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Introduction. Increasing physical activity among posttreatment breast cancer
survivors is essential, as greater physical activity reduces the relative risk of cancer-
specific mortality. This trial examines how a fitness tracker-based intervention
changes the physical activity behaviour of inactive posttreatment breast cancer
survivors. Methods. Seventeen physically inactive posttreatment breast cancer
survivors participated in a randomised cross-over controlled trial. Participants
underwent a 12-week intervention of a fitness tracker combined with a behavioural
counselling and goal-setting session and 12 weeks of normal activity (control). The
primary outcome was the change in physical activity assessed by accelerometry over
seven days. Results. The intervention achieved a mean increase of 4.5 min/day of
moderate-vigorous physical activity, representative of a small-moderate effect (d =
0.34). Changes in time spent as a proportion of the day in light physical activity (-
8.3%) and in sedentary behaviour (7.9%), were both significantly different to
baseline (t (16) = 3.522, p < 0.01; t (16) = -3.162, p < 0.01). Conclusion.
Interindividual differences in the change of patterns of physical activity behaviour
suggest that only for some, fitness trackers can achieve a change in the level of
moderate-vigorous physical activity.
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1. Introduction

Physically inactive breast cancer survivors have an increased risk of cancer recurrence,
cancer-specific and all-cause mortality. However, numerous observational studies show
that being more physically active reduces that risk.[1] Furthermore, increasing physical
activity (PA) among cancer survivors is an effective behavioural strategy for attenuating
a decline in physical functioning, enhancing the health-related quality of life, and
mitigating cancer-related fatigue.[2] Levels of PA among cancer survivors are lower than
the population at large. Seventy to eighty percent of cancer survivors are insufficient in
PA.[3] Many breast cancer survivors fail to achieve the recommended minimum of 150
min/week of moderate-intensity PA.[4] Therefore, there is a need to increase PA among
breast cancer survivors.

The fitness tracker is an emerging and accessible technology that may facilitate
behavioural change in PA. Fitness trackers and associated applications have the potential
to change PA in cancer survivorship,[5] because they inherently contain behaviour-
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change techniques, such as goal setting, self-monitoring of behaviour, prompts/cues, and
social support.[6] Interventions for PA that have included a fitness tracker have shown
an effect in changing PA behaviour; however, for step-count, the effect is only slightly
greater to that of non-fitness tracker interventions.[7] Among cancer survivors,
interventions using a fitness tracker have shown a positive effect in changing PA
behaviour.[8] with trials underway in posttreatment breast cancer survivors.[9] However,
with limited evidence, it is unclear to what extent the use of fitness tracker can change
the PA behaviour of inactive breast cancer survivors.

The primary aim of this trial is to determine the effect of a 12-week intervention
using a fitness tracker, combined with a behavioural counselling and goal-setting session,
to change the PA behaviour of inactive posttreatment breast cancer survivors.

2. Methods
2.1. Participants

Seventeen participants were recruited from an oncology outpatient clinic of a major
hospital within metropolitan Melbourne, Australia. The trial was approved by the Austin
Health Human Research Ethics Committee (LNR/17/Austin/338). Medical oncology
staff identified potential participants during outpatient clinics. Participants identified by
medical staff or who had expressed interest in the trial were sent an ‘invitation’ letter.
Following a response to the letter, a brief telephone-delivered screening questionnaire
was used to check eligibility.

All participants had to be aged >18 years, diagnosed with breast cancer (stages I—
IIT), and have completed primary and adjuvant treatments (hormone therapy excepted)
within the last five years. Participants were physically inactive (engaging in <150
minutes of moderate-intensity PA/week) with no contraindications for PA. Standard
screening procedures assessed contraindications for PA.[10] Participants were required
to have daily access to a smartphone, mobile device or personal computer. If eligible, the
participant was invited to attend an initial trial visit.

2.2. Measures

During the initial trial visit and after giving written informed consent, participants
completed a questionnaire recording breast cancer stage at diagnosis and treatments
received. Socio-demographic and health characteristics were also recorded. Body mass
index (kg/m?) was estimated from self-reported body mass (kg) and height (cm) using
the standard kg/m? equation. Participants were instructed how to complete a baseline
objective assessment of PA by accelerometry, to be conducted over the subsequent seven
days.

Participants were provided with a tri-axial accelerometer (Actigraph GT 3X+;
Actigraph, Pensacola, FL) and instructed to wear it on an elasticised belt over the non-
dominant hip for seven consecutive days, during all waking hours except during
showering and aquatic activities. Written instructions on how to wear the accelerometer
and a diary to record wear and non-wear time across the seven-day assessment period
were provided. The purpose of the diary was to cross-check data and to refer to if unusual
accelerometry patterns were noted. Accelerometry is a feasible method to assess PA in
free-living cancer survivors[11] and valid for assessing moderate-intensity PA.[12]
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Accelerometer data were collected in one-minute epochs. On return of the
accelerometer, these data were downloaded as activity counts. Activity counts represent
raw accelerations summed over the one-minute epoch. These data were processed by the
ActiLife software package (Version 6.12.1; Actigraph, Pensacola, FL). Data retained for
analyses met a wear-time validation criterion of >10 hours of wear-time for a minimum
of three valid days, with an interruption period of 60 minutes. Each minute of wear-time
was classified into PA intensities (counts/min) according to commonly accepted activity
count cut-points.[13]

For each valid day, the number of wear-time minutes classified as sedentary, light-,
moderate-, and vigorous-intensity PA was taken as the estimate of time spent in these
activities. The number of minutes with intensity counts >100 was taken as an estimate of
the total time spent active. Counts were summed over wear-minutes to obtain total valid
counts for the reporting day. Minutes in each category were divided by wear-time to
estimate proportions of the day spent in each behaviour. Daily estimates of the proportion
of time spent sedentary and in each classification of PA were averaged across all valid
days per participant to estimate the mean proportion of time spent in each behaviour.

2.3. Intervention

The trial was a cross-over trial design. Seven days after the initial trial visit, participants
attended a second visit and a Web-based random number generator was used to assign
participants initially into either the primary intervention (#»=10) or normal activity (n =7)
group. On completion of 12 weeks of primary intervention or normal activity (control)
and after a seven-day washout period, participant assignment was reversed. The nature
of the intervention meant the blinding of participants, and the blinding of the trial team
to participant allocation was not feasible.

At the second trial visit, accelerometer data were downloaded, and a report of
baseline PA from the seven-day assessment period was provided to all participants. A
motivational interviewing approach guided behavioural feedback and goal setting. All
participants were asked to think and record how they could increase their PA and set
goals using the report of baseline PA.

Participants undertaking the intervention were provided with and trained in the setup
and use of a fitness tracker, a Garmin Vivofit2. The selection of this tracker was based
on earlier qualitative work.[14] Participants were shown typical examples of PA data
provided by the fitness tracker and application. Participants were requested to wear and
use the tracker for 12 weeks and were encouraged to regularly upload and access their
PA data via the application. Trial team members were not able to access participant-
uploaded data.

2.4. Statistical Analyses

All statistical analyses were conducted using SPSS 26.0 statistical software program
(SPSS Inc, Chicago, IL) and performed on the conclusion of the trial. Trial team
members conducting statistical analyses were not blinded to participant allocation.

Numerical coding was used for categorical variables. The mean and standard
deviation for all continuous variables were calculated. Normality of continuous variables
was assessed by Kolmogorov-Smirnov test[15] with a visual inspection of histograms,
Q-Q, and box plots. Significance for all statistical analyses was set at p<0.05. All
analyses were unadjusted.
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A paired-samples #-test assessed the effect of the intervention on the primary
outcome of PA. Cohen’s d calculated effect size statistics and the guideline proposed by
Cohen (1988) was used for their interpretation.[16]

3. Results

At baseline, mean moderate-vigorous physical activity (MVPA) was 13.2 (£9.9) min/day,
representing 2% (+1.5) of the day spent in this classification of PA. Participants spent
the greatest proportion of the day in sedentary behaviour (57.6%, +£9.9) and light-
intensity PA (40.4%, £9.9).

Table 1. Participant characteristics, breast cancer stage at diagnosis, and treatments received.
Variable (n=17)

Age (M, SD) <44 (%,n)  45to <60 (%, >60 (%, n)
n)

493 (94) 35.3(6) 53.0(9) 11.7 (2)

BMI kg/m? <25 (%,n) 25to<30 (%, >30 (%, n)
n)

29.3 (6.0) 23.5(4) 29.4 (5) 47.1 (8)
Months since 21.5(23.5)
completion of
primary treatment
Primary disease stage StageI (%, Stage I (%, Stage III (%,
at the time of n) n) n)
diagnosis

47.1 (8) 29.4 (5) 23.5(4)
Treatment Surgery/ Surgery/ Surgery/ Surgery only
(%, n) radiotherapy/ radiotherapy chemotherapy
chemotherapy

47.1(8) 11.8(2) 35.3(6) 59 ()
Currently on 88.2 (15)
hormone treatment
(%, n)
Experienced 35.3(6)
menopause prior to
diagnosis
(%, n)

Post-intervention, MVPA increased to an overall mean of 17.8 (+13.7) min/day, a
mean increase of 4.5 min/day. Eighteen minutes represents 2.4% (+1.5) of the day spent
in this classification of PA. The increase of min/day of MVPA represents a small-
moderate effect (d=0.34). Neither change in min/day nor time spent as a proportion of
the day was statistically significant. Change in time spent as a proportion of the day in
light-intensity PA (-8.3%) and in sedentary behaviour (7.9%), were both significantly
different to baseline (#(16)=3.522, p<0.01; #(16)=-3.162, p<0.01). The decreased time
spent as a proportion of the day in light-intensity PA represents a large effect (d=-0.85)
and the increase in time spent in sedentary behaviour represents a moderate-large effect
(d=0.77). There was no significant difference in vigorous PA.
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4. Discussion

The trial was a 12-week intervention that aimed to increase the PA of inactive
posttreatment breast cancer survivors, through using a fitness tracker combined with a
behavioural counselling and goal-setting session. Post-intervention, MVPA increased by
a mean of 4.5 min/day, a small-moderate effect (¢=0.34), and a magnitude of effect
similar to that of other interventions for PA.[17] While only a small-moderate
intervention effect, relatively small increases in PA of breast cancer survivors is
associated with a reduced risk of cancer-specific and overall mortality.[18] However, the
increase of MVPA is countenanced by a significant reduction in time spent in light-
intensity PA and an increase in time spent sedentary. With evidence linking sedentary
behaviour to an increased risk of cancer outcomes,[19] any increase of MVPA being
accompanied by an increase in sedentary behaviour is a concern.

This trial is one of the first fitness tracker-based interventions delivered to inactive
posttreatment breast cancer survivors. While findings are comparable with other trials
conducted among cancer survivors, large standard deviations and wide confidence
intervals indicate that there are apparent interindividual differences in the patterns of PA
behaviour change. Therefore, it appears that only for some, fitness trackers change levels
of MVPA but how effective they are, remain inconclusive.

Strengths of the trial include the 100% retention of participants and the assessment
of PA by accelerometry. Previous studies have used self-report assessment which may
have led to erroneous inferences being drawn on PA behaviour. The use of an objective
method of assessment reduces measurement error associated with self-report estimates
of PA. Use of an established, normalised equation for accelerometry data, enabled PA to
be presented as estimates of the time spent in PA as a proportion of the day. In earlier
work, there has been a tendency to fail to examine other classifications of PA, such as
light-intensity PA and sedentary behaviour.

The sample size is the substantial limitation of this trial. Referral to the trial was by
oncology staff within an oncology outpatient clinic. This approach to recruitment
enabled 38 potential participants to be contacted over the recruitment period. However,
20 individuals declined to participate after being further information, and this resulted in
essentially a small convenience sample. The sample is, therefore, likely subject to
selection bias. The willingness of individuals to participate in a PA intervention may
distinguish them from those physically inactive survivors of breast cancer who may not
wish to or feel unable to change PA behaviour regardless. Potential participants may
have also been dissuaded from the trial by low computer and technical literacy.
Additionally, like many PA interventions, the trial was multi-component, compromising
of three elements of which the fitness tracker was the primary element. Yet the efficacy
of any technique included in the inherent behaviour-change techniques of the fitness
tracker and associated application cannot be discerned.

Future work should attempt to identify and delineate the most effective elements of
fitness tracker-based PA interventions so that only the most salient intervention
components are used with specific participants. Furthermore, future work should be
aware of how any increase of PA may be displaced to potentially detrimental sedentary
behaviour and include methods counteract it. Use of application programming interfaces,
developed and administrated by either the trial team or the fitness tracker manufacturer
should also be used to allow monitoring of compliance with the intervention.

The interindividual differences in the change of patterns of physical activity
behaviour suggest that only for some, fitness trackers can achieve a change in levels of
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MVPA. As any increase in MVPA appears to be accompanied by an increase in sedentary
behaviour, future interventions should simultaneously aim to increase PA and reduce
sedentary behaviour.
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