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Abstract

:

The rapid changes in human contacts due to the COVID-19 crisis have not only posed a huge burden on the population’s health but may have also increased the demand for evidence-based psychological programs delivered through digital technology. A systematic review, following the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)” guidelines, was therefore conducted to explore the advances in stress management interventions utilizing VR and suggest up-to-date directions for future practice. The relevant literature was screened and the search resulted in 22,312 records, of which 16 studies were considered for analysis. The Methodological Index for Non-Randomized Studies (MINORS) was also employed to assess the quality of the included studies. The results suggest that VR-based interventions can facilitate positive changes in subjective stress levels and stress-related biomarkers. However, special attention should be paid to the development of rigorous VR protocols that embrace natural elements and concepts deriving from traditional treatment approaches, such as cognitive behavioral therapy techniques. Overall, this review aims to empower future researchers to grasp the opportunity that the COVID-19 pandemic generated and utilize digital technologies for strengthening individuals’ mental health. Future projects need to conduct large-scale VR studies to evaluate their effectiveness compared to other mental health interventions.
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1. Introduction


Virtual reality (VR) technologies such as Oculus Rift or Sony PlayStation, have attracted the attention of many users over the last couple of years [1]. By 2023, VR market volume is expected to reach 98.4 million sales with a worldwide population penetration of 2% [2]. The concept of VR was first formulated by Sutherland [3] and was initiated in the field of computer sciences. Nowadays, it has also become a tool for psychologists, neuroscientists, and biologists in scientific research. Cipresso et al. [1] divided VR technologies into three eras. First, the pioneering era (about 1965–1990) in which VR was used for children and medicine, routine use and behavioral assessment, special effects, systems perspectives, and tutorials. In the development era (about 1990–2005), VR was used in clinical systems, telemedicine, human spatial navigation, and the first therapeutic interventions. The current era, the authors call it the clinical VR era, has a strong emphasis on rehabilitation, neurosurgery, and therapy.



VR is able to create an immersive experience, usually mediated through a headset, in which the real world cannot be seen. VR users can rotate and move as they would in the real world. The virtual environment also responds to the user’s actions. The concepts of immersion and presence are of fundamental relevance to the definition of VR characteristics. Whereas immersion is a property of the virtual environment, presence can be seen as a property of the user [4]. Immersion is achieved when individuals can interact with a digital world that is as real and similar to the real world as possible. Thus, it can be defined as the extent to which virtual environments are able to provide human participants with a comprehensive, encompassing, ambient, and vivid illusion of the reality (e.g., [4]). The more immersive a virtual environment, the stronger an individual’s attention is diverted from the real world [5]. Presence is commonly described as the feeling of being present in a virtual environment rather than in the physical place, where the person is [6,7,8,9]. The component of presence is considered to be a profound achievement of VR.



In the clinical context, immersive VR technologies are used for effective pain management in patients. Distraction techniques have been used for more than two decades, for example, to distract from pain in the context of medical treatment for children [10]. The assumption is that focusing attention on harmful stimuli increases pain perception and diverting attention away from these stimuli attenuates pain perception [5]. In this regard, immersive VR technologies can be superior to traditional distraction techniques (e.g., watching movies or listening to music). It is hypothesized that the stronger the feeling of presence in the virtual world is, or the more immersive the stimulation is, the more effectively pain perception can be modulated. This phenomenon is also known as sensory shielding [11]. For instance, a study of patients undergoing dental procedures showed that VR reduced anxiety, discomfort, and the time required for each procedure [12]. In addition, VR distraction has been shown to decrease pain effectively during bandage changes in burn victims [13]. Recent studies with regard to the analgesic effects of VR during surgical procedures showed that pain reduction was associated with a decrease in heart rate, respiratory rate, oral secretions, and blood pressure [14,15].



VR technologies may be seen, however, as a tool that is not only utilized in clinical settings, but also as a means with a broader spectrum of applications. The growing development of such technologies can lead to the dissemination of novel systems that may be adopted from preventive medicine during times of crisis, such as the COVID-19 pandemic, and the era after it. In line with this, the current pandemic may be viewed as an opportunity to clearly embed VR systems in daily routines in order to improve the population’s mental health irrespective of the surrounding conditions. Indeed, one of society’s unprecedented challenges is stress and the associated serious health consequences for the years to come [16]. Indeed, roughly 7 in 10 adults report that they have experienced increased stress during the last years. According to a meta-review of meta-analyses, the overall estimated prevalence of psychophysiological stress is roughly 32% in the population around the globe [17]. Although stress has primarily a psychological origin, the exposure to a stressor releases several complex physiological processes in the human body [18]. In particular, stress triggers the autonomic nervous system (ANS): the sympathetic nervous system is activated, while the parasympathetic nervous system is suppressed. In turn, this causes the secretion of stress hormones (e.g., cortisol and adrenalin) into the bloodstream in an effort to reestablish body balance [19]. These hormones can intensify a person’s ability to concentrate and react, and at the same time, can lead to increased blood pressure, increased muscle contraction, and a change in cardiac activity [20]. This acute stress response describes the well-known “fight-or-flight” reaction. After the organism has dealt with the stressor, the production of stress hormones is inhibited and the human body returns to normal through homeostasis, where a balance between the parasympathetic and sympathetic systems is established [18]. In the long term, repeated exposure to situations associated with high levels of psychophysiological arousal can affect the body’s ability to recover after stress and result in serious health consequences, including, for example, impairment of the immune system, delay of the healing processes, anxiety, depression, and sleep disorders [18,20]. As mentioned before, stress is a complex reaction to internal or external threatening stimuli and can be a confounding factor when it is examined together with other psychological disorders. In psychiatry, stress is particularly seen as a transdiagnostic factor that may be associated with the onset, course, and recurrence of mood and psychotic disorders [21,22]. This fact may highlight the need to develop specialized therapies for people with serious mental health problems considering their particular demands for mental healthcare. For this reason, the authors focused their search only on healthy adults.



How individuals perceive stressors and cope with them can vary largely depending on their current available resources to confront these demands [23]. Traditional preventive programs focus on empowering people to alleviate the stressful impact of such situations, either by changing characteristics of the situation per se or by regulating habitual patterns of intrusive thoughts and negative emotions. During the last few decades, evidence has indicated that interventions with cognitive behavioral components can effectively reduce stress among adults [24,25]. Further research on job-related stress highlights the positive effects of interventions on stress management and healthcare providers’ mental health, involving relaxation techniques, mindfulness, and meditation [26,27]. Additionally, another study that employed a randomized controlled trial research design, explored the impact of a brief online mindfulness-based program on health outcomes in students [28]. Cavanagh et al. [28] revealed that short self-guided interventions decreased perceived stress and depression/anxiety symptoms within the study population; also, this study provided important evidence in support of the feasibility of online mindfulness-based programs. In line with these results, technology-assisted interventions may have the potential to reduce stress and offer several benefits that may overcome some of the restrictions of face-to-face approaches, such as high protection of anonymity, high accessibility, and reduced implementation costs [29].



As described above, one of the most effective ways to reduce individuals’ stress is through techniques that target the modulation of emotional and cognitive reactivity. In this context, VR can be a very effective tool for learning and applying such techniques. VR scenarios usually present naturalistic environments (beaches, oceans, mountains, etc.) that can reduce anxiety and stress [30] and improve mental health in general. In this context, it has been demonstrated that natural scenarios accompanied by appropriate natural sounds can enhance stress-reducing effects [31]. Moreover, there is an emerging body of studies that explores the implementation of self-help VR tools to tackle the negative consequences of the COVID-19 pandemic among individuals. For example, Riva et al. [32] proposed the “Secret Garden” protocol, a VR video, which stimulates a natural environment and offers an experience of immersion and presence. The user has the opportunity to perform daily exercises related to personal identity and interpersonal relationships along with a partner so as to decrease the psychological burden and the potential emotional side effects of isolation during the coronavirus. In more detail, they applied the VR treatment protocol to Italian-speaking citizens utilizing a before and after study design [33]. The implementation phase lasted one week, including a two-week follow-up after the intervention. The findings indicated that a VR-assisted program can produce a positive effect on participants’ health. COVID Feel Good is also available in 12 different languages to help people to deal with stress associated with the COVID-19 pandemic. Furthermore, another research work examined the effectiveness of VR simulation on stress responses among COVID-19 frontline healthcare professionals [34]. In particular, the Cinematic-VR environment depicted an attractive, nature scene aiming to encourage states of relaxation and peace during professionals’ work breaks. The participants could experience subtle details, such as forest sounds with birds singing and wind blowing, throughout the three-minute VR session. The study results showed that this Tranquil Cine-VR simulation did effectively reduce self-reported stress among frontline healthcare workers. However, they highlighted the importance of comparing Cine-VR application with a control group and assessing the measured parameters over time. Additional possible VR approaches to stress management can include the presentation of various theory-based contents inspired by traditional therapy protocols, such as progressive muscle relaxation, autogenic training, and meditation [35,36]. These concepts may be extensively incorporated into daily life so as to enhance healthy individuals’ resources and lower the risk of serious health issues. Before the broad implementation of VR programs, it is, nevertheless, essential that the research community delve into the advances in the field of VR and stress over the last decade. Hence, this literature review intends to contribute to primary prevention by introducing the most recent developments regarding stress management in immersive VR, and motivate scientists to adopt modern tools for health promotion.



It seems that the outbreak of the current pandemic has rapidly changed the world in a unique way and highlighted even more the value of e-mental health implementations. Indeed, the only option for the provision of effective mental healthcare during the period of strict social contacts might be technological solutions [37]. The integration of VR as a tool of stress management into mental healthcare may offer a radical transformation of the traditional preventive programs [38], allowing people, in parallel, to have access to high-quality and cost-effective interventions irrespective of the surrounding conditions. The purpose of the present literature review is, therefore, to explore the advances in stress management interventions utilizing VR. In particular, this piece of work aims to better understand the effectiveness of stress management interventions to reduce stress and, consequently, enhance relaxation by utilizing virtual reality applications in healthy adults by embracing articles published after 2011. Moreover, special attention is paid to the techniques that were implemented to achieve the desired results, and to what extent selected studies examined theory-driven approaches. Furthermore, focus is given to the main features of VR (i.e., immersion and presence). Lastly, this review targets at providing future research and practice with fruitful evidence-based directions adapted to the current needs of people.




2. Methods


2.1. Search Strategies


VR technologies that have emerged within the clinical research field and mental health in recent years, enable effective interventions related to pain management and modulation of symptoms deriving either from different mental disorders, such as depression, or stressful events. In fact, 2016 was announced by the research community in the area of computer technology “the 1st year of VR” due to the increased attention that VR has drawn recently [39]. Thus, the authors decided to focus on the advances of the last decade so that they would deliver thorough insight into the benefits of VR interventions and at the same time, suggest up-to-date directions for future studies that would align with the present global challenges. The first step to investigate the current state of science regarding VR applications for stress management and relaxation among healthy adults involved the identification of studies published between January 2011 and November 2021. For this purpose, the following electronic sources were selected: EBSCOhost, Dortmund University Library, PubMed, Medline, Google Scholar and IEEE Xplore, and reference lists from relevant articles. Specific search strategies were applied for each database to detect relevant VR interventions for this literature review. The current literature search was performed utilizing the next key terms: stress (reduction), (immersive) virtual reality, relaxation, biofeedback, and neurofeedback, in various combinations. In particular, the following keyword combinations were applied: stress reduction AND immersive virtual reality, stress reduction AND virtual reality, stress AND relaxation AND immersive virtual reality AND biofeedback, stress AND relaxation AND virtual reality AND biofeedback, stress AND relaxation AND immersive virtual reality AND neurofeedback, stress AND relaxation AND virtual reality AND neurofeedback. Special attention was given to the differences among the databases in regard to vocabulary and syntax rules. The search was performed in November 2021.



The review protocol contained two main steps: the first step involved reviewing databases, while the second step consisted of identifying and screening all relevant studies according to inclusion and exclusion criteria. In order to ensure consistency and rigor, the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)” guidelines were utilized [40].




2.2. Selection Criteria


As this review concerns healthy adults, only empirical research articles that included healthy participants (age 18 and over), aiming at stress reduction with or without (neuro)biofeedback, were included in the final sample. Furthermore, two stress management interventions should have been compared to each other; one of them should have included VR technology. Alternatively, a VR intervention should have been compared to a control or placebo group in a prospective way. For instance, randomized controlled studies with or without random assignment, studies with experimental designs, and pre–posttest design studies with control group and/or placebo cohort were considered for further evaluation. Furthermore, studies with within-subjects design were accepted for assessment. Studies were also considered for further analysis if the components of the stress management intervention, such as methods, frequency, and duration of the intervention, were clearly described. Primary outcome was defined as a change in individual stress level or stress symptoms, which were measured by objective or subjective instruments with evidence of validity. In cases where stress-related parameters were not available, changes in relaxation or in affective state were examined. Secondary outcomes could be, but were not limited to: burnout, depression, anxiety, mindfulness, quality of life, etc. Only articles published in English were included in the present review.



The exclusion criteria were: (a) interventions that focused not only on healthy adults but also on other populations (i.e., clinical populations and children) or studies that included solely patients or children, (b) studies that employed a before and after design with one group, (c) pure qualitative studies, case reports, comments, theses, editorials, abstracts, meta-analyses, and reviews, (d) studies aiming at organization level changes, and (e) articles published in conference proceedings and/or book chapters.




2.3. Quality Appraisal


The Methodological Index for Non-Randomized studies (MINORS) was utilized for the quality assessment of the included studies independently by the reviewers [41,42]. The checklist contains 12 items: the first eight items refer to non-comparative studies, whereas all 12 items are related to comparative studies. Each component is scored 0 (not reported), 1 (reported but inadequate), or 2 (reported and adequate) based on the adequacy of reporting and methodology. Hence, the total score would be 24 points for comparative studies and 16 points for non-comparative studies. In this review, all included papers referred to comparative studies and, consequently, the ideal MINORS score was considered 24 points. In order to provide the reader with in-depth insight of the results, the overall quality of the study sample was judged by the reviewers on a spectrum of excellent, good, fair, and poor as adopted by Boutris et al. [42]. Disagreements were discussed to reach consensus on quality assessment.




2.4. Data Extraction


The data were extracted and inserted into a pre-defined data extraction worksheet in Excel. The particular headings of the review table were selected according to the main aims of the study and previous research work in the area of mental health prevention, stress, and technology [38,43,44,45]. Table 1 summarizes all relevant characteristics of identified studies. In particular, the headings include: (1) the study characteristics, which refer to authors’ details, the place of study, and the sample size, and (2) the intervention characteristics, which contain important information regarding the experimental design that was applied by each research group, and the stressor that was used to elicit psychophysiological arousal. Furthermore, the column VR task presents the intervention that was employed for reducing stress and improving participants’ relaxation state. Lastly, the heading of measurement tools describes how the main outcomes were quantified, and the findings summarize the main results of each study. This process was checked by the review authors. Section 3.2 describes in detail the content of the table and the extracted data.





3. Results


3.1. Search Outcome


Based on the inclusion and exclusion criteria, first the review authors independently screened the titles and abstracts of all relevant articles. Next, full-text versions of all potentially eligible articles were evaluated independently by the review authors to define whether all inclusion criteria were met. External experts would have been consulted to achieve a consensus in case of disagreement. However, this was not the case for the current review.



In total, 22,312 records were retrieved. Additionally, three studies were identified from the reference lists of previously published literature reviews. However, these studies were excluded because they did not fulfill the relevant criteria. After removing duplicates, 22,143 records were left for screening. Next, titles and abstracts were assessed and 22,064 were excluded, leaving 79 potentially relevant articles. From these studies only 44 articles were considered finally for full-text review. Screening of the full-text articles indicated that 28 did not fulfill the inclusion criteria, leaving 16 studies for this literature review. Figure 1 tracks the selection process of the relevant studies utilizing a modified version of the PRISMA flow diagram [60].




3.2. Study Results


3.2.1. Place of Study and Year


The review included studies that were conducted in Europe (50%), in Asia (31.3%) and in the USA (18.8%). All selected studies were published in scientific journals during the decade 2011–2021. Only a small fraction of the studies (12.5%) were conducted in the first half of the decade (i.e., 2011–2016), while the majority of them were carried out during 2017–2021 (87.5%).




3.2.2. Sample Size and Population Characteristics


The sample size of the extracted studies varied widely, from 18 participants [46] to 120 participants [48]. All the participants were healthy adult volunteers with ages ranging from 18 to 59. The prospective participants were screened to ensure that they did not suffer from any health issues or mental disorders, and that they did not receive any stress treatment or other medication therapies (62.5% of the studies) [31,47,50,52,53,54,55,56,58,59]. However, one study selected participants only if they reported a high stress level [35], and 31.3% of the studies did not follow any screening process at all [46,48,49,51,57].




3.2.3. Main Aim and Design


Fifteen studies examined the effectiveness of a VR protocol to reduce stress levels in the participants. Although one study [47] did not report explicitly that it focused on stress reduction, the authors included objective and subjective measures that are commonly used for stress assessment. For this reason, this study was considered for further analysis. In these studies, additional outcomes were assessed apart from stress reduction. In particular, in their study, Anderson et al. [46] evaluated VR natural settings for improving mood. Furthermore, the study of Gao et al. [48] examined the individual preferences for various urban environments. In their study, Mostajeran et al. [51] examined the impact of VR exposure on mood and cognition. Moreover, Pretsch et al. [52] assessed the efficiency of VR applications for the prevention of anxiety and depression among employees. In the same direction, Yin et al. [59] examined the effect of VR on anxiety levels during the recovery process. In their study, Yin et al. [58] assessed the creativity and attention of their participants.



The majority of the studies utilized a between-subjects experimental design to study the effects of a VR protocol on the participants’ stress level [31,35,47,48,49,52,53,54,55,56,59]. From these studies, three studies [53,54,55] did not describe in an explicit way that they used a between-subjects design. However, this was assumed from the context of the study. In addition, one research experiment applied a double-blind, randomized, laboratory procedure [47]. In their study, Villani and Riva [35] also carried out a between-subjects experiment, which consisted of six sessions of one hour each on different days. The first four sessions were conducted within two weeks. The last two sessions took part one month (first follow-up) and three months (second follow-up) later. Regarding the study design, two studies employed a within-subjects design [46,51]. The rest of the sample applied a randomized crossover design [50,57,58] similar to the within-subjects design, where the same participants underwent different relaxation phases. The studies of Kim et al. [50] and Yin et al. [58] carried out their experiments on two separate days following a randomized crossover design, while Yeom et al. [57] did not specify this information in their article.




3.2.4. Stressor


Before the beginning of the experimental session, which included either a relaxation phase or a control condition depending on the study’s design, 68.7% of the studies set a protocol to increase participants’ stress level. In particular, two studies utilized the Trier Social Stress Test (TSST) to induce stress [31,56]. Annerstedt et al. [31] designed a VR version of the TSST to be similar to the traditional one. This test mainly contains a public speech in front of a committee of specialists who are usually introduced as communication experts, followed by a public mental arithmetic task [61]. Two additional studies applied only the mental arithmetic component of the TSST [51,53]. Similarly, in their study, Anderson et al. [46] applied a stressing arithmetic test in front of the test operator. In the study of Huang et al. [49], the participants were asked to complete an abbreviated computerized version of the Markus and Peters arithmetic (MPA) test, a high effort mental mathematics task [62]. Furthermore, Kim et al. [50] induced dizziness and discomfort using VR videos with a high degree of movement, after which participants performed a subtraction task. In the study of Yin et al. [59], participants were exposed to a stressful virtual office with background noises, where they were requested to complete a memory and an arithmetic task, respectively. In their studies, Vaquero-Blasco et al. [54] and Vaquero-Blasco et al. [55] applied a computerized version of the Montreal imaging stress task (MIST) that contains a series of arithmetic tasks combined with social evaluative threat challenges [63]. Lastly, Blum et al. [47] utilized a computerized modified Stroop task, a test that induces mental overload as a result of cognitive conflict along with time-pressure effects [64]. The task was carried out before and after the treatment as it served as a stressor and a tool for measuring attentional resources.



As regards the stressor, 31.3% of the studies did not use a stressful task to produce psychophysiological arousal in their participants before the experimental phase. In their experiment, Gao et al. [48] perceived, however, a 2-h classroom immediately prior to participation as a natural stressor. In the remaining studies, the baseline measurement of the subjective and objective responses served for the stress assessment [35,52,57,58].




3.2.5. VR Task


In 13 studies the VR environments were used exclusively for the different relaxation tasks [35,46,47,48,49,51,52,53,54,55,56,57,58]. Only in three studies were both stress induction and relaxation performed in the VR environment [31,50,59]. In the vast majority of studies, natural landscapes [35,46,48,50,52,55], forest environments [31,51,56], and/or urban environments [48,49,51] were used as a means for relaxation. In addition, three studies focused on the design of office spaces [58,59] or the design of home–work residential spaces [57].



Although all the VR environments described in the studies were highly immersive, in most cases participants could only immerse themselves in the virtual world as observers, i.e., they could look around or move around. Only in two studies were the participants explicitly instructed not to move so as to avoid EEG artifacts [54,55]. However, in two studies, the VR environment was designed so that environmental features would respond to the participant’s behavior. In these studies, biofeedback tasks were used for relaxation; in one study, the breathing exercise was supported via the movement of a virtual breathing cloud [53], and in the other study, the cloudiness of the night sky changed in response to the biofeedback parameter [47]. Typically, VR relaxation tasks lasted between 5 and 15 min (mean: 8.3 min). An exception was the study of Villani and Riva [35], in which participants completed several sessions of relaxation exercises in different VR environments based on cognitive behavioral therapy.



In most studies, different VR environments were compared for their relaxation effects [31,35,46,48,51,53,55,56,57,58,59,65]. Three studies performed relaxation tasks [52] or biofeedback tasks [47,50] in both VR environments and on computer screens. Moreover, one study directly compared the relaxation effects between a real and identically designed virtual environment. This study involved the comparison of a real and virtual color therapy room, where identical chromotherapy tasks were performed for relaxation [54].




3.2.6. Subjective and Objective Tools for Psychophysiological Responses


Diverse instruments were applied for measuring the self-reported stress experience. The present review focuses only on the subjective and objective assessment tools for stress among healthy individuals. However, all assessment instruments that were used in the included studies, are listed in Table 1. Among the 16 studies, 8 different stress-related tools were utilized. The most commonly used tool for recording subjective stress was the State Anxiety subscale of the State-Trait Anxiety Inventory (STAI) [66], a self-report questionnaire that evaluates the temporary anxiety that can change depending on the surrounding environment [31,35,47,57,59]. Although the study of Kim et al. [50] utilized the Korean version of STAI, they did not specify if they used the full version of the questionnaire or the above-mentioned subscale. Another instrument that was utilized frequently, was the Perceived Stress Scale (PSS) [67], which measures the perception of stress [51,54,55]. The last two studies used, nevertheless, an adapted version of PSS so as to reduce response time and the interaction with the researchers [54,55]. In their study, Mostajeran et al. [51] also applied the State-Trait Anxiety Depression Inventory-State (STADI-S) [68] and the Short Stress State Questionnaire (SSSQ) [69]. The first tool records the current state of anxiety and depression of a person, whereas SSSQ measures the level of worry and anxiety after a given task. In the study of Pretsch et al. [52], the stress subscale of the Depression Anxiety Stress Scales (DASS-21) [70] was utilized to assess the presence of stress. Furthermore, Villani and Riva [35] evaluated one’s perception of stress during the last three months through the Mesure du Stress Psychologique Questionnaire (MSP) [71]. Other instruments were the Visual Analogue Scale (VAS) for subjective tension [53] and Likert scales for assessing self-reported stress level [31,58,59]. However, there were studies that did not measure stress directly, but they asked participants to rate their emotional state at that time via a self-report questionnaire [46,48,49,56].



The change in physiological responses from one study phase to the next during the course of the experiment was also quantified by means of physiological indices. Eleven studies measured the cardiac activity of their participants [31,35,46,47,50,51,53,56,57,58,59]. Indeed, alternations in the cardiac component describe a complex interplay between the sympathetic and parasympathetic branches of the ANS, which is triggered from external or internal changing conditions [72]. Furthermore, skin conductance was evaluated in seven studies [46,49,50,51,57,58,59]. This physiological parameter is controlled by the ANS [73], as it measures the electrodermal activity in the sweat glands and can be activated by exposure to a stressful event. Five studies evaluated participants’ electrical activity in the brain [48,53,54,55,57], which is an objective indicator of physiological arousal in individuals [74]. Two studies also evaluated salivary markers of stress, namely cortisol and amylase [31,56], which are associated with the function of ANS [56,75]. Other physiological parameters for stress evaluation were electromyography, respiration, and skin temperature [50]. However, one study did not evaluate the physiological reactions of their participants [52].




3.2.7. User Experience


In the header subjective tools of Table 1, the questionnaires that described users’ experience of VR were also included. Eight studies evaluated their users’ experience regarding VR via questionnaires. In particular, in their study, Anderson et al. [46] utilized the Modified Reality Judgment and Presence Questionnaire (MRJPQ) [7,76] to assess the extent to which participants felt they were “present” in the VR environment, experienced the situation as real, and had an emotional impact. Furthermore, the participants filled out the Value of VR Questionnaire (VVR) [46] to assess how valuable they perceived VR. In their experiment, Gao et al. [48] asked their participants to indicate their preferences concerning the environment while wearing VR glasses through a “Yes/No/Hard to say” response. Huang et al. [49] evaluated the quality of the VR environment, but they did not provide further specification about the used instrument. In their study, Mostajeran et al. [51] used the Igroup Presence Questionnaire (IPQ) [77] to capture the sense of presence in VR and, also, the Simulator Sickness Questionnaire (SSQ) [78] to identify symptoms that occurred from VR exposure. Moreover, Pretsch et al. [52] used the UCL Presence Questionnaire [79] to measure their respondents’ perceived feeling of presence in VR. In the studies of Vaquero-Blasco et al. [54] and Vaquero-Blasco et al. [55], the participants completed a survey to assess three dimensions of the VR solution: comfort, level of immersion, and their general experience. Lastly, Yin et al. [58] captured their respondents’ feeling of connection with VR nature. Nevertheless, 50% of the sample did not assess the aspect of user experience at all [31,35,47,50,53,56,57,59].




3.2.8. Main Findings and Limitations


Nine studies indicated a significant positive effect of VR interventions either on perceived stress [52,54,55] and anxiety state [47,57,59] or on their participants’ emotions [48,49,56]. Among these studies, two studies improved, nevertheless, subjective scores in the control condition apart from those in intervention groups [54,59]. Moreover, in their study, Tinga et al. [53] induced greater subjective arousal reduction in the control VR biofeedback (BF) placebo group than in the VR respiratory BF group. However, five studies did not report an effect of the VR intervention on stress-related questionnaires [31,46,50,51,58]. Lastly, Villani and Riva [35] showed a significantly higher decrease in state anxiety among participants in video- than in VR- and audio-guided sessions. On physiological levels, it was indicated that VR treatments had a significant positive effect on cardiac activity [35,46,50,56,58,59]. Furthermore, Annerstedt et al. [31] showed a reduction in cardiac activity in VR conditions and a control group. On the other hand, salivary cortisol decreased only in VR conditions, as concerns the same study. Tinga et al. [53], in their study, obtained a significant improvement in cardiac and brain indices only in the control VR-BF-placebo condition. Moreover, stress level evaluated by the EEG measurements decreased effectively in the study of Yeom et al. [57]. Electrodermal activity quantified by skin conductance level decreased in three studies [46,49,51,57]. Lastly, four studies did not report a significant effect of VR on stress-related physiological parameters [47,48,54,55]. However, Kim et al. [50] showed reduced muscle activity among participants in the biofeedback condition, which did not involve VR.



As regards the dimension of user experience, the studies included in the current review reported a positive experience overall. In detail, Anderson et al. [46] showed a higher mood impact and scene quality in both natural environments. Furthermore, the respondents agreed that one would benefit from VR technology and it could enhance people’s relaxation ability. In the study of Gao et al. [48], participants indicated their preferences for an open space environment with prominent water elements and some greenery. In their experiment, Huang et al. [49] showed a positive experience with VR overall. They reported, however, symptoms related to VR exposure, such as slightly blurred vision and mild nausea. Mostajeran et al. [51] indicated a higher sense of general presence and experienced realism in video than in slideshow conditions (p < 0.001, ηp2 > 0.30). Furthermore, the participants indicated high sense of spatial presence in videos and in the forest environment (p < 0.01, ηp2 > 0.20) as well as high involvement in forest scene videos (p < 0.001, ηp2 > 0.50). Although the feeling of presence was high, the respondents reported increased symptoms of simulator sickness. In the studies of Vaquero-Blasco et al. [54] and Vaquero-Blasco et al. [55], the participants assessed their general VR experience as positive and, also in terms of comfort and immersion. Lastly, Yin et al. [58] described a higher level of connection with biophilic elements than with natural analogue components. Nonetheless, only Pretsch et al. [52] reported a tendency showing that people who experienced VR might have had a higher sense of presence compared to the control condition (i.e., conventional relaxation video).



In this review, 75% of the included studies indicated possible limitations of their research work [31,47,48,49,50,51,52,55,56,57,58,59]. The most common limitations were related to methodological issues of the experiments, such as the lack of additional comparison groups, the quality of measurement tools or the need for further assessment instruments, issues regarding the experimental design and setup, the absence of evaluation of VR factors, and the lack of specific therapeutic activities in VR environments. Other limitations referred to restricted generalizability due to a homogeneous sample, the lack of longitudinal effects, or questionable long-term changes and sample small size. However, 25% of the sample did not discuss their study limitations [35,46,53,54].





3.3. Methodological Quality


The assessment of methodological quality for the study sample is presented in Table 2. MINORS scores ranged from 14 to 20 out of 24 for the comparative studies with a mean score of 17.5. Almost all studies received a score of 0 for the category regarding the inclusion of unbiased assessment of the study endpoint, except for the study of Blum et al. [47]. In addition, the included studies had low scores in the categories of prospective calculation of the study sample and baseline equivalence of comparison groups. In sum, the overall quality of the studies was considered good by the authors on a spectrum of excellent, good, fair, and poor.





4. Discussion


This literature review aimed to explore the advances in stress management interventions utilizing VR technologies in healthy adults without psychopathological conditions. Sixteen research studies that employed VR systems for ameliorating stress were identified and considered for further analysis. While the modest number of the analyzed studies indicates a developing research area, the inclusion of more recent publications (i.e., after 2017) suggests that there is a growing interest in the field of VR applications for stress management. Recently, technology-enhanced healthcare approaches appear to have become more beneficial in terms of the care process, user experience, and costs [80]. In our study sample, eight studies (50%) reported a positive effect of the VR application employed on self-reported stress. Although half of the studies suggested a positive change in the primary outcome, one could say that this number highlights the heterogeneity of the methods of measurement and their produced effects. The review reveals, indeed, that the studies utilized diverse stress assessment instruments, which may render the identification of standardized or dominant experimental regimes for stress management in VR challenging. This variety may also imply that synthesizing and comparing study results (i.e., stress ratings) is very difficult. Previous research has also identified the same methodological problem regarding the different subjective questionnaires, which shows that rigorous testing protocols have not yet been established [81]. This fact can be linked to the broad definition attributed to the term “stress”, which usually refers not only to a person’s perception of a particular situation as upsetting or threatening, but also covers other factors, such as the emotional state of an individual, vulnerability, and coping resources [82]. As a result, researchers tend to measure only particular aspects of stress, such as emotional reactivity, ignoring factors that are equally important to capture the impact of VR interventions. To embrace different approaches regarding the definition of stress, future research should see stress in humans as a whole-person response [83], including psychological and physiological changes in their measurements.



This notion is also supported by the review findings that suggested a positive change in the physiological indices, including cardiac or brain activity, and cortisol and electrodermal activity (11 studies; 68.75%). The assessment of particular stress biomarkers could offer many advantages in future research, as the multidimensional nature of stress underlines the need for adopting a method depending on several modalities [84]. To be specific, such measures will allow researchers to identify their main outcomes in a more accurate way and simultaneously consider individual differences in stress susceptibility and relaxation mechanisms [38]. In line with this, several inherent and individual acquired factors, such as age, health status, and personality, can influence the physiological responses to stress as well as an individual’s ability to activate their own resources and deal with challenges. By understanding the interplay between individual characteristics and physiological traits, it would be possible to directly associate physiological outcomes with self-rating scales for stress and to better interpret, in turn, the induced effects from VR interventions. Hence, the development and implementation of common protocols for VR applications could help researchers address this major issue. In the future, selecting and combining data elements from various investigations may increase the impact of the results or expand the population to which the study results can be generalized, and accelerate knowledge growth [85].



From the examined studies that evoked an effect either on perceived stress or on physiological parameters, VR was mainly used in two ways to promote stress management in healthy populations. The majority of the authors (68.75%) employed immersive natural landscapes or resting indoor environments with biophilic elements to explore the restorative effects of VR on participants’ stress [31,46,48,49,50,52,55,56,57,58,59]. Generally, nature is considered to have a positive impact on human health. This is scientifically supported by previous research, which has pointed out the “added benefit” to mental health from natural environments and, also, their ability to promote recovery from stress [86,87,88]. This preference for green spaces can be thoroughly explained by well-known theories that focus on the importance of nature to restore individual’s mental and physical strengths. Ulrich’s stress reduction theory (SRT) [73,89,90] emphasizes the physical and emotional advantages of exposure to green spaces and their effect on mitigating stress reactions. In particular, a natural environment with dense vegetation or water elements, which is perceived as unthreatening and safe, can activate a positive emotional reaction engaging processes that facilitate wakefully relaxed attention, and reduced autonomic and somatic responses. Studies on natural scenes have shown, in fact, that stressed individuals can reduce their tension via the observation of natural elements, which also involves lower levels of negative affect and quicker physical recovery from stress [34,89,90]. Similarly, Kaplan’s attention restoration theory (ART) [89] is concerned with natural spaces and proposes that nature enables the restoration of attention capacities, which would otherwise be depleted by demanding, effortful activities. According to ART, natural environments owe their regenerative effect to four main qualities: (a) they are fascinating and attract involuntary attention without exploiting cognitive resources, (b) they offer a feeling of being away, (c) they give the impression of extent and variety, and (d) they are compatible with human existence. It seems that such preferences have their origins in evolutionary adaptive behaviors that were earlier essential for ensuring individual’s survival and well-being. While immersive natural scenes appear to be frequently used in VR interventions, this fact does signal to future scientists that this area is a valuable starting point for proving further VR interventions’ effectiveness on stress management. Generally, integrating natural elements into VR systems or combining them with other activities may be a promising tool for facilitating positive changes in subjective stress level and stress-related biomarkers.



In the present review, the combination of VR with heart rate variability biofeedback (HRV-BF) was also interesting. In their study, Blum et al. [47] conducted a single session of HRV-BF for a short duration, where the participants were requested to practice a slow diaphragmatic breathwork guided by auditory instructions. In the VR biofeedback condition, the individuals also experienced a virtual beach scenery. The authors argued that the use of standard HRV-BF demands the involvement of self-regulatory processes and increased attentional resources, which may add to the complexity of the task and may cause users’ demotivation to continue the training. To overcome this barrier, they decided to embed biofeedback in a virtual natural setting that is enjoyable, offers meaningful biofeedback elements, and promotes involuntary attention toward the environment. Their results highlighted the positive changes on anxiety scores and relaxation self-efficacy. The positive and promising outcomes of such systems can also be identified in other studies. For instance, Weerdmeester et al. [90] showed in their pilot study that DEEP, a novel VR biofeedback game that involves deep diaphragmatic breathing, could effectively reduce physiological arousal that was being produced by an intense stressor. Moreover, in their study, Bernaerts at al. [91] indicated the positive effect of a VR application on reducing stress and anxiety in a clinical pediatric hospital, comprising among others breathing exercises and minigames with interactive animations and objects. In recent years the development and implementation of serious game–biofeedback applications to promote self-management and mental well-being has been growing [92,93] and may be the future in VR interventions for stress management. However, these applications with game elements should be further examined for their effectiveness in laboratory premises as well as in mental health interventions.



These results uncover VR systems’ flexibility to be combined with other elements, such as biofeedback, or to be integrated into other concepts with a more traditional psychological background in order to produce significant psychophysiological effects. Among the retrieved studies, the paper of Villani et al. [35] has attracted attention as they employed immersive VR along with coping strategies derived from cognitive behavioral therapy approaches, such as self-monitoring, relaxation training, and guided imaginary experience. It is worth mentioning that their stress management protocol was held in different sessions, eliciting a significant reduction in cardiac activity after the sessions as well as in follow-up. Cognitive behavioral interventions and mindfulness-based exercises, which facilitate the active adaptation of responses to stresses, have been commonly adopted from prevention programs, for example, in occupational settings to reduce stress [24,25]. Employees can learn to manage adverse reactions to stressful events by bringing about a mental and/or physical state that is opposite to the psychophysiological arousal evoked by stress [25]. The goal is primarily to direct employees’ attention to a stimulus and prevent distraction from irritating thoughts or the environment [94]. These cognitive mechanisms underlie two fundamental components: attentional awareness that makes possible attention regulation and perspective shifting that enables a person to reappraise beliefs and reactions with curiosity and acceptance. An important outcome of the latter is decentering, a cognitive ability that inhibits the elaborative processing of experienced stressors and, thereby, decreases immersion and mental traveling to them [95,96]. Although these mental interventions can be beneficial to stressed individuals, they do also have some complexity, e.g., it might be hard at first to regulate negative feelings, that may cause frustration and negative feedback experiences. Pleasant virtual environments can promote users’ awareness toward their responses, while they are practicing stress management techniques at their own pace and involuntarily focusing their attention on fascinating elements. Furthermore, immersive settings that are attractive and stimulate users’ attention may be a way of increasing adherence to prevention programs; a main problem that concerns researchers in the area of prevention and population’s mental health. Intervention adherence that reflects treatment engagement, is a key mechanism in psychological programs and is positively associated with intervention outcomes [97]. Therefore, the integration of VR applications into traditional intervention protocols could increase their effectiveness and enhance participants’ adherence to them by creating stimulating experiences.



The present review underlines that VR systems can evoke a general positive change on the subjective and objective measurements in healthy adults and, consequently, could help them enhance their responses to stress. From a psychological point of view, at the basis of these applications is the user’s sensation of leaving the current physical environment and being transported to the VR location [98]. The sense of presence can be influenced by several factors including technical-related aspects [99], intrapersonal factors [100], such as personality traits and social factors [98], and interaction with VR environments. Furthermore, another essential component of VR is immersion, which enables users to engage in digitally-recreated real-world environments and activities [101], simultaneously allowing them to experience if what they do there is similar to the real experience [102,103]. The ability of VR technology to recreate complex elements of real life makes presence and immersion salient factors for the relevant interventions [43]. In this way, VR-supported interventions can reconstruct personal experiences by motivating individuals to employ new techniques in a protected environment and to modify habitual reactions to stressful situations. In this sense, users can be exposed to a wide range of stress management techniques, practice them in different VR environments, and transfer them to real-life scenarios. Although VR characteristics can potentially define the quality of users’ experiences and VR’s effectiveness to evoke positive changes, only three studies of the sample (18.75%) used questionnaires to capture the feeling of presence after VR exposure [46,51,52], and two other studies (12.5%) explored the level of immersion [54,55]. One would say that this was one of the strongest commonalities within the investigated articles, which, however, should stimulate more research in the field, striving for well-designed interventions to facilitate a user’s presence and immersion into VR activities.



While the methodological assessment of the studies is of primary importance for systematic reviews, it would be an omission not to emphasize the similar nature of the selected study designs. The study designs employed were mainly between-subjects experiments that were conducted in laboratories. This implies that the guidelines for randomized controlled trials were not followed. An exception to this was the study of Blum et al. [47] in which the authors conducted a double-blind, randomized, controlled, between-subjects experiment. This is perhaps an indication that strict study regimes for stress management among healthy populations in VR should be determined in the near future. The common nature of study designs may also explain why statistical assessment and comparisons of the main outcomes were difficult. In addition, the vast majority of the examined studies (93.75%) were conducted only in one session, expect for the study of Villani and Riva [35]. Despite several studies providing evidence for the positive effects of VR on mental health, individuals might have returned later to stressed levels or might have failed to integrate the relaxation techniques into their daily routine, especially without continued support. One could mention that the lack of longer intervention periods and follow-ups could lead to questions about the quality of studies and their findings. However, the careful investigation of non-randomized evidence can provide estimates of the direction and size of the produced effects [104]. This is particularly important for recently developed research fields such as VR, which demand evidence to move toward full-scale, repeatable, robust interventions [81]. In this respect, it is also encouraging that the overall quality of the review sample was good according to MINORS, indicating that VR applications can produce promising effects for stress management and the population’s mental health. Hence, future studies are needed to include longer testing periods, and collect follow-up data so that they can increase the overall effectiveness of the research effort and can prove their novel nature.



Strengths and Limitations of the Systematic Review


The current literature review provides the reader with a detailed overview of the most recent VR applications aiming to reduce stress in healthy adult populations and help them develop adequate coping resources. The benefits of using VR systems for stress management can inspire scientists to develop and carry out evidenced-based programs for populations, for instance, with poor access to mental health services. However, there are a number of limitations of the present review that should be considered. Although the MINORS for the quality assessment of the sample was an asset for the review, the diversity of the interventions and instruments used for stress hampered the comparison of study findings, data-pooling, and meta-analysis. However, future authors are highly encouraged to apply such assessment tools, as they help with the methodological evaluation and critical appraisal of the included studies. Another limitation was that this review focused only on stress reduction, ignoring perhaps significant effects of VR on other outcomes, such as self-efficacy and mindfulness. As mentioned above, the study sample employed VR in different ways to fulfill diverse research aims, varying from testing nature environments to comparing VR interventions with non-technology-supported programs. Hence, if the authors had also analyzed factors directly related to relaxation, this might have partially distracted the reader from the main aim of the review. Following effects that are interwoven in stress management and in relaxation methods should be examined carefully in future research works. Moreover, the area of VR systems for stress management and prevention is growing rapidly. This may lead to the study of this field becoming quite challenging by demanding the use of reasonably strict search terms and protocols [81]. Thus, it is possible that articles have been unknowingly missed, despite multiple databases being screened. In line with this, another limitation was that the literature search was restricted to articles published in English only.





5. Conclusions


The improvement in mental health in the general population and the reduction in stress, especially during times of crisis, is one of the main challenges that healthcare systems face worldwide. Current technological developments in low-cost VR systems, aiming to generate a customized realistic world for the enhancement of stress management and the sense of relaxation, have been identified as a promising tool. Immersive VR has the potential to be systematically used in clinical and non-clinical practice in the coming years. However, the question of what are the current advances in VR applications for stress management among healthy adults still persists. This systematic review highlights the immediate need for evidence-based VR interventions that embrace nature elements and concepts derived from traditional treatment approaches, such as cognitive behavioral therapy techniques, and/or gaming elements (e.g., biofeedback). VR applications and activities with fascinating environments can enhance individuals’ resources and improve their responses to stress. Moreover, they can be an effective medium for learning and applying methods for stress management in real-life situations. The integration of VR systems into stress prevention programs may help to overcome some obstacles of face-to-face interventions and, also, may offer several benefits, such as increased adherence, accessible high-quality health services, and cost-effective methods for health prevention. The research work conducted so far in the field of VR and stress should set the ground for further research. In this sense, future scientists should develop rigorous study protocols and examine VR dimensions that are crucial for increasing VR’s positive effects on stressed individuals. Therefore, special attention should be paid to the development of theory-driven VR interventions and the evaluation of their long-term effects compared to other preventive programs. This will aim to fully meet mental health needs in the general population, irrespective of the surrounding conditions. Future researchers are empowered to grasp the opportunity that the current pandemic generated, and employ digital technologies for strengthening the population’s health.
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Figure 1. Search strategy for the inclusion and exclusion of studies based on a modified version of PRISMA flow diagram [60]. 
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Table 1. Summary of articles included in the current literature review.
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	Author and Place
	Sample Size
	Design
	Stressor
	VR Task
	Subjective Tools
	Objective Tools
	Main Findings





	1. Anderson et al. [46], USA
	Total (N = 18): Dream Beach, Ireland, indoor control
	Within-subjects experiment
	Arithmetic test
	Videos of landscapes
	PANAS

MRJPQ

VVR
	SCR

HRV: LF, HF, LF/HF
	↓SCR in Dream Beach (p = 0.001)

↑HF (p = 0.05) and ↓ LF/HF (p = 0.02) in Dream Beach

↑VR experience (p < 0.001)

↑Benefit and value (p < 0.05)



	2. Annerstedt et al. [31], Sweden
	Total (N = 30): VR with sound (n = 10), VR no sound (n = 10), control (n = 10)
	Between-subjects experiment
	Virtual TSST
	Videos of forest landscapes
	Modified STAI-S

Single item on stress
	Cortisol

TWA

HRV: HF, HF ln, HF nu, LF, LF ln, LF nu, LF/HF TOT, TOT ln

HR
	↓Cortisol in VR cond. (p < 0.001, ε = 0.71)

↑HF in VR sound and in control (p = 0.008, ε = 0.89)



	3. Blum et al. [47], Germany
	Total (N = 60): Standard HRV-BF (n = 29); VR HRV-BF (n = 31)
	Double-blind, between-subjects experiment
	Modified Stroop test
	Video of beach scenery at sunset
	STAI-S

CIQ

SMS

VAS for relaxation self-efficacy and BF experience
	HR

HRV: Cardiac coherence, RMSSD

Stroop test
	↓Anxiety in VR-BF (p = 0.02, ηp2 = 0.08)

↑Self-efficacy in VR-BF (p = 0.03, ηp2 = 0.07)

↑Mind (p = 0.002, ηp2 = 0.15) and body mindfulness (p = 0.002, ηp2 = 0.14) in VF-BF

↓Scores in task-related (p = 0.02, ηp2 = 0.08) and -irrelevant subscales (p = 0.01, ηp2 = 0.10) in VR-BF

↑Stroop test performance in VR-BF (p = 0.005, ηp2 = 0.12)

↑Experience with VR-BF (p = 0.01, ηp2 = 0.10)



	4. Gao et al. [48], China
	Total (N = 120): GrS (n = 20), BS (n = 20), OG (n = 20), POG (n = 20), PCG (n = 20), CG (n = 20)
	Between-subjects experiment
	−
	Photos with landscapes
	POMS-SF

Evaluation of VR preference
	EEG: alpha power

Stroop test
	↓Negative mood in POG (p = 0.03, ηp2 = 0.11)

↑Recreational preferences for BS (p < 0.01)



	5. Huang et al. [49], China
	Total (N = 89): courtyard (n = 29); courtyard with trees (n = 30); courtyard with grass (n = 30)
	Between-subjects experiment
	Abbreviated MPA
	Scenery
	PANAS

Evaluation of VR quality
	SCL
	↓SCL in grass and tree cond. (p = 0.03, ηp2 = 0.06)

↑PA in grass and tree cond. (p = 0.03, ηp2 = 0.07)

↑VR Quality



	6. Kim et al. [50], South Korea
	Total (N = 74): VR relaxation; biofeedback
	Crossover design
	VR serial subtraction task
	Video of natural scenes with relaxing soundtrack
	Korean version of STAI

NRS for discomfort

PANAS

SDS

EQ-5D-5L

SSQ
	EMG

SCL

ST

HR/BVP

RSP: amplitude

HRV: IBI, VLF, LF, HF, LF/HF, NN50, pNN50, RMSSD, SDNN
	↓EMG in biofeedback (p = 0.01)

↓LF/HF (p = 0.02) in VR

↑NN50 (p = 0.02) and pNN50 (p = 0.01) in VR



	7. Mostajeran et al. [51], Germany
	Total (N = 34): VR urban and forest; indoor control
	Within-subjects experiment
	Arithmetic task
	Urban or forest environment (slideshows or 360° videos)
	STADI-S

POMS

SSSQ

PSS

IPQ

SSQ
	HR

SCL
	↑NA in video urban cond. (p = 0.03, ηp2 = 13)

↑Sense of presence in video (p < 0.001, ηp2 = 0.70) and in forest cond. (p < 0.001, ηp2 = 0.29)

↑Simulator sickness scores (p < 0.001, d = 0.63)

↓SCL in photo slideshow (p < 0.01, ηp2 = 0.21)

↓Cognitive test errors (p = 0.004, ηp2 = 0.22) and ↑correct answers in forest cond. (p < 0.001, ηp2 = 0.29)



	8. Pretsch et al. [52], Austria
	Total (N = 52): REALEX (n = 31), Video streaming (n = 21)
	Between-subjects experiment
	−
	Videos of landscapes
	VAS for emotion and relaxation

PANAS

DASS-21

UCL Presence Questionnaire
	−
	↑Relaxation (p = 0.002, d = 0.62) and ↓DASS (p < 0.001, d = 0.84) in REALAX



	9. Tinga et al. [53], Netherlands
	Total (N = 60): VR-BF (n = 20), control VR-BF-placebo (n = 20), control no-BF (n = 20)
	Experiment
	Arithmetic task
	Meditation task based on Buddhist practices
	VAS for tension

VAS for pleasantness and relaxation
	HR

HRV: RMSSD

EEG: alpha and theta power, theta to alpha ratio
	↓Subjective and objective arousal (HR, RMSSD and theta to alpha ratio) in control VR-BF-placebo (p = 0.04, ηp2 = 0.28)



	10. Vaquero-Blasco et al. [54], Spain
	Total (N = 20): VR test group (n = 10); control group (n = 10)
	Experiment
	Computerized MIST
	Chromotherapy room
	One-item PSS

Evaluation of VR experience
	EEG: RG
	↓Stress for all groups (p < 0.05)

↑VR experience



	11. Vaquero-Blasco et al. [55], Spain
	Total (N = 23): Aurora borealis, space, beach, cascade cave
	Experiment
	Computerized MIST
	4 landscapes
	One-item PSS

Evaluation of VR experience
	EEG: RG
	↓Stress for all groups (p < 0.001)

↑VR experience



	12. Villani and Riva [35], Italy
	Total (N = 36): VR (n = 12), AU (n = 12), video (n = 12)
	Between-subjects design
	−
	“ESCAPE” park with therapy approaches
	MSP

STAI-S
	HR
	↓HR in VR (p < 0.05)

↓Anxiety in Video guided sessions (p < 0.001)



	13. Wang et al. [56], China
	Total (N = 96): GR1 (n = 15), GR2 (n = 13), GR3 (n = 12), GR4 (n = 14); GR5 (n = 12); GR6 (n = 15); GR7 (n = 15);
	Between-subjects experiment
	TSST
	Forest environments
	BPOMS
	DBP and SBP

HR

Salivary Amylase
	↓TMD (p < 0.05) except GR 3

↓DBP and SBP in GR 5 and 6 (p < 0.05)

↓DBP in GR 3 and 4 (p < 0.05)

↑Amylase in GR 4 (p < 0.05)



	14. Yeom et al. [57], South Korea
	Total (N = 27): non-green wall, small and large green wall
	Crossover experiment
	−
	Residential space with a green wall
	STAI-S
	HRV: SDNN, RMSSD

SCL

EEG:RA, RHB, Mental stress and fatigue
	↓Anxiety in small green wall (p < 0.01)

↑RA in P7, O1 (p < 0.05), P8 (p < 0.01) in small green wall

↓Mental stress and fatigue in small green wall (p < 0.05)

↓SCL in small green wall (p < 0.01)



	15. Yin et al. [58], USA
	Total (N = 30): 4 types (3 biophilic and 1 control non-biophilic cond.)
	Crossover design
	−
	Indoor biophilic environments
	Likert scale for stress and connection
	DBP and SBP

HR

HRV: RMSSD

SCL

Stroop test

AU test for creativity

Eye tracking
	↓SBP and DBP in biophilic cond.

↓HR in biophilic cond.

↑Creativity scores in AU test in biophilic cond.

↑Stroop test performance in biophilic cond.

↑Time spent at biophilic elements (eye tracking)

↑Connection with nature



	16. Yin et al. [59], USA
	Total (N = 100): Non-biophilic (n = 25), indoor Green (n = 25), outdoor View (n = 25), combination (n = 25)
	Between-subjects experiment
	VR memory and arithmetic tasks
	Offices with different biophilic elements
	STAI-6

Likert scale for stress
	HRV: RMSSD, LF/HF

HR

SCL

DBP and SBP
	↓STAI in all four cond.

↓SBR and DBP in biophilic cond.

↑RMSSD in biophilic cond.

↑Chance of HR and RMSSD recovery in biophilic cond.







Note. ↓ decrease, ↑ improvement. AU, audio; AU test, Alternative Uses test; BP, blood pressure; BPOMS, Brief Profile of Mood States; BS, blue space; CG, closed green space; CIQ, Cognitive Interference Questionnaire; Cond., condition(s); DASS-21, Depression Anxiety Stress Scales; DBP, diastolic blood pressure; ECG; electrocardiogram; EMG, electromyography; EQ-5D, not explained in paper; GR, group; GrS, grey space; HF, high-frequency spectrum; HMD, head-mounted display; HR, heart rate; HR/BVP, heart rate/blood vessel pressure; HRV, heart rate variability; HRV-BF, standard heart rate variability biofeedback treatment; IBI, inter-beat interval; IPQ, Igroup Presence Questionnaire; LF, low-frequency spectrum; LF/HF ratio, low to high frequency ratio; ln, natural logarithm; MIST, Montreal imaging stress task; MPA, Markus and Peters arithmetic test; MRJPQ, Modified Reality Judgment and Presence Questionnaire; MSP, Mesure du Stress Psychologique Questionnaire; NA, negative affect; NN50, number of interval differences of successive normal-to-normal; NRS, 0–100 Numeric Rating Scale; nu, normalized units; OG, open green space; O1, occipital lobe in the left hemisphere; PANAS, PA, positive affect; Positive and Negative Affect Schedule; PCG, partly closed green space; pNN50, percentage of NN50; POG, partly open green space; POMS, Profiles of Mood States; POMS-SF, Profile of Mood States; PSS, Perceived Stress Scale; PSS-10, Perceived Stress Scale-10; P7, parietal lobe of the left hemisphere; P8, parietal lobe of the right hemisphere; RA, relative alpha power; RG, relative gamma defined as the power ratio between gamma and slow rhythms (alpha and theta); RLB, relative low beta power; RMSSD, root mean square of successive differences between normal heartbeats; RSP, respiration; SBP, systolic blood pressure; SCL, skin conductance level; SCR, skin conductance response; SDNN, standard deviation of the normal-to-normal interval; SDS, Sheehan’s Disability Scale; SMS, State Mindfulness Scale; SSQ, Simulator Sickness Questionnaire; SSSQ, Short Stress State Questionnaire; ST, skin temperature; STADI-S, State-Trait Anxiety Depression Inventory-State; STAI/STAI-S, State-Trait Anxiety Inventory; STAI-X1, State-Trait Anxiety Inventory- X1; STAI-6, short-form of State-Trait Anxiety Inventory; Stroop test, Stroop color–word test; TMD, total mood disturbance; TOT, total HRV power; TSST, Trier Social Stress Test; TWA, T-wave amplitude; VAS, Visual Analogue Scale; VLF, very-low-frequency band; VR-BF, VR-based heart rate variability biofeedback treatment; VVR, Value of VR Questionnaire.
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Table 2. Methodological assessment of the study sample.
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	Author (Year)
	MINORS Score (Raw)
	Overall MINORS (%)





	Anderson et al. [46]
	16/24
	66.6



	Annerstedt et al. [31]
	18/24
	75



	Blum et al. [47]
	19/24
	79.1



	Gao et al. [48]
	20/24
	83.3



	Huang et al. [49]
	18/24
	75



	Kim et al. [50]
	14/24
	58.3



	Mostajeran et al. [51]
	18/24
	75



	Pretsch et al. [52]
	19/24
	79.1



	Tinga et al. [53]
	17/24
	70.8



	Vaquero-Blasco et al. [54]
	16/24
	66.6



	Vaquero-Blasco et al. [55]
	17/24
	70.8



	Villani and Riva [35]
	16/24
	66.6



	Wang et al. [56]
	18/24
	75



	Yeom et al. [57]
	18/24
	75



	Yin et al. [58]
	18/24
	75



	Yin et al. [59]
	18/24
	75



	Mean Scores
	17.5/24
	75%
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