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Abstract

Background: Chronic obstructive pulmonary disease (COPD) requires consistent sustained management, including regular
physical activity, pulmonary rehabilitation, and self-care adherence. Despite strong clinical guidelines, patient engagement remains
amajor challenge, leading to suboptimal disease control and increased health care use. Gamified interventions have emerged as
potentia tools to improve adherence, motivation, and outcomes in chronic disease management. However, their effectiveness
and implementation in COPD remain underexplored.

Objective:  This review synthesizes current evidence on gamified interventions for COPD management to evaluate their
effectiveness, focusing on patient engagement, physical outcomes, and quality of life.

Methods: We conducted a systematic search in PubMed, Scopus, Web of Science, Embase, IEEE Xplore, Cochrane Library,
and China National Knowledge Infrastructure for studies published from January 2014 to October 2024. Only original studies
involving trials (both randomized controlled trialsS[RCTs] and non-RCTSs), intervention studies, feasibility studies, cross-sectional
surveys, or qualitative studies were included.

Results: A total of 29 studies met the inclusion criteria: 11 (38%) RCTSs; 7 (24%) pilot studies; 5 (17%) observational studies
(including qualitative studies); and 6 (21%) other studies using gamified technologies such as virtual reality, exergames, and
mobile apps. Compared to nongamified methods, gamified i nterventions provided an engaging, home-based alternativefor COPD
management, supporting long-term rehabilitation. Gamification features such as real-time feedback, adaptive challenges, and
personalized goals increased patient adherence and motivation, with high engagement seen in virtua reality and exergame-based
interventions, and showed notable improvements in COPD management, enhancing exercise tolerance, self-management, and
symptom control. However, most of the studies (22/29, 76%) were of short duration, with small sample sizes.

Conclusions: Gamified COPD management tools offer flexibility and empower patientsto self-managetheir condition, potentialy
reducing the need for clinic visits. Gamified interventions show promise in COPD management, although current studies have
methodological limitations. Future research should focus on conducting larger trials to assess the sustained impact of gamified
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interventions on COPD outcomes; developing culturally relevant adaptations to enhance the global applicability of these
interventions; and collaborating with patients, clinicians, and game developers to make the interventions more engaging and

effective.

(JMIR Serious Games 2025;13:€69510) doi: 10.2196/69510
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Introduction

Background

Chronic obstructive pulmonary disease (COPD) isaprogressive,
irreversible respiratory condition characterized by persistent
airflow limitation, which collectively reduces patients' physical
capabilitiesand impairstheir quality of life (QoL). COPD affects
>300 million individuals worldwide and ranks as the third
leading cause of death, underscoring an urgent need for
innovative, accessible management solutions [1]. COPD
management typically focuses on symptom aleviation and
preventing disease progression through pulmonary rehabilitation
(PR; defined asamultidisciplinary, evidence-based intervention
for chronic respiratory diseases such as COPD, combining
exercise training, education, and behavioral therapy to reduce
symptoms, improve physical and psychological well-being, and
enhance long-term health behaviors), pharmacological
interventions, and behavior modification (such as smoking
cessation and dietary change) [1]. However, adherence to these
programs is often low, due in part to a lack of patient
engagement, access barriers, and the need for long-term ongoing
use of the interventions [2]. Recent advances in digital health,
particularly gamified interventions, show promise to enhance
adherence and self-management in patients with COPD by
incorporating engaging, game-like elements into COPD
management programs.

Gamification in health care, defined as using game design
elements in nongame contexts, is emerging as a valuable tool
in managing chronic diseases, particularly in PR and home-based
COPD management [3]. Gamified interventions leverage
mechanisms such as rewards, competitive elements, rea-time
feedback, and immersive virtual environments to enhance
motivation; foster active participation; and sustain adherence,
particularly to exercise-focused regimens[4]. Recent systematic
reviewsindicatethat gamified eHealth interventions can improve
physical activity levels in adults with chronic diseases and
significantly enhance physical outcomes, adherence, and QoL
[1,5]. In COPD, where symptoms often lead to a sedentary
lifestyle, these elements can provide a sense of accomplishment
and motivation, addressing common barriersto physical activity
and rehabilitation.

A systematic review by Chang et a [5] highlighted the potential
of gamified interventions to enhance exercise endurance and
QoL among patientswith COPD, especially those incorporating
telemonitoring, web-based tools, and virtud reality (VR). VR
asavehicle for PR has a growing evidence base; for example,
Liu et ad [2] conducted a meta-analysisto explore VR'srolein
COPD management and found that VV R-assisted PR canimprove
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lung function and exercise capacity. By making exercise
engaging and immersive, delivery via VR potentially mitigates
the monotony associated with traditional exercise—focused PR,
encouraging regular participation and improving outcomes. In
addition, a systematic review and meta-analysis by
Obrero-Gaitan et a [3] found supportive evidence for the
effectiveness of VR-based PR in COPD, reporting significant
improvements in physical performance and mobility.

Such immersive, game-like platforms not only aid in physical
rehabilitation but also enhance patient engagement. In ascoping
review, Dalko et a [6] found supportive evidence for VR in
rehabilitation for patients recovering from post—-COVID-19
condition who had chronic respiratory problems [6]. These
findings support theideathat VR’s engaging nature may appesl
to patients with COPD facing similar challenges of motivation
and compliance.

Objectives

While these studies found promising results, most gamified
interventions are in the early stages of development. As the
recent systematic reviews highlight, there is a need for larger,
long-term rigorous studies to validate their effectiveness,
cost-effectiveness, acceptability, and sustained use for different
populations. Thisreview synthesizes existing literature to assess
the impact of gamified interventions on COPD management
and PR, focusing not only on physical outcomes and QoL
improvements but also on engagement and adherence. By
consolidating these findings, this study aims to provide a
comprehensive understanding of gamification's potential role
in enhancing care for patients with COPD.

Methods

Overview

The primary objective of thisstudy wasto systematically review
and evaluate the impact of gamified interventions on the
management of COPD, including PR. Specificaly, this study
aimed to assess how gamification influences key outcomesin
COPD management, such as patient adherence to treatment
regimens, physical activity, symptom management, and QoL.
In addition, we sought to assess the accessibility, usability, and
patient satisfaction associated with these interventions,
considering whether gamification supports long-term behavior
change and self-management. By synthesizing findings from
recent studies, this study aimed to provide valuableinsightsinto
the current evidence, limitations, and the potential of gamified
approaches in enhancing COPD care, as well as to offer
recommendationsfor future research directionsin thisemerging
area of digital health.
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Search Strategy

The search strategy targeted studies on gamified interventions
for COPD management, emphasi zing recent advancements over
the past 10 years (January 2014-October 2024) to maintain
relevance in this rapidly evolving field. We searched 7
databases—PubMed, Scopus, Web of Science, Embase, IEEE
Xplore, Cochrane Library, and China National Knowledge
Infrastructure—capturing a broad range of research in
biomedical and digital health.

The search terms in Table 1 were identified for 3 domains:
“chronic obstructive pulmonary disease,” “gamification,” and

Table 1. Search domains and terms.

Chenet a

“condition management” aswell as*rehabilitation,” with terms
within each domain connected by the Boolean operator “ OR”
and domains linked by “AND.” Detailed search strategies for
each database are shown in Multimedia Appendix 1.

The searchesincluded studies published in English and Chinese
to captureamore global perspectivethan reviewsrelying solely
on English-language databases. Boolean operators were used
to ensure comprehensive coverage, and all retrieved studies
were imported into EndNote 20 (Clarivate) to facilitate
screening, deduplication, and data extraction.

Search terms

“Chronic Obstruct* Pulmon* Disease” OR “COPD” OR “Pulmon* Disease, Chronic Obstruct*” OR “Chronic Bronchit*”
OR “Emphysem*” OR “Respirator* Disease” OR “Pulmon* Disorder”

Domains

Chronic obstructive pul-
monary disease

Gamification “Gamif*” OR “Game-based” OR “ Serious Game*” OR “Gaming” OR “Digital Game*” OR “Health Game*” OR “Game
Mechanic*” OR “Mobile Game*” OR “Interactive Game*” OR “Exergame*” OR “Behavioral Gamif*” OR “Virtua Re-

dity” OR “Augmented Redlity”

“Self-Manage*” OR “Self-Care” OR “Disease Manage*” OR “Chronic Disease Manage*” OR “ Symptom Monitor*” OR
“Pulmon* Rehab*” OR “Pulmon* Rehabilitat*” OR “Exacerbat* Prevent*” OR “Patient Engage*” OR “Patient Adher*”
OR“Treat* Adher*” OR “Health Monitor*” OR “Behavior* Change” OR “Behaviour* Change’ OR “Condition Manage*”

Condition management

OR “Clinical Monitor*” OR “Intervent* Manage*”

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: (1) languages—studies
published in English and Chinese were included to capture a
breadth of global research; (2) duration—publicationsfrom the
last 10 years (January 2014-October 2024) were included to
reflect recent advances in gamification and digital health; and
(3) study types—only original studies involving trials (both
randomized controlled tridls [RCTs] and non-RCTSs),
intervention studies, feasibility studies, cross-sectional surveys,
or qualitative studies were included. Studies published solely
as protocols or conference proceedings were excluded due to
limited information on outcomes and intervention efficacy.
Studiesthat did not incorporate gamification elements and those
not addressing COPD asthe primary health condition were also
excluded.

Data Extraction and Analysis

Dataextraction and analysiswere conducted in accordance with
the PRISMA (Preferred Reporting Itemsfor Systematic Reviews
and Meta-Analyses) 2020 guidelines to ensure thorough and
transparent reporting [7]. The PRISMA checklist is presented
in Multimedia Appendix 2. Using astandardized dataextraction
form, 2 independent reviewers extracted relevant information
from each study, reducing the risk of bias and enhancing data
reliability. Key data collected included study design, sample
size, population characteristics, intervention details (such asthe
type of gamification, platform, and duration), outcomes (eg,
physical function, adherence, engagement metrics, and QoL ),
and any limitations reported. Multimedia Appendix 3 provides
the template used for the data extraction and analysisform. Data
on primary and secondary outcomes—such as physical activity
levels, lung function, and QoL metrics—were specifically
targeted to assess the effectiveness of gamified interventionsin
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COPD management. A third reviewer addressed any
discrepancies between the 2 primary reviewers. Once extracted,
data were tabulated and summarized to facilitate cross-study
comparisons. Given the diversity in gamification strategiesand
outcome measures, a narrative synthesis approach was used to
identify common themes, potential correlations, and patterns
across studies. Each study’s methodol ogical quality and risk of
bias were assessed using criteria aligned with the PRISMA
guidelines. The risk-of-bias assessment was conducted using a
qualitative approach, given the diverse study designs (both
RCTs and non-RCTs) included in this review. For each study,
the review evaluated methodological limitations and potential
sources of bias, including risk-of-bias assessment, risk-of-bias
findings, and limitations. The assessment framework considered
several key domains that could potentialy influence study
validity: randomization procedures (eg, control group presence
and characteristics, as well as blinding methods), sample
characteristics (eg, sample size adequacy, dropout rates, and
selection procedures), and implementation quality (eg, study
duration, follow-up assessment, and intervention adherence).
Onthe basis of these criteria, studieswere classified aslow risk,
moderate risk, or high risk.

Results

Summary of Included Studies

Thestudy identified 29 studies published between January 2014
and October 2024 that investigated the impact of gamified
interventions on COPD management. The studies examined a
range of gamification approaches, including VR-based
rehabilitation, mobile apps, and digital games designed to
enhance patient engagement, physical activity, or symptom
management. Multimedia Appendix 4 [8-36] providesadetailed
summary of the data extraction and analysis for each included
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study. The PRISMA flowchart (Figure 1) outlines the study
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selection process.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram showing the number of studies identified,
screened, assessed for eligibility, and included in the final analysis. CNKI: China National Knowledge Infrastructure; COPD: chronic obstructive

pulmonary disease.
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Study Designs and Settings

Most of the studies (10/29, 35%) were RCTS, reflecting the
focus on evaluating intervention effectiveness [8,9]. Sample
sizes ranged from small-scale feasibility trialswith asfew as 4
participantsto larger studieswith up to 106 participants[10,11].
Intervention durations varied substantially from single sessions
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to long-term studies lasting more than a year. Settings varied
widely, including clinical, home-based, and hybrid models, with
home-based approaches being common for virtual and gamified
interventions [12,13].

Table 2 providesasummary of the study design, setting, sample
size, and intervention duration for each reviewed study,
capturing the diversity in research approaches across thisfield.
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Study Study design Setting Samplesize, n Intervention duration
Tabek eta [8], 2014  pjjot RCT? Hospital and primary care physio- 29 9mo

therapy practices, Enschede,

Netherlands
Mazzoleni etal [14], RCT Auxilium Vitae Rehabilitation Cen- 40 3wk
2014 ter, Volterra, Italy
Kotracheta [15],  Pilot RCT Mount Sinai Hospital, Montreal, 12 3-6 hof individualized training,
2015 Canada with follow-up at home
Hoaas et a [12], Mixed methods pilot study Home-based with telemonitoring, 10 2y
2016 Norway
LeGear et a [16], Randomized, within-participant  St. Paul’s Hospital, Vancouver, 10 Single session with two 15-min
2016 crossover trial Canada exercise interventions
Liueta [17],2016 Cross-sectiona observational CIRO, Horn, Netherlands 61 _b

study
Bamidiseta [18],  Multilevel intervention project  E(yC.funded multisite study Datanot explicitly 3y
2017 provided (ongoing
multicenter trials)

Burkow et a [19],  Feasibility study Virtual group-based home setting 10 6 wk

2018

DelasHeraset a
[20], 2018

Parent et al [21],
2018

Rutkowski et a [22],
2019

Sutanto et a [23],
2019

Jung et al [13], 2020
Rutkowski et a [11],

2020
Tuet al [24], 2020

Rutkowski et al [9],

2021

Simmich et a [25],
2021

Simmich et a [26],
2021

Baxter et al [27],
2022

Oberschmidt et &
[28], 2022
Finkelstein et
[29], 2023

Gabriel et a [30],
2023

Gabriel et a [31],
2023

Quialitative study with focus
groups and semistructured inter-
views

Pilot feasibility study

RCT

RCT

Mixed methods study

RCT

Pilot feasibility study

RCT

Qualitative study with
semistructured interviews

Pilot RCT

Mixed methods randomized us-
ability study

Quialitative study using inter-
views

Mixed methods randomized us-
ability study

Mixed methods quantitative and
qualitative assessments

Qualitative study with
semistructured interviews

Aarhus University Hospital, Den-
mark; and Oulu University Hospital,
Finland

Supervised hospital settingin Mon-
treal, Canada

Hospital-based pulmonary rehabili-
tation (stationary)

Outpatient clinic in Dr Moewardi
Hospital, Surakarta, Indonesia

Home-based rehabilitation, South
and West Cumbria, United Kingdom

Specidlist hospital in Gtuchotazy,
Poland

Home-based (in-laboratory demon-
stration using smartwatch, smart-

phone, and VRY headset)
Specidlist hospital in Gtuchotazy,
Poland

Pulmonary support groupsin Bris-
bane, Australia

Home-based intervention, Brisbane,
Australia

Urban locations in southeast
Queensland, Austraia

Physiotherapy office in the Nether-
lands

Icahn School of Medicine at Mount
Sinai, New York, United States

Icahn School of Medicine at Mount
Sinai, New York, United States

Home-based, conducted virtually

13

14

68

23

10

106

Proof-of-concept
demonstration; no
specific patient sam-
ple size indicated
50

19

18

24

18

Single 30-min session

14d

6 wk

8 wk

2wk

Demonstration sessions lasted
2-5min

2wk (10 VR sessions)

NR (singleinterview session
per participant)

3wk

Single session (3 inspirations
using each device)

6 mo

Single session of using the VR
app

Single session using the VR
app

Single session
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Study Study design Setting Samplesize, n Intervention duration
Pancini et a [32], RCT IRCCSINRCA, Italy Not reported (study 2 wk (four 20-min sessions)
2023 isin planning phase)
Pardos et a [33], Methodology and pilot design Remote care platforms for chronic ~ Pilot system; nospe- —
2023 disease management cific patient sample
provided
Colombo et a [34], Single-group pilot study In-hospital rehabilitation program, 14 2 wk, with 20-min sessions,
2024 Italy twice daily
Jnetal [35],2024 RCT The First Affiliated Hospital of 80 6 wk
Soochow University, China
Kizmaz et a [36], RCT Hospitalized patients at Pamukkale 50 Until discharge from hospital

2024

University Health Research and

Application Centre, Turkey

McAnirlineta [10],
2024

Proof of concept, mixed methods

Participants homesin upstate South 4
Carolina, United States

4 mo

8RCT: randomized controlled trial.
PNot applicable.

®EU: European Union.

dv/R: virtual reality.

Types and Char acteristics of Gamified | nterventions

The reviewed studies applied various gamified interventions to
support COPD management, ranging from VR programs to
wearable activity trackers. Platforms included VR headsets,
gaming consoles, and smartphone apps, each incorporating
gamification elements such as motivational cues, real-time
feedback, and rewards for progress [8,14,15]; for example, the
Condition Coach COPD telehealth program used wearable
devices and daily feedback tailored by physiotherapists [8],

https://games.jmir.org/2025/1/e69510

while BreathCoach provided rea-time biofeedback for
respiratory exercises [24].

Several interventions offered individualized tail oring to enhance
relevance and usability, adapting exerciseintensity or integrating
patient preferences into their design. Integration with health
care systems varied, with some interventions offering
telemonitoring and health care provider supervision, such as
the SmokeFreeBrain project [18]. Table 3 shows the details of
the interventions, the platform, game elements, details of
tailoring if included, and integration with health care.
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Study Intervention Type Platformor technol-  Game elements Tailoring Integration with
ogy used health care
Tabak et al Condition Coach Motivational cues ~ Wearabledevice,  Motivational cues  Exercise schemes Integrated with pri-
[8], 2014 COPD telehedlth smartphone app, and daily feedback  tailored by physio-  mary and secondary
program and web-based therapists care; health care
portal professionals moni-
tored progress
Mazzoleni et Exergaming with Exergames using Nintendo Wii and  Real-timefeedback Exerciseintensity Supervised by health
a [14], 2014  Nintendo Wii Nintendo Wii Fit Wii BalanceBoard and visual and audi- adjusted by physio- care professionals
Plus tory cues therapist
Kotrachetal  Virtual gamesystem Exergamesusing Nintendo Wii FitU 11 prevalidated Individualized train-  Monitored by physio-
[15], 2015 for homeexercise  Nintendo Wii Fit U games, with real- ing sessionsbased  therapistsduring in-
time feedback on on patient needs hospital and home
performance training
Hoaas et a Telerehabilitation Telerehabilitation Treadmill, pulse Regular feedback Individually tailored Weekly videoconfer-
[12], 2016 program viaself-management oximeter, and iPad and remote support  exercise program encing sessionswith
and telemonitoring  with aweb page a physiotherapist
for telemonitoring
LeGearetd  Nintendo Wii-based Exergameusing EA  Nintendo Wii with Physical activities,  Exerciseintensity NR?
[16], 2016 exercise Sports Active on SenseWear Arm-  including marching, adjusted based on
Nintendo Wii band dancing, and punch-  perceived exertion
ing
Liveta [17], GRralLP NR; focus on GRAIL, 3D mo- VR environment Not personalizedbe- NR
2016 GRAIL technology tion capture,and  used to simulate yond adjusting
and 6MWTS VRY treadmill walking conditions  walking pace
Bamidisetal SmokeFreeBrain Smoking cessation  Gamification app, Tasks, goals, Interventions cus- Public health cam-
[18], 2017 interventionusing  neurofeedback, so-  achievements (eg, tomized by demo-  paigns, electronic
gamified apps, mini- cial media, mobile “Crushing graphic and geo- health records, and
games, and social SMStext messag- cigarettes’ game, graphic needs open dataintegration
media ing, and pharmaco-  breathing control,
logical interven- and exercise gamifi-
tions cation)
Burkow eta  Virtual groupinter-  Virtual group exer-  Tablet-based app  Virtual group status, Self-chosenindividu-  Peer group exercises
[19], 2018 vention for behavior  cise with follow- rewards, and exer- &l exercises combined with re-
change along videos and ex- cisediary mote support
ercise diaries
DelLasHeras pRe glasses Useof ARglasses Laster WAV AR  Visua and audio Adjustable bright-  Remote communica
et a [20], glasses guidanceduringexer-  ness, head fixation, tion and feedback
2018 cises and interface im-
provements
Parent et a High-intensity active High-intensity ex-  Kinect motioncap- Repetitive exercise  Adjustmentstoexer- NR
[21], 2018 video game ergames ture (Xbox One) mini-games cisedifficulty
and Shape Up
game
Rutkowski et VRtraining program  Virtual rehabilitation Xbox 360 Kinect ~ Avatar-based mini- VR exercisestai- Integrated into a
al [22], 2019 using Kinect-based  system and Kinect gamesinvolving lored for each pa- structured pul-
motion training Adventures! game rafting, ball hitting, tient monary rehabilita-
and roller coaster tion program
riding
Sutantoetal  Videogame-assisted Wii Fit—based exer-  Wii Fit balance Yoga, strengthtrain-  Individualized pro-  Integrated into a
[23], 2019 exercisetraining cisetraining board and televi-  ing, aerobic exerciss gram with game du- hospital-based outpa-
sion system es, feedback system, ration, difficulty, tient exercise pro-
and virtual trainer and scoresrecorded  gram
Jung et a VR pulmonary reha- VR-supported pul- VR headset (Pico 3D avatars, educa-  Exercisestailoredto Resal-time remote
[13], 2020 bilitation program  monary rehabilita=  Goblin) and pul-  tional modules, and severity level (M rcf  monitoring of heart
tion monary rehabilita-  immersive experi-  pregthiessnessscale  aeand oxygen satu-
tionin VR app ence level 4 or 5) of pa- ration

tient with COPDY
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Study Intervention Type Platformor technol-  Game elements Tailoring Integration with
ogy used health care
Rutkowski et VRrehabilitationfor VR-based rehabilitas Xbox 360, Kinect, Mini-gamesinvolv- Exercisesadaptedto Supervised by phys-
a [11],2020 COPD tion using Xbox and Kinect Adven- ing rafting, ball hit- patients’ abilities iotherapists; heart
Kinect and Kinect  tures! ting, dynamic bal- rate monitored
Adventures! soft- ance, and coordina
ware tion
Tuetal [24], BreathCoach VR-assisted Smartphone, Breathing control,  Dynamicadjustment NR
2020 biofeedback breath- smartwatch (Empat-  interactive VR envi-  of breathing patterns
ing training using icaE4), and VR ronments, avatars,  based on real-time
RSA-BTN viewer (Google and real-time physiological data
Cardboard) biofeedback
Rutkowski et ImmersiveVRthera ImmersveVRthera VRTierOnedevice Virtual therapeutic  Emotional balance  Supervised by thera-
a [9], 2021 py py garden and recovery and mood  pists
metaphoric health  improvement
recovery
Simmichetal Wearabletechnolo- Ay cd Wearable activity ~AVGsand wearable NR Data shared with
[25], 2021 gy and video games trackers, smart- trackers clinicians for feed-
phones, and AVGs back and improved
such as Wii and clinical care
Xbox Kinect
Simmichetal AVG for physica AVG focusing on Smartphone app Single-player and Players selected dif-  Cliniciansmonitored
[26], 2021 activity physical activities ~ with Fithitintegra- multiplayer modes, ficulty levelsfor progress viaaweb
tion progress tracking, each exercise interface
and rewards for
completing exercises
Baxter et al Virtual respiratory  Virtual incentive QUT Inspireapp  Visua rewards, Adjustablemicro-  NR
[27], 2022 therapy spirometry via and smartphone breath timer, and in-  phone sensitivity
smartphone app spiration counter and text or video in-
structions
Oberschmidt  Exergamefor COPD Exergameusedas  Televisionscreen  Audiovisua feed- Feedback based on  Integrated into rou-
eta [28], treatment part of physiothera- with motion-sens-  back during exercis-  exercise accuracy tine physiotherapy
2022 py treatment ing camera esand scoretracking and adjustable diffi-  treatment
culty levels
Finkelsteinet VR app for pul- VR educational app Oculus Quest 2 Interactiveeducation- Simplifieduserinter- NR
a [29],2023 monary rehabilita al modules, MCQsi, facewith preset con-
tion and visual feedback  trolsfor ease of use
Gabriel et VR-basedsystemfor VR-based systemfor Oculus Quest 2 Educational mod- Simplifiedinterface, NR
[30], 2023 pulmonary rehabilita-  pulmonary rehabilita- ules, MCQs, and single-button navige
tion tion guided exercises tion, and custom in-
structions
Gabriel et VR-basedsystemfor VR-based exercise VR headset and Interactive guided  Simplified controls  Focused on self-
[31], 2023 pulmonary rehabilita-  app for pulmonary  controllers exercisesand visual and visual guidance management
tion rehabilitation feedback for exercises
Pancinietal  Overcoming COPD VR-basedrelaxation VR headsetwith  Narrated virtual Personalized savor-  Incorporated into
[32], 2023 combinedwithsavor- immersive natural  walks, visual and ing exercises standard pulmonary
ing strategies scenarios audio feedback, and rehabilitation
positive emotion
amplification
Pardos et al Remote monitoring  Personalized coach- Smartphoneapp,  Credit-based system, Customized recom-  Integration with
[33], 2023 and gamification ing with exergames  smartwatches, and  scores, rewards, and mendations PHRK and thi rd-par-
platform and mental health  Bluetooth-enabled  health recommenda- ty apps
games devices tions
Colomboeta VRendurancetrain- Semi-immersiveVR Cycle ergometer,  Visual feedback, re-  Exercise intensity Continuous supervi-
[34], 2024 ing cyclinginavirtual  pulse oximeter, al-time cycling met- based on baseline sion by physiothera-
park environment and wide screen rics, and first-person  conditions pists

projection

navigation
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Study Intervention Type Platformor technol-  Game elements Tailoring Integration with
ogy used health care
Jnetal [35], Somatosensoryinter- Somatosensoryinter- Motion-based Real-time visual Patientsadjusted ex-  Integrated with
2024 active game activegamesinvolv- games: Kitchen feedback and engag-  ercise based on physiotherapi st-su-
ing arm movements  Sharp Knife, ing tasks comfort level pervised pulmonary
for exercise Swimming Master, rehabilitation pro-
and Table Tennis grams
Master
Kizmazeta  VRfor COPD exac- VR cyclingsimulas  Oculus Quest 2 Immersivecycling NR Integrated with pul-
[36], 2024 erbation tion in the forest simulation in afor- monary rehabilita-
combined with pul- est environment tion sessions, super-
monary rehabilita- vised by physiothera-
tion pists
McAnirlinet  Nature-based VR Nature-based VR Oculus Quest 2 Cocreated 360-de-  Personalized VR NR
a [10], 2024  experiences experiences greevideos of per-  based on partici-

sonalized, nature-
based scenes

pants’ outdoor mem-
ories

8\R: not reported.

PGRAIL: Gait Real-ti me Analysis Interactive Lab.
“6MWT: 6-minute walk test.

dv/R: virtual reality.

€AR: augmented redlity.

'MRC: Medical Research Council.

9COPD: chronic obstructive pulmonary disease.

PRSA-BT: respiratory sinus arrhythmia biofeedback-based breathing training.

IAVG: active video game.
IMCQ: multiple-choice question.
KPHR: personal health record.

Effectiveness of Gamified I nterventions

Gamified interventions showed positive impacts on COPD
management outcomes, particularly in improving exercise
tolerance and physical fitness; for instance, Mazzoleni et al [14]
found a significant increase in 6-minute walk test distance
among participants using exergames, with the experimental
group improving by 97.4 meters. Similarly, Rutkowski et al
[11] observed increased exercise performanceinthe VR groups
compared to the traditional exercise group, as shown in Table
4.

Regarding behavioral outcomes, gamified interventions were
effective in increasing motivation and adherence to exercise;

https://games.jmir.org/2025/1/e69510

for example, LeGear et a [16] noted high participant enjoyment
and engagement with Wii-based exergames, enhancing exercise
adherence. Furthermore, Hoaas et al [12] reported long-term
adherence to telerehabilitation, showing improved
self-management and coping skills among patients with COPD.

QoL improvements were aso observed, with severa
interventions enhancing emotional well-being and reducing
anxiety; for example, Pancini et al [32] reported reduced anxiety
and stress in participants using VR relaxation interventions,
contributing to overall QoL. Such findings suggest that gamified
approaches can not only support physical health but aso
promote psychological resilience and well-being in patients
with COPD [8,13].
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Table 4. Effectiveness of gamified chronic obstructive pulmonary disease (COPD) interventions.

Chenet a

Study

Effectiveness results

Behavioral outcomes

QoL 2improvements

Tabak et al [8], 2014

Mazzoleni et a [14],
2014

Kotrach et a [15],
2015

Hoaas et a [12],

2016

LeGear et a [16],
2016

Liuetal [17], 2016

Bamidiset al [18],
2017

Burkow et al [19],
2018

DelasHeraset a
[20], 2018

Parent et al [21],
2018

Rutkowski et al [22],
2019

Sutanto et a [23],
2019

Exacerbations: telehealth group=33 (median 2.0, IQR 1.0-
3.0); hospitaizations: telehealth group=4 (median 5.5, IQR
4.8-6.3) d, CGP=5 (median 7.0, IQR 6.0-7.0) d; QoL (EQ-
5D VASY): telehealth group=72.3, CG=62.4; no statistically
significant differencein clinical outcomes between groups

6MWT®: EG'=+97.4m, CG=+61.1m (P=.03); TDI9 score:
EG=3.9, CG=2.2 (P<.001); SGRQh score: EG=-10.8,
CG=-12.7 (P=.66); significant improvement in 6MWT
and dyspnea for EG compared to CG

Exercise tolerance (6MWDi), heart rate, and oxygen satu-
ration monitored; mean 6MWD was 306 (SD 81) m at
baseline; preliminary results showed that participants could

maintain exercise training after PRI usi ng VGS©

Average adherence: 43.3% for daily diary, 56.2% for exer-
cise training; no dropouts; long-term adherence despite
motivational challenges

Energy expenditure: Wii group (mean 353.5, SD 134.1J)
vstreadmill group (mean 317.1, SD 105.2 J), mean differ-
ence 36.3 J (95% Cl 31.4 to 104); heart rate: Wii group
(mean 112.5, SD 13.2 bpm) vstreadmill group (mean 112.7,
SD 10.2 bpm), mean difference —0.167 (95% Cl -4.83 to
4.50); no significant differencein energy expenditure, heart
rate, or perceived exertion between Wii and treadmill
groups

Patients with COPD walked 27.5 m less on GRAIL' vs
overground BMWT (P<.001); healthy older adults walked
23.6 m more on GRAIL (P<.001); GRAIL showed good

reproducibility for both groups: ICC™ of 0.80 for patients
with COPD (95% Cl 0.61 to 0.89) and 0.65 for healthy
older adults (95% CI 0.05 to 0.86)

Efficacy of PSAS", e-cigaretteinterventions, and neurofeed-
back protocols; expected positive impacts on reducing
smoking among groups considered high risk

Increase in physical activity from 2.9 to 5.9 sessions per
wk during the program; 77% adherence to group exercises

Positive perception of ARP glasses, particularly ease of use
and exercise guidance; patients saw value in the AR
glasses for telerehabilitation, although some found them
heavy

Peak minute ventilation (36.8 L/min in squatting game)
and peak METS (4.4 in squatting game); high-intensity
games met exercise guidelines; Borg scoresfor leg exertion
(13-14)

Improved physical fitness as measured by the SFT; signif-
icant within-group improvements (P<.05) in SFT (sit and
reach test: from 0.0 to 0.7, BMWT: from 494.9 to 469.9)

6MWD, dyspnea (TDI), and hedlth-related QoL (SGRQ);
6MWD improved significantly (EG—from 376.6 to 420.0
m; P<.001; CG—from 410.7 to 477.5 m; P<.001), without
any difference between groups

Improved self-management
of exacerbations (86.4% di-
ary adherence)

Improved patient motivation
and engagement in EG

Dyspneaand leg discomfort
increased, indicating exer-
tion during exercise

Participants reported better
self-management and coping
with COPD

Participants reported enjoy-
ment and perceived feasibil-
ity of Wii exercises at home

Improved reproducibility
and patient engagement with
virtual environment for pa-
tients with COPD

Increased adherence to
smoking cessation interven-
tionsusing gamification and

ICT®

Positive impact on motiva-
tion to engage in physical
activity

Motivation to use AR glass-

esfor physical exercise and
rehabilitation

High perceived enjoyment
and willingnessto engagein
home-based rehabilitation

VR! group showed enhanced
motivation and adherence

NR

EQ-5D VAS score: telehealth
group—from 64.7 (baseline) to 72.3
(3 mo); CG—from 65.0 (baseline)

to 62.4 (3 mo); CCQd score: tele-
health group—from 2.0 (baseline)
to 1.8 (3 mo)

SGRQ score improved

Not reported in the preliminary
findings

Reported improved health and in-
creased capacity for daily activities

Not specifically reported in this
study

No QoL data reported

Expected improvementsin smoking-
related morbidity and mortality rates

Improved well-being and mood re-
ported

NRY

QoL not directly measured

NR

Significant SGRQ score reduction
in both groups (EG—from 57.7 to
30.6; P<.05; CG—from 54.1 to
29.4; P<.05), without any difference
between groups

https://games.jmir.org/2025/1/e69510

RenderX

JMIR Serious Games 2025 | vol. 13 | 69510 | p. 10

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Chenetd

Study Effectiveness results Behavioral outcomes QoL 2improvements

Jung et al [13], 2020 Improved compliance, physical heath (mobility and flexi-  Increased confidence and Improved self-reported health-relat-
bility), and psychological well-being; significantimprove- moativation to exercise ed QoL
ment in patients' physical function, along with reduced
anxiety and depression

Rutkowski et al [11], Significantimprovement in SFT (arm curl, chair stand, and Enhanced motivation and NR

2020 BMWT; P<.05); ET"+VR superior to ET (eg, MwWT: ~ adherenceinVR-based exer-
ET+VR=+39.11 m, ET=+16.24 m; P<.05) cises

Tuetal [24],2020 Feasibility of smart in-home breathing training with RSA-  Improved engagement with  NR

BT"; real-time biofeedback effectively guided bresthing ~ breathing exercises due to
patterns immersive VR

Rutkowski et al [9], Reduction in emotional tension (P<.001), external stress  Increased moodandemotion-  Statistically significant improve-
2021 (P<.001), depression (P<.001), and anxiety (P<.001); VR a balance through immer-  mentsin psychological well-being
group showed significant stress, anxiety, and depression  sive therapy
reduction compared to CG

Simmich et al [25], Use of the game (58.6% of d logged), daily steps, and Positive correlation between  No significant improvementsreport-

2021 MVPAY; 9 min/dincreasein MVPA (EG) and 2% decrease  9ame use and steps; wesk  ed
in steps (EG) vs 13% decrease (CG) correlation with MVPA

Simmich et al [26], Perceptions of wearables and AVGs” as tools for rehabili- AVGswere seen asfunand No specific tools used to measure

2021 tation; participants found wearable trackers useful for ~ Motivatingfor physical activ- - QoL, but general health benefits of
quantifying activity, setting goals, and tracking improve-  ity; but some participants  physical activity were discussed
ments over time felt that they were too diffi-

cult or not beneficial

Baxter et a [27], Comparable inspiration durations between QUT Inspire  Someuserspreferredapp  NR
2022 (mean 7.3, SD 2.0 s) and Triflo Il (mean 7.5, SD 2.3 s; duetolessperceived inspira
P=.79); no significant differences in usability or perfor-  tory effort
mance between the app and the clinical device

Oberschmidt et al Key patient values identified: independence, personal Independence valued but NR
[28], 2022 guidance, trust, and regularity; exergames supported values  personal guidance needed

such asindependence and challenge but hindered personal  when using exergames

guidance and social interaction

Finkelstein et d High usability and user acceptance (mean SUSY score; ~ Highinterestinusing VR NR
[29], 2023 95.8); 89% of the participants successfully completed the ~ for patient empowerment
first task, and 100% completed tasks 2 and 3 without and PR education
prompts
Gabriel et a [30], High usability scores (SUS score: 95.8/100); successful Increased willingnesstoen- NR
2023 completion of PR tasks by all participantswith minimal ~ gage with home-based PR
guidance through VR
Gabriel et a [31], High acceptability and usability of the VR-based system;  Positivefeedback oneaseof NR
2023 increased motivation and engagement due to the novel, use and enjoyment of the
immersive approach exercises
Pancini et al [32], Reduction in anxiety, depression, and stress; increased re-  Participants expected to ex-  Expected improvementsin emotion-
2023 laxation and emotional well-being; expected toimprove  perienceincreased emotion- @ and psychological well-being
emotiona well-being (based on prior research withsimilar &l resilience
methods)

Pardos et a [33], Development of personalized recommendations based on  Expected improvementin ~ NR
2023 health data; early results show potential for increased ad-  health-related behavior
herence to care plans using personalized recommendations through gamification

Colombo et a [34], Adherencerate of 85.71%; mean BMWT distanceimproved Increased motivationtoexer- NR

2024 t0520.50 (SD 69.24) m; significant improvementsinexer-  cise through VR
cise capacity (P<.05)

Jineta [35], 2024 ggnificant improvementsin MWD and Brief-BESTest?  Enhanced exercisetolerance - Significant balance and exercise
at 3 mo after the intervention (P<.001); EG maintained ~ and balance function; moti- - tolerance improvement

higher endurance and balance for 12 mo vation sustained for 3 mo
Kizmaz et a [36], Sit-to-stand test: significant improvement in PR+VR group  Increased motivation and Greater improvement in daily activ-
2024 (P<.001); COPD assessment test: significant reduction adherenceto exercisereport- ities (London Chest Activity of
(P<.001), VR+PR group had greater improvements ed in VR+PR group Daily Living) in PR+VR group
(P<.001)
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Chenet a

Study Effectiveness results

Behavioral outcomes QoL 2improvements

McAnirlineta [10],
2024
presence; no cybersickness reported

Psychologica well-being, heart rate, respiratory rate, and
oxygen saturation; positive changesin well-being and

Participants experienced Reported feelings of autonomy,
positive emotional respons-  positive emotions linked to memo-
es, reflective of nostalgic ries, and restorative effects
memories

8QoL: qudlity of life.

bCG: control group.

SVAS: visual analog scale.

dCCQ: Clinical COPD Questionnaire.

S6MWT: 6-minute walk test.

EG: experimental group.

9TDI: transition dyspnea index.

hSGRQ: St George's Respiratory Questionnaire.
'BMWD: 6-minute walk distance.

IPR: pulmonary rehabilitation.

kvGS: virtual game systems.

IGRAIL: Gait Redl-time Analysis Interactive Lab.
M CC: intraclass correlation coefficient.

"PSA: public service announcement.

9|CT: information and communication technology.
PAR: augmented reality.

INR: not reported.

"MET: metabolic equivalent of task.

SSFT: Senior Fitness Test.

YWR: virtual reality.

UET: exercise training.

VRSA-BT: respiratory sinus arrhythmia biofeedback-based breathing training.

WMV PA: moderate to vigorous physical activity.

XAV G: active video game.

YSUS: System Usability Scale.

“Brief-BESTest: Brief Balance Evaluation Systems Test.

Engagement, Satisfaction, and Usability

The reviewed studies demonstrated strong engagement and
satisfaction among patients with COPD using gamified
interventions, with many participants expressing enjoyment and
adherence to the programs; for instance, studiesinvolving VR
and exergames, such as the one by Rutkowski et al [9], showed
high engagement due to immersive environments and interactive
features, leading to consistent participation. Satisfaction metrics
varied, with studies such as the one by Baxter et al [27] noting
that visual rewards and timers within apps were especialy
motivating.

https://games.jmir.org/2025/1/e69510

RenderX

Adaptationsto improve usability included simplified interfaces
and controls, particularly for older adults with limited
technological experience[29,30]. However, technical chalenges
were present, such as synchronization issues in Fitbit devices
[25] and discomfort from equipment such as VR headsets[31].
Cultural adaptations were minimal but occasionally tailored to
suit specific populations, as seen in the studies by Pardos et al
[33] and Colombo et al [34], which adapted VR for older adults
with COPD.

Table 5 provides detail ed insightsinto engagement, satisfaction,
and technical adjustments across the reviewed studies.
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Table 5. Engagement, satisfaction, and usability characteristics of gamified interventions.

Chenet a

Study Engagement Satisfaction Cultural adapta-  Technical adaptation Challenges
tion
Tabak et al [8], Web portal use: 86.4% of d; Satisfaction (CSQ-  NRC Wearable and web-based Technical issueswith activi-
2014 exercise adherence: 21%; 8%): telehedlth portal; no adaptation for ty coach (eg, cycling accura-
activity coach used for 299 - gy 26 4, other platforms cy); low exercise adherence
d (132 d monitoring and 167 caP—30.4 (out of (21%)
d feedback) —304 (outo
32)
Mazzoleni et a 7 additional Wii Fit sessions  Satisfaction: NR Nonebeyond Wii Fit system  Initial difficulty with bal-
[14], 2014 for EG%: all completed EG—42.4, ance board; exclusion of pa-
CG—43.9 (out of tientswith motor limitations
49)
Kotrach et a All participantsadheredto  NR NR None beyond training sess  Language barriers and pa-
[15], 2015 the VGS® training sions tient ability to use VGS
Hoaas et a On average, 3diary entries  Increased self-efficaa  NRNR iPad and treadmill usedto ~ Some technical difficulties
[12], 2016 per wk and 1.7 training ses- ¢y and emotional adapt exercise training to with videoconferencing
sions per wk safety; participants home settings
experienced health
benefits
LeGear et a 90% enjoyed Wii interven-  NR NR None beyond standard Wii ~ Some participants required
[16], 2016 tion, and 80% agreed that it setup supervision for safe use
could be used at home
Liveta [17],  75040f patientswith corpdf NR NR No magjor technical adapta- C_omplex setup rgquired_;
2016 and 90% of healthy older tion beyond GRAIL VR difficulty for patients using
adultsimproved in second setup self-paced treadmill
GRAILY test
Bamidisetal ~ Variousengagement tools:  NR Tailoredt0S0-  ygeof ICT', mobileapps, | Nteroperability and cus-
[18], 2017 achievements and self-report- cioeconomicand g\ text messaging, and  tomization for different
ed progress via mobile apps cultural contexts  gamification acrossdifferent  health care systems; poten-
of variouscoun- ) atforms tial digital divide
tries
Burkow et a Peer monitoring and virtual  High acceptance; NR Tablet optimized with all Minor technical issues
[19], 2018 group updatesdroveengage-  improved adherence other apps disabled (weather widget and activity
ment to exercise routines, Sensor)
group motivation
DelasHeraset Highengagement; 12 out of Suggestionsforim- NR Adjustmentsto AR glasses  Issues with head fixation
al [20], 2018 13 patients appreciated the  provement: ad- design and usability pro- during movement; bright-
AR glasses justable screen, posed by patients ness control
brightness, and head
fixation
Parent et a 91% of the participants Reported enjoyment, NR None beyond Kinect cus- Participants experienced
[21], 2018 reached high-intensity levels  motivation for home tomization some discomfort in using
in squatting exercises use, and exercise new technology
tolerance
Rutkowski et al  High adherence to both Significantimprove- NR Basic Kinect setup for sta=  Minor technical issues with
[22], 2019 standard and virtual rehabil- ment in exercisetol- tionary use; no advanced Kinect system
itation programs erance technical customizations
Sutanto et a High adherencetotheWii  NR Conductedinan  Wii Fit program customized Limited intensity tracking,
[23], 2019 Fit program Indonesian con-  tothelocal setting; nomajor high cost of the Wii Fit pro-

Jung et a [13],
2020

Rutkowski et al
[11], 2020

High engagement dueto en-
joyment and immersive as-
pects

High adherence (95% partic-
ipation rate)

Improved QoLk, pa-

tient satisfaction,
and engagement

NR

text but no specif-
iccultura adapta-
tions noted

NR

NR

technical challenges

Feedback on improving
headset weight and app
functionality

None beyond basic setup
with Kinect

gram

Minor technical glitches; re-
quest for more customizable
exercise levels

None significant; minor
technical adjustments need-
ed
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Chenet a

Study Engagement Satisfaction Cultural adapta-  Technical adaptation Challenges
tion
Tueta [24], High engagement in User feedback on NR Used lightweight algorithms  Some technical refinements
2020 demongtration sessions; real-  usability, engage- andreadily availabledevices (eg, headset comfort and
time feedback kept userson ment, and real-time for home use sound effects) suggested by
track performance im- users
provements
Rutkowski et al  High engagement in VR NR NR Useof VR TierOnedevice; NR
[9], 2021 group with full participation simple immersion setup
over the 2 wk
Simmicheta  Participants’ interestin Barriersand motiva- NR NR Participants struggled with
[25], 2021 wearables increased with tors for using wear- technological complexity
socidl interactionand family  gpjes and AVGY and preferred more straight-
involvement; challengesin forward options
long-term adherence were
noted
Simmicheta  High adherence to Fitbit Engagement metrics NR No notifications, limiting Bluetooth synchronization
[26], 2021 (84.3% of d); moderate (IMI" and GEQ); engagement issues with Fithit
GEQ™ score of 30.4 adherence to Fithit
Baxter et al High satisfactionwithvisual  User satisfaction NR Distance measurement for  App required further techni-
[27], 2022 rewards; 75% found the with app’s usability, inspiratory detection needed cal refinement to improve
timer motivating responsiveness, and improvement microphone sensitivity
animations
Oberschmidt et Exergames promoted chal- NR NR Issueswith cameraaccuracy Technical errors with exer-
a [28], 2022 lenge and seeing results, during exercise detection cise detection and loud noti-
motivating participants fications disrupted patient
comfort
Finkelsteinetal Positive feedback for visua NR NR Simplified controlsandinter-  Minor difficultiesin finding
[29], 2023 feedback, ease of naviga- face for older adults with and starting the app initially
tion, and VR app structure limited computer skills
Gabriel et a NR High satisfaction NR Simplified interface and Minor difficultiesin initial
[30], 2023 with visual feedback navigation for older adults  navigation and setup
and educationa con- with limited technological
tent (mean posttask experience
scores: 4.74-4.89
[out of 5])
Gabriel et a High engagement; increased  Improved motiva- NR Simplifiedinterfacefor old-  Difficulty with headset
[31], 2023 focusduring exercises, min-  tion, focus on exer- er adultswith limited techno-  weight, loading screens, and
imal distractions cise content, and en- logical skills initial app navigation
gagement
Pancini et al High engagement anticipat- Enhanced positive  NR Simplified interffacetoen- NR
[32], 2023 edduetoimmersiveVRand emotionsand psycho- sure ease of use for older
personalized savoring exer-  logical well-being adult patients
cises
Pardos et al Scoring system with credits NR NR Datafrom smartwatchesand  Further development re-
[33], 2023 aimed at enhancing patient Bluetooth devicesintegrated  quired to expand recommen-
engagement for monitoring dation domains
Colomboeta  86.85% attendance rate High user engage-  Focused on older Use of semi-immersive VR Issueswith scaling workload
[34], 2024 ment (mean Short Italian patients ~ to suit hospital settings increments
Flow State Scale with COPD
score 4.40, SD
0.36); fatigue and
dyspneaimprove-
ments
Jinetal [35], 82.5% adherenceintheinter- NR Tallored to older  Visual feedback and game  Unclear measurement of ex-
2024 vention group Chinese patients  variety catered to balance  erciseintensity

with COPD

and respiratory issues
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Study Engagement Satisfaction Cultural adapta-  Technical adaptation Challenges
tion
Kizmaz et al VR+PRO group had signifi- NR NR Real-world footage of cy- ~ One patient could not contin-
[36], 2024 cantly longer pedaling time clinginaforest usedtoen- uedueto dizzinessrelated
(508.44 svs 357.56 S, hance ecological redism to VR use
P=.007)
McAnirlinet al  Participants cocreated their NR Customizedtoin- Personalized VR experi- Customization required
[10], 2024 own VR experiences, lead- dividual prefer-  ences were created using multiple visits and effort to
ing to high engagement and encesand memo- 360-degree videos personalize scenes
satisfaction ries

4CSQ-8: Client Satisfaction Questionnaire-8.
bCG: control group.

°NR: not reported.

dEG: experimental group.

®V/GS: virtual game systems.

fCoPD: chronic obstructive pulmonary disease.
9GRAIL: Gait Real-time Analysis Interactive L ab.
PVR: virtual redlity.

iI|CT: information and communication technology.
IAR: augmented redlity.

kQoL: quality of life.

|AVG: active video game.

MGEQ: Game Engagement Questionnaire.

"MI: Intrinsic Motivation Inventory.

°PR: pulmonary rehabilitation.

Risk of Biasand Limitations

The reviewed studies presented varying levels of bias and
limitations. For the RCTs, additiona considerations included
randomization procedures and blinding, while the non-RCT
studies were evaluated based on their specific study design
characteristics. Many of the studies (28/29, 97%), particularly
early-stagetrials, did not formally assessthe risk of bias, often
resulting in moderate risk due to factors such as small sample
sizes and a lack of long-term follow-up [8,14]. Only a few
studies (1/29, 3%), such asthe one by Rutkowski et al [9], used
formal tools and structured randomization to minimize bias,
resulting in alower risk profile.

https://games.jmir.org/2025/1/e69510

Common limitations included areliance on small sample sizes
and subjective data, particularly in studies using self-reported
outcomes, which may introduce reporting bias [25]. Technical
challenges, such as issues with device accuracy and system
usability, also affected study outcomes, as seen in the studies
by Tabak et a [8] and Oberschmidt et al [28]. Furthermore,
most of the studies (13/29, 45%) lacked long-term follow-up,
limiting their ability to evaluate sustained effects of the
interventions.

Table 6 provides a detailed breskdown of each study’s
risk-of -bias assessment, findings, and limitations.
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Table 6. Risk of bias and study limitations.

Study Risk-of-bias assess-  Risk-of-bias findings Limitations
ment
Tabak etal [8],2014 NR2 Moderaterisk (selection and attritionbiases) gy sample, high dropout (86%in CGb), and low exercise
adherence (21%)
Mazzoleni etal [14], NR Moderate risk (small samplesizeand lack  Small sample, short duration, and lack of long-term follow-
2014 of blinding) up
Kotracheta [15], NR Moderate risk (small samplesizeand pre-  Small samplesize, lack of long-term follow-up, and exclu-
2015 liminary data) sion due to language barriers
Hoaas et a [12], NR Moderate risk (small sample size) Small sample size and seasonal effects on adherence
2016
LeGear et a [16], NR Moderate risk (small sample size and short  Small sample size, lack of long-term follow-up, and super-
2016 duration) vision needed for safe exercise
Liueta [17],2016 NR Moderate risk (lack of randomizationand  Small samplesize, lack of long-term follow-up, monocen-
single-site study) tric, and limited applicability to patients classified as
GOLDC stage 4
Bamidiset al [18], Notassessedinearly Risk of bias expected dueto self-reported  No long-term results yet; potential for socioeconomic and
2017 stages of project data and socia desirability geographic disparities in outcomes
Burkow eta [19], NR Low generalizability dueto small sample  Small sample size, self-reported activity data, and lack of
2018 sizeand biasfrom prior rehabilitationexpe- aCG
rience
DelLasHerasetad NR Moderate risk (small samplesizeand sub-  Small sample size and lack of long-term follow-up; only
[20], 2018 jective feedback) Nordic countriesinvolved
Parent et a [21], NR Moderaterisk (small sample size; single  Short study duration, small sample size, and lack of long-
2018 session) term follow-up
Rutkowski etal [22], NR Moderate risk (short intervention duration)  Short duration, lack of long-term follow-up, and no blinding
2019 of participants
Sutanto et al [23], NR Moderate risk (small sample size) Small sample size, unblinded study, and lack of intensity
2019 monitoring for the Wii exercises
Jungetal [13],2020 NR Moderaterisk (small sasmplesizeandac-  Small sample size and limited generalizability
knowledged limitations)
Rutkowski etal [11], NR Low risk (structured randomizationand CG)  Short duration (2 wk); only patients classified as GOLD
2020 stages 2 and 3 included
Tuetal [24],2020 NR (demonstration NR Small-scale demonstration, short duration, and lack of long-
phase) term data

Rutkowski et al [9], Assessor-blinded Low risk (structured randomizationand CG)  Short duration; only hospital based

2021 RCTY with con-
trolled randomiza-
tion (low risk of

bias)

Simmichetal [25], NR Low risk (small samplesizeand self-report- Lack of generalizability due to the small sample size and
2021 ed data) limited geographic representation
Simmichetal [26], NR Possible bias due to the involvement of the Small sample size, short trial duration, Fithit issues, and
2021 EG®in co-design lack of notificationsin the game
Baxter et a [27], NR Low risk (randomization and crossover de- Small sample, short session duration, and lack of clinical
2022 sign) participants
Oberschmidt et a NR Some dropouts due to exacerbation but not  Small sample size, dropouts after 12 wk, and occasional
[28], 2022 directly related to intervention technical issues
Finkelstein et a NR Low risk (all participants completed the Small sample size; lack of long-term follow-up
[29], 2023 tasks without significant issues)
Gabriel et a [30], NR Low risk (comprehensive task completion  Small sample size, no CG, and lack of long-term follow-
2023 by all participants) up
Gabriel et a [31], NR Low risk (most participants completed the  Small sample size, short duration, and lack of long-term
2023 tasks easily) follow-up
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Study Risk-of-bias assess-  Risk-of-bias findings Limitations
ment
Pancini et a [32], NR (planned study) NR (study pending implementation) Small sample size; short intervention duration
2023
Pardos et a [33], NR (pilot) NR Exclusion of factors such as nutrition, smoking, and
2023 drinking; system still in development
Colombo et a [34], NR Low risk (high adherence and positive out- Small sample size; no CG
2024 comes)
Jnetal [35],2024 NR Low risk (group similarity and controlled  Lack of long-term adherence tracking; reliance on self-re-
environment) port
Kizmaz et a [36], NR Likely low risk, given the blinded evaluator No objective assessment of cybersickness or patient satis-
2024 and randomized design faction; no third group for comparison with usual care
McAnirlineta [10], NR NR Small sample size, no CG, and exploratory design

2024

3NR: not reported.

bCG: control group.

®GOLD: Global Initiative for Chronic Obstructive Lung Disease.
9RCT: randomized controlled trial.

®EG: experimental group.

Discussion

Synthesis of Findings

Effectivenessin COPD Management

The reviewed studies highlighted the positiveimpact of gamified
interventions on physical outcomes, QolL, and patient
engagement in COPD management; for instance, interventions
incorporating VR or exergames, such as those by Mazzoleni et
al [14] and Jung et al [13], showed improved exercise tolerance
with significant gains in the 6-minute walk test. Similarly,
gamified tools often led to enhanced QoL as patients reported
reduced anxiety and a sense of achievement due to positive
reinforcement mechanisms [9,32]. Such outcomes align with
broader trends noted in the literature, where eHealth
interventions had a positive effect on exercise endurance and
QoL in patients with COPD [5]. Through interactive and
motivational features, gamified interventions provide both
physiological and psychological benefits, which seem crucia
for managing COPD symptoms more effectively.

Engagement and Adherence

Gamified interventions demonstrated high engagement and
adherence dueto interactive features such asreal -time feedback
and immersive environments. Studies using VR or gamified
apps, such as the ones by Tu et al [24] and Hoaas et al [12],
reported consistently high engagement rates, with patients
mai ntai ning adherence due to motivational tools such asrewards
and feedback loops [27,29]. These methods seem to support
sustained behavioral changes necessary for chronic disease
management [19]. Similar findings were echoed in reviews
where gamification substantially enhanced adherencein COPD
and other chronic disease management contexts [2,6].
Consequently, integrating gamified elements into COPD
management is effective in maintaining long-term adherence,
critical for preventing exacerbations.

https://games.jmir.org/2025/1/e69510

Comparative Analysis With Nongamified I nterventions

When comparing gamified and nongamified approaches, the
evidence suggests that gamification provides superior patient
engagement and adherence outcomes; for example, Chang et
a [5] found that while telemonitoring improved exercise
endurance, VR and game-based interventions fostered higher
satisfaction. Liu et a [2] further emphasized that VR-based
gamification was particularly beneficial in promoting exercise
adherence, especially among patients with COPD who find
traditional exercisesrepetitive. In addition, Selleset a [1] found
that gamified components significantly increased physical
activity in patients with chronic disease, outperforming
conventional approaches. Similarly, Obrero-Gaitan et a [3]
noted that VR gamified interventions enhanced mativation and
enjoyment, making COPD management more accessible and
engaging. These findings underscore that gamified strategies
may provide a more effective, patient-centered approach to
COPD care.

Main Findingsin RCT Studies

RCTs are effective in reducing bias; controlling for external
variables; and providing more precise and broadly applicable
results, which is especially important in intervention studies of
complex diseases such as COPD. To highlight the results from
higher-quality studies, we further discuss the main findings of
the RCTs (11/29, 38%) included in this review. Several of the
RCTs(7/11, 64%) reported significant improvementsin physical
fitness and exercise capacity, including 6-minute walk distance,
exercisetolerance, and performance on the Senior Fitness Test.
Specifically, experimental groups showed greater improvements
inthese areas than control groups, indicating enhanced physical
endurance and exercise capacity [11,14,22,23,26,35,36]. Another
finding isthat, compared to control groups, intervention groups
demonstrated significant improvementsin emotional well-being
and mental health indicators, such as anxiety, depression, and
stress [9,32]. However, there were also RCTs (1/29, 3%) that
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found no statistically significant differencein clinical outcomes
between the groups [8].

Strengths and Limitations

Strengths

Gamified interventions offer unique strengths in COPD
management, particularly in enhancing patient engagement and
supporting home-based or self-managed care. By incorporating
features such as real-time feedback, interactive environments,
and personalized adjustments, gamified tools address some of
the limitations of traditional, clinic-based programs [8,13].
These interventions leverage technology to empower patients
to monitor their symptoms, engage in rehabilitation activities,
and adhere to exercise routines from home, providing significant
flexibility and independence, which are highly valued in chronic
care [6]. In addition, gamified tools have shown positive
psychological effects, with many participants reporting
improvements in mood, motivation, and self-efficacy [9,32].
This approach aigns well with the growing shift toward
patient-centered care, emphasizing autonomy  and
self-management in chronic disease contexts such as COPD
[3].

Limitations

Degspite their strengths, the reviewed studies revealed severa
methodological challenges that limit the generalizability and
consistency of the findings. One primary limitation was the
heterogeneity across study designs, intervention types, and
technology platforms, making it difficult to draw consistent
conclusions about intervention efficacy; for example, while
some of the studies (15/29, 52%) used V R-based environments,
others (14/29, 48%) used simple exergames or mobile apps,
leading to varied engagement and adherence outcomes[14,17].
Limited sample sizes and short intervention durationswere also
frequent issues, with some of the studies (15/29, 52%) having
<20 participants or lasting only afew weeks[12,15]. Technical
issues such as usahility challenges and the need for advanced
equipment can create barriers for older adults with limited
technological familiarity [1,2]. Furthermore, a formal
risk-of-bias assessment using validated scales, such as the
Physiotherapy Evidence Database scale, was not conducted in
this review; while we critically appraised the included studies
based on study design, sample size, and methodological rigor,
the absence of a standardized quality-scoring system may limit
the comparability of study quality across different
methodologies. Finaly, while the inclusion of the China
National Knowledge Infrastructure database allowed us to
capture studiesrelevant to the Chinese population, it might limit
the reproducibility of the work for researchers without access
to this database. These factors contribute to biases and
limitations in existing literature, indicating a need for larger,
longer-term trials to assess gamified interventions effectively.

Potential of Gamified I nterventionsin COPD
M anagement
Digital health technologies and gamification hold considerable

potential as transformative approaches for managing chronic
respiratory diseases such as COPD. By making rehabilitation

Chenet a

more interactive and accessible, these interventions can support
sustained patient engagement between medical presentations
for exacerbations and beyond traditional clinical settings,
addressing key challenges in long-term COPD care [5]. The
ability of gamified interventions to integrate with real-time
monitoring and provide personalized feedback alignswell with
the goals of self-managed, home-based COPD care, making it
easier for patients to monitor their symptoms and manage
exacerbations effectively [24,29]. In addition, gamification
encourages continuous engagement, which is crucial for
adherence to exercise routines in COPD rehabilitation [6]. As
research advances, digital health and gamification could become
essential tools in the COPD management toolkit, offering a
scal able, patient-centered approach to chronic respiratory care.

Conclusions

This systematic review highlights the positive impact of
gamified interventions on COPD management, demonstrating
improvements in physical outcomes, patient engagement, and
QoL. Various studies have shown that gamified tools—ranging
from exergamesto V R-based PR—enhance patients’ adherence
to exercise routines and promote self-management [8,9]. In
particular, features such as real-time feedback, interactive
guidance, and persondized adjustments make theseinterventions
highly engaging and effective, aligning with the chronic,
self-managed nature of COPD care. However, the studies also
reveal challenges, such astechnological barriersand limitations
in sample size and duration, suggesting that more robust trials
are needed to confirm the efficacy of gamified interventionsin
COPD management.

The integration of gamified interventions into COPD care
presents significant opportunities for patients, health care
providers, and policy makers. Gamified interventions empower
patients with interactive and flexible tool s for managing COPD
symptoms, promoting independence and engagement in their
care. These tools offer a novel approach to supporting patient
adherence to home-based rehabilitation, reducing the reliance
onin-clinic visits. Policy makers can leverage this approach to
address the rising costs of COPD management by supporting
digital health policies that encourage the development and use
of gamified COPD interventions. Such policies could aso
promote accessibility to these tools across various popul ations,
making COPD care more equitable and scalable.

Future research should focus on addressing the identified
limitations of many of the studiesin thisreview by conducting
larger, long-term RCTs to assess the sustained impact of
gamified interventions on COPD outcomes. Developing
culturally relevant and adapted gamified tools can enhance the
global applicability of these interventions. Collaborating with
gaming companies could facilitate the integration of advanced
game mechanics and elements, making interventions more
engaging and effective. Furthermore, integrating personalized
gamification approaches that cater to individual patient needs
and preferences into health care could enhance adherence.
Finaly, exploring thelong-term effects of gamified interventions
will be essential for establishing their place in the chronic
management of COPD and similar conditions.
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JMIR Serious Games 2025 | vol. 13 | 69510 | p. 18
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Chenetd

Acknowledgments

This study was partly funded by the New Zealand—China Tripartite Partnership Fund 2024 (3730686). The research team greatly
appreciates the funding support obtained.

Data Availability
All data generated or analyzed during this study are included in this published paper and its supplementary information files.

Authors Contributions

TY, JC, and CB conceptualized the study. JC, QH, and MP were responsible for methodology. JC and LL were responsible for
formal analysis. YC, ZL, and HIL were responsible for investigation. QH and LL curated the data. LL and MP were responsible
for visuadization. TY and CB were responsible for supervision. JC was responsible for project administration. TY and CB were
responsible for funding acquisition. JC and MP wrote the original draft. CB, TY, and HIL reviewed and edited the manuscript.
All authors have read and approved the version to be published.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Detailed search strategies for each database.
[DOCX File, 17 KB-Multimedia Appendix 1]

Multimedia Appendix 2

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.
[PDE File (Adobe PDF File), 137 KB-Multimedia A ppendix 2]

Multimedia Appendix 3

Template for the data extraction and analysis form.
[DOCX File, 17 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Details of data extraction and analysis of each reviewed study.
[DOCX File, 149 KB-Multimedia Appendix 4]

References

1.  SelesWL, Santos EC, Romero BD, Lunardi AC. Effectiveness of gamified exercise programs on the level of physical
activity in adults with chronic diseases: a systematic review. Disabil Rehabil. Dec 2024;46(26):6231-6239. [doi:
10.1080/09638288.2024.2323614] [Medline: 38444153]

2. LiuYX, DuQF, Jiang YL. The effect of virtual reality technology in exercise and lung function of patients with chronic
obstructive pulmonary disease: a systematic review and meta-analysis. Worldviews Evid Based Nurs. Jun 31,
2024,21(3):307-317. [doi: 10.1111/wvn.12698] [Medline: 38297408]

3. Obrero-Gaitan E, Chau-Cubero CY, Lomas-Vega R, Osuna-Pérez MC, Garcia-Lopez H, Cortés-Pérez |. Effectiveness of
virtual reality-based therapy in pulmonary rehabilitation of chronic obstructive pulmonary disease. A systematic review
with meta-analysis. Heart Lung. May 2024;65:1-10. [FREE Full text] [doi: 10.1016/j.hrtIng.2024.01.011] [Medline:
38330853]

4.  Schmidt-Kraepelin M, Thiebes S, Tran MC, Sunyaev A. What's in the game? Devel oping a taxonomy of gamification
conceptsfor health apps. In: Proceedings of the 51st Hawaii I nternational Conference on System Sciences. 2018. Presented
at: HICSS '18; January 3-6, 2018:1217-1226; Waikoloa Village, HI. URL: https.//scholarspace.manoa.hawaii.edu/server/
api/core/bitstreams/93fa9001-cd42-4379-b4d7-607c2d223d40/content

5. Chang H, Zhou J, Chen YD, Wang XH, Wang ZW. Comparative effectiveness of eHealth interventions on the exercise
endurance and quality of life of patients with COPD: a systematic review and network meta-analysis. JClin Nurs. Aug 27,
2024,33(9):3711-3720. [doi: 10.1111/jocn.17225] [Medline: 38937908]

6. DakoK, Elsuson HA, Kalter I, Zilezinski M, Hofstetter S, Stoevesandt D, et al. Virtual reality applications for the
implementation of domestic respiratory rehabilitation programsfor patients with long COVID and post-COVID condition:
scoping review. IMIR Serious Games. May 31, 2024;12:€52309. [FREE Full text] [doi: 10.2196/52309] [Medline: 38819890]

https://games.jmir.org/2025/1/e69510 JMIR Serious Games 2025 | vol. 13 | 69510 | p. 19
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=games_v13i1e69510_app1.docx&filename=33b92df13f155c70a98438e92652eff4.docx
https://jmir.org/api/download?alt_name=games_v13i1e69510_app1.docx&filename=33b92df13f155c70a98438e92652eff4.docx
https://jmir.org/api/download?alt_name=games_v13i1e69510_app2.pdf&filename=a93dc66533ade5950f3676460fd63a31.pdf
https://jmir.org/api/download?alt_name=games_v13i1e69510_app2.pdf&filename=a93dc66533ade5950f3676460fd63a31.pdf
https://jmir.org/api/download?alt_name=games_v13i1e69510_app3.docx&filename=eabd7bd1151721c66d6507c5e01ca411.docx
https://jmir.org/api/download?alt_name=games_v13i1e69510_app3.docx&filename=eabd7bd1151721c66d6507c5e01ca411.docx
https://jmir.org/api/download?alt_name=games_v13i1e69510_app4.docx&filename=f082e02817f4b07ea705112ffd276784.docx
https://jmir.org/api/download?alt_name=games_v13i1e69510_app4.docx&filename=f082e02817f4b07ea705112ffd276784.docx
http://dx.doi.org/10.1080/09638288.2024.2323614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38444153&dopt=Abstract
http://dx.doi.org/10.1111/wvn.12698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38297408&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0147-9563(24)00013-X
http://dx.doi.org/10.1016/j.hrtlng.2024.01.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38330853&dopt=Abstract
https://scholarspace.manoa.hawaii.edu/server/api/core/bitstreams/93fa9001-cd42-4379-b4d7-607c2d223d40/content
https://scholarspace.manoa.hawaii.edu/server/api/core/bitstreams/93fa9001-cd42-4379-b4d7-607c2d223d40/content
http://dx.doi.org/10.1111/jocn.17225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38937908&dopt=Abstract
https://games.jmir.org/2024//e52309/
http://dx.doi.org/10.2196/52309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38819890&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Chenetd

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et a. The PRISMA 2020 statement: an updated
guidelinefor reporting systematic reviews. BMJ. Mar 29, 2021;372:n71. [FREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

Tabak M, Brusse-Keizer M, van der Valk P, Hermens H, Vollenbroek-Hutten M. A telehealth program for self-management
of COPD exacerbations and promotion of an active lifestyle: a pilot randomized controlled trial. Int J Chron Obstruct
Pulmon Dis. Sep 2014;9:935-944. [FREE Full text] [doi: 10.2147/COPD.S60179] [Medline: 25246781]

Rutkowski S, Szczegielniak J, Szczepariska-Gieracha J. Evaluation of the efficacy of immersive virtual reality therapy as
amethod supporting pulmonary rehabilitation: a randomized controlled trial. J Clin Med. Jan 18, 2021;10(2):352. [FREE
Full text] [doi: 10.3390/jcm10020352] [Medline: 33477733]

McAnirlin O, Browning MH, Fasolino T, Okamoto K, Sharaievskal, Thrift J, et al. Co-creating and delivering personalized,
nature-based VR experiences: proof-of-concept study with four U.S. adults living with severe COPD. Wellb Space Soc.
Dec 2024;7:100212. [doi: 10.1016/].wss.2024.100212]

Rutkowski S, Rutkowska A, Kiper P, Jastrzebski D, Racheniuk H, Turolla A, et a. Virtual reality rehabilitation in patients
with chronic obstructive pulmonary disease: arandomized controlled trial. Int JChron Obstruct Pulmon Dis. 2020;15:117-124.
[FREE Full text] [doi: 10.2147/COPD.S223592] [Medline: 32021150]

Hoaas H, Andreassen HK, Lien LA, Hjalmarsen A, Zanaboni P. Adherence and factors affecting satisfaction in long-term
telerehabilitation for patients with chronic obstructive pulmonary disease: amixed methods study. BMC Med Inform Decis
Mak. Feb 25, 2016;16:26. [FREE Full text] [doi: 10.1186/s12911-016-0264-9] [Medline: 26911326]

Jung T, Moorhouse N, Shi X, Amin MF. A virtual reality-supported intervention for pulmonary rehabilitation of patients
with chronic obstructive pulmonary disease: mixed methods study. JMed Internet Res. Jul 07, 2020;22(7):€14178. [FREE
Full text] [doi: 10.2196/14178] [Medline: 32673224]

Mazzoleni S, Montagnani G, Vagheggini G, Buono L, Moretti F, Dario B, et a. Interactive videogame as rehabilitation
tool of patients with chronic respiratory diseases: preliminary results of afeasibility study. Respir Med. Oct
2014;108(10):1516-1524. [FREE Full text] [doi: 10.1016/j.rmed.2014.07.004] [Medline: 25087837]

Kotrach H, Dajczman E, Tremblay G, Baltzan M, Wardini R, Levitz S, et a. A pilot study using virtual game system to
maintain adherence to home-based exercise following pulmonary rehabilitation in chronic obstructive pulmonary disease.
Chest. Oct 2015;148(4):709A. [doi: 10.1378/chest.2257078]

LeGear T, LeGear M, Preradovic D, Wilson G, Kirkham A, Camp PG. Does a Nintendo Wii exercise program provide
similar exercise demands as a traditional pulmonary rehabilitation program in adults with COPD? Clin Respir J. May
2016;10(3):303-310. [doi: 10.1111/crj.12216] [Medline: 25351282]

Liu WY, Meijer K, Delbressine IM, Willems PJ, Franssen FM, Wouters EF, et al. Reproducibility and validity of the
6-minute walk test using the gait real-time analysisinteractive lab in patients with COPD and healthy elderly. PLoS One.
Sep 8, 2016;11(9):€0162444. [EREE Full text] [doi: 10.1371/journal.pone.0162444] [Medline: 27607426]

Bamidis PD, Paraskevopoul os E, Konstantinidis E, Spachos D, BillisA. Multimodal e-Health servicesfor smoking cessation
and public health: the SmokeFreeBrain project approach. Stud Health Technol Inform. 2017;245:5-9. [Medline: 29295041]
Burkow TM, Vognild LK, Johnsen E, Bratvold A, Risberg MJ. Promoting exercise training and physical activity in daily
life: afeasibility study of avirtual group intervention for behaviour changein COPD. BMC Med Inform Decis Mak. Dec
18, 2018;18(1):136. [FREE Full text] [doi: 10.1186/s12911-018-0721-8] [Medline: 30563507]

De Las Heras JC, Tulppo M, Kiviniemi A, Hilberg O, Lgkke A, Ekholm S, et al. Augmented reality glasses as anew
tele-rehabilitation tool for home use: patients perception and expectations. Disabil Rehabil Assist Technol. May
2022;17(4):480-486. [doi: 10.1080/17483107.2020.1800111] [Medline: 32750254]

Parent AA, Gosselin-Boucher V, Houle-Peloquin M, Poirier C, Comtois AS. Pilot project: physiologic responsesto a
high-intensity active video game with COPD patients-Tools for home rehabilitation. Clin Respir J. May
2018;12(5):1927-1936. [doi: 10.1111/crj.12760] [Medline: 29316273]

Rutkowski S, Rutkowska A, Jastrzebski D, Racheniuk H, Pawetczyk W, Szczegielniak J. Effect of virtual reality-based
rehabilitation on physical fithessin patientswith chronic obstructive pulmonary disease. JHum Kinet. Oct 2019;69:149-157.
[FREE Full text] [doi: 10.2478/hukin-2019-0022] [Medline: 31666897]

Sutanto Y S, Makhabah DN, Aphridasari J, Doewes M, Suradi, Ambrosino N. Videogame assisted exercise training in
patients with chronic obstructive pulmonary disease: a preliminary study. Pulmonology. 2019;25(5):275-282. [FREE Full
text] [doi: 10.1016/j.pulmoe.2019.03.007] [Medline: 31076287]

Tul, Hao T, Bi C, Xing G. BreathCoach: a smart in-home breathing training system with bio-feedback via VR game.
Smart Health. May 2020;16:100090. [doi: 10.1016/j.smhl.2019.100090]

Simmich J, Mandrusiak A, Smith ST, Hartley N, Russell TG. A co-designed active video game for physical activity
promotion in people with chronic obstructive pulmonary disease: pilot trial. IMIR Serious Games. Jan 27, 2021;9(1):e23069.
[FREE Full text] [doi: 10.2196/23069] [Medline: 33502321]

Simmich J, Mandrusiak A, Russell T, Smith S, Hartley N. Perspectives of older adults with chronic disease on the use of
wearabl e technology and video games for physical activity. Digit Health. May 30, 2021;7:20552076211019900. [FREE
Full text] [doi: 10.1177/20552076211019900] [Medline: 34104468]

https://games.jmir.org/2025/1/e69510 JMIR Serious Games 2025 | vol. 13 | 69510 | p. 20

(page number not for citation purposes)


https://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.2147/COPD.S60179?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/COPD.S60179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25246781&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm10020352
https://www.mdpi.com/resolver?pii=jcm10020352
http://dx.doi.org/10.3390/jcm10020352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33477733&dopt=Abstract
http://dx.doi.org/10.1016/j.wss.2024.100212
https://www.tandfonline.com/doi/abs/10.2147/COPD.S223592?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/COPD.S223592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32021150&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-016-0264-9
http://dx.doi.org/10.1186/s12911-016-0264-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26911326&dopt=Abstract
https://www.jmir.org/2020/7/e14178/
https://www.jmir.org/2020/7/e14178/
http://dx.doi.org/10.2196/14178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32673224&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(14)00242-X
http://dx.doi.org/10.1016/j.rmed.2014.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25087837&dopt=Abstract
http://dx.doi.org/10.1378/chest.2257078
http://dx.doi.org/10.1111/crj.12216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25351282&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0162444
http://dx.doi.org/10.1371/journal.pone.0162444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27607426&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29295041&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-018-0721-8
http://dx.doi.org/10.1186/s12911-018-0721-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30563507&dopt=Abstract
http://dx.doi.org/10.1080/17483107.2020.1800111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32750254&dopt=Abstract
http://dx.doi.org/10.1111/crj.12760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29316273&dopt=Abstract
https://europepmc.org/abstract/MED/31666897
http://dx.doi.org/10.2478/hukin-2019-0022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31666897&dopt=Abstract
https://www.tandfonline.com/doi/10.1016/j.pulmoe.2019.03.007?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.tandfonline.com/doi/10.1016/j.pulmoe.2019.03.007?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1016/j.pulmoe.2019.03.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31076287&dopt=Abstract
http://dx.doi.org/10.1016/j.smhl.2019.100090
https://games.jmir.org/2021/1/e23069/
http://dx.doi.org/10.2196/23069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33502321&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/20552076211019900?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/abs/10.1177/20552076211019900?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076211019900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34104468&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Chenetd

27. Baxter CA, Carroll JA, Keogh B, Vandelanotte C. Virtua respiratory therapy delivered through a smartphone app: a
mixed-methods randomised usability study. BMJ Open Respir Res. Jun 27, 2022;9(1):€001221. [FREE Full text] [doi:
10.1136/bmjresp-2022-001221] [Medline: 35760497]

28. Oberschmidt K, Broekhuis M, Griinloh C. Patient values associated with an exergame supporting COPD treatment. Stud
Health Technol Inform. May 25, 2022;294:730-734. [doi: 10.3233/SHT1220573] [Medline: 35612193]

29. Finkelstein J, Parvanoval, Huo X. Feasibility of avirtual reality app to promote pulmonary rehabilitation. Stud Health
Technol Inform. May 18, 2023;302:458-462. [doi: 10.3233/SHT1230172] [Medline: 37203716]

30. Gabriel AS, Tsal TY, Xhakli T, Finkelstein J. Mixed-methods assessment of a virtual reality-based system for pulmonary
rehabilitation. Stud Health Technol Inform. Oct 20, 2023;309:245-249. [doi: 10.3233/SHT1230789] [Medline: 37869851]

31. Gabriel AS, Tsal TY, Xhakli T, Finkelstein J. Patient perceptions of a virtual reality-based system for pulmonary
rehabilitation: a qualitative analysis. Stud Health Technol Inform. Jun 29, 2023;305:406-409. [doi: 10.3233/SHTI1230517]
[Medline: 37387051]

32.  Pancini E, Villani D, RivaG. oVeRcomING COPD: virtual reality and savoring to promote the well-being of patients with
chronic obstructive pulmonary disease. Cyberpsychol Behav Soc Netw. Jan 01, 2023;26(1):65-67. [doi:
10.1089/cyber.2022.29265.ceu] [Medline: 36595364]

33. PardosA, Gallos B, Menychtas A, Panagopoulos C, Maglogiannis |. Enriching remote monitoring and care platforms with
personalized recommendations to enhance gamification and coaching. Stud Health Technol Inform. May 18,
2023;302:332-336. [doi: 10.3233/SHTI1230129] [Medline: 37203673]

34. Colombo V, Mondellini M, Fumagalli A, Aliverti A, Sacco M. A virtua reality-based endurance training program for
COPD patients: acceptability and user experience. Disabil Rehabil Assist Technol. May 05, 2024;19(4):1590-1599. [doi:
10.1080/17483107.2023.2219699] [Medline: 37272556]

35. JinXL, Jin MN, Zhang BL, Niu ME, Han Y X, Qian JL. The association of conventional therapy associated with
somatosensory interactive game enhances the effects of early pulmonary rehabilitation for patients with acute exacerbation
of chronic obstructive pulmonary disease: a randomized controlled trial. Games Health J. Apr 29, 2025;14(2):127-135.
[doi: 10.1089/g4h.2023.0095] [Medline: 39207252]

36. Kizmaz E, Telli Atalay O, Cetin N, Ugurlu E. Virtua reality for COPD exacerbation: arandomized controlled trial. Respir
Med. 2024;230:107696. [doi: 10.1016/j.rmed.2024.107696] [Medline: 38857811]

Abbreviations

COPD: chronic obstructive pulmonary disease

PR: pulmonary rehabilitation

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
QoL: quality of life

RCT: randomized controlled trial

VR: virtua reality

Edited by A Coristine; submitted 02.12.24; peer-reviewed by G Cangelosi, W Selles; comments to author 20.01.25; revised version
received 20.02.25; accepted 18.04.25; published 30.05.25

Please cite as:

Chen J, Yang T, He Q, Pang M, Cao Y, Liu Z, Li L, Liu H-1, Bullen C

The Impact of Gamified I nterventions on the Management of Chronic Obstructive Pulmonary Disease: Systematic Literature Review
JIMIR Serious Games 2025;13:€69510

URL: https://games.jmir.org/2025/1/e69510

doi: 10.2196/69510

PMID:

©Jinsong Chen, Tingzhong Yang, Qilian He, Mingli Pang, Ying Cao, Zheng Liu, Linfei Li, Hsing-I Liu, Christopher Bullen.
Originally published in IMIR Serious Games (https://games.jmir.org), 30.05.2025. Thisisan open-access article distributed under
theterms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Serious Games, is properly
cited. The complete bibliographic information, alink to the original publication on https://games.jmir.org, aswell asthis copyright
and license information must be included.

https://games.jmir.org/2025/1/e69510 JMIR Serious Games 2025 | vol. 13 | 69510 | p. 21
(page number not for citation purposes)


https://bmjopenrespres.bmj.com/lookup/pmidlookup?view=long&pmid=35760497
http://dx.doi.org/10.1136/bmjresp-2022-001221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35760497&dopt=Abstract
http://dx.doi.org/10.3233/SHTI220573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35612193&dopt=Abstract
http://dx.doi.org/10.3233/SHTI230172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37203716&dopt=Abstract
http://dx.doi.org/10.3233/SHTI230789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37869851&dopt=Abstract
http://dx.doi.org/10.3233/SHTI230517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37387051&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2022.29265.ceu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36595364&dopt=Abstract
http://dx.doi.org/10.3233/SHTI230129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37203673&dopt=Abstract
http://dx.doi.org/10.1080/17483107.2023.2219699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37272556&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2023.0095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39207252&dopt=Abstract
http://dx.doi.org/10.1016/j.rmed.2024.107696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38857811&dopt=Abstract
https://games.jmir.org/2025/1/e69510
http://dx.doi.org/10.2196/69510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

