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Stress and anxiety are among the most prevalent psychological conditions affecting individuals worldwide, and their impact has intensified since the COVID-19 pandemic, with projected economic consequences reaching up to US$ 6 trillion by 2030. In response, researchers are increasingly exploring immersive technologies, such as virtual reality, augmented reality, and mixed reality, as tools for identifying and managing these conditions. This article presents a systematic review of the scientific literature published over the past decade on the application of immersive technologies for stress and anxiety, examining which technologies and devices are most widely used, how their effects are evaluated, what advantages they offer, and what challenges limit their clinical adoption. Following PRISMA guidelines, 78 studies were analyzed by the type of immersive technology employed, the targeted condition (stress, anxiety, or both), the devices used, and the evaluation methods used. The results reveal a strong dominance of virtual reality-based systems, delivered primarily through head-mounted displays, with growing but uneven clinical adoption and a clear dependence on validated self-report psychological scales. Physiological markers such as heart rate, electrodermal activity, and cortisol levels are used in only a minority of studies, and integrated behavioral metrics, such as motor coordination or postural control, remain largely unexplored despite the well-documented effects of stress and anxiety on motor function. Based on these findings, the review identifies key scientific and clinical challenges, including integrating physiological and behavioral markers, ensuring usability and adaptability for diverse users, integrating with traditional therapies, and establishing standardized protocols and long-term impact assessment. Building on this central gap, the review proposes a foundation for developing multimodal, user-centered immersive systems that integrate physiological and motor biomarkers to support more objective detection and management of stress and anxiety.
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Introduction
Stress is the physical or mental response to an external cause known as a stressor, which can occur once, briefly, or repeatedly over an extended period. In contrast, anxiety is the body's internal reaction to sustained stress, and both can manifest even in the absence of a real threat.1,2

Temporality serves as a distinguishing approach; it differentiates between anxiety and stress according to their temporal focus. Anxiety is characterized by a preoccupation with anticipated future events, whereas stress is typically associated with the reaction to stimuli in the present moment. Usually, stress diminishes once immediate stressors are no longer present.

Stress and anxiety are among the most prevalent and impactful mental health conditions worldwide, affecting individuals of all ages and socioeconomic backgrounds. According to the World Health Organization (WHO), anxiety disorders are the most common category of mental illnesses globally. The COVID-19 pandemic further intensified this burden: the number of people diagnosed with anxiety disorders increased from 301 million to 374 million in 2020 alone, marking a 26% increase.3 This growing prevalence also carries significant economic consequences, with projected global costs reaching US$6 trillion by 2030.3,4 These figures highlight the need for effective strategies and tools to detect and manage these conditions in both clinical and everyday settings.5

In response to this growing challenge, immersive technologies such as virtual reality (VR), augmented reality (AR), and mixed reality (MR) have emerged as promising tools for mental health applications.6-9 Originally developed for entertainment and training, these technologies are now being adapted for therapeutic use, offering controlled environments, real-time data collection, and personalized interventions. Their ability to replicate emotionally significant scenarios with high ecological validity makes them particularly suited for assessing and treating stress and anxiety. As their accessibility increases, exploring their effectiveness and integration into mental health care becomes a critical research priority.

Virtual reality uses hardware and software to create a digital environment that simulates reality. Users often wear special headsets that cover their eyes and interact with this environment using hand controllers (similar to video game controls), instrumented gloves, or haptic devices.10 Augmented reality combines or overlays virtual elements onto real-world settings via electronic devices such as smartphones, tablets, or specialized headsets, allowing users to interact with them within real-world environments.11-13 Finally, MR (hybrid reality) combines VR and AR, creating scenarios in which real and virtual people and objects interact.14 Throughout this review, the authors use the term “immersive technologies” to refer to technological platforms that employ VR, AR, and MR.

Research and development in immersive technologies has shown exponential growth across various domains, and mental health is no exception. These technologies have found diverse applications in the diagnosis, monitoring, and prevention of anxiety and stress, and are increasingly explored as tools to assess psychophysiological responses and emotional states. This breadth of applications has motivated a more comprehensive review of their roles in the context of stress and anxiety.

This work reviews the state of the art regarding the use of immersive technologies to identify and manage stress and anxiety, analyzing their frequency of use, acceptance among healthcare professionals, reported outcomes, and associated challenges. It also highlights the most commonly used assessment instruments and identifies current research gaps to guide future developments in the field.

A growing body of evidence links stress and anxiety to measurable changes in motor function. Acute stress increases muscle tension and impairs fine motor control, while anxiety has been associated with postural instability and altered movement coordination. These motor manifestations are objective, continuously measurable, and difficult to consciously mask; properties that make them promising complements to self-report and physiological measures. Yet the extent to which immersive technologies, which inherently involve movement and interaction, have leveraged these motor indicators for stress and anxiety assessment remains unclear.

This work is guided by three research questions, each addressing a distinct dimension of the field:
· RQ1. Adoption and implementation: Which immersive technologies are most commonly used to identify and manage stress and anxiety, and what is their level of acceptance among medical professionals?
· RQ2. Evaluation and benefits: What psychological instruments are used to assess their impact, and what advantages do immersive technologies offer in managing stress and anxiety?
· RQ3. Challenges and research gaps: What obstacles, challenges, and areas of study require attention to advance the application of immersive technologies for stress and anxiety?

Given the growing mental health burden and the rapid evolution of immersive technologies, a systematic understanding of their current applications, advantages, and limitations are essential for the academic and scientific community. While this review characterizes the field as a whole (including the technologies, devices, and assessment instruments most commonly used), its central contribution is to identify a critical and largely overlooked gap: the absence of integrated motor and behavioral biomarkers in immersive interventions for stress and anxiety. Despite the well-documented effects of these conditions on motor function, none of the reviewed studies incorporated such measures. By situating this gap within a comprehensive mapping of the field, the review aims to consolidate existing knowledge, identify patterns and limitations, and provide a foundation for developing more objective, multimodal assessment approaches.

Methods 
This systematic review of the scientific literature was conducted to provide an overview of recent advances and to identify current challenges in the use of immersive technologies for the identification and management of stress and anxiety. The review followed the PRISMA guidelines, a widely recognized framework for conducting systematic reviews and meta-analyses.15,16

The search was limited to publications from the last eleven years (2015–2025) and focused on studies aimed at identifying, evaluating, or managing stress and anxiety. An initial pool of 182 documents was retrieved. After removing duplicates and screening titles and abstracts, 135 articles were retained. Screening and eligibility assessment were performed by a single reviewer (J.P.C.J.P.), who resolved borderline cases by applying the predefined inclusion and exclusion criteria listed in Table 1. This table also describes the keywords used for the proposed review.


	Criterion
	Description

	Keywords 
	anxiety, stress, virtual reality, augmented reality, mixed reality, identification, detection.

	Search repositories 
	Google Scholar, ScienceDirect, Scielo, IEEE Xplore, and PubMed

	Total number of documents retrieved 
	182

	Filtered documents
	135 (including doctoral theses, conference papers, and white papers)

	Editorial publishers
	IEEE, Elsevier, Springer, MDPI, SAGE, Taylor and Francis, Frontiers.

	Inclusion criteria 
	a) research articles published in journals or conferences, and b) studies focusing on the use of immersive technologies in identifying or managing stress and anxiety.

	Exclusion criteria 
	a) Studies with incomplete information; b) Studies that do not address the topic; c) Duplicates

	Total articles included for review
	78 


Table 1 Process of selection and organization of articles.

In total, 78 articles met the eligibility criteria and were selected for detailed analysis. Table 2 presents the numbers of documents retrieved, screened, and included by the database, and Figure 1 illustrates the screening and selection steps in accordance with the PRISMA guidelines.
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Figure 1 Flow diagram following the principles of the PRISMA Guide.


	Databases
	Documents initially retrieved after applying the keywords and period
	Documents after reviewing the title and abstract
	Documents that meet the inclusion criteria

	PubMed
	27
	21
	20

	Google Scholar
	61
	40
	5

	IEEE Xplore
	43
	14
	36

	Scielo.org
	20
	15
	11

	ScienceDirect
	31
	45
	6

	Total
	182
	135
	78


Table 2 Document screening process.

Results
In total, 78 scientific articles were examined: 35% (27 articles) originated from Asia, 35% (27 articles) from Europe, 28% (22 articles) from America, and 3% (2 articles) from Oceania. The year 2017 had no recorded publications on this subject, while 2023 saw the highest volume, with thirteen articles published (Figure 2).  

Given the geographic and temporal diversity in research production, evaluating study participants using appropriate, validated tools is especially important to ensure the integrity and validity of the collected data and to accurately understand the effects of technological interventions.

The following sections discuss the variety of evaluation tools identified in the reviewed literature, ranging from self-reported measures to biological markers, and emphasize the need for combined methods to achieve a comprehensive understanding of the impact of immersive technologies on mental health. The application of these technologies to specific conditions is then analyzed, illustrating their versatility, the predominance of virtual reality, and the growth potential of other technologies. Finally, the devices used in these interventions are discussed, highlighting how combining subjective and objective evaluations provides a holistic perspective on treatment efficacy.

[image: ]
Figure 2 Article production by year.

Tools for Subject Evaluation 
Immersive technologies are increasingly used in mental health treatment and evaluation. 
Based on the reviewed literature, five distinct methodological approaches were identified:
a) Studies using psychological instruments in combination with immersive technologies.
b) Studies integrating immersive technologies, biological markers, and psychological instruments.
c) Studies combining immersive technologies with biological markers only.
d) Studies relying solely on immersive technologies for evaluation, without the inclusion of psychological or physiological measures.
e) Studies using immersive technologies in combination with expert supervision, such as therapists or clinicians providing real-time support or guidance.

After applying for this classification, it was found that:
· Group a (37 articles, 47%): The most common approach is the use of psychological instruments in conjunction with immersive technologies. This highlights the importance of validated self-report tools in evaluating the psychological impact of interventions. 
· Group b (20 articles, 26%): A more integrative method combining immersive technologies, psychological self-reports, and biological data (eg, temperature, galvanic skin response, heart rate, cortisol), providing both subjective and objective evidence.
· Group c (12 articles, 15%): Focused on physiological responses, these studies used biological markers with immersive technologies but omitted psychological questionnaires.
· Group d (8 articles, 10%): These relied exclusively on immersive technologies to assess user responses, typically through system metrics or user interaction analysis, without external evaluation tools.
· Group e (1 article, 1%): Only one study incorporated professional supervision as part of the immersive treatment protocol, underscoring its limited presence in current research. Figure 3 and Table 3 present a visual and tabular summary of this distribution.

[image: ]
Figure 3 Distribution of participant evaluation tools.


	Article 
	Group
	Technology used 
	Total

	4,17–47
	A
	VR
	32

	48
	A
	MR
	1

	7,49–51
	A
	AR
	4

	52,53,6,54–68
	B 
	VR
	18

	69
	B
	MR
	1

	12
	B
	AR
	1

	70–79
	C
	VR
	11

	80
	C
	AR
	1

	81–86
	D
	VR
	6

	84,87
	D
	VR/AR
	2

	88
	E
	VR
	1

	Total 
	78


Figure 3. Distribution of participant evaluation tools.

The findings reveal a rich diversity of methodological approaches among studies that utilize immersive technologies to treat stress and anxiety. Within this context, the central role of subjective assessment, primarily through validated self-report instruments, stands out. This traditional methodology has been widely used in clinical and research settings for its ability to capture individuals' personal and emotional experiences. However, its dependence on individual perception makes it vulnerable to interpretation bias, limited objectivity, and inter-subject variability.

Beyond underscoring the relevance of these traditional assessments, the results indicate a growing interest in combining subjective evaluations with objective data. This methodological convergence reflects a shift toward more comprehensive approaches that integrate self-reported emotional responses with physiological indicators such as heart rate, galvanic skin response, temperature, or cortisol levels. The combination of these two perspectives enriches understanding of an individual's state and provides more robust, reliable data for clinical decision-making, underscoring the need for tools that support professionals in making more accurate assessments.

The potential of immersive technologies lies precisely in their capacity to provide context-sensitive, real-time environments in which both subjective perception and objective responses can be evaluated simultaneously. In this context, interdisciplinary collaboration and expert participation are crucial for accurately interpreting data and informing the design and implementation of effective interventions, positioning the integration of subjective and objective methods as a key strategy for advancing the understanding and treatment of stress and anxiety.

Targeted Condition
The findings reveal a notable diversity in the focus of the reviewed studies, which can be classified into three categories based on their primary target: stress alone, anxiety alone, or both conditions addressed simultaneously (Figure 4).

[image: ]
Figure 4. Distribution of targeted conditions across studies: stress, anxiety, or both.

A total of 22 articles (28%) examined both stress and anxiety as primary targets, highlighting the importance of understanding the interaction between these two closely related conditions and the potential of immersive technologies to address them in an integrated manner.

26 articles (33%) focused specifically on anxiety, analyzing how immersive technologies can influence anxiety-related responses in various contexts, including clinical, educational, and social settings. These studies offer a more targeted exploration of anxiety as a standalone condition.

Finally, 30 articles (39%) concentrated on stress-related interventions, reflecting a strong research interest in using immersive technologies as therapeutic tools to reduce stress through relaxation, guided breathing, and immersive exposure strategies.

This categorization not only reflects the breadth of current research but also suggests the potential to develop more customized immersive interventions depending on the specific psychological target.

Technology Used 
The results reveal a clear preference for specific types of immersive technologies in the reviewed literature (Figure 5).

[image: ]
Figure 5. Distribution of immersive technologies in the reviewed literature.


Virtual Reality was by far the most commonly used technology, appearing in 68 articles (87.2%). This strong presence reflects a high level of interest and confidence in VR as an effective tool for simulating scenarios that elicit stress and anxiety.

In contrast, AR was used in six articles (7.7%), suggesting a more limited, though still relevant, application of this technology in mental health contexts. Mixed reality appeared in two articles (2.6%), and two additional articles (2.6%) combined VR and AR technologies (VR/AR). Although AR and MR are used less frequently, their increasing accessibility and technical sophistication suggest growing potential for broader use in this field, particularly as these modalities continue to complement or enhance current VR-based approaches in real-world or hybrid environments.

Another relevant observation is that immersive technologies are primarily used to simulate stress- and anxiety-inducing environments, enabling controlled exposure for therapeutic or experimental purposes. The effects of these interventions are commonly assessed using a combination of subjective self-report measures and objective biological markers, thereby establishing a multidimensional approach to mental health evaluation. Overall, the review confirms the predominance of VR in this field while also acknowledging the complementary roles that AR and MR can play. The integration of immersive experiences with both psychological and physiological assessments supports their continued use in replicating emotionally charged scenarios and evaluating their therapeutic potential.24,30

Although VR remains the most established immersive tool in mental health interventions, the increasing accessibility and technical sophistication of AR and MR suggest a growing potential for their broader application in this field. Future research could explore how these emerging modalities can complement or enhance current VR-based approaches, particularly in real-world or hybrid environments.

Immersive Devices 
The review yielded relevant findings regarding the types of devices used in immersive interventions (Figure 6). The majority of studies (68 out of 78 articles, 87.2%) used head-mounted displays (HMDs) as the primary interface, reflecting the dominance of virtual reality in this field. This suggests that complete sensory immersion is widely regarded as a valuable strategy for addressing stress and anxiety.

[image: ]
Figure 6. Distribution of immersive devices.

Furthermore, six studies (7.7%) used desktop computers or projection systems, indicating continued interest in less immersive but more accessible platforms, particularly in early-stage research or pilot applications.

Lastly, four articles (5.1%) reported using mobile devices, which highlights the potential of portable technologies to support stress and anxiety management in more flexible real-world settings. This emerging trend opens opportunities for future research focused on scalability, accessibility, and user-centered design in mobile-based immersive interventions.

Stress and Anxiety Assessment Instruments 
The analysis reveals that 52 articles (66.7%) used self-reported questionnaires as the primary method for evaluating the impact of immersive technologies. These instruments provide valuable insights into participants' emotions and perceptions, capturing subjective experiences often inaccessible through other means. However, it is important to recognize their limitations, including susceptibility to individual bias and variability in interpretation.

Additionally, 16 articles (20.5%) included physiological markers such as temperature, galvanic skin response, heart rate, and cortisol levels, offering a more objective perspective on the effects of immersive interventions. This approach is especially relevant for studies aiming to obtain biological evidence of stress or anxiety regulation.

In contrast, nine articles (11.5%) relied exclusively on the immersive experience itself, without using questionnaires or physiological measurements. These studies reflect a more pragmatic approach, focusing on the practical application of immersive technologies while minimizing reliance on complex or resource-intensive instruments.

None of the reviewed studies evaluated integrated motor biomarkers such as postural control, balance, fine motor skills, or general coordination, despite several interventions involving motor-relevant tasks (e.g., driving simulations, ultrasound-guided needle procedures, or CTO revascularization scenarios). This omission is surprising given the well-established effects of stress and anxiety on motor function. This gap is particularly striking because immersive interventions inherently engage the motor system (users reach, grasp, balance, navigate, and perform guided movements), yet this rich stream of motor data is typically discarded rather than analyzed as a potential window into the user's affective state. Acute stress activates the sympathetic nervous system, leading to the release of adrenaline and cortisol, which increase arousal and muscle tension.89 This, in turn, affects fine motor performance90 and increases postural instability.91 Chronic anxiety, in turn, can cause persistent muscle tension and fatigue, reduce coordination, and increase the risk of motor disorders such as tremors or dystonia.92-94 Integrating motor performance metrics into future evaluations could enrich participants' physiological profiles and provide deeper insights into the impact of immersive interventions on psychomotor functioning.

Finally, only one article (1.3%) reported the involvement of expert supervision (eg, therapists or clinicians) in guiding the immersive intervention. This highlights the limited use of interdisciplinary approaches that integrate professional expertise with immersive technologies for mental health treatment.

Figure 7 illustrates the distribution of assessment methods used in all reviewed studies, highlighting the prevalence of self-report questionnaires, followed by physiological markers and minimalist approaches that do not require additional instrumentation.

[image: ]
Figure 7. Distribution of stress and anxiety evaluation instruments.

Discussion 
This study sheds light on the evolving landscape of immersive technologies in the identification and treatment of stress and anxiety, providing critical information for future developments in the field. The systematic review and analysis revealed several key findings that contribute to a broader understanding of how these technologies are being applied in mental health care.

One of the most prominent findings is the central role of the combined use of subjective and objective assessments. The predominant use of self-reported questionnaires, employed in 66.7% of the reviewed studies, underscores their value in capturing individuals' emotional and psychological states. These instruments remain essential in current clinical and research practice, especially for measuring personal experiences that are difficult to quantify. However, their limitations, such as recall bias and individual interpretation, highlight the need for complementary approaches.

The integration of physiological markers in 20.5% of the studies represents a significant step toward objective evaluation, providing quantifiable biological indicators such as heart rate, galvanic skin response, temperature, and cortisol levels. This dual approach, which blends subjective reports with objective data, allows a more comprehensive understanding of how immersive technologies affect users at both psychological and physiological levels.

In particular, the reviewed literature lacks metrics for motor coordination and control, despite the presence of interventions involving physical tasks (e.g., driving simulations, surgical procedures, and others). Given the known impact of stress and anxiety on postural stability, fine motor skills, and neuromuscular efficiency, incorporating motor biomarkers could improve the precision of outcome measures and help bridge the gap between emotional and behavioral responses.

Beyond their role as measurement tools, physiological and motor biomarkers offer valuable clinical insights that can inform decision-making and therapeutic adjustments. Continuous tracking of physiological responses such as heart rate variability, skin conductance, or cortisol levels allows clinicians to identify stress reactivity patterns, detect maladaptive autonomic responses, and monitor progress over time. Similarly, motor-based metrics, such as postural sway, reaction time, or fine motor precision, can serve as proxies for neuromuscular regulation affected by psychological states. These indicators can help distinguish between acute and chronic stress responses, evaluate treatment efficacy, or signal the need for adjustments to intervention. When integrated into real-time feedback systems, these data can also support adaptive interventions, in which difficulty level or immersive exposure is automatically adjusted based on the user's physiological state, thereby personalizing the therapeutic experience and enhancing engagement and safety.

Another important aspect is how stress and anxiety were addressed, independently or in combination. While both are interrelated, they have different characteristics and require different treatment approaches. The balanced distribution of studies across conditions supports the notion that personalized intervention strategies (tailored to each patient's specific profile) are key to improving therapeutic outcomes.

The dominance of VR (used in 87.2% of the studies) reflects a strong confidence in its ability to simulate controlled environments for exposure therapy, relaxation, or mindfulness training. The full-immersion capabilities of virtual reality are widely leveraged in both research and clinical practice. In contrast, AR and MR were considerably less represented (7.7% and 2.6%, respectively). Despite their lower usage, these modalities offer unique advantages by embedding therapeutic elements in real-world contexts, potentially increasing ecological validity and practical relevance.

As immersive technologies continue to advance, they bring both opportunities and challenges to mental health care. An opportunity lies in integrating these tools with traditional therapeutic approaches, allowing for more comprehensive interventions that consider both clinical expertise and technological innovation. However, important challenges remain, including a lack of standardized protocols, variability in user adaptability, and limited understanding of long-term effects.

A particularly underexplored area is the role of expert supervision during immersive interventions. Only one study explicitly incorporated clinical experience into the therapeutic protocol. This gap suggests that future research should investigate how clinician-guided immersive therapies can enhance the effectiveness and safety of interventions, particularly in complex or high-risk populations.

Based on these findings, several recommendations and future research directions emerge. First, there is a clear need for longitudinal studies to evaluate the sustained effects of immersive technologies on mental health outcomes. Second, further efforts should be directed toward exploring how AR and MR can be leveraged to enable more contextually embedded interventions, especially in naturalistic or daily-life scenarios.

Additionally, it is essential to investigate how various demographic groups (e.g., age, gender, cultural background) interact with immersive technologies to ensure the development of inclusive and personalized treatment designs. Establishing standardized protocols for implementation and evaluation would also facilitate more consistent and comparable research results between studies and institutions.

Lastly, beyond therapeutic applications, immersive technologies hold promise for preventive mental health interventions. Their use in early detection and stress management strategies could offer a proactive approach to reducing the burden of anxiety and stress-related disorders before they escalate into more severe conditions.

IMPLICATIONS FOR RESEARCH QUESTIONS
RQ1. Adoption and implementation. Virtual reality is by far the most widely used immersive technology for detecting and treating stress and anxiety, appearing in 87.2% of the studies. Augmented reality and mixed reality remain marginal (7.7% and 2.6%, respectively) but show signs of early growth, especially for in situ or hybrid interventions. Regarding clinical acceptance, although immersive technologies appear to be favorably received among medical professionals in several reviewed studies, their implementation remains limited in terms of widespread adoption and standardization. Virtual reality is increasingly incorporated into exposure therapy, relaxation training, and clinical skills curricula, and some studies have reported favorable attitudes among clinicians and patients. However, the scarcity of studies that include direct expert supervision (1.3%) indicates that large-scale clinical approval is still emerging, hampered by the absence of unified protocols and reimbursement pathways.

RQ2. Evaluation and benefits. Validated self-report scales remain the standard for assessment, used in approximately two-thirds of studies. The most frequently employed tools include the State-Trait Anxiety Inventory (STAI), Perceived Stress Scale (PSS), Beck Anxiety Inventory (BAI), and Visual Analogue Scales (VAS), all of which measure the intensity of stress and anxiety. These subjective measures are often complemented by physiological markers, such as heart rate variability, electrodermal activity, and cortisol levels, to strengthen the validity and objectivity of outcome evaluations. In terms of benefits, the principal advantages of immersive technologies identified are: precise stimulus control (gradual exposure, multisensory cues); high ecological validity without real-world risk; real-time data capture that enables adaptive tailoring; and remote or portable delivery, which can reduce costs and expand access to underserved populations.

RQ3. Challenges and research gaps. This review identifies several key obstacles and future research priorities that must be addressed to harness the potential of immersive technologies in mental health: the integration of physiological and behavioral markers to enhance the depth and reliability of assessments; usability and user acceptance, particularly among diverse patient populations; adaptability to user diversity, including age, cognitive profile, and cultural background; integration with traditional therapies, ensuring that immersive interventions complement rather than replace existing clinical practices; and long-term effectiveness evaluation, which remains critically underexplored in the current literature.

Challenges 
Based on the results of this review, several key challenges must be addressed to fully harness the potential of immersive technologies for mental health care, particularly in treating stress and anxiety. These challenges span technological, methodological, and clinical dimensions and require interdisciplinary collaboration to develop effective user-centered solutions. 

5.1. Integration of Physiological and Motor Biomarkers
One of the most significant challenges in immersive technologies is the lack of integration of physiological markers into their hardware. Currently, these technologies do not incorporate features that enable the capture of user physiological data. However, there is considerable potential in integrating these markers directly into the immersive environment.

Beyond physiological signals, motor biomarkers represent a particularly underexploited opportunity. Because immersive systems already track head, hand, and body movement to render the experience, they are uniquely positioned to capture motor indicators (such as postural sway, movement smoothness, reaction time, and fine motor precision) without additional instrumentation. These metrics could serve as objective, continuous, and difficult-to-mask markers of a user's affective state, complementing self-report and physiological data. Developing validated algorithms to extract and interpret these motor signals within immersive environments remains an open and promising research direction.

Including physiological and motor markers in VR, AR, and MR tools would enable biofeedback and continuous, real-time assessment of the user's mental state. This innovative functionality represents a significant advancement over conventional studies conducted under controlled laboratory conditions, which have inherent limitations, as the user's experience is conditioned by the environment's artificiality, potentially influencing the results.

Integrating physiological markers would not only provide a more complete and accurate approach to assessing stress-related conditions but also give users the ability to recognize and understand their mental health status in real time. This advancement is a valuable contribution to overcoming the limitations of research conducted in controlled environments, opening new possibilities for understanding and treating stress-related conditions in everyday life.

Incorporating physiological markers into AR and MR poses substantial challenges, especially in adapting these technologies to provide real-time feedback in practical contexts. Exploring how these immersive technologies can leverage biometric data, such as heart rate, electrodermal activity, movement coordination and control, and brain responses, offers new perspectives on their effects on stress and anxiety management.

The main obstacle lies in developing portable and non-invasive devices capable of continuously and accurately collecting physiological data in AR and MR environments. The need for devices that enable noninvasive data acquisition also extends to the development of mobile applications, underscoring the importance of accurately and continuously collecting physiological and behavioral data in these immersive environments.

Moreover, establishing standardized research protocols to evaluate the effectiveness and safety of AR- and MR-based interventions is essential, with particular attention to potential side effects. This systematic approach is crucial to ensuring the validity and reliability of results from the clinical application of these technologies in the treatment of stress and anxiety.

In summary, exploring the integration of AR and MR with physiological and behavioral markers, developing innovative sensors for immersive devices, and defining robust research protocols are crucial challenges in the clinical field. Addressing these challenges will require interdisciplinary collaboration among technology experts, mental health professionals, and device designers. This collaborative approach, focused on innovation and ongoing research, will be fundamental to enhancing the efficacy and acceptance of technological interventions for treating stress and anxiety. 

5.2 Usability and User Acceptance 
Usability and user adaptation are crucial to the design and implementation of immersive technologies, particularly for treating stress and anxiety in medical settings. Effective integration of immersive technologies into the clinical field requires a user-centered approach from the initial stages of development. Conducting user-centered tests is essential to evaluate usability and user experience in specific clinical situations.95

In this regard, user-centered tests enable direct feedback from healthcare professionals and patients, identifying obstacles and areas for improvement in interacting with immersive technologies. These tests can range from evaluating the user interface to assessing the effectiveness of specific stress-management features. Continuous iteration based on these tests helps optimize usability and adapt the technology to individual needs and preferences.

Moreover, developing specific heuristics for assessing usability in medical settings is considered a crucial advancement. These heuristics focus on aspects such as:
· Patient safety.
· Efficacy of therapeutic interventions. 
· Clarity of the information provided. 
· Minimization of cognitive load. 

The development of guidelines tailored to the medical field helps establish usability standards that ensure the efficacy and safety of immersive technologies in clinical contexts.

The contribution of usability goes beyond optimizing the user experience. A user-centered design can also positively influence patient adherence to treatment, as an intuitive and user-friendly interface can increase acceptance and active participation. Additionally, usability is fundamental in reducing technological stress, allowing health professionals and patients to focus on therapeutic aspects without unnecessary distractions or difficulties. 

5.3. Adaptability to the Diversity of Users 
Adaptability to the diversity of users in immersive technologies used in medical settings presents specific challenges that require careful attention. Variability in physiological responses and individual preferences highlights the importance of designing tools that are inclusive and adaptable to a wide range of users.96,97

Developing systems that adapt to user diversity involves considering key factors such as age, gender, physical condition, and emotional responses. Adaptability to these variables is crucial to ensure that immersive technology-based interventions are effective and appropriate for everyone. Including customization options in the immersive experience configuration can be an effective strategy for addressing these variations.

Previous studies have underscored the impact of motion sickness (MS) on the use of VR and MR technologies.98,99 An in-depth analysis reveals a significant correlation between various physiological and subjective measures of MS in virtual settings. Exposure to VR and MR technologies can induce MS, leading to a spectrum of behavioral symptoms, most notably postural and sensorimotor instability100. Advancements in technology that offer more dynamic simulations may influence the severity and pattern of these previously documented symptoms. Understanding the symptoms associated with MS is critical to developing future immersive applications that mitigate these stress-equivalent effects. Additionally, the nature of the virtual environment plays an important role, significantly affecting the user’s physiological responses, such as blood pressure, blood sugar levels, and heart rate.

Conducting tests with diversified user samples is fundamental to evaluating the adaptability of immersive technologies. These tests should consider an adequate representation of diversity among participants, allowing the identification of potential adaptation gaps and necessary adjustments. Furthermore, direct feedback from users across different demographic groups contributes to continuous improvement and maximizes the inclusiveness of the developed solutions.

In the medical field, the design of interactive interfaces and immersive experiences must be sensitive to the specific needs of diverse user groups, including patients of different ages or those with particular medical conditions. Universal design elements can facilitate accessibility and adaptability for various users, ensuring that technology is used effectively and without barriers.

Adaptability to diversity can improve the user experience and influence therapeutic efficacy. A personalized approach that accounts for individual differences can increase the relevance and acceptance of immersive technology-based interventions, thereby contributing to more positive outcomes in managing stress and anxiety. 

5.4 Integration with Traditional Therapies 
The successful integration of immersive technologies with traditional therapies in the treatment of stress and anxiety poses challenges that require a careful and collaborative approach. These challenges relate to the need to harmonize immersive technology-based interventions with established methods in clinical practice. The coexistence and complementarity of both therapeutic modalities are essential for maximizing patient benefits.

The key to effective integration lies in understanding and respecting the fundamental principles of traditional therapies while capitalizing on the advantages of immersive technologies. Interdisciplinary collaboration among mental health professionals, technologists, and therapists is crucial for developing strategies that facilitate a harmonious convergence of these treatment forms. Establishing communication channels to ensure that immersive technologies strengthen and support pre-existing therapeutic goals is necessary.

Standardized evaluation and follow-up protocols are essential to measure the efficacy of integrating immersive technologies with traditional therapies. These protocols should address therapeutic outcomes, patient acceptance, and experience. Continuous feedback from therapists and patients will help adjust and refine the integration to optimize results over time.

One of the most relevant challenges is achieving a seamless transition between traditional interventions and those based on immersive technologies. This involves designing interfaces that facilitate collaboration between therapists and technologists and providing tools that enable health professionals to tailor therapy to each patient's specific needs.
In addition, acceptance by health professionals and patients themselves is critical. Adequate education and training are necessary to ensure that therapists feel confident and competent in incorporating immersive technologies into their practice and that patients trust the effectiveness of this integration. 

5.5 Evaluation of Long-Term Effectiveness
The long-term evaluation of interventions based on VR, AR, and MR in the treatment of stress and anxiety presents major obstacles, yet it is essential to understand the long-term sustainability and effectiveness of these technologies. Most studies focus on short-term results, but an accurate measure of therapeutic impact requires prolonged analysis covering weeks, months, and even years.

The complexity of long-term evaluation lies in the evolving dynamics of stress and anxiety conditions and the patient’s adaptation to technological interventions. Follow-up protocols must be developed to collect data over time, accounting for individual variability in responses and symptom progression. This involves establishing long-term success indicators that go beyond immediate stress reduction, such as sustained improvement in quality of life and coping ability.

Implementing long-term evaluations also requires considering potential side effects or changes in efficacy as patients continue to interact with immersive technologies. Constant monitoring of safety and effectiveness over time is essential for adjusting interventions as needed and ensuring optimal patient care.

Another key challenge is the long-term retention and participation of patients in immersive technology-based interventions. Factors such as motivation, continued acceptance of technology, and adaptability to changing patient needs are determinants of long-term effectiveness. Implementing engagement strategies, periodic updates, and considering patient feedback are crucial to maintaining active participation over time.

Long-term evaluation should also address the generalization of benefits beyond direct intervention. The continuous use of these technologies may affect patient autonomy, social relationships, and participation in everyday activities; aspects that are fundamental to understanding the holistic impact of interventions over time.

The application of immersive technologies in treating stress and anxiety presents multidimensional challenges, including integrating physiological markers, improving usability, adapting to diverse users, integrating with traditional therapies, and conducting long-term evaluations. These challenges present opportunities for innovation and advancement in the field of mental health. The design of immersive technologies must be thoughtful, prioritizing usability, adaptability, and harmonious integration with established therapeutic approaches. Collaboration among technology experts, mental health professionals, and device designers is essential to overcome these obstacles, ensuring that the solutions developed are practical, ethical, and user-centered. By addressing these challenges holistically, we can move toward creating more robust and personalized technological interventions that improve the quality of life for those seeking relief. 

Conclusions 
This systematic review provides a comprehensive overview of the current state of immersive technologies in the identification, evaluation, and management of stress and anxiety. The analysis addresses key questions in the field, identifying which technologies are most widely adopted, what advantages they offer, how they are evaluated, and what challenges must be overcome to allow for greater clinical integration.

The findings confirm VR as the predominant immersive tool, with increasing acceptance in mental health contexts; however, adoption remains uneven and lacks standardized protocols. Among their main advantages, immersive technologies offer precise stimulus control, high ecological validity, real-time data capture, and the potential for remote or portable delivery, thereby expanding access for underserved populations. The review also highlights the continued reliance on validated self-report instruments while recognizing the growing incorporation of physiological data to enhance objectivity. Additionally, the study identified clear opportunities to improve usability, adapt to diverse users, and integrate with traditional therapies. From a scientific perspective, this review contributes to the academic field by synthesizing current methodological practices, outlining future research directions, and proposing a conceptual framework for developing multimodal, user-centered, and clinically grounded immersive interventions.

Immersive technologies hold great promise for advancing mental health care. However, to realize their full potential, it is essential to address the key challenges identified in this review, including the integration of physiological and behavioral markers, the need for usable, user-centered, and adaptable design, clinical integration with traditional therapies, and the evaluation of long-term effectiveness. By overcoming these barriers through interdisciplinary collaboration and continued research, the field can move toward more personalized, effective, and scalable interventions to manage stress and anxiety in both clinical and everyday settings. 
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Stress and anxiety are among the most prevalent psychological conditions affecting individuals 


worldwide,


 


and their impact has intensified since the COVID


-


19 pandemic, with projected economic 


consequences reaching up to US$ 6 trillion by 2030. In response, researchers are increasingly 


exploring immersive technologies, such as virtual reality, augmented realit


y, and mixed reality, as 


tools for identifying and managing these conditions. This article presents a systematic review of the 


scientific literature published over the past decade on the application of immersive technologies for 


stress and anxiety, examini


ng which technologies and devices are most widely used, how their effects 


are evaluated, what advantages they offer, and what challenges limit their clinical adoption. Following 


PRISMA guidelines, 78 studies were analyzed by the type of immersive technolog


y employed, the 


targeted condition (stress, anxiety, or both), the devices used, and the evaluation methods used. The 


results reveal a strong dominance of virtual reality


-


based systems, delivered primarily through head


-


mounted displays, with growing but un


even clinical adoption and a clear dependence on validated 


self


-


report psychological scales. Physiological markers such as heart rate, electrodermal activity, and 


cortisol levels are used in only a minority of studies, and integrated behavioral metrics, su


ch as motor 


coordination or postural control, remain largely unexplored despite the well
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documented effects of 


stress and anxiety on motor function. Based on these findings, the review identifies key scientific and 


clinical challenges, including integratin


g physiological and behavioral markers, ensuring usability and 


adaptability for diverse users, integrating with traditional therapies, and establishing standardized 


protocols and long


-


term impact assessment. Building on this central gap, the review propose


s a 


foundation for developing multimodal, user


-


centered immersive systems that integrate physiological 


and motor biomarkers to support more objective detection and management of stress and anxiety.
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