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Virtual reality (VR)-based mindfulness is a promising method to improve the 
health of older adults. Therefore, many attempts have been made to explore the 
application of VR-based mindfulness, such as VR meditation and mind–body 
exercises, in older adults. Generally, current studies indicate the heavy reliance 
on apparatus for implementing VR-based mindfulness interventions. In VR 
meditation, the crucial apparatus is VR headsets. In VR mind–body exercises, 
three essential components are required: motion capture sensors, main 
consoles, and display screens. In the aspect of health promotion, VR meditation 
is an effective method for improving mental health, pain, and quality of life 
in older adults. VR mind–body exercises contribute to increasing the mental 
health and physical function of older adults. Furthermore, VR mind–body 
exercises may be combined with other forms of exercise as a mixed method 
to promote the health of older adults. VR-based mindfulness interventions 
enhance the meditation and mind–body exercises experience for older adults 
while improving accessibility. However, their implementation still encounters 
a series of challenges, such as cost, technical anxiety, and apparatus-related 
issues. Additionally, we  recommend future research to examine the optimal 
exercise dose for VR mind–body exercises to maximize their health benefits.
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1 Introduction

In recent decades, the global population has experienced unprecedented demographic 
shifts due to the aging population (Zhao et al., 2022). As this trend continues, it is projected 
that by 2050, approximately 22% of the world’s population will consist of individuals aged 65 
and older (Zenebe et al., 2021; Zhao et al., 2022). The aging process involves a natural decline 
in physiological functions, including reduced performance in various organ systems, and a 
decreased ability to withstand physical, cognitive, and psychological stressors (Norman et al., 
2021). These age-related changes increase the risk of health problems among older adults. In 
the context of an aging population, this leads to substantial economic burdens and an increased 
demand for healthcare services on a global scale (Collado-Mateo et al., 2021; Norman et al., 
2021). Therefore, there is an urgent need to develop various health promotion strategies to 
enhance the health of older adults.
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Mindfulness practice is the intentional cultivation of 
non-judgmental awareness and presence in the present moment, often 
achieved through meditation and mind–body exercises (Gupta, 2021). 
While rooted in Buddhist traditions, mindfulness practice has gained 
increasing attention from researchers in medicine and psychology 
(Scheepers et  al., 2020; Fendel et  al., 2021). In the past decades, 
researchers have identified various health benefits associated with 
mindfulness practice, such as improving mental health problems 
(Enkema et  al., 2020), life quality (Valikhani et  al., 2020), pain 
(Ngamkham et al., 2019), cardiovascular disease (Conversano et al., 
2021), and other diseases (Giulietti et al., 2023; Naude et al., 2023). At 
present, mindfulness-based intervention has been widely implemented 
in various secular populations: spanning from pre-school children to 
older adults (Jamieson and Tuckey, 2017; Carsley et al., 2018; Odgers 
et al., 2020; Kriakous et al., 2021; Zhang et al., 2021). However, the 
implication of mindfulness practice still faces a range of challenges. 
On one hand, mindfulness practice requires conscious effort and can 
be challenging to maintain, particularly for novice meditators who 
may already be using substantial cognitive capacity to enhance their 
self-regulatory skills (Seabrook et al., 2020). On the other hand, many 
factors can impact the implementation of mindfulness practice, such 
as environment, attention, cognition, physiology, emotional well-
being, and social relationships (Seabrook et al., 2020; Li, 2022; Ma 
et  al., 2023). Therefore, traditional mindfulness practice requires 
under the guidance of professional trainers in specific locations (e.g., 
meditation center and hospital) (Ma et  al., 2023). However, this 
method limits the accessibility of mindfulness practice, particularly 
for older adults.

In order to improve the accessibility of mindfulness practice, 
extensive exploration has been undertaken (Hendrixson, 2020; May 
and Maurin, 2021; Wu et al., 2022). One promising solution is the 
application of virtual reality (VR) technology in mindfulness practice. 
VR technology allows individuals to engage with multisensory 
experiences in immersive 3D environments, potentially enhancing 
their mindfulness practice (Lee et al., 2023). To date, some studies 
have examined the application of VR technology to meditation and 
mind–body exercises for older adults (Chen et al., 2020; Hendrixson, 
2020). However, comprehensive information on the implementation 
of VR meditation and mind–body exercises in older adults is still 
lacking (Figure  1). Therefore, we  conducted this review based on 
published literature to address the following questions:

 i. How are VR meditation and mind–body exercises implemented 
in older adults?

 ii. What is the impact of VR meditation and mind–body exercises 
on the health of older adults?

 iii. What are the strengths and challenges of implementing VR 
meditation and mind–body exercises in older adults?

2 VR meditation

2.1 Implementation

2.1.1 Apparatus
VR headsets are a crucial component of VR meditation. 

Typically, a VR headset comprises a screen and lenses projecting the 
virtual environment directly in front of the user’s eyes, elevating the 

meditation experience (Li et al., 2021). Additionally, VR headsets 
often feature built-in headphones or speakers to further enrich the 
user’s multisensory immersive experience. Traditionally, VR 
headsets operate as output devices, necessitating a connection to 
main consoles (e.g., Xbox, PS, PC, and smartphone) for generating 
the intervention environment (Dzardanova and Kasapakis, 2022). 
However, it’s essential to note that main consoles are not always 
obligatory components. With the advancement of VR technology, 
all-in-one VR headsets (e.g., PICO 4 VR Headset, HTC Vive Focus 
3 Headset, Meta Quest Pro VR Headset) have been developed 
(Wang et al., 2023). This type of device is equipped with a built-in 
processor, offering independent processing, input, and output 
functions (Al Arafat et  al., 2021). Hence, there is no need for 
connections to a main console, eliminating wired constraints. 
Additionally, in order to reduce the cost of VR interventions, some 
researchers have tried to use mobile phone VR headsets (e.g., the 
Destek V5 headset) (Trueba et  al., 2023a,b). These devices are 
relatively inexpensive and require users to insert their smartphones 
into the headset to experience virtual reality content (Huang and 
Wang, 2021).

2.1.2 Implementation process
The implementation process of VR meditation is as follows:

 i. Preparation phase: Firstly, researchers formulate an 
intervention plan. Subsequently, researchers prepare VR 
apparatuses and select suitable videos based their design. 
Finally, researchers provide participants with guidance and 
instructions related to VR meditation.

 ii. Implementation phase: First, participants wear VR headsets 
and personalize settings to enhance their meditation 
experience. Subsequently, participants follow the instructions 
for meditation practice. Finally, after completing meditation 
practice, participants remove VR headsets. Throughout the VR 

FIGURE 1

VR-based mindfulness.
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meditation process, supervisors in the real world provide 
support and guidance to ensure participant safety.

 iii. Testing and evaluation phase: Researchers will request 
participants to complete a series of questionnaires and tests at 
specific stages of a study, such as before and after meditation 
intervention, depending on their study design.

To minimize the risk of potential adverse events such as motion 
sickness and eye strain among older adults, VR meditation 
interventions are typically set for 5–15 min (Sarkar et  al., 2022; 
Cinalioglu et al., 2023a,b). Furthermore, the implementation of VR 
meditation in older adults generally follows two methods: remote and 
in-person. In the in-person method, participants engage in VR 
meditation at a location prepared by the researchers, such as a hospital 
(Cinalioglu et al., 2023a). In the remote method, participants receive 
the necessary apparatus and online guidance to practice VR 
meditation in their own homes. Some studies also conducted post-
intervention interviews with participants to gather insights into their 
experiences, emotions, and feedback regarding VR meditation 
(Hendrixson, 2020).

2.2 Benefits

In the past decades, meditation has been considered an effective 
method for improving the physical and mental health of older adults 
(Weber et al., 2020; Reangsing et al., 2021). In VR meditation, similar 
findings were also observed. In terms of mental health, studies by 
Cinalioglu et al. (2023b) and Trueba et al. (2023a,b) claimed that VR 
meditation can reduce stress and alleviate negative mood symptoms 
(e.g., anxiety and depression) in older adults. However, these three 
studies only published abstracts in The American Journal of Geriatric 
Psychiatry, and detailed information is unavailable. Additionally, 
Sarkar et al. (2022) explored the impact of VR meditation on older 
adults with knee osteoarthritis and found a significant reduction in 
negative emotions following the intervention, with this effect still 
noticeable after 24–48 h. Although not statistically significant, Sarkar 
et  al. (2022) also observed an improvement in positive emotions 
among older adults after VR meditation. In terms of physical health, 
Sarkar et al. (2022) found that a 10-min VR meditation is a safe and 
feasible intervention for improving chronic pain, both overall and 
knee-specific, in older adults with osteoarthritis. Another study 
examining the impact of VR meditation on older adults’ quality of life 
found that a 3-week VR meditation program effectively enhanced 
overall quality of life (Hendrixson, 2020). This finding may imply an 
improvement in overall physical and mental health conditions.

One perspective suggests that VR meditation may be  more 
effective than traditional meditation because it enhances the 
meditation experience (Ma et al., 2023). However, there is limited 
research comparing the health benefits of VR meditation to traditional 
meditation. One reason for the limited research might be that VR 
meditation is a new and emerging research topic, and many related 
studies may still be in progress. Additionally, researchers within the 
field of VR meditation may have diverse research priorities, and their 
focus not be solely concentrated on one theme. Therefore, it remains 
unclear whether the enhanced meditation experience translates into 
greater health benefits for older adults. Given this, we recommend 
future research to explore the most effective meditation methods. 

Furthermore, future studies should identify potential variations in the 
health benefits of VR meditation among different populations, such 
as older adults vs. younger individuals, males vs. females, and the 
general public vs. specific groups.

2.3 Strength

The strengths of VR meditation are as follows:

 i. Meditation experience: VR meditation offers a more immersive 
and engaging experience compared to traditional meditation. 
The use of virtual environments and sensory stimuli can 
enhance the sense of relaxation and concentration during 
meditation. In the study conducted by Sarkar et al. (2022), 
participants expressed that VR meditation enhanced their 
meditation experience, with 94.7% of participants expressing 
their willingness to engage in VR meditation again.

 ii. Accessibility: VR meditation can be  easily accessed and 
practiced from the comfort of one’s own home. For instance, in 
the research by Cinalioglu et  al. (2023a), participants were 
allowed to receive remote guidance and engage in VR 
meditation interventions within their homes. This accessibility 
is advantageous for older adults with limited mobility.

 iii. Personalization: VR meditation programs can be customized 
to cater to individual needs and intervention objectives. This 
customization is advantageous for enhancing the 
personalization and specificity of meditation.

2.4 Implementation challenge

The implementation challenges of VR meditation are as follows:

 i. Cost: VR meditation requires specialized apparatus, such as a 
main console + VR headset or an all-in-one VR headset. The 
prices for all-in-one VR headsets typically range between $200 
and $500, with high-end devices featuring advanced display 
technology, tracking systems, and processors costing more, 
such as the Pimax Crystal VR headsets. Traditional VR 
headsets are generally more affordable, ranging in price from 
$100 to $300, but they require connection to a main console. 
The cost of these devices can be  a barrier to widespread 
adoption, particularly among older adults in developing 
countries. Fortunately, some researchers are exploring low-cost 
VR meditation intervention solutions (Trueba et al., 2023a,b). 
They utilized free VR mobile apps and the Destek V5 headset 
(a mobile phone VR headset priced at a few tens of dollars) to 
investigate the effectiveness of VR meditation in improving the 
mental health of older adults. Their future findings could 
potentially benefit economically disadvantaged populations.

 ii. Technical Anxiety: Some older adults may express concerns 
about using VR devices due to a lack of familiarity (Trueba 
et  al., 2023a,b). Training and technical support may 
be necessary to alleviate their technological anxiety.

 iii. Simulator sickness: Prolonged use of VR headsets can lead to 
discomfort or sickness. Current studies typically control the 
duration of VR meditation. Meanwhile, Sarkar et al. (2022) 

https://doi.org/10.3389/fpsyg.2024.1303880
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Gao et al. 10.3389/fpsyg.2024.1303880

Frontiers in Psychology 04 frontiersin.org

indicated that older adults generally reported scores of 0 (none) 
or 1 (slight) for each symptoms on the simulator sickness 
questionnaire, which measures the severity of 16 symptoms 
(such as headache, eye strain, and blurred vision) experienced 
during VR interventions (Sevinc and Berkman, 2020). 
Nevertheless, some older adults still reported experiencing 
severe migraines the day after the intervention (Sarkar 
et al., 2022).

 iv. Apparatus: Certain apparatuses may lack stability and could 
malfunction, leading to interruptions during interventions 
(Trueba et  al., 2023a,b). Additionally, compatibility issues 
between VR videos and devices may affect intervention 
implementation (Trueba et al., 2023a,b).

 v. Video Content: Most VR videos are primarily designed for 
entertainment purposes and may not be  suitable for VR 
meditation (Trueba et  al., 2023a,b). Furthermore, language 
support for the videos may also pose a potential issue (some 
languages may not be supported) (Trueba et al., 2023a,b).

3 VR mind–body exercises

3.1 Implementation

3.1.1 Apparatus
Traditionally, implementing VR mind–body exercises requires 

hardware support such as motion capture sensors, main consoles, and 
display screens (Kim et al., 2013; Rahman, 2023). In VR mind–body 
exercises, motion capture sensors are utilized to capture and monitor 
participants’ physical movements through cameras, infrared depth 
sensors, and various other sensors (Kim et al., 2013). Main consoles 
(e.g., Xbox, PS, or PC) are then used to link motion capture sensors, 
acquire motion capture-related data, and establish the VR 
environment (Kim et al., 2013). Display screens play a crucial role in 
presenting the virtual environment, showcasing visual elements 
related to movements and activities like exercise instructions, 
environmental backgrounds, and virtual participants (Rahman, 2023). 
Simultaneously, display screens serve as tools for providing feedback, 
enabling participants to observe their movements and actions, thereby 
facilitating self-monitoring and improvement (Rahman, 2023).

One thing to note is that current studies typically utilize display 
screens to present the VR environment when investigating the impacts 
of VR mind–body exercises on older people (Hsieh et  al., 2019; 
Rahman, 2023). Wearable devices, such as standalone VR headsets 
and all-in-one VR headsets, are currently seldom employed. This may 
be  associated with controlling research risks. In VR mind–body 
exercise interventions, older adults participate in a series of physical 
activities, and the potential motion sickness induced by using VR 
headsets may elevate the risk of exercise-related injuries (Cucher 
et al., 2023).

3.1.2 Implementation process
The implementation process of VR meditation is as follows:

 i. Preparation phase: Firstly, researchers prepare VR apparatuses 
and set them up in a suitable location. Subsequently, researchers 
prepare the necessary software for VR mind–body exercises 
and formulate the intervention plan. Finally, researchers 

provide participants with guidance and instructions related to 
VR mind–body exercises.

 ii. Implementation phase: Firstly, participants follow researchers’ 
instructions for warm-up. Subsequently, they engage in mind–
body exercises guided by a VR system. Finally, under the 
guidance of the researchers, participants completed relaxation 
activities after the intervention. Throughout the VR meditation 
process, in addition to the virtual coach, medical personnel/
researchers/coaches are typically present to monitor and 
support participants as needed.

 iii. Testing and evaluation phase: Researchers will request 
participants to complete a series of questionnaires and tests at 
specific stages of a study, such as before and after meditation 
intervention, depending on their study design.

In VR mind–body exercises, to enhance the quality of motion 
capture and ensure participant comfort during viewing, motion 
capture sensors and display screens are positioned at appropriate 
heights (approximately 1 m above the ground) and distances 
(approximately 2–2.5 meters from the participants) (Hsieh et al., 2019; 
Rahman, 2023). VR mind–body exercises typically select slow, 
continuous movements such as Tai Chi and yoga (Kim et al., 2013; 
Rahman, 2023). A session typically lasts for 30–45 min, during which 
participants can view their own movements and receive motion scores 
(Kim et al., 2013; Hsieh et al., 2019; Rahman, 2023). Additionally, a 
virtual coach provides visual and verbal feedback on participants’ 
movements to ensure the correct execution of each motion (Hsieh 
et al., 2019; Chen et al., 2020; Rahman, 2023).

3.2 Benefits

Tai Chi and yoga are the main events in VR mind–body exercises. 
In terms of mental health, a study conducted by Hsieh et al. (2019) 
examined the impact of 6 months of VR Tai Chi on older adults with 
cognitive issues. Their research found that VR Tai Chi intervention 
significantly improved abstract thinking and judgment abilities in 
older adults. However, no significant outcomes were observed in long-
term memory, short-term memory, attention, mental manipulation, 
orientation, language, drawing, and animal name fluency. Another 
study investigated the effects of VR Tai Chi on the mental health of 
older adults during the COVID-19 pandemic (Kim et al., 2022). Their 
research revealed that older adults experienced improvements in 
mindfulness and enjoyment after the VR intervention. In terms of 
physical health, Hsieh et al. (2019) found that VR Tai Chi improves 
the aerobic endurance, lower extremity endurance, balance, and gait 
speed of older adults. Similar findings were also observed in mixed 
VR mind–body exercises. The study by Kim et al. (2013) indicates that 
a combined intervention of VR Tai Chi and yoga improved hip muscle 
strength and balance in older adults. Furthermore, one study 
compared the health benefits of older adults participating in VR Tai 
Chi versus traditional Tai Chi (Chen et al., 2020). The results indicated 
that VR Tai Chi may have greater potential in improving balance 
function and strength.

In addition, some studies indicate that combining VR mind–body 
exercises with VR non-mind–body exercises can improve the health 
of older adults. For example, Padala et  al. (2017) found that a 
combined intervention of VR yoga, strength training, and aerobic 

https://doi.org/10.3389/fpsyg.2024.1303880
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Gao et al. 10.3389/fpsyg.2024.1303880

Frontiers in Psychology 05 frontiersin.org

training improved the balance of older adults. Chao et al. (2015) used 
a similar mixed intervention and observed improvements in balance, 
mobility, and depression among older adults. These findings suggest 
that VR mind–body exercises may have the potential to combine with 
other forms of exercise.

In summary, current findings indicate that VR mind–body 
exercises and mixed exercises, including VR mind–body exercises, 
may positively impact the physical and mental health of older adults. 
This conclusion aligns with previous research based on traditional 
mind–body exercises (Zou et al., 2018; Wu et al., 2019). However, 
which intervention method is the most effective remains unclear, and 
further research is needed to explore this.

3.3 Strength

The strengths of VR meditation are as follows:

 i. Exercise quality: Some mind–body exercise events, such as the 
full Tai Chi sequence, can be challenging for older adults (Chen 
et al., 2020). VR interventions provide real-time visual and 
auditory feedback. Specifically, participants can see their own 
movements and postures during the intervention, receiving 
guidance from a virtual coach. This can help them improve the 
quality of their exercise.

 ii. Accessibility: Learning certain mind–body exercises can 
be challenging, as mentioned above. In traditional mind–body 
exercises, older adults may need to visit specific locations for 
instruction from a coach. In VR interventions, participants can 
receive guidance from a virtual coach, which opens up the 
possibility of home-based exercise. Research by Kim et  al. 
(2013) suggests that VR mind–body exercises can improve 
physical function among older adults in an unsupervised 
environment, where VR feedback can replace the role of 
a coach.

 iii. Immersion: VR technology offers a highly immersive 
experience, making it easier for participants to engage and 
enjoy the exercise. According to Rahman (2023), most 
participants reported that VR mind–body exercises 
were enjoyable.

3.4 Implementation challenges

VR mind–body exercises implementation not only encounters the 
challenges mentioned in the previous section, such as the cost, 
technical anxiety, and apparatus, but also confronts the 
following issues:

 i. Exercise dose: VR mind–body exercises, such as Tai Chi and 
yoga, primarily consist of physical activities. Therefore, 
different exercise settings (e.g., intensity, frequency, and 
duration) may result in varying physical and mental health 
gains (Zhang et al., 2023a,b). However, there is limited evidence 
regarding the optimal exercise dose for VR mind–body 
exercises. Additionally, different older individuals may have 
different exercise dose requirements (Hsieh et al., 2019), and 
providing inappropriate exercise loads may lead to adverse 

effects. Thus, future research may need to further explore the 
optimal VR mind–body exercises dose under different  
conditions.

 ii. Generalizability: Although research has identified the feasibility 
of seated Tai Chi exercise among frail older adults (Rahman, 
2023), implementing VR mind–body exercise interventions in 
older individuals with functional impairments (e.g., mobility 
issues or memory problems) remains challenging due to the 
extensive amount of physical activity involved.

4 Limitation

When interpreting the findings of this study, it’s important to 
consider some limitations. Firstly, our research suggests the positive 
impact of VR meditation and mind–body exercises on the physical 
and mental health of older adults. However, due to limitations 
inherent in our study design and the limited number of existing 
studies, our findings were not supported by quantitative analyses. 
Therefore, we  recommend that future research conducts relevant 
meta-analyses as more related studies emerge. Secondly, our study 
focused on the implementation and effects of VR meditation and 
mind–body exercises in older adults. Therefore, the findings of this 
study cannot be generalized to other populations. Finally, the current 
research only included the application of VR Tai Chi and yoga in older 
adults. Consequently, our findings cannot be extrapolated to other 
types of VR mind–body exercises, such as VR pilates and Qigong. 
We encourage future experimental studies to explore various types of 
VR mind–body exercises.

5 Conclusion

The purpose of the current research is to summarize the 
implementation and impact of VR meditation and mind–body 
exercises in older adults. Our study indicates that VR headsets are 
critical devices for implementing VR meditation (Trueba et  al., 
2023a,b). However, in VR mind–body exercises, such devices are 
rarely used, and researchers typically employ a combination of motion 
capture sensors, main consoles, and display screens (Kim et al., 2013; 
Rahman, 2023). This could be to mitigate the risk of motion sickness 
(Cucher et al., 2023). In terms of health promotion, VR meditation has 
been shown to improve mental health (Trueba et  al., 2023a,b; 
Cinalioglu et al., 2023b), pain (Sarkar et al., 2022), and quality of life 
(Hendrixson, 2020) in older adults. VR mind–body exercises 
contribute to enhancing the mental health (Hsieh et al., 2019; Kim 
et al., 2022) and physical function (Chen et al., 2020) of older adults. 
Furthermore, VR-based mindfulness interventions not only improved 
the quality of meditation and mind–body exercises but also enhanced 
their accessibility (Kim et al., 2013; Cinalioglu et al., 2023a). However, 
the implementation of these interventions still faces challenges such 
as cost (Trueba et al., 2023a,b), simulator sickness (Sarkar et al., 2022), 
technical anxiety (Trueba et al., 2023a,b), and apparatus-related issues 
(Trueba et al., 2023a,b). Moreover, despite the positive impacts of VR 
mind–body exercises on the health of older adults observed in current 
research, the optimal exercise dose remains unclear. Therefore, future 
research should focus on addressing the issue of the optimal dosage 
for VR interventions.
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