12 weeks, or may have been due to
the novelty of using a Fitbit. However, wearing the Fitbit
decreased after the intervention period with the most commonly
reported reasons for discontinued use of the Fitbit were that it
broke or was lost. Now that most Fitbits are wrist-worn, it may
help to decrease loss of devices, but devices breaking is likely
to be a continued issue that impacts continued wearing of
devices. With the well-established benefits of self-monitoring
for behavior change, identifying ways to increase long-term
engagement with activity trackers is needed.
We also found that both the full and the light intervention group
increased minutes of MVPA from the preintervention to the
intervention period and maintained it during the 12-week
intervention period. The initial increase in MVPA at the start
rather than gradually increasing overtime may have been due
to the intervention’s goal-setting approach that utilized
motivational interviewing, where participants were allowed to
set any starting goal that they chose. With more studies having
day-level physical activity data, future studies could examine
different methods of setting goals and different patterns of
exercise to see if they relate to long-term maintenance of
activity. This study adds to the literature by demonstrating the
importance of additional intervention components, particularly
increasing external accountability, when using activity trackers
to promote exercise, and the challenges with lost and broken
trackers.
Our study is one of the first to use wearable activity trackers to
assess long-term maintenance of behavior after completion of
JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e37086 | p. 9
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a short-term intervention in breast cancer survivors. Although
some prior studies have assessed long-term physical activity,
they have either examined sustained long-term physical activity
interventions or relied upon self-reported MVPA [9]. In our
study, there were significant declines in wearing the Fitbit and
activity levels after the end of the intervention. This is consistent
with previous studies in cancer survivors that have generally
found that activity levels reduce from the end of the
interventional period [9]. Our results suggest that simply
allowing participants to keep a wearable tracker is not sufficient
to maintain activity levels in the long term. As the novelty of
having the tracker wanes, additional measures, such as continued
external accountability or coaching, may be beneficial.
Although there were significant declines in activity levels during
the postintervention follow-up for both groups, it is interesting
that the temporal patterns of both adherence and physical activity
were more stable in those who received the full exercise
intervention. Comparison of these results with previous trials
is difficult as this study took advantage of having minute-level
physical activity data for months, rather than having brief
snapshots of MVPA from 7 days of accelerometer wear or
self-report. By examining patterns of activity over time we see
that even a short-term intensive exercise intervention may result
in some lasting change in behavior patterns beyond the
intervention period. Together, the results suggest that an
intensive short-term physical activity intervention, coupled with
a continued long-term maintenance intervention, may be
necessary to sustain higher activity levels in the long term.
Further study is needed to develop the optimal short- and
long-term strategies to enhance activity tracker use to achieve
sustained physical activity.

Limitations

Hartman et al
limitations that should be noted. The sample size limited our
ability to detect potentially smaller differences between groups,
including average adherence and MVPA in the postintervention
period. In addition, the progressive decline in adherence to
wearing the Fitbit in long-term follow-up meant that there was
a large amount of missing MVPA data. Without other measures
of MVPA we are unable to know how much activity individuals
were engaging in after their Fitbit broke, was lost, or if they
were no longer interested in wearing, and our results are limited
to those who continued to wear their Fitbit. In addition, the
predominantly well-educated, White non-Hispanic sample may
limit external generalizability. The sample also had a majority
of early stage breast cancer survivors and thus may not
generalize to women with more advanced breast cancer.
Although the initial trial was randomized, there is the potential
for selection bias among those participants who decided to
continue in the long-term study. Finally, knowledge of
participation in the study may have conferred some effect of
external accountability among participants that would not be
present outside of the research setting.

Conclusions
This study examined patterns of wearable technology use and
activity levels among breast cancer survivors during and after
completion of a physical activity intervention. We found higher
activity levels among participants receiving an intervention with
greater engagement and accountability, but that activity levels
reduced in follow-up after completion of the intervention. These
results provide important insights regarding behavior during
and after a physical activity intervention, and may help inform
the design of future interventions to more effectively promote,
both short- and long-term, sustained increases in physical
activity.

This study provides unique insight into long-term activity levels
after completion of an exercise intervention, but there are several

Acknowledgments
Research support was provided by the National Cancer Institute (NCI) of the National Institutes of Health (NIH/NCI
K07CA181323). HKN was supported by a Padres Pedal the Cause/Rady grant (PTC2020) and University of California San Diego
Moore Cancer Center, and by a Specialized Cancer Control Support grant (NIH/NCI P30CA023100). The content in this manuscript
is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.

Conflicts of Interest
None declared.

References
1.

2.

3.

American Cancer Society. American Cancer Society. Atlanta, GA: American Cancer Society; 2019. URL: https://www.
cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-treatment-and-survivorship-facts-and-figures/
cancer-treatment-and-survivorship-facts-and-figures-2019-2021.pdf [accessed 2022-06-06]
Lahart IM, Metsios GS, Nevill AM, Carmichael AR. Physical activity, risk of death and recurrence in breast cancer survivors:
A systematic review and meta-analysis of epidemiological studies. Acta Oncol 2015 May;54(5):635-654. [doi:
10.3109/0284186X.2014.998275] [Medline: 25752971]
Spei M, Samoli E, Bravi F, La Vecchia C, Bamia C, Benetou V. Physical activity in breast cancer survivors: A systematic
review and meta-analysis on overall and breast cancer survival. The Breast 2019 Apr;44:144-152. [doi:
10.1016/j.breast.2019.02.001]

https://mhealth.jmir.org/2022/6/e37086

XSL• FO
RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e37086 | p. 10
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
4.

5.

6.

7.
8.
9.

10.
11.

12.

13.
14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

Schmitz KH, Campbell AM, Stuiver MM, Pinto BM, Schwartz AL, Morris GS, et al. Exercise is medicine in oncology:
Engaging clinicians to help patients move through cancer. CA Cancer J Clin 2019 Nov 16;69(6):468-484 [FREE Full text]
[doi: 10.3322/caac.21579] [Medline: 31617590]
Patel A, Friedenreich C, Moore S, Hayes S, Silver J, Campbell K, et al. American College of Sports Medicine Roundtable
Report on Physical Activity, Sedentary Behavior, and Cancer Prevention and Control. Med Sci Sports Exerc 2019
Nov;51(11):2391-2402 [FREE Full text] [doi: 10.1249/MSS.0000000000002117] [Medline: 31626056]
Campbell KL, Winters-Stone KM, Wiskemann J, May AM, Schwartz AL, Courneya KS, et al. Exercise Guidelines for
Cancer Survivors: Consensus Statement from International Multidisciplinary Roundtable. Med Sci Sports Exerc 2019
Nov;51(11):2375-2390 [FREE Full text] [doi: 10.1249/MSS.0000000000002116] [Medline: 31626055]
Cancer Survivors and Physical Activity. National Cancer Institute. URL: https://progressreport.cancer.gov/after/
physical_activity [accessed 2022-06-06]
Lucas AR, Levine BJ, Avis NE. Posttreatment trajectories of physical activity in breast cancer survivors. Cancer 2017 Jul
15;123(14):2773-2780 [FREE Full text] [doi: 10.1002/cncr.30641] [Medline: 28272835]
Grimmett C, Corbett T, Brunet J, Shepherd J, Pinto BM, May CR, et al. Systematic review and meta-analysis of maintenance
of physical activity behaviour change in cancer survivors. Int J Behav Nutr Phys Act 2019 Apr 27;16(1):37 [FREE Full
text] [doi: 10.1186/s12966-019-0787-4] [Medline: 31029140]
Haas BK, Kimmel G, Hermanns M, Deal B. Community-Based FitSTEPS for Life Exercise Program for Persons With
Cancer: 5-Year Evaluation. JOP 2012 Nov;8(6):320-324. [doi: 10.1200/jop.2012.000555]
Cheifetz O, Dorsay JP, MacDermid JC. Exercise facilitators and barriers following participation in a community-based
exercise and education program for cancer survivors. J Exerc Rehabil 2015 Feb 28;11(1):20-29 [FREE Full text] [doi:
10.12965/jer.150183] [Medline: 25830140]
Courneya KS, Vardy JL, O'Callaghan CJ, Friedenreich CM, Campbell KL, Prapavessis H, et al. Effects of a Structured
Exercise Program on Physical Activity and Fitness in Colon Cancer Survivors: One Year Feasibility Results from the
CHALLENGE Trial. Cancer Epidemiol Biomarkers Prev 2016 Jun;25(6):969-977. [doi: 10.1158/1055-9965.EPI-15-1267]
[Medline: 27197271]
Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol 2009 Nov;28(6):690-701. [doi: 10.1037/a0016136] [Medline: 19916637]
Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A refined taxonomy of behaviour change
techniques to help people change their physical activity and healthy eating behaviours: the CALO-RE taxonomy. Psychol
Health 2011 Nov;26(11):1479-1498. [doi: 10.1080/08870446.2010.540664] [Medline: 21678185]
Carver CS, Scheier MF. Control theory: a useful conceptual framework for personality-social, clinical, and health psychology.
Psychol Bull 1982 Jul;92(1):111-135. [Medline: 7134324]
Sullivan AN, Lachman ME. Behavior Change with Fitness Technology in Sedentary Adults: A Review of the Evidence
for Increasing Physical Activity. Front Public Health 2016;4:289 [FREE Full text] [doi: 10.3389/fpubh.2016.00289]
[Medline: 28123997]
Gell NM, Grover KW, Humble M, Sexton M, Dittus K. Efficacy, feasibility, and acceptability of a novel technology-based
intervention to support physical activity in cancer survivors. Support Care Cancer 2017 Apr;25(4):1291-1300. [doi:
10.1007/s00520-016-3523-5] [Medline: 27957621]
Lewis ZH, Lyons EJ, Jarvis JM, Baillargeon J. Using an electronic activity monitor system as an intervention modality: A
systematic review. BMC Public Health 2015 Jun 24;15:585 [FREE Full text] [doi: 10.1186/s12889-015-1947-3] [Medline:
26104189]
Coughlin SS, Stewart J. Use of Consumer Wearable Devices to Promote Physical Activity: A Review of Health Intervention
Studies. J Environ Health Sci 2016 Nov;2(6):10.15436/2378-6841.16.1123 [FREE Full text] [doi:
10.15436/2378-6841.16.1123] [Medline: 28428979]
Hardcastle SJ, Jiménez-Castuera R, Maxwell-Smith C, Bulsara MK, Hince D. Fitbit wear-time and patterns of activity in
cancer survivors throughout a physical activity intervention and follow-up: Exploratory analysis from a randomised controlled
trial. PLoS One 2020 Oct 19;15(10):e0240967 [FREE Full text] [doi: 10.1371/journal.pone.0240967] [Medline: 33075100]
Ringeval M, Wagner G, Denford J, Paré G, Kitsiou S. Fitbit-Based Interventions for Healthy Lifestyle Outcomes: Systematic
Review and Meta-Analysis. J Med Internet Res 2020 Oct 12;22(10):e23954 [FREE Full text] [doi: 10.2196/23954] [Medline:
33044175]
Gell NM, Grover KW, Savard L, Dittus K. Outcomes of a text message, Fitbit, and coaching intervention on physical
activity maintenance among cancer survivors: a randomized control pilot trial. J Cancer Surviv 2020 Feb;14(1):80-88. [doi:
10.1007/s11764-019-00831-4] [Medline: 31776849]
Howlett N, Trivedi D, Troop NA, Chater AM. Are physical activity interventions for healthy inactive adults effective in
promoting behavior change and maintenance, and which behavior change techniques are effective? A systematic review
and meta-analysis. Transl Behav Med 2019 Jan 01;9(1):147-157 [FREE Full text] [doi: 10.1093/tbm/iby010] [Medline:
29506209]

https://mhealth.jmir.org/2022/6/e37086

XSL• FO
RenderX

Hartman et al

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e37086 | p. 11
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
24.

25.

26.
27.

28.

29.

30.

31.

32.
33.
34.
35.

36.

37.

Hartman et al

Hartman SJ, Nelson SH, Weiner LS. Patterns of Fitbit Use and Activity Levels Throughout a Physical Activity Intervention:
Exploratory Analysis from a Randomized Controlled Trial. JMIR Mhealth Uhealth 2018 Feb 05;6(2):e29 [FREE Full text]
[doi: 10.2196/mhealth.8503] [Medline: 29402761]
Van Blarigan EL, Chan H, Van Loon K, Kenfield SA, Chan JM, Mitchell E, et al. Self-monitoring and reminder text
messages to increase physical activity in colorectal cancer survivors (Smart Pace): a pilot randomized controlled trial. BMC
Cancer 2019 Mar 11;19(1):218 [FREE Full text] [doi: 10.1186/s12885-019-5427-5] [Medline: 30866859]
Farnell G, Barkley J. The effect of a wearable physical activity monitor (Fitbit One) on physical activity behaviour in
women: A pilot study. jhse 2017;12(4):1230-1237. [doi: 10.14198/jhse.2017.124.09]
DiFrancisco-Donoghue J, Jung M, Stangle A, Werner WG, Zwibel H, Happel P, et al. Utilizing wearable technology to
increase physical activity in future physicians: A randomized trial. Prev Med Rep 2018 Dec;12:122-127 [FREE Full text]
[doi: 10.1016/j.pmedr.2018.09.004] [Medline: 30234000]
Shin G, Jarrahi MH, Fei Y, Karami A, Gafinowitz N, Byun A, et al. Wearable activity trackers, accuracy, adoption,
acceptance and health impact: A systematic literature review. J Biomed Inform 2019 May;93:103153 [FREE Full text]
[doi: 10.1016/j.jbi.2019.103153] [Medline: 30910623]
Shin G, Feng Y, Jarrahi MH, Gafinowitz N. Beyond novelty effect: a mixed-methods exploration into the motivation for
long-term activity tracker use. JAMIA Open 2019 Apr;2(1):62-72 [FREE Full text] [doi: 10.1093/jamiaopen/ooy048]
[Medline: 31984346]
Lindgren T, Hooper J, Fukuoka Y. Perceptions and Experiences of Women Participating in a Digital Technology-Based
Physical Activity Intervention (the mPED Trial): Qualitative Study. JMIR Public Health Surveill 2019 Dec 20;5(4):e13570
[FREE Full text] [doi: 10.2196/13570] [Medline: 31859677]
Wu HS, Gal R, van Sleeuwen NC, Brombacher AC, IJsselsteijn WA, May AM, et al. Breast Cancer Survivors' Experiences
With an Activity Tracker Integrated Into a Supervised Exercise Program: Qualitative Study. JMIR Mhealth Uhealth 2019
Feb 21;7(2):e10820 [FREE Full text] [doi: 10.2196/10820] [Medline: 30789349]
Thomas S, Reading J, Shephard RJ. Revision of the Physical Activity Readiness Questionnaire (PAR-Q). Can J Sport Sci
1992 Dec;17(4):338-345. [Medline: 1330274]
Hartman SJ, Natarajan L, Palmer BW, Parker B, Patterson RE, Sears DD. Contemp Clin Trials 2015 Nov;45(Pt B):371-376
[FREE Full text] [doi: 10.1016/j.cct.2015.09.021] [Medline: 26427563]
Van Domelen DR. accelerometry: Functions for Processing Minute-to-Minute Accelerometer Data. rdrr.io. URL: tinyurl.com/
2p89w3a2 [accessed 2022-06-06]
Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accelerometer wear and nonwear time classification algorithm.
Med Sci Sports Exerc 2011 Feb;43(2):357-364 [FREE Full text] [doi: 10.1249/MSS.0b013e3181ed61a3] [Medline:
20581716]
Kelly LA, McMillan DG, Anderson A, Fippinger M, Fillerup G, Rider J. Validity of actigraphs uniaxial and triaxial
accelerometers for assessment of physical activity in adults in laboratory conditions. BMC Med Phys 2013 Nov 26;13(1):5
[FREE Full text] [doi: 10.1186/1756-6649-13-5] [Medline: 24279826]
Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and Applications, Inc. accelerometer. Med Sci
Sports Exerc 1998 May;30(5):777-781. [doi: 10.1097/00005768-199805000-00021] [Medline: 9588623]

Abbreviations
GAMM: generalized additive mixed effects model
MET: metabolic equivalents
MVPA: moderate-to-vigorous physical activity

Edited by L Buis; submitted 17.02.22; peer-reviewed by S De La Torre, C Memering; comments to author 06.05.22; revised version
received 20.05.22; accepted 23.05.22; published 30.06.22
Please cite as:
Hartman SJ, Chen R, Tam RM, Narayan HK, Natarajan L, Liu L
Fitbit Use and Activity Levels From Intervention to 2 Years After: Secondary Analysis of a Randomized Controlled Trial
JMIR Mhealth Uhealth 2022;10(6):e37086
URL: https://mhealth.jmir.org/2022/6/e37086
doi: 10.2196/37086
PMID:

©Sheri J Hartman, Ruohui Chen, Rowena M Tam, Hari K Narayan, Loki Natarajan, Lin Liu. Originally published in JMIR
mHealth and uHealth (https://mhealth.jmir.org), 30.06.2022. This is an open-access article distributed under the terms of the
https://mhealth.jmir.org/2022/6/e37086

XSL• FO
RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e37086 | p. 12
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Hartman et al

Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR mHealth and uHealth, is properly cited.
The complete bibliographic information, a link to the original publication on https://mhealth.jmir.org/, as well as this copyright
and license information must be included.

https://mhealth.jmir.org/2022/6/e37086

XSL• FO
RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e37086 | p. 13
(page number not for citation purposes)

