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Effectiveness of non-pharmacological interventions on device-measured physical activity 

in adults with cancer, and methodology used for assessment: a systematic review and 

meta-analysis 

Objective

To investigate the effectiveness of different types of interventions aimed at enhancing device-

measured physical activity (PA), and summarize the devices and methodologies used to 

measure PA in adults with cancer.

Data Sources

A systematic review was prospectively registered on PROSPERO (CRD42020199466). The 

search was conducted in PubMed, The Cochrane Library, EMBASE (via Ovid) and PEDro 

from 2005 onwards. 

Study Selection

Prospective interventional studies (randomized controlled trials (RCTs), non-randomized 

controlled trials and single-group trials), that included adults within 12 months from cancer 

diagnosis, and device-measured PA before and after commencement of an intervention were 

included. Studies were excluded if PA was measured at a single time point. Two independent 

reviewers screened 3,033 records and 30 articles met the inclusion criteria.

Data Extraction

Two reviewers independently extracted the data. PEDro scale and GRADE approach were 

used to assess methodological quality of RCTs and overall quality of evidence, respectively. 

A meta-analysis of relevant RCTs was conducted.

Data Synthesis
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Thirty studies were identified, mainly including adults with multiple cancer types.  

Interventions were behavior change interventions (n=15), exercise training (n=13), 

neuromuscular electrostimulation (n=1) or a nutritional program (n=1). The meta-analysis 

showed improvements on moderate-to-vigorous intensity PA (MVPA) in the experimental 

group (eight studies; standardized mean difference (SMD) = 0.23; 95% CI 0.06 to 0.39); with 

subgroup analysis showing that findings were mainly driven by behavior change interventions 

(five studies; SMD = 0.23, 95% CI 0.05 to 0.41). An uncertain effect on sedentary behavior, 

daily steps and light intensity PA was found. PA was measured with  medical devices and 

commercial wearables, quality of the methodology was variable.

Conclusions

Behavior change interventions increased device-derived MVPA in adult cancer patients who 

underwent the intervention within 12 months of the cancer diagnosis. Various devices and 

methodologies were used to assess PA, which limits comparisons across the studies.
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activity monitor; RCT: Randomized controlled trial; SMD: Standardized mean difference.
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Physical activity (PA) is defined as any bodily movement produced by skeletal muscles that 

requires energy expenditure1 and can be classified as light, moderate, or vigorous intensity 

activity.2 Current PA guidelines for people with cancer recommend that they perform at least 

150 to 300 minutes of moderate intensity PA, or 75 to 150 minutes of vigorous intensity PA 

per week, combined with a minimum of twice-weekly resistance training.3 

In adults with cancer, the choice of treatment, which can include surgery, radiotherapy, 

chemotherapy, immunotherapy, hormonal, and/or targeted therapies, is largely dependent on 

the cancer type and stage as well as on the patient’s functional status.4 During cancer 

treatment, patients are prone to develop deconditioning5-7 and show decreased levels of PA.8,9 

Furthermore, poor PA levels can be present in a proportion of patients before commencement 

of cancer treatment,10 with failure of reaching PA guidelines reported in 78% before start of 

treatment and 72% after start of treatment.11

A systematic review including 136 studies has demonstrated that higher levels of PA before 

or after cancer diagnosis is associated with decreased cancer-specific mortality and all-cause 

mortality for at least 11 cancer types.12 Further, the meta-analysis in that review demonstrated 

that post-diagnosis PA is a prognostic factor distinct from pre-diagnosis levels.12 Therefore, 

post-diagnosis PA is an important treatable trait in adults with cancer. 

Physical activity is a complex behavior which is influenced by numerous determinants on 

individual, social, environmental, and policy level.13 It is therefore challenging to enhance 

such behavior. Extensive evidence suggests that interventions targeting physical activity (such 

as behavior change interventions) can improve device-measured PA in long-term cancer 

survivors,14,15 but evidence about interventions delivered in the first year after a diagnosis is 

more scarce and has never been systematically reviewed. Nevertheless, it is important to 

tackle physical inactivity as soon as possible in the recovery trajectory due to its relationship 

with poor prognosis in people with cancer.12
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Objective assessment of PA using validated devices is more accurate than questionnaire based 

assessment,16 and should be used in clinical trials aiming to enhance PA levels. Importantly, 

the quality of reported device-based data depends on the validity of the device (and its 

placement), protocol wear time, filters applied, criteria used to delete non-wear time, criteria 

used to define a ‘valid day’, and data processing algorithms to obtain measures of specific PA 

intensities. These decisions can affect the findings of the study, and it is of paramount 

importance that data collection and processing decisions are clearly reported in published 

studies.17

In this systematic review, the following research questions will be addressed: 1) What is the 

effectiveness of different types of interventions aimed at changing device-measured PA in 

adults within 12 months from cancer diagnosis? The hypothesis is that any change in PA or 

sedentary behavior will only be seen with interventions that included a component to increase 

PA performance and a behavior change component. And 2) Which devices and methodologies 

have been used to objectively measure PA in adults with cancer? 

Methods

This systematic review was prospectively registered on PROSPERO (CRD42020199466) and 

was conducted in accordance with The Preferred Reporting Items for Systematic reviews and 

Meta-Analyses (PRISMA).18 

Data sources and database search

We searched PubMed, The Cochrane Library, EMBASE (via Ovid) and PEDro. The search 

was conducted in February 2022. The following search strategy was used in PubMed and 

adapted to other databases (online supplement): ((neoplasms [MeSH] OR cancer 

[Title/Abstract] OR carcinoma [Title/Abstract] OR leukemia [Title/Abstract] OR lymphoma 

[Title/Abstract] OR mesothelioma [Title/Abstract]) AND (pedometer [tw] OR acceleromet* 
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[tw] OR activity monitor* [tw] OR ambulatory monitor* [tw] OR step counter [tw] OR multi-

sensor device [tw] OR ActivPAL [tw] OR ActiGraph* [tw] OR SenseWear [tw] OR DynaPort 

[tw] OR MiniMod [tw] OR Yamax [tw] OR Omron [tw] OR Actiwatch [tw] OR Actimarker 

[tw] OR Digiwalker [tw] OR Lifecorder [tw] OR RT-3 [tw] OR Tritrac [tw] OR MOX [tw])).

The search was filtered to only identify studies published from 2005 onwards, because 

devices validated to measure PA were not available until 2005. 

Study selection

After removing duplicates using EndNote, Research Screener 

(www.test.researchscreener.com) was used to screen the records based on title and abstract. 

Research Screener is a Web application, designed by researchers from Curtin University 

(Australia), that applies machine learning techniques to semi-automate research article 

screening. Thereby, articles were ranked by relevance and the screening process halted when 

all articles were screened.19 Records were screened independently by two reviewers (KQ and 

IG) and the results were compared. In case of disagreement, a third researcher was consulted 

(CB or VC).

Prospective interventional studies have been included. Question 1 was addressed with 

randomized controlled trials only. Question 2 was addressed with randomized and non-

randomized controlled trials as well as single group studies). We included studies that: 1) 

included adults (≥ 18 yr) with a mean length of time since cancer diagnosis within 12 months, 

2) measured PA using a device before and after commencement of an intervention, and 3) 

were published in English. Studies were excluded if PA was measured at a single time point. 

Abstracts from conference presentations, commentaries, study protocols and clinical trials 

registries were excluded. Relevant reviews were used for reference list screening.

Data extraction and quality assessment
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Two reviewers (KQ and IG) independently extracted the data into an MS Excel sheet 

(Microsoft, Redmond, WA, USA) and then checked for any inconsistencies. Extracted data 

included: 1) study characteristics: title, authors, journal, date of publication, country, study 

aim, study design; 2) participant characteristics: age, gender, type of cancer, time since 

diagnosis, type of treatment, body mass index, comorbidities; 3) intervention characteristics: 

setting, timing (before, during or after treatment), type, duration; 4) PA evaluation 

characteristics: type of medical device (requiring a medical-grade CE mark and/or 510(k) 

approval in the European Union and United States, and providing data integrity, security, and 

privacy)20 or non-medical device, specifications related to wear time (instructed wear time, 

number of instructed days of activity monitoring, definition of a valid day, minimum number 

of valid days required, inclusion/exclusion weekend days); 5) device-measured outcomes 

reported.

The methodological quality of the randomized controlled trials (RCTs) was assessed 

independently by two authors (KQ and IG) using the 11-item PEDro scale,21 and checked for 

any inconsistencies. As the first item related to the eligibility criteria is not scored, the total 

score of the PEDro scale ranges between 0 and 10. To rate the overall quality of evidence of 

each outcome, the GRADE approach was used.22 The methodological quality of the non-RCTs 

and single-group trials were not assessed as they were only included to address research 

question 2, and not to estimate the effects of an intervention.

In case of unclear or missing information, authors of the papers were contacted for additional 

information.

Data synthesis and analysis

Data related to interventions delivered in the included studies and devices used to measure 

PA, have been summarised in a narrative manner.
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To address research question one, meta-analyses were performed and forest plots were 

generated using Review Manager® version 5.4, according to the recommendation of the 

Cochrane Handbook.23 Baseline and post-intervention data from RCTs only were used to 

compare outcomes of people allocated to the experimental groups (interventions delivered 

within 12 months from diagnosis) with those of people allocated to the control groups. 

Outcome measures included sedentary behavior, number of daily steps, light intensity PA and 

moderate-to-vigorous intensity PA (MVPA). Data on PA from studies that reported only 

moderate or only vigorous intensity PA, were used as MVPA in the current review. Subgroup 

analyses according to type of intervention (i.e. behavior change and non-behavior change 

interventions) were conducted. Behavior change interventions consisted of strategies to 

enhance physical activity behavior using techniques such as feedback and monitoring, goal-

setting and planning, and self-belief.24 Whenever possible, data on within-group change (and 

their standard deviation; SD) were included in the meta-analyses. If not reported in the 

included studies, authors were contacted to provide within-group change and SD data. If the 

contact attempts were unsuccessful, calculation of within-group change was performed by our 

research team (post-intervention values minus pre-intervention values) and the SD of the pre-

intervention value was used in the meta-analyses.

A random effects model was used to calculate summary pooled estimates. If the studies were 

found not to have substantial heterogeneity, a fixed-effect model was applied. The 

heterogeneity across the studies was assessed using I2 statistic. In case of substantial statistical 

heterogeneity (i.e. I2 greater than 50%),23 a sensitivity analysis was performed. Pooled 

estimates were reported as either mean difference (MD) and its respective 95% confidence 

intervals (CI) or standardized mean difference (SMD) and its respective 95% CI.

Results
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The database search identified a total of 3,033 records. After removing duplicates and clinical 

trials registries, 2,307 record titles/abstracts were screened. A total of 1,996 records were 

excluded based on title and abstract, and of the 311 full-texts assessed for eligibility, 281 were 

excluded. A total of 30 studies met the eligibility criteria and were included in the review 

(Fig. 1). 

Summary of studies

Of the 30 included studies, 19 were RCTs.10,25-42 The remaining studies were single-group (n=8 

studies),43-50 non-randomized controlled trials (n=2 studies),51,52 and a non-randomized 

multiple-group study (n=1 study).53 The studies were conducted in North America (n=11 

studies),25,26,28,36,40,41,43,44,46-48 Europe (n=12 studies),29-32,34,35,37-39,42,45,52 Asia (n=4 studies),33,49-51 and 

Oceania (n=3 studies).10,27,53

A total of 1,682 adults with cancer were included across the 30 studies. The sample size of the 

included studies ranged between 3 and 430 adults with cancer, with a median age ranging 

from 32 to 75 years old. Two studies included adults between 30-39 years old,28,49 three studies 

between 40-49 years old,31,33,34 14 studies between 50-59 years old,26,30,36,37,39-42,44-47,51,53 8 studies 

between 60-69 years old,10,27,29,32,35,38,48,52 and three studies between 70-79 years old.25,43,50 The 

mean time since diagnosis ranged between 37 days to 11 months. Of the 30 included studies, 

ten included adults with multiple cancer types,28-30,34,38,39,46,47,50,53 eight included adults with breast 

cancer,31,33,36,37,40,44,45,51 and four included adults with lung cancer.10,27,35,42 The remaining studies 

included adults with bladder cancer (n=2 studies),43,48 prostate cancer (n=2 studies),25,26 

colorectal cancer (n=2 studies),32,41 hematological cancer,49 and rectal cancer (n=1 study).52 

Cancer stage was not reported in 13 studies.28-30,37-39,43,45,47,49,51-53 Other studies included stage I-III 

(n=8 studies),27,31-34,36,40,44, I-II (n=3 studies),25,26,48 I-IV (n=3 studies),10,41,46 III-IV (n=2 studies),35,50 

and III (n=1 study).42 
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Quality assessment

The PEDro score of the 19 included RCTs ranged between 3 and 10 (Mean ± SD: 6 ± 2) 

(Table 1). Overall, eligibility criteria were specified in 84% of the RCTs. Random allocation 

was adequate in all RCTs, but concealed allocation was problematic in 47% of them. Baseline 

comparability was reported in most RCTs (95%). Subjects and therapist were only blinded in 

one RCT, assessors were blinded in seven (37%). In 68% of the trials, measures were 

obtained from more than 85% of the subjects. Intention-to-treat analysis was done in 58% and 

the results of between-group statistical comparison was reported in 79% of the RCTs. All 

RCTs provided both point estimates measured and measured of variability for at least one key 

outcome. 

Types of intervention

Information about the interventions are presented in Table 2. In the majority of the 30 

included studies, interventions were delivered either during cancer treatment (n=14 

studies)10,25,28,33,39-43,45-47,50,51 or after cancer treatment (n=9 studies)27,30-32,34-37,44 only. The other 

studies delivered interventions before treatment,26 before and after treatment,48,52 before and 

during treatment,49 and during and/or after treatment.29,38,53 In 19 of the 30 included studies, PA 

data were collected on two different time points,26-30,32,35-37,39-41,44-47,49,51,53 in eight studies PA data 

were collected on three time points,10,25,31,34,38,42,48,50 and in one study PA data were collected 

across four time points.52

In 12 of the 19 included RCTs, the experimental group received a behavior change program, 

including behavior change techniques (BCTs). Physical activity was a primary outcome in 

seven studies.28,29,32,33,36,39,40 Program components are defined according to the Behavior Change 

Technique Taxonomy24 and included goal-setting and planning,10,28,29,32-34,36,40 feedback and 

monitoring,29,33,34,36,38,41 social support,36,39 comparison of behaviour,29 and self-management.30 
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The program was compared to usual care,10,29,30,34,36,38 an exercise brochure,28 a booklet about 

staying healthy after cancer,32 a booklet about PA,41 standard public health PA 

recommendations,40 BCT (goal-setting and planning, and feedback and monitoring) without 

the use of a wearable33 or stress-management.39 

A non-behavior change intervention was offered in seven out of 19 included RCTs. In two 

studies, PA was a primary outcome.25,37 Exercise training was included in four studies, and 

consisted of aerobic exercises31,37 or a combination of aerobic and resistance exercises26,27 and 

was compared to usual care. One RCT offered a combination of aerobic, resistance and 

flexibility exercises and compared 3 groups (center-based personal training center-based 

group training, individual home-based training).25 In one RCT, neuromuscular electrical 

stimulation (NMES) was delivered and compared to usual care.35 In another RCT, participants 

were randomly allocated to either receive a protein- and energy-dense oral nutritional 

supplement containing n-3 polyunsaturated fatty acids or an isocaloric control oral nutritional 

supplement.42 

Detailed information of the 11 non-RCTs can be found in Table 2.

Effectiveness of the interventions

Results of interventions on PA outcomes are displayed in Table 2. An overview of the 

certainty of evidence, assessed with GRADE, are presented in Table 3. Overall, the quality of 

evidence across the RCTs was graded as low to moderate. Risk of bias and imprecision were 

the main causes to downgrade the score for the quality of evidence. 

Results meta-analyses

Three studies used sedentary behavior as an outcome.27,31,34 An uncertain effect of the 

interventions on sedentary behavior was found (SMD 0.48, 95% CI -0.05 to 1.01; I² = 0%, 3 
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studies, 60 participants, low-certainty evidence) (Fig. 2a), with no difference between 

subgroups.

Daily steps was reported in eight studies.10,27,28,30,35,37,40,41 An uncertain effect of the interventions 

on daily steps was found (MD 141.43, 95% CI -102.40 to 385.26; I² = 26%, 8 studies, 379 

participants, low-certainty evidence) (Fig. 2b), with no difference between subgroups.

Light intensity PA was measured in five studies.27,28,31,41,42 An uncertain effect of the 

interventions on light intensity PA was found (SMD -0.34, 95% CI -0.68 to 0.01; I² = 0%, 5 

studies, 135 participants, low-certainty evidence) (Fig. 2c). Subgroup analysis demonstrated 

that in the non-behavior change intervention subgroup, time spent in light intensity PA 

increased more in the control group when compared to the experimental group (SMD -0.54, 

95% CI -1.05 to -0.04; I² = 0%, 3 studies, 67 participants).

Eight studies reported results on MVPA.27-29,31,32,34,41,42 When compared to the control group, 

time spent in MVPA increased more in the experimental group (SMD 0.23, 95% CI 0.06 to 

0.39; I² = 29%, 8 studies, 556 participants, moderate evidence) (Fig. 2d). Subgroup analysis 

demonstrated that this between-group difference was driven by the results from the behavior 

change intervention subgroup. That is, in the behavior change intervention subgroup only, 

time spent in MVPA increased more in the experimental group when compared to the control 

group (SMD 0.23, 95% CI 0.05 to 0.41; I² = 0%, 5 studies, 522 participants). The five studies 

that offered behavior change interventions included participants with multiple cancer types,28 

colorectal and prostate cancer,29 colorectal cancer,32,41 and breast and endometrial cancer.34

Reasons for RCTs not be included in the meta-analyses were: no response from the authors 

about sample sizes in each group, results of the control group and SD of each group,36,38,39 other 

PA outcomes25,26 and only PA results of the experimental group.33 

Physical activity devices 
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Table 4 presents the PA devices and methodology used in the included studies. In 18 of the 30 

studies, the PA device used was a medical device.10,25-29,31,32,34-36,38,39,41,44,46,47,52 In the twelve 

remaining studies, a non-medical device, such as a step counter or an activity tracker was 

used.30,33,37,40,42,43,45,48-51,53 The most commonly used medical devices were the Actigraph (n=8 

studies)25,28,29,32,34,36,39,41 and the SenseWear armband (n=4 studies).10,27,38,46 The placement of the 

PA device was reported in 18 studies: in eight studies the PA device was worn on the 

hip,28,29,32,34,36,42,44,49 in six studies the PA device was worn on the wrist,10,26,27,30,41,45 in two on the 

thigh,35,47 and in two on the triceps muscle.38,52

In the majority of the included studies (n=20 studies), participants were asked to wear the PA 

device for seven days.10,25-29,31-39,41,44,47-50 In three studies participants were instructed to wear the 

PA device for three days,40,46,52 and in seven studies, participants were instructed to wear the 

PA device during the entire intervention period.33,45,47,48,50,51,53 

Sixteen studies reported on minimum wear time that would be considered a valid day10,25-

29,32,34,36,38,39,41,44,46,49,50 and 12 studies reported on minimum number of valid days required for the 

data to be included in the analyses.10,25,27-29,32,34,38,39,41,42,44 A valid day ranged between 8 and 20 

hours of wear time and the minimum number of valid days required, ranged between 1 and 5 

days. The most commonly reported criterion of a valid measurement was a minimum of 4 

days with at least 10 hours of wear time per day (n=7 studies). Two studies reported the PA 

device had to be worn for a minimum of one weekend day to be considered valid.27,34 Only 

eight studies included a definition of non-wear period. Non-wear period was defined as zero 

activity for 60 consecutive minutes,25,26,32,34,41 zero activity for 90 consecutive minutes,29 zero 

activity for 20 consecutive minutes36 and, zero daily steps.33

Physical activity outcomes
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Most common PA variables reported included number of daily steps (n=20 studies),10,27,28,30,33,35-

37,40,41,43,45-53 MVPA (n=11 studies),25,27,29,32,34,36,38,39,44,49,50 light intensity PA (n=7 studies),27,28,31,41,42,47,49 

moderate intensity PA (n=6 studies),28,31,34,41,42,46 vigorous intensity PA (n=5studies),28,31,34,41,46 and 

time spent in sedentary behavior (n=4 studies).27,31,34,49 Other outcomes included total PA,28,46,52 

bouts of steps,10 bouts of moderate intensity PA,41 days of ≥30min spent in PA,29, active energy 

expenditure,52 TEE,47,52 time spent lying down,52 inactive time,36 MET,52 counts per minute 

(cpm),47 and physical activity monitor (PAM) activity score.42

The cut-off values for PA intensity were reported in 14 of the 18 studies that reported PA 

intensity. Eight studies used cut-off values based on cpm,25,26,28,29,32,36,39,41 five studies used cut-off 

values based on metabolic equivalent units (MET),27,38,46,49,50 and one study used mean 

amplitude deviation.34 

Discussion

This systematic review summarizes the interventions that were used to modify physical 

activity in 1,682 adults within 12 months from a cancer diagnosis. Most studies delivered a 

behavior change program including goal-setting and planning, and feedback and monitoring. 

Our hypothesis was that any change in PA or sedentary behavior would only have been seen 

with interventions that included a component to increase PA performance and a behavior 

change component. A larger increase in MVPA was found in the experimental group 

compared to the control group after a behavior change intervention, but not after an exercise 

intervention. In contrast, evidence showed an uncertain effect of the interventions on 

sedentary behavior, daily steps and light intensity PA. This is does not support our hypothesis. 

In most studies, physical activity was measured with a medical device, the other studies used 

a non-medical device. The results on effectiveness of the interventions must be interpreted 

with caution due to different methodology used to measure PA across the RCTs. Further, the 

methodological quality of RCTs included in the meta-analyses is low to moderate.
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The most commonly used intervention to modify PA in the included studies was a behavior 

change intervention. In these studies, device-measured PA was most frequently used as the 

primary outcome. Primary outcomes of the other studies included exercise capacity, fatigue, 

self-reported PA, cancer-related stress or adherence. Overall, the behavior change 

interventions utilised a combination of instructions for home-based exercises with elements of 

BCTs. Previous literature also found that goal-setting and planning were the most used BCTs 

to enhance PA in adolescents and young adults with chronic cardiorespiratory conditions.54 In 

addition, a review found that goal-setting and social support were the most common used 

techniques among physiotherapists while promoting PA. Interestingly, interventions that 

proved effectiveness to enhance PA used more BCTs.55

There are a few indications that some techniques are more effective than others. A meta-

analysis from Michie et al.56 suggests that self-monitoring combined with at least one other 

BCT is likely to enhance the effectiveness of interventions designed to promote PA in adults. 

Several studies included in our review supplied non-medical devices to participants, which is 

a strategy to provide feedback on PA and allow self-monitoring, goal-setting, and record and 

review data,57 and are effective for increasing PA in clinical populations.58 However, 

individual differences on attitudes towards PA devices may have an influence on the 

effectiveness of these interventions.59 

The optimal dose and timing of activity for adults with cancer remains questionable.12 A 

review including quantitative and qualitative research showed that this patient group prefers 

moderate intensity PA, walking and home-based programs.60 It is important to increase 

participation and adherence to interventions by tailoring programs to their preferences as 

these interventions can reduce cancer-related mortality and all-cause mortality, and may 

improve functional status and quality of life during cancer treatment.61 
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This review provides moderate evidence that an increase in MVPA was found in favor of the 

experimental group after a behavior change intervention (i.e. moderate level of certainty of 

the evidence based on the GRADE evaluation). A previous review including behavior change 

interventions in cancer survivors also found an increase in (self-reported) MVPA after the 

intervention which resulted in an increase of 40 min per week.62 This is an important fact as 

any amount in PA shows a decrease in total mortality risk in adults with cancer.63

Studies including exercise programs without BCTs lacked improvements in PA while exercise 

capacity increased. Exercise training is a successful intervention to improve exercise capacity 

but this does not automatically translate into enhanced PA behavior. In patients with chronic 

obstructive pulmonary disease, a “can do” versus “do do” model has been proposed  in which 

patients are subdivided in quadrants, based on both exercise capacity (“can do” versus “can’t 

do”) and physical activity (“do do” vs “don’t do”).64 This concept may be useful for 

stratification of patients to different non-pharmalogic interventions for optimizing exercise 

capacity and PA (e.g. rehabilitation, PA counseling, or a combination).65 Moreover, it is 

essential to embed BCTs within an exercise training intervention because it has been shown 

that specific instructions regarding the execution of this health behavior (by goal-setting and 

planning) rather than just participation in an exercise program is needed to optimize the 

success of an intervention.54

Low-certainty evidence showed an uncertain effect of interventions on sedentary behavior, 

daily steps and light intensity PA in the experimental group. A Cochrane review, comparing 

different interventions in older adults, also found an uncertain effect on sedentary behavior.66 

It has been suggested that a reduction in sedentary behavior is more likely when the 

intervention is designed with the aim to reduce sedentary time rather than increase PA,67 

which was not the aim in the studies included in our review. In addition, light intensity PA has 

a strong negative correlation with sedentary behavior,68 and because exercise training did not 
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reduce sedentary behavior, it also may not increase light intensity PA. Furthermore, sedentary 

behavior and light intensity PA are best measured with inclinometers worn on the thigh.69 

Some papers included in this analysis wore the device on the wrist which may cause 

imprecision on this outcome and affect the results. 

A previous review found that a combination of goal-setting and exercises can improve daily 

steps in cancer survivors.15 This is in contrast with our findings where no differences in daily 

steps were found after the same form of intervention. Suggesting that these types of 

interventions seem to work in patient on long term follow-up and further needs to be explored 

whether this is also feasible and effective in our patient population.

As shown in this review, intervention studies using device-measured PA as an outcome in 

patients with cancer are scarce and the used methodology to assess PA is very heterogeneous. 

While the majority of studies used well-validated medical devices, several studies used non-

medical devices with less clear accuracy.70 The decision on which device to use is not only 

dependent on the validity and reliability of devices but also affordability, product reliability, 

monitor size, technical support and comparability with other studies needs to be taken into 

account.71 In adults with cancer, there is no recommendation on the minimum number of days 

of monitoring but it should be long enough to reflect the habitual level of activity and should 

not cause a high burden for the participant.72 Previous work showed that the device wear time, 

and the interaction of the device wear time and the device type moderates the estimate of 

sedentary behavior.69 That is, the longer the wear time of the device with an inclinometer, the 

more accurate estimation of sedentary behavior. For daily steps and various PA intensities, it 

is recommended to use a minimum proposed to use a minimum of 12 hours of wear time as 

less would give an underestimation of the results.73 It has been suggested to include both 

weekdays and weekend days in the analysis, although it is not clear if variability exists 

between these days in adults with cancer.72,74 
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Strengths of this review include the broad search in four different databases to screen for 

articles. Two independent researchers determined study inclusion and risk of bias of the 

included studies, and assessed their agreement. In case of disagreement, another researcher 

was contacted. 

Study limitations

Limitations of this review are firstly, the heterogeneous group of adults with cancer included, 

with interventions delivered to various cancer types, cancer stages and different timings. 

Secondly, despite the numerous attempts to contact authors in case of unclear or missing data, 

we did not receive a reply from all the authors, which can possible cause a selection bias.

Conclusion and future directions

In adults within 12 months from cancer diagnosis, exercise programs with or without a 

behavior component were delivered to assess device-measured PA. A significant increase in 

MVPA was found following a behavior change intervention in the experimental group. In 

contrast, an uncertain effect was found on sedentary behavior, daily steps, and light intensity 

PA. A wide range of devices and methodologies were used to assess PA, which limits 

comparability between studies. For future studies it is essential to embed BCTs within an 

exercise training intervention and choose the device according to the type of activity being 

studies. Given the fast evolution in wearables and physical activity monitors, a detailed 

reporting of methodology is crucial. Additionally, as cancer often exist in combination with 

other chronic conditions, studies should also focus if the presence of multi-morbidity 

influenced physical activity. In the included trials, patients with comorbidities (such as 

neuromuscular, psychiatric and cognitive disorders) were frequently excluded. Furthermore, it 

is not clear to what extent vulnerable populations were represented in the study samples. 

These issues negatively impact on the external validity of the findings.
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Figure legends

Fig. 1. Flowchart of study selection.



24

Fig. 2. Forest plot.

Forest plot of comparison: experimental group versus control group on a) sedentary behavior; 

b) daily steps (every unit represents a 1000 steps); c) light intensity PA; d) moderate-to-

vigorous PA. 


