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Abstract

Purpose: This systematic review and meta-analysis aimed to evaluate the effect of wearable devices for improving physical activity and health-

related outcomes in cancer survivors.

Methods: CINAHL, Cochrane, Ebscohost, MEDLINE, Pubmed, ProQuest Health and Medical Complete, ProQuest Nursing and Allied Health

Source, ScienceDirect, and SPORTDiscus databases were searched for randomized controlled trials published before September 1, 2020, that

evaluated interventions involving wearable devices in cancer survivors. Standardized mean differences (SMDs) were calculated to assess effects

on physical activity and health-related outcomes. Subgroup analyses were conducted to assess whether the effects differed by interventions and

cancer characteristics. Risk of bias was assessed using the Cochrane risk of bias tool.

Results: Thirty-five trials were included (breast cancer, n = 15, 43%). Intervention durations ranged between 4 weeks and 1 year. Most trials

(n = 25, 71%) involved pedometer-based physical activity interventions. Seven (20%) involved Fitbit-based interventions, and 3 (9%) involved

other wearable physical activity trackers (e.g., Polar, Garmin). Compared to usual care, wearable devices had moderate-to-large effects (SMD

range 0.54�0.87, p < 0.001) on moderate-intensity physical activity, moderate-to-vigorous-intensity physical activity, total physical activity,

and daily steps. Compared to usual care, those in the intervention had higher quality of life, aerobic fitness, physical function, and reduced fatigue

(SMD range = 0.18�0.66, all p < 0.05).

Conclusion: Wearable physical activity trackers and pedometers are effective tools that increase physical activity and improve health-related out-

comes in individuals with cancer. Identifying how these devices can be implemented for longer-term use with other intervention components

remains an area for future research.
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1. Introduction

Consistent evidence demonstrates that physical activity

interventions, including structured exercise, improve health-

related outcomes such as physical and psychosocial health and

overall quality of life during and following treatment for can-

cer.1�4 Observational studies and exploratory analyses from

randomized controlled trials (RCTs) also suggests that follow-

ing a cancer diagnosis, higher physical activity levels are
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associated with a lower risk of cancer recurrence and improved

survival.5,6 These observed benefits have led international can-

cer7 and exercise organizations8,9 to make recommendations

that promote participation in physical activity and structured

exercise post-cancer diagnosis.

Despite the important benefits of exercise, many individuals

with cancer are insufficiently physically active. Evidence from

prospective population-based cancer cohort studies demon-

strates that physical activity levels decline post-diagnosis.10,11

The proportion of patients meeting physical activity guidelines

is markedly reduced between pre-diagnosis and during breast

cancer treatment (from 60% to 35%)11 and between pre-
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diagnosis and 6 months post-diagnosis among colorectal can-

cer patients (from 27% to 10%).10 Thus, finding ways to safely

and successfully engage cancer survivors in effective physical

activity and exercise interventions remains an important focus

in exercise oncology research.

Preliminary evidence suggests that wearable physical activ-

ity trackers and pedometers are effective tools that increase

activity levels.12 These devices provide feedback on physical

activity levels and allow users to self-monitor, set goals, seek

social support, and record and review data.13�15 Previous

systematic reviews have shown that interventions that incorpo-

rate wearable devices are effective for increasing physical

activity in various non-clinical16 and clinical populations,17

including those with musculoskeletal diseases,18 type 2 diabe-

tes,19 chronic obstructive pulmonary disease,20 and cardiome-

tabolic diseases.21 Among cancer populations, multiple factors

may influence the effectiveness of interventions for increasing

physical activity levels, including supervision22 and the use of

behavior change techniques.23 Supervised exercise interven-

tions have been shown to be effective for increasing physical

activity levels and improving health outcomes in cancer popu-

lations.8 Moreover, among women with breast cancer, larger

overall effects in increasing physical activity have been

shown following interventions involving extensive imple-

mentation of behavior change techniques (e.g., self-moni-

toring, education, goal setting, feedback), compared with

trials involving sparse and moderate use of behavior

change techniques (effect size = 0.76 vs. 0.28 and 0.36,

respectively).23 Therefore, physical activity trackers and

pedometers may be an important tool that can be imple-

mented in addition to various intervention components

such as supervision and use of behavior change counsel-

ling. Findings from a recent systematic review (n = 13)

provided preliminary evidence on the efficacy of

consumer-wearable devices in promoting physical activity

and weight management in cancer survivors.24 However,

the systematic review focused on physical activity out-

comes and did not involve a meta-analysis of the data.

Meta-analytic and feasibility data on the effects of wear-

able physical activity trackers on physical activity and

health-related outcomes in individuals with cancer are lack-

ing. Therefore, the purpose of our systematic review and

meta-analysis was to evaluate the feasibility and effects of

wearable physical activity tracker and pedometer-based

interventions on increased physical activity and health-

related outcomes in individuals with cancer.

2. Methods

2.1. Search strategy and selection criteria

The protocol for this systematic review and meta-

analysis was pre-registered on the PROSPERO registry

(CRD42020211813). Several changes were made to our

pre-registered protocol; these are outlined in Supplementary

Table 1. The Participant, Intervention, Comparator, and Out-

come framework25 was used to develop the eligibility criteria as

follows: (1) Participants: trials that involved participants of any
age with a diagnosis of cancer at any stage of treatment

(pre-treatment, undergoing treatment, or post-treatment); studies

that involved samples with multiple cancer types; (2) Interven-

tion: RCTs that evaluated a physical activity intervention

involving the use of a wearable physical activity tracker (e.g.,

Fitbit) or pedometer; (3) Outcome and comparator: RCTs that

used a comparative study design to test the feasibility or efficacy

of the intervention for increasing physical activity levels or

health outcomes, with random allocation of participants to either

an intervention group or a usual care group. We used the follow-

ing definition of a wearable physical activity tracker:

“commercial wearable devices that objectively measure lifestyle

physical activity and can provide feedback, beyond the display

of basic activity information (i.e., steps), via the monitor display

or through a partnering application to elicit continual self-moni-

toring of physical activity behaviour”.12 Interventions had to be

designed with the aim of increasing physical activity or improv-

ing health-related outcomes (e.g., quality of life). Studies were

eligible regardless of the level of supervision provided, mode of

intervention delivery, or intervention duration or intensity. Stud-

ies that evaluated the validity or reliability of wearable physical

activity trackers or pedometers were excluded. Studies that

involved physical activity or exercise in addition to other inter-

ventions (e.g., dietary intervention) were excluded if the results

of exercise could not be isolated. Studies that involved multiple

intervention arms were eligible if there was at least 1 usual care

or control arm.

An electronic database search was undertaken using combina-

tions of MeSH and free-text terms for “cancer”, “physical

activity”, “physical activity tracker”, “wearable”, “pedometer”,

and “accelerometer” (see Supplementary Table 2 for the full

search details for all databases). The following databases were

searched: CINAHL, Cochrane, Ebscohost, MEDLINE, Pubmed,

ProQuest Health and Medical Complete, ProQuest Nursing and

Allied Health Source, ScienceDirect, and SPORTDiscus. Data-

base searches were limited to peer-reviewed journal articles pub-

lished in the English language prior to September 1, 2020.

2.2. Outcomes of interest

The primary outcome of interest was post-intervention

physical activity level. Other outcomes of interest were effects

on health-related outcomes and feasibility (safety and accept-

ability). Meta-analyses (including subgroup analyses) were

undertaken to evaluate the effectiveness of wearable tracker

and pedometer-based interventions on outcomes of interest

that were reported in at least 3 studies. The following data/out-

comes were extracted:

� Physical activity. Physical activity-related domains were
low-intensity physical activity, moderate-intensity physical

activity, vigorous-intensity physical activity, moderate-to-vig-

orous-intensity physical activity (MVPA), total physical activ-

ity (assessed using either accelerometry or self-report), and

daily steps (assessed using accelerometry or pedometers).

� H
ealth-related outcomes. Health-related outcomes were

quality of life, fatigue, aerobic fitness, and physical function.
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�
 Safety and acceptability. Safety (associated with the physi-

cal activity intervention) was evaluated by assessing the

number of reported intervention-related adverse events.

Intervention-related adverse events were considered unde-

sirable medical or health-related events that occurred dur-

ing or as a result of participation in exercise or physical

activity.26 One of the authors (BS) of our study graded the

severity of reported adverse events using the Common

Terminology Criteria for Adverse Event (Version 4.0) 27 as

follows: Grade 1 (asymptomatic or mild symptoms; clinical

or diagnostic observations only required), Grade 2 (moder-

ate symptoms; minimal, local, or non-invasive intervention

required that limited age-appropriate activities of daily

living), Grade 3 (severe or medically significant symptoms

but not immediately life-threatening; hospitalization and/or

prolongation of hospitalization indicated, limits placed on

self-care and activities of daily living), Grade 4 (life-threat-

ening symptoms; urgent intervention indicated), or Grade 5

(fatal symptoms; death).2,28 Acceptability was assessed by

evaluating information about the use of physical activity

trackers and pedometers, including wear time, user prefer-

ences, likes and dislikes, barriers, and satisfaction with

using the devices.

2.3. Data extraction

Titles and abstracts of all records identified as a result of the

electronic database search were screened by one of the authors

(BS) of our study. The reference lists of relevant articles were

also screened manually to identify potentially eligible studies.

The full texts of studies that were considered potentially eligi-

ble based on the title or abstract were then retrieved and

screened against the eligibility criteria. Full-text data were

extracted by BS, and data extraction accuracy of 15% of the

studies was checked by a second author (EMZ). The following

data were extracted from each study into tabular format: study

and participant characteristics, intervention details, adverse

events, and outcome results.

The quality of included RCTs was assessed by 2 authors (BS

and EMZ) using the Cochrane risk of bias tool.29 This is a valid

and reliable tool for assessing RCTs and consists of 7 domains

(random sequence generation, allocation concealment, blinding

of participants and personnel, blinding of outcome assessment,

incomplete outcome data, selective reporting, and other poten-

tial sources of bias).29 Discrepancies in ratings were resolved by

discussion with the senior author (EJH).

2.4. Statistical analyses

Physical activity and health-related outcomes were analyzed

as continuous variables and involved evaluations of post-inter-

vention means and standard deviations (SDs) between interven-

tion and usual care groups. Standardized mean differences

(SMDs) were calculated as the effect measure to allow compari-

son of data from different scales using RevMan software (Ver-

sion 5.3; The Nordic Cochrane Centre, The Cochrane

Collaboration, Copenhagen, Denmark). R statistical software
(Version 3.4.1; R Foundation for Statistical Computing, Vienna,

Austria) was used to create forest plots for each meta-analysis.

If means and/or SDs were not available, the authors of the study

were contacted, or means and/or SDs were calculated based on

reported data (e.g., using median, range, and sample size) using

recommended formulas.30 If a study reported MVPA and/or

total physical activity as an outcome, then data from that out-

come were used for our meta-analyses. We did not compute

MVPA and/or total physical activity based on other reported

outcomes (e.g., by using low-, moderate-, and/or vigorous-inten-

sity physical activity). When 2 or more methods of assessing an

outcome were used in a study, either the method defined as

being the gold standard or the method with demonstrated valid-

ity and reliability was used.

For each meta-analysis, data were combined at the study

level. To assess publication bias, SMDs were plotted against

corresponding SDs and asymmetries or missing sections within

the funnel plot were assessed.31 Cochran’s Q test was used to

assess statistical heterogeneity, and the proportion of the out-

come that was attributed to variability was computed using the

I2 statistic.32,33 Heterogeneity was determined using the follow-

ing values: I2 = 0%�29%, no heterogeneity; I2 = 30%�49%,

moderate heterogeneity; I2 = 50%�74%, substantial heteroge-

neity; and I2 = 75%�100%, considerable heterogeneity.33

Planned subgroup analyses were performed to assess the

effects of (1) device (Pedometer, Fitbit, or other), (2) contact or

support during the intervention (in-person (with or without

phone/email), phone/email/SMS only, or no intervention

support), (3) intervention based on a theoretical framework or

theory (yes or no), (4) intervention involving a baseline physical

activity counselling or instruction session (yes or no), (5)

method of physical activity assessment (self-report or objec-

tive), (6) intervention length (�12 weeks or >12 weeks), (7)

treatment status (during adjuvant treatment, post-adjuvant

treatment, or mixed (studies involving mixed samples of partici-

pants undergoing and having completed adjuvant treatment)),

and (8) cancer type (breast, colorectal, prostate, leukemia, or

mixed (i.e., studies involving mixed cancer types)). Classifica-

tions for the magnitude of effect were: <0.20 (small effect),

0.20�0.50 (medium effect), and >0.50 (large effect).34

p < 0.05 was considered statistically significant. Safety and

acceptability data were reported descriptively.

3. Results

3.1. Literature search

Following a search of databases, 1359 articles were identi-

fied (Fig. 1) and 1163 remained after removal of duplicates.

Title and abstract screening was performed, with 186 full-text

articles retrieved and screened. Of these, 151 articles were

excluded because they did not meet the inclusion criteria; thus,

35 trials were included in the review. Cochrane risk of bias rat-

ings are shown in Supplementary Fig. 1. Over one-half of the

included studies were rated as low risk of bias in the domains

of selection bias and attrition bias. All studies were rated as

high risk of bias in the domains of performance and reporting

bias. Four trials35�38 had multiple intervention arms involving



Fig. 1. The Preferred Reporting Items for Systematic reviews and Meta-Analyses flow chart. RCT = randomized controlled trial.
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a wearable physical activity tracker or pedometer, in addition

to a control group. Specifically, these 4 trials included a

pedometer-based physical activity intervention during or fol-

lowing a rehabilitation program,35 a low- or high-intensity

physical activity intervention involving a Polar A360�

device,36 a pedometer-only or pedometer plus Nintendo Wii

intervention,37 and a pedometer-only or pedometer plus print

materials intervention.38 Therefore, a total of 39 intervention

arms (across 35 trials) were included. An overview of included

study characteristics is shown in Supplementary Table 3.
3.2. Study and participant characteristics

An overview of individual study details is shown in Supple-

mentary Table 4. Median sample size was 75 (range: 19�516),

and mean participant age was 56§ 9 years (mean§ SD). Time

since diagnosis was reported in 9 trials (26%) and ranged

between 11 months and 70 months (median = 24 months).39�47

Most trials involved participants with breast cancer (n = 15,

43%),36,38�40,42,44�46,48�54 13 trials (37%) involved patients

with mixed cancer diagnoses,35,41,55�65 3 trials (9%) involved

prostate cancer patients,37,66,67 3 trials (9%) involved colorectal

cancer patients,47,68,69 and 1 trial (3%) involved patients with
leukemia.70 One trial (3%) specifically involved patients with

metastatic disease (Stage IV).64 Five trials (14%) were con-

ducted during adjuvant chemotherapy and/or

radiotherapy,48,52,53,56,60 5 trials (14%) involved mixed groups

that were undergoing or had completed adjuvant chemotherapy

and/or radiotherapy,46,55,64,65,70 and 25 trials (71%) were con-

ducted post-primary treatment (i.e., following chemotherapy

and/or radiotherapy).35�43,45,47,48,50,51,54,57�59,61�63,66,67,69,71
3.3. Intervention characteristics

Intervention durations ranged between 4 weeks41,60 and 1

year53 (median = 12 weeks). Most trials (n = 25, 71%) involved

pedometer-based physical activity interventions,35,37�45,49,

50,52,53,55�57,60�62,64,65,67,69,70 7 trials (20%) involved Fitbit-based

interventions,46,47,54,58,59,63,66 and 3 trials (9%) involved other

wearable physical activity trackers (Polar36,51 and Garmin48). Inter-

vention goals most commonly involved performing 30 min of

low-to-moderate-intensity exercise (e.g., walking) at least 5

days/week38�40,42�45,52,62 or 150 min/week of moderate-intensity

physical activity.36,41,46,47,49,50,54,63,67 Two trials specifically pre-

scribed vigorous-intensity physical activity,36,66 and 4 trials

involved specific resistance training recommendations.56,64,65,70
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Approximately one-half of trials (49%) were based on a specific

behavior change theory or model,38,40,42�47,49,51,52,55,57�59,66,70 and

two-thirds (n= 23, 66%) involved a baseline physical activity

counselling or instruction session.35,39�48,51,54,56�58,60,62�65,69,72

With respect to physical activity counselling, instruction, support

or contact during the intervention, 5 trials (14%) involved

some level of in-person support or supervision,39,58,61,69,72 18

(51%) involved only phone or email-based

support,35,36,40,42�45,48,54,57,59,62�67 and 12 trials (34%) involved

no in-person, phone or email-based counselling or support during

the intervention (i.e., after baseline).37,38,41,46,49�53,55,56,60
3.4. Physical activity outcomes

Meta-analysis results of physical activity outcomes are shown

in Fig. 2. Compared to usual care, physical activity tracker and

pedometer-based interventions had moderate-to-large effects (all

p < 0.05) on duration of moderate-intensity physical activity

(SMD=0.87, 95% confidence interval (95%CI): 0.43�1.32),

MVPA (SMD=0.61, 95%CI: 0.36�0.86), total physical activity

(SMD=0.62, 95%CI: 0.39�0.84), and daily steps (SMD= 0.54,

95%CI: 0.30�0.78). No overall effects were observed for

low-intensity physical activity (SMD= 0.05, 95%CI: �0.12

to 0.22, p= 0.54) or vigorous intensity physical activity

(SMD=0.36, 95%CI:�0.04 to 0.77, p= 0.08). An overview of all

subgroup effects is shown in Supplementary Table 5. Subgroup
Fig. 2. Meta-analysis results of all physical activity outcomes. 95%CI = 95% co

SMD = standardized mean difference.

Fig. 3. Meta-analysis results of all health-related outcomes. 95%CI =
analyses showed that interventions with baseline counselling had

larger effects on moderate-intensity physical activity (yes:

SMD= 1.13; no: SMD=0.26; x2 = 5.69, p= 0.02), MVPA (yes:

SMD= 0.99; no: SMD=0.26; x2 = 8.48, p < 0.01), and daily

steps (yes: SMD = 0.72; no: SMD = 0.09; x2 = 11.43,

p < 0.01) compared with interventions without baseline

counselling. Greater increases in MVPA were observed fol-

lowing interventions �12 weeks (SMD=0.73) in duration com-

pared with interventions <12 weeks (SMD=0.19; x2 = 4.78,

p= 0.03) in duration. Furthermore, theory-based interventions

(SMD=0.93) had larger effects on total physical activity than

non-theory-based interventions (SMD=0.40; x2 = 6.05, p= 0.01).

With respect to cancer variables, subgroup analyses showed that

total physical activity had a large effect size increase in breast

cancer trials (SMD=0.83) compared with a moderate increase in

trials involving patients with mixed cancer types (SMD=0.29;

x2 = 7.48, p < 0.01).
3.5. Health-related outcomes

Meta-analysis results of health-related outcomes are

shown in Fig. 3. Compared to usual care, wearable physical

activity tracker and pedometer-based interventions had sig-

nificant effects on quality of life, fatigue, aerobic fitness,

and physical function (SMD range : 0.18�0.66, all p < 0.05).

An overview of subgroup effects for all health-related outcomes
nfidence interval; MVPA =moderate-to-vigorous-intensity physical activity;

95% confidence interval; SMD = standardized mean difference.
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is shown in Supplementary Table 6. Interventions with baseline

counselling (SMD= 0.64) had larger effects on aerobic fitness

compared with interventions without baseline counselling

(SMD= 0.19; x2 = 6.61, p < 0.01). Cancer type, treatment

status, intervention length, baseline counselling, theoretical

framework, and intervention contact had no other effects on

quality of life, fatigue, aerobic fitness, or physical function.

3.6. Safety and acceptability

3.6.1. Safety (adverse events)

Fourteen trials made no comment on adverse events (whether

they occurred or not),15,36,38,42,44,51,55,57,59,60,67,69,71,73 while 2

trials explicitly reported that no adverse events had

occurred.46,49 Nineteen trials reported the occurrence of adverse

events.35,39�41,43,44,47,48,50,52,53,56,58,61,62,64�66,70 The adverse

events in 16 of these trials were reported as not exercise-related,

while 3 trials reported the occurrence of 11 adverse events

related to exercise or physical activity.39,53,70 These were

low-severity musculoskeletal symptoms (Grade 1: n = 3 events),

falls (Grade 1: n = 1 event), unspecified medical events (Grade

2: n = 5 events), and planter fasciitis (Grade 2: n = 2 events). Of

these 11 adverse events, 7 events (planter fasciitis (Grade 2:

n = 2 events) and unspecified medical events (Grade 2: n = 5

events)) occurred in interventions with in-person contact and 4

events (low-severity musculoskeletal symptoms (Grade 1: n = 3

events) and falls (Grade 1: n = 1 event)) occurred in an interven-

tion with no in-person contact.

3.6.2. Acceptability outcomes related to use of physical

activity trackers and pedometers

Acceptability relating to the use of the physical activity

trackers was assessed in 6 studies using either a questionnaire

(n = 4 Fitbit,46,47,63,66 n = 1 Polar smartwatch51) or qualitative

interview (n = 1 Fitbit59). Other trials reported the time and/or

frequency of wearing the activity device (n = 447,49,59,73) or the

frequency of logging/reporting of activity (n = 538,57,59,67,73).

A complete overview of all acceptability results is shown in

Supplementary Table 7. The results suggest that participants

found the devices easy to use and comfortable to wear,46 and

useful for goal setting, 46,51,63 while limitations included tech-

nical issues, battery life, and the inability to monitor certain

activities.46 Overall satisfaction with the Fitbit was rated at

88%�90%.46,66

4. Discussion

The use of wearable physical activity trackers is expanding

rapidly and has been proposed as a tool to help increase physical

activity levels in individuals with cancer.74 The key findings of

our systematic review and meta-analyses were that physical

activity interventions that include physical activity trackers and

pedometers in addition to other intervention components (e.g.,

physical activity counselling) increased the weekly duration of

moderate-intensity physical activity, MVPA, total physical

activity, and daily steps in individuals with cancer. Improve-

ments were also observed in quality of life, fatigue, aerobic fit-

ness, and physical function. Findings from a small number of
studies indicate that the devices are acceptable and that physical

activity tracker and pedometer-based interventions are associ-

ated with low adverse event rates.

Our findings show that interventions using physical activity

trackers and pedometers are effective at improving physical

activity levels following a cancer diagnosis. Our findings are

consistent with previous reviews, although these reviews have

been limited in their ability to evaluate physical activity inter-

ventions involving wearable devices in the wider cancer popula-

tion due to the evaluation of non-RCT study designs,24 a

specific focus on childhood cancer75 and systematic reviews of

the literature without meta-analyses.24,75,76 A small effect on

MVPA (SMD= 0.21) was reported in a 2018 meta-analysis of

distance-based physical activity interventions (which included

the use of pedometers) for cancer survivors.77 The greater effect

size in our findings (SMD= 0.61) could be attributed to greater

effectiveness of newer wearable devices (e.g., Fitbits) in more

recently published studies. Compared with older devices, more

contemporary wearable devices are considered more engaging,

provide more individualized feedback and include additional

features compared with older devices such as standard pedome-

ters.16 Our review adds to the existing literature because we

conducted a comprehensive evaluation of the current literature

and meta-analysis of RCTs across various cancer types, includ-

ing different disease stages (Stages I�IV) and treatment phases

(during adjuvant treatment and post-treatment).

While the observed increases in physical activity following

the physical activity tracker and pedometer-based interventions

are promising, heterogeneity across the studies, including the

use of additional intervention components, limits our ability to

attribute the causality of the benefits to the devices themselves

rather than to the overall intervention. The physical activity

tracker and pedometer-based interventions included in our

review were often part of multicomponent physical activity

interventions, which varied in the number and combination of

components and behavior change techniques (Supplementary

Table 5). Promotion of physical activity through physical activ-

ity trackers and pedometers was often accompanied by other

intervention components, such as baseline counselling and

in-person, telephone or email-based support during the interven-

tion. Findings from a previous systematic review reported that

physical activity tracker-based interventions were effective for

increasing physical activity in healthy adults when used alone

(i.e., with no additional intervention components (SMD = 0.20,

95%CI: 0.08�0.33, p < 0.05)) and when used as part of

multicomponent interventions (SMD= 0.26, 95%CI: 0.12�0.41,

p < 0.05).16 Previous findings have also shown that interven-

tions involving extensive implementation of behavior change

techniques are more effective at increasing physical activity

compared with trials involving minimal and moderate use of

behavior change techniques (effect size = 0.76 vs. 0.28 and 0.36,

respectively).23 Similarly, supervised exercise interventions have

been shown to be particularly effective for increasing physical

activity and improving health-outcomes.78,79

We conducted subgroup analyses to explore the effects of

additional intervention components. Our subgroup analyses

showed that interventions that involved baseline counselling
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had larger effects on moderate-intensity physical activity,

MVPA, and daily steps (SMD range : 0.72�1.13) compared

with interventions without baseline counselling (SMD

range : 0.09�0.26). Furthermore, interventions that were the-

ory-based (SMD= 0.93) had larger effects on total physical

activity than non-theory-based interventions (SMD = 0.40).

Therefore, consistent with previous findings in healthy adults,16

our findings suggest that wearable devices can be effective as

part of multicomponent interventions involving behavior

change theory, baseline physical activity counselling and in-per-

son or telephone support for individuals with cancer. No overall

effects were observed for low- or vigorous-intensity physical

activity. This was likely because most interventions targeted

increases in moderate-intensity physical activity (e.g., brisk

walking). Vigorous-intensity physical activity was assessed and

reported in 11 trials; however, only 2 trials specifically pre-

scribed vigorous-intensity exercise as part of the intervention.

Another potential reason for the non-significant effect on low-

and vigorous-intensity physical activity outcomes may include

differences in adherence to using and wearing the devices across

studies. Furthermore, it remains important to recognize that het-

erogeneity due to other intervention characteristics (e.g., inter-

vention dose and level of intervention support or supervision)

may explain the differences observed when interpreting the

findings from specific subgroups.

Physical activity tracker and pedometer-based interventions

were associated with significant improvements in quality of

life, fatigue, aerobic fitness, and physical function. These find-

ings are consistent with findings from previous systematic

reviews and meta-analyses involving exercise interventions

that did not involve physical activity trackers or pedometers in

cancer populations.26,28 Our subgroup analyses indicated that

certain intervention components appear to influence the effec-

tiveness of the physical activity tracker interventions on vari-

ous outcomes. For example, interventions with a baseline

counselling session (SMD = 0.64) had larger effects on aerobic

fitness than interventions without baseline counselling

(SMD = 0.19). This suggests that certain intervention compo-

nents may be implemented on an individualized basis for

improvements in specific health outcomes, including the

implementation of behavior change techniques and counsel-

ling and support from a qualified exercise professional. How-

ever, our subgroup analyses were exploratory; therefore, a

lack of power may have reduced our ability to identity associa-

tions that are present but not represented in our findings. Fur-

thermore, most trials that evaluated health outcomes were

pedometer-based trials, and future research is required to eval-

uate the effectiveness of newer devices (e.g., Fitbits) for

improving outcomes such as quality of life and fatigue, in

addition to physical activity.

Preliminary data on acceptability and safety supports the

feasibility of physical activity tracker and pedometer-based

interventions as part of a multicomponent intervention to

improve physical activity and health-related outcomes. Two

trials assessed satisfaction with using the Fitbit, which was

rated highly at 88%�90%,46,66 suggesting that individuals

with cancer viewed the devices positively. Participants were
highly satisfied and engaged with the devices; and themes

such as self-monitoring, goal setting, feedback, motivation,

and ease of use were identified as positive aspects related to

device use. A common feature of the interventions was that

the devices were used to self-monitor, and interventions often

consisted of goal setting, which is considered an effective

behavior change technique to increase physical activity lev-

els.80 Most interventions involved individualized physical

activity goals, which have been shown to be more effective in

increasing physical activity compared with standard

(non-individualized) goals.81 However, again there was varia-

tion in how goal setting was implemented across the included

trials. Some of the interventions involved the researchers set-

ting the goals during the baseline counselling sessions based

on participants’ current physical activity, and regular support

was then provided in relation reviewing and setting new goals

during the intervention. In other trials, the participants set their

own goals using various resources (e.g., intervention hand-

books) and received individualized advice during the interven-

tion to achieve these goals (e.g., in-person or telephone-based

sessions, individual or group counselling sessions). Barriers

included low battery readings or forgetting to charge the devi-

ces, inability to monitor certain activities, and technical diffi-

culties with uploading physical activity data. Therefore, it is

important for future research to identify the most effective

goal-setting approaches and to identify how individuals with

cancer engage with the devices, especially during different

phases of treatment, to ensure that common barriers do not

affect individuals’ ability to self-monitor their activities and

achieve their goals. This information will provide insights into

how these devices can be integrated in future interventions and

how effective strategies can be developed for increasing and

maintaining physical activity during and following cancer

treatment. Furthermore, it is important to evaluate whether

interventions designed to increase physical activity through

the use of a wearable are associated with high rates of adverse

events (e.g., muscle strains or overuse injuries). Our findings

support the safety of these interventions. Only 3 studies (9%)

reported the occurrence of adverse events related to exercise-

or physical activity, all of which were of low severity (i.e.,

Grades 1 or 2).
4.1. Strengths and limitations

A limitation of this review was the wide range of interven-

tions that varied in the way the devices were utilized. Interven-

tions consisted of multiple components, and the effect of each

individual component cannot be determined based on our find-

ings. Physical activity trackers and accelerometers also often

have a limited ability to monitor certain activities (e.g., resis-

tance exercise, cycling, or water-based exercise); therefore, it

is likely that participation in these activities was underesti-

mated across the included studies. Furthermore, the bias of all

studies was rated as either unclear or high risk in the domains

of performance bias, reporting bias, and other bias. As with

many physical activity trials, there was a high risk of recruit-

ment and participation bias in the included studies (i.e.,



Wearable physical activity trackers and pedometers 191
participants who enroll in a physical activity intervention trial

are more likely to be younger, healthier, and have higher phys-

ical activity self-efficacy than those who do not enroll).82

Despite this, our findings provide evidence that physical activ-

ity trackers and pedometers can be used in addition to physical

activity counselling and in-person, phone, or email-based sup-

port to increase physical activity and improve health outcomes

in different cancer types (including breast, colorectal, prostate,

and leukemia) across different stages of treatment (during

adjuvant treatment and post-treatment). An additional limita-

tion was that data extraction was conducted by a single author

(BS). However, data extraction accuracy of 15% of the data

was checked by a second author (EMZ) and no disagreements

were identified. Furthermore, most trials were �12 weeks in

duration, and only 1 trial had a 1-year duration.53 Therefore,

there remains a lack of evidence for longer-term feasibility

and effectiveness. Nonetheless, this systematic review and

meta-analysis reflects the most comprehensive assessment of

physical activity tracker and pedometer-based interventions

for individuals with cancer available. Unlike previous

reviews,24,75,76 our review comprehensively evaluated various

cancers during different phases of treatment (during adjuvant

treatment and post-treatment). Other strengths of our work

include the evaluation of RCTs exclusively and the reporting

of subgroup analyses that identified potential associations

between treatment and intervention characteristics on the

effect on health outcomes.

4.2. Future research

The findings in our analysis showed no statistically significant

effects on low- or vigorous-intensity physical activity; therefore,

future research should focus on investigating how interventions

involving physical activity trackers can be used to improve these

outcomes. In the current study, we were unable to evaluate the

effectiveness of physical activity tracker and pedometer-based

interventions over the long term (i.e., >1 year); thus, studies with

long durations remain a priority for future research. Furthermore,

most of the trials included in this review involved participants with

breast cancer. Therefore, future research that evaluates less

common cancer types, including during different phases of cancer

treatment, is required to help improve physical inactivity rates

in the wider cancer population. Future research is also required to

provide further evidence on how individuals with cancer engage

with physical activity trackers and pedometers over the longer

term and whether there are differences in effects among age

groups, genders, and/or cancer types. Such research is important

for identifying how to optimally incorporate these devices into

interventions and for informing best practices for increasing

physical activity in cancer care.

5. Conclusion

Physical activity tracker and pedometer-based interventions

offer significant promise for increasing physical activity and

improving various health-related outcomes among individuals

with cancer. The findings from our review suggest that these

devices should be implemented as part of interventions designed
to increase physical activity for individuals with cancer. The devi-

ces may also have the potential to be included as an effective tool

to assist health professionals in providing ongoing monitoring

and support to patients. In order to maximize the effectiveness of

these devices (including newer devices) in increasing physical

activity and improving health-related outcomes post-cancer diag-

nosis, future research should focus on identifying how they can

be implemented for longer-term use in conjunction with other

intervention components (e.g., in-person counselling or super-

vised exercise sessions).
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