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Abstract

Background: Physical activity (PA) is now considered an adjuvant therapy in cancer treatment; nevertheless, multiple barriers
could reduce PA engagement during treatment. Active video games (AVGs) lead to the achievement of mild- to moderate-intensity
PA and represent a promising tool for regular movement and exercise.

Objective: This paper aims to review the current literature and provide updated content on the physiological and psychological
effects of AVG-based interventions in patients with cancer undergoing treatment.

Methods: Four electronic databases were investigated. Studies reporting on AVG interventions delivered to patients undergoing
treatment were included. A total of 21 articles (17 interventions) were identified for data extraction and quality assessment.

Results: A total of 362 patients with cancer participated in the studies (number of participants 3-70). The majority underwent
treatment for breast, lung, prostate, hematologic, or oral or laryngeal cancer. The types and stages of cancer varied in all studies.
Participants ranged in age from 3 to 93 years. Four studies included patients with pediatric cancer. The duration of interventions
ranged from 2 to 16 weeks, with a minimum of 2 sessions per week and a maximum of 1 daily session. Sessions were supervised
in 10 studies, and 7 included home-based interventions. AVG interventions improved endurance, quality of life, cancer-related
fatigue, and self-efficacy. Effects were mixed on strength, physical function, and depression. AVGs did not affect activity level,
body composition, or anxiety. Compared with standard physiotherapy, physiological effects were lower or similar, and psychological
effects were higher or similar.

Conclusions: Overall, our results suggest that AVGs can be recommended to patients undergoing cancer treatment, given the
physiological and psychological benefits. When AVGs are proposed, supervision of the sessions should be considered as it can
limit dropouts. In the future, it is important to develop AVGs that combine endurance and muscle strengthening, with the possibility
of achieving moderate to high exercise intensity, depending on the physical abilities of the patients, as indicated in the World
Health Organization’s recommendations.

(JMIR Cancer 2023;9:e45037) doi: 10.2196/45037
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Introduction

Physical activity (PA) is now considered an adjuvant therapy
in cancer treatment [1]. This promising strategy provides

psychological (decreased cancer-related fatigue [CRF],
decreased anxiety or depression, and improved quality of life
[QoL] [2-6]) and physiological benefits (improved fitness,
improved muscle strength and function, and normalization of

JMIR Cancer 2023 | vol. 9 | e45037 | p. 1https://cancer.jmir.org/2023/1/e45037
(page number not for citation purposes)

Peyrachon & RébillardJMIR CANCER

XSL•FO
RenderX

mailto:romane.peyrachon@ens-rennes.fr
http://dx.doi.org/10.2196/45037
http://www.w3.org/Style/XSL
http://www.renderx.com/


body composition [4,7,8]) in patients with cancer and cancer
survivors. Interestingly, a growing body of evidence now
suggests that PA is associated with a reduction in cancer-specific
mortality [9-11]. Therefore, experts recommended that patients
with cancer be as physically active as possible and limit
sedentary time [12]. An effective exercise prescription should
include moderate-intensity aerobic exercise training at least 3
times per week for 30 minutes combined with 2 sessions of
resistance training per week [4].

Unfortunately, 93% of patients with cancer are insufficiently
active [13]. Multiple barriers have been identified to support
this finding. They can be organizational (schedule of care,
location of practice, and availability of therapists and venues)
[14,15], physical (pain, lymphedema, CRF, or treatment side
effects [14,16-18]), or psychological and social. Abo et al [14]
show that the main individual limitations of patients with cancer
are lack of motivation and emotional burden. Feeling unable to
perform physical exercise or fear of injury is also reported [16].
Therefore, solutions are needed to reconnect patients with cancer
to PA and keep them engaged.

New technologies have emerged as a promising tool for regular
movement and exercise. Active video games (AVGs), also
known as exergames (eg, Just Dance, Wii Fit Plus, and Beat
Saber), are becoming increasingly accessible [19]. They are
defined as engaging, safe, and fun games in which the players
interact in the environment through their movements [19-21].
A few studies have investigated the impact of AVGs in
promoting PA in healthy populations [22] or those with disease
[23], showing that AVGs lead to the achievement of mild- to
moderate-intensity PA [23,24]. These preliminary results suggest
that AVGs can help patients reach PA recommendations and
thus could provide several health benefits [23,25-27].
Importantly, as described by Tough et al [28], adherence to the
AVG intervention is greater than that to standard care in adults
with a current or previous cancer diagnosis. Nevertheless, the

lack of studies and heterogeneity of interventions and patients
hinder conclusions about the real impact of AVGs on health.

In this context, the purpose of this paper is to review the current
literature and provide updated content on the physiological and
psychological effects of AVG-based interventions in patients
with cancer undergoing treatment.

Methods

Study Design
This review was conducted in accordance with the PRISMA
(Preferred Reporting Items for Systematic Review and
Meta-Analysis) [29].

Search Strategies
Four databases (MEDLINE, PubMed, SPORTDiscus, and
Google Scholar) were investigated from inception to February
2023. Keywords were defined with the PICO method [30]. The
search strategy was based on the following keywords and their
associated synonyms: “Cancer,” “Active video game,”
“Exergames,” “Virtual Reality,” “Physical activity,” and
“Exercise.” There were no restrictions by date or study location.
Additional articles were added manually by searching the
references of included studies.

Study Selection
Articles from different databases were combined into a single
file, and duplicates were removed. Next, eligibility was assessed
by a reviewer (RP) using a 2-step process. At any point, if there
was any doubt, a second reviewer (AR) helped to decide.

First, the reviewer screened the title and abstracts of each article.
Studies were considered for the second phase if the title or
abstract indicated that the intervention was PA based on AVGs
in human populations. No age restrictions were considered. The
second phase consisted of a full-text review. The inclusion and
exclusion criteria for the screening process are presented in
Textbox 1.
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Textbox 1. Inclusion and exclusion criteria for the study screening.

Inclusion criteria:

• Article type

Clinical trials: research that compared the active video game intervention with healthy controls (ie, cohort and case studies), participants serving as
their own control (ie, longitudinal evaluation), and usual physical activity (PA) program or care (ie, randomized control)

• Language

English and French

• Population

Patients with cancer undergoing treatments

• Intervention

Exergames, virtual reality to support PA, and chronic intervention (more than 1 week)

• Outcomes

Physiological or psychological outcomes were reported. Physiological outcomes included PA level, motor functions, endurance, strength, and body
composition. Psychological outcomes included cancer-related fatigue, quality of life, self-efficacy, anxiety, and depression.

Exclusion criteria:

• Article type

Reviews and opinions

• Language

Other language

• Population

Healthy population, other chronic diseases, or cancer survivors

• Intervention

Acute virtual reality intervention (less than 1 week), no PA intervention

Data Extraction
A data collection form was developed specifically for this
review. It was used to capture the study reference with author,
year of publication, study name, and location. We also extracted
participant characteristics (sample size, age, and type of cancer),
study design, methods used to assess the impact of exergaming,
intervention program (frequency, intensity, temporality, time,
and supervision), and outcomes (feasibility, adherence rate, and
physiological and psychological effects).

Study Quality Assessment
Study quality was assessed by one reviewer (RP) using a
Cochrane tool and the Physiotherapy Evidence Database
(PEDro) scale.

RoB 2 (version 2 of the Cochrane risk-of-bias tool for
randomized trials) [31] was used for randomized controlled
trials (RCTs). The risk of bias was assessed across 5 items:
randomization process, deviation from the planned intervention,
missing outcome data, outcome measurement, and selective
reporting. These 5 domains were used to estimate an overall
bias: “low risk,” “some concerns,” or “high risk.”

The PEDro scale is a valid scale for assessing risk of bias in
clinical studies, regardless of design [32]. This tool provides a
10-point score through 11 “Yes-No” questions. The list of
questions is available on the PEDro website. A lower score
indicates poor-quality studies, and a higher score indicates
high-quality studies.

Results

Study Selection
On February 10, 2023, a total of 1009 articles were identified
from PubMed (n=79), MEDLINE (n=18), Google Scholar
(n=909), and SPORTDiscus (n=3). A total of 15 duplicates were
removed, and 7 articles were manually added from reference
checking of recent systematic reviews. Thus, 1001 articles were
reviewed, and 972 were deleted after title and abstract screening.
Reasons for exclusion were lack of the PA or exergaming
intervention, lack of outcomes of interest, no patients with
cancer, or patients who did not receive treatment. Review and
opinion articles were also excluded. Therefore, after screening,
29 full-text articles were assessed for eligibility and 21 were
retained and included in the qualitative synthesis. The 21 articles
were combined into 17 trials. The study selection process is
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described in Figure 1, and the different steps are documented in Multimedia Appendix 1.

Figure 1. Flow diagram [29]. PA: physical activity.

Study Characteristics
No papers were published on the topic before 2013. Studies
were published from 2013 to 2023 and conducted in several
countries: Egypt, Saudi Arabia, Switzerland, Brazil (n=2),
Finland, the United States (n=4), Turkey (n=2), Greece,
Germany, Poland, Japan, and Denmark. Different study designs
were adopted: 9 RCTs, 2 controlled quasi-experimental studies,
4 single-group studies, 1 case series, and 1 qualitative study.

In total, 379 patients with cancer participated in the studies
(number of participants 3-70). The majority underwent treatment
for hematologic, breast, lung, prostate, oral, or laryngeal cancer.

The types and stages of cancer varied in all studies. Participants
ranged in age from 3 to 93 years. Four studies included patients
with pediatric cancer [33-36]. The duration of interventions
ranged from 2 to 16 weeks, with a minimum of 2 sessions per
week [37,38] and a maximum of 1 daily session [34,39].
Sessions were supervised in 10 studies [33,35-37,39-47], and
7 included home-based interventions [34,38,48-53]. Regarding
exergames, 7 trials used Xbox Kinect, 8 trials used Nintendo
Wii, and 2 trials created its own exergame and software. The
characteristics of the studies and interventions are summarized
in Table 1. Data extraction is available in Multimedia Appendix
2.
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Table 1. Study characteristics.

Comparison
group

Supervision,
individual
training (IT)
or group
training
(GT)

IntensitySession frequency
and duration

Program
duration
(weeks)

System and ex-
ergames

Population and
age (years), n,
mean (SD) or
median (mini-
mum-maxi-
mum)

Cancer typeStudy design,
country, refer-
ence

SPTG:
stretching

and PNFe

YesNRd2×/week for 30
minutes

4Nintendo Wii:
tennis, triceps
extension, and
rhythmic box-
ing

ExGb: 15, 54.07

(8.28); SPTGc:
15, 53.07 (7.24)

Breast cancerQuasi-RCTa,
Egypt [37]

SPTG: RESfYes (GT)NR5×/week8Xbox Kinect:
Kinect Sports

ExG: 30, 48.83
(7.0); SPTG:
28, 52.07 (7.48)

Breast cancerRCT, Saudi
Arabia [40]

CGi: usual
care; MemG:

NoRPEh:
mean

3×/week for 45
minutes

8Xbox Kinect:
Shape Up

ExG: 22, 11.81

(2.41); MemGg:

Pediatric oncologyRCT, Switzer-
land [33]

memory
training

4.35 (SD
2.23)/10

23, 10.71
(2.48); CG: 24,
11.13 (2.47)

N/AlYes (IT)NR2-3×/week; ExG:
mean 91.84 (SD

8-10Xbox Kinect:
Your Shape Fit-

ExG: 15, 57.13

(16.74); CAGj:

Various types (gas-
trointestinal tract,
breast, abdominal

Controlled
quasi-experi-
mental, Brazil
[41-43]

11.88) min-
utes/week; ExGh:
mean 90.03 (SD

ness Evolved
(Wall Breaker,
Stomp It, and
Run the World)

15, 63.29

(7.34); ExGhk:
15, 56.73
(11.94)

and pelvic, or
oropharyngeal)

9.95) min-
utes/week

SPTG:

ENDm and
RES

NoNR2×/week for 45
minutes

6Xbox Kinect:
Dance Central
and Kinect
Sports

ExG: 19, 50.84
(8.53); SPTG:
17, 51.00 (7.06)

Breast cancerRCT, Turkey
[38]

N/AYes (IT)Light to
moderate
intensity

2-3×/week for 20-
50 minutes

8-10Xbox Kinect:
Your Shape Fit-
ness Evolved
(Stomp It and
Wall Breaker)

ExG: 10, 61.46
(8.79); ExGh:
10, 57.62 (7.57)

Various types (gas-
trointestinal, breast,
abdominopelvic,
ovary, uterus,
prostate, or orophar-
ynx)

Controlled
quasi-experi-
mental, Brazil
[44,45]

CG: PAn ad-
vice: 30 min-
utes/day

NoNR7×/week for 30
minutes

8Nintendo Wii
Fit: Hula Hoop
or Jogging, Is-
land Cycling,

ExG: 17, 7.8 (3-
16); CG: 19, 7.9
(3-15)

Pediatric cancerRCT, Finland
[34]

and Rhythm
Kung-Fu

N/ANoLight in-
tensity

Balance: 5×/week;
Walking: 5×/week;

W1o: 5 minutes/ses-

16Nintendo Wii
Fit Plus: Walk-
ing and balance
games

ExG: 7, 64.6
(6.5)

Early-stage
non–small cell lung
cancer

Single group,
USA [48,49]

sion incremented
by 5 minutes/ses-
sion each week if

PSEp >70%

N/AYes (IT)NR3×/week for 30
minutes

12Xbox Kinect:
Kinect Sports 1
and 2, Kinect
Adventures

ExG: 3, 5.66
(0.58)

Pediatric cancerQualitative,
Greece [35]

CG: usual
care; SPTG:

NoLight to
moderate:

5×/week for 45
minutes

12Nintendo Wii
Fit

ExG: 8, 77.5
(6.7); SPTG: 6,
75.7 (9.5); CG:
5, 71.8 (5.0)

Prostate cancerRCT, USA
[50]

END and
RES

HRrq:
60%-
70%;
RPE: 3-
5/10
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Comparison
group

Supervision,
individual
training (IT)
or group
training
(GT)

IntensitySession frequency
and duration

Program
duration
(weeks)

System and ex-
ergames

Population and
age (years), n,
mean (SD) or
median (mini-
mum-maxi-
mum)

Cancer typeStudy design,
country, refer-
ence

SPTG: END
and RES

Yes (IT)NR5×/week for 30-45
minutes

4Nintendo Wii
Sport, Wii Fit,
and Wii Bal-
ance Board

ExG: 19, 56
(21-65); SPTG:
23, 56.5 (23-69)

Hematologic cancerProspective
randomized,
Germany [46]

N/AYes (IT)METsr:
Hula
Hoop: 4;
Basic
steps: 3

5×/week for 20
minutes

Median:
23.5 days

Nintendo Wii
Fit: Hula Hoop
and Basics Step

ExG: 16, 66
(60-76)

Hematologic cancerSingle group,
Japan [47]

CG: usual
care

NoNR3×/week for 60
minutes

12Xbox Kinect:
Your Shape Fit-
ness Evolved,
Sport and Ad-
venture

ExG: 21, 67.6
(4.6); CG: 20,
69.8 (4.4)

Prostate cancerRCT, Den-
mark [51]

N/ANoHRpeaks:
approx.
65%;
RPE: 3-
6/10

3-5×/week; W1-
W3: 36 min-
utes/week; W4-
W6: 40.1 min-
utes/week

6Nintendo Wii
Fit: Wii Fit U

ExG: 8, 57.6
(13.3)

Oral or laryngeal
cancer

Single group,
United States
[52]

N/ANoRPE: 3-
6/10

3-5×/week; W1-
W3: 47.0 min-
utes/week; W4-
W6: 81.2 min-
utes/week

6PAfitME (per-
sonalized ex-
ergame PA)

ExG: 4, 63.3
(8.7)

Advanced cancersSingle group,
United States
[53]

CG: usual
care

Yes (IT)Light in-
tensity

7×/week for 15
minutes

2Virtual Thera-
peutic Garden

ExG: 9, 50.6
(12.6); CG: 7,
59.55 (7.85)

Breast cancerRCT, Poland
[39]
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Comparison
group

Supervision,
individual
training (IT)
or group
training
(GT)

IntensitySession frequency
and duration

Program
duration
(weeks)

System and ex-
ergames

Population and
age (years), n,
mean (SD) or
median (mini-
mum-maxi-
mum)

Cancer typeStudy design,
country, refer-
ence

N/AYes (IT)Light in-
tensity

2×/week for 45
minutes

12Nintendo Wii
Fit Plus: Soccer
heading, ski
jumping, Pen-
guin Slide, Ski
Slalom, Balance
Bubble

ExG: 5, 10.4
(3.5)

Pediatric medul-
loblastoma

Case series,
Turkey [36]

aRCT: randomized controlled trial.
bExG: exergames group.
cSPTG: standard physiotherapy group.
dNR: not reported.
ePNF: proprioceptive neuromuscular facilitation.
fRES: resistance training.
gMemG: working memory training program group.
hRPE: Rating Perception of Exertion.
iCG: control group.
jCAG: remission patients.
kExGH: exergame group with healthy volunteers.
lN/A: not applicable.
mEND: endurance training.
nPA: physical activity.
oW1: week 1.
pPSE: personal self-efficacy.
qHRr: heart rate reserve.
rMET: metabolic equivalent task.
sHR peak: heart rate peak.

Study Quality
Quality assessments of the randomized studies are presented in
Table 2 and are available in Multimedia Appendix 3. Overall,
the risk of bias ranged from low [40] to some concerns
[33,38,39,46,50,51] to high [34]. This assessment depended

primarily on knowledge of allocation, number of dropouts, lack
of data, and heterogeneity of baseline results.

Quality ratings for nonrandomized studies are presented in Table
3. Scores ranged from 1 to 5. Non-RCTs, missing data, and
dropouts limited quality.
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Table 2. Risk of bias assessment for randomized trials.

OverallD5eD4dD3cD2bD1aStudy

LowLowLowLowSome concernsLowBasha et al [40]

Some concernsLowLowLowSome concernsLowBenzing et al [33]

Some concernsLowLowLowSome concernsLowFeyzioğlu et al [38]

HighLowLowLowHighLowHamari et al [34]

Some concernsLowLowLowSome concernsSome concernsSajid et al [50]

Some concernsLowLowSome concernsSome concernsLowSchumacher et al [46]

Some concernsLowLowSome concernsSome concernsLowVillumsen et al [51]

Some concernsLowLowLowSome concernsLowCzech et al [39]

aD1: bias due to the randomization process.
bD2: bias due to deviations from intended interventions.
cD3: bias due to missing data.
dD4: bias in measurement of outcomes.
eD5: bias in selection of the reported results.

Table 3. Risk of bias assessment for nonrandomized trials.

ScoreQ11Q10Q9Q8Q7Q6Q5Q4Q3Q2Q1aStudies

5YYNYNNNYNcYYbAtef et al [37]

3YYNNNNNYNNYda Silva Alves et al [41], da Silva Alves
[42] da Silva Alves [43]

5YYYNYNNYNNYde Oliveira et al [44] and de Oliveira et
al [45]

3YYYNNNNNNNYHoffman et al [48]

3YYYNNNNNNNYHoffman et al [49]

2NNYYNNNNNNNNani et al [35]

2YNYNNNNNNNYTsuda et al [47]

1YNNNNNNNNNYWang et al [52]

1YNNNNNNNNNYWang et al [53]

4NYYYYNNNNNYTanriverdi et al [36]

aQ1: Question 1.
bY: yes.
cN: no.

Feasibility and Adherence to Exergaming Interventions
Feasibility and adherence are presented in Table 4. On the
whole, the exergaming interventions were feasible; 53.1% of
patients agreed to participate. In addition, no adverse events
related to AVG were reported. Regarding dropouts, 12 studies
reported a rate of less than 20%, and 5 studies had 26.2% to
60% dropouts. The dropout rate was reduced by session
supervision; supervised interventions had an 11.1% dropout
rate [33,37-40,46,48,50,54] compared with 25.4% for those

without supervision [34,35,41,42,44,47,51-53]. The dropout
rate increased with age [41,43,44,46,47,50,52], male gender
[50,51], and cancer aggressiveness [44,46,47,52,53]. Other
reasons such as lack of time, travel difficulties, and patient death
have also been reported [44,47,50,55].

Adherence rates were reported in only 6 studies. Three studies
achieved an adherence rate of less than 70% [33,34,47], and 3
obtained a rate greater than 70% [36,48,49,52]. The number of
studies is too small to provide convincing evidence of patient
adherence to AVGs.
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Table 4. Feasibility of intervention, dropouts, and adherence rate throughout intervention.

Adherence rate (total ses-
sions completed [%])

Dropouts, n (%)Feasibility (participants/people
meeting inclusion criteria)

Study

NRa6 (16.7)36/51Atef et al [37]

NR2 (6.7)60/112Basha et al [40]

47.6% reached the desired
20 sessions

6 (8.6)70/310Benzing et al [33]

NR10 (18.2)36/105da Silva Alves et al [41], da Silva Alves [42], and da Silva
Alves [43]

NR4 (10.0)40/67Feyzioğlu et al [38]

NR18/38 (47.4)38/51de Oliveira et al [44] and de Oliveira et al [45]

50% the first week1 (2.8)36/47Hamari et al [34]

First 6-week period: mean
96.6% (SD 3.4%, range
90%-100%); second 10-
week period: mean 87.6%
(SD 12.2%, range 59%-
100%)

0 (0)7/10Hoffman et al [48] and Hoffman et al [49]

NR0 (0)NRNani et al [35]

NRWeek 6 = 0 (0); week 12
= 6 (31.5)

19/31Sajid et al [50]

NR11 (26.2)42/49Schumacher et al [46]

62%7/16 (43.8)NRTsuda et al [47]

NR5/46 (10.9)NRVillumsen et al [51]

First 3-week period: 75%;
second 3-week period:
100%

2 (20)10/85Wang et al [52]

100%6 (60)10/60Wang et al [53]

NR0 (0)NRCzech et al [39]

83.3%0 (0)NRTanriverdi et al [36]

aNR: not reported.

Physiological Effects
Physiological outcomes are summarized in Table 5. The
interventions based on AVGs showed varied physiological
effects in patients with cancer.

PA levels were assessed in 6 studies using pedometers [48,50],
accelerometers and diaries [34], or questionnaires [39,46,51].
Four studies found that AVGs did not significantly improve
this parameter [34,46,50,51]. Hoffman et al’s study [48]
indicated that AVGs could increase PA levels, but the authors
did not present statistical analysis, and Czech et al’s study [39]
indicated that AVGs increased PA levels significantly.

Muscular strength was assessed in 9 studies using hand
dynamometers [38,40,46,47,50,52,53], electromyography
[41-45], or a power bench [51]. After the intervention based on
AVGs, strength was improved in 3 studies [38,40-43]. Five
studies reported no significant effect of the AVG intervention
[44,45,47,50-53], and Schumacher et al [46] demonstrated that
patients had lost strength at the end of the intervention. In

addition, 2 studies examined body composition [50,51]. The
authors concluded that AVGs did not have a significant effect
on body composition.

Aerobic capacity was assessed by a 2-minute walk test [46] or
a 6-minute walk test [51-53]. Three of the 4 studies revealed a
significant enhancement due to the AVG intervention
[46,51-53].

In addition, physical function was assessed in 9 studies using
questionnaires such as QuickDASH-9 (Quick Disabilities of
the Arm, Shoulder and Hand) [37] and DASH [38,40] and tests
such as the German Motor Test [33], Movement ABC-2
(Movement Assessment Battery for Children—Second Edition)
[34], SPPB (Short Physical Performance Battery) [50], or
Barthel Index [47]. Tanriverdi et al’s study [36] is based on the
performances achieved in video games (ie, Fit Age in Nintendo
Wii Fit Plus). Four studies showed a positive effect of AVGs
on physical function [36-38,40], whereas the others did not
report a significant effect.
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Table 5. AVGsa within-group effects on psychological and physiological outcomes.

Psychological outcomesPhysiological outcomesReferences

SEfDepressionAnxietyCRFeQoLdBCcPhysical
function

EnduranceStrengthPAb level

N/AN/AN/AN/AN/AN/A+h

(P=.001)

N/AN/AN/AgAtef et al [37]

N/AN/AN/AN/A+
(P<.001)

N/A+
(P<.001)

N/A+ (P<.001)N/ABasha et al [40]

N/AN/AN/AN/AN/AN/A=i

(P=.63)

N/AN/AN/ABenzing et al [33]

N/AN/AN/A+ (P<.01)+ (P<.01)N/AN/AN/A+ (P<.01)N/Ada Silva Alves
[41], da Silva
Alves [42], and da
Silva Alves [43]

N/AN/AN/AN/AN/AN/A+
(P=.001)

N/A+ (P=.001)N/AFeyzioğlu et al
[38]

N/AN/AN/A+
(P=.001)

N/AN/AN/AN/A+ Right
deltoid
(P=.01); =
Left del-
toid
(P=.19)

N/Ade Oliveira et al
[44] de Oliveira et
al [45]

N/AN/AN/A= (P<.99)N/AN/A= (P<.05)N/AN/A= (P<.05)Hamari et al [34]

+
(P=NR)

N/AN/A+ (P=NR)N/AN/AN/AN/AN/A+ (P=NRj)Hoffman et al [48]
Hoffman et al [49]

N/AN/AN/AN/A+ (P=NR)N/AN/AN/AN/AN/ANani et al [35]

N/AN/AN/AN/AN/A=
(P=.25)

= (P=.46)N/A= (P=.69)= (P=.71)Sajid et al [50]

N/A+ (P=.02)= (P>.05)N/A+
(P=.001)

N/AN/A+ (P=.02)−k (P=.02)= (P=.09)Schumacher et al
[46]

N/A= (P=.22)= (P=.05)N/AN/AN/A= (P=.58)N/A= (P=.28)N/ATsuda et al [47]

N/AN/AN/A= (P=.15)= (P=.61)=
(P>.05)

= (P>.05)+ (P=.02)= (P>.05)= (P>.05)Villumsen et al
[51]

N/AN/AN/A+ (P=.03)N/AN/AN/A= (P=.07)= (P=.18)N/AWang et al [52]

N/AN/AN/A+mN/AN/AN/A+l= (P=NR)N/AWang et al [53]

N/A+ (P=.02)N/AN/AN/AN/AN/AN/AN/A+ (P=.03)Czech et al [39]

N/AN/AN/AN/AN/AN/A+ (P=NR)N/AN/AN/ATanriverdi et al
[36]

aAVG: active video game.
bPA: physical activity.
cBC: body composition.
dQoL: quality of life.
eCRF: cancer-related fatigue.
fSE: self-efficacy.
gN/A: not applicable.
h+: positive effect.
i=: no significant effect.
jNR: not reported.
k−: negative effect.
lCohen d=0.6.
mCohen d=0.7.
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Psychological Effects
Psychological outcomes are summarized in Table 5. Overall,
AVG interventions maintained or improved psychological
parameters.

Fatigue was assessed in 7 studies using the FACT-F (Functional
Assessment of Cancer Therapy: Fatigue) scale, the Brief Fatigue
Inventory scale, or the PedsQL (Pediatric Quality of Life
Inventory) Multidimensional Fatigue subscale. Five AVG
interventions led to an improvement in fatigue score
[41-45,48,49,52,53], whereas Villumsen et al [51] and Hamari
et al [34] reported no significant change.

Anxiety and depression were assessed in 2 studies using the
HAD (Hospital Anxiety and Depression) scale. One study
assessed depression through Beck Depression Scale. No
significant results were found on anxiety [46,47]. However,
Schumacher et al [46] and Czech et al [39] showed an
improvement in the depression score.

Regarding QoL, 5 studies examined this outcome through
interviews or questionnaires as well as FACT-BMT (Functional
Assessment of Cancer Therapy: Bone Marrow Transplantation),
FACT-P (Functional Assessment of Cancer Therapy: Prostate),

or SF-36 (36-Item Short Form Health Survey). Four of them
demonstrated that AVGs improved QoL in patients with cancer
[35,40-42,46]. One study found no significant effect on this
parameter [51].

Concerning the self-efficacy perception, Hoffman et al [48,49]
used the Perceived Self-Efficacy for Fatigue Self-Management
for Walking Duration questionnaire and a specific scale for
balance activities. They demonstrated that the AVG intervention
improved self-efficacy perception in patients with cancer.

Comparison Between AVG and Standard
Physiotherapy
Between-group comparisons are presented in Table 6. They
revealed that AVGs induced greater benefits on QoL [46] than
standard physiotherapy (SPT), as well as on vitality and general
health, which are the subcomponents of QoL [40]. Similar
results were reported regarding depression [46].

Concerning endurance, physical function, and strength, the data
appeared controversial. Some studies mentioned an improvement
in endurance [51] or physical fitness with AVGs [40], whereas
others indicated the opposite [38] or no difference between these
2 approaches [37,38,46].
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Table 6. Between-group comparisons on physiological and psychological outcomes.

Psychological outcomesPhysiological outcomesReferences

DepressionAnxietyCRFdQoLcBCbPhysical functionEnduranceStrengthPAa level

N/AN/AN/AN/AN/AExGf=SPTGg

(P<.05)

N/AN/AN/AeAtef et al [37]

N/AN/AN/AExG=SPTG
(P<.05); gen-
eral health:
ExG>SPTG
(P<.001); vi-
tality:
ExG>SPTG
(P=.006)

N/AExG>SPTG
(P<.001)

N/AExG<SPTG
(P<.001)

N/ABasha et al [40]

N/AN/AN/AN/AN/AExG=SPTG
(P>.05)

N/AN/AN/ABenzing et al
[33]

N/AN/AN/AN/AN/AExG<SPTG
(P=.02)

N/AExG=SPTG
(P=.30)

N/AFeyzioğlu et al
[38]

N/AN/AExG=SPTG
(P<.05)

N/AN/AExG=SPTG
(P=.77)

N/AN/AExG=SPTG
(P=.38)

Hamari et al
[34]

N/AN/AN/AN/AExG<SPTG
(P=NR)

ExG<SPTG
(P=NR)

ExG<SPTG
(P=NR)

ExG<SPTG
(P=NR)

ExG<SPTG

(P=NRh)

Sajid et al [50]

ExG>SPTG
(P=NR)

ExG=SPTG
(P<.05)

N/AExG>SPTG
(P=NR)

N/AN/AExG=SPTG
(P<.05)

ExG=SPTG
(P<.05)

ExG=SPTG
(P<.05)

Schumacher et
al [46]

N/AN/AExG=SPTG
(P=.15)

ExG=SPTG
(P=.61)

ExG=SPTG
(P=.09)

ExG=SPTG
(P=.08)

ExG>SPTG
(P=.02)

ExG=SPTG
(P=.22)

ExG=SPTG
(P>.05)

Villumsen et al
[51]

aPA: physical activity.
bBC: body composition.
cQoL: quality of life.
dCRF: cancer-related fatigue.
eN/A: not applicable.
fExG: exergames group.
gSPTG: standard physiotherapy group.
hNR: not reported.

Discussion

Principal Findings
AVGs are innovative tools in oncology. Safe, fun, and feasible
PA interventions using AVGs have demonstrated beneficial
effects on physical and psychological health.

In our systematic review, we reported that AVGs can help
patients develop their endurance capacity because 3 of the 4
studies demonstrated an improvement of this outcome
[46,51-53]. Increasing peak oxygen uptake values with AVGs
could prevent the disease-associated loss of autonomy and allow
the patient to live independently as a healthy individual. AVGs,
through their repetitive and rapid movements, lead to PA of
sufficient intensity to generate adaptations in pathological
individuals, demonstrating the relevance of AVGs as a
rehabilitation strategy [23,26,56].

AVGs presented mixed effects on patients’physical functioning.
When the practice of AVGs did not result in positive effects
[34,47,50,51,55], the authors hypothesized that the intensity
elicited by the AVGs would not be sufficient, except in the case

of very deconditioned patients [46], or that the weekly duration
of practice would be too short [46,55]. However, the second
hypothesis seems less relevant, as 3 of the 4 studies reporting
benefits offered only 2 sessions per week [36-38]. Another
explanation could be the deterioration of patients’ health due
to cancer treatments [44,47,48]. Among the studies reporting
benefits [36-38,40], the protocols used differ in terms of
frequency (2 [36-38] to 5 [40] sessions per week during 4 [37]
to 12 weeks [36]), intensity (light to moderate [36-38,40]), and
time (from 30 [37] to 45 minutes [36,38]), which prevents the
definition of precise recommendations.

Contrary to SPT, AVGs do not significantly develop muscle
mass and strength. In the 6 studies reporting no benefits, the
AVGs proposed, whether commercial [46,47,50,51,53] or
created [52], do not include muscle strengthening exercises. In
the 3 studies reporting strength gain [38,42,44,45], patients used
Xbox Kinect, suggesting that the type of movements performed
during these AVGs may be advantageous in targeting this goal.
Because muscle mass is predictive of patient life expectancy,
it is essential to develop new AVGs with a muscle-strengthening
component.
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Among the psychological components, only CRF and QoL seem
to be improved by the use of AVGs [35,40-42,44,46,48,52,53].
This was previously suggested by Ioannou et al [57] in their
systematic review. Similarly, Ulas and Semin [2] also showed
that virtual reality decreased perceived exercise intensity,
reduced exercise stress, and improved perceived self-efficacy,
thus helping patients to delay their fatigue threshold [2,58,59].
An improvement in sleep quality could also be achieved, leading
to better recovery and less fatigue [2]. In our systematic review,
sleep quality was not a primary outcome. Nevertheless, 2 studies
evaluated the effects of exergames on this parameter using
polysomnography and the Children’s Sleep Habit Questionnaire
in children with acute lymphoblastic leukemia [60] and the
Pittsburgh Sleep Quality Index in patients with breast cancer
[39]. Both of these studies demonstrated the positive effects of
the AVG intervention on sleep quality.

The physiological and psychological benefits in response to
AVGs appear to be independent of increased PA levels. These
results are surprising in view of the previous publications,
showing that AVGs led to an increase in PA levels in various
patients [23,27,56,61]. Several hypotheses can be proposed;
wearing connected watches [34] is described as a behavior
change technique [62] because it provides goal setting, action
planning, and feedback [63] and could temporarily increase PA
[58]. Hence, the first week’s measurement may be higher than
usual because of the motivational dimension of the device. In
contrast, at the end of the protocol, the PA level would be less
modulated because of a gradual decrease in the motivation,
possibly leading to monitor dropout [59,60,64]. This result can
also be found with pedometers [48-50]. With respect to measures
obtained using PA questionnaires, there may be a social
desirability bias [65]. This bias may lead to overestimating the
PA level on the initial assessment, but repetition of the measures
would gradually reduce it [66]. An alternative explanation would
be that participants decrease their home PA as a result of the
increased PA achieved with the AVGs. This hypothesis is
notably supported by Hoffman et al [48,49], who show that
patients reduce their daily PA once they follow a walk program
on the Wii Balance Board. Finally, in the study by Schumacher
et al [46], patients with cancer complete the PA questionnaire
before hematopoietic stem cell transplantation (T1), and then
7 days (T2), 14 days (T3), and 100 (T4) days after. The
comparison is only made between T1 and T4, but we can assume
that the level of PA drops after T1 in response to the treatments,
explaining the lack of a significant difference between T1 and
T4.

To sum up, in view of the physiological and psychological
benefits observed, the use of AVGs in oncology appears to be
relevant, particularly for patients who are far from PA practice
sites and who can perform PA at home [13,14,67], and for those

who are too weak or isolated because of the constraints of
treatments (ie, sterile room). Our systematic review suggests
that anticancer treatments [46,47,52-54] and advanced cancers
[44,46,47,52,53] negatively influence patient adherence to
interventions using AVGs. This result is also found for SPT
[68]. Side effects (eg, fatigue, nausea, pain, or postoperative
immobilization) may partially explain this finding. Moreover,
AVG interventions appear to be better accepted by younger
patients than by older patients. Familiarity and ease of use of
technology may explain these results; older adults need tailored
technology systems [69,70]. These results are reinforced by
studies showing the influence of session supervision on patient
adherence [33,36-40,48]. It would contribute to support patients
in the use of new technologies and would therefore be more
necessary than during SPT [67,71]. Finally, among the
parameters of PA, intensity and frequency seem to be 2 key
factors [38,41,42,49,51]. Based on the findings, the optimal
recommendations would be to perform a minimum of 3 sessions
of exercise per week at a light intensity.

Study Limitations
Heterogeneity in settings, evaluations, and populations limits
the ability to conclude on the effects of AVGs on specific cancer
populations; therefore, only trends are presented in this review.

In addition, most of the nonrandomized trials presented low
scores on the PEDro scale (from 1 to 5/10). Thus, some results
should be viewed with caution because the study did not present
statistical analysis [35,36,48,49] and the dropout rate was very
high [44,45,47,53].

Perspectives
Additional RCT and high-quality studies will be required to
assess AVG feasibility with other patients with cancer and
compare AVG intervention with SPT. In addition, further
research will help define the optimal parameters of AVG
interventions (ie, frequency, intensity, type, time, and
supervision) based on patient characteristics and goals to be
achieved. Also, future research should evaluate the effects of
the AVG intervention combined with resistance training.

Conclusions
The results of our review support the notion that AVGs can be
recommended to patients undergoing cancer treatment, given
the physiological and psychological benefits. The rates of
engagement and adherence are similar to those found with SPT.
However, as AVGs have no impact on body composition and
muscle strength, we suggest combining AVGs with muscle
strengthening exercises. Special attention should be paid to
patients with advanced cancers and cancer cachexia to ensure
that AVGs do not exacerbate weight and muscle loss.
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RoB 2: version 2 of the Cochrane risk-of-bias tool for randomized trials
SF-36: 36-Item Short Form Health Survey
SPPB: Short Physical Performance Battery
SPT: standard physiotherapy
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