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Abstract

Background: Theworldwide risein the prevalence of noncommunicable diseases has increased the recognition of the need to
identify modifiable risk factors for preventing and managing these diseases. The office worker, as a representative group of
physically inactive workers, is exposed to risk factors for metabolic syndrome, which is a primary driver of noncommunicable
diseases. The use of virtual reality (VR) exergames may offer a potential solution to the problem of increasing noncommunicable
disease prevalence, asit can help individualsincrease their physical activity levelswhile providing amoreimmersive experience.

Objective: Thisexploratory study aimsto examinetheinterventional efficacy of at-homeimmersive VR exergames on metabolic
syndrome biomarkers among office workers. Additionally, it seeksto investigate theimpacts of at-homeimmersive VR exergames
on the active and sedentary behaviors of office workers.

Methods: A 3-arm, single-blinded pilot randomized controlled trial will be conducted to examine the therapeutic effects of
at-homeimmersive VR exergames. A total of 120 Chinese office workers, engaging inlessthan 150 minutes per week of moderate
to vigorous intensity physical activity, will be recruited via a convenience sampling method. The participants, who will be tested
over a12-week period, will be randomly assigned to one of three groups: (1) the VR exergame intervention group, (2) the regular
physical activity control group, and (3) the nonexercise control group. Throughout the 12-week trial, three categories of variables
will be collected acrossthe three groups: clinical risk factors associated with metabolic syndrome, active and sedentary behaviors,
and demographics. To analyze variance among the groups, a mixed linear model will be applied to assess the efficacy of each
group. Differences in metabolic syndrome clinical risk factors among all groups will be used to evaluate the effects of at-home

https://www.researchprotocols.org/2025/1/e64560 JMIR Res Protoc 2025 | vol. 14 | 64560 | p. 1
(page number not for citation purposes)


mailto:zhaojing@gzhu.edu.cn
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Zhao et d

immersive VR exergames. Changesin active and sedentary behaviorswill a so be used to determine the impacts of VR exergames

on metabolic syndrome.
Results:

The ethics committee of Guangzhou University, China, approved this study on September 25, 2024. Participant

recruitment will begin in early 2025 and continue for approximately 3 months. Data will be analyzed after the 12-week trial is
completed, with full results expected to be presented in early 2026.

Conclusions: This study explores an emerging topic by applying an at-home immersive VR exergame intervention, potentially
contributing to understanding the effects of an exergame program on metabolic syndrome risk among office workers.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2025;14:€64560) doi: 10.2196/64560

Clinical Trials.gov NCT06556784; https://clinicaltrials.gov/study/NCT06556784
PRR1-10.2196/64560
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Introduction

Noncommunicable diseases, such as cancer, cardiovascular
diseases, diabetes, and heart disease, congtitute the foremost
cause of death internationally [1]. Noncommunicable diseases
accounted for 63% or 36 million global deathsin 2008, which
increased to 74% in 2019 [2,3]. The increasing prevalence of
noncommunicable disease deaths worldwide has increased the
need to identify modifiable risks in preventing and managing
these diseases.

Metabolic syndromeisacommon chronic disease characterized
by the co-occurrence of several major biomarkers, including
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), impaired fasting glucose,
insulin, triglycerides, blood pressure, waist circumference, and
BMI [4,5]. Moreover, as a route to many noncommunicable
diseases, such as cancer, cardiovascular diseases, and type 2
diabetes[6-8], metabolic syndrome playsapivotal rolein health
status. For example, several systematic reviews have shown
that individuals with metabolic syndrome are approximately
two to five times more susceptibl e to devel oping cardiovascul ar
disease and type 2 diabetes [9-11]. Although metabolic
syndrome is one of the threats to a healthy life [12], its
prevalence is increasing globally [13]. For example, a study
conducted in the United States reported an increase of more
than 35% in the prevalence of metabolic syndrome among US
adultsfrom 1988-1994 to 2007-2012 [14]. A systematic review
reported that approximately 20% of the adult population in most
Asian Pacific countriesis struggling with ametabolic syndrome
epidemic [15]. However, as an effective approach to mitigate
therisk and treatment of metabolic syndrome, physical activity
isfacing aworrisome status across al countries [16,17].

Employed adults, the largest population in the world, spend a
large portion of their waking time in the workplace [18,19].
Especially in desk-based workplaces, most of thistimeis spent
sitting [20-22]. For example, in desk-based workpl aces, Japanese
workers spend approximately 70% of their time sitting with a
low level of physical activity [23]. With the ongoing
advancement of technology, the worldwide phenomenon of
physical inactivity among employed adults has been occurring
increasingly in recent decades[24]. An example study conducted

https://www.researchprotocol s.org/2025/1/e64560

in China revealed that the energy expenditure of occupational
activity decreased by more than 22% and that the energy
expenditure of domestic activity decreased by more than 51%
over 9 years[25]. Other studies in the United States reported a
steadily increasing trend of low-activity occupations of 76%
from 1950 to 2000 [26] and a decreasing occupation-related
caloric expenditure of morethan 124 cal ories per day from 1960
to 2008 [27]. Prolonged sitting time adversely affects
cardiometabolic health among office workers, an already at-risk
population for metabolic syndrome [28]. For example, a study
conducted in Central Iran reported that approximately 36% of
officeworkers had metabolic syndrome[29]. Other studies have
reveal ed that approximately onein ten officeworkersare at risk
of metabolic syndrome in Korea [30] and Grest Britain [31].
Physical activity promotion interventions have a strong positive
impact on people with metabolic syndrome [32]. Nevertheless,
several factors, such as the nature of the job and lack of
motivation and time [33-35] for exercise, remain key barriers
for officeworkersto adhereto an active lifestyle. Consequently,
gym attendance rates are low even among people paying for
membership [36], and more than 75% of people fail to keep
their health target for more than 3 years [37].

Exergames are defined as video games that require players to
be physically engaged in them to play [38,39]. Severa
systematic and narrative reviews have provided preliminary
evidence for the correlations between playing exergames and
users physical activities[40,41]. For example, the contribution
of exergames to increasing older adults' health and wellness
through physical activity has been validated [41]. Previous
studies have demonstrated that exergames can be used as
interventions to increase physical activity, particularly among
obeseindividuals[42]. With the ongoing advancement of virtual
reality (VR) technology, exergames have become more
immersive for users. The concept of immersion is defined as
“users engagement with a VR system that results in being in
a flow state” [43]. Owing to the technology limitations of
conventional VR, several shortages have been presented to
users, such as difficulty in producing dynamic natura
environments and i nteraction deficienciesin human-environment
simulations. In contrast, with the development of visualizations
and interactions with virtual environments, new immersive VR
methods can address these limitations and |ead to more accurate
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and efficient virtual environment assessments[44]. Additionally,
its new application in exergame areas has aready shown
potential for promoting the health and well-being of some
disabled youth [45]. Neverthel ess, research on the health impact
of immersive exergames remains rare. A search of the terms
“immersive exergame” or “video game,” “physical activity” or
“exercise,” “cardiometabolic” or “metabolic syndrome,” and
“office worker” produced O results in the Scopus database as
of May 6, 2024 [46]. Thus, using immersive exergames to
promote physical activity in relation to cardiometabolic health
is gtill in its infancy among office workers, with a need for
increased knowledge about this topic. Therefore, as the first
randomized controlled trial (RCT), to the best of our knowledge,
the purpose of this study is to examine the effects of at-home
immersive VR exergames on clinical risk factors among office
workers, an aready at-risk population for metabolic syndrome.

Methods

Study Design

RCTs, a top-level research methodology in the area of
evidence-based medicine [47], have played asignificant rolein
evaluating the effects of lifestyle changes on metabolic
syndrome [48-50]. This protocol is a longitudina pilot study
that uses a 3-arm pardle-group RCT to examine the
interventional efficacy of an at-home immersive VR exergame
on severd clinical risk factors of metabolic syndrome among
office workers. On the basis of prior research on exercise and
physical activity interventions[48,51], a 12-week duration was
selected for this trial, as it is a commonly used period for
evaluating the efficacy of interventions targeting metabolic
syndrome. Several clinical risk factorsfor metabolic syndrome,
as well as active and sedentary behavior, will be monitored in
three stages during this 12-week trial . Stage 1 will be at the start
of thetrial, Stage 2 at week 6, and Stage 3 at the end of thetrial.
The therapeutic effects of the at-homeimmersive VR exergame
intervention for metabolic syndrome will be evaluated by
comparing these risk factors among three groups: the VR
exergame intervention group, the regular physical activity
control group, and the nonexercise control group. The study
follows two checklistss the CONSORT-EHEALTH
(Consolidated Standards of Reporting Trials Statement for
Randomized Controlled Trials of Electronic and Mobile Health
Applications and Online TeleHedth) [52] and the SPIRIT
(Standard Protocol Items. Recommendationsfor Interventional
Trials, Multimedia Appendices 1 and 2) [53,54].

Participant Recruitment

For thisexploratory study, aconvenience sampling method will
be used to recruit 120 office workers from six office-oriented
information technology companies in Guangzhou City,
Guangdong Province, located in Southern China. This group
represents a high proportion of physically inactive individuals
[55,56] and isat greater risk of devel oping metabolic syndrome
[56-58]. Recruitment emails will be sent to participants viathe
Tencent Enterprise Mailbox [59], a platform that allows
companiesto create email accountswith their corporate domain.
This platform serves as a communication and office tool to
support enterprises in providing unified notifications to office
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workers and to support office workers in providing timely and
efficient feedback. The inclusion criteria for participants are
office workers who are 16-60 years old (based on the standard
age of the Labor Law of the People’'s Republic of China),
capable of standing and exercising, and have no history of heart
disease, cancer, or dementia. Additionally, participants should
beinterested in playing with the exergames and willing to adhere
to a 12-week intervention exergame treatment because of the
nature of the trial.

Thisresearch aimsto examine the effects of at-homeimmersive
VR exergames on the clinical risk factors for metabolic
syndrome. Hence, individualswho are already engaged in more
than 150 minutes per week of moderate to vigorous intensity
physical activity will be excluded [60]. Additionaly,
pharmacol ogical treatments, such as metabolic syndrome—related
medicines (insulin sensitizers and biguanides, orlistat,
sibutramine, etc), some surgeries (bariatric surgery), and
traditional Chinese medicine (herbal medicine of ginseng,
berberine, bitter melon, etc), are the other exclusion criteria
because of their potential to influence cardiometabolic outcomes
[61,62].

First, to encourage participation, some basic information rel ated
to exercise for health and immersive VR exergames will be
introduced to potential participants. After adetailed explanation
of what is needed during the trial, a precheck of the inclusion
and exclusion criteria will be asked to identify eligible
participants. Then, participants who meet the criteria will be
instructed to review the information and provide informed
consent and assent for this study. Given the nature of the clinical
risk factors to be collected, a data collection center will be
arranged at a cooperative clinic, and its address will be shared
with all the participants for data collection and allocation of
experimental equipment and material at the start of the trial.

Intervention and Control Groups

Following RCT guideliines [63,64], participants will be
randomized into three equal groups: (1) the at-homeimmersive
VR exergame intervention group, (2) the regular physical
activity control group, and (3) the nonexercise control group.
Including both the regular physical activity and nonexercise
control groups will help determine whether VR exergame
intervention offers unique benefits beyond those achieved
through traditional exercise or no intervention. This design
allows us to isolate the specific effects of immersive VR
exergames. The at-homeimmersive VR exergame intervention
includes a 12-week trial of exercise using Meta Quest 2, as
shown in Figure 1. The Meta Quest 2 deviceisavalid tool that
has been used in previous studies to support physical activity
[65-68]. A VR headset and 2 handhel d controllers are contained
in the Meta Quest 2 set. Several active aerobic game apps will
beinstalled on headset devices. These appsincludethefollowing
[69]: Beat Saber (exercise: full-body, aerobic), Synth Riders
(exercise: dance, aerobic), OhShape (exercise: dance, aerobic),
Ragnarock (exercise: arms, shoulders, aerobic), Dance Central
(exercise: dance, aerobic), Until You Fall (exercise: back,
shoulders, arms, aerobic), In Death: Unchained (exercise: arms
and shoulders, endurance/aerobic), and Space Pirate Trainer
(exercise: full-body, aerobic). In these immersive games, the
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users can present their body movementsin the game world from
a first-person perspective. Moreover, they are all designed to
motivate usersto participate in physical movementswith various
categories of motivational affordances. For example, Beat Saber
is a rhythm game in which users need to move their bodies to
dice blocks at an exact angle. Physical activities such as arm
waving, moving, and squatting with an accelerating speed are
motivated in the game with affordances of rank, point, and
record. The participantsin the VR exergameintervention group
will be instructed to play one or more of these exergames for
at least 150 minutes per week, which isin line with the World
Health Organization’s physical activity guidelines [60]. They
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will be requested to record the frequency and duration of their
exergaming sessions. Participantsin theregular physical activity
control group will engage in a physical activity routine similar
in duration and intensity to the VR exergame intervention.
Participants in the nonexercise control group will not receive
any specific exercise instructions. All groups will be advised
to maintain regular eating and working habits without making
significant changes throughout the 12-week trial. After
completing thetrial, participantsin both control groupswill be
offered the same procedures as the intervention group, but their
data will not be collected.

Figure 1. Anexample of exercising with aerobic immersive VR exergame using Meta Quest 2 (source: the authors). VR: virtual redlity.

M easures

This exploratory pilot study aims to test the intervention of
at-homeimmersive VR exergame on metabolic syndrome. Two
variables, including clinical risk factorsfor metabolic syndrome
and active and sedentary behaviors, will be measured throughout
the three stages of the trial. Demographic information will be
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collected only a stage 1. Major clinica risk factors are
objectively measured from participants’ blood tests and a
sphygmomanometer. The Global Physica  Activity
Questionnaire (GPAQ) will be used to measure participants
active and sedentary behaviors. A summary of the stages,
measures, and indicators is shown in Table 1.
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Table 1. Summary of stages, measures, and indicators.
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Measures and indicators Timeline
Stage 1 Stage 2 Stage 3
Demographics
Age, gender O
Clinical risk factors
HDL-C? u o o
LDL-CP 0 O 0
Impaired fasting glucose O O O
Insulin O O O
Triglycerides O O O
Blood pressure g g ad
Wiaist circumference O O O
BMI O g g
Active and sedentary behaviors
Exercise time (including exergaming time) g

Sedentary time

8HDL-C: high-density lipoprotein cholesterol.
b pL-C: low-density lipoprotein cholesterol.

To test the therapeutic effect of this intervention, primary
clinical risk factors for metabolic syndrome, including blood
testsfor HDL-C, LDL-C, impaired fasting glucose, insulin, and
triglycerides, along with sphygmomanometry of blood pressure,
waist circumference, and BMI, will be measured [4,70,71].
Owing to several merits of immersive VR exergames, such as
physical engagement [38,39], the nature of immersion, and
attractiveness [43], the use of VR exergames may have a
significant effect on behaviors, such asexercise and sitting time
[72]. Therefore, we use the GPAQ to observe the changes in
active and sedentary behaviors produced by immersive VR
exergames. Moreover, the validity of the GPAQ has been proven
for monitoring physical activity in health promotion research
[73]. Thewhole questionnaireincludes 16 itemsfor 3intensities
(light, moderate, and vigorous intensity) of physical activity
and sedentary behavior during work, transport, and leisuretime
[74]. The paper form will be printed and passed to participants
to assess the changes in active and sedentary behaviors during
thetrial.

Study Procedure

Each group in this study will consist of 40 randomly allocated
participants (using asimple computer-generated random number
seguence managed by JZ), and the trial will be conducted in a
single-blinded structure. In this three-arm study, participants
will receive the VR exergame intervention, regular physical
activity, or no exercise at al. The participants will inherently
be aware of their assigned activity. However, they will be
blinded to the specific study hypotheses and the detailed
objectives regarding comparing the 3 groups. To reduce

https://www.researchprotocol s.org/2025/1/e64560

perceived differences, participants in both control groups will
receive VR exergame devices after completing the trial, but no
data will be collected from this phase. Additionally, outcome
assessors and data analysts will remain blinded to group
assignmentsto prevent biasin data collection and analysis. This
single-blind design helpsreduce biasin theinterpretation of the
study results, even though participants are aware of their
assigned activity.

The comprehensive framework for this protocol consists of 3
stages over 12 weeks and the allocation of items for each stage
isshown in Table 2. In stage 1, when participants arrive at the
data collection center, experiment coordinators will distribute
and explain the manual booklet to all participants, which
includes a description of the procedures, requirements, and
address for inquiries. After participants have confirmed the
contents and requirements of the manual, the experiment
coordinatorsand clinic nurseswill collect demographics, clinical
risk factors, and GPAQ from all participants as the baseline
data. A Meta Quest 2 set of equipment (entire trial), GPAQ
guestionnaire (0 to 6 weeks), and a recording sheet of
exergaming time (0 to 6 weeks) will be additionally assigned
to the VR exergame intervention group. In stage 2, the GPAQ
guestionnaire (7 to 12 weeks) will be assigned to all 3 groups
and a recording sheet of exergaming time (7 to 12 weeks) will
be additionally assigned to the VR exergameintervention group.
In stage 3, only the Meta Quest 2 set of equipment will be
assigned to both control groups. The necessary items for each
stage will be passed to participants when they arrive at the data
collection center.
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Table 2. Timeline and allocation of items.
Stage 12 Stage 2° Stage 3°
VRY exergame interventiongroup  *+ Manual booklet « GPAQ -
»  Demographic questionnaire « Recording sheet of exergaming
* GPAQ® time
. Meta Quest 2 set
«  Recording sheet of exergaming
time
Regular physical activity control o Manua booklet . GPAQ o MetaQuest 2 set
group «  Demographic questionnaire
. GPAQ
Nonexercise control group «  Manual booklet « GPAQ « MetaQuest 2 set
«  Demographic questionnaire
. GPAQ
8Start of the trial.
B\eek 6 of the trial.
®End of thetrial.

dV/R: virtual reality.
€GPAQ: Global Physical Activity Questionnaire.
"Not applicable.

All participants will be asked to visit the data collection center
in three stages for data collection and experimental material
alocation. The self-reported GPAQ questionnaire will be
completed by al participants at home, as it is a convenient
at-home format for exploring impacts on active and sedentary
behavior. The VR exergame intervention group will record the
frequency and duration of their exergaming sessions, theregular
physical activity control group will track their daily exercise
routines, and the nonexercise control group will report any
physical activities they perform beyond their baseline.
Participants will be asked to bring all self-report sheets to the
datacollection center at stages 2 and 3. Coordinatorswill collect
and summarize all the completed questionnaires and recording
sheets for data processing. Major clinical risk factors are
objectively measured from participants metabolic syndrome
biomarkers, which are operated by professional nurses at the
data collection center (cooperative clinic). Since there is a
fasting biomarker for testing metabolic syndrome, all
participants are required not to consume any food or drink 12
hours before blood sample collection in the morning. After the
major clinical risk factor data from al the participants for the
entiretrial are collected, the experiment coordinators will visit
and obtain the data from the data collection center.

Analyses

After 12 weeks of the trial, 3 categories of data, including
demographic, clinical risk factor, and active and sedentary
behavior data, will have been collected. Regarding descriptive
statistics for each indicator, the changesin clinical risk factors
during thefirst 6 weeks, thelast 6 weeks, and the entire 12-week
trial will be calculated and presented as the means, SDs, and
quartiles to show differences. Active and sedentary behavior
will be presented as minutes of weekly light, moderate, and
vigorous-intensity physical activity, and sedentary timewill be
obtained from the self-reported GPAQ items. Demographic
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variables will be presented as sum values or percentages.
Additionally, the diagnosis of metabolic syndromefor al groups
of participants will be summarized into sums and percentages
at each stage according to the definition from a World Health
Organization consultation report (high levels of insulin and
impaired fasting glucose, together with at least two of the
following items: HDL-C concentration less than 35 mg/dL for
men [39 mg/dL for women], triglyceride concentration greater
than 150 mg/dL, awaist circumference greater than 37 inches,

BMI greater than 30 kg/m?, systolic blood pressure greater than
140 mm Hg and diastolic blood pressure greater than 90 mm
Hg) [4,70].

As it will be adjusted for demographic variables, the linear
mixed model, which is recommended in the literature for
individually assigned RCTs [75], will be used as an analysis
method for determining the effects of the intervention. In cases
where participants drop out or are nonadherent, missing data
will be handled viamultipleimputation techniques. The primary
outcome assessed is the change in clinical risk factors for
metabolic syndrome, including HDL-C, LDL-C, triglycerides,
blood pressure, waist circumference, BMI, impaired fasting
glucose, and insulin. Thelinear mixed model will comparethese
clinical risk factors across the 3 groups—VR exergame
intervention, regular physical activity control, and nonexercise
control groups—over three stages. The model will also assess
the interaction between groups and time to determine whether
the VR exergame intervention has different or additional effects
compared with regular physical activity and no physical activity.
Adherence to the intervention will be assessed through daily
self-report logs for al participants and included as a covariate
to account for variations in engagement with the interventions.
Additionally, sensitivity analyseswill be conducted to examine
the potential impact of varying adherence levels on metabolic
outcomes. This approach ensures that adherence variations are
properly considered when the study’sresults are interpreted. In
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this study, the intervention or control groups are fixed factors,
and demographi c factorswould be considered asrandom factors
for accommodating variabilitieswithin or between participants.
All available datawill beimported into Stata (version SE 15.1;
Stata Corp) for analysis, and the significance level will be set
at P<.05. As this is an exploratory pilot study, the primary
objective is to assess feasibility and gather preliminary data.
Given the lack of prior studies using immersive VR exergames
in this context, conducting a power analysis would be
speculative. The focus of this pilot is to generate effect size
estimates and assess practical considerations, which will inform
the design of afuture, fully powered RCT. In the larger RCT,
a forma power analysis will be conducted using the data
generated from this pilot study.

Ethical Consider ations

This study was approved by the Institutional Ethics Committee
of Guangzhou University, China (2024-112; September 25,
2024). Initially, potential participants will be provided with
basic information regarding the benefits of exercise for health
and immersive VR exergames. Subsequently, interested
individuals will receive a detailed explanation of the study
process, and they will be asked to sign the informed consent
and assent forms. In addition, some persona information is
required during this trial, including name, age, gender, email
address, home address, and phone number for the purpose of
marking data, sending the results of blood tests and diagnosis
of metabolic syndrome, or analyses (eg, as covariates). All
participant information will be collected directly by the
experiment coordinator (JZ) to ensure the privacy of their
personal information. Strict measures will be implemented to
manage and store al the collected data. To compensate for
participation, participants will be rewarded with RMB 150
(approximately US $21) for completing each stage, whereas
participants who complete all the processes of the trial will be
rewarded with RMB 500 (approximately US$71). All incentives
will be sent via aregistered postal cash envelope. For visiting
the data collection center at each stage, transportation fees will
also be reimbursed.

Results

Thisstudy was approved by the ethics committee of Guangzhou
University, China, as of September 25, 2024. The completion
of participant recruitment and the initiation of the intervention
or control trial are anticipated by the middle of 2025. The full
processes of thistrial, including dataanalysis and paper writing,
are expected to be completed in early 2026.

Discussion

Principal Findings

Our findings will reveal whether the clinical risk factors for
metabolic syndrome within theintervention group significantly
improved after a 12-week exergaming intervention compared
with those in the two control groups. The increase in the time
engaged in physical activity (al types of light, moderate, and
vigorous intensity) and the decrease in the time spent in
sedentary behavior will also be evaluated.

https://www.researchprotocol s.org/2025/1/e64560
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The phenomenon of physical inactivity among employed adults
has been occurring increasingly worldwide because of the
development of society and technology in recent decades
[16,17]. Consequently, the population of employed adults at
risk for metabolic syndromeis growing acrossthe globe[14,15].
Several primary factors, such as a lack of motivation, weather
restrictions, and busy schedules for work, socia lives, and
family, have been reported as key barriers to physical activity
[34]. Notably, at-home immersive VR exergames can provide
several advantagesto addressthese barriersto physical inactivity
for employed adults. However, to our knowledge, few studies
have explored the health effects of immersive exergames. This
study isthefirst RCT and aims to examine the effectiveness of
at-home immersive VR exergame interventions for improving
metabolic syndrome. Our hypotheses were based on several
advantages of at-home immersive VR exergames. The first
benefit to exergames is engagement and enjoyment, as various
types of motivational affordances (eg, points, leaderboard, and
badges) were found within the gaming process along with
several positive psychological effects (eg, joyfulness) [76]. The
second advantage isthe convenience of at-home exercise, which
can mitigate weather restrictions and fit into aflexible schedule.
In addition, exergames also have positive impacts on both
physical health and cognition [77], which may offer pathways
to improve rehabilitation and wellness [41]. Although these
positive results have been reported, there is al so some evidence
that these positive impacts from exergames may be temporary
[78].

Strengths and Limitations

This study has severa limitations. First, the possibility of VR
sickness resulting from individual differences [79] may result
in variable exercise time, which can indirectly influence the
primary clinical risk factors for metabolic syndrome and bias
the efficacy of the intervention. Second, the unsupervised
process of self-recorded exercise time and self-reported GPAQ
items may produce inexact data about trial results. Third,
according to trial length within exercise or physical activity
studies, 12 weeks to 1 year is the range for determining
interventional efficacy for comprehensive metabolic syndrome
risk factors[48,51]. The 12-week trial for thisstudy is consistent
with the minimum length threshold, but a longer treatment
period may produce more robust and efficacious results.
Additionally, our participantswill berecruited from Guangzhou,
China, where particular life habits and social conventions, such
as long work hours [80] and food habits [81], may produce
resultswith limited generalizability. Although these limitations
exist, the strengths of this study includeits RCT design, the use
of clinical measures of risk factorsfor metabolic syndrome, the
novel examination of the impacts of exergames on promoting
physical activity and metabolic syndrome, and theimprovement
of health conditions within the at-risk population of office
workers.

Conclusions

The use of at-home immersive VR exergames for improving
metabolic syndromeisan emerging topic for promoting physical
activity related to cardiometabolic health. The primary aim of
this proposed study is to assess the feasibility and preliminary
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effects of an at-homeimmersive VR exergame intervention on  increasingly sedentary population. Theseresultswill inform the
the clinical risk factors for metabolic syndrome. Theresultsof ~ design and implementation of a larger-scale, fully powered
using at-home immersive VR exergames may contribute to RCT. This exploratory pilot RCT will provide data regarding
promoting office workers' health conditions and help reduce the intervention’s practicality and initial effectiveness, which
the burden of metabolic syndrome risk among a large and  will guide future research efforts.
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