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Background: Exercise can ameliorate cancer- and treatment-relat-
ed toxicities, but poor adherence to exercise regimens is a barrier. 
Exercise interventions using digital activity trackers (E-DATs) may 
improve exercise adherence, but data are limited for patients with 
cancer. We conducted a systematic review examining the feasibility 
of E-DATs in cancer survivors and effects on activity level, body com-
position, objective fitness outcomes, health-related quality of life 
(HRQoL), self-reported symptoms, and biomarkers. Methods: We 
identified randomized controlled trials (RCTs) of E-DATs in adult can-
cer survivors published in English between January 1, 2008, and July 
27, 2017. Two authors independently reviewed article titles (n=160), 
removed duplicates (n=50), and reviewed the remaining 110 articles 
for eligibility. Results: A total of 12 RCTs met eligibility criteria, in-
cluding 1,450 patients (mean age, 50–70 years) with the following 
cancers: breast (n=5), colon or breast (n=2), prostate (n=1), acute 
leukemia (n=1), or others (n=3). Duration of E-DATs ranged from 4 
to 24 weeks, and the follow-up period ranged from 4 to 52 weeks, 
with retention rates of 54% to 95%. The technology component of 
E-DATs included pedometers (n=8); pedometers with smartphone 
application (n=1), Wii Fit (n=1), heart rate monitor (n=1); and a 
wireless sensor with accelerometer, gyroscope, and magnetometer 
(n=1). Adherence by at least one measure to E-DATs was >70% in 
8 of 8 RCTs. Compared with controls, E-DATs significantly improved 
patients’ step count in 3 of 5 RCTs, activity level in 6 of 9 RCTs, 
and HRQoL in 7 of 9 RCTs (all P≤.05), with no significant changes 
in biomarkers (eg, interleukin 6, tumor necrosis factor α, C-reactive 
protein, c-peptide, lipid panel) in 3 RCTs. Duration of E-DAT was 
not significantly correlated with adherence or study retention. Con-
clusions: This systematic review shows that E-DATs are feasible to 
implement in cancer survivors. Future research should examine the 
optimal type, dose, and schedule of E-DATs for cancer survivors.
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ABSTRACT The number of cancer survivors, defined as individuals 
with cancer from diagnosis through death,1 has increased 
markedly in recent decades and will reach an estimated 18 
million worldwide by 2022.2 Cancer survivors experience a 
wide range of physical and psychological symptoms due 
to their underlying malignancies and associated treat-
ments.1,3,4 Exercise is a promising intervention to prevent 
and ameliorate cancer- and treatment-related toxicities.5 
Prior studies,6–11 including a systematic review of 34 exer-
cise interventions for patients with cancer during and af-
ter treatments,6 report that exercise in survivors improves 
strength, endurance, and cardiopulmonary function, 
thereby resulting in improved physical and mental health 
and health-related quality of life (HRQoL). Based on these 
benefits, efforts to integrate exercise interventions in can-
cer care are increasing.1,12 These interventions can be deliv-
ered in prescriptions that define exercise mode, duration, 
frequency, and intensity as part of routine cancer care. 

Poor adherence to exercise interventions is a major 
barrier to achieving the optimal benefits of exercise.13–16 
The presence of symptoms related to cancer and its 
treatments, including fatigue, depression, insomnia, and 
pain, may further hinder cancer survivors’ exercise inter-
vention adherence.13 Multiple studies suggest that self-ef-
ficacy is an independent predictor of exercise adherence 
in the general population17,18 and in patients with illness-
es, including chronic obstructive pulmonary disease,19 
obesity,20 congestive heart failure,21 stroke,22 type 2 dia-
betes mellitus,23 and cancer.24 There is, therefore, interest 
in identifying ways of increasing self-efficacy. 

Exercise interventions using digital activity track-
ers (E-DATs), including digital healthcare-related wear-
able sensors, digital processing applications (apps), or 
communication equipment,25 may improve self-efficacy 
of cancer survivors, leading to higher adherence to exer-
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cise interventions.26 E-DATs can facilitate monitoring of  
exercise progress for cancer survivors in real time, provid-
ing them with virtual feedback to enhance motivation and 
address potential exercise barriers.26–28 Additional benefits 
of E-DATs include objective data collection, patient-tai-
lored (or precision) interventions, and in some cases, abil-
ity to communicate virtually with healthcare providers re-
garding symptoms, exercise experience, or questions.

Use of E-DAT behavioral interventions is a rapid-
ly expanding area of research and practice27–29 but has 
only recently been applied to cancer survivors.30,31 To 
improve understanding of this emerging field, we con-
ducted a systematic review to summarize findings from 
randomized controlled trials (RCTs) of E-DATs in cancer 
survivors. The primary aim of this review was to evaluate 
retention and adherence rates to E-DATs. The secondary 
aim was to assess the effects of E-DATs on activity level, 
body composition, objective fitness outcomes, HRQoL, 
self-reported symptoms, and biomarker data. 

Methods 

Search Strategy
We conducted a search of PubMed, Embase, and the Co-
chrane Library to identify RCTs published in English be-
tween January 1, 2008, and July 27, 2017, that evaluated 
effects of E-DATs on patients with cancer (supplemental 
eAppendix 1 outlines search methodology; available with 
this article at JNCCN.org). The search date of January 1, 
2008, was selected to reflect the year that the first DAT 
technology (ie, Fitbit) became available to the public.32 
This study was exempt from Institutional Review Board 
approval at the University of Rochester Medical Center. 

Inclusion and Exclusion Criteria
Two authors (K.S., R.H.) reviewed the titles of publica-
tions found by the search (n=160), removed duplicat-
ed studies (n=50), and then separately reviewed the re-
maining publications (n=110) for studies adhering to the 
following inclusion criteria: (1) RCTs; (2) study popula-
tions of adults with cancer aged ≥18 years or survivors 
of adult-onset cancer; (3) E-DATs (pedometers and other 
tracking devices); (4) interventions promoting exercise, 
defined as intentional, structured, and repetitive, and ac-
tivity with a purpose to address physical fitness, includ-
ing muscle endurance, strength, or balance; and (5) in-
clusion of at least one of the following outcomes: activity 
level (eg, step count or proportion of time spent at vari-
ous levels of activity, including both “exercise,” defined 
above, and “physical activity,” defined as all energy ex-
penditure through skeletal muscles33), body composition 
(eg, weight, body mass index [BMI], or lean body mass), 
objective fitness outcomes (eg, Vo2max, chest press repe-
titions, 2-minute walk distance), HRQoL, self-reported 

symptoms (eg, fatigue, sleep quality), or biomarker data. 
Studies were excluded based on the following criteria: (1) 
interventions did not use E-DATs, such as only relaxation 
(vs exercise) interventions, or exercise interventions that 
used technology solely for data collection (eg, sealed 
pedometer recording steps for baseline and follow-up) 
rather than as a component of the exercise intervention; 
(2) study samples consisted of >50% caretakers or sup-
port persons; and (3) patients had benign or precancer-
ous conditions. The literature search yielded 12 RCTs, 
with 14 publications (2 RCTs had 2 publications each) 
that met the inclusion criteria (Figure 1). 

Data Collection and Analyses
Two authors (K.S., N.P.) independently extracted the 
following information and 2 authors (K.P.L., R.H.) con-
firmed the data: study population characteristics (eg, 
mean age, cancer type and stage, and cancer treatment 
modality), countries where the RCTs were conducted, 
type and dose (frequency, amount, and intensity) of ex-
ercise interventions, and duration, retention, and adher-
ence rates to exercise interventions. Any adherence data 
(eg, attendance, intensity, step count) available were re-
corded. The following outcomes were collected: activity 
level, body composition findings, objective fitness out-
comes, HRQoL, self-reported symptoms, and biomarker 
data. 

Due to heterogeneity of outcomes across studies, we 
were unable to perform a meta-analysis. To assess the 

Figure 1. Study flow diagram.
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relationship between duration of E-DATs with retention 
and adherence rates, we used pairwise Spearman rank 
correlations.  

Results

Study Characteristics
A total of 12 RCTs34–47 met the eligibility criteria (supple-
mental eTable 1). The studies were conducted in the Unit-
ed States (n=3), Australia (n=2), Canada (n=2), South Ko-
rea (n=2), Denmark (n=1), Sweden (n=1), and the United 
Kingdom (n=1). Five RCTs evaluated patients with breast 
cancer: 3 for stage I–III disease after or during adjuvant 
treatments,34,35,38 1 for stage I–III disease during neoad-
juvant or adjuvant chemotherapy,43 and 1 for stage I–IV 
disease after adjuvant treatments.47 Two RCTs evaluated 
survivors of breast and colorectal cancers: 1 for stage I–IV 
disease during chemotherapy39 and the other for stage I–
III disease after adjuvant treatments.42 The remaining 5 
RCTs evaluated survivors of prostate cancer on androgen 
deprivation therapy (n=1),45 patients with acute leukemia 
who experienced complete remission after induction che-
motherapy (n=1),44 and patients with various cancer types 
(n=3).40,41,46 One RCT included caretakers of survivors of 
various cancer types, with <50% of the study population 
consisting of caregivers.41 Overall, 1,450 subjects (1,417 
cancer survivors and 33 caregivers) were included in the 
12 RCTs, with mean age ranging from 50 to 70 years. 

Characteristics of E-DATs
Of the 12 RCTs, 6 investigated E-DATs with an in-person 
exercise training component, including supervised walk-
ing groups (n=1), training sessions at exercise facilities 
(n=2), educational sessions about E-DATs (n=2), and ed-
ucational sessions about E-DATs with dietary counseling 
(n=1). The remaining 6 RCTs had a self-directed training 
component, including exercise recommendations con-
veyed via phone with written materials/protocol (n=2), 
written printed materials (n=1), smartphone app (n=1), 
and DVD multimedia tool (n=2). 

The technology component of E-DATs included pe-
dometers only (n=8); pedometers combined with a smart-
phone app (Smart After-Care; n=1), Wii Fit (Nintendo; n=1), 
or heart rate monitor (n=1); and a wireless sensor with tri-
axial accelerometer, gyroscope, and magnetometer (n=1) 
(supplemental eTable 1). The pedometers used included 
Silva EX Connect,39 Yamax Digi-Walker SW-200,34,35,43 Shin-
woo DMC03,42 Omron Walking style Pro,44 InBody BAND,47 
or were not specified.36,40,45 Smart After-Care is a smart-
phone app (BIT Computer Co., Ltd., Seoul, Korea) used 
in conjunction with pedometers to monitor exercise level 
and provide feedback and education to cancer survivors 
about benefits of exercise.47 Wii Fit is an interactive, home-
based, computerized exercise program launched by Nin-

tendo in 200848 that includes strength training, aerobics, 
and balance activities, and delivers the exercise program 
using various exercise modules tailored to each subject 
with increasing intensity over time. The wireless sensor 
with accelerometer, gyroscope, and magnetometer is an 
interactive motor adaptation balance training program.46 
This technology-based system integrates data from wear-
able sensors into a human–computer interface designed 
for game-based motor adaptation training, providing 
real-time feedback on lower extremity motor functions 
during exercise. In most RCTs reviewed, the pedometer 
served as a patient-facing tool (vs physician-facing or pa-
tient–physician),49 allowing patients real-time, self-track-
ing feedback on their activity level. Control arms are de-
scribed in supplemental eTable 1. 

Study Retention and Adherence to E-DATs 
After a follow-up ranging from 4 to 52 weeks for the 12 
RCTs in this systematic review, the study retention was 
54% to 95%. All 8 RCTs with adherence data reported ad-
herence of >70% in at least one adherence measure, with 
adherence to E-DATs ranging from 33% to 96% (supple-
mental eTable 1). Median adherence to E-DATs was not 
significantly higher when it involved an in-person train-
ing component (75%) compared with those involving 
solely self-directed training (60%; P=.40). No statistically 
significant correlations were found between the dura-
tion of E-DATs and adherence (rSpearman = 0.16; P=.75) or 
study retention (rSpearman = –0.42; P=.17). Few trials provid-
ed data about dose of exercise level achieved compared 
with what was prescribed.   

Activity Level Outcomes 
Supplemental eTable 2 describes the activity level out-
comes of the reviewed RCTs.34–37,39–45,47 Compared with 
control groups, E-DATs had significantly higher step 
counts in 3 of 5 RCTs and had significantly higher overall 
activity levels in 6 of 9 RCTs. Among 4 RCTs that evaluat-
ed both step count and overall activity level, E-DATs sig-
nificantly improved both outcome measures in 2 of the 4 
RCTs compared with control groups. 

Body Composition Findings and Objective  
Fitness Outcomes 
Supplemental eTable 3 describes the body composi-
tion findings other objective fitness outcomes of the re-
viewed RCTs.36–41,44–47 Of the 6 RCTs,36–39,41,45,47 2 reported 
significant improvement in body composition measure-
ments in patients using E-DATs compared with controls:  
reduction in BMI41 and reduction in arm circumference 
at some, but not all, anatomic sites.38 Of 6 RCTs that  
evaluated fitness performance on specific physical  
tasks,38,40,44–47 3 showed that E-DATs significantly im-
proved fitness and physical performance compared with 
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controls in the following measures: Short Physical Per-
formance Battery,45 balance measures,46 6-minute walk 
test,44 Vo2max,44 sit to stand repetitions,44 and bicep curl 
repetitions.44

HRQoL and Self-Reported Symptom Outcomes  
Supplemental eTable 4 describes the HRQoL and  
self-reported symptom outcomes of the reviewed 
RCTs.34,35,38–40,42–44,46,47 Compared with control groups, 
E-DATs significantly improved HRQoL measures or 
self-reported symptoms (eg, fatigue, fear of falling, sleep 
quality) in 7 of the 9 RCTs measuring these outcomes. 

Biomarker Data 
Of the 12 RCTs, 3 examined effects of E-DATs on biomark-
er data outcomes compared with control groups.37,39,44 
None reported statistically significant differences be-
tween E-DAT and control for inflammatory markers, 
including interleukin 6 (IL-6), tumor necrosis factor α 
(TNF-α), C-reactive protein (CRP), c-peptide, and cho-
lesterol profile (fasting low-density lipoprotein, triglycer-
ide, high-density lipoprotein, and total cholesterol). 

Discussion 
To our knowledge, this is the first systematic review of 
RCTs to evaluate feasibility of E-DATs and their effects on 
activity level, body composition, objective fitness out-
comes, HRQoL, self-reported symptoms, and biomarker 
data in cancer survivors. We report that E-DATs are feasi-
ble to implement in cancer survivors, with >70% adher-
ence in at least one measure in 8 RCTs and a 54% to 95% 
study retention rate in 4 to 52 weeks of follow-up. Com-
pared with controls, E-DATs had a significant positive 
impact on activity level, fitness measures, HRQoL, and 
self-reported symptoms. E-DATs produced no significant 
improvements in inflammatory markers (ie, IL-6, TNF-α, 
CRP, c-peptide) or cholesterol levels in 3 RCTs.37,39,44

E-DATs, Self-Efficacy, and Adherence to  
Exercise Interventions
In recent years, DAT technology has advanced tremen-
dously; >1,200 mobile health tools or apps have been 
developed,50 and wearable technology sales, including 
DATs, have increased from <120 million sales in 2013 to 
>200 million sales projected in 2018.51 DATs have the po-
tential to improve healthcare delivery and education, fa-
cilitate data collection with real-time feedback, monitor 
patients remotely,52 and enable patients to self-monitor 
their exercise duration and intensity. Although exercise 
is known to ameliorate cancer- and treatment-related 
toxicities, incorporation of exercise interventions into 
routine clinical care for cancer survivors has been slow.53 
Multiple studies44,54–56 have reported that patients prefer 
home-based, low-cost exercise interventions; however, 

though home-based unsupervised exercise may be more 
convenient38 and cost-efficient,38,57 adherence may be 
lower than for supervised exercise programs. 

Self-efficacy is a strong predictor of exercise adher-
ence15,18 and therefore an important goal for achieving 
the optimal benefits of exercise.13–15 Use of E-DATs en-
ables healthcare providers to remotely monitor exercise 
sessions conducted at home and to provide real-time 
feedback. Consequently, incorporating DAT technology 
into a home-based exercise program can improve self-ef-
ficacy of cancer survivors, leading to higher adherence.58 
A recent systematic review in the general geriatric pop-
ulation showed that adherence to technology-based ex-
ercise programs is higher (91.25%; range, 70.25%–100%) 
than for traditional exercise programs without E-DATs 
(83.58%).59 This study showed adherence rates similar to 
those in our systematic review. Nevertheless, the varying 
adherence rates reported in our study highlight the need 
to consistently assess adherence to mode, frequency, 
amount, and intensity of exercise to strengthen the mea-
sures and comparisons between studies,60 and to better 
understand the cognitive-behavioral constructs that are 
mediators of adherence in this population.

E-DATs, Activity Level, Physical Examination  
Findings, and Objective Fitness Outcomes 
Our systematic review reported that E-DATs may im-
prove activity levels and exercise capabilities of cancer 
survivors, including daily step counts, metabolic equiv-
alent of task hours per week, and time spent engaged 
in brisk walking or moderate to vigorous activity, rather 
than sedentary behavior. We also found that E-DATs may 
reduce cardiovascular risk factors (eg, BMI and waist 
circumference) and optimize physical fitness (eg, Vo2max 
and 6-minute walk test) among cancer survivors. These 
findings are noteworthy because cancer survivors often 
are at increased risk for short- and long-term sequelae 
of oncologic treatments, including obesity, cardiovascu-
lar disease, metabolic syndrome, osteopenia, and hyper-
tension, all of which can be prevented or addressed with 
weight management and/or physical fitness.61,62 Numer-
ous studies have shown that cancer survivors with better 
physical function were less likely to die prematurely than 
those with worse physical function.63,64 

E-DATs, HRQoL, and Self-Reported Symptoms
Cancer survivors often develop treatment- and can-
cer-related symptoms, including fatigue, mental distress, 
and pain, which may negatively affect their HRQoL span-
ning social, physical, and mental function.65,66 We report 
that E-DATs significantly improve breast cancer–asso-
ciated symptoms,39 fatigue,40,43 mood,43 vigor,43 well-be-
ing,44 and anxiety and depression.43,44 These findings are 
consistent with a recent meta-analysis8 showing that ex-
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ercise and psychological interventions are effective for 
reducing cancer-related fatigue during and after cancer 
treatment, and that these interventions are significant-
ly better than the available pharmaceutical options. Ad-
ditionally, several studies have reported that in patients 
with malignancy, physical activity level is directly associ-
ated with improved self-reported physiologic symptoms 
(pain, peripheral neuropathy, and fatigue) and psycho-
logical distress, anxiety, and depression, all of which con-
tribute to HRQoL.6,58,67 HRQoL is also consistently valued 
as a high priority by patients, in some instances equal 
in importance and priority to treatment efficacy,68,69 and 
HRQoL correlates with patient satisfaction scores.68,70

E-DATs and Biomarker Data 
Our systematic review showed no significant impact of 
E-DATs on serum biomarkers, including IL-6, TNF-α, 
CRP, c-peptide, and cholesterol profile in 3 RCTs, con-
trary to other studies that have reported increased IL-10, 
lower TNF-α, and lower CRP levels in healthy popula-
tions.71–73 Our negative findings may be due to the chron-
ically high inflammatory state driven by the presence of 
cancer and active chemotherapy. 

Ongoing E-DAT Studies in Cancer Survivors
Supplemental eTable 5 summarizes numerous ongoing 
technology-based exercise interventions (available at 
ClinicalTrials.gov as of December 11, 2017). These studies 
focus primarily on solid malignancies, with few studies in 
hematologic malignancies. Most of these studies include 
a DAT in combination with a smartphone-based app 
or online platform to promote exercise adherence and 
self-efficacy. 

Strengths and Limitations
A major strength of our review is that only RCTs were 
included. To minimize selection bias, 2 authors inde-
pendently reviewed studies for inclusion and outcomes 
data. Our study, however, has several limitations. First, 
the English language restriction and terminology in our 
prespecified search may have excluded relevant publica-
tions. Second, the RCTs included in the systematic review 
were heterogeneous in regards to population of cancer 
survivors, type and duration of E-DAT, and measured 
outcomes, limiting our ability to perform a meta-anal-
ysis and generalize our findings to any one clinical set-
ting. Future studies will need to address differences in 
preferences and barriers within the diverse population 
of adults with cancer, including those related to race, so-
cioeconomic status, and geographic location. DAT tech-
nologies74 vary in accuracy, and the underlying differ-
ences in activity tracker quality could contribute to the 

heterogeneity in adherence and other outcomes in our 
study. Third, the limited length of follow-up in the RCTs 
precludes our ability to determine the long-term impacts 
of E-DATs on the measured outcomes. Finally, most RCTs 
(75%) in this systematic review compared E-DATs with a 
control group with usual care or nonexercise interven-
tions. Thus, we cannot conclude that E-DATs improves 
exercise adherence compared with conventional exercise 
interventions without E-DATs. Confirmation of the ben-
efits of E-DATs specifically in improving exercise adher-
ence will require prospective studies comparing 3 arms: 
E-DATs, exercise interventions without E-DATs, and usu-
al care controls. Furthermore, we can use the Sequential, 
Multiple Assignment, Randomized Trial (SMART) and 
Multiphase Optimization Strategy (MOST) study designs 
to evaluate for interactions between different compo-
nents of a single proposed intervention.25

Conclusions
Our study shows that E-DATs are feasible to implement in 
cancer survivors, with the potential to positively impact 
numerous clinically meaningful outcomes. The increasing 
population of cancer survivors necessitates nonpharma-
cologic interventions, such as E-DATs, to reduce treatment- 
and cancer-related toxicities. Before their widespread im-
plementation, studies should evaluate cost-effectiveness 
and determine the ideal E-DAT prescriptions for ameliorat-
ing short- and long-term symptoms experienced by can-
cer survivors. Although the development of E-DATs entails 
design and implementation costs,75,76 there may be signifi-
cant positive financial implications for healthcare systems 
if E-DAT use leads to reduced side effects or toxicities in  
cancer survivors.
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