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Abstract
Purpose Adolescent and young adult (AYA) cancer survivors experience greater functional deficits compared to non-cancer
peers or older survivors with a similar diagnosis. Physical activity (PA) is a key strategy for mitigating functional decline, and
motivation and peer support are critical PA facilitators in AYA cancer survivors. Active video games (AVGs) may be a
“gateway” method to promote PA. Further, integrating AVGs into group videoconferencing, a medium used by AYAs to
socialize, can capitalize on peer support needed for PA motivation. Thus, we examined the use of AVGs and/or videoconfer-
encing in PA interventions that included AYA survivors and the effect on physical function and health outcomes.
Methods Seven electronic databases were searched from incept to January 2020. Search terms included videoconferencing, video
games, exercise, and cancer. The protocol is registered on PROSPERO: CRD42020163491. Two reviewers evaluated eligibility
and methodological quality using Cochrane’s risk of bias tools.
Results Six unique studies were included with 97% reviewer agreement. All used AVGs, none used videoconferencing alone,
and one used both. Study designs and outcome measures were heterogeneous. Only one study solely targeted AYA survivors.
Most were low to medium quality. Few showed significant improvements in quality of life (QOL) and fatigue (n=3),
coordination/balance (n=2), and aerobic capacity (n=1).
Conclusions PA interventions using AVGs and/or videoconferencing may improve QOL and fatigue, but evidence on function is
lacking. Rigorous interventions targeting AYA survivors are needed.
Implications for Cancer Survivors Using AVGs and/or videoconferencing to facilitate PA may improve QOL and fatigue.
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Introduction

Adolescent and young adult (AYA) cancer survivors are a
medically underserved population [1] recognized by the
National Cancer Institute [2] and the American Cancer
Society [3]. The age range for this population has been defined
as 15 to 39 years of age [2, 4]. With advances in diagnosis and
treatment during the past four decades, the 5-year survival rate
has improved significantly among AYA cancer survivors [5,
6]. However, increased survival comes with a cost. Cancer
and cancer-related treatment are associated with a myriad of
deleterious short- and long-term side effects that can negative-
ly impact physical function and accelerate functional decline
[7]. Notably, a recent study on AYA cancer survivors indicat-
ed a high rate of physical concerns (88%) and emotional con-
cerns (79%), yet fewer than 50% reported that their concerns
have been addressed by their healthcare team [8].

Functional impairment is defined as the inability to carry
out certain functions as a result of an illness or injury [9].
When unaddressed, it can contribute to a cascade of further
functional decline and may potentially compound the life-
altering problems faced by AYA cancer survivors, increasing
healthcare utilization and risk for both loss of independence
and early mortality [10].

Functional impairment also decreases survivors’ ability to
fulfill life roles due to post-treatment effects which may lead
to changes in ambulation, posture, and coordination [11].
These impairments are associated with increased risk of mor-
bidity and mortality, and decreased quality of life (QOL),
independent of functional decline (e.g., progressive weakness
secondary to non-use) [11–13].

In fact, data that included adolescent-aged childhood can-
cer survivors indicated that cumulative frequency of severe,
disabling, or life-threatening health conditions by age 50 is
approximately twice that of their cancer-free peers [14].
AYA survivors are also at 10.4-fold increased risk for mortal-
ity in comparison to their matched non-cancer cohort and this
elevated risk persists 20 years or longer [15].

Along with treatment exposures (i.e., radiation), current
and former physical activity (PA) engagement is significantly
correlated with frailty [14]. Thus, PA is a key strategy to
mitigate functional decline and improve physical function
[16], yet fewer than 50% of AYA cancer survivors meet PA
recommendations [17]. Some challenges faced by AYA can-
cer survivors, such as balancing demands of schooling, caring
for aging parents and young children, meeting work demands,
and managing their own health-related issues [18], may be
similar to those experienced by cancer survivors older than
39 years old. However, these stressors are likely amplified in
AYA cancer survivors because they face these challenges
with fewer resources (e.g., difficulty finding peer support)
and experience significantly greater symptom burden than
older survivors with a similar cancer diagnosis [19, 20].

Additionally, AYA survivors may be geographically isolated
from family and other support systems as a result of moving
away to begin school or work, and thus must learn to face
these issues on their own for the first time. Altogether, these
challenges can exacerbate functional decline and can impact
how they respond to PA interventions. Therefore, tailored
interventions that are responsive to the needs of AYA cancer
survivors are needed.

The use of active video games (AVGs) may be a potential
“gateway” method to reach and promote PA among AYA
cancer survivors [21]. AVGs have been shown to increase
motivation to participate in PA in adult and pediatric popula-
tions, both in amount and intensity, by acting as a bridge from
playing conventional video games to engaging in PA [21, 22].
Additionally, AVGs can lead to better health behaviors by
improving self-esteem and self-efficacy for engaging in PA,
allowing for the development of skills necessary for participa-
tion in PA, and providing social support when played with
others [21]. AYA cancer survivors have expressed that safety
and physical limitations, resulting from treatment, are barriers
to PA [23]. These can be addressed by using AVGs to encour-
age trials of various activities.

Considering that online group video game play and social-
ization are popular among AYAs, integrating AVGs into group
videoconferencing can potentially capitalize on peer support
needed to increase motivation for PA and accommodate
AYA cancer survivors’ desire to participate in interventions
remotely [24]. The integration of video game play and group
videoconferencing is not new among gamers. The combination
has been in use since 2017 through Twitch, a popular live
streaming service typically used for live broadcasts of video
game play alongside video of the player(s). This feature was
added to enhance game play experience among gamers [25,
26]. However, group videoconferencing has now becomemore
accessible with rapid advances in technology. The worldwide
COVID-19 pandemic further made videoconferencing (e.g.,
Zoom, FaceTime, Google Meet, WhatsApp) commonplace
for individuals to interact for socialization, exercise, work,
and telemedicine purposes [27]. Therefore, combining group
videoconferencing with AVG activities would provide peer
support, a critical PA facilitator among AYA cancer survivors
as they navigate transition challenges [28–32], and may help to
reduce access-related limitations [33] to motivate and promote
PA engagement. Thus, this systematic review aims to examine
how AVGs and/or videoconferencing were used in PA inter-
ventions that included AYA cancer survivors and the effect on
physical function and health outcomes.

Methods

This review was conducted in accordance with the 2009
Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses (PRISMA) [34]. The details of the protocol for
this systematic review, as well as an example of the Medline
OVID search strategy, were registered on PROSPERO
CRD42020163491 (International Prospective Register of
Systematic Reviews; ht tp: / /www.crd.york.ac.uk/
PROSPERO/).

Data sources and searches

A comprehensive search of the published literature was con-
structed collaboratively by MCS and a medical research li-
brarian who is trained in systematic reviews. Published arti-
cles were collected from seven databases (Medline (Ovid plat-
form), Embase (Ovid platform), PubMed, Scopus, CINAHL,
PsycINFO, and Web of Science). The search was conducted
from database inception to January 2020. Search terms includ-
ed videoconferencing,” “video games,” “virtual reality,” “ex-
ercise,” “cancer,” and related words. Searches were not re-
stricted by language, study design, or any other limit, to ensure
that we were able to capture all possible articles. The complete
search strategy for Medline Ovid is available on PROSPERO.
If applicable, additional articles were retrieved through
searching the references of included papers and other review
articles that evaluated technology-based interventions to im-
prove physical function among AYA survivors of cancer.

Inclusion criteria

Participants

Our systematic review evaluated studies that used AVG and/
or videoconferencing as a PA intervention in individuals with
cancer. Study participants could have any cancer diagnosis
and be at any stage of treatment or survivorship. Participants
may have included patients with caregivers, and/or family.
Studies with age ranges below and above AYA but included
participants aged 15–39 years were included. Our reasoning
for this stemmed from the fact that AYA cancer survivors are
often grouped together with either pediatric or adult cancer
survivors in cancer treatment [3], and we suspected this might
also be the case in studies on cancer survivors.

Interventions

Our review included interventions that use AVGs in the con-
sole or application (app) formats and/or AVG interventions
that integrated videoconferencing to deliver the PA interven-
tion. For exercise interventions, the following information
was abstracted: exercise modality, study length, frequency,
duration of the session, and report of any adverse events.

Exclusion criteria

Articles were excluded if they were a type of review article
(e.g., systematic review, scoping review), did not involve hu-
man subjects (e.g., animal studies), or were news briefs, bul-
letins, conference sessions, or abstracts. Studies that did not
enroll any participants aged 15 to 39 years within their cohort
were excluded. Studies that used videoconferencing for
telerehabilitation but did not report physical function or phys-
ical activity assessments were excluded. We contacted the
primary author by e-mail if published information was unclear
regarding the age range of enrolled participants [35, 36].

Comparators

We considered studies that included comparisons to healthy
controls (i.e., case-control, cohort studies), participants serv-
ing as their own control (i.e., cross-over), standard of care (i.e.,
randomized control), or groups that did not receive an inter-
vention (i.e., wait-listed, education handout).

Outcomes

We considered studies that used AVGs and/or integrated vid-
eoconferencing, with the primary outcomes of interest being
physical function and cancer-related fatigue. Physical function
assessments included objective and subjective measures that
evaluated PA, mobility, and performance capacity. CRF as-
sessments included subjective reporting of CRF at baseline
and at follow-up. Secondary outcomes of interest included
QOL and behavior change methodology. QOL assessments
included changes in subjective QOL measures between base-
line and follow-up.

Types of studies

We included articles with experimental and quasi-
experimental study designs (e.g., randomized controlled trials
[RCT]), non-randomized controlled trials, pilot studies, feasi-
bility, and case studies that used AVGs, and studies that com-
bined AVGs and videoconferencing to promote PA and im-
prove physical function.

Study selection

Duplicates were removed based on the title, abstract, and full
text. The research team then reviewed the remaining articles
for eligibility during screening. Articles were screened in two
phases in a blinded, independent manner by two reviewers
(UC and SW). Rayyan [37], a web- and mobile app–based
systematic review tool, was used to determine if all inclusion
and exclusion criteria were met. Any disagreement in study
selection was settled by discussion between the two reviewers
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and authors MCS and NP. A data abstraction form was com-
pleted for each full-text study in order to synthesize heteroge-
neity of the interventions, study designs, and results.
Furthermore, we used an abstraction form to extract informa-
tion on cancer diagnosis, type and stage of cancer, time since
diagnosis, sample size, age, race/ethnicity distribution, other
participant characteristics, type of intervention, study charac-
teristics, and results.

Risk of bias assessment

We used Cochrane’s Risk of Bias tool (RoB 2) for random-
ized controlled trials [38]. The RoB 2 assesses bias across five
domains: randomization process, deviation from the intended
intervention, missing outcome data, outcome measurement,
and selective reporting. An overall bias is assessed and clas-
sified as “low risk,” “some concerns,” or “high risk” of bias.

For non-randomized studies, we used Cochrane’s Risk of
Bias In Non-randomized Studies – of Interventions (ROBINS-
I) tool [39]. The ROBINS-I assesses bias across seven domains:
confounding, selection of participants into the study, classifica-
tion of interventions, deviations from intended interventions,
missing outcome data, measurement of outcomes, and selection
of reported results. The overall risk of bias is assessed based on
the previous domains and classified as “low risk,” “moderate
risk,” “serious risk,” or “critical risk” of bias.

Results

Study characteristics

The study selection process and study characteristics are
outlined in Fig. 1. A total of 790 articles were identified, and
301 duplicates were removed by the medical research librarian.
Thus, a total of 489 unique records were identified and
imported into the Rayyan system: 135 (Medline), 128
(Embase), 18 (PubMed), 54 (CINAHL), 15 (PsycINFO), 97
(Scopus), and 42 (Web of Science). Of those 489 records, 62
were found to be duplicates, leaving 427 individual articles to
be screened by the team. Most articles were removed after
screening titles and abstracts (n=397). Results from this screen-
ing yielded eight full-text articles from six individual studies.
The level of agreement between reviewers (UC and SW) was
97%. The six studies were conducted in five countries (Brazil
[35, 40], Finland [41], USA [42, 43], Germany [44], and
Sweden [45, 46]) and were published from 2013 to 2019.

Studies had a median sample size of n=27. The sample
sizes ranged from eight [43] to 45 [35, 40]. Two of the six
studies included over 50% female participants [35, 40, 45,
46], and only one study reported race, weight, education,
and income [43]. Two studies provided data on body mass
index (BMI) [35, 40, 43]. Two studies included adolescents

(age 15–17 years) [41, 45, 46], and four included adolescents
and young adults (age 18–39 years) [35, 40, 42–44]. Only one
study specifically targeted the AYA cancer population [42].
The forms of cancer varied across all studies, and each study
included multiple cancer types. Time since cancer diagnosis
was reported in five articles [35, 40, 41, 45, 46] ranging from
1.4 months to 5 years.

Of the six studies, one was an RCT [41], two were a quasi-
experimental control study [35, 40], two were RCT pilot stud-
ies [44–46], one was an uncontrolled pilot study [42], and one
was a single-arm feasibility study [43]. Trial length varied.
One trial was 6 weeks [43], one was 10 weeks [45, 46], two
were 8–10 weeks [35, 40, 41], and two were performed during
a procedural hospital stay of mean 23.5 days following hema-
topoietic stem cell transplantation (HSCT) [42, 44]. Four stud-
ies had control groups, which included healthy controls with-
out cancer history who also received the AVG intervention
[35, 40], cancer patients who received general PA recommen-
dations of 30 min per day [41], a wait-list control group [45,
46], and standard-of-care physical therapy sessions [44]. Two
studies had no control group [42, 43].

The use of AVGs and/or videoconferencing in PA
interventions

Two commercially available AVG devices were used: the
Xbox 360 Kinect® [35, 40] and the Nintendo Wii®
[41–46]. The Xbox 360 Kinect® system used a camera to
sense player movement, whereas the Nintendo Wii® system
used motion-sensing game controllers. For some games such
as Wii Fit under Nintendo Wii®, a weight-sensing balance
board is also used to detect player movement. All AVG ses-
sions were performed individually. Videoconferencing was
not widely used to deliver PA interventions. Among the se-
lected articles, only one study used videoconferencing for
weekly individual coaching sessions with a research nurse in
an effort (1) to increase compliance with the AVG prescrip-
tion, (2) to encourage exploration of game use, and (3) to
interact with the participant to play new games together [45,
46]. We found that videoconferencing was not used to deliver
individual or group AVG sessions.

The use of behavior change techniques

The use of behavior change techniques to promote increased
AVG use was not incorporated consistently among the select-
ed articles. Two studies used some form of behavioral
coaching such as a single motivational phone call at the mid-
point of the 8-week intervention [41], and weekly motivation-
al coaching with a research nurse [45, 46]. Only one study
specified the type of behavior change methods integrated into
the intervention design. Wang and colleagues (2019) incorpo-
rated strategies in both the development and the
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implementation of the intervention to promote task self-
efficacy and PA enjoyment. The development of the interven-
tion included activating mastery experiences (by providing
challenging tasks and giving feedback), guided practice
(prompting participants to perform the activities), goal setting,
and setting graded tasks (prescribing PA at lower levels and
increasing over time to meet PA recommendations).
Implementation of the intervention included guided practice,
behavior self-monitoring, verbal persuasion through Wii Fit®
messages and from the nurse interventionist, and planning
coping responses to barriers. The authors incorporated strate-
gies to enhance PA enjoyment included goal setting (includ-
ing enjoyable games in the exercise prescription) and promot-
ing intrinsic motivation [43].

Physical function and physical activity (PA) measures

All studies assessed fitness or physical function and PA.
Physical functionmeasures varied for each study and included
surface electromyography using maximal voluntary isometric
contractions (MVICs) [35], ankle strength via dynamometry
[35], motor performance via the Movement-ABC2 [41],
Timed Up and Go (TUG) [42], Six Minute Walk Test
(6MWT) [42, 43], Bruininks-Oseretsky Test of Motor
Performance (BOT-2) [45], the Assessment of Motor
Process Skills (AMPS) [46], the Two Minute Walk Test
(2MWT) [44], handgrip strength via handgrip dynamometry
[43, 44], shoulder range of motion (ROM), Lawton
Instrumental Activities of Daily Living (IADL) Scale, and
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Fig. 1 Study selection process. Flow diagram of identified publications with number of articles removed displayed in the far right column
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Berg Balance Scale assessment [43]. PA measures included
AVG weekly session attendance and minutes per week of
participation [35], step counts per hour (as measured by
Fitbit Ultra accelerometers worn around the waist) [41], self-
reported type and duration of PA using an activity log [42],
Sensewear Pro 2 Armband assessing metabolic equivalents
(METs) [45, 46], and energy expenditure assessed via the
Human Activity Profile [44].

Fatigue and other health outcome measures

Three studies evaluated CRF. Similar to the PA and physical
function measures, CRF was assessed using a variety of self-
reported scales. The PedsQL™ Multidimensional Fatigue
Scale questionnaire proxy report was used in one study [41],
while the Brief Fatigue Inventory (BFI) was used in another
[43]. In the third study, fatigue was assessed using the
Functional Assessment of Chronic Illness Therapy-Fatigue
(FACIT-F) and the Functional Assessment of Cancer
Therapy - Fatigue (FACT-F) [35, 40].

Two studies out of six assessed QOL.While one study [42]
used the Behavioral, Affective, and Somatic Experiences
Scale-Child version (BASES-C), another study [44] used both
the Functional Assessment of Cancer Therapy-Bone Marrow
Transplantation (FACT-BMT) and 36-Item Short Form
Survey (SF-36) to capture QOL.

Changes in physical function and health outcomes

Changes in function and fitness demonstrated improvements
in MVIC, 6MWT, IADLs, balance, grip strength sum, shoul-
der forward flexion, and body coordination [35, 43, 45, 46].
Contrastingly, two studies found no significant changes in
function as measured by physical activity minutes per day
[41, 42], and one study reported that grip strength decreased
in both intervention and control patients [44].

Three studies found no significant differences in PA type
and duration, moderate and vigorous physical activity
(MVPA) levels, or METs post-intervention [41, 42, 44].
Two studies collected PA data as a means of determining
intervention adherence, not to analyze changes in lifestyle
PA [35, 43]. Two studies found significant improvements in
self-reported fatigue, as measured by fatigue subscales of the
FACT-F, and CRF severity levels [35, 40, 43] with one study
[40] that showed improvements in fatigue after 10 AVG ses-
sions, but no further improvement after another 10 sessions.
However, Hamari et al. found no significant differences in
fatigue PedQL scores between intervention and control
groups, pre and post-intervention [41].

Significant improvements were seen in QOL scores on the
FACT-G, SF-36, and FACT-BMT in the AVG groups [40, 44].
Subcategories within the FACT-BMT that showed improve-
ment included Physical Well-Being (PWB), Emotional Well-

Being (EWB), and Functional Well-Being (FWB) [44]. PWB
scores decreased significantly from baseline (day of hospital
admission) to second follow-up (14 days post-HSCT) and then
increased from the second follow-up to the final assessment
(100 days post-HSCT) in both HSCT groups. At the same time,
EWB and PWB increased significantly only in the AVG group
[44]. Rosipal and colleagues saw an increase in BASES-C
scores (higher scores equate to lower QOL) in the AVG group
during hospitalization for HSCT. However, scores steadily de-
creased towards baseline as participants were close to discharge
and changes were not significant [42]. Study results and char-
acteristics are summarized in Table 1.

Risk of bias assessment

Based on the results from the RoB 2 for the four randomized
studies (Table 2), two were rated as “High” risk [41, 44] and the
other two were rated as having “Some concerns” of risk [45,
46]. The major concerns that warranted the “High” risk judg-
ment were in the domains of deviations from the intended inter-
vention due to non-compliance, missing outcome data, and se-
lection of the reported results. Only two performed an intention
to treat analysis and incorporated blinding of the outcome asses-
sors [45, 46]. Using the ROBINS-I for the non-randomized
studies, three out of four were rated as “Serious” risk [35, 40,
42], and the other as “Moderate” risk [43] (Table 3). The pri-
mary concerns that warranted the “Serious” risk judgment were
in the domains of missing data (only completer analysis per-
formed) and the absence of blinding for the outcome assessors.

2MWT, Two Minute Walk Test; 6MWT, Six Minute Walk
Test; ADL, activity of daily living; AMPS, assessment of mo-
tor and process skills; AVG, active video games; BC, behavior
change; BFI, Brief Fatigue Inventory; BOT-2, Bruininks-
Oseretsky Test of Motor Proficiency Ed. 2; Con, control
group; CRF, cancer-related fatigue; Exp, experimental
(intervention) group; FACT-BMT, Functional Assessment of
Cancer Therapy-Bone Marrow Transplantation; FACT-F,
Functional Assessment of Cancer Therapy: Fatigue; FACT-
G, Functional Assessment of Cancer Therapy: General;
FWB, Functional Well-Being; HSCT, hematopoietic stem cell
transplant; IADL, Instrumental Activities of Daily Living;
MET, metabolic equivalent of task;MVIC, maximal voluntary
isometric contraction; MVPA, moderate to vigorous physical
activity; NA, not applicable; NR, not reported; PA, physical
activity; PF, physical function; PWB, Physical Well-Being;
QOL, quality of life; ROM, range of motion; sEMG, surface
electromyography; SF-36, 36-Item Short Form Survey

Discussion

Overall, our systematic review found that only one study in-
tegrated videoconferencing into a PA intervention that
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Table 1 Study characteristics

Author
(year)

Study design Intervention Study population Primary measures Secondary
measures

Summary of results

Alves et al.
(2017;
2018)

Brazil

Quasi-experimental
control

AVG type: Xbox
Kinect™ (9 game
reps per session)

Videoconferencing:
None used

Setting: University
lab

Session: 8 weeks;
2–3×/wk, 20
sessions total

Age range: 24–76 yrs
(mean: 57.13±16.7;
63.29±7.3; 56.73±11.9
yrs)

Sample size: n=45 (n=15,
15)

Number of groups: 3
Control group: (healthy)

n=15
Cancer diagnosis: GI,

breast, abd/pelvic,
oropharyngeal, other

PF: sEMG; ankle
dynamometry

CRF: FACIT-F
(higher scores =
less fatigue);
FACT-F

QOL:
FACT-G

BC: None

Significant decrease in
fatigue subscale in 2
experimental groups
compared to controls:

Baseline: (Exp1: 35.7 ±
12; Exp2: 34.1 ±12;
Con:45.3 ± 6)

8 wks: (Exp1: 47 ±4;
Exp2: 45.4 ±7; Con:
47.5 ±5) (p=0.001)

Significant increase in
MVIC (ankle strength)
in Exp groups vs Con

Significant improvement
in FACT-G (QOL)
mean scores in both
Exp groups:

Baseline: (Exp1: 35.7;
Exp2: 34.1; Con: 45.3)

After 20 sessions: (Exp1:
46.8; Exp2: 44.6; Con:
47.3) (p<0.001)

Hamari et al.
(2018)

Finland

RCT AVG type: Nintendo
WiiFit™ games

Videoconferencing:
None used

Setting: Hospital &
home-based

Session: 8 weeks; 30
min/day;
Motivational
phone call at 4
weeks;

Maintain PA diary

Age range: 3–16 yrs
(Mean: 7.8 yrs)

Sample size: n=36
Number of groups: 2
Control group: n=19
Cancer diagnosis: Acute

lymphocytic leukemia,
Wilms tumor, Burkitt
lymphoma,
non-Hodgkin and
Hodgkin lymphoma,
other

PF:M-ABC2;
accelerometer;
MET
Questionnaire
(MET
hrs/week)

CRF: Peds-QL
proxy reports

QOL: None
BC: None

Median accelerometer
count and physical
activity min/day did
not differ significantly
(p=0.63, p=0.95,
respectively)

No significant group
differences in
M-ABC2 and
Peds-QL fatigue
scores (p=0.77,
p=1.00, respectively)

Rosipal et al.
(2013)

TX, USA

Pilot study AVG type offered:
Nintendo
WiiFit™, Dance
Dance Revolution

Videoconferencing:
None used

Setting: In hospital
Session: Length of

stay (17–34 days);
encouraged to
perform in room
PA 3×/wk, total of
≥60 min;

Using either: AVG,
weight training, or
basketball

Maintain PA diary
Continue with

hospital lead
PT/OT

Age range: 19–25 yrs
(mean: 22.1 ± 2.4 yrs)
Sample size: n=18
Number of groups: 1
Control group: None
Cancer diagnosis:

Leukemia, sickle cell,
Hodgkin lymphoma,
germ cell, mycosis
fungoides

PF: TUG, 6MWT,
PA log (activity
type &
duration)

CRF: None

QOL:
BASES-C

BC: None

6MWT (feet):
Admission: 1548 ±
343

Discharge: 1527 ± 309
(p=0.985)

TUG (s): Admission:
6.92 ± 1.6

Discharge: 6.66 ±1.5 (p =
0.375)

No significant group
differences in 6MWT
& TUG

QOL BASES mean
scores: Time 1: 34.7;
Time 2: 41; Time 3:
42.7; Time 4: 37.2

1 patient connected with
family online for
AVGs, increased
activity engagement
time.

Sabel et al.
(2016;
2017)

Sweden

Pilot cross-over
RCT

AVG Type:
Nintendo
WiiFit™ games

Videoconferencing:
1-on-1 weekly

Age range: 7–17 yrs (12.5
± 2.9 yrs)

Sample size: n=13
Number of groups: 2
Control group: wait-list

PF: BOT-2;
AMPS; energy
expenditure
(METs);
MVPA

QOL: None
BC: None

No significant changes in
ADLs, METs, MVPA

Significant increase in
body coordination in
BOT-2 scores Exp
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included AYA cancer survivors. Videoconferencing was used
for a one-on-one coaching session. However, the videocon-
ferencing technology was not used to deliver the individual or
group AVG sessions. Additionally, PA interventions that used
AVGs and/or integrated videoconferencing with AVG
showed promise for improving QOL and fatigue. More rigor-
ous evidence is needed to evaluate the association between PA
interventions using AVGs and/or AVGs that integrate with
videoconferencing and objective physical function and fitness

outcomes. There is also a need for interventions to specifically
target the AYA cancer survivors to establish the evidence
within this underserved group with unique needs.

To our knowledge, this is the first systematic review to
focus specifically on this topic and population. One review
by Kopp et al. examined the use of technology to deliver
lifestyle behavior interventions addressing chronic disease
risk factors in AYA cancer survivors. The primary focus of
these studies was PA [33]. Other review articles have

Table 1 (continued)

Author
(year)

Study design Intervention Study population Primary measures Secondary
measures

Summary of results

motivational
coaching with
nurse coordinator

Setting: Home-based
Session: 10–12

weeks; ≥5
days/wk, ≥30
min/day

Cancer diagnosis: Various
brain tumors

CRF: None

Schumacher
et al.
(2018)

Germany

Pilot
RCT

AVG type: Nintendo
WiiFit™ games

Videoconferencing:
None used

Setting: In hospital
Session: Length of

stay or 30 days; 5
days/wk, 30
min/day

Age range: 21–68 yrs
(median age: Exp: 56 yrs;

Con: 56.5 yrs)
Sample size: n=31
Number of groups: 2
Control group: n=17; usual

care w/PT
Cancer diagnosis: multiple

myeloma, AML/MDS,
other

PF: 2 MWT,
handgrip
dynamometry;
Human Activity
Profile

CRF: None

QOL:
FACT-B-
MT

SF-36
BC: None

Significant increase in
vitality score (SF-36)
in Exp (55 to 65) vs
Con (45 to 50);

Significant changes in
FACT-BMT (PWB)
from baseline, and
FWB at follow-up in
Exp

Significant decrease in
handgrip strength in
both groups—control
w/PT: (p=0.03) and
Exp w/AVG (p=0.02)

No significant change in
2MWT or PA

Wang et al.
(2019)

FL, USA

Pilot study AVG type: Nintendo
WiiFit™ games

Videoconferencing:
None used

Setting: Home-based
Session: 6 weeks;

3–5×/wk
1 hr weekly home

visit to monitor
safety

10-min weekly call
after 6 wks to
monitor adherence

Age range: 27–73 yrs
(mean: 57.6 ± 13.3 yrs)
Sample size: n=8
Number of groups: 1
Control group: None
Cancer diagnosis: Head

and neck, laryngeal

PF: 6MWT;
handgrip
dynamometry;
shoulder ROM,
Berg Balance
Scale; Lawton
IADL

CRF: BFI

QOL: None
BC: Task

self--
efficacy
and
enhanced
PA
enjoy-
ment

Minimal clinical
important difference
largest in 6MWT: +40
m (357.2 m to 408.5
m), and CRF: −1.1
(5.7 down to 3.7);

Significant improvement
in handgrip strength,
left shoulder forward
flexion, IADLs, and
balance

2MWT: twominute walk test; 6MWT: six minute walk test; ADL: activity of daily living; AMPS: Assessment ofMotor and Process Skills; AVG: active
video games; BC: Behavior Change; BFI: Brief Fatigue Inventory; BOT-2: Bruininks-Oseretsky Test of Motor Proficiency Ed. 2; Con: control group;
CRF: Cancer Related Fatigue; Exp: experimental (intervention) group; FACT-BMT: Functional Assessment of Cancer Therapy-Bone Marrow
Transplantation; FACT-F: Functional Assessment of Cancer Therapy: Fatigue; FACT-G: Functional Assessment of Cancer Therapy: General; FWB:
Functional well-being; HSCT: Hematopoietic Stem Cell Transplant; IADL: Instrumental Activities of Daily Living; MET: Metabolic Equivalent of
Task; MVIC: Maximal voluntary isometric contraction; MVPA: moderate to vigorous physical activity; NA: not applicable; NR: not reported; PA:
physical activity; PF: Physical Function; PWB: Physical well-being; QOL: quality of life; ROM: range ofmotion; sEMG: surface electromyography; SF-
36: 36-Item Short Form Survey
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addressed the use of AVGs and/or virtual reality on physical
function and cognition, but not in cancer patients [47, 48].
Staiano et al. reviewed therapeutic uses of AVGs in a variety
of health conditions and ages, but only included one study
with adult cancer patients and no studies with AYA cancer
patients and survivors [49]. Devine et al. examined the use of
digital health interventions in AYA cancer survivors but only
included one study that used AVGs and videoconferencing
that aimed to improve PA [50].

Interventions selected in the current review included a
range of cancer diagnoses and varied considerably in the se-
lection of outcome measures between studies. We found con-
flicting results for outcome measures between studies, possi-
bly due to studies being underpowered with small sample size
to detect statistically significant differences and leading to
type II errors. Additionally, the majority of the studies were
of low to medium quality. Another reason for the conflicting
results may be due to poor adherence. Hamari et al. reported
especially poor adherence and that the hospital- and home-
based intervention was not followed as directed, despite hav-
ing good acceptance, retention, and reported enjoyment of the
intervention. As suggested by the authors, poor adherence
may have resulted from the intervention being implemented
too early during cancer treatment without supervision, person-
alized guidance, or psychosocial support. Some guardians felt
the AVGs were too difficult for their children, there was too
much going on for them to install the games at home during
treatment, and that it was difficult to find space to exercise
during hospital admissions [41]. In contrast, Rosipal et al.
provided space and equipment for HSCT patients to exercise
during hospitalization and reported good adherence with an
average of 36.5 min of PA per day, although the exercises
performed were not limited to AVGs [42]. Schumacher et al.
also assessed HSCT patients during hospitalization, with rea-
sons for non-compliance due to exacerbation of medical

conditions and early discharge [44]. Both of the home-based
interventions conducted byWang et al. and Sabel et al. report-
ed good adherence to the intervention, with Sabel et al.
reporting illness and/or being away from home due to illness
as reasons for non-compliance [43, 46].

AYAs have specific needs and preferences, including com-
peting work and family demands, and the desire for remote
participation in interventions [24]. It is crucial to identify and
address these preferences to optimize participant adherence
when designing interventions for this hard-to-reach popula-
tion. Our review found that most interventions combined ad-
olescent cancer survivors with younger children [41, 45, 46]
or combined young adults with older adults [35, 40, 43, 44].
Although one study assessed type of AVG preference of AYA
cancer survivors, the intervention served only as a recommen-
dation in conjunction with other therapies received during the
hospital visit, and there was no uniformity of AVGs utilized
[42]. Only three studies delivered the intervention remotely
for participants to use the AVGs at home [41, 43, 45, 46],
despite this being a preference of AYAs [24]. Most AVG
sessions took place in a university lab [35, 40] or during a
hospital admission [42, 44].

All studies delivered the AVG sessions individually, and
none formed groups to foster participant engagement. A group
dynamic is essential because AYAs have expressed the desire
for face-to-face peer support during interventions [24] over
support from family and friends [51]. Additionally, group-
based PA interventions have been shown to help cancer pa-
tients improve PA levels, long-term PA adherence, and phys-
ical function [52–54] in addition to improved QOL and social
support [55].

While all studies included AVGs as part of their interven-
tions, there was minimal use of videoconferencing. Only one
study utilized videoconferencing, which was used for partici-
pant follow-up and to encourage AVG engagement [45, 46].

Table 2 Risk of bias assessment. Results using the RoB 2 Assessmenta

Sources Risk of bias judgement for domain Overall RoB
judgement of
the resultBias due to

randomization
process

Bias due to
deviations
from the
intended
intervention

Bias due
to missing
outcome
data

Bias in measurement
of the outcome

Bias in
selection of
the reported
result

Hamari, 2019 Low High High Low Low High

Sabel, 2016 Low Unclear Low Low Unclear Some concerns

Sabel, 2017 Low Unclear Low Low Low Some concerns

Schumacher, 2018 Unclear Unclear Low Unclear High High

Note: a = Based on assessment using the RoB 2 tool by Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, Cates CJ, Cheng H-Y,
Corbett MS, Eldridge SM, Hernán MA, Hopewell S, Hróbjartsson A, Junqueira DR, Jüni P, Kirkham JJ, Lasserson T, Li T, McAleenan A, Reeves BC,
Shepperd S, Shrier I, Stewart LA, Tilling K, White IR, Whiting PF, Higgins JPT. RoB 2: a revised tool for assessing risk of bias in randomised trials.
BMJ 2019; 366: l4898
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No studies used videoconferencing to deliver the AVG in-
terventions remotely, despite this method being used in other
populations. For example, Google Hangout (Google LLC,
Mountain View, CA) has been used to connect mothers in a
group PA intervention using exercises from mobile apps
[56]. Additionally, videoconferencing (Zoom Inc., San
Jose, CA) was used by a health educator to lead adolescents
with intellectual and developmental disabilities in conven-
tional aerobic exercises [57]. Videoconferencing has also
been used to deliver PA interventions for pediatric heart
transplant patients [58], older breast and prostate cancer sur-
vivor couple dyads [59], and middle-aged adults with obesi-
ty [60]. This gap points to the need to explore the use of
videoconferencing to deliver PA interventions remotely to
address access barriers and maximize intervention participa-
tion byAYA cancer survivors. Furthermore, given that AYA
survivors highly endorse peer support as they navigate tran-
sition challenges [28–32], combining AVG and group vid-
eoconferencing can capitalize on the “fun” factor and social
connections needed to enhance motivation for PA. The inte-
gration of video game play and videoconferencing has been
implemented under the Twitch platform since 2017 [25, 26].
Therefore, the combination of AVG and group videoconfer-
encing to deliver PA intervention may enhance participants’
experience and engagement. Lastly, this type of intervention
is even more relevant under a pandemic context to ensure
ongoing programming to promote PA adoption among AYA
cancer survivors.

Behavior change techniques have also been used to pro-
duce positive effects on PA levels, long-termmaintenance of
PA in cancer survivors [61, 62], and motivation to engage in
PA. Self-determination theory (SDT), a theoretical frame-
work, posits that fulfillment of basic psychological needs
for autonomy, competence, and relatedness will help pro-
mote autonomous motivation and thus lead to behavior
change [63]. For example, increasing autonomous motiva-
tion (defined as motivation that is relatively internal, such as
motivation related to enjoyment, values, or identity) is criti-
cal for initiating and maintaining PA behavior [64, 65].
Studies that used autonomous motivation to promote PA in
adolescents found an increase in PA behavior with an in-
crease in psychological well-being [66, 67]. Additionally,
many AVGs include evidence-based behavior change tech-
niques [68] that are similar to those used in behavior inter-
ventions to promote PA [69]. Behavior change techniques
within AVGs can include goal setting, feedback on PA prog-
ress, encouraging social comparison and interaction, and
providing rewards [68]. AVG-based PA interventions with
the addition of behavior change theory, such as SDT, result-
ed in a significant increase in PA and adherence to the inter-
vention [70]. However, only one study outlined a behavior
change method (task self-efficacy and physical activity en-
joyment) incorporated into their intervention [43].Ta
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Study strengths

Our review had a number of strengths. To our knowledge, this
is the first systematic review on the use of AVGs and video-
conferencing in PA interventions aimed at improving physical
function, PA levels, QOL, and fatigue with a focus on AYA
cancer survivors. We included both experimental and obser-
vational studies to provide a diverse perspective on the current
use of AVGswithin the AYA cancer population. Althoughwe
were not able to specifically focus our findings among AYA
cancer survivors, our review serves to highlight the limited
homogeneity of physical function outcome measures, AVG
prescription, and utilization in various cancer populations and
settings.

Study limitations

Limitations of our systematic review include the possible ex-
clusion of relevant studies due to removing non-English lan-
guage articles and articles not available as full-text. Also, we
limited interventions to those focused on PA, physical func-
tion outcomes, and quality of life. Other reviews included
AVGs as a pain distraction during uncomfortable procedures
[71–73] or management of pain symptoms due to disease
progression [74, 75] for overall health, wellness of mind and
body [76], and as a means to improve disease self-
management [47, 77]. Pain control and disease management
are major factors that contribute to cancer survivors’ QOL.

Some AVG studies may not have been captured, especially
since new publications are produced at a high rate, despite
performing a rigorous search. Due to the heterogeneity of
outcome measurements, we were unable to conduct a meta-
analysis. Additionally, there are limitations to the generaliz-
ability of our findings to both male and female AYA cancer
survivors as there was a disproportionately high number of
male participants in four out of six studies, and most studies
did not focus exclusively on the AYA age range of 15–39
years. Since AYA cancer survivors have unique needs and
preferences, it is possible that the results of studies that mostly
included older adults were less applicable to the AYA-aged
participants in those studies [35, 40, 43, 44]. Likewise, results
from studies that included mostly young patients under 15
years old may be less applicable to the few AYA-aged partic-
ipants [41, 45, 46]. For these reasons, we were limited to
performing a qualitative analysis in this review.

Conclusions

Some studies in our review showed that AVGs hold promise
for improving physical function, physical activity, QOL, and
cancer-related fatigue in cancer survivors. Unfortunately,
these findings’ generalizability to AYA cancer survivors is

limited as only one study specifically targeted cancer survi-
vors in the AYA age range of 15–39 years. Additionally, there
remains a significant dearth of high-quality published inter-
ventions. Further data analysis is limited due in part to the
heterogeneity of outcome measures used between studies,
small sample sizes, minimal use of randomized controlled trial
study designs, and a lack of studies conducted with individ-
uals in the AYA specific age range. Future research is needed
to determine the feasibility, acceptability, and effectiveness of
using AVGs to improve physical function and health out-
comes in the AYA cancer population. Furthermore, there is
a need to evaluate the use of videoconferencing as a means of
engaging AYA cancer survivors, which can potentially opti-
mize PA participation among this hard-to-reach population.
Under the current pandemic context, this is evenmore relevant
to ensure ongoing PA support to optimize physical function
and QOL for AYA survivors.
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